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1
Introduction, scope and objective of the study

Introduction
Air pollution is generally perceived as an urban problem associated with motor vehicles and industries. But
the developing nations of Asia, sub-Saharan Africa and Latin America have yet another important source
of air pollution. It is the use of traditional biomass fuel such as wood, animal dung and agricultural wastes
for household cooking and room heating. Burning of biomass emits smoke that causes very high level of
indoor air pollution (IAP). IAP from biomass burning in rural households often exceeds the level of
ambient (outdoor) air pollution in the cities (Balachandran et al., 2000). Biomass is a major household
energy source in the villages. Also, a substantial number of poor urban dwellers of the country use biomass
as cooking fuel (Ramachandra et al., 2003).

Type of biomass used as cooking fuel
The term ‘biomass’ defines any material derived from living or recently living material, including animal
dung, twigs, grass, crop wastes and wood. Wood and dung cakes continue to be major energy sources in
India and many other developing countries. In addition, the agricultural wastes which have no particular
use and lie in the field unutilized end up as fuel. Examples are hay, jute stick, paddy husk, wheat stalks,
dried leaves of mango, jack-fruit, coconut, palm and sugarcane, bamboo leaves, branches and roots, cotton
roots and stalks, root zone of millets, bajra, wheat husk, stalks of pigeon pea, lops and tops of fruit trees.
People cook with these fuels at least once a day in half of the world’s households (Smith et al., 2004).
Globally, the total number of biomass users is more than two billion (Smith et al., 2004).

Global use of biomass as fuel
Over the last 25 years, economic development and modernization has allowed households in wealthier
parts of the world to switch to cleaner fuels such as petroleum products (e.g. kerosene, LPG) and electricity
(WHO 1997). However, more than 2 billion people of the world, mostly in poor, developing countries of
Asia, Africa and Latin America, still rely on solid unprocessed biomass fuels as the primary source of
domestic energy (Smith et al., 2004; ). Of these, 800 million people depend solely on crop residues and
dung, although in more than 30 countries wood provides 70% of the energy needs, and in 13 countries it is
over 90% (World Energy Council, 1999). It has been observed that people cook with biomass at least once
a day in half of the world’s households (Smith et al., 2004). Although the proportion of global energy
derived from biomass fuel has fallen from 50% in 1900 to around 13% currently, biomass use is increasing
among the poor (WRI, 1999).
About 50% of the gross energy consumption in most developing countries occurs in rural areas. The bulk
of this energy is derived from locally available traditional energy resources like wood, dung, agricultural
residues and charcoal. Modern energy sources such as electricity and petroleum-based fuels generally
provide a small part (2-10%) of the energy consumed by rural people, mainly because of supply and
affordability constraints. While the majority of people at risk of exposure to biomass smoke live in rural
areas of the world’s poorest countries, this is increasingly becoming a problem of poor urban dwellers.
Half of the world’s wood harvest is now being used as fuel. Poor families expend more than 20% of
disposable household income to purchase biomass, or devote more than 25% of total household labor to
wood collection (Ramachandra et al., 2003).
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Biomass fuel use in India
About half of the energy consumption in developing countries occurs in the rural areas. The bulk of this
energy is derived from locally available biomass. In general, biomass accounts for 33% of a developing
country's energy needs. In India, it provides about 75% of the rural energy needs.
According to the National Sample Survey Organization, the major forms of energy used by Indian
households for cooking are wood, crop wastes, dung cake, kerosene and LPG (NSSO, 2001). The 55th
round of the National Sample Survey conducted during 1999–2000 covering 1,20,000 households found
that 86 percent of rural households and 24 percent of urban households in India rely on biomass as their
primary cooking fuel.
Fuel use pattern in India has been documented in the 2001 Census. In the cities, LPG was the major
cooking fuel used by 48% of the households, followed by firewood (22.7%) and kerosene (19.2%). In
contrast, firewood was the major fuel for cooking in the rural households (64.1%). Crop residue (13.1%)
and cow dung (12.8%) were also used for cooking in a substantial number of rural homes (Table 1.1).
Only 5.7% of the households in the villages cooked with LPG (Census of India, 2001).

Table 1.1. Distribution of Indian households with respect to type of fuel used for cooking
Cooking Fuel
Fire-wood

Total
households
100,842,651

52.5

Rural
households
88,635,032

% of total

64.1

Urban
households
12,207,619

% of total

% of total
22.7

Crop residue

19,254,851

10.0

18,115,410

13.1

1,139,441

2.1

Cow dung cake

18,758,885

9.8

17,694,317

12.8

1,064,568

2.0

3,932,730

2.0

1,475,498

1.1

2,457,232

4.6

Coal, lignite, charcoal
Kerosene

12,528,916

6.5

2,240,227

1.6

10,288,689

19.2

LPG

33,596,798

17.5

7,845,161

5.7

25,751,637

48.0

338,054

0.2

173,042

0.1

165,012

0.3

Electricity
Biogas
Any other
Total number of
households

849,098

0.4

647,927

0.5

201,171

0.4

1,231,727

0.6

1,135,083

0.8

96,644

0.2

191,963,935

100

138,271,559

100

53,692,376

100

Source: Census of India 2001

Overall, 72.3 % of 191.96 million households in India are dependent on biomass fuel (wood, dung and
crop residues) for cooking (90% of rural and 26.8% of urban Fig. 1.1), and the estimated per capita use of
biomass is 1.2-2.1 kg/capita/day (Smith, 1987).

100
90
80
70
60
50
40
30
20
10
0

Rural
Urban
Total

Figure 1.1. Distribution (%) of biomass-using households in India according to 2001 Census of India.
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Preparation, collection and distribution of biomass fuel
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Biomass collection in the hills of Himachal Pradesh and Uttarakhand
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Cooking with biomass in traditional earthen oven
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The number of biomass users in India presently stands at 585 million and it is expected to reach 632
million by 2030 (IEA, 2002). The share of wood as cooking fuel has increased from 56% in 1989-90 to
62% in 1994-95 (TERI, 2001–2002). The report by the 1992-93 National Council of Applied Economic
Research (NCAER) and a survey by World Bank in 1996 in six Indian states revealed that about 577
million tones of biomass are used annually in India as a source of domestic energy of which wood
constitutes 302 million tons (52.34%), animal dung 121 million tons (20.97%), agricultural residues 115
million tons (19.93%) (Table 1.2).

Table 1.2. Quantum of biomass fuel use in India
Biomass type

Usage (million tons/year)

Wood

302.1

Dung cake

120.6

Crop residues

115.0

Others

39.3

Source: NCAER and World Bank, 1996

The energy requirement for cooking depends on many factors such as the type of food cooked, the number
of meals cooked, household size, the specific combination of energy source and cooking equipment
employed (type of stove, cooking pans), and the way in which cooking devices are used.

Biomass fuel use in South Asian countries
Biomass is extensively used in other South Asian countries such as Bangladesh, Nepal, Pakistan and Sri
Lanka (WHO, 2006, Table 1.3).

Table 1.3. Biomass fuel use in India and neighboring countries
Country
India

Total population in million in 2003

% of population dependent on biomass fuels

1065

74

Pakistan

153

72

Bangladesh

146

88

Nepal

25

80

Sri Lanka

19

67

Source: Rehfuess E. Fuel for life: Household energy and Health, WHO, 2006

Biomass fuel use in Eastern India
Like rest of the country, biomass is a major source of energy for domestic cooking in majority of rural
households of eastern India where a substantial part of the present study has been conducted. Wood,
agricultural residues (straw, paddy husk, jute sticks etc.) and cow dung constitute the major biomass fuel in
West Bengal. In some cases, these energy sources are used simultaneously with fossil fuels like coal and
kerosene. Annual consumption of unprocessed solid biomass fuel in West Bengal has been estimated as
45.5 million tones of which 23.3 (51.2%), 10.3 (22.6%) and 11.9 (26.2%) million tones are contributed by
wood, dung cake and crop waste respectively (Reddy and Venkataraman, 2002). With the escalating price
of coal and kerosene, rural people of the state are becoming more inclined to biomass for domestic
cooking.
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Low combustion efficiency of biomass fuel
Some of the highest levels of exposures to air pollutants occur indoor in households that use biomass as
cooking fuel (Dutt et al., 1996). Biomass fuels are at the high end of the fuel ladder in terms of pollution
emissions and at the low end in terms of combustion efficiency (Fig. 1.2; Smith et al., 1994). The
combustion efficiency (percent of fuel carbon emitted as CO2) of biomass fuels is as low as 80% compared
with 99% for gaseous fuels (Smith et al., 2000).

Figure 1.2. The Energy Ladder showing relation between fuel use and affordability (Smith et al., 1994)

Biomass combustion and air pollution
Wood consists primarily of two polymers cellulose and lignin. By weight cellulose represents 50-70% and
lignin 30% (Simoneit et al., 1998). Other biomass fuels also contain these polymers, but their relative
proportions differ compared to wood. Besides polymers, small amounts of low molecular weight organic
compounds such as resins, waxes and sugars, and inorganic salts are present in wood. During combustion,
pyrolysis occurs and the polymers are broken down, producing a variety of smaller molecules (Table 1.4 &
1.5) and it includes respirable particulate matter with diameter less than 10 (PM10) and 2.5 microns (PM2.5)
or even less (ultrafine). In fact, the World Health Organization has reported that the majority of particles
emitted from biomass burning are ultrafine while only a small fraction in larger size range and most of the
mass present in particles less than 2.5 microns (WHO, 1999). The fine (PM2.5) and ultrafine particles can
penetrate deep into the lungs.
Table 1.4: Major constituents of biomass smoke
Compound
Particulates
Inorganic gases

Type
Respirable coarse (PM10), fine
(PM2.5) and ultrafine particles
Carbon monoxide (CO)
Ozone (O3)

Volatile Organic Compounds
(VOCs)
Polycyclic Aromatic
Hydrocarbons (PAHs)
Redox active transition
metals

Oxides of nitrogen (NOx)
Benzene, 1,3- butadiene, acrolein,
formaldehyde

Source
Incomplete combustion of organic materials
Incomplete combustion of organic materials
Secondary product of nitrogen oxides and
hydrocarbons
Oxidation of nitrogen in air at high temperature
Incomplete combustion of organic materials

Benzo(a)pyrene

Incomplete combustion of organic material and
may vary with biomass type

Iron and Copper

Present within fine particles

Source: Naeher et al.,2007; Mudway et al., 2005
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Table 1.5 summarizes the major chemical classes detected in wood smoke. The Environmental Protection
Agency estimates that wood smoke is 12 times more carcinogenic than equal amounts of tobacco smoke.

Table 1.5. Pollution emission from wood burning
Compound Class

Concentration

Fine particle (g/kg of wood burned)

1.6-9.5

Organic carbon (wt % of fine particle mass)

1.3-650

Elemental carbon (wt % of fine particle mass)

0.65-82

Ionic species (wt % of fine particle mass)

0.014-7.8

Elemental species (wt % of fine particle mass)*

0.01-5.3

Methane (mg/kg of wood burned)

4100

Total non-methane hydrocarbons C2-C7 (mg/kg wood burned)

390-4000

Aldehydes and Ketones (mg/kg wood burned)

0.94-4450

*Chloride included as an element; Sources: USEPA 1993; Mc Donald et al., 2000; Schauer et al., 2001; Fine et al., 2001

Table 1.6 shows the indoor concentrations of health-damaging pollutants from a typical wood-fired
cooking stove.

Table 1.6. Indoor concentration of health-damaging pollutants from a typical wood-fired cooking stove
Emission from burning of 1 kg
wood in 40m3 kitchen
150.00

Typical standard for health
protection
10.000

3.30

0.100

Benzene(mg/m )

0.80

0.002

1,3-Butadiene (mg/m3)

0.15

0.003

3

0.70

0.100

Carbon monoxide (mg/m3)
PM 10 (mg/m3)
3

Formaldehyde (mg/m )
Source: Smith et al., 2000a

Particulate matter (PM) – the major toxic pollutant of biomass smoke
Particulate matter (PM) is a complex mixture of suspended solid and liquid particles in semi equilibrium
with surrounding gases (Brook et al., 2003). The particle constituents vary greatly in size, composition,
concentration, depending on origin. PM may be classified as primary (particles emitted directly by
emission sources) and secondary (particles formed through the atmospheric reaction of gases). The size
distributions of airborne particles are important for health impact. The particles larger than 10 µm in
diameter are deposited almost exclusively in the nose and throat whereas those smaller than 1 µm reach the
lower regions of the lung. The intermediate size range gets deposited between these two extremes of the
respiratory tract. They have a carbonaceous core with attached inorganic and organic materials that can
cause adverse health effects (Oberdorster, 2000). PM is considered as the single best indicator of potential
harm. Wood smoke consists of two-thirds of sub-micron sized particles and one-third of larger aggregates
of fine particles (WHO, 1999; Tesfaigzi et al., 2002). Biomass is considered even more harmful than
diesel, because biomass smoke contains 10 times more mass concentration of respirable particles having
diameter of 0.5-0.8 µm compared with diesel (Venkataraman and Rao, 2001).
Exposure to PM can cause severe pulmonary inflammation and hemorrhage, high degree of alveolar and
interstitial edema, disruption of epithelial and endothelial cell layers and even death (Oberdorster et al.,
1992; Peters et al., 1997, Oberdorster, 2000). They can also cause pulmonary disease, oxidative stress,
cardiovascular problems and development of cancer (Mudway et al., 2005; Vinzents et al., 2005). The PMs
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vary greatly in size, composition and concentration depending on origin and age. With regard to health
impact, three size categories of PM are important:

Coarse particles (PM10)
The diameter of the particles in this category is larger than 1 µm and extends up to 100 µm. However, for
toxicity studies, the most important particles are those having a diameter of less than 10 µm (PM10)
because they are respirable whereas particles larger than 10 micrometer are mainly deposited in the nose
and throat and are less likely to affect the health beyond the point of deposition. PM10 deposit relatively
quickly with a lifetime of less than 2 days, and exposure may lead to adverse responses in the lungs
triggering an array of cardio-pulmonary problems (Brunekreef and Forsberg, 2005; Harrabi et al., 2006).
PM10 has also been associated with emergency hospital admission for asthma, bronchitis, and pneumonia
in older people (Ye et al., 2001). For every 10 µg/m3 increase of PM10, mortality from all causes increases
by 0.51% and from cardiopulmonary diseases by 0.68% (Samet et al., 2000). Moreover, the rise in daily
mortality from increased concentrations of PM10 persists for several days (Zeka et al., 2005).

Accumulation mode or fine particles (PM2.5)
They consist of PM with a diameter between 0.1 and 2.5 µm. Airborne particles smaller than 2.5 µm
(PM2.5) are usually called fine particles They account for the majority of the mass of suspended particle
and deposits slowly leading to a long atmospheric lifetime of 5-10 days and these particles may penetrate
deep inside the airways and are more strongly linked to adverse health effects (USEPA, 1996). Fine
particles are composed mainly of carbonaceous materials (organic and elemental), inorganic compounds
(sulfate, nitrate, and ammonium), and trace metal compounds (iron, aluminium, nickel, copper, zinc, and
lead). There are potentially thousands of different compounds existing on fine particles that may exert
harmful biological effects. On any day or location, the PM mass concentration may be similar, yet the
composition may vary greatly enough to differentially impact human health (Brook et al., 2003). The
relationship between PM10 or PM2.5 exposure and acute health effects is linear at concentrations below 100
μg/m3 (Schwela, 2000). A modest rise in PM10 or PM2.5 level has been shown to be associated with small
changes in cardiac function (Mar et al., 2005). Exposure to the fine particles induces oxidative stress
(Furuyama, 2006).

Nuclei mode or ultrafine particles (UFPs)
The particles in this category are smaller than 0.1 µm. They are also known as ultrafine particle (UFP).
They do not last long in the air since they deposit or rapidly form fine particle by coagulation. UFPs are
able to penetrate into the airways all the way to the terminal alveoli and even can pass alveolar-capillary
barrier.
The UFPs have less mass than coarse particle fraction but they are much greater in number and have a
relatively large surface area to mass ratio, making them potential carriers of harmful gaseous compounds.
Very tiny particles like UFPs escape alveolar macrophage surveillance, which is very efficient for larger
particles (Hahn et al., 1977). Exposure to high doses of UFP can cause severe pulmonary inflammation and
hemorrhage, high degree of alveolar and interstitial edema, disruption of epithelial and endothelial cell
layers and even death (Oberdorster et al., 1992; Peters et al., 1997, Oberdorster, 2000).

Fate of the particles
Following inhalation, the size of the particles determines where they are likely to deposit in the respiratory
tract. Particles larger than 10 micrometer are mainly deposited in the nose and throat and are less likely to
affect the health beyond the point of deposition. PM2.5 and UFPs are able to penetrate into the airways all
the way to the terminal alveoli. Small airborne particles have small inertia and therefore are poorly
impacted before entering the alveoli region of the lung; while in the alveoli the probability of deposition is
very high due to their high diffusion coefficient. Smaller particles are present in larger numbers and have
more total surface area and bioavailability, eliciting greater biological effect.
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Carbon monoxide (CO)
Daily average indoor concentration of CO from wood burning varies between 100-200 ppm with peak of
400 ppm. It is important to mention in this context that exposure to only 35 ppm of CO for more than one
hour can be fatal (Ezzati et al, 2000).

Oxides of nitrogen (NOx) and sulfur (SOx)
Oxides of nitrogen, particularly nitrogen dioxide (NO2) are products of combustion since some
atmospheric nitrogen oxidizes in the flames. A cross-sectional study conducted to measure SO2 and NO2
levels indoors and outdoors of 30 low-income households at five different locations in Colombo, Sri Lanka
reported that indoor pollutant levels were higher than those outdoors in all households (Senanayaka and
Samarakkody, 2004).

Volatile organic compound (VOC)
Combustion also results in the emission of volatile organic compound (VOC) including aldehydes,
polycyclic aromatic hydrocarbons and alkenes into the indoor air (Lewtas, 1989). Exposure to these
organic compounds is much greater than that occurs outdoors, with indoor concentration of some materials
being 10 times higher than outdoors and short–term peaks may reach as high as 1000 times over outdoor
levels (Lipman, 1992).

Polyaromatic hydrocarbons (PAHs)
Polyaromatic hydrocarbons (PAHs) are a major group of carcinogenic compounds (Hrudkova et al., 2004)
found not only in ambient urban air but also inside the kitchens of rural households that use biomass fuel.
PAHs and nitro-PAHs are products of incomplete combustion processes and vehicular exhausts found in
high concentrations in PM (Cecinato et al., 1999; Valavanidis et al., 2006). Lower molecular- weight
PAHs (with 2 to 4 aromatic rings) are present predominantly in the gas phase while higher molecularweight PAHs are present predominantly in the particle phase. Carcinogenic PAHs, especially
benzo[a]pyrene (B[a]P), a 5-ring PAH of high cancer potency, are predominantly present in the particle
phase. PAHs require metabolic activation to become electrophiles in order to exert their carcinogenic
potential. In addition, PAHs are highly mutagenic with tumor promoter activity and are responsible for
increased risk to malignant neoplasms, especially lung cancer (Dennisenko et al., 1996; Ohnishi and
Kawanishi, 2002; Armstrong and Gibbs, 2009; Ueng et al., 2010; Olsson et al., 2010; Abba et al., 2011).

Trace metals
Trace metals include Fe, Cu, Ni, Cr and Pb (Zhang and Smith, 1996; Bruce et al., 2000; Smith, 2000).

Bioaerosols
The bioaerosols are airborne microbiological particulate matters derived from viruses, bacteria, mites,
pollen, and their cellular or cell mass components. They are present in both indoor and outdoor
environments. The bioaerosols - fungal spores, hyphae fragment, or metabolites - can cause a variety of
respiratory diseases. These range from allergic diseases including allergic rhinitis and asthma to infectious
diseases such as histoplasmosis, blastomycosis (Blastomyces dermititidis), and aspergillosis (Aspergillus
fumigatus). Others include: whooping cough (Bordetella pertussis), diphtheria (Corynebacterium
diphtheriae), tuberculosis (Mycobacterium tuberculosis), bacterial pneumonia (Mycoplasma pneumoniae),
mumps (Mumps virus), influenza (Influenza virus), poliomyelitis (Polio virus), common cold (Rhinovirus),
German measles (Rubella virus), Chicken pox (Varicella virus), and small pox (Variola virus). The fungi
that are commonly found in wood ash are listed in Table 1.7.
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Table 1.7. The fungi present in wood ash
Thermoactinomyces vulgaris
Penicillium sp.
Aspergillus fumigatus
Cladosporium herbarium
Micropolyspora faeni
Alternaria tenius

Air quality standards
WHO guidelines for air pollution
The 24-hour mean particulate matter levels set in the WHO guidelines for air quality are 50μg/m3 for PM10
and 25μg/m3 for PM2.5 (WHO, 2006a). However, in many parts of the developing world the peak indoor
concentration of PM10 often exceeds 2000 μg/m3 (Ezzati and Kammen, 2001; Regalado et al., 2006).

National Ambient Air Quality Standards (NAAQS) of India
Although there has been no standard for indoor air quality in the country, the Government of India has set
the National Ambient Air Quality Standards (NAAQS) which is listed in Table 1.8.

Table 1.8. National Ambient Air Quality Standards (NAAQS) of India by Central Pollution Control Board
Concentration in ambient air
Industrial, residential,
Ecologically sensitive area
rural and other area
(Notified by Central Government)

Pollutant

Time
weighted
average

Sulfur dioxide (μg/m3)

Annual*
24 hours**

50
80

20
80

Nitrogen dioxide (μg/m3)

Annual*
24 hours**

40
80

30
80

PM10 (μg/m3)

Annual*
24 hours**

60
100

60
100

PM2.5 (μg/m3)

Annual*
24 hours**

40
60

40
60

Ozone (μg/m3)

8 hours**
1 hour**

100
180

100
180

Lead (μg/m3)

Annual*
24 hours**

0.50
1.0

0.50
1.0

Carbon monoxide (mg/m3)

8 hours**
1 hour**

02
04

02
04

Ammonia (μg/m3)

Annual*
24 hours**

100
400

100
400

Benzene (μg/m3)

Annual*

05

05

Benzo(a)pyrene-particulate phase
only (ng/m3)

Annual*

01

01

Arsenic (ng/m3)

Annual*

06

06

Nickel (ng/m3)

Annual*

20

20

* Annual arithmetic mean of minimum 104 measurements in a year at a particular site taken twice a week 24 hourly at uniform intervals; **
24 hourly or 08 hourly or 01 hourly monitored values, as applicable, shall be complied with 98% of the time in a year. 2% of the time, they
may exceed the limits but not on two consecutive days of monitoring.
[Source: National Ambient Air Quality Standard: Central Pollution Control Board Notification, New Delhi, 18th November, 2009]
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Emissions from biomass burning during domestic cooking
The level of particulate pollution in biomass-burning households in developing nations is usually many
times higher than ambient levels in industrialized countries. The latest National Ambient Air Quality
Standards of the U.S. Environmental Protection Agency (USEPA), for instance, required the daily average
concentration of PM10 to be less than 150 µg/m3 (annual average less than 50 µg/m3) (USEPA, 2002). In
contrast, a typical 24-hr average concentration of PM10 in homes using biomass may range from 200 to
5000 µg/m3 depending on the type of fuel, stove and housing (Smith, 1987, 1993; Ezzati et al., 2000;
Smith et al., 2000). Concentration of pollutants, however, depends on where and when the monitoring was
done, because significant temporal and spatial variation may occur within a house (Menon, 1988; Saksena
et al., 1992; Ezzati et al., 2000).
Typical indoor levels of PM10 and carbon monoxide (CO) in developing country homes that use simple
stoves are summarized in Table 1.9 and are compared with WHO guidelines and USEPA standard
(USEPA, 1997). The 24-h mean of PM2.5 concentration in biomass using kitchen usually varies between
330 µg/m3 and 1930 µg/m3 depending on the type of cooking stove (Albalak et al., 2001). This is several
times higher than the USEPA standard of 65 µg/m3 (USEPA, 2002). Other pollutants in biomass smoke are
CO, oxides of nitrogen (NOx) and sulfur (SOx) and free radicals. Besides, biomass smoke contains at least
five chemical groups recognized by the International Agency for Research on Cancer as known or
potential human carcinogens (IARC, 1983). They include polycyclic aromatic compounds such as
benzo(a)pyrene and volatile organic compounds like benzene, toluene and xylene (Sinha et al., 2006).
Other toxic compounds are 1,3-butadiene, formaldehyde, and cilia-toxic respiratory irritants like phenols,
cresols and acrolein (Tuthill, 1984; Smith, 1987; Traynor et al., 1987; Koenig et al., 1991; Leonard et al.,
2000; Dubick et al., 2002).

Table 1.9. Typical 24-hour concentrations of PM10 and CO in biomass-burning households
During cooking in simple stoves

WHO guidelines

USEPA guidelines

3

300-20,000

100

150

3

330-1930

PM10 (µg/m )
PM2.5 (µg/m )
CO (ppm)

10-500

65
10 (8-hour average)

9 (8-hour average)

Source: WHO, 1999; USEPA, 1997

The magnitude of air pollution from biomass smoke can be judged from the report that concentration of
respirable suspended particulate matter in Indian kitchens is 30 times more than the WHO guideline while
its outdoor concentration is 2.5 times more than the guideline (TERI, 1997; WHO, 1999). Annual average
concentrations of PM10 in ambient air of the Indian cities range from 90–600 µg/m3. In contrast, 24-hr
average concentration of PM10 in a typical biomass fuel-using Indian household ranges from 200 to 5000
µg/m3 , depending on the type of fuel, stove and housing (Smith, 1993; Ezzati and Kammen, 2002). A
study in Africa also showed that emission of PM10 during cooking with wood can be as high as 1200µg/m3
against 200-380 µg/m3 during combustion of LPG or electricity (Fig. 1.3; Ellegard, 1996). Smoking two
packs of cigarettes per day generates total suspended particulate matter (TSP, PM of all sizes) of about 40
µg/m3 (Dockery and Spengler, 1981). In contrast, biomass burning generates TSP levels ranging from a
few hundred to more than 10,000 µg/m3 (Pandey et al., 1989).

Factors that influence emissions
The amount of exposure that an individual undergoes when using biomass fuel is directly determined by
factors like fuel and stove types, location of the kitchen and cooking duration. In fact these influencing
parameters can be used to build a regional exposure database and facilitate health risk assessments.
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Fuel type
The type and the level of pollutant emission vary with the type of biomass. Among biomass,

combustion of dung cake emits highest level of CO and PM10, followed by agricultural
wastes and firewood. A study by Ellegard (1996) in Africa showed that wood liberated more PM (1200
µg/m3) than charcoal (540 µg/m3) or electricity (200-380 µg/m3). Twenty four hour average concentrations
of PM10 in kitchen and living areas of rural households of Andhra Pradesh were significantly different for
different fuel types (Fig.1.4; Balakrishnan et al., 2004). The concentrations were highest in dung-using
households, followed by wood, kerosene, and LPG-using households, although the outdoor concentrations
were not significantly different across fuel types. 24 hr PM10 conc. (µg/m3).

800

24 Hr PM10 conc. (µg/m3)

700
600
500
Living area

400

Kitchen
300
200
100
0
Dung

Wood

Kerosene

LPG

Figure 1.4. 24-hr average concentrations of PM10 in kitchen and living areas across fuel types. Bars represent
standard deviation of mean (Source: Balakrishnan et al., 2004)

Type of kitchen
Cooking areas in many Indian households are poorly ventilated and about one-half of all households do not
have separate kitchens (Mishra et al., 1999a). Kitchen type is an important determinant of IAP. Emission
varies with kitchen type (Balakrishnan et al., 2004). Four common kitchen types of rural India are
•

Enclosed indoor kitchen with partition

•

Enclosed indoor kitchen without partition

•

Separate enclosed kitchen outside the house

•

Open outdoor kitchen

IAP was significantly higher in biomass using households with enclosed indoor kitchen than that of having
outdoor kitchen where dispersion of pollutant is much more. IAP in living area was also significantly
higher for indoor kitchen. But no significant difference has been found in IAP between enclosed indoor
kitchen with or without partitions (Table 1.10). However, IAP was higher in living area of households with
indoor kitchen without partition.
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Table 1.10. Variation in particulate air pollution from biomass burning with kitchen type
24-hr average PM10

Kitchen type

In kitchen (µg/m3)

In living area (µg/m3)

Enclosed indoor kitchen with partitions

666

357

Enclosed indoor kitchen without partitions

652

559

Separate enclosed kitchen outside the house

575

280

Outdoor cooking

297

215

Source: Balakrishnan et al., 2004

Exposure levels differ among members of a family in typical biomass-using Indian households
(Balakrishnan et al., 2004). Women who cooked family meals had greater 24-hour PM10 exposure than
non-cooks (442 vs. 276 µg/m3). The exposure burden can be envisaged from the fact that about 200 million
women of the developing countries including India are exposed to conditions similar to smoking 2-20
packs of cigarettes per day (Smith, 1987).

Type of cookstove
Suspended particulate matter (SPM) and carbon emissions from the combustion of biomass fuel vary
between traditional and improved cook stoves under the actual conditions of household use (Fig. 1.5).
Cooking by using firewood in the open fire stove emits 10 to 180 g of carbon monoxide and 7.7 g of
particulate matters per kg of firewood (Ellegard and Egneus, 1992), whereas improved wood-burning
cook-stoves reduce average daily SPM emission concentration during burning time by 48%.

Traditional biomass
cookstove
less-smoky biomass
Low-cost IC
High-cost IC
Kerosene
LPG
0

50

100

150

% of exposure

Figure 1.5. Effectiveness of different exposure interventions compared with traditional cook stoves. IC, improved
cook stove. (Source: WHO, 2000).

It is apparent from Fig. 1.5 that compared with LPG and kerosene traditional biomass using cook stoves
release several times more air pollutants in the cooking areas. Use of less smoky biomass such as charcoal
significantly reduces the emission and exposure, but still it is higher than LPG and kerosene. Improved
cook stove for biomass burning, on the other hand further reduce the exposure and the high cost devices
appeared to be more efficient in this regard than the low cost ones. In any case, biomass use even in most
advanced high cost improved cook stoves generates more air pollution than that of LPG and kerosene
using cook stoves.

Poverty and health: a vicious circle
Poverty is an important, probably the most important determinant of health. This is clearly demonstrated
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by a close interrelationship between household energy, poverty and health. Reliance on simple biomass
fuels holds back development because it impairs health and restricts opportunities for education and
income generation, while poverty prevents households breaking out of this reliance because poor families
cannot afford the higher cost of cleaner fuels and the appliances required. Results of a The Energy
Research Institute (TERI), New Delhi study published in 1998 showed that the economic impact of illness
and deaths from chronic exposures to PM10 in indoor air amount to Rs. 885 billion – 4,250 billion annually
(Saxena and Dayal, 1998).

The vulnerable group
People of the developing countries are typically exposed to very high levels of indoor air pollution for 3 to
7 hours a day (Engle et al., 1997). Since it is always the women who cook daily household meals, their
exposure is much higher than men’s (Behera et al., 1988). Young children are often carried on their
mother’s back while she is cooking, so that from early infancy, children spend many hours breathing
smoke (Albalak, 1997).

Health impact of IAP from biomass burning
The health impact of biomass smoke containing high concentrations of particulates and other pollutants
can be devastating because for every 20 µg/m3 of PM10 in ambient air 1% increase in total daily mortality
occurs (Samet, 2000). Most people are aware that outdoor air pollution can damage their health. But fewer
know indoor air pollution often cause greater harm. Globally 1.6 million deaths per year result from
breathing elevated levels of indoor smoke from biomass fuels around the world that accounts for 2.9 % of
all deaths per year. In contrast, mortality due to outdoor air pollution is 200,000 to 570,000 representing
about 0.4 to 1.1 % of total annual deaths (WHO, 2002). The following map estimated by WHO sub-region
for 2000(WHO World Health Report, 2002) showing that the boundaries do not imply the expression of
any opinion whatsoever on the part of the World Health Organization concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. Dotted lines on maps represent approximate border lines for which there may not yet be full
agreement (Figure 1.4). In India, 410,000 –570,000 premature deaths among adult women and children
aged less than 5 years have been reported arising from exposure to indoor air pollutants (Smith, 1999).
When attention is focused on the problem of indoor air pollution resulting from the use of biomass fuels ,
an enormous health burden is uncovered. There is now evidence linking an increased risk of respiratory
tract infections, exacerbations of inflammatory lung conditions, cardiac events, stroke, eye disease,
tuberculosis (TB), cancer and hospital admissions with air pollution levels (Atkinson et al., 1999; Hong et
al., 2002; Laden et al., 2006; Lin et al., 2007; Pokhrel et al., 2005; Pope III et al., 2002; Saha et al., 2005;
Smith et al., 2004). Data relating to the effects of burning biomass fuel on health are of relevance to any
physician practicing in the developing world, however they are conspicuously underrepresented in the
literature (Jaakkola and
Jaakkola, 2006).

Figure 1.4. Mortality from
indoor air pollution: global
scenario (WHO 2002)
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Toxicity study in laboratory animals
Animals experimentally exposed to wood smoke under laboratory conditions exhibited a wide range of
alterations in airway and alveolar cells similar to those found in cigarette smokers. Smoke-exposed rabbits
illustrated increase in the number of alveolar macrophage (AM) and inflammatory cells in bronchoalveolar lavage (BAL) fluid, (Rasp et al., 1978), severe injury, necrosis and loss of bronchial epithelial
cells that reduce pulmonary defense (Thorning et al., 1982; Lok changed to Loke et al., 1984), and
dysfuction of mucociliary escalator that reduces disposal of deposited pollutants (Lok changed to Loke et
al., 1984). In a separate study, Fick et al., (1984) found substantial reduction of AM-mediated bacterial
phagocytosis and intracellular killing of Gram-negative bacteria Pseudomonas aeruginosa in smokeexposed rabbits. Although the authors did not observe inflammatory response, smoke-exposed animals
demonstrated a significantly greater lavageable cell yield than the unexposed controls. This well-executed
toxicological study provided the first evidence that even exposures to low levels of wood smoke could alter
host pulmonary immune defense leading to increased susceptibility to infectious lung disease. Dubick et
al., (2002) observed that acute inhalation of wood smoke produced areas of tracheal erosion resulting in the
loss of epithelium, 2-3-fold increase in lipid peroxidation. Other investigators have reported changes in
lung antioxidant enzyme activities and oxidative stress as a result of wood smoke exposure (Demling ‘et
al.’ changed to ‘and LaLonde’, 1990, Demling et al., 1994, Lalonde et al., 1994). In addition to tracheobronchial alterations and changes in immune cell morphology, acute inhalation of wood smoke reduces
lung function of guinea pigs (Wong et al., 1984), dogs (Stephenson et al., 1975) and humans (Garzon et al.,
1970, Wong et al., 1984). Smoke inhalation produced airway hyperreactivity in response to challenge with
the bronchoconstrictors such as substance P, capsaicin and prostaglandins (Hsu et al., 1998; Hsu et al. will
be Kou, 2001; Lin et al. will be Liou, 2000; Lin et al., 2001). Wood smoke caused slowing of respiration
owing to nasal airway resistance and airway reactivity following stimulation of bronchopulmonary C-fiber
nerve endings (Ho and Kou, 2002).
.

Moreover, smoke exposures increase hydroxyl radical ( OH) burdens evoking bronchial irritations.
Exposure of wood smoke in mice resulted in alteration of pulmonary histology, increased cell count in
broncho-alveolar lavage (BAL), airway inflammation, increased cytokine levels (Matthew at al., 2001),
and altered epithelial morphology (Bhattacharyya et al., 1998). Woodsmoke exposure caused progressive
lens opacification due to hyperplasia, hypertrophy and multi-layering of epithelial cells (Rao et al., 1995).
Free radicals, generated by wood smoke through the reaction of iron with H2O2, may produce genetic and
cellular damage, NF-κB activation and tumor necrosis factor-α release. Moreover, such free radicals could
also play a role in the development of pulmonary fibrosis (Leonard et al., 2000).

Impact of biomass smoke exposures on human health
Chronic inhalation of biomass smoke seems to be a potential threat to human health in general and the
rural women of developing countries in particular. There is also strong evidence of impact on women, up
to 34,000 deaths resulting from chronic obstructive pulmonary diseases (Smith, 2000). IAP from cooking
with biomass fuel has been causally linked to otitis media, asthma, lung cancer, cancer of nasopharynx
and larynx, human cervical cancer, tuberculosis, perinatal conditions and low birth weight of the baby and
disease of the eye such as cataract and blindness (Smith et al., 2000; Bruce et al., 2000; Ezzati et al., 2001;
Velema et al., 2002).
Biomass smoke exposure increases the risk of a range of common and serious diseases in both children and
adults (Bruce et al., 2000). WHO has assessed the contribution of a range of risk factors to the burden of
disease (Figure. 1.6) and revealed IAP as the 8th most important risk factor and responsible for 2.7% of the
global burden of disease while in India this factor ranks 3rd in contributing to the national burden of
disease, just below malnutrition and lack of safe sanitation and drinking water (WHO, 2002).
Globally, IAP from biomass fuel use is responsible for 1.6 million deaths due to pneumonia, chronic
respiratory disease and lung cancer. The overall disease burden caused by IAP (in Disability-Adjusted Life
Years or DALYs, a measure combining years of life lost due to disability and death), exceeds the burden
of disease from outdoor air pollution by five-fold. There is a growing body of literature on the health
impacts of indoor air pollution, especially in women and children (Awasthi et al., 1996; Mishra et al. will
be Retherford, 1997; Bruce et al., 2000, Balakrishnan et al., 2002). Studies have demonstrated 400,000 to 2
million premature deaths per annum due to IAP in India. IAP is responsible for an estimated 3.7% of the
overall disease burden in the developing countries, making it the most lethal killer after malnutrition,
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unsafe sex and lack of safe water and sanitation.
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Figure 1.6. Burden of disease in India from major risk factors (Source: WHO 2001, 2002).

Exposure to IAP from biomass burning doubles the risk of pneumonia and is responsible for 900,000
deaths annually (WHO, 2005). PM10 is associated with the development of inflammation in the airways
and the lungs (Anderson et al., 1990), nitrogen dioxide causes reduced mucociliary disposal and impaired
immune defense (Morrow, 1984), sulfur dioxide decreases the antimicrobial defense and mediates airway
inflammation (Bascom et al., 1996), and formaldehyde produces ozone secondarily that impairs
macrophage function, causes airway inflammation, increases bronchoalveolar permeability (Lippmann,
1989), and reduces the lung function (Canada Gazette, 2002). Among different health impairments from
biomass fuel use, some are mentioned below.

Acute respiratory infection (ARI)
Biomass smoke inhalation alters several mechanisms of lung defense, including the efficacy of both the
mucociliary escalator and the macrophage function (Naeher et al., 2007). Exposure to biomass smoke is
associated with an increase in the severity of respiratory infections in children (Dherani et al., 2008; PerezPadilla et al., 2010), a major cause of children’s death in the developing countries. Studies have also found
an increased risk of tuberculosis in persons chronically exposed to biomass smoke (Slama et al., 2010).
Respiratory symptoms, especially phlegm and cough, are consistently higher in women who cooked with
biomass fuels in comparison with those using cleaner fuels like charcoal, gas and kerosene (Shrestha and
Shrestha 2005; Regalado et al., 2006). This finding has been associated with the PM10 concentrations,
which often exceed 2,000 mg/m3 in indoor air of biomass-using homes (Regalado et al., 2006). Likewise,
wood users (mean PM10, 1,200 mg/m3) suffered more from cough than charcoal (PM10, 540 mg/m3), LPG
and electricity users (PM10, 200–380mg/m3) [Ellegard, 1996].

Pneumonia
Pneumonia caused by viruses or bacteria is a potentially serious state of the lungs. In pneumonia, the
alveoli get inflamed after fluid builds up. Globally, pneumonia and other acute lower respiratory infections
represent the single most important cause of death in children less than five years (Bruce et al., 2002).
Childhood pneumonia is responsible for more than 900,000 of the 2 million annual deaths from
pneumonia. In India, it accounts for about one-eighth of the disease burden. Exposure to IAP more than
doubles the risk of pneumonia. Respiratory syncytial virus (RSV) accounts for 15–40% of pneumonia or
bronchiolitis cases admitted to hospital in children in developing countries, followed by influenza A and B
and para-influenza. The leading risk factors contributing to pneumonia incidence are lack of exclusive
breastfeeding, malnutrition, IAP, low birth weight, crowding and lack of measles immunization (Sällsten et
al., 2006; Rudan et al., 2008). There is strong and consistent evidence for the association between use of
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biomass fuels and acute lower respiratory infection (ALRI). In a meta-analysis of the available studies,
ALRI was associated with cooking with wood or other biomass fuel with an odds ratio (OR) of 2.0 (95%
Confidence interval [CI]: 1.4-2.8). An even higher odds ratio was found when the child was carried on the
mother’s back during cooking (OR =3.1, 95% CI: 1.8-5.3; Smith et al., 2004). A later systematic review of
the literature including newer observational studies and the results from infants taking part in the first
randomized controlled trial on IAP (RESPIRE) concluded that the risk of pneumonia in young children
was increased by exposure to biomass fuels by a factor of 1.79 (95% CI: 1.46-2.21; Dherani et al., 2008).

Tuberculosis
Tuberculosis is a major health problem in India. Approximately 500,000 persons die from tuberculosis
each year in India (WHO, 1997). There have been three published studies to date examining the
association between biomass smoke exposure and tuberculosis (two from India, one from Mexico) (Mishra
et al., 1999 and Perez-Padilla et al., 2001). Exposure to biomass smoke can explain about 59% of rural
cases and 23% of urban cases of tuberculosis in India (Bruce et al., 2000). An analysis of data from
200,000 Indian adults as part of the Indian National Family Health Survey (1992-93) found that persons
living in biomass –using households had more instances of tuberculosis than persons living in households
that use using cleaner fuels with an adjusted odds ratio of 2.58 (95% CI: 1.98-3.37) [Mishra et al., 1999].
Biomass smoke exposure can explain up to 59% of rural and 23% of urban cases of tuberculosis in India
(Mishra et al., 1999). Increased risk of tuberculosis may result from reduced resistance to infection as
exposure to smoke interferes with mucociliary defenses and decreases antibacterial property of lung
macrophages. It is known that BMF smoke impairs alveolar macrophage function (Arredouani et al., 2006;
Zhou and Kobzik, 2007; Aam and Fonnum, 2007). Alveolar macrophages are not only the target of
Mycobacterium tuberculosis infection but also contribute an important early defence mechanism against
bacteria. Therefore, it seems intuitive that BMF smoke also leads to an increased incidence of TB. Few
studies (Mishra et al., 1999; Pérez-Padilla et al., 2001; Shetty et al., 2006) have suggested a link between
indoor air pollution from the use of solid fuels and tuberculosis. A recent systematic review and metaanalysis (Lin et al., 2007) supported a mild or moderate association between indoor air pollution and the
risk of tuberculosis. Tuberculosis is associated with airflow obstruction in population-based studies
(Menezes et al., 2007; Caballero et al., 2008); therefore, the development of tuberculosis may be another
mechanism by which exposure to indoor pollution may derive to COPD.

Reduction in lung function
Biomass fuel users have reduced lung function compared with kerosene or liquefied petroleum gas (LPG)
users (Behera et al.1994). Several other investigators have reported reduction in lung function in women
chronically exposed to biomass smoke (Pandey, 1984; Dutt et al., 1996; Perez-Padilla et al., 1996; Amoli,
1998; Albalak et al., 1999; Laffon et al., 1999; Pauwels et al., 2001; Golshan et al., 2002; Arslan et al.,
2004; Regalado et al., 2006).

Increase in the prevalence of Chronic Obstructive Pulmonary Disease (COPD)
COPD that includes emphysema and chronic bronchitis is the 4th leading cause of death in the U.S. The
symptoms of COPD as described by National Heart, Lung and Blood Institute (NHLBI) include: cough
sputum production shortness of breath, especially with exercise, wheezing (a whistling or squeaky sound
during breathing), and chest tightness. The Global Strategy for the Diagnosis Management and Prevention
of Chronic Obstructive Lung Disease has recognized indoor air pollution as a risk factor for COPD (Global
Initiative for Chronic Obstructive Lung Disease, 2001). IAP is responsible for approximately 7,00,000 out
of the 2.7 million global deaths due to COPD (WHO, 2005). The prevalence rates of CB in communities
exposed to indoor biomass smoke have been reported to be high (Pandey, 1984; Pandey et al., 1985;
Behera and Jindal, 1991; Perez-Padilla et al., 1996; Albalak et al., 1999; Golshan et al., 2002).
Biomass smoke is responsible for COPD in non-smoking women living in rural areas (Ezzati, 2005;
Orozco-Levi et al., 2006; Smith et al., 2004). In Turkey, 23.1% of COPD in rural non-smoking women was
due to biomass smoke exposure, after adjusting for possible confounding factors (Ekici et al., 2005). In
Mexico, women exposed to domestic biomass smoke develop COPD with clinical characteristics, quality
of life and increased mortality similar in degree to that of tobacco smokers (Ramirez-Venegas et al., 2006;
Regalado et al., 2006).
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Rise in the prevalence of bronchial asthma
Asthma is a chronic respiratory disease characterized by sudden attacks of labored breathing, chest
tightness, and coughing. Of the limited research that does exist on this subject, some studies have found a
positive association between cooking smoke and asthma (Mohammed et al., 1995; Xu et al., 1996; Pistelly,
1997; Thorn, et al., 2001). Data from India’s second National Family Health Survey, 1998-99 suggest
exposure to cooking smoke is strongly associated with prevalence of asthma among elderly men and
women( ≥ 60 years of age) [Mishra , 2003].

Interstitial lung disease
Biomass smoke is associated with an interstitial lung disease known as ‘hut lung’ (Grobbelaar and
Bateman, 1991; Gold et al., 2000), a form of pneumoconiosis in rural women from developing countries,
originally described as ‘Transkei silicosis’ because it was thought to be due to silica particles. However, it
is the contribution of biomass smoke in the pathogenesis of COPD that causes a greater global burden of
disease.

Cardiovascular risk
Chronic inhalation of smoke in biomass users resulted in significant reduction in hemoglobin level and
erythrocyte counts and elevation in total leukocytes, neutrophils and platelet counts (Ray et al. 2003). The
absolute number of P-selectin-expressing platelets was 8.3 times higher in biomass fuel users, suggesting
excess cardiovascular risk in biomass users (Ray et al., 2007).

Change in immune defense
Particulates emitted from biomass combustion adversely affect specific and non-specific host defenses of
the respiratory tract (Reynolds and Elias, 1998). Air pollutants commonly found in biomass smoke have
been associated with compromised pulmonary immune defense mechanism in both animals and humans
(Chang et al., 1990; Fujii et al., 2001; Mukae et al., 2001). Macrophages present in the airways
phagocytose these particles. Macrophages increase in number and release inflammatory mediators such as
IL-8 and tumor necrosis factor (Keatings et al., 1996). T- lymphocytes also increase in number: CD4+cells
in asthmatics and CD8+ cells in chronic bronchitis (Jeffery, 1998). Biomass smoke particles often contain
transitional metals, especially iron, which induce production of reactive oxygen species that may catalyze
redox reactions in human lung epithelial cells, leading to oxidative stress and increased production of
mediators of pulmonary inflammation. Iron also causes IL-8 induction in airway cells (Aust et al., 2002).

Inflammation
Systemic inflammation
Air pollution leads to a systemic inflammatory response (Calderón-Garcidueñas et al., 2011; Banerjee
et al., 2011). Severe inflammation is characterized by a systemic inflammatory response, which if
persistent can lead to inflammatory complications. The inflammatory response is associated with,
amongst others, a rapid increase in blood neutrophils and induction of inflammatory mediators. Level
of proinflammatory cytokines such as TNFα, IL8, IL6 increases in peripheral blood, or in other words
a general systemic inflammation is responsible for the rise in basal level secretion of such
proinflammatory cytokines in plasma.

Localized inflammation
Neutrophils are important effecter cells of the innate immune system. Aberrant activation of these
cells has been associated with localized tissue damage in persistent inflammation. The lung in
particular is an organ where neutrophils are prone to receive the localized inflammatory stimulus.
This is due to the large and narrow (smaller than diameter of neutrophils) microvascular bed in which
neutrophils exhibit a long transit time. This is because of the need of deformation of the cells in order
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to pass through these narrow vessels. Primed neutrophils, however, have impaired deformability,
which leads to excessive margination (i.e. neutrophils get stuck in the lung). These marginated
neutrophils are prone to activation by signals originating from lung tissue and or lung vascular
endothelium. Biomass fuel use is an important factor for deterioration of pulmonary function.
Significant increase of inflammatory cells in sputum of biomass fuel exposed subjects has
accompanied the decrease in pulmonary function (Summer et al., 2004).

Endocrine toxicity
Biomass smoke contains steroid disruptors and the causative agents were identified as polycyclic aromatic
hydrocarbons and their derivatives, substituted phenolic compounds, aromatic carbonyl compounds and
higher molecular weight alcohol and ketones (Wu et al., 2002).

Eye irritation and cataract
Eye irritation from smoke is widely reported (Ellegard, 1997). There is also preliminary evidence that a
biomass smoke exposure is associated with blindness. An adjusted odds ratio of 1.3 for blindness has been
reported in women who cooked with biomass (Mishra et al., 1999b). A hospital-based case-control study in
Delhi comparing LPG with biomass fuel use found adjusted odds ratio of 0.62 (95% CI: 0.4-0.98) for
cataracts i.e. LPG users had lower risk of the disease (Mohan et al., 1989). Conversely, an adjusted odds
ratio of 2.4 for biomass use for blindness in biomass users was found in a case control study in Nagpur
(Zodpey and Ughade, 1999). Animal studies have demonstrated that biomass smoke damages the lens in
rats causing discoloration and opacities. The mechanism is thought to involve absorption and accumulation
of toxins, which then lead to oxidative stress (Rao et al., 1995).

Otitis media
Evidence from developing countries suggests a close relationship between biomass smoke exposure and
middle ear infection (otitis media) - a condition that causes a considerable amount of morbidity. A strong
association was found between exposure to wood smoke in the living environment and the occurrence of
otitis media among a population of Nigerian children (Amusa et al., 2005).

Low birth weight and perinatal mortality
Cooking with biomass doubles the risk of stillbirth (Mavalankar et al., 1991; Ardayfio et al., 1993). Low
birth weight (LBW; birth weight < 2,500g), an important risk factor for infant mortality and morbidity, is
common among biomass users (Boy et al., 2002). Conditions that interfere with transplacental delivery of
nutrients and oxygen usually cause varying degrees and types of intra-uterine growth retardation (IUGR)
and consequent low birth weight. Carbon monoxide (CO) emitted from combustion of wood when inhaled
combines with hemoglobin to form carboxyhemoglobin (COHb), a much more stable compound that does
not readily give up oxygen to peripheral tissues and organs, including fetus. Studies have shown that
exposure to biomass smoke is associated with COHb levels of 2.5-13% against a critical level of 2.5%
COHb according to WHO guidelines is less than 2.5% (Dary et al., 1981; Behera et al., 1988). COHb
levels from biomass smoke exposure is comparable to environmental tobacco smoke and active smoking
(WHO, 1999).

Neurobehavioral changes
Exposures to increased levels of some air pollutants are associated with psychiatric symptoms, including
anxiety and changes in mood, cognition and behavior (Lundberg, 2002). Toxic air pollutants including CO
interfere with the development and adult functioning of the central nervous system (CNS) causing
impairment of memory, learning ability, attention and concentration (Amitai et al., 1998). Neurochemical
and neuropathological changes were also found in the brains of PM exposed animals (Mohan Kumar et al.,
2008).
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Genotoxic effects
Household cooking with biomass has been shown to be a major contributor of mutagens in environment
(Alfheim et al., 1983). Residential wood combustion accounted for 75% of the exposure to particleassociated organics, but only 20% cancer risk (Lewtas et al., 1992). Burning biomass-based fuels increases
the frequency of cytogenetic alterations in blood lymphocytes of exposed populations, possibly because of
exposure to the various noxious gases and toxic substances present in biomass fuels. A study in India
showed that micronucleus and chromosomal aberration frequency in blood lymphocytes from users of
biomass-fuels are high in comparison to lymphocytes from LPG users (used as a reference population).
The relative MN and cancer frequencies for the users of the various fuels decreased in the order cowdung >
cowdung/wood >/= wood > kerosene >/= LPG (Musthapa et al., 2004).

Increased risk of cancer
Biomass smoke contain many potentially toxic compounds including polycyclic aromatic hydrocarbons
(PAHs) such as benzo(a)pyrene volatile organic compounds (VOCs) such as benzene, 1,3butadiene,styrene, xylene and aldehydes. Biomass use increases cancer risk by 30-80 times (Zhang and
Smith, 1996; Table 1.11).

Table 1.11: Lifetime cancer risks from different cooking fuels
LPG

Kerosene

Wood

1.7-4.5

5.9-16

58-150

0.04-0.11

0.02-0.05

11-30

14-37

48-130

470-1200

11-34

5.3-14

3200-8400

3

Exposure (μg/m )*
Benzene
1,3-Butadiene
Life-time cancer risk per
1x 106 people
Benzene
1,3-Butadiene

*Lifetime averaged exposure level when ventilation rate is 15 per hour. Cancer risk = lifetime exposure x cancer potency. The published
cancer potencies are: benzene, 8 x 10-6 (μg/m3)-1 (WHO, 1987; Wallace, 1991); 1,3-butadiene, 2.8 x 10-6 (μg/m3)-1 (EPA, 1995). (Source:
Zhang and Smith, 1996)

Lung cancer
Smoke from both coal and biomass contains substantial amounts of carcinogens, including
benzo(a)pyrene, 1,2 butadiene, benzene, styrene and xylene (Zhang and Smith, 1996). A consistent body of
evidence, particularly from China, has shown that women exposed to smoke from coal fires in the home
have an elevated risk of lung cancer (Smith and Liu, 1994), in the range of odds ratios 3-5. This effect has
not been demonstrated among populations using biomass, but the presence of carcinogens in the smoke
suggests that the risk may be present. There is limited evidence of relative risk of 1.5 (1.0-2.1 at 95% CI)
from biomass use in women more than 30 years of age (WHO, 2006). Biomass fuel exposure is an
important risk factor in the causation of lung cancer among women in addition to tobacco smoke. Tobacco
smoking was the most important risk factor for lung cancer with OR of 4.87 (95% CI 1.34-17.76). Out of
all the cooking fuels the risk of development of lung cancer was highest for biomass fuel exposure with an
odds ratio of 5.33 (95% CI 1.7-16.7). Use of mixed fuels was associated with a lesser risk (OR = 3.04,
95% CI 1.1-8.38). ). In multivariate logistic regression analysis biomass fuel exposure was still significant
with OR of 3.59 (95% CI 1.07-11.97) even after adjusting for smoking and passive smoking (Behera et al.,
2005). Data from China imply that domestic coal smoke is a significant risk factor for the development of
lung cancer (Du et al., 1996; Zhao et al., 2006). In studies from India and Mexico, data for non-smoking
women exposed to BMF smoke for a number of years suggest that long-term exposure to BMF smoke
from cooking may contribute to the development of adenocarcinoma of the lung (Behera and Balamugesh,
2005; Hernandez-Garduno et al., 2004). The International Agency for Research on Cancer (IARC) recently
termed biomass smoke a ‘probable carcinogen’ (Group 2a) and coal (used as domestic fuel) was termed
carcinogenic to humans (Group 1) (Straif et al., 2006).
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Nasopharyngeal and laryngeal cancer
Biomass smoke has been implicated as a cause of nasopharyngeal carcinoma (Clifford, 1972) although this
is not a consistent finding (Yu et al., 1985). The most recent study, from South America, reported an
adjusted odds ratio of 2.7 (95% CI: 2.2-3.3), and estimated that exposure to wood smoke accounted for
around one third of such cancers in the region (Pintos et al., 1998).

Leukemia
Biomass smoke contains benzene that may cause leukemia and other human cancers, aplastic anemia and
other bone marrow disorders, which are potentially fatal if left untreated (IARC, 1982; Rinsky et al.,
1987).

Cancer of the uterine cervix
There is suggestive evidence that the use of wood for cooking increases the risk of invasive cervical
cancer. This association was investigated in women with cervical neoplasia in Honduras (Velema et al.
2002). Exposure to benzene in the environment causes adverse health effects particularly leukemia,
aplastic anemia, bone marrow disorders and other cancers in humans, even at low dose exposure (IARC,
1982; Rinsky et al., 1987).

Lacunae in the present understanding and scope of the work
Cooking with biomass fuel is still a common practice in the majority of Indian households, especially in
the villages. Biomass burning generates smoke that contributes to high level of indoor air pollution (IAP).
Like cigarette smoke, biomass smoke contains hundreds of health-damaging compounds, some of them are
cancer-causing. Given the extent of biomass smoke exposures in a woman’s life who cooks with these
fuels and the long list of toxic smoke components, cumulative exposures to biomass smoke appear harmful
for human life. Unfortunately, there is a paucity of scientific data on the health impact of IAP due to
cooking with biomass fuel in India. In view of this, the need for a comprehensive study on the subject was
felt. Accordingly, the present study was undertaken to address the following objectives.

Objectives of the study

i.

To measure the extent of indoor air pollution caused by cooking with biomass fuels vis-à-vis
cleaner fuel LPG

ii.

To examine whether cooking with biomass generates excess of carbon monoxide by measuring
the level of CO in exhaled breath

iii.

To assess the effect of chronic inhalation of biomass smoke on the prevalence of respiratory
symptoms, pulmonary function and COPD prevalence of never-smoking premenopausal women
of rural India who cook regularly with wood, crop residues and dung cake

iv.

To examine the impact of biomass smoke exposure on the hematological and immune profile of
these women

v.

To investigate the possibility of pulmonary and systemic inflammation and oxidative stress
following chronic exposures to biomass smoke

vi.

To examine whether biomass fuel users are at an increased risk of hypertension and cardiovascular
diseases

vii.

To examine whether cooking with biomass and smoke inhalation is associated with female
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reproductive toxicity and a rise in the prevalence of neurobehavioral symptoms
viii.

To elucidate whether cumulative biomass smoke exposures cause chromosomal and DNA damage
and alter ribosome biogenesis

ix.

To examine whether the DNA repair mechanism works properly in women who cook with
biomass, and

x.

To examine the risk of malignancy in the airways and lung of biomass users

2
The level of indoor air pollution in biomass and
LPG‐using households

Introduction
Air pollution introduces physical, chemical and biological toxic materials into the atmosphere that may
cause harm to living organisms. Besides, it can deteriorate the natural environment. For any study that
aims to assess the impact of air pollution on health or the environment, measurement of air quality is
extremely important because it gives an estimate of the overall pollution scenario. Air quality data helps in
establishing a relationship between extent of pollution exposure and its outcome. In view of this, a
database has been constructed on the air pollution level prevailing in the indoor air of biomass and LPGusing households covered in this study by measuring particulate matter (PM) with aerodynamic diameter
of less than 10 µm (PM10) and less than 2.µm (PM 2.5) by real-time laser photometer. In addition, the
concentration of carbon monoxide (CO) in exhaled breath of the participants was measured.

Rationale for selection of the pollutants for air quality monitoring
The list of pollutants present in ambient (outdoor) or indoor air is long and exhaustive. They have varied
impact on human health. Air pollutants that have major adverse influence on human health include
particulate matter of various sizes, ozone (O3), CO, and oxides of sulfur and nitrogen (Bruce et al., 2002;
Senevirathne, 2003; Nandasena et al., 2010). In particular, PM10 and PM2.5 represent the most important
airborne pollutants that can impair human health. Short- and long-term effects of PM10 and PM2.5
exposures include tuberculosis (Mishra et al.,1999; Smith, 2000; Lin et al., 2007; Behera and Aggarwal,
2010; Kim et al., 2011a), acute respiratory infections (Shah et al.,1994; Smith et al., 2000; Smith, 2000;
Bruce et al., 2007; Perez-Padilla et al., 2010), chronic obstructive pulmonary disease (Amoli,1998;
Smith,2000; Cetinkaya et al.,2000; Zhang et al., 2002; Weiss et al.,2003; Annesi-Maesano et al., 2003;
Sumer et al.,2004; Chapman,2005; Ramírez-Venegas et al.,2006; Terzano et al., 2010; Ling et al., 2011),
pulmonary emphysema (Weiss et al.,2003; Morris and Sheppard, 2006), chronic bronchitis (Weiss et al.,
2003; Kurmi et al., 2010), respiratory failure (Regalado et al., 2006; Smith-Sivertsen et al.,2009; Po et al.,
2011), impaired lung function (Baran et al., 2009; Fullerton et al., 2011), cor pulmonale (Pandey et
al.,1988; Sandoval et al.,1993; Zhang et al., 2002), lung cancer (Medina et al.,1996; Smith, 2000; Lan et
al., 2002; Delgado et al., 2005; Tian et al.,2008; Pope et al., 2011), asthma (Smith,2000; Annesi-Maesano
et al., 2003; Kim et al., 2011b), cataract (Shalini et al.,1994; Pokhrel et al., 2005), blindness (Mishra et
al.,1999; Smith,2000; Kaplan, 2010), heart disease (Smith,2000; Annesi-Maesano et al., 2003; Ueda et al.,
2011; Ghio et al., 2011) and adverse pregnancy outcomes such as low birth weight (Smith,2000; Boy et
al.,2002; Mishra et al.,2004; Wilhelm et al., 2011) and stillbirth or neonatal mortality (Mishra et al., 2005;
Hwang et al., 2011).

Scope of the work
Thus, measurement of PM10 and PM2.5 in indoor air of biomass-and LPG-using households during cooking
as well as non-cooking time seems important. Moreover, the effect of biomass smoke inhalation on the
level of carbon monoxide (CO) is crucial, as it represents the most abundant product of incomplete
combustion of organic matters (Smith, 2008). CO has high affinity for hemoglobin and reacts with it to
form carboxyhemoglobin (COHb). Since VOCs including benzene are abundant in biomass smoke, the
level of benzene exposure is important. In view of these, the objectives are:
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Objective
1. To investigate whether biomass burning causes increase in particulate air pollution in indoor air,
the levels of PM10 and PM2.5 were measured in cooking areas of biomass-and LPG-using
households by real-time aerosol monitor
2. To investigate whether biomass smoke increases the generation of carbon monoxide, the level of
CO in exhaled breath will be measured
3. To elucidate whether biomass users are more exposed to benzene, the excretion of benzene
metabolite trans,trans-muconic acid (t,t-MA) through urine will be measured.

Materials and method
I. Measurement of PM10 and PM2.5 in indoor air by realtime aerosol
monitor
PM10 and PM2.5 measurements were done in 82 LPG- using and 108 biomass-using households in cooking
areas by real-time laser photometer (DustTrakTM Aerosol monitor, model 8520, TSI Inc., Shoreview, MN,
USA) that contains 10-mm nylon Dor-Oliver cyclone, operates at a flow rate of 1.7 liter/minute and
measures particle load in the concentration range of 1 μg - 100 mg/m3. The monitor was calibrated to the
standard ISO 12103-1 A1 test dust. Since biomass-using women cook in a sitting position 2 to 3 ft away
from the open chullah (oven), the monitor was placed in the breathing zone of the cook, 2.5 feet above the
floor level on a wooden stool and 3 feet away from the chullah. LPG-users, on the other hand, cook in a
standing position and the monitor was placed accordingly at a height of 4.5 feet. Indoor air sampling was
done in each household for three consecutive days, 8 hours/day (7:00 a.m. – 15:00 p.m.) covering both
cooking and non-cooking time. The mean of 3 days was used as the indoor air quality of a single
household. The monitor could not be used for longer period due to the limitation of battery power. During
monitoring, the possible contributions of fuel type, ventilation, cooking duration, combustion of mosquito
coils were also taken into account.

Correction factor
Real-time laser photometers overestimate PM levels. Because of this, raw data obtained from laser
photometers are reduced by dividing it with internationally accepted correction factors. A correction factor
of 2.50 was used for PM10 (Lehocky and Williams, 1996; Chung et al., 2001), and PM2.5 values were
reduced by a correction factor of 2.77 (Siddiqui et al., 2009).

Efficiency of realtime aerosol monitor and reliability of data
Real-time DustTrak monitors of TSI, USA was experimentally used in California, USA in late 90’s
simultaneously with traditional monitors using filter-based gravimetric method. The authors found
significant over-estimation of airborne particle concentrations by realtime monitors (Chung et al., 2001).
Since then, the methodology has been upgraded, and researchers of Harvard School of Public Health have
reported satisfactory performance (Kim et al., 2004). They measured PM2.5 simultaneously by DustTrak
direct-reading aerosol monitor model 8520 (that has been used in this study) and filter-based gravimetric
method. The results were 300 μg/m3 in DustTrak and 310 μg/m3 in gravimetric method. Spearman’s
correlation proved the two methods as highly correlated. A subsequent study in Canada by Zhu et al (2005)
confirmed the reliability of data generated by real-time monitor. They monitored concentrations of fine
particles in diesel exhausts with DustTrak real-time monitors and recorded the measured data every 5
seconds. Test variation of real-time monitoring in different test days was found similar to that measured by
filter-based traditional gravimetric method, whereas the repeatability of the monitored data within the same
day was better than that of gravimetric method (Zhu et al., 2005).
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II. Measurement of carbon monoxide (CO) in exhaled breath
The concentration of CO in exhaled breath was measured using the battery-operated, hand held Smoke
Check CO monitor (Micro Medical Limited, Rochester, Kent, England), which has an electrochemical fuel
sensor that works through the reaction of CO with an electrolyte at one electrode and oxygen from ambient
air at the other. The reaction generates an electrical current proportional to CO concentration. Output from
the sensor is monitored by a microprocessor that detects and displays peak expired concentrations of
alveolar gas. Exhaled CO is a non-invasive procedure, and the CO monitor is a simple, portable instrument
useful for the field (Jarvis et al., 1980). The level of CO in exhaled breath reflects exposure to CO over the
previous 5-15 hours from the time of measurement and indicates the degree to which the hemoglobin in the
blood has taken up CO, thereby depriving the body of oxygen-carrying capacity (Cone et al., 2005).

Procedure
The subjects were asked to rinse their mouth with clean water, inspire and hold their breath for 20 seconds
and then exhale the air slowly and fully into the disposable cardboard mouthpiece attached to the monitor
through adapter. The results were displayed on liquid crystal display (LCD) panel as green (0-6 ppm),
amber (7-10 ppm) and red indicator (11-20 ppm). More than 20 ppm of CO gives red indication plus an
alarm (Table 2.2). The monitor can detect 0-20 ppm of CO with an accuracy of ±1 ppm, and it was
calibrated every month with 20 ppm CO in air.

Table 2.1. Categorization of carbon monoxide in exhaled air
Category

CO (ppm)

Light indicator

Status

1

0–6

Green

Normal

2

7 – 10

Amber

Lightly exposed

3

11 – 20

Red

Heavily exposed

4

> 20

Flashing red + alarm

Very heavily exposed

III. Biomonitoring of benzene exposure: Measurement of t,tMA in urine of
biomass users by HPLCUV
Current exposure of benzene was estimated from the level of benzene metabolite trans,trans-muconic acid
(t,t-MA) in urine by high performance liquid chromatography with ultraviolet detector (HPLC-UV)
following the method of Ducos et al., 1990. In brief, urine (25-50 ml) was collected within an hour after
completion of cooking for lunch (between 13.00-14.00 hours) into 100-ml plastic screw-cap vials for
analysis of t,t-MA. The samples collected on the spot were protected from light, brought to the laboratory
and stored at -20oC until analysis. The samples were thawed and a 1ml aliquot of each was passed through
a 300-mg Prep Sep-Sax cartridge (Fisher Scientific, USA) that had been preconditioned with 3 ml of
methanol and 3 ml of distilled water. Then the t,t-MA was eluted with 3 ml of a 10% aqueous acetic acid
and measured in HPLC (Waters, USA), 10µl fraction of the elute was used per injection in column filled
with LiChrosorb C18, 5µM (Waters, USA), and the detector was set at 259 nm. The eluent was a mixture
of 1% aqueous acetic acid and methanol (9:1, v/v). With a flow rate of 1.2 ml/min, the retention time of t,tMA was 10 min and the duration of an analytical run was 20 min. A stock solution of t,t-MA ( 100mg/l,
Sigma Chem, USA) was prepared in 10% acetic acid.

Statistical analysis of data
The results have been expressed as mean ± standard deviation (SD). The data were statistically analyzed
by Student’s ‘t’ test (for mean ± SD) and Mann-Whitney U test (for median with range). Statistical
significance was set at p<0.05.
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Results
Higher level of particulate pollutants in indoor air of biomassusing
households
The 8-h mean concentration of PM10 in biomass using kitchen was 3.2- times more than that of LPG-using
kitchen (arithmetic mean 414.3 ± 213.5 (SD) vs. 130.5 ± 38.5 μg/m3, p<0.0001) covering both cooking
and non-cooking hours. Similarly, the concentration of PM2.5 in biomass using kitchen was 3.4-times
higher (210.7 ± 104.6 vs.61.3 ± 16.3 μg/m3, p<0.0001) than LPG using kitchen. The ranges and median
values of PM10 and PM2.5 concentrations in biomass and LPG-using households are shown in Figure 2.1.
The 25th and 75th percentile levels of PM10 in biomass using homes were 204.0 and 625.0 μg/m3,
respectively, against 92.75 and 169.0 μg/m3 in LPG- using households. The 25th and 75th percentile levels
of PM2.5 were 108.0 and 313.2 μg/m3, respectively, in biomass using households against 45.0 and 77.0
μg/m3 in LPG using homes.

Microgram per cubic meter

800

*
LPG

600

Biomass
*

400

200

0
PM10

PM2.5

Figure 2.1. Particulate air pollution in cooking areas of biomass fuel- and LPG-using (control) households during
cooking hours. The concentrations of particulate matters with a diameter of less than 10μm (PM10) and less than
2.5μm, (PM2.5) were remarkably higher in biomass-using kitchen. *,p<0.001 in Student’s t-test. Bars represent
standard deviation of mean.

(a)

(b)

Figure 2.1. Box-whisker plots showing concentrations of particulate matter (PM) during cooking hours inside
kitchens using exclusively LPG or biomass fuel for cooking purpose. (a) PM10 level, (b) PM2.5 level. The lines
across each box plot represent the median value. The lines that extend from the top and the bottom of each box
represent the lowest and highest observations still inside the lower and upper limit of confidence. The difference
between these two groups was statistically significant (p< 0.0001) in Mann–Whitney U test.
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Concentrations of particulate pollutants during cooking and non-cooking hours are presented in Figure 2.2.
It is evident that during cooking hours the concentration of PM10 in biomass using kitchen was 3.7- times
more than that of LPG-using kitchen (Arithmetic mean 389.7 vs. 104.5 µg/m3, p<0.001). Even in noncooking hours, PM10 level in biomass-using households was about 2-times higher than that of LPG-using
households (116.7 vs. 62.3 µg/m3, p<0.001). Similarly, the concentration of PM2.5 in biomass using kitchen
was 3.4-times higher during cooking (206.6 vs.61.0 µg/m3, p<0.001) and 1.8- times higher during noncooking hours (62.5 vs. 35.4 µg/m3, p<0.001).
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p<0.0001
*
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p<0.0001
*
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p<0.0001
*

PM2.5 level (µg/m3)

PM10 level (µg/m3)

800

Biomass user

300
p<0.0001
*

200

100

0

0
Non-cooking

Non-cooking

Cooking

(a)

Cooking

(b)

Figure 2.2. Histogram showing particulate pollution like (a) PM10 and (b) PM2.5 in the kitchen of biomass and LPG
users of rural West Bengal during cooking and non-cooking hours.

Lower level of PM10 and PM 2.5 in biomassusing households having smoke
exhausts (chimneys)
We made a comparison between two subgroups of biomass-using homes in northern India -one with smoke
outlets (chimneys) and another without chimneys with respect to indoor pollution level. Households with
chimneys had lower level of PM10 and PM2.5 than that of household without chimneys (Table 2.3).

Table 2.3. Comparison of indoor pollution level in biomass-using households with or without smoke outlets
Without chimneys
(n= 35)

With chimneys
(n = 32)

During cooking time

368.7±95.6

203.7±62.4*

At non-cooking time

108.9±33.8

70.5±22.4*

During cooking time

197.3±63.3

106.2±37.1*

At non-cooking time

54.1±28.9

34.2±17.5*

PM10 (µg/m3)

3

PM2.5 (µg/m )

*, p< 0.05 compared with households without chimneys
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Higher level of CO in exhaled breath of biomass users
In rural women who cooked with LPG, 98.9% had normal concentration of CO (0-6 ppm; category 1) in
exhaled breath while the remaining 1.1% had 7-10 ppm of CO in exhaled breath (category 2, mild
exposure). In contrast, women who cooked with biomass had higher level of CO in their breath (Figure
2.3). About 87% (86.8%) of biomass users had normal CO against 98.2% of control, 8.8% had exhaled 710 ppm of CO (category 2) compared with 1.1% of LPG users. Moreover, 4.4% of biomass users had 1120 ppm of CO in exhaled breath (category 3) against none among LPG users.

Percentage (%) of individuals
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p<0.0001
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Figure 2.3. Histograms showing prevalence (%) of different categories of carbon monoxide in exhaled breath in
of biomass and LPG-using rural women: A, category 1; B, category 2; C, category 3; and D, category 4 of
exhaled CO.

Higher level of t,tMA in urine of biomass users: greater exposure to
benzene
The concentration of t,t-MA in urine, a biomarker of benzene exposure, was 7.96 ± 4.74 mg/l in biomassusing women in contrast to 1.19 ± 0.62 mg/l in control subjects ( Figure 2.3, p<0.0001 in Student’s t-test).
The range of urinary t,t-MA was 0.3-2.9 mg/l with a median of 0.9 mg/l in control women whereas
biomass using women had a range of 1.5-20.5 mg/l with a median of 6.5 mg/l (p<0.0001 in Mann-Whitney
U-test). The 25th and 75th percentile levels of t,t-MA were 5.1 and 7.7 mg/l, respectively, in biomassusing women against 0.6 and 1.7 mg/l in LPG- using control women. Thus, cooking with biomass was
associated with 6.7-fold higher exposure to benzene.

Figure 2.3. Box-whisker plots showing
concentrations of t,t-MA In urine of
women who used to cook exclusively
with biomass fuel or LPG. The lines
across each box plot represent the
median value. The lines that extend
from the top and the bottom of each
box represent the lowest and highest
observations still inside the lower and
upper limit of confidence. The circle
outside the box represent outlier. The
difference between these two groups
was statistically significant (p<0.0001)
in Mann–Whitney U test.

3
Prevalence of respiratory symptoms in rural women
who cook with biomass

Introduction
Indoor air pollution (IAP) from biomass fuel use is recognized as a significant cause of morbidity and
mortality in developing nations including India. Acute and chronic respiratory diseases are linked to
exposure to IAP in developing countries and are the leading cause of global burden of disease (Ezzati et
al., 2000). The population living in regions with predominant biomass use have higher incidence of
respiratory diseases (Baris, 1995). Diseases of the lungs and the airways are often manifested by one or
more symptoms that can be easily recognized. Thus, the presence of a particular symptom or a group of
symptoms helps in identifying the presence of an underlying disease in respiratory organs. This has been
utilized by several epidemiological studies in which the prevalence of respiratory symptoms has been
assessed in order to get an insight into the occurrence of a disease in the airways and the lungs. Air quality
in the households cooking with biomass fuels was measured to get an idea of the extent of exposure.
Living area and kitchen concentration of particles and time activity records are usually used to estimate
exposure. Indirect exposure proxies like location of kitchen; hours of exposure, fuel type, and housing
characteristics are used in most epidemiological studies to study health impact of exposure to indoor
smoke (Ezzati et al., 2002).

Primary target of the pollutants: the lung and the airways
Since airborne pollutant generally enters the body through inhalation, lung and the airways are the primary
target organs. The airways of the lung are represented by the trachea (windpipe), and beyond it are bronchi
(with cartilage cover) and bronchioles (without cartilage). The bronchioles lead to airspaces called alveoli,
which have an average diameter of 200 micrometer each. A recent study has demonstrated that there are
approximately 480 million alveoli in both lobes of an adult human lung, and men have more alveoli and
larger lung volume than women (Ochs et al., 2004). The mean size of a single alveolus is 4.2×106 µm3.
Alveoli make up approximately 64% of the lung space (Ochs et al., 2004). Human lungs have a total
surface area of 1,400 sq.ft and we inhale approximately 15 m3 of air (i.e., 15,000 liters) per day. The
weight of this inhaled air is greater than the food we consume and the water we drink in a day. The lung
volume and breathing frequencies of healthy adults at rest are 400-500 ml and 15-17 breaths per minute
respectively (Tobin et al., 1983). Recent study has documented that a constant number of respiratory units
is maintained from childhood to adulthood while both the smallest bronchioles and alveoli expand in size
to produce the increased lung volume with increasing age and height (Zeman and Bennett, 2006).

Respiratory illness following air pollution exposures
Way back in 1981, Samet and co-workers reported statistically significant increase in respiratory
emergency room visits in Ohio, USA in association with elevated levels of particulate pollution and SO2
(Samet et al., 1981). In 1983, Lutz reported strong positive correlation between weekly particulate
pollution levels and the percentage of patients with respiratory illness (Lutz, 1983). Thurston and coworkers (1994) observed similar associations in Toronto and in New York. In 1989, a series of studies in
Utah Valley, USA showed that particulate pollution was associated with a wide range of respiratory
disorders and hospitalization (Pope, 1989, 1991), lung function decrement and respiratory symptoms
(Pope, 1991; Pope and Dockery, 1992) and school absenteeism for children (Ransom and Pope, 1992).
Investigators like Dockery and his coworkers (Dockery et al., 1989); Ostro (1990), Thurston et al., (1994),
Abbey et al., (1995) and others have shown association between air pollution and respiratory morbidity.
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Particulate air pollution was reported to be associated with emergency hospital visits for asthma in Seattle,
USA (Schwartz et al., 1993), and emergency visits for chronic obstructive pulmonary disease (COPD) in
Barcelona, Spain (Sunyer et al., 1993) and in Brazil (Martins et al., 2002).
Apart from smoking habits and industrial pollution, particularly in rural areas, the major cause of
obstructive pulmonary diseases in developing countries may be the use of biomass fuels for cooking and
heating purposes (Dhar et al., 1991). Padmavati and Joshi were the first to show the high prevalence of
chronic bronchitis and chronic cor pulmonale in females in rural India due to the use of firewood and cowdung cakes as fuel for domestic cooking (Padmavati and Joshi., 1964). It has been reported that women
cooking with biomass fuels have increased respiratory symptoms and reduction in lung function compared
to those cooking with LPG (Regalado et al., 2006). Increased risk of respiratory symptoms has been
reported in Norwegian kitchen workers (Svendsen et al., 2002). Epidemiological data also indicate that
cooks have an increased incidence of cancer of the respiratory tract (Coggon et al., 1986; Lund and
Borgan, 1987; Foppa and Minder, 1992).

Assessment of the prevalence of respiratory symptoms
Symptoms are a form of signals that act as an indicator of any underlying illness or disease.
Epidemiological studies on respiratory and general health are generally based on collection of data on
the prevalence of respiratory symptoms to get an estimate of the disease (Bobak and Leon, 1992;
Abbey et al., 1995; Dockery et al., 1996).

Type of symptoms
Respiratory symptoms are usually classified into two broad groups: a) Upper respiratory symptoms (URS)
which mainly include runny and stuffy nose, sinusitis, sore throat, wet cough, dry cough, common cold and
fever, and b) Lower respiratory symptoms (LRS) which include wheezing, phlegm, shortness of breath,
chest discomfort or pain (Dockery et al., 1996). Most of the respiratory diseases underlying these
symptoms are caused by bacterial, fungal and viral infections, or by structural and functional damage to the
respiratory system. Very often the symptoms of a multifactorial respiratory disease like asthma or COPD
are aggravated following biomass smoke exposure.

Allergic rhinitis
It is an inflammation of the membrane lining of the nose and throat due to allergic reaction. The presence
of rhinitis is indicated by itchy sensation in the nose, frequent sneezing, watery eyes, and running nose.
The symptoms are commonly found following exposure to high level of particulate air pollution
(Wongsurakiat et al., 1999) and benzene (Zuskin et al., 1997). Association between exposure to cooking
fumes and allergic rhinitis has been reported in Chinese women (Ng and Tan, 1994).

Sore throat
If the function of muco-ciliary escalator is impaired by high pollution exposure, the mucus is not cleared
from the airways via sputum expectoration. The retained mucus traps inhaled pathogens resulting in
damage to the airways, thickening and scarring of epithelium leading to fibrosis. This is accompanied by
sore throat, an indicator of pharyngitis, tonsillitis, respiratory illness or right heart failure.

Chronic cough, bronchitis, sinusitis
Cough is an important symptom frequently reported following exposures to air pollution. It is a reflex
response to irritation from mucous or any foreign particle in the upper respiratory tract. When cough is
accompanied by production of sputum it is termed productive or wet cough, whereas cough without
sputum production is known as dry cough. Cough may be caused by inflammation of the upper airways as
a result of viral infections like common cold and influenza. Severe cough may indicate damage to the lungs
caused by inflammation associated with pneumonia and COPD. COPD is often indicated by sputum
producing cough in the morning, frequent chest infection, especially during winter producing yellow or
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green sputum, wheezing particularly after cough, and shortness of breath even after mild exertion. COPD
represents two separate lung conditions, chronic bronchitis and emphysema. Inflamed, congested and
narrowed airway is associated with chronic bronchitis causing obstruction to airflow. In emphysema the
alveoli are damaged or fused making them less efficient for transfer of oxygen. In acute bronchitis, cough
is irritating, persistent and produces clear sputum. The associated symptoms are chest pain or tightness of
the chest and wheezing. Recently, it was also shown that there are relationships between traditional
biomass combustion and the development of the COPD in women who live in rural areas (Demirtas et al.,
1999; Arslan et al., 2004). The inflammatory reactions caused by recurrent exposure to irritant and mucuscoagulating emissions make the trachea, bronchi and bronchioles susceptible to infection, which may lead
to infective bronchitis, bronchiolitis or pneumonia (Koning et al., 1985).

Chest tightness, dyspnea
Symptoms of chronic cough, dyspnea, and early parenchymal lung disease have been reported in
nonsmoking Bangladeshi women with a long history of biomass smoke exposure (Gold et al., 2000). Chest
tightness was more prevalent among a population of biomass smoke exposed females in Turkey than
women who never cooked with biomass fuels (Uzun et al., 2003).

Bronchial asthma
Asthma is a chronic respiratory disease characterized by sudden attacks of labored breathing, chest
tightness and difficulty in exhaling, and dry persistent cough. It results from intermittent narrowing of the
airways and consequent shortness of breath. Its early symptoms are wheezing, tightening of chest,
shortness of breath. Although asthma is genetically controlled, exposure to air pollution exacerbates
asthma attacks (Cakmak et al., 2004). The evidence of the effect of cooking smoke on asthma is mixed
(Bruce et al., 2000), even though it contains some of the same pollutants found in ambient air pollution or
tobacco smoke, both of which have been associated with asthma. Some studies have found positive
association between cooking smoke and asthma (Mohammed et al., 1995; Xu et al., 1996; Pistelly 1997;
Thorn et al., 2001) whereas others found no relationship (Qureshi, 1994; Azizi et al., 1995; Noorhasim et
al., 1995; Maier et al., 1997) or even found a protective effect (Volkmer et al., 1995; von Mutius et al.,
1996). A comparative study was conducted in India on the prevalence of bronchial asthma among the
elderly. The prevalence of the disease was found to be two-times more in the elderly living in biomass
using households relative to their counterparts living in LPG using households (Mishra, 2003). The
asthma-related symptoms like wheezing, wheezing without cold and breathlessness were more prevalent
among the biomass fuel users (Uzun et al., 2003).

Objective
This part of the study was conducted to examine whether chronic biomass smoke exposures alter the
prevalence of respiratory and associated symptoms in a group of 2150 premenopausal, never-smoking
housewives of rural West Bengal, Uttarakhand and Himachal Pradesh who cooked regularly for the
past five years or more with wood, dung or crop residues. As control, 1010 age-matched women from
similar neighborhood who cooked with cleaner fuel LPG were enrolled.

Materials and methods
Study areas and organization of health checkup camps
Health check-up camps were organized with active help and co-operation from village Panchayats, local
clubs and voluntary organizations in rural areas of West Bengal, Uttarakhand and Himachal Pradesh. The
objective and plan of the study were explained to the local people and organizations. These organizations
informed and invited local people to attend makeshift health camps held usually in Panchayat office or
local club room or at open roadside places from early morning till evening. The study areas are listed in
Table 3.1.
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Health camp in progress in rural West Bengal
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Health camp in progress in Uttarakhand
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Participants in health camp in Kinnaur district of Himachal Pradesh and 24 Parganas(S) district of West
Bengal
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Table 3.1. List of the villages of West Bengal where health check-up camps were organized for enrollment of the
participants
Serial
No.
1

Date
12.03.2008 – 13.03.2008

Study areas
Khirsu, Pauri, Uttarakhand

2

14.03.2008

Goaldaam, Uttarakhand

3

16.03.2008 – 17.03.2008

4

19.03.2008

Ranikhet, Uttarakhand

5

19.03.2008

Chamoli, Uttarakhand

Munshiyari, Pittoragarh, Uttarakhand

6

20.03.2008

Guptakashi, Uttarakhand

7

21.03.2008

Kalimath, Uttarakhand

8

21.03.2008 – 22.03.2008

Guptakashi, Uttarakhand

9

22.03.2008

Nandgao, Uttarakhand

10

25.06.2008

Mallickpur, Baruipur, South 24-parganas district, West Bengal, WB

11

16.10.2008

Nimpith, Joynagar, South 24-parganas district, WB

12

13.11.2008

Sanji, Shimla, Himachal Pradesh

13

14.11.2008

Sarahan, Shimla, Himachal Pradesh

14

15.11.2008

Sangla, Kinnaur, Himachal Pradesh

15

17.11.2008

Roghi, Kinnaur, Himachal Pradesh

16

17.11.2008

Pangi, Kinnaur, Himachal Pradesh

17

20.11.2008

Jagatsukh, Kullu, Himachal Pradesh

18

15.12.2009

Maluti, Rampurhat, Birbhum, district, WB

19

13.01.2009

Natumohanpur-1, Raina, Burdwan district, WB

20

20.02.2009

Dayemnagar, Burdwan district, WB

21

21.02.2009

Bonogram, Burdwan district, WB

22

22.02.2009

Ausgram, Burdwan district, WB

23

08.03.2009

Natumohanpur-2, Raina, Burdwan district, WB

24

21.03.2009

Kedarnagar, Polba, Hooghly district, WB

25

19.08.2009

Borochoughora, Chanditala, Hooghly district, WB

26

20.11.2009

Gazipore, Amta, Howrah district, WB

27

22.11.2009

Boroboloram, Raina, Burdwan district, WB

28

14.05.2010

Kedarnagar, Polba, Hooghly district, WB

29

18.05.2010

Teandul, Raina, Burdwan district, WB

30

29.06.2010

Madhuban, Raina, Burdwan district, WB

31

30.06.2011

Shantipur, Nadia district , WB

32

17.12.2011 – 18.12.2011

33

14.01.2012

Konnagar, Hooghly district, WB

34

07.02.2012

Banipur, North 24-parganas district, WB

Khar, East Medinipore district, WB

Participants
Biomass users (n = 2150)
A total number of 3160 adult, pre-menopausal rural women volunteered to participate in this study. They
include 2150 women aged between 21 and 43 years (median age 35 year) who cooked exclusively with
wood, cow dung or crop residues participated in this study. Accordingly, they were considered as biomass
users.

Control (n = 1010)
The remaining 1010 women aged between 22 and 44 years (median age 36 year) were residents of the
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same locality where the biomass users resided, but they cooked with cleaner fuel liquefied petroleum gas
(LPG). They were considered as control.

Inclusion and exclusion criteria
The inclusion criteria were apparently healthy, pre-menopausal, married, non-smoking, tobacco nonchewing women who cook regularly with either biomass or LPG for the past 5 years or more. Exclusion
criteria were mixed fuel users, pregnant or lactating women or those currently under medication. The study
protocol was approved by the Institutional Ethics Committee of Chittaranjan National Cancer Institute,
Kolkata. The research was conducted according to the principles of the Helsinki Declaration.

Measurement of air quality
Real-time measurement of airborne pollutant concentration in cooking areas of rural households was
measured by portable, battery-operated laser photometer (DustTrak TM Aerosol monitor, model 8520, TSI
Inc., MN, USA). The instrument contains 10-mm nylon Dor-Oliver cyclone, operates at a flow rate of 1.7
liters per minute and measures particles load in the concentration range of 1µg-100mg/m3. We measured
particulate matters with aerodynamic diameter of less than 10µm (PM10) and less than 2.5µm (PM2.5). The
monitor was calibrated to the standard ISO 12103-1 A1 test dust. Monitoring was done for three
consecutive days, 8 hours/day (7.00-15.00 hrs) covering both cooking and non-cooking hours. The mean of
3 days was used as the indoor air quality of a single household. Air quality measurements were done in a
total number of 37 biomass-using and 29 LPG-using households during the study period. We could not
use the monitor for longer periods for the limitation of battery power. Since biomass-using women cook in
a sitting position 2-3 ft away from the open chullah (oven), the monitor was placed in the breathing zone of
the cook 2.5 ft above the floor level on a wooden stool 3 ft away from the chullah. LPG users, on the other
hand, cook in a standing position. Accordingly the monitor was set 3.5 ft above floor level.

Determination of indoor air pollution exposure category
Exposure to biomass smoke was expressed as hour-years as proposed by Ozbay and his co-workers of
Turkey in 2001. It was estimated as (Ozbay et al., 2001):
Cooking hours per day × Years of cooking × 365

Life time exposure to biomass smoke was classified into 5 categories on the basis of hour-years:
•

Category I : ≤2000 hour-years

•

Category II : 2,001-15,000 hour-years

•

Category III : 15,001-30,000 hour-years

•

Category IV : 30,001-60,000 hour-years

•

Category V : ≥60, 000 hour-years

Questionnaire survey to evaluate the prevalence of respiratory symptoms
The prevalence of respiratory symptoms was examined by questionnaire survey. Questionnaires were used,
as they are the most commonly used subjective instruments of measurement in respiratory epidemiology.
Questionnaires represent a convenient tool for investigating large sample population due to low cost, easy
to use by the investigator, and good compliance of the participants (Liard and Neukirch, 2000). Our
laboratory has developed a modified, structured respiratory questionnaire based on the respiratory
questionnaire of British Medical Research Council (BMRC, Cotes, 1987), The American Thoracic Society
(ATS), National Heart and Lung Institute (NHLI) Division of Lung Diseases (DLD) questionnaire (ATSDLD-78-C; Ferris, 1978), and Compendium of Respiratory Standard Questionnaires (CORSQ) for adults.
The questions were formulated to elicit information about respiratory symptoms and general health
covering the last 12-month period of life of the subject. The two-page questionnaires were prepared in
Bengali. Each question was described to the participants clearly so that they can comprehend and answer
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them properly. For illiterate and poorly educated participants, the researcher filled up the questionnaires on
their behalf. The filled up questionnaires were scrutinized to confirm that every question has been
attended. Incompletely answered questionnaires were returned to the participants for completion.
Thereafter the filled up questionnaires were collected and brought back to the laboratory for entry into
computer programs for statistical analysis and interpretation.

Dyspnea
Dyspnea was assessed following the modified, 6-point Medical Research Council (MRC) dyspnea scale
that consists of six questions about perceived breathlessness (Eltayara et al., 1996). The degree of dyspnea
was classified into six categories: category 0, no dyspnea; category 1, slight dyspnea (shortness of breath
when hurrying on the level or walking up a slight hill); category 2, moderate dyspnea (walks slower than
people of the same age on the level because of breathlessness) ; category 3, moderately severe dyspnea
(has to stop because of breathlessness when walking at own pace on the level); category 4, severe dyspnea
(stops for breath after walking about 100 yards or after a few minutes on the level); category 5, very
severe degree of dyspnea (too breathless to leave house or breathless when dressing or undressing).

Calculation of BMI
Body mass index (BMI) was calculated from standing height (without shoes) in meter and body
weight in kilogram by the formula: BMI (kg/m2) = Body weight in kg/(Height in meter)2.
Establishment of socioeconomic status
Socio-economic status (SES) was ascertained following the procedure of Srivastava (1978) and Tiwari et
al., (2005) by scoring 0 to 10 of seven indicators: house, material possession (household gadgets,
conveyance etc.), education (score 0 for illiterate, 10 for Ph.D., M.D, M.E. etc.), occupation (0 for no
gainful employment, and 10 for Class I or equivalent jobs) monthly income (per capita income of the
family Rs.500/- and below got a score of 2, and > 15,000 in urban and >10,000 in rural got a core of 10),
land/house cost (0 for no land/house, 10 for costing >50 lakh), social participation and understanding.
Scores of seven profiles were added and classified into 3 categories of SES-low, medium and high.

Statistical analysis of collected data
Results are presented as mean ± standard deviation (SD) or median with range. The differences between
groups and that between measurable parameters were determined by using Chi-square test, Student’s t-test,
and Mann Whitney U test, as applicable. Statistical analyses were performed using SPSS statistical
software (Statistical Package for Social Sciences for windows, release 10.0, SPSS Inc., Chicago, IL).
Multivariate logistic regression analysis was done to find association between biomass smoke exposure
and lung function parameters after controlling potential confounders. Statistical significance was assigned
at p<0.05.

Ethical clearance
The Institutional Ethics Committee of Chittaranjan National Cancer Institute (CNCI), Kolkata, approved
the study protocol.

Results
Demographic and socioeconomic characteristics of study population
Demographic and socio-economic characteristics of biomass- and LPG-using women are presented in
Table 3.2. It is evident that both the groups were comparable with respect to age, body mass index,
smoking habit, years of cooking, and duration of cooking per day and food habit. But they differed with
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respect to environmental tobacco smoke (ETS), education, house with separate kitchen and family income.
The biomass users were less educated, more exposed to ETS and poorer than the LPG users, and the
differences were statistically significant (p<0.05) in Chi-square test.

Age distribution of the participants
The biomass users were within the age group 21-43 years and between 22-44 years in control group. The
median age of the women was 36 and 35 years in biomass and LPG-using control group respectively.

Table 3.2. Demographic and socio-economic characteristics
Control
(n = 1010)
36.2±13.4

Biomass user
(n = 2150)
35.3± 11.3

22.1±4.9

21.0±4.1

>0.05

Less than 5 years

58.0

81.4

<0.05

5-10 years

25.5

15.0

<0.05

>10 years

16.4

3.6

<0.05

Variable
Age in years (mean ± SD)
2

Body mass index (kg/m ) (mean ± SD)

p-value
>0.05

Years of formal schooling (%)

Marital status, married (%)

100

100

23.0±13.4

20.0±11.3

Cooking (hr) per day (mean ± SD)

2.5±1.5

2.6±1.4

>0.05

Homes with separate kitchen (%)

36.7

9.9

<0.05

Smoker in family (%)

37.2

52.9

<0.05

2.3

1.4

>0.05

Cooking years (mean ± SD)

>0.05

Food habit (%)
Vegetarian
Mixed
Average number of members in family (range)
Family income per month in Rupees (mean ± SD)

97.7

98.6

>0.05

5 (2-10)

6 (2-14)

>0.05

2988±736

1438 ±432

<0.05

The comparisons were made by Student’s t-test (mean ± SD) and chi-square test (%)

Presence of separate kitchen
More than one-third (36.7%) of biomass-using households lacked separate kitchens. The women of these
families cooked in a space adjacent to the living room. In contrast, only 9.9% of LPG-using households
lacked separate kitchen.

Type of biomass used as cooking fuel
In biomass using households, wood was the most commonly used cooking fuel. It was the major fuel used
for cooking by 1449 women who participated in this study (67.4%). On the other hand, 540 women
(25.1%) predominantly used agricultural residues such as dried leaves, jute stick and paddy husk for
household cooking. The remaining 161 women (7.5%) predominantly used cow dung as the principal
biomass fuel for domestic cooking (Table 2.3). However, in a substantial number of households a mixture
of wood, dung and agricultural wastes were used.
Table 3.3. Type of biomass used for cooking
Type of biomass used as cooking
fuel
Wood
Agricultural wastes
Cow dung

Predominant users
(% of total, n = 2150)
67.4
25.1
7.5
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Exposure categories
Exposure to biomass smoke was expressed as hour-years (cooking hours per day x years of cooking x 365)
[Ozbay et al., 2001]. Life time exposure to biomass smoke was classified into 5 categories on the basis of
hour-years: category 1, ≤2000; 2= 2,001-15,000; 3=15,001-30,000; 4= 30,001-60,000, and 5≥60, 000 houryears. An average of 6%, 41%, 35%, 17% and 1% of participants fell in these five exposure categories
respectively.

Family size
The number of members in the family of biomass users varied from 2-14 against 2-10 in LPG-using
families. The family size was categorized into 2 groups: (i). small (up to 4 members) and (ii) Medium and
large (more than 4 members). Two-third (67%) of biomass users had medium and large families compared
with half (51%) of the control subjects.

Greater prevalence of respiratory symptoms among biomass users
Upper respiratory symptoms (URS)
Self-reported respiratory symptoms prevalence data are presented in Table 2.4. During personal interview
84.3% of biomass-using women, all never-smokers, declared that they had experienced one or more URS
represented by running or stuffy nose, sinusitis, sore throat and common cold and fever in past one month.
In contrast, 56.4% of age-matched and never-smoking LPG-using control women from same locality
complained of URS (Table 3.4, Fig. 3.1.).

Table 3.4. Prevalence (%) of upper respiratory symptoms in past one month
Type of symptom

LPG users
(n=1010)

Biomass users
(n=2150)

p*

14.5

25.9

0.001

Upper respiratory symptoms (URS, %)
Sinusitis
Sore throat

25.6

48.1

0.001

Runny or stuffy nose

15.1

31.7

0.001

Sneezing

7.5

15.8

0.001

56.4

84.3

0.001

URS, overall

Prevalence (%) of URS

Results are expressed as percentage of individuals with symptoms; many women had more than one symptoms; * in Chi-square test

100
80

84.3
56.4

LPG users

60
Biomass users
40
20
0

Figure 3.1. Prevalence of upper respiratory symptoms (URS) among biomass and LPG-using women

The most frequent URS among biomass users was sore throat (48.1% vs. 25.6% in LPG users, p<0.001,
Fig. 3.2), runny or stuffy nose (31.7 % vs. 15.1%, p<0.001), and sinusitis (25.9% vs. 14.5%, p<0.001).
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Prevalence (%) of sore throat

Besides, 15.8% of biomass users of this study had sneezing in past one month compared with 7.5% of LPG
users (p<0.001, Table 2.4).

48.1
50
LPG users
40
30

Biomass users
25.6

20
10
0

Figure 3.2. Prevalence of sore throat among biomass and LPG-using women

Lower respiratory symptoms (LRS)
LRS were also more prevalent among biomass users as 71.8% of biomass users had LRS in past one month
compared with 30.8% of LPG users (Table 3.5, Fig. 3.3).

Table 3.5. Prevalence (%) of lower respiratory symptoms in past one month
LPG users
(n=1010)

Biomass users
(n=2150)

p*

Dry cough

15.7

29.4

0.002

Cough with phlegm

20.3

37.6

0.001

Chest discomfort

17.4

31.1

0.003

Breathlessness on exertion

21.9

60.2

0.001

Type of symptom
Lower respiratory symptoms (LRS, %)

Wheeze
LRS, overall
Medically diagnosed asthma

3.2

9.1

0.001

30.8

71.8

0.001

2.0

3.8

0.058

Results are expressed as percentage of individuals with symptoms; many individuals had more than one symptoms; * in Chi-square test

Prevalence (%) of LRS

80

71.8
LPG users

60

Biomass users
40

30.8

20

0

Figure 3.3. Prevalence of lower respiratory symptoms (LRS) among biomass and LPG-using women
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Dyspnea: 3times more prevalent among biomass users
The most frequent LRS among biomass users was breathlessness on exertion (60.2% vs. 21.9% in LPG
users, p<0.001). This finding was corroborated by dyspnea prevalence data (Table 3.6). Dyspnea (MRC
score >0) was present in more than half (58.4%) of biomass using women in contrast to one-fifth (19.9%)
of LPG users (p<0.001; Fig. 2.5). Besides higher prevalence, the degree of dyspnea was more severe
among biomass users (Table 3.6).
In addition to breathlessness, dry cough, cough with phlegm (sputum-producing cough), wheezing breath
and chest tightness or discomfort in chest were other LRS found in excess among biomass users of this
study when compared with that of control (Table 3.5).

Table 3.6. Prevalence (%) of dyspnea among biomass- and LPG-using women
Type of symptom
Dyspnea, overall prevalence (%)

Biomass users
(n=2150)
58.4

0.001

p*

16.7

37.9

0.001

Category 2

1.8

16.5

0.001

Category 3

1.4

3.4

0.039

Category 4

0.0

0.6

-

Prevalence (%) of dyspnea

MRC category 1

LPG users
(n=1010)
19.9

58.4

60

LPG users
40
Biomass users
19.9
20

0

Figure 3.4. Prevalence of dyspnea among biomass and LPG-using women

Greater prevalence of asthma in women who cooked with biomass

Prevalence (%) of asthma

Medically diagnosed bronchial asthma was recorded in 82 (3.8%) biomass-using women in contrast to 20
(2.0%) LPG-using women and the difference was highly significant (p<0.001; Table 2.7, Fig. 3.5).
Therefore, biomass users suffer 2-times more from bronchial asthma.

5
3.8
4
3

LPG users
2

Biomass users

2
1
0

Figure 3.5. Prevalence of medically diagnosed asthma among biomass and LPG-using women
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Table 3.7. Prevalence (%) of asthma, headache, muscle pain and eye irritation among LPG and biomass-using
women
LPG users
(n=1010)
2.0

Symptoms
Asthma

Biomass users
(n= 2150)
3.8*

Headache

26.4

67.9*

Dizziness

18.6

55.0*

Muscle pain

14.2

48.8*

Tingling and numbness

6.2

19.8*

Eye irritation and eye watering

8.7

49.3*

*p<0.05 compared with LPG users; many participants had more than one symptoms

Headache and dizziness : common among biomassusing women

Prevalence (%) of headache

Complaints of recurrent headache was made by 67.9% of biomass users in contrast to 26.4% of LPG-using
control women (p<0.001; Table 3.7; Fig. 3.6). More than half (55%) of the women who cook with biomass
had dizziness against 18.6% of LPG users (p<0.001; Table 3.7). Thus, headache and dizziness were major
health problems faced by biomass users of this study.

80

67.9
LPG users

60

Biomass users

26.4

40
20
0

Figure 3.6. Prevalence of headache among biomass and LPG-using women

Muscle pain, tingling or numbness in the extremities

Prevalence (%) of muscle
pain

Another common discomfort among biomass users was muscle pain especially in the legs and back.
Muscle pain was present in nearly half (48.8%) of the biomass users compared with 14.2% of control
women (p<0.001, Table 3.7). In addition, tingling or numbness in the limbs was reported by 19.8% of
biomass-using women against 6.2% of control women, p<0.001, Table 3.7, Fig. 3.7).
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LPG users
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Biomass users

30
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Figure 3.7. Prevalence of muscle pain among biomass and LPG-using women
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Eye irritation and tears while cooking

Prevalence (%) of eye irritation

About half (49.3%) of biomass-using women experienced eye irritation and eye watering especially during
cooking. LPG-using women, in contrast, had a significantly lower prevalence (8.7%) of eye irritation and
tears while cooking (p<0.001, Table 3.7, Fig. 38).
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Figure 3.8. Prevalence of eye irritation and tears while cooking among biomass and LPG-using women

4
Biomass smoke, lung function deficits and COPD

Introduction
Lung is the primary target organ of all the inhaled pollutants. It is reasonable to assume therefore that the
function of this organ could be adversely affected following interactions with air toxics. In view of this,
cellular and functional lung activity is generally assessed to get an estimate of the health impact of air
pollution.
Lung function could be quantitatively measured using a broad array of tests that measure lung volume,
airflow and gas diffusion. The most convenient test procedure is spirometry that measures how well the
lung functions in exhaling air. Spirometric maneuvers are used to assess forced vital capacity (FVC),
forced expiratory volume in one second (FEV1), maximum mid-expiratory flow (MMEF), and peak
expiratory flow rate (PEFR). The information gathered using spirometry is useful in assessing airway
obstruction and functional lung capacity.
Rapid lung growth begins in utero and continues until the late teens in girls and early 20’s in boys. Lung
function reaches a maximum by 18-20 years of age in females and 22-25 years in males (Tager et al.,
1988). Some males may show a small increment in lung function even in their mid 20’s. After that, lung
function declines at a slow but steady rate. A non-smoker loses about 1% of lung function per year,
whereas a smoker loses 1.5% per year (Dockery et al., 1988). Lung function varies widely among adults.
The big difference in lung function in adults are due to attained lung function at maturity, which can differ
by a factor of two for individuals of the same age, sex, height, weight and race (Dockery et al., 2005).
Thus, factors that can affect growth of lung function in childhood are important in determining the level of
lung function in adulthood. Chronic exposure to IAP is one such factor that can reduce lung function
growth.
Anatomy of the female lung may facilitate greater lung injury from inhaled pollutants. The size of the lung
is smaller in women compared to men. The cross-sectional area of the trachea is smaller in women by
about 32% (Kim and Hu, 1998). These anatomic differences alter lung deposition of inhaled particles. In
subjects with smaller lungs, the aerosols penetrate more deeply resulting in greater deposition. It has been
demonstrated that 30% reduction in airway dimension could result in 100% increase in deposition in
bifurcating airways (Kim and Hu, 1998). Comparison of lung deposition of inhaled coarse (diameter 3-5
μm) and ultrafine particles (<0.1μm in diameter) among men and women revealed greater deposition in
women (Jaques and Kim, 2000; Kim and Jaques, 2000). In view of this, greater health risk in women than
men has been suggested for inhaled particulate matter (Kim and Hu, 1998).

Types of functional lung impairment
The two major patterns of abnormal lung function are restrictive and obstructive type of lung function
deficits. In restrictive lung function, there is a decrease in lung volume (FVC, Forced Vital Capacity). The
subject inhales reduced volume of air due to reduction in total lung capacity. Restrictive lung may be
caused by infection and inflammation such as in case of pneumonia or tuberculosis. These infections often
leave scar on the lung tissue leading to the loss of elasticity of the lung. Obesity and neuromuscular
problems also could lead to restrictive lung. Obstructive lung function is indicated by a decrease in the
FEV1 (Forced Expiratory Volume in one second)/FVC ratio. Decline in FEV1/FVC usually results from
obstruction in large airways while fall in FEF25-75% (Forced Expiratory Flow between 25-75% of FVC, mid
expiratory force) signifies small airways obstruction (Dassen et al., 1986; Vedal et al., 1987).
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Reduction in lung function following biomass smoke exposure
The adverse effects of biomass combustion on lung capacities and flows among adults have been reported
in a rural area of Turkey (Kara et al., 2003; Sumer et al., 2004,). The difference in key measures of lung
function among rural and urban populations is large, e.g. some 10% to 15% lower capacity (FEV1) among
men and women using biomass fuel. Such a shift in population mean vital capacity greatly increases the
number of subjects with clinically relevant reductions in pulmonary function (Kunzli et al., 2000). The
health effects of biomass use are much larger than those of parental smoking on adult lung function
(Svanes et al., 2004). In fact, the effect observed in these non-smoking women is at least the size attributed
to long-term smoking (Upton et al., 2004). Reduced lung function is an important measure of general
health and associates with higher rates of respiratory as well as cardiovascular morbidity (Schroeder et al.,
2003). It has been reported that about 400 ml lower FEV1 in non-smoking women translates into some 50100% higher hazard rates for incident coronary heart disease (Schroeder et al., 2003). Diseases of low
pulmonary function lead to reduced quality of life and increased health care costs, and, ultimately, lower
lung function and is strongly correlated with shorter life expectancy (Ashley et al., 1975; Hole et al., 1996).
Harmful effect of biomass smoke on the lung function of children has also been reported from rural
Ecuador (Rinne et al., 2006).

Objective
The objective of this section was to examine whether sustained exposure to indoor air pollution from
burning of traditional biomass fuel during daily household cooking:
1. Adversely affects the pulmonary function, and
2. Increases the risk of life-threatening chronic obstructive pulmonary disease (COPD) among premenopausal never-smoking women of rural West Bengal, Uttarakhand and Himachal Pradesh.

Materials and methods
Participants
All the participants enrolled in this study (2150 biomass-using and 1010 LPG-using women) underwent
pulmonary function test (PFT). One hundred and eighteen biomass-using (5.5%) and 10 LPG using women
(1%) failed to complete the procedure. Lung function was thus successfully evaluated in 2032 biomass
users and 1000 LPG users.

Pulmonary function test (PFT) by spirometer
Lung function tests by spirometry were performed with informed consent of the participant. The tests were
performed according to the methods suggested by the American Thoracic Society (ATS, 1995) using a
portable, electronic spirometer (Spirovit SP-1, Switzerland). The spirometers were calibrated daily in the
morning using a 2.0 lit syringe. Before performing the PFT, the height and weight of the subject was
measured with shoes removed. Each subject performed at least three forced expiratory maneuvers while
sitting with free mobility and nose closed with a nose clip to prevent passage of air through the nose to
ensure reproducibility of results. Using a computer assisted quantitative assessment the best maneuver for
acceptance was determined. The data were compared with predictive values based on age, sex, height and
ethnic group. Flow volume loops provided a graphic illustration of a subject’s spirometric efforts. Flow is
plotted against volume to display a continuous loop from inspiration to expiration, the overall shape of the
flow volume loop is important in interpreting spirometric results. The following spirometric parameters
were recorded for analysis:
•

Forced Vital Capacity (FVC), i.e. the volume of air in liters that can be maximally forcefully
exhaled.

•

Forced Expiratory Volume at 1 second (FEV1), i.e. volume of air (in liter) that is forcefully
exhaled in one second.
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•

Ratio of FEV1 to FVC (FEV1/FVC), expressed as percentage.

•

Forced Expiratory Flow at 25-75% (FEF25-75%) or Maximal Mid-expiratory Flow Rate (MMFR),
which is the average expiration flow rate during the mid 25-50% portion of the FVC.

•

Peak Expiratory Flow Rate (PEFR) – the peak flow rate during expiration.

Diagnosis of the type of lung function deficits
Miller’s prediction quadrant (1956) was used to classify the type of lung function impairment (Table 4.1).

Table 4.1. Different types of lung function deficits
FVC

FEV1/FVC

Restrictive

Type of impairment

<80% of predicted value

Normal (>70% of predicted)

Obstructive

>80% of predicted

<70% of predicted

Combined

<80% of predicted

<70% of predicted

Obstructive lung
In obstructive lung diseases such as emphysema or chronic bronchitis, the FEV1 is reduced
disproportionately more than the FVC resulting in an FEV1/FVC ratio less than 70%. This reduced ratio is
the primary criteria for diagnosing obstructive lung disease by spirometry.

Restrictive lung
In restrictive lung disease, the FVC is reduced. The shape of the flow volume loop is relatively unaffected
in restrictive disease, but the overall size of the curve appears smaller when compared to normal on the
same scale.

Combined type of lung function deficit
In combined lung disease both FVC and FEV1/FVC ratio are decreased. FVC less than 80% and
FEV1/FVC less than 70% are considered to be combined lung function.

Diagnosis of chronic obstructive pulmonary disease (COPD)
Surveys were conducted in different parts of West Bengal, Uttarakhand and Himachal Pradesh with the
help of a structured and validated questionnaire. COPD was initially diagnosed on the basis of symptoms
of chronic bronchitis (presence of cough and expectorations on most of the days for at least three months in
a year for two consecutive years or more). Confirmation of diagnosis and further classification of COPD
were based on spirometric measurements following the criteria of Global Initiative for Chronic Obstructive
Lung Diseases [GOLD] as shown in Table 4.2 (Pauwels et al., 2001).
Table 4.2. Classification of COPD following the criteria of GOLD*

*

Stage of
COPD

Severity

I

Mild

II a

Moderate

II b

Severe

III

Very Severe

, Pauwels et al., 2001

Spirometric value
FEV1/FVC <70%
FEV1 70-79% of predicted
FEV1/FVC <70%
FEV1 51-69% of predicted
FEV1 /FVC <70%
FEV1 30-50% of predicted
FEV1 /FVC <70%
FEV1 <30% of predicted

Symptom
With or without chronic symptoms like
cough, sputum expectoration, dyspnea
,,

,,

Chronic respiratory failure
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Statistical analysis
Statistical analyses were performed using EPI info 6 and SPSS statistical software (Statistical Package for
Social Sciences for windows, release 10.0, SPSS Inc., Chicago, USA) and p < 0.05 was considered
significant.

Results
Reduction of FVC among biomass users
Compared with LPG-using control women, women who cooked with biomass had 500 ml lower mean
FVC (p<0.001, Table 4.3, Fig. 4.1& 4.2).

Table 4.3. Comparison of forced vital capacity between LPG- and biomass-using non-smoking women of rural
India

Measured

LPG-using control
women (n=1000)
2.3±0.3

Biomass-using women
(n=2032)
1.8±0.4*

Predicted

2.5±0.3

2.4±0.3

-4

% of predicted value

92.5±8.9

75.7±11.2*

-18

FVC (liter)

% change from control
-22

n, number of participants who successfully completed pulmonary function test by spirometry; *, p<0.05 in Student’s t-test compared with
LPG users.

Figure 4.1. Scattered diagram of predicted and observed FVC values in women who cook with exclusively with
LPG

Figure 4.2. Scatter diagram of predicted and observed FVC values in women who cook regularly with wood, cow
dung and agricultural residues
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Reduction of FEV1 among biomass users
Mean FEV1 of biomass-using women was 35% lower than that of control women who used to cook with
LPG (Table 4.4). Reductions in FEV1 values indicate obstruction in the airways, whereas decline in FVC
underlines reduction in lung volume and consequent lower volume of air intake. The FEV1/FVC ratio was
0.72 among biomass users against 0.87 in control. In essence, women who cook with wood, dung and crop
residues have reduced lung volume and airway obstructions that usually lead to lung function deficits.

Table 4.4. Comparison of forced expiratory volume in one second (FEV1) between control and biomass

Measured

LPG-using control
women (n=1000)
2.0 ± 0.3

Biomass-using women
(n=2032)
1.3 ± 0.3*

Predicted

2.1 ± 0.3

1.6 ± 0.3

-24

% of predicted value

95.3 ± 5.9

81.2 ± 9.8*

-15

FEV1 (liter)

% change from control
-35

n, number of participants who successfully completed pulmonary function test by spirometry; *, p<0.05 in Student’s t-test compared with
LPG users

Marked reduction in midexpiratory flow rate (FEF2575%) in biomass users suggesting
small airway obstruction
Overall, 19% reduced FEF25-75% value was recorded in biomass users compared with LPG-using control
women (Table 4.5). FEF25-75% was declined below 80% of predicted value in 1303 of 2032 (64.1%)
biomass users, suggesting small airway obstruction in these women. In comparison, FEF25-75% less than
80% of predicted value was recorded in 349 of 1000 (34.9%) LPG-using women (p<0.05).

Table 4.5. Comparison of mid-expiratory flow rate (FEF25-75%) between LPG- and biomass-using women of rural
West Bengal, Uttarakhand and Himachal Pradesh

Measured

LPG-using control
(n=1000)
2.1±0.3

Biomass users
(n=2032)
1.7±0.4*

Predicted

2.3±0.5

2.5±0.4

9

85.4±18.7

68.9±24.4*

-24

FEF25-75% (liter/second)

% predicted

% change from control
-19

% Women with reduced FEF 25-75%

n, number of participants who successfully completed pulmonary function test by spirometry; *, p<0.05 in Student’s t-test compared with
LPG users

64.1

70
60

LPG users

50
40

34.9

Biomass
users

30
20
10
0

Figure 4.3. Percentage of biomass and LPG-using women with reduced mid-expiratory flow rate (FEF25-75%)
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Among biomass-using women, the magnitude of reduction in FEF 25-75% was mild (60-79% of predicted
value) in 21.9% cases, moderate (40-59% predicted) in 23.5% cases and severe (FEF 25-75% fell below 40%
of predicted value) in 18.8% cases. The percentages in LPG user group were 10.2, 17.1 and 7.6,
respectively (Table 4.6).

Table 4.6. Magnitude of reduction in maximal mid-expiratory flow rate (FEF25-75%) among biomass and LPG users
% of women in different grades of FEF25-75% reductions
Mild

Moderate

Severe

LPG users (n= 1000)

10.2

17.1

7.6

Biomass users (n= 2032)

21.9*

23.5

18.8*

n, number of participants who successfully completed pulmonary function test by spirometry; *, p<0.05 in Chi-square test compared with
LPG users

Thus, biomass users had greater prevalence of small airway obstruction than the LPG users, and the
magnitude of obstruction was much more in the former group. The reduction of FEF25-75% in biomass users
was progressive with increasing lifetime exposure to biomass smoke in terms of years of cooking with
biomass, indicating a positive association between small airway obstruction and years of exposure to
biomass smoke (Fig. 4.4).
4

FEF25-75%(liter/sec)

3

5-9 yr

10-14 yr

15-19 yr

20 yr or more

2

1

0

Figure 4.4. Changes in FEF25-75% in biomass users in relation to years of cooking with biomass. Bars represent
standard deviation of mean

Reduction in peak expiratory flow rate (PEFR)
Biomass- using women of this study had 2.6 ± 0.9 (SD) lit/second of PEFR which was 30% lower than that
of control level (p<0.05, Table 4.7).
Table 4.7. Comparison of peak expiratory flow rate (PEFR) between LPG- and biomass-using women of rural
India

Measured

LPG-using control
(n=1000)
3.7±0.8

Biomass users
(n=2032)
2.6±0.9*

Predicted

5.2±0.7

4.9±0.6

-6

%Predicted

50.9±23.9

38.8±18.9*

-23

PEFR (liter/second)

% change from control
-30

n, number of participants who successfully completed pulmonary function test by spirometry; *, p<0.05*, p<0.05 compared with LPG users
in Student’s t-test
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Overall prevalence of lung function deficits
Overall, 876 out of 2032 biomass-using women (43.0%) who successfully completed PFT had reduced
lung function. In contrast, 191 of 1000 LPG users (19.1%) had lung function decrement (Fig. 4.5).
Therefore, biomass-using women had more than two fold greater prevalence of lung function deficits
compared with age-matched LPG users, and the difference was highly significant in Chi-square test
(p<0.001).

60

% of individuals

43.0
40

19.1

20

0
LPG users

Biomass users

Figure 4.5.
Percentage of biomass- and LPG - using women with lung function deficits as detected in
pulmonary function test

Types of lung function deficits
Reduction in lung function could be restrictive (FVC <80%), obstructive (FEV1/FVC <70%), or combined
type. Restrictive type of lung function deficit was present in 473 (23.3%) biomass users compared with 97
(9.7%) of LPG users (p<0.001, Table 4.8). On the other hand, 158 women who cook with biomass (7.8%)
and 55 LPG-using women (5.5%) had obstructive type of lung function deficits. Combined type of lung
function deficits (FVC <80% and FEV1/FVC <70%) was present in 242 biomass users (11.9%) against 39
(3.9%) of age- and sex-matched LPG users (p<0.001, Table 4.8).
Therefore, biomass using women had 2.2-times more instances of reduced lung function than LPG users,
and restrictive and combined type of lung function deficits were particularly more prevalent in the former
group.

Table 4.8. Percentage of biomass and LPG-using women with different types of lung function deficits
Type of lung function
deficits

% of women with lung function deficits
LPG users (n = 1000)

Biomass users (n = 2032)

Restrictive

9.7

23.3*

Obstructive

5.5

7.8*

3.9

11.9*

19.1

43.0*

Combined
Overall

n, number of women, *, p<0.05 compared with LPG users in Chi-square test

Association between lifetime exposure to biomass smoke (years of cooking) and lung
function
A strong negative correlation was found between lung function parameters and years of cooking with
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biomass in Spearman’s rank correlation test (Table 4.9).

Table 4.9. Spearman’s rank correlation between spirometric measurements and lifetime exposure to biomass
smoke
Measured lung function parameter

Correlation with

Rho value

P value

FVC (lit)

Years of cooking with biomass

-0.260

= 0.015

FEV1(lit)

,,

-0.254

= 0.016

FEF25%- 75% (lit)

,,

-0.236

= 0.021

PEFR (lit)

,,

-0.244

= 0.017

Association between particulate pollution in indoor air and lung function decrement
Reduction in FVC was positively associated with PM10 (OR = 1.32, 95%CI 1.12-2.04) and PM2.5 (OR=
1.42, 95% CI 1.15-2.26) in indoor air after controlling age, BMI, education, years of cooking, kitchen
location and family income as potential confounders.
Similarly, PM10 and PM2.5 were significantly associated with FEV1 (OR = 1.22, 95% CI 1.06–1.98 and OR
= 1.38, 95% CI 1.12–2.61, respectively), FEF 25-75% (OR = 1.46, 95% CI 1.20–2.18 and OR = 1.51, 95% CI
1.33–2.89, respectively) and PEFR (OR = 1.44, 95% CI 1.21–2.50 and OR = 1.74, 95% CI 1.38–3.25)
after controlling potential confounders in multivariate logistic regression analysis. Thus the observed
decrement in lung function among biomass users of this study was positively associated with high level of
particulate air pollution in cooking areas of biomass-using households.

Greater prevalence of COPD in biomass users
COPD is characterized by symptoms of chronic bronchitis (presence of cough and expectorations on most
of the days for at least three months in a year for two consecutive years or more) and reduced lung function
(FEV1 and FEV1/FVC). COPD was present in 105 individuals out of 2032 biomass-using women who
successfully completed spirometry with an overall prevalence of 5.2%. In contrast, only 7 women out of
1000 LPG users (0.7%) had COPD (Fig. 4.6). Thus the poor, rural women of West Bengal, Uttarakhand
and Himachal Pradesh, who cook regularly with dung, wood and agricultural wastes suffer 7.4-times more
from life-threatening COPD than their neighbors who can afford cleaner fuel LPG, and the difference
between these two groups with respect to the prevalence of the disease was highly significant (p<0.001).

6

% of individuals

5.2

4

2
0.7
0
LPG users

Biomass users

Figure 4.6. Prevalence of chronic obstructive pulmonary disease (COPD) among biomass and LPG users
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Not only was the prevalence, the severity of the disease was also much more in biomass users. For
example, severe (stage IIb) and very severe (stage III) COPD was diagnosed in 1.1% and 0.5% of biomass
using women respectively in contrast while none among LPG users had severe or very severe COPD
(Table 4.10).

Table 4.10. Percentage of biomass and LPG-using women with different stages of lung chronic obstructive lung
disease (COPD)

I

LPG users
(n = 1000)
5 (0.5%)

Biomass users
(n = 2032)
41 (2.0%)*

IIa

2 (0.2%)

32 (1.6%)*

Stage of COPD

IIb

0

22 (1.1%)

III

0

10 (0.5%)

Overall

7 (0.7%)

105 (5.2%)

*, p<0.001 compared with LPG users in Chi-square test

COPD prevalence in relation to kitchen location
Women who cooked in adjacent kitchen had higher COPD prevalence (5.5%) than those with separate
kitchen (4.9%), but the difference was not statistically significant.

Indoor air pollution and COPD
COPD was positively associated with PM10 (OR = 2.39, 95% CI 1.42-4.04) and PM2.5 (OR= 2.78, 95% CI
1.65-4.81) in indoor air after controlling age, BMI, education, years of cooking, kitchen location and
family income as potential confounders.

5
Hematotoxicity of biomass smoke

Introduction
Components of the blood
Hemoglobin
Hemoglobin (Hb) is the iron-containing oxygen-transport metalloprotein in the red blood cells. Hb
concentration varies with age and gender. The normal range is 14-18 gram (g) per deciliter (dl) of blood in
adult male and 12-16 g/dl in adult female. However, after middle age, the level drops down to 12.4-14.9
g/dl and 11.7-13.8 g/dl in male and female respectively. If the level of Hb is below normal range, then that
may indicate anemia. The World Health Organization defines severe anemia when Hb concentration falls
below 7.0 g/dl (DeMaeyer, 1989). Hb concentration <5.0 g/dl is very severe anemia that in pregnant
women significantly increases the risk of maternal and fetal mortality because of the effects of hypoxia and
anemia on the cardiovascular system (Varat et al., 1972). Although much of the focus has been on anemia
or the low end of the hemoglobin distribution, there are also problems at the high end. The most notable
consequence is increased blood viscosity. Once Hb concentrations reach 18.0 gm/dl, the blood viscosity
reaches a level that impairs microcirculation and an inadequate amount of oxygen is transported to tissues,
similar to the situation with severe anemia. This is often manifested as peripheral cyanosis and impaired
mental function resulting from compromised cerebral blood circulation (Winslow and Monge, 1987). It is
significant to mention here that a study conducted at Guatemala showed use of wood and agricultural
waste for domestic cooking was associated with a 5.2 g/L elevation in Hb concentration among women
with low ferritin stores (P < 0.10, Neufeld et al., 2004). Therefore, measurement of Hb became necessary
to determine any such alteration due to chronic smoke exposure.

The red blood cell (RBC)
Red blood cells or red blood corpuscles or erythrocytes are the most common type of blood cell with a
normal range of 4.0-6.2 x106 cells per microliter (µl) of blood (women have about 4-5 x106 erythrocytes
per µl of blood and men about 5-6 x 106 per µl of blood). In humans, red blood cells develop in the bone
marrow and take the form of flexible biconcave disks lacking a cell nucleus and some subcellular
organelles like mitochondria. A typical human erythrocyte found to be much smaller than most other
human cells with a disk diameter of 6-8 µm and a thickness of 2 µm. The principal function of RBCs is to
deliver oxygen to the body tissues which is carried mainly by hemoglobin present within them. However,
when their hemoglobin molecules are deoxygenated, erythrocytes release S-nitrosothiols which acts to
dilate vessels (Diesen et al., 2008), thus directing more blood to areas of the body depleted of oxygen.
Besides, if erythrocytes undergo shear stress in constricted vessels then they release ATP which causes the
vessel walls to relax and dilate (Wan et al., 2008). They also play a part in the body's immune response by
releasing free radicals that break down the cell wall and membrane of invading pathogen such as bacteria
and ultimately kill it (Jiang et al., 2007). The normal count of RBC is important to carry out the above
mentioned functions smoothly. Any alteration in its number can result in several blood diseases, of which,
erythrocytoses are characterized by a surplus of red blood cells that lead to increased blood viscosity
whereas low count or any red blood cell abnormality causes anemia.

The white blood cells (WBC)
White blood cells or white blood corpuscles or leukocytes are the cells of the immune system defending
the body against both infectious disease and foreign materials. Like RBCs, they are produced and derived
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from the hematopoietic stem cell of the bone marrow. The number of WBCs in the blood is often an
indicator of disease. There are normally between 4,000-10,000 white blood cells in a microlitre of blood,
making up approximately 1% of blood in a healthy adult. In conditions such as leukemia, the number of
leukocytes is higher than normal, and in leukopenia, this number is much lower. The physical properties of
leukocytes, such as volume, conductivity, and granularity, may change due to activation, the presence of
immature cells, or the presence of malignant leukocytes in leukemia. Five different and diverse types of
leukocytes are polymorpho-neutrophils or PMN, eosinophils, basophils, lymphocytes and monocytes.
A recent work of Swiston and his co-workers (2008) showed a significant increase in circulating WBC,
PMN and band cell counts indicating stimulation of bone marrow due to wood smoke exposure. In
accordance, WBC count (whole and differential) were undertaken to correlate between biomass exposure
and systemic inflammation.

i. Polymorphonuclear cell (PMN) or neutrophil
Neutrophils are the most abundant type of white blood cells in human blood and form an essential part of
the innate immune system. They have a short lifespan and because of that human bone marrow generate
about 1 × 1011 neutrophils every day. They form part of the polymorphonuclear cell family (PMNs)
together with basophils and eosinophils. Normally neutrophils contain a nucleus divided into 2-5 lobes.
They have a diameter of 10-12 µm in peripheral blood smears and account for 55-70% of all leukocytes in
human blood. Neutrophils are active phagocytes and expend all of their glucose reserves in an extremely
vigorous respiratory burst. The respiratory burst involves the activation of an NADPH oxidase enzyme,
which produces large quantities of super oxide, a reactive oxygen species (ROS). Being highly motile,
neutrophils quickly congregate at sites of infection, attracted by cytokines like tumor necrosis factor-alpha
(TNF-α) and interleukin-8 (IL-8), expressed by activated endothelium, mast cells and macrophages.
Neutrophils are normally found in the blood stream. They are recruited to the site of injury within minutes
following trauma and are the hallmark of acute inflammation. During the beginning of an acute phase of
inflammation, particularly as a result of bacterial infection, environmental exposure, and some cancers,
neutrophils are one of the first-responders of inflammatory cells to migrate towards the site of
inflammation. They migrate through the blood vessels, then through interstitial tissue, following chemical
signals such as Interleukin-8 (IL-8) and C5a in a process called chemotaxis. They are the predominant cells
in pus, accounting for its whitish/yellowish appearance.
Neutrophils respond to infection and tissue injury by recognizing and binding to immunoglobulin G (IgG)
molecules and complement proteins that coat the surface of foreign pathogens and host tissue fragments.
This recognition-binding process is mediated by neutrophil surface receptors, including the complement 1
receptor CD35, complement 3 receptor CD11b, and low-affinity IgG receptor CD16. The engagement of
these surface receptors initiates a cascade of intracellular events leading to the release of enzymes
(degranulation) and ROS (respiratory burst activity) from neutrophils. Cell membranes of activated PMN
express β2 Mac-1 integrin (CD11b/CD18). Reduction in the neutrophil expression of CD11b and CD16 is
associated with defects in respiratory burst activity, and increased susceptibility to infection.

ii. Eosinophil
Eosinophils are granulated leukocytes primarily responsible for combating parasitic infection in the body.
Eosinophils make up about 1-4% of the all white blood cells and are about 10-12 µm in size. The nucleus
is bilobed with a narrow connection in between. The cytoplasm contains coarse granules, rounded in shape,
and staining reddish, thereby indicating an acidophilic nature of the granules. These granules contain
histamine and proteins such as eosinophil peroxidase, RNase, DNases, lipase, plasminogen, and major
basic protein that are toxic to both parasites and the host's tissue.
Eosinophils also play vital role in fighting viral infections which is evident from the abundance of RNases
they contain within their granules. Besides, they are important for allergic response and in fibrin removal
following inflammation. Also, they are considered the main effector cells in asthma pathogenesis.

iii. Basophil
Basophils are the least common of the granulocytes, representing about 0-1% of circulating leukocytes.
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They contain large cytoplasmic rounded granules, which stain deep blue or violet indicating its basophilic
nature. The granules obscure the nucleus under the microscope. However, when unstained, the nucleus is
visible and it usually has 2 lobes. A cell in tissues, the mast cell, has many similar characteristics. For
example, both cell types store histamine, a chemical that is secreted by the cells when stimulated in certain
ways (histamine causes some of the symptoms of an allergic reaction). Like all circulating granulocytes,
basophils can be recruited out of the blood into a tissue when needed.
Basophils tend to appear in specific kinds of inflammatory reactions, particularly those that cause allergic
symptoms. When activated they secrete histamine, several proteoglycans, lipid mediators like leukotrienes,
and several cytokines. Histamine and proteoglycans are pre-stored in the cell's granules while the other
secreted substances are newly generated. Each of these substances contributes to inflammation. Recent
evidence suggests that basophils are an important source of the cytokine, interleukin-4. Interleukin-4 is
considered one of the critical cytokines in the development of allergies and the production of
immunoglobulin E (IgE) antibody by the immune system. Besides, basophils have protein receptors on
their cell surface that bind very tightly with IgE antibody.

iv. Lymphocytes
Lymphocytes are the key cells of the immune system responsible for acquired immunity and immunologic
attributes of diversity, specificity, and memory and self/non self recognition. They are usually small, round
or partially ovoid, slightly motile and non-phagocytic and non-granular leukocytes (except for a group of
natural killer cells). There are approximately 1010 lymphocytes in the human body. Lymphocytes can be
broadly divided into T-(thymus-dependent), B- (Bursa of Fabricius in birds and bone marrow-dependent in
mammals) and NK (Natural Killer) cells. These cells have specific surface marker glycoproteins (Cluster
Determinants or CDs) by which they can be identified.

v. Monocytes
Monocytes are important for nonspecific defense against pathogenic organisms. They are the largest of all
leukocytes measuring 14 to 17 μm in diameter. Their nuclei are ovoid or kidney shaped either centrally or
eccentrically located. Monocytes phagocytose (ingestion) of foreign substances in the body, and are
capable of killing infected host cells by antibody, termed antibody-mediated cellular cytotoxicity.
Monocytes, which migrate from the blood stream to other tissues, are called macrophages. Macrophages
are responsible for protecting tissues from foreign substances but are also the predominant cells involved
in atherosclerosis.

The Platelets
Platelets are small (2-4µm in diameter), irregularly shaped non-nucleated cells that are derived from
fragmentation of precursor megakaryocytes. The main function of platelets is the maintenance of
hemostasis by the formation of thrombi or blood clots, when damage to the endothelium of blood vessels
occurs. Besides, they are rapidly deployed to sites of injury or infection, and potentially modulate
inflammatory processes by interacting with leukocytes and by secreting cytokines, chemokines, and other
inflammatory mediators (Weyrich et al., 2004; Iannacone et al., 2005). Platelets also release a multitude of
growth factors including platelet-derived growth factor or PDGF (Sunitha and Munirathnam, 2008). A
normal platelet count in a healthy person is between 1.5- 4.0 x 105 per μl of blood whereas
thrombocytopenia (low platelet count) and thrombocytosis (high platelet count) may be seen in individuals
having coagulation problems. If the number of platelets is too low then excessive bleeding can occur.
However, too high platelet count may increase the risk of developing strokes and coronary vessel
thrombosis, thereby increasing cardiovascular mortality and morbidity (Peters et al., 2000). Again,
increased mean platelet volume is an indicator of larger and more reactive platelets, and persons with these
changes are at higher risk of myocardial infarction (Endler et al., 2002). Peters and colleagues (2000) have
demonstrated elevated platelet count and increased plasma viscosity during rise in particulate pollution in
ambient air. In accordance, it is reported that chronic biomass smoke exposure activates circulating
platelets, PMN and monocytes, and increases the number of leukocyte-platelet aggregates, which are
considered a risk factor for thrombosis (Ray et al., 2006).
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Morphological abnormalities of blood cells generally encountered in
physiopathologic conditions
A. Changes in erythrocytes
i. Anisocytosis
Evaluation of erythrocyte morphology in a peripheral blood smear often helps in the diagnosis of
anemia and other disorders. Anisocytosis (change in cell size) and poikilocytosis (change in cell
shape) are two common red blood cell morphological abnormalities. In case of anisocytosis, the
erythrocytes are of unequal size. It is prevalent in case of anemia and thalassemia. Anisocytosis is
subdivided into microcytosis and macrocytosis due to abundance of smaller and larger erythrocytes,
respectively. Microcytes are smaller than normal red blood cells (<7 µm in diameter). They are
frequently observed in peripheral blood smears of persons having iron deficiency anemia. On the
other hand, macrocytes are larger than normal RBC (>9 µm in diameter). They are often immature
RBCs, observed in case of hemorrhagic anemia and folic acid or vitamin B12 deficiency.

ii. Poikilocytosis
Poikilocytosis of erythrocytes may be caused by a variety of conditions, including fragmentation of
erythrocytes, oxidative injury, immune-mediated damage, and congenital abnormalities (Cowell et al.,
1999). Poikilocytosis could be due to excessive presence of acanthocytes. Acanthocyte is a general
term meaning 'spiny cell' resembling many-pointed stars. They are seen on blood films in, among
others, lipid abnormalities, liver disease, chorea acanthocytosis, and several inherited neurological
disorders, such as neuroacanthocytosis.

iii. ‘Target’ cells
They have the characteristic morphology of target used for shooting practice. Their appearance in
peripheral blood is associated with abnormal liver function with respect to cholesterol metabolism.

Changes in leukocytes
i. Abundance of myelocytes, metamyelocytes and band cells
A band cell (also called band neutrophil or stab cell) is an immature neutrophil. The cells’ nuclei are
curved, not lobed. Although band cell are commonly associated with neutrophilic lineage, they may
be of eosinophilic or basophilic lineage. A count of band neutrophils is used to measure
inflammation. An excess is called bandemia.

ii. Toxic granulation in neutrophils
When a person suffers from any bacterial infection or a severe inflammatory disorder then there is an
increase in the neutrophil count and the neutrophils show toxic granulation that is coarse granules,
which are more deeply colored than normal ones. These toxic changes are an outcome of aberrant
granulocytopoiesis and indicate a systemic inflammatory effect on the bone marrow.

Change in platelets: Giant platelets
A platelet count can be estimated from a monolayer blood smear, if there are not platelet clumps
along the feathered edge. Enlarged or giant platelets are those that are larger than usual ones
suggesting active thrombopoiesis or, less often, abnormal thrombopoiesis associated with
myeloproliferative conditions or myelofibrosis.
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Hematological changes in relation to air pollution
Although lung is the primary target organ of inhaled pollutants, the adverse health effects of IAP from
biomass fuel burning may not be restricted to the airways because ultrafine particles that are abundant in
biomass smoke (Tesfaigzi et al., 2002) readily cross the alveolar-capillary barrier and reach all vital organs
of the body through circulation (Nemmar et al., 2002). Hence, it is possible that cumulative exposures to
biomass smoke also cause systemic alterations such as changes in the hematological and immunological
profile. In agreement with this, studies carried out in Europe and the USA have shown several hematoimmunological abnormalities in laboratory animals and in human volunteers exposed to airborne
pollutants, mainly the particulate matters, for varying periods of time. The alterations include changes in
the number of circulating erythrocyte, neutrophil and platelets (Salvi et al., 1999), rise in blood viscosity
(Schwartz, 2001), increase in heart rate (>80 beats/min) and reduction in heart rate variability (Brook et al.,
2004), arterial hypertension (Pope et al., 1999; Gold et al., 2000; Ibald-Mulli et al., 2001; Brook et al.,
2003; de Paula Santos et al., 2005), and changes in the number of T-lymphocytes, B-lymphocytes, and NK
cells in peripheral blood (Salvi et al, 1999). In addition, reduction in antioxidant defense of the body was
consistently observed following inhalation of airborne pollutants (Georgieva et al., 2002).

Scope and Objective of the study
Despite these reports, however, little is known about the effect of cumulative biomass smoke exposure on
hematological parameters of rural women in India. Changes in blood parameters and cells of the immune
system are important indicators of systemic response of the body to air pollution. In view of these,
hematological parameters were evaluated among biomass-using women who participated in this study and
the findings were compared with that of age-matched women from same locality who cooked exclusively
with LPG.

Materials and methods
Collection of venous blood
Blood samples (3 ml) were drawn after informed consent by venipuncture of the antecubital plexus by a
sterile 21-gauge needle fitted on a 5 ml sterile plastic disposable syringe (Dispovan®, Hindustan Syringes
& Medical Devices, Faridabad, India). A part of the sample was used for blood smear preparation on glass
slides and collection of serum for determination of nitric oxide and IgE levels. The rest was anticoagulated
with K3EDTA (in vacutainer tubes, Becton Dickinson, USA) for routine hematology (hemoglobin
measurement, red blood cell, white blood cells and platelets counts), flow cytometry and plasma collection.
EDTA-anticoagulated blood was centrifuged at 5000 rpm for 10 min at 4°C and the supernatant was
collected as plasma.

Assessment of hematological parameters
Hemoglobin, total count of RBC, WBC and platelets
Hemoglobin concentration, total count of erythrocyte or red blood cells (RBC), leukocytes or white blood
cells (WBC) and platelets were done from venous blood samples following standard procedures (Dacie and
Lewis, 1975).

Differential count of leukocytes
WBC differential was done from Leishman’s-stained blood films. The stain was prepared by dissolving
0.15 g of Leishman’s stain powder (Sigma Chem. USA) in 100 ml of methyl alcohol (methanol).
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Undiluted Leishman’s stain was filtered and poured onto the slides over the blood film. Then the slides
were covered with Petri dish to prevent evaporation of the stain. After 5 minutes, distilled water was added
on the slide (stain: distilled water, 1:1, v/v) and mixed well with a Pasteur pipette and kept for 15 minutes.
The slides were then washed in running tap water, air-dried, mounted in DPX mountant and observed
under oil immersion lens of a light microscope (model BX50, Olympus, Japan). For each subject, three
slides were prepared and at least 200 cells per slide were counted at 1000x magnification. Neutrophil,
eosinophil, basophil, monocyte and lymphocytes were identified by their characteristic morphology. Their
numbers were scored and presented as percentage of total WBCs.

Detection of blood cell morphological changes
The morphological characteristics of the RBC, WBC and platelets were also studied for any abnormality.
For detecting blood cell abnormality, reading was restricted to the thinner part of the Leishman-stained
smear only. Specific observations included aniso-poikilocytosis of red cells, RBC with target cell
appearance, toxic granulation in neutrophils, and giant platelets.

Evaluation of platelet aggregation by aggregometry
Platelet aggregation study was conducted in citrated whole blood using Lumi-ionized calcium
aggregometer (model 560CA, Chrono-Log Corporation, Havertown, PA, USA) following the
manufacturer’s protocol. The test was completed within three hours of blood collection. The instrument
was turned on and allowed to warm up to 37°C. Impedance was set in each channel. Optical inserts were
removed from each channel. The cuvettes, stir bars and 500 μl of saline were pre-warmed in the incubation
wells (for each channel). Then, 500 μl of whole blood was added to each cuvette and warmed for another 5
minutes. Computer attached to the aggregometer was turned on and AGGRO/LINK® for Windows® was
started. Configuration was set, calibration was done and the test was started. Human collagen (Chrono-Log
Corp. USA) was added to blood samples as platelet agonist in a final concentration of 2.0 μg/ml. Agonistinduced platelet aggregation was measured in terms of impedance (resistance in Ohms) between two
electrodes immersed within the sample.

Statistical analysis of data
All data are expressed as mean ± standard deviation. The collected data were processed and analyzed in
SPSS 10 (Statistical Package for Social Sciences) software. Logistic regression analysis was used to
examine the relationship between hematological changes and possible confounders. Spearman’s rank test
for continuous variables and Chi-square test for categorical variables were done. p<0.05 was considered as
significant.

Results
Hematological changes observed among biomass users
A. Lowered hemoglobin and erythrocyte levels in biomass users
Compared with LPG-using control women, biomass users had 12.6% lower hemoglobin levels. Similarly,
their mean RBC count was 11% less than the control (Table 5.1). The reductions in hemoglobin and RBC
levels in biomass users were statistically significant (p<0.001).

60 | I n d o o r A i r P o l l u t i o n

Table 5.1. Hematological values of biomass- and LPG-using women
LPG users
(n=1010)
12.7±0.8

Biomass users
(n=2150)
11.1±0.7*

RBC (x106/µl)

4.6±0.2

4.1±0.2*

Platelet (x103/µl)

214±23

262±27*

6.6±0.8

7.8±1.0*

Parameters
Hemoglobin (g/dl)

3

WBC (x10 /µl )

Results are expressed as mean ± SD;*p<0.001 compared with LPG user by Student’s t-test

B. Greater prevalence of RBC anisopoikilocytosis
RBC anisocytosis (change in size of the cell) was present in blood smears of 37.3% of biomass users in
contrast to 10.4% of control. Among biomass users, 23.0% showed microcytosis against 7.5% of control,
and 14.3 % had macrocytosis against 2.9% of control.
Red cell poikilocytosis (change in shape of the RBCs) was detected in 18.9% of biomass users in contrast
to 9.3% of LPG users (Plate 5.1).

Abundance of Target cell
Red cells with ‘target’ morphology were present in peripheral blood smears of 501 (23.3%) of biomass
users against 98 (9.7%) of LPG using controls (p<0.001; Fig. 5.1; Plate 5.1). Biomass users who cooked in
adjacent kitchens had higher prevalence of ‘target’ cells (43.3% vs. 37.2% having separate kitchens,
p<0.05). Concomitantly, biomass fuel using women with more than 20,000 hours-years of lifetime smoke
exposure also had 1.7- and 1.5-times greater prevalence of ‘target’ cells and toxic granulation in
neutrophils respectively compared with women of lowest exposure category (<10000 hours-years; p<0.01).
After controlling potential confounders, a positive association was found between PM10 (OR= 1.82,
95%CI: 1.23-2.44) and PM2.5 (OR= 1.93, 95%CI: 1.55-3.21) in indoor air with presence of ‘target’ cells in
peripheral blood, implying that air pollution was the major contributor to this cellular change.

Persons with target cells (%)

30
23.3
20
LPG users
9.7
10

Biomass users

0

Figure 5.1. Prevalence of target cells among peripheral blood erythrocytes of biomass and LPG-using women.
Results are expressed as percentage of women with target cells.
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C. Increase in leukocyte count
Biomass using women had 18.3% more leukocytes in peripheral blood than the control women (7839 ±855
vs. 6624± 662, p<0.001; Table 5.2).

Table 5.2. White blood cell (WBC) count in biomass fuel users
Parameters

LPG users

Biomass users

WBC per µl

6624±662

7839±855*

Results are expressed as mean ± SD;*p<0.001 compared with LPG user by Student’s t-test

D. Change in WBC differential
WBC differentials showed significantly higher percentages of eosinophils, monocytes and basophils and a
marginal fall in neutrophil and lymphocyte percentages among biomass users (Table 5.3). However, the
absolute numbers of all the leukocyte subtypes were significantly higher in the peripheral blood of the
biomass users because of the greater number of total leukocytes in biomass users (Table 5.2). They had
76% more eosinophils, 3.7-times more basophils and 47.6% more monocytes than control. In addition,
biomass-using women had 16.7% more circulating neutrophil and 12.2% more lymphocytes than the
controls.

Table 5.3. Percentage and absolute number of leukocyte subsets
LPG users

Biomass users

Parameters
%

cells/µl

%

cells/µl

Neutrophil

60.6 ± 6.1

4011± 412

59.6±4.9

4679±383*

Lymphocyte

33.4±3.9

2217±268

31.8±3.2*

2488±253*

Monocyte

2.5±0.3

166±20

3.1±0.3*

245±23*

Eosinophil

3.4±0.4

228±27

5.1±0.6*

402±45*

Basophil

0.1±0.1

6±5

0.3±0.2*

22±14*

Results are expressed as mean ± SD; *p<0.05 compared with LPG user by Student’s t-test

E. Toxic granulation (TG) and greater frequency of immature neutrophils
TG in neutrophils is a common finding in case of bacterial infection. TG was present in the circulating
neutrophils of 53.5% biomass- and 23.3% of LPG-users (Fig. 5.2). After controlling potential confounders,
a positive association was found between PM10 (OR= 2.13, 95%CI: 1.43-3.25) and PM2.5 (OR= 2.66,
95%CI: 2.05-4.17) in indoor air with the presence of TG in neutrophils.

Persons with TG in neutrophils (%)
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53.5

40
23.3

LPG users
Biomass users

20

0

Figure 5.2. Prevalence of toxic granulation in neutrophils in peripheral blood of biomass and LPG-using women.
Results are expressed as percentage of women with toxic granulation (TG) in neutrophils.

Band cells, especially among neutrophils, are an effective morphological index of inflammation. Band
cells are more active than the mature cells. Biomass fuel users had 16.5% neutrophils with band-shaped
nucleus, whereas the control group had only 3.1% band neutrophils.

Factors that influenced leukocyte count among biomass users
Duration of exposure to biomass smoke
Lifetime exposure to biomass smoke was intimately associated with rise in total leukocyte and neutrophil
numbers in circulation. Leukocyte count was maximal in highest exposure category (Table 5.4). In
contrast, hemoglobin and erythrocyte values were negatively associated with duration of exposure.

Table 5.4. Hematological changes in relation to life-time exposure to biomass smoke
Parameters
Hb (g/dl)

I
(n=218)
11.5 ± 0.8

Exposure category
II
(n=1552)
11.1 ± 0.6

III
(n=380)
10.6 ± 0.7*

RBC (x106/µl)

4.3 ± 0.2

4.1 ± 0.3

3.9 ± 0.2*

WBC (x103/µl)

6.9 ± 1.0

8.1 ± 1.2

8.5 ± 1.0*

Neutrophil (/µl)

4541 ± 392

4640 ± 378

4781 ± 385*

*p<0.01, Results are Mean ± SD; values compared by ANOVA; exposure categories – I<10,000, II= 10,000-20,000, III>20,000 hour-years

Lifetime exposure to biomass smoke was intimately associated with rise in total leukocyte and neutrophil
numbers in circulation. Leukocyte count was maximal in highest exposure category (Table 5.4). In
contrast, hemoglobin and erythrocyte values were negatively associated with duration of exposure.
Table 5.5 demonstrates strong negative correlations between Hb and RBC with cumulative biomass smoke
exposure. On the other hand, the statistical correlation tests revealed very strong positive correlations
between WBC and neutrophils with lifetime exposure to biomass smoke (p<0.01). These associations were
further strengthened after controlling possible confounders like age, SES and ETS by conditional logistic
regression. Odds ratio (OR) for depleted Hb was 1.3 (95% CI: 1.05-3.1) and reduced erythrocyte was 1.2
(95% CI: 1.02-2.7). Similarly, elevated number of leukocytes (OR=3.6, 95% CI: 1.2-8.1) and neutrophils
(OR=1.6, 95% CI: 1.1-4.1) also showed strong association with chronic biomass smoke exposure when
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analyzed by conditional logistic regression.

Table 5.5. Correlation analysis between hematological parameters and lifetime exposure to biomass smoke
Spearman’s rank

Parameters
Hb (g/dl)
6

Kendall’s tau_b

Pearson correlation

rho

p-value

coefficient

p-value

coefficient

p-value

-0.311

0.030

-0.265

0.045

-0.272

0.040

RBC (x10 /µl)

-0.257

0.045

-0.239

0.050

-0.241

0.050

WBC (x103/µl)

0.320

0.001

0.213

0.001

0.311

0.001

Neutrophil (/µl)

0.306

0.001

0.198

0.001

0.270

0.001

Spearman’s rank correlation test (rho value) revealed a strong positive correlation between WBC (rho=0.620), neutrophils (rho=0.205),
lymphocytes (rho=0.195), monocytes (rho=0.475), eosinophils (rho=0.506) and basophils (rho=0.480) with lifetime exposure to biomass
smoke (p<0.01). This association was further strengthened after controlling possible confounders in conditional logistic regression (Table
5.6).

Table 5.6. Conditional logistic regression analysis of the association between biomass smoke exposure and
elevated leukocyte count
OR (95% CI) for total life time exposures (hours-years)

Parameters

I

II

III

Total WBC count

1

2.8 (0.9-9.1)

3.6 (1.2-11.1)

Neutrophil

1

1.3 (0.5-3.3)

1.2 (1.09-4.1)

Lymphocyte

1

1.3 (0.5-3.3)

1.2 (1.02-4.1)

Monocyte

1

1.8 (0.7-4.6)

1.4 (1.06-3.3)

Eosinophil

1

2.2 (0.9-5.5)

1.9 (1.1-4.6)

Basophil

1

1.9 (0.8-4.8)

1.3 (1.04-4.1)

Exposure categories – I<10,000, II=10,000-20,000, III>20,000 hours-years

Correlation between leukocyte count and lung function parameters
A negative correlation was found between total WBC count and FVC and FEV1 among biomass-using
women (Table 5.7).
Table 5.7. Correlation between lung function and leukocyte number
Parameter

Spearman’s

Kendall’s tau_b

Pearson’s

rho

p

Coefficient

p

Coefficient

p

FVC

- 0.311

0.03

- 0.265

0.04

- 0.272

0.04

FEV1

- 0.257

0.04

- 0.239

0.05

- 0.241

0.05

FEV1/FVC

- 0.120

0.06

- 0.213

0.06

- 0.131

0.09

FEF25-75%

- 0.206

0.05

- 0.228

0.05

- 0.270

0.04

Effect of chronic biomass smoke exposure on blood platelets
Elevated platelet count in biomass using women
Biomass using women had a mean of 262± 27 (SD) x 103 platelets per microliter of blood in contrast to
214 ± 23 x 103 per µl in controls (p<0.05; Fig. 5.3). Thus, women who used to cook with biomass had 22%
more platelets in circulation compared with their age-matched neighbors who used to cook with cleaner
fuel LPG.
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Figure 5.3. Platelet count of control and biomass-using women; bars represent standard deviation of mean

Abundance of giant platelets in circulation
Human platelets in circulation usually have a diameter of 2.5 µm (range 2-5µm). Larger sized platelets are
known as giant platelets (Plate 5.1). They represent young and immature type of platelets and are highly
reactive. One hundred and eight biomass-using women of this study (5.0%) had giant platelets compared
with 1.6% of LPG-users having giant platelets (p<0.001). PM10 (OR= 2.36, 95% CI 1.45-4.28) and PM2.5
(OR= 2.71, 95% CI 1.66-5.01) were positively associated with presence of giant platelet, suggesting that
the change was associated with particulate pollutants present in biomass smoke.

Stimulation of platelet aggregation
Platelets of biomass users exhibited 45.7% increase in aggregation to collagen when compared with that of
control (P < 0.001, Figure 5.4). The median impedance was 23.2 Ohm (range 19.1–25.3) in biomass users
compared with 15.9 Ohm in control (range of 14.8– 18.2) and the difference was significant (P < 0.01) in
Mann–Whitney U test. Significant positive association was found between platelet aggregation and
particulate pollution in indoor air.

23.9

Impedance (Ohms)

30

*

25
20
15

16.4

LPG
Biomass

10
5
0

Figure 5.4. Histograms showing collagen-induced platelet aggregation in vitro. A higher rate of impedance was
recorded in platelets collected from biomass-using women, suggesting increased aggregability. Bars indicate
standard deviation of data; *P < 0.05 compared with liquefied petroleum gas–using control in Student’s t-test

6
Immunotoxic effects of biomass smoke exposures

Introduction
Inhalation of airborne pollutants facilitates trafficking of inflammatory cells and fluid from pulmonary
capillaries to the airway spaces by increasing alveolo-capillary permeability causing pulmonary edema
(Laffon et al., 1999). These changes predispose the lower respiratory tract to bacterial infection by
interfering with mucociliary clearance and reducing bacterial killing by alveolar macrophages (Hogg,
2000). In addition, immune alteration can occur from exposure to cooking smoke leading to greater
susceptibility to infection with elevated titer of immunoglobulin E (IgE; Mishra et al., 1999). In view of
these reports, the effect of cumulative biomass smoke exposures on the immune system of rural women
warrants scientific investigation.

Cells of the immune system
The Lymphocyte
Lymphocytes are the key cells of the immune system responsible for acquired immunity and immunologic
attributes of diversity, specificity, memory and self/non-self recognition. They are usually small, round or
partially ovoid, slightly motile and non-phagocytic and non-granular leukocytes (except for a group of
natural killer cells). There are approximately 1010 lymphocytes in the human body. Lymphocytes can be
broadly divided into T-(thymus-dependent), B- (Bursa of Fabricius in birds and bone marrow-dependent in
mammals) and NK (Natural Killer) cells. These cells have specific surface marker glycoproteins (Cluster
Determinants or CDs) by which they can be identified (Table 6.1).

Table 6.1. Lymphocyte subtypes
CD marker

Name

Characteristic

CD4+

T-helper 1 (TH1)

Production of interferon (IFNg) and interleukin (IL-2)

CD4+

T-helper 2 (TH2)

Production of interleukins (IL-4, IL-5, IL-6, IL-9, IL-13 etc.)

CD8+

T-cytotoxic (Tc)

Cytotoxicity, production of perforin

CD19+/ CD20+

B-cell

Generation of immunoglobulin

CD16+ CD56+

Natural killer (NK) cell

Antibody-independent killing of virus and tumor cells

CD 4+ CD25+

Treg cells/ Regulatory T cells

Prevention of autoimmunity, interleukin production

CD4+ cells help in recognizing the antigen presented by antigen presenting cell (APC) like macrophages
and dendritic cells. It releases cytokines to activate the B-lymphocytes (CD19/CD20) to produce a clone of
B-cells, mature to plasma cells and produce the specific type of antibody against the antigen. CD8+ T-cell
mediate cellular cytotoxicity crucial for host defense against viral agents. NK cells (CD16+CD56+) are
involved in natural killing of tumor cells and viruses. Treg cells which are critical in maintaining selftolerance and preventing organ-specific autoimmunity secrete interleukin-10 (IL-10) and transforming
Growth Factor β (TGF-β) and thus actively engaged in negative control of immune responses induced by
microbial infection including proliferation of naïve T-cells. Therefore, measurement of lymphocyte subsets
became utmost essential to understand any alteration in immune system following biomass exposure.
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Regulatory Tcells (Treg Cells)
Over the past 10 years, tremendous progress has been made in understanding the suppressive mechanisms
of T regulatory (Treg) cells. The Treg cells, a subpopulation of T cells, have been shown to play an
important role in maintaining peripheral tolerance and the prevention of autoimmunity (Liu and Leung,
2006).
Some Treg cells are present naturally, whereas others are induced in response to antigens. Various
populations of Treg cells have been described, including thymically derived CD4+CD25+ Treg cells.
These naturally occurring Treg cells are present in the periphery and are capable of suppressing
proliferation and effector T cell responses both in vitro and in vivo (Liu and Leung, 2006). In addition, a
second subset of Treg cells, type 1 T regulatory (Tr1) and Th3 cells exert their suppressive capacity via
cytokines such as IL-10 and TGF- β and are contact independent.

Surface marker CD45
CD45 is an integral membrane protein, a tyrosine phosphatase, found in leukocytes. It is known as
common leukocyte antigen. It functions to anchor fodrin, the nonerythroid spectrin homologue, to the
plasma membrane. Fodrin, actin, ezrin, CD45, and CD43 play an essential role in organizing the cell
surface of human leukocytes and in the assembly and function of signaling complexes. CD45 has several
isoforms like CD45RO, CD45RA and CD45RB. These isoforms are used to distinguish naïve T cells from
effector and memory T cells. Activated and memory T lymphocytes express CD45RO (CD4+ CD45RO+),
and naive T cells express CD45RA (CD4+ CD45RA+).

Monocyte/Macrophage
Monocytes are important for nonspecific defense against pathogenic organisms. They are the largest of all
leukocytes measuring 14 to 17 μm in diameter. Their nuclei are ovoid or kidney shaped either centrally or
eccentrically located. Monocytes are responsible for phagocytosis (ingestion) of foreign substances in the
body. Monocytes can perform phagocytosis using intermediary (opsonising) proteins such as antibodies or
complement that coat the pathogen, as well as by binding to the microbe directly via pathogen-recognition
receptors. Monocytes are also capable of killing infected host cells by antibody, termed antibody-mediated
cellular cytotoxicity. Vacuolization may be present in a cell that has recently phagocytosed foreign matter.
Monocytes, which migrate from the blood stream to other tissues, are called macrophages. Macrophages
are responsible for protecting tissues from foreign substances but are also the predominant cells involved
in atherosclerosis.
Human monocytes consist of a major subset of Fc gamma-receptor I (CD64)-positive typical low
accessory phagocytes, and a minor CD64-negative DC-like subset with high T cell-accessory and
interferon-alpha (IFN-α)-releasing activity. Both populations also differentially express CD16 (Fc gammareceptor III). Double labeling with anti-CD64 and anti-CD16 mAb, as performed here, identified four
different subsets. The CD64- subset consists of CD64- / 16+ cells with high antigen-presenting cell (APC)
function and macrophage-like phenotype, and a CD64- / 16- subset of less active APC but which exhibits a
higher mixed lymphocyte reaction (MLR) stimulating and IFN-alpha-producing capacity, possibly
resembling plasmacytoid dendritic cell type II (DC2) blood precursors (Grage-Griebenow et al., 2001,
Table 6.2). Beside these, cell membranes of monocytes also express β2 Mac-1 integrin (CD11b/CD18) that
plays a vital role in defense against invading pathogens.

Table 6.2. Monocyte subtypes in relation to surface expression of CD16 and CD64
CD marker

CD16+CD64-

Characteristic
Monocytes with both dendritic cells and monocytic functions, high T-cell stimulation capacity, high
phagocytic activity
Monocytes with high antigen presenting and T-cell stimulation capacity

CD16-CD64+

Typical monocytes having high phagocytic capacity but low T-cell accessory activities

CD16-CD64-

Plasmacytoid monocytes with low T-cell accessory activities

CD16+CD64+
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CD 35 (CR1)
Complement receptor 1 (CR1, also known as CD35, C3b/C4b receptor and immune adherence receptor) is
a member of the regulators of complement activation (RCA) family of proteins. The gene encodes a
monomeric single-pass type I membrane glycoprotein found on erythrocytes, leukocytes, glomerular
podocytes, and splenic follicular dendritic cells. CR1 serves as the main system for processing and
clearance of complement opsonized immune complexes. It has been shown that CR1 can act as a negative
regulator of the complement cascade, mediate immune adherence and phagocytosis and inhibit both the
classic and alternative pathways. Peripheral blood neutrophils and eosinophils may be activated or primed
in the circulation with regard to superoxide production, chemotaxis and increased expression of surface
molecules on neutrophils such as CD35, which mediates the binding and phagocytosis of C3b-coated
particles and immune complexes (Babcock et al., 1999). A role for CD35 in controlling complement
activation (Sadallah et al., 1997) and the binding of soluble immune complexes has been established. The
engagement of these receptors on the surface of neutrophils stimulates neutrophil phagocytosis,
degranulation, and the production of reactive oxygen species (ROS). Together, these processes assist in the
destruction of damaged tissue.

Serum level of total immunoglobulin E (IgE)
Immunoglobulin E (IgE) is a class of antibody (or immunoglobulin "isotype") that has only been found in
mammals. It plays an important role in allergy, and is especially associated with type 1 hypersensitivity
(Gould et al., 2003). IgE has also been implicated in immune system responses to most parasitic worms
(Erb, 2007) and certain protozoan parasites such as Plasmodium falciparum (Duarte et al., 2007). It elicits
immune responses by binding to Fc receptors found on the surface of mast cells and basophils, and is also
found on eosinophils, monocytes, macrophages and platelets in humans. Fc receptors are of two types:
•

FcεRI, the high-affinity IgE receptor

•

FcεRII, also known as CD23, is the low-affinity IgE receptor

IgE can upregulate the expression of both Fcε receptors. FcεRI is expressed only on mast cells and/or
basophils in both mice and humans. Aggregation of antigens and binding of IgE to the FcεRI on mast cells
causes degranulation and the release of mediators from the cells, while basophils cross-linked with IgE
release type 2 cytokines like interleukin-4 (IL-4) and interleukin-13 (IL-13) and other inflammatory
mediators. The low affinity receptor (FcεRII) is always expressed on B cells, but its expression can be
induced on the surfaces of macrophages, eosinophils, platelets and some T cells by IL-4. Although it is not
yet well understood, IgE may play an important role in the immune system’s recognition of cancer
(Karagiannis et al., 2003), in which the stimulation of a strong cytotoxic response against cells displaying
only small amounts of early cancer markers would be beneficial. It is significant to mention here that
emissions from burning wood as cooking fuel contain a host of fungi and molds (USPEA, 1993) that may
elicit allergy among rural women. As IgE level is a good indicator of these inflammatory reactions thus its
level was estimated.

Markers of platelet activation
A. Surface expression of Pselectin
P-selectin, which is also known as GMP-140, is stored in alpha granules of platelets and this rapidly
translocates to the cell surface following activation (McEver, 1991). Thus, activated platelets possess
specific surface marker glycoprotein of 140 kDa that is commonly called CD62P (Cluster Determinants
62P) or P-selectin. Besides, it is also present in the Weibel-Palade bodies of endothelial cells. It is a
member of the selectin family of cell adhesion molecules, which are important in the transient attachment
of leukocytes to endothelial cells and platelets. It plays an important pro-inflammatory role in mediating
interactions among neutrophils and the vascular endothelium (Zimmerman et al., 1992). Therefore,
overexpressed P-selectin can mediate an inflammatory lung response. P-selectin also plays a central role in
interaction with other platelets, and since it determines the size and stability of platelet aggregates (Merten
and Thiagarajan, 2000), it may be important in arterial thrombosis. Marked up-regulation of P-selectin
expression in circulating platelets could suggest uncontrolled activation, which could lead to vascular

C h a p t e r 6 | 69

occlusion because of thrombus formation (Bouchard and Tracy, 2001). Activated platelets can also
mediate their interaction with monocytes by enhancing procoagulant activity (Xu et al., 2001). Moreover,
platelets on activation can induce release of inflammatory agents and tissue factor that would lead to more
platelet aggregation and thrombosis.

B. The concentration of soluble Pselectin in blood
In addition to being a platelet membrane receptor, P-selectin can also be identified as a circulating plasma
protein (Dunlop et al., 1992). The primary contributors to the formation of soluble P-selectin (sPsel) in the
physiological state are platelets, resulting from P-selectin shedding from platelets, which occur shortly
after activation (Jilma et al., 1996; Blann et al., 1997; Fijnheer et al., 1997; Berger et al., 1998). Therefore,
plasma levels of sPsel have been considered a useful tool to predict thrombotic consumptive platelet
disorders (Wu et al., 1993; Chong et al., 1994; Blann et al., 1995; Smith et al., 1999). However, a minimal
concentration of sPsel is also released from endothelial cells under normal conditions (Fijnheer et al., 1997,
Verhaar et al., 1998). Although the circulating form of P-selectin is potentially active because only the
lectin and epidermal growth factor (EGF) domains are required to bind its receptor, P-selectin glycoprotein
ligand-1 (PSGL-1), sPsel is crucial in modulating leukocyte adhesion to both platelets and endothelial cells
during inflammatory response and thrombus formation and can be regarded as an index of both platelet
activation and acute inflammation (Mehta et al., 1997; Chiu et al., 2005). Therefore, in addition to surface
expression of P selectin (CD62P), sPsel was also measured to determine the extent of platelet activation in
our study population.

Markers of leukocyte activation
Expression of β2 Mac1 integrin (CD11b/CD18)
Neutrophils respond to infection and tissue injury by recognizing and binding to immunoglobulin G (IgG)
molecules and complement proteins that coat the surface of foreign pathogens and host tissue fragments.
This recognition-binding process is mediated by neutrophil surface receptors, including the complement 1
receptor CD35, complement 3 receptor CD11b, and low-affinity IgG receptor CD16. The engagement of
these surface receptors initiates a cascade of intracellular events leading to the release of enzymes
(degranulation) and ROS (respiratory burst activity) from neutrophils. Cell membranes of activated PMN
express β2 Mac-1 integrin (CD11b/CD18) (Ray et al., 2006, 2009; Overbeek et al., 2011). Reduction in the
neutrophil expression of CD11b is associated with defects in respiratory burst activity, and increased
susceptibility to infection (Kobayashi et al., 2009).

Materials and methods
Participants
Immunological toxicity was assessed among a total number of 482 premenopausal women (286 biomass
users, median age 33yr and 196 age-matched LPG users) after obtaining written informed consent. The
subjects were selected randomly from the enrolled participants inclusion and exclusion criteria have been
described in Chapter 3.

Diagnosis of hypertension
Systolic and diastolic blood pressures (SBP and DBP, respectively) were measured while the participants
were at rest in a sitting position by digital sphygmomanometer (Omron, India). Guidelines of the British
Hypertension Society were followed for blood pressure measurement (O’Brien et al., 1997). Hypertension
was diagnosed following the Seventh Report of the Joint Committee on the Prevention, Detection,
Evaluation and Treatment of High Blood Pressure (JNC-7, 2003) and 2003 recommendation of the World
Health Organization/ International Society of Hypertension (Whitworth and World Health Organization,
International Society of Hypertension Writing Group, 2003). The hypertensive condition was confirmed
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when SBP rose to 140 mmHg or more, or DBP elevated to 90 mmHg or more. For each participant, we
made three blood pressure measurements with an interval of 24 h.

Collection of blood
Venous blood (5 ml) was collected in vacutainer tubes (Becton Dickinson [BD], San Jose, CA, USA)
containing K2EDTA as anticoagulant. Blood was collected at a fixed time of the day (9.30–10.30 hours) to
minimize diurnal variation.

Lymphocyte subtyping by flow cytometry
Identification of lymphocyte subsets was done by the procedure of Fujimoto et al. (2000).

Reagents used
Phosphate Buffered Saline (PBS), pH 7.4

250ml

Disodium mono hydrogen phosphate (SRL, India)

0.30g

Sodium dihydrogen phosphate (SRL,India)

0.05g

Sodium Chloride (SRL, India)

2.20g

Distilled water

250ml

RBC Lysis Buffer (BD Pharmingen, USA)

200ml

Ammonium chloride

1.65g

Potassium bicarbonate

0.20g

Na4EDTA
0.5% Paraformaldehyde
Paraformaldehyde (E Merck, India)
Distilled water
PE-conjugated anti-human and FITC-conjugated anti-human monoclonal antibody (BD
Pharmingen, USA) for specific lymphocyte surface markers
Sheath fluid (BD Pharmingen, USA)

0.007g
100ml
500mg
100ml
10µl

Sodium hypochloride

Procedure
Whole blood samples anticoagulated with K3EDTA were analyzed for lymphocyte subsets by flow
cytometry within 3 hours of blood drawing. A 25 µl aliquot of whole blood was diluted with 75 µl of
phosphate buffered saline (PBS, pH 7.4) and the diluted blood samples were incubated with 10 µl
each of fluorescein isothiocyanate (FITC)– and phycoerythrin (PE)-conjugated monoclonal antibodies
(BD Pharmingen, USA) raised against human lymphocyte surface markers CD4+ (T-helper), CD8+
(T-cytotoxic/suppressive), CD19+ (B cell) and CD 16+CD56+ (natural killer cell) and isotypematched negative controls for 30 minutes in the dark at room temperature. The erythrocytes were then
lysed by incubating the samples with 2 ml of RBC lysing solution (BD, USA) for 5 minutes at room
temperature. Thereafter, the cells were fixed with 0.5% paraformaldehyde and 15,000 events were
acquired and analyzed in a flow cytometer (FACS Calibur with sorter, BD, San Jose, CA, USA).
Lymphocytes were identified from their characteristic forward and side scatter profile on dot plots
and gated. Data acquisition and analysis of FL-1 (FITC)) and FL-2 (PE) were done using Cell Quest
software (BD, USA). The relative proportion of each lymphocyte subset such as CD4+, CD8+,
CD19+ and CD16+CD56+ was calculated from statistical package of the Cell Quest software from
quadrant gate setting for CD4, CD8, CD19, CD16 CD56 and isotype controls. Data of individual
lymphocyte subset was expressed as percentage of total lymphocytes in peripheral blood.

Determination of Treg cells by flow cytometry
Regulatory T cells (Tregs) play a critical role in the maintenance of self-tolerance and the prevention of

C h a p t e r 6 | 71

organ-specific autoimmunity. These cells constitutively co-express CD4 and α-chain of the interleukin-2
receptor (IL-2R; CD25). K3EDTA-anticoagulated whole blood (25 µl) was incubated for 30 minutes at
4°C with optimal dilution of PE-conjugated mouse anti-human CD4 and FITC-conjugated anti-human
CD25 monoclonal antibodies (BD Pharmingen, USA). The samples were then lysed with RBC lysing
solution, centrifuged for 5 min at 2000 rpm and re-suspended in PBS. Approximately 10,000 events were
acquisitioned and CD4+CD25+ cells were counted from the dot plots using statistical package of the Cell
Quest software.

CD4+CD45RO+ memory Tcells
EDTA-anticoagulated whole blood (25µl) was added to polypropylene tubes and incubated for 20 min at
room temperature in the dark with FITC -conjugated mouse anti- human CD45RO monoclonal antibodies
(BD- Pharmingen, USA), PE-conjugated mouse anti- human CD4 monoclonal antibody and isotype
controls. Thereafter, the erythrocytes were lysed with 2ml of 1x FACS lysing solution (BD, USA), and
samples centrifuged at 500g for 5min. The cell-pellet was washed with ice-cold PBS containing 0.1%
sodium azide and resuspended in 500ul of 1% paraformaldehyde in PBS. The samples were analyzed in a
flow cytometer (FACS Caliber with Sorter, BD, San Jose, CA, USA) using Cell Quest software (BD,
USA). Fluorescence was measured with a FACS Calibur flow cytometer and Cell Quest software (BD,
USA). Measurements were made on the FL1 (green) and FL2 (red) channel, and the gates were adjusted to
the negative control quadrant. A total of 15,000 events were collected. Signal intensity of surface CD35
fluorescence was recorded as mean fluorescence intensity (MFI), which represents the cell surface receptor
density.

Measurement of CD35 expression by flow cytometry
EDTA-anticoagulated whole blood (25µl) was added to polypropylene tubes and incubated for 20 min at
room temperature in the dark with FITC-conjugated anti- human CD35 monoclonal antibodies (BDPharmingen, USA), and isotype controls. Thereafter, the erythrocytes were lysed with 2ml of 1x FACS
lysing solution (BD, USA), and samples centrifuged at 500g for 5min. The cell-pellet was washed with
ice-cold PBS containing 0.1% sodium azide and resuspended in 500ul of 1% paraformaldehyde in PBS.
The samples were analyzed in a flow cytometer (FACS Caliber with Sorter, BD, San Jose, CA, USA)
using Cell Quest software (BD, USA). Fluorescence was measured with a FACS Calibur flow cytometer
and Cell Quest software (BD, USA). Measurements were made on the FL1 (green) and FL2 (red) channel,
and the gates were adjusted to the negative control quadrant. A total of 15,000 events were collected.
Signal intensity of surface CD35 fluorescence was recorded as mean fluorescence intensity (MFI), which
represents the cell surface receptor density.

Determination of monocyte subsets by flow cytometry: Measurement of CD16 and CD64
expression by flow cytometry
EDTA-anticoagulated whole blood (25µl) was added to polypropylene tubes and incubated for 20 min at
room temperature in the dark with fluorescein isothiocyanate (FITC)-conjugated anti-human CD 64
monoclonal antibodies (BD-Pharmingen, USA), phycoerythrin (PE)-conjugated anti-human CD16
monoclonal antibody (BD-Pharmingen, USA), and isotype controls. Thereafter the erythrocytes were lysed
with 2 ml of 1x FACS lysing solution (BD, USA), and samples centrifuged at 500g for 5 min. The cellpellet was washed with ice-cold PBS containing 0.1% sodium azide and resuspended in 500ul of 1%
paraformaldehyde in PBS. The samples were analyzed in a flow cytometer (FACS Caliber with Sorter,
BD, San Jose, CA, USA) using Cell Quest software (BD, USA).
A gate was drawn around the granulocytes showing neutrophils as CD16-positive cells with eosinophils as
CD16-negative cells with high side scatter. A further gate was then drawn around the neutrophil (CD16+)
or eosinophil (CD16-) populations. Fluorescence was measured with a FACS Calibur flow cytometer and
Cell Quest software (BD, USA). Measurements were made on the FL1 (green) and FL2 (red) channel, and
the gates were adjusted to the negative control quadrant. A total of 15,000 events were collected. Results
were recorded as mean fluorescence intensity (MFI), which represents the cell surface receptor density.
Monocyte subsets were defined based on surface expression of Fcγ-receptor: FcγR-I (CD64) and FcγR-III
(CD16). Briefly, whole blood samples (25µl) anti-coagulated with K3EDTA were incubated with
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saturating concentration of PE-conjugated mouse anti-human CD16 and FITC-conjugated anti-human
CD64 (BD, USA) for 30 minutes in darkness. The samples were then lysed with RBC lysing solution
(BD), centrifuged for 5 minutes at 2000 rpm and resuspended in PBS. Approximately 10,000 events were
acquisitioned and monocyte cell populations were selectively gated based on their FSC and SSC. Cell
isotype control antibodies were used to define background levels. Percentages of CD16+CD64+,
CD16+CD64-, CD16-CD64+ and CD16-CD64- cells were calculated from the dot plots using statistical
package of the Cell Quest software.

Flow cytometric measurement of CD11b/CD18 expression on neutrophils, monocytes
and lymphocytes
EDTA-anticoagulated whole blood (25µl) was added to polypropylene tubes and incubated for 20 min at
room temperature in darkness with fluorescein isothiocyanate (FITC)-conjugated anti- human CD18 and
phycoerythrin (PE)-conjugated anti-human CD11b monoclonal antibody, and isotype controls (Becton
Dickinson [BD]-Pharmingen, USA). Thereafter the erythrocytes were lysed with 2.0 ml of 1x FACS lysing
solution (BD-Pharmingen, USA), and the samples were centrifuged at 500 g for 5 min at room
temperature. The cell-pellet was washed with ice-cold PBS containing 0.1% sodium azide and resuspended
in 500 µl of 1% paraformaldehyde in PBS. An average of 15,000 cells (events) was acquired and analyzed
in flow cytometer (FACS Caliber with Sorter, Becton Dickinson, SanJose, CA, USA) using Cell Quest
software (BD, USA). Granulocytes, monocytes and lymphocytes were identified and gated from dot plots
on the basis of their characteristic forward and side scatter (FSC and SSC, respectively) characteristics.
The percentage of CD11b and CD18- positive cells were determined using the statistical package software
and the mean fluorescence intensity (MFI) was expressed in arbitrary unit. MFI serves as an indicator of
cell surface integrin (CD11b/CD18) receptor density.

Flow cytometric assessment of Pselectin expression
P-selectin expression in non-stimulated, circulating platelets in anticoagulated whole blood was measured
by flow cytometry following the procedure of Michelson et al., (2000). It was based on immediate sample
preparation and minimal sample manipulation as RBC lysis and subsequent centrifugation may trigger
platelet activation. Within 10 minutes of blood sampling, 10 µl of whole blood was transferred to
polystyrene test tubes containing a saturating concentration of phycoerythrin (PE) –conjugated anti-human
monoclonal antibody against P-selectin (CD 62P; Becton Dickinson, USA) and incubated undisturbed for
20 minutes at 200 C in darkness. Subsequently the samples were fixed for 1 hour with 1 ml of cold 1%
paraformaldehyde in Ca2+- Mg2+-free phosphate buffered saline (PBS). After fixation, 10,000 events
were acquired and analyzed in a flow cytometer (FACS Caliber with sorter, Becton Dickinson, San Jose,
CA, USA) for forward scatter, side scatter, fluorescence channel -2 (FL-2; PE-CD 62P) values. The data
acquisition and analysis was performed using Cell Quest software (Becton Dickinson, USA). P-selectin
expression was recorded as percentage of PE-CD62P-positive platelets.

Measurement of soluble Pselectin (CD 62P) by ELISA
Soluble P-selectin in plasma was quantitatively determined in vitro by enzyme immunoassay (EIA) kit of
Takara Bio Inc. Japan (GMP-140 kit, Cat# MK 112 for 96 assays) following the manufacturer’s protocol.
In essence, 100 µl of each plasma and P-selectin standard were taken in separate microtiter plates coated
with mouse monoclonal anti-GMP140 antibody and incubated for 2 hours at room temperature. Thereafter,
100 µl of anti-GMP140-peroxidase (POD) was added to each well after washing with phosphate buffered
saline (PBS). The mixtures were incubated for 1 hour at room temperature, washed in washing buffer and
then the substrate of peroxidase (Tetramethylbenzidine) was added for color development. The optical
density (OD) of the color was measured by ELISA plate reader (Biorad, Model 550, USA) at 450 nm after
adding the stop solution. The concentration of sP-selectin was determined by plotting the OD of the sample
in the standard curve prepared from known concentrations of P-selectin.

Statistical analysis of data
The results were statistically analyzed by Student’s ‘t’ test, Chi-square test and ANOVA; and p<0.05 was
considered significant. Logistic regression analysis of data was done by SPSS 10.0 (Chicago, IL, USA)
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statistical package. Spearman’s correlation (rho), Kendall’s tau_b coefficient and Pearson correlation
coefficient tests were done to test the degree of correlation between exposure and possible outcomes.
p<0.05 was considered as significant.

Results
Prevalence of hypertension
About 30% (29.5%) of biomass-using women of this study had hypertension and 39.3% had prehypertension. In contrast, 11.0% of LPG-using control women had hypertension and 19.1% had prehypertension. The difference in the prevalence of hypertension and pre-hypertension between these two
groups was highly significant in Chi-square test (P < 0.001) Biomass users had higher prevalence of
systolic (9.8 vs. 5.9% in control, diastolic (3.7 vs. 0.9%), and systolic plus diastolic hypertension (16.0 vs.
4.2%) than their age-matched neighbors who used to cook with LPG.

Hypertension in relation to type of biomass used as cooking fuel
Among biomass users, the prevalence of hypertension was highest (40%) in women who predominantly
used dung cake as cooking fuel. The difference in hypertension prevalence between users of dung vs. wood
(26.0%; P = 0.006) and dung vs. crop residues (26.9%; P = 0.012) was significant in Chi-square test, while
the difference between wood and crop residue users was not statistically significant (P = 0.86). Life time
cooking years with biomass also had influence on hypertension. Compared with those having 5–14 years
cooking experience (25.4%), hypertension was more prevalent in women cooking for 15 years or
more(34.2%) with biomass, but the difference was not significant in Chi-square test (P = 0.08).

Association between hypertension and IAP
Hypertension was positively associated with both PM10 (OR= 1.35, 95%CI, 1.14-1.95) and PM2.5 (OR=
1.41, 95%CI 1.22-2.08) levels in cooking areas after controlling education, kitchen location, and family
income as potential confounders in multivariate logistic regression analysis.

Reduced number of CD4+ Tlymphocytes in biomass users
Compared with controls, biomass users had lower percentage of CD4+ cells (35.7 ± 6.8 vs. 42.3 ± 2.3 in
control; p<0.01;). The absolute number of CD4+ cells was 5% lower than the controls (891±88 vs. 938 ±
112 cells/µl; p<0.05; Fig 6.1).

CD4+ cells per microliter
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Figure 6.1. Absolute number of CD4+ lymphocytes in peripheral blood of biomass- and LPG-using women. Bars
represent standard deviation of mean values; *, p<0.05
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Increased number of CD8+ Tlymphocytes in biomass users
The mean percentage of CD8+ lymphocytes in peripheral blood was 30.1 in LPG users and 32.4 in
biomass users. The absolute number of these cells was 668 ± 83 per µl of blood in LPG users and 807 ±
89/µl in biomass users (p<0.05; Fig. 6.2). Therefore, biomass using women had 21% more CD8+
lymphocytes than LPG users.
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Figure 6.2. Absolute number of CD8+ lymphocytes in peripheral blood of biomass- and LPG-using women. Bars
represent standard deviation of mean values; *, p<0.05

Change in CD4 : CD8 ratio
The CD4+/CD8+ cell ratio was changed from 1.4 in control women to 1.1 in biomass users.

Depleted number of CD19+ B cells in circulation of biomass users
CD19+ B-lymphocytes constituted 13.1% of total lymphocytes in biomass-using women. This is in
contrast to a mean of 16.3% CD19+ lymphocytes in controls (Fig. 6.3). As a result, the absolute number of
B-cells in circulation of biomass users was 10% less than the controls (326± 37 per µl vs. 362±46 per µl in
control, p<0.05).

Increased number of CD16+CD56+ natural killer (NK) cells in women who cook with
biomass
The percentage of CD16+CD56+ NK cells was 11.3 in controls and 18.8 in biomass users. The absolute
number of these cells was 251 ± 30 per µl of blood in controls and 468 ± 49/µl in biomass users (p<0.01;
Fig. 6.3; Table 6.3). Thus, women who cooked with wood, dung and crop residues had 86% more NK cells
in their circulation than their age- and sex-matched neighbors who cooked with cleaner fuel LPG.
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Figure 6.3. Absolute number of CD16+CD56+ natural killer (NK) cells in peripheral blood of biomass- and LPGusing women. Bars represent standard deviation of mean values; *, p<0.05.

Table 6.3. Percentage and absolute number of different subsets of peripheral blood lymphocytes in biomass- and
LPG-using women
LPG users
(n= 196)

Parameters
CD4+ cell

Biomass users
(n= 286)
cells/µl

%

cells/µl

%

42.3

938 ± 112

35.7

891 ± 88*

CD8+ cell

30.1

668 ± 83

32.4

807 ± 89*

CD19+

16.3

362 ± 46

13.1

326 ± 37*

CD16+CD56+

11.3

251 30

18.8

468 ± 49*

CD4+:CD8+ ratio

1: 1.4

Results are expressed as mean ± SD;*p<0.05 compared with LPG users by Student’s t-test

1: 1.1
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Figure 6.4. Flow cytometric evaluation of the relative distribution of CD4+ and CD8+ lymphocytes in peripheral
blood of biomass-using women. Compared with control (6,8), biomass users showed a decline in the percentage
of CD4+ cells
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Figure 6.5. Flow cytometric evaluation of the distribution of CD19+ B- lymphocytes in peripheral blood of
biomass-using women. Compared with control (5), biomass users showed a decline in the percentage of CD19+
cells
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The changes in the absolute number of different types of lymphocytes in peripheral blood of biomass users
of rural West Bengal, Uttarakhand and Himachal Pradesh were graded according to lifetime exposure
(hours-years; Table 6.4) and were then correlated with biomass smoke (Table 6.5).

Table 6.4. Alterations in peripheral lymphocyte subsets on the basis of exposure category
Exposure category

Parameters

I

II

III

CD4+ cells/µl

946 ± 102

878 ± 97

852 ± 91.5*

CD8+ cells/µl

746 ± 112

819± 128

827 ± 121*

CD19+ cells/µl

342 ± 47

318 ± 39

323 ± 42.7

CD16+CD56+ cells/µl

460 ± 53

471 ± 46.4

488 ± 41

* p<0.01, Results are expressed as mean ± SD; values compared by ANOVA; exposure categories – I<10,000, II= 10,000-20,000,
III>20,000 hours-years

In Spearman’s test, negative correlations were found between biomass smoke exposure and number of
CD4+ and CD19+ cells (Table 5.5), while the correlations were positive for CD8+ and NK cells (Table
6.5; p<0.01).

Table 6.5. Spearman’s rank correlation between lymphocyte subtypes and lifetime exposure to biomass smoke
Life time exposure (hours-years)

Parameters

rho value

p value

CD4+ cells/µl

-0.212

0.045

CD8+ cells/µl

0.222

0.015

CD19+ cells/µl

-0.238

0.035

CD16+CD56+cells/µl

0.289

0.012

In multivariate logistic regression analysis, significant positive association was found between the number
of circulating NK cells and PM10 (OR= 1.61, 95%CI, 1.13-3.24) and PM2.5 level in indoor air (OR = 2.72,
95% CI, 1.24-4.17). But no significant association was found between PM and other lymphocyte subsets.

Increase in the number of regulatory T cells (Treg) in biomass users
Biomass users had a greater percentage of CD4+ CD25+ regulatory T cells (Treg cells) than LPG users
(4.31 vs. 1.86% in control; Table 6.6). As a result, a sharp 2.6-fold rise in the total number of Treg cells in
circulation was observed in biomass users (Fig. 6.6). Since Treg cells down-regulate immune response, an
increase in their number suggests altered immunity and suppression of pathogen clearance in women who
daily cooked with unprocessed biomass.

Table 6.6. Flow cytometric analysis of regulatory T cells in peripheral blood

Lymphocyte /µl

LPG users
(n= 196)
2217 ± 268

Biomass users
(n= 286)
2482 ± 253*

CD4+CD25+ cell (%)

1.86 ± 0.82

4.31 ± 1.72*

+132

CD4+CD25+ cell /µl

41 ± 5

107 ± 11*

+161

* p<0.01, Results are mean ± SD; values compared by Student’s t-test

% change over LPG-user
+12
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Figure 6.6. Comparison of regulatory T lymphocyte between biomass and LPG-users; *p<0.01, values compared
by student’s t-test; *, p<0.05.

Increased number of Treg cells in relation to cooking years: more in women with longer
exposure
Fig. 6.7 shows progressive rise in the number of regulatory T lymphocytes (Treg) in peripheral blood with
lifetime exposures to biomass smoke. Statistical evaluation of data (Table 6.7) revealed a significant
correlation between Treg cell number and years of cooking with biomass fuel controlling age, socioeconomic conditions and environmental tobacco smoke as potential confounders (OR=2.52, 95% CI:
1.14-4.92).
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Figure 6.7. Number of regulatory T lymphocytes in peripheral blood of biomass-using women in relation to
lifetime exposure to biomass smoke. Exposure category I<10000, II=10,000-20000 and III>20,000 hours-years;
*, p<0.05 compared with category I

Table 6.7. Correlation between Treg cells and years of cooking with biomass fuel
Correlation tests

Correlation coefficient

p value

Spearman’s rank rho value

0.286*

0.045

Kendall’s tau_b coefficient

0.175*

0.050

Pearson correlation coefficient

0.276*

0.050

Increase in CD4+CD45RO+ memory Tcell numbers in biomass users
In control subjects, 39.3 ± 5.7% of CD4+ T-lymphocytes expressed CD45RO (CD4+CD45RO+). In
contrast, biomass users had 64.3 ± 9.7% CD4+CD45+ lymphocytes in peripheral blood, suggesting
increase in memory T-cell population (Fig. 6.8).
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Figure 6.8. Flow cytometric evaluation of relative distribution of CD4+45RO+ memory T-lymphocytes in
peripheral blood of biomass-using women. Compared with control (2,3), biomass users showed increased
percentage of CD4+45RO+ cells.
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Alterations in monocyte subtypes
Reduced percentage of CD16 CD64+ monocytes in biomass users
In biomass using women, 70.5% of circulating monocyte expressed CD64 on their surface against 78.4%
in LPG users (Table 6.8). CD64+ monocytes were subdivided into two groups on the basis of coexpression of CD16 molecule. Biomass users registered a modest but significant fall in the percentage of
typical monocytes (CD16-CD64+). They had 63.8% CD16-CD64+ monocytes against 75.1% in controls
(p<0.01). In contrast, the proportion of CD16+CD64+ monocytes with both dendritic cell and monocytic
functions was doubled in biomass-using women when compared with controls (6.7 vs. 3.3%, p<0.001).

Table 6.8. Relative distribution (%) and absolute number of monocyte subsets in peripheral blood of biomassand LPG-using women
LPG users
(n= 196)

Parameters
CD16+CD64- cells

%

cells/µl

1.2 ± 0.6

2.0 ± 0.5

Biomass users
(n= 286)
%
cells/µl
2.0 ± 1.1*

4.9 ± 1.0*

CD16+CD64+ cells

3.3 ± 0.9

5.5 ± 1.5

6.7 ± 2.1**

16.4 ± 2.1*

CD16-CD64- cells

20.4 ± 3.2

33.9 ± 6.2

27.5 ± 3.6*

67.4 ± 8.9*

CD16-CD64+ cells

75.1 ± 4.8

124.7 ± 7.11

63.8 ± 6.4*

156.3 ± 15.4*

Monocyte

2.5 ± 0.3

166 ± 20

3.1 ± 0.3*

245 ± 23*

Results are expressed as mean ± SD; *p<0.01; **p<0.001; compared with LPG user by Student’s t-test

Increased percentage of CD16+ CD64 and CD16CD64 monocytes in biomass users
Of the 21.6% of CD64-negative monocytes in control women, 1.2% cells expressed CD16 and the
remaining 20.4% monocytes were negative for both CD16 and CD64. The percentages of these two
subsets- CD16+CD64- (monocytes with high antigen-presenting capacity) and CD16-CD64- cells
(plasmacytoid monocytes) were increased in biomass users by 67% and 35%, respectively (Table 6.8).

Marked increase in the number of CD16+ CD64+ monocytes in peripheral blood of
biomass users
The changes in monocyte subsets among biomass users relative to controls became more apparent when
absolute numbers of these cells in circulation were calculated from absolute monocyte number and
percentage of each subset. Total number of CD64+ cells was increased from 130.2 /µl in LPG users to
172.7 /µl in biomass users, showing an increment of 33%. The number of typical monocytes (CD16CD64+) was increased by 25%, and a massive 3-fold rise was recorded in the number of CD16+CD64+
cells (monocytes with both dendritic cell and monocytic functions; Fig. 6.9). Similarly, the number of
circulating monocytes with high antigen-presenting capacity (CD16+CD64- cells) was increased by 2.5fold in biomass users (Fig. 6.10).
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Figure 6.9. Comparison of the number of CD16+CD64+ monocytes (with both dendritic cell and monocytic
functions) in peripheral blood between biomass and LPG-using women. Bars represent standard deviation of
mean; *, p<0.05
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Figure 6.10. Comparison of the number of CD16+CD64+ monocytes (with both dendritic cell and monocytic
functions) in peripheral blood between biomass and LPG-using women. Bars represent standard deviation of
mean; *, p<0.05

The absolute numbers of plasmacytoid monocytes (CD16-CD64- cells) was doubled in biomass users (67.4
± 8.9 vs 33.9 ± 6.2 /µl, p<0.001; Fig. 6.11). In essence, significant rise in the absolute number of all four
circulating monocyte subsets was observed in women who cooked with biomass when compared with that
of LPG-using control.

CD16-CD64- monocytes/µl

100

50

*
67.4

Figure 6.11. Comparison of the number of
CD16-CD64plasmacytoid
monocytes
in
peripheral blood between biomass and LPGusing women. Bars represent standard deviation
of mean; *, p<0.05

33.9

0
LPG users

Biomass users
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Monocyte subsets in relation to lifetime exposure to biomass smoke
The absolute number of monocyte subpopulations of biomass users was compared with different categories
of lifetime exposures to biomass smoke. Women of highest exposure category showed greatest number of
cells of all four monocyte subtypes (Table 6.9; significant in ANOVA).
Table 6.9. Alterations in peripheral monocyte subsets on the basis of exposure category
Exposure category

Parameters

I

II

III

CD16+CD64- cells/µl

3.8 ± 1.3

5 ± 2.1

5.8 ± 1.7*

CD16+CD64+ cells/µl

13 ± 4.7

16.3 ± 5.3

20.1 ± 6.6*

CD16-CD64- cells/µl

59.4 ± 7.7

66 ± 9.1

77.2 ± 8.2*

CD16-CD64+ cells/µl

144 ± 13.9

159 ± 15.7

167.5 ± 14.6*

* p<0.01, Results are expressed as mean ± SD; values compared by ANOVA; exposure categories – I<10,000, II= 10,000-20,000,
III>20,000 hours-years

Spearman correlation test also showed strong positive relation between different monocyte subtypes and
lifetime exposure to biomass smoke (Table 6.10).
Table 6.10. Spearman’s rank correlation between monocyte subtypes and lifetime exposure to biomass smoke
Life time exposure (hours-years)

Parameters

rho value

p value

CD16+CD64- cells/µl

0.215*

0.040

CD16+CD64+ cells/µl

0.230*

0.045

CD16-CD64- cells/µl

0.196*

0.050

CD16-CD64+ cells/µl

0.211*

0.045

Upregulation of CD16 and CD35 expressions in neutrophils of biomass users

CD16-positive neutrophils/µl

In control women, 13.6 ± 1.4 % of neutrophils expressed CD16. In contrast, 19.4±2.8 % neutrophils of
biomass-using women expressed CD16 (p<0.05; Table 6.11). As a result, the absolute number of CD16+
neutrophils in blood was increased from 545±57/µl in controls to 912±105/µl in biomass users (p<0.001,
Fig. 6.12).
*
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Figure 6.12. Comparison of the number of CD16-positive neutrophils in peripheral blood between biomass and
LPG-using women. Bars represent standard deviation of mean; *, p<0.05

The frequency of CD35-expressing neutrophils was more than 95% in both control and biomass-using
women. However, the MFI of FITC-conjugated CD35 fluorescence on neutrophil surface was 154 ± 22 in
biomass users against 105± 14 in control (Table 6.11). As a consequence, the absolute number of CD35positive neutrophils was 2554 ± 209/µl in biomass users against 2017± 218/µl in controls (p<0.05, Fig.
6.13).
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The percenttage of CD166-positive neutrophils in biomass-usin
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ng women waas significanttly higher thaan the
control wom
men (Fig. 5.144). As a conssequence, thee absolute num
mber of CD16+ neutrophiils in circulattion of
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Table 6.11. Surface
S
expre
ession of CD16
6 and CD35 on
o neutrophils
LP
PG users
( 196)
(n=

Biomass use
ers
(n= 286)

%

13.6 ± 1.4

19.4 ± 2.8**

Cells/µl

3 ± 37
308

482 ± 45*

Parameters
CD16-expressing neutrophils in peripheral blood

Results are exprressed as mean ± SD; *p<0.001 compared
c
with LP
PG users by Studeent’s t-test
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Upregulation of β2 Mac1 integrin (CD11b/CD18) expression in circulating
leukocytes of biomassusing women
a. Neutrophils
CD11b expression was detected in all (100%) circulating neutrophils of both control and biomass-using
women participants of this study. However, the magnitude of expression of this integrin, assessed in terms
of mean fluorescence intensity (MFI) in arbitrary unit, was significantly higher than the control in women
who used to cook with biomass fuel such as wood, cow dung and agricultural wastes (Fig. 6.16,6.17). The
median MFI of CD11b among biomass users was 40% higher than the control, while the mean MFI was
43% more than the control (Table 6.12; Fig. 6.15). Both values were significantly higher than the control
(p<0.001) in Mann-Whitney U test and Student’s t-test, respectively.

Table 6.12: CD11b/CD18 expression on the surface of circulating neutrophils
LPG users
(n= 196)

Biomass users
(n= 286)

Range

516.7 – 1163.2

746.1 – 1880.0

Median

804.2

1129.6*

798.5 ± 141.3

1142.6 ± 239.8**

186.5 – 287.4

315.6 – 466.2

MFI of CD11b

Mean ± SD
MFI of CD18
Range
Median
Mean ± SD

231.5

417.8*

233.2 ± 27.9

387.8 ± 42.9**

MFI, mean fluorescent intensity in arbitrary unit; *, p<0.05 in Mann-Whitney U test; **, p<0.05 in Student’s t-test

*
1142.6

Neutrophil CD11b MFI
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Figure 6.15. Mean fluorescent intensity (MFI) of CD11b expression on outer surface of circulating neutrophils.
Note statistically significant higher MFI among biomass users.
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Figure 6.16. Flow cytometric analysis of CD11b expression on peripheral blood neutrophils using PE-labeled
antiCD11b monoclonal antibody. The results are expressed as mean fluorescence intensity (MFI). Note markedly
elevated MFI in biomass users (lower panel) than that of LPG-using controls (upper panel), suggesting
upregulation of β2 Mac-1 integrin in neutrophils of biomass-using women
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Figure 6.17. Flow cytometric analysis of CD11b expression on peripheral blood neutrophils. Mean fluorescence
intensity (MFI) was significantly higher in biomass users than that of LPG-using controls. The results imply
significant upregulation of CD11b expression on the outer surface of circulating neutrophils following biomass
smoke exposures
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Like CD11b, the MFI of CD18 expression on neutrophils was also significantly higher among biomass
users when compared with that of control women. Compared with age-matched control women from
similar neighborhood, the median MFI of CD18 expression on neutrophils of biomass –using women was
80.4% higher (p<0.001 in Mann-Whitney U test) and the mean MFI was 66% more than the control
(p<0.001 in Student’s t-test). Collectively, the expression of CD11b/CD18 Mac-1 integrin on circulating
neutrophils was significantly higher among biomass users, suggesting functional up-regulation of
neutrophil activity in peripheral blood of women who used to cook exclusively with traditional biomass
fuel.

b. CD11b/CD18 expression on monocytes
All the circulating monocytes, like neutrophils, expressed CD11b in control as well as biomass-using
women. However, monocytes of biomass-using women expressed significantly higher levels of
CD11b/CD18 on cell membrane than their control counterparts. Table 4.9 shows that the median MFI of
CD11b expression on blood monocytes of biomass users was 58% higher than the control (p<0.01 in
Mann-Whitney U test), while the mean MFI was 62% above control level (p<0.01 in Student’s t-test).
The up-regulation of CD18 expression on circulating monocytes of biomass-using women was even more
spectacular. The median and mean MFI were 2.2- and 2-times higher than the control (p<0.01; Table 6.13;
Fig. 6.18).
Table 6.13. CD11b/CD18 expression on circulating monocytes
LPG users
(n= 196)

Biomass users
(n= 286)

Range

428.6 – 936.3

616.5 – 1638.9

Median

574.2

906.8*

569.2 ± 87.2

923.3 ± 176.8**

Range

185.8 – 287.5

324.8 – 659.7

Median

211.5

461.7*

231.5 ± 28.4

457.9 ± 69.5**

MFI of CD11b

Mean ± SD
MFI of CD18

Mean ± SD

MFI, mean fluorescent intensity in arbitrary unit; *, p<0.01 in Mann-Whitney U test; **, p<0.01 in Student’s t-test

c. CD11b/CD18 expression on peripheral blood lymphocytes
Unlike neutrophils and monocytes, only a fraction of peripheral blood lymphocytes express CD11b/CD18.
In control women, for instance, a median of 22.5% lymphocytes expressed CD11b and 20.5% expressed
CD18 on their surface (Table 6.14). In biomass-using women, in contrast, a higher percentage of
lymphocytes expressed CD11b (35.7% compared with 22.5% in control, p<0.05 in Chi-square test) and
CD18 (25.25 vs. 20.5% in control, p<0.05; Table 6.14). Thus, cumulative exposure to biomass smoke is
associated with a rise in the percentage of circulating lymphocytes expressing CD11b/CD18.
*
457.9
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Figure 6.18. Mean fluorescent intensity (MFI) of CD18
expression on outer surface of circulating monocytes of
LPG- and biomass-using women. Note statistically
significant higher MFI among biomass users. Bars
represent standard deviation of mean values.
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Table 6.14. Percentage of CD11b/CD18- expressing lymphocytes in peripheral blood of LPG- and biomass-using
women
LPG users
(n= 196)

Biomass users
(n= 286)

Range

15-34

17-52

Median

22.5

35.7*

26.1 ± 10.6

33.8 ± 11.4**

Range

11-34

13-41

Median

20.5

25.2

22.4 ±8.3

26.5 ± 7.8

CD11b-expressing lymphocytes (%)

Mean
CD18-expressing lymphocytes (%)

Mean
*, p<0.05 in Mann-Whitney U test, **, p<0.05 in Student’s t-test

Also, the median and mean MFI of lymphocytes in peripheral blood of biomass-users were significantly
higher (p<0.05; Table 6.15).

Table 6.15. CD11b/CD18 integrin expression on lymphocyte surface
LPG users

Biomass users

MFI of CD11b
Mean ± SD

57.4 ± 10.6

81.7 ± 13.9**

Median

55.4

79.8*

Range

40.6-91.2

52.1-112.4

172.9±63.9

206.9± 43.3**

MFI of CD18
Mean ± SD
Median

158

203*

Range

129-191

156-238

*, p<0.05 in Mann-Whitney U test, **, p<0.05 in Student’s t-test

CD11b/CD18 expression in relation to biomass smoke exposure
Upregulation of CD11b/CD18 expression on leukocytes of biomass-using women was indeed due to
biomass smoke exposure, because Spearman’s rank correlation analysis (rho value) showed a strong
positive association between MFI expressions of β2 Mac-1 integrin (CD11b/CD18) on peripheral
leukocytes and lifetime biomass smoke exposure (Table 6.16). In addition, the MFI of CD11b/CD18
increased progressively with the lifetime exposure duration to biomass smoke (Table 6.17).

Table 6.16. Spearman’s rank correlation between expressions of CD11b/CD18 (MFI) on leukocytes and lifetime
exposure to biomass smoke
Parameters

Life time exposure to biomass smoke
rho value

p value

Monocyte

0.514

= 0.021

Neutrophil

0.623

= 0.009

CD11b expression

CD18 expression
Monocyte

0.741

= 0.003

Neutrophil

0.588

= 0.014
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Table 6.17. Expressions of CD11b/CD18 (MFI) on circulating neutrophils and monocytes in relation to lifetime
exposure to biomass smoke
Biomass smoke exposure category
I

II

III

MFI of CD11b
Monocyte

612 ± 119

916 ± 210

1080 ± 218

Neutrophil

903 ± 148

1148 ± 238

1294 ± 257

MFI of CD18
Monocyte

377 ± 37

465± 47

503 ± 49

Neutrophil

314 ± 39

402 ± 42

512 ± 43

Results are expressed as mean ± SD; p<0.01 in ANOVA

Higher expression of Pselectin on platelets
In order to examine whether the activity of circulating platelets is altered following chronic inhalation of
biomass smoke, platelet activity was evaluated by flow cytometric assessment of CD62P (P-selectin)
expression, a measure of platelet activation. Platelet P-selectin expression was significantly increased
among biomass users (Figure 6.22). In LPG-using control women, 2.2 ± 0.2% of platelets expressed Pselectin. In contrast, 7.4 ± 1.8% of platelets expressed P-selectin in biomass users (p<0.001; Fig. 6.19).
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Figure 6.19. P-selectin (CD62P) expression on circulating platelets of control and biomass-using women; bars
represent standard deviation of mean; *, p<0.05.
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Figure 6.20. Absolute number of P-selectin- expressing platelets in circulating platelets of control and biomassusing women; bars represent standard deviation of mean; *, p<0.05.
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The absolute number of P-selectin-expressing platelets in circulation was elevated from a mean value of
4,708 per µl of blood in LPG-using women to 19,388/µl among biomass users. Thus, women who used to
cook with biomass had 4.1-times more activated platelets in their circulation compared with their LPGusing neighbors (p<0.001; Fig. 6.20).
In addition, the MFI of P-selectin was increased from a control level of 66.7 ± 10.9 to 108.8 ± 17.8 among
biomass users (p<0.001). It implies that biomass users had more P-selectin molecules on the surface of
their activated platelet than their age-matched neighbors who used to cook with LPG.

Rise in soluble Pselectin (sPsel)

Soluble P-selectin in plasma (ng /
ml)

Like expression of P-selectin on platelet surface, soluble P-selectin level was significantly higher in plasma
of biomass users (Fig. 6.21). They had 462.0 ± 46.4 ng sP-sel per ml of plasma in contrast to 229.1 ± 26.2
ng/ml sP-sel in LPG users( Fig. 6.21, p<0.05), implying about 2-fold rise in sP-sel in the former. Thus,
platelet activity was remarkably up regulated in solid biomass fuel users.

700

350

*
462

229

LPG users
Biomass users

0

Figure 6.21. The concentration of soluble P- selectin in plasma; bars represent standard deviation of mean; *,
p<0.05.
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Figure 6.22. Flow cytometric analysis of P-selectin (CD62P) expression on circulating platelets. Platelets were
identified by their specific binding with FITC-labeled CD41 while PE-labeled antiCD62P monoclonal antibody was
used to identify P-selectin expression. Compared with control women (upper left), P-selectin expression was
markedly elevated in biomass users (remaining seven scattered diagrams), suggesting remarkable activation of
platelets in circulation of biomass-using women
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Platelet activity in relation to type of biomass
Platelet P-selectin expression was highest in women who predominantly used cow dung for cooking
(10.5%) than users of agricultural waste (6.5%) and wood (6.8%). Similarly, rise in sP-selectin level in
plasma and up-regulation of collagen-induced platelet aggregation in vitro was most pronounced among
dung users (Table 6.18).

Table 6.18. Platelet activity in relation to type of biomass predominantly used for cooking

Platelet count (x 103/µl)
P-selectin-expressing platelet (%)
Absolute number of circulating P-selectinexpressing platelets (x103/µl)
sP-selectin in plasma (ng/ml)
Platelet aggregation (Ohms)

Wood user

Dung user

Crop waste user

251.2 ± 54.4

272.6 ± 73.2

259.3 ± 49.4

6.8 ± 1.9

10.5 ± 3.2*

6.5 ± 2.1

17.8 ± 3.6

28.6 ± 7.4*

16.8 ± 3.8

433.7 ± 97.2

645.2±157.6*

460.3 ± 77.3

21.6 ± 3.0

24.3 ± 3.5*

22.6 ± 2.9

Results are expressed as mean ± SD; *p<0.05 compared with wood and crop residue users

Life time exposure to biomass smoke and platelet activity
Among biomass users, the up-regulation of platelet activity was positively correlated with lifetime
exposure to biomass smoke. Table 6.19 depicts highest number of P-selectin-expressing platelets greatest
exposure category (III) against mild and moderate exposure categories (I and II) when analyzed by
ANOVA (p<0.01).

Table 6.19. Platelet activity in relation to extent of biomass smoke exposure
Parameters
Platelet (× 103 /µl)
Platelet P-selection (%)
P-selectin-expressing cell per µl
sP-sel (ng/ml)

I
(n = 122)
242 ± 31

Exposure category
II
(n = 114)
255 ± 23

III
(n = 106)
271 ± 28*

6.1 ± 0.7

7.3 ± 0.9

8.4 ± 1.1*

14762 ± 1732

18615 ± 1450

22764 ± 1812*

422 ± 52.4

437 ± 42.1

535 ± 47*

*p<0.01, Results are Mean ± SD; values compared by ANOVA; exposure categories – I<10,000, II= 10,000-20,000, III>20,000 hoursyears

Platelet activity in relation to particulate pollution in indoor air
Controlling education, kitchen location and family income as potential confounders, particulate pollution
in indoor air was positively associated with platelet P-selectin expression (OR = 1.98, 95% CI, 1.39-2.86
for PM10 and OR= 2.53, 95% CI, 1.42- 3.41 for PM2.5); sP-selectin level in plasma (OR= 2.43, 95% CI,
1.32- 3.56 for PM10 and OR= 2.68, 95% CI, 1.42- 4.17 for PM2.5); and platelet aggregation (OR = 1.24,
95%CI 1.06 -1.45 for PM10 and OR = 1.37; 95% CI : 1.14- 1.81 for PM2.5).
In addition, correlation analysis revealed strong positive correlation between absolute number CD62P
expressing platelets and cumulative biomass smoke exposure (Spearman’s rho=0.597, p=0.010; Kendall’s
tau_b coefficient=0.514, p=0.010; Pearson correlation coefficient=0.472, p=0.035), indicating that longterm exposure to biomass fuel’s smoke might be responsible for elevated platelet activity.

7
Biomass smoke inhalation, inflammation in the airways
and oxidative stress

Introduction
Inflammation (Latin, inflammatio, to set on fire) is the complex biological response of vascular tissues to
harmful stimuli, such as pathogens, damaged cells, or irritants. It is a defense by the organism to remove
the injurious stimuli and to initiate the healing process in the tissue. Inflammation is not a synonym for
infection. It is the response of the organism to any form of cell injury, be it from infective agents (e.g.
bacteria) or from mechanical stress (cut or burn). In the absence of inflammation, wounds and infections
would never heal and progressive destruction of the tissue would compromise the survival of the organism.
On the other hand, if inflammation is perpetual then it leads to tissue injury and diseases, such as
atherosclerosis, and rheumatoid arthritis. It is for this reason that inflammation is normally tightly
regulated by the body.
Inhalation of airborne pollutants facilitates trafficking of inflammatory cells and fluid from pulmonary
capillaries to the airway spaces by increasing alveolo-capillary permeability causing pulmonary edema
(Laffon et al., 1999; Evans et al., 2006). These changes predispose the lower respiratory tract to bacterial
infection by interfering with mucociliary clearance and reducing bacterial killing by alveolar macrophages
(Hogg, 2000). Not only this, particulate matter can also generate hydroxyl radicals in aqueous solution by
an iron-dependent process (Gilmour et al., 1996). Increase in free radical concentration lowers antioxidant
enzymes level in peripheral blood and generates oxidative stress (Rahman et al., 1996; Ciobica et al., 2011;
Korde et al., 2011). Oxidative stress, in turn, increases the permeability of epithelial cells, which would
further facilitate the transfer of particles into the interstitium (Lee et al, 1995). The proximity of the
interstitial inflammatory cells to the endothelium and the blood spaces means that signals such as cytokines
could be released into the blood causing more systemic changes. In addition, immunoalteration that occurs
from exposure to cooking smoke may lead to greater susceptibility to allergy and infection with elevated
titer of immunoglobulin-E (Mishra et al., 1999).

Cell types in normal lung
Pollutants present in the air are deposited depending on their size and chemical composition in the airways
and the alveoli of adult human beings as they inhale about 10,000 to 15,000 liters of air everyday.
Therefore, the primary targets of airborne pollutants are cells of the airways and the alveoli. About 40 cell
types are present in human lung and the airways. The major cell types are basal and intermediate epithelial
cells, ciliated and nonciliated columnar epithelial cells, goblet cell, Type I and Type II pneumocytes and
alveolar macrophages (AM).

Squamous epithelial cells
Squamous epithelial cells originate from normal lining of the mouth or pharynx. A mixture of intermediate
and squamous epithelial cells is often found in sputum. The intermediate cells are characterized by round
to oval nucleus and cyanophilic cytoplasm. Superficial cells have pyknotic nuclei and orangeophilic
cytoplasm. Enucleated squamous and nucleated parabasal cells are occasionally present.

Ciliated columnar cells
These cells are shed singly, or in loose clusters or sheets from the lining of the respiratory tract, mainly as a
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result of traumatic exfoliation or inflammation. Following extensive damage to the respiratory epithelium,
these cells may be found in large numbers in sputum.

Goblet cells
Goblet cells are non-ciliated epithelial cells. They produce and secrete high molecular weight mucus
glycoproteins, called mucins. Goblet cells discharge mucus within milliseconds in response to wide
spectrum of stimuli- irritant gases, inflammatory mediators, reactive oxygen species, nerve activation, and
changes in the biophysical environment (Rogers, 1994). Mucins help entrapment of inhaled pollutants
including particles and microorganisms, and their disposal by mucociliary clearance. These cells also
produce lipids and small glycoproteins. The ability of goblet cells to give rise to ciliated cells, to rapidly
produce vast quantities of mucus in response to acute airway insult, and to change in number according to
variations in chronic insult indicates that these cells are vitally important front-line defenders of the
airways (Rogers, 1994).

Clara cells
Clara cells are non-ciliated epithelial cells on the luminal surface of airways (Massaro et al., 1994; Plopper
et al., 1980). Together with ciliated and pulmonary neuroendocrine cells, they make up the epithelium of
the bronchioles along the conducting airways. Clara cells are the progenitor cell in small airways
(Giangreco et al., 2002) with secretory functions (Stinson and Loosli, 1978; Serabjit-Singh et al., 1980).
After injury to the airways, Clara cells proliferate and migrate to replenish the injured terminally
differentiated epithelial cells (Reynolds et al., 2000, Xing et al., 2010). In fact, after alveolar injury, Clara
cells can be seen in the alveolus (alveolar bronchiolization), suggesting the response of the terminal airway
epithelium to alveolar injury exceeds the rate of alveolar epithelial cell repair (Nettesheim and Szakal,
1972; Betsuyaku et al., 2000).The mechanisms of Clara cell differentiation are largely unknown.
Transforming growth factor beta (TGFbeta) is a candidate regulator of Clara cell differentiation via
inhibition of PTEN expression which in turn activates ERK and Akt phosphorylation (Xing et al., 2010).

Type I and Type II Pneumocytes
Human lung contains approximately 480 million airspaces known as alveoli. A rich capillary network
surrounded by endothelial cells cover the alveolar space. The alveolar space is lined by a basement
membrane on which lie the epithelial cells (pneumocytes). There are two types of pneumocytes. Type I
pneumocytes cover about 95% of alveolar surface and because of their extensive surface area, they are
thought to be at high risk of chemical and particulate attack despite being covered by a protective epithelial
lining fluid and pulmonary surfactant. The cells permit efficient gaseous exchange by the red blood cells
present in the alveolar capillary and contain enzymes, which are important in mediating toxicant
biotransformation (Dinsdale, 1998). Type II pneumocytes cover only 3-5% area of alveolar surface and are
located at the corners of the alveoli. These are secretory cells and synthesize pulmonary surfactant and also
the components of the underlying basement membrane (Crouch et al., 1987). Type II cells also contain a
spectrum of P-450 isoenzymes (Miller et al., 1986) and a high concentration of reduced glutathione, an
antioxidant (Horton et al., 1987). All these are important for the breakdown and biotransformation of
inhaled or circulating chemicals.

Alveolar macrophages
Lung, being the main entry point of airborne pollutants, is endowed with a strong cellular defense
mechanism to protect the gas exchange area from inhaled harmful agents. Macrophages are the principal
defense cells in the airways and alveoli (Beck-Schimmer et al., 2005). Pulmonary macrophages include
alveolar macrophages (AM), airway macrophages and interstitial macrophages. AMs are the dominant
phagocytic cells that act as the first line of cellular defense in the lungs. Their nucleus is oval or irregular
and usually eccentric in position with a nucleus : cytoplasmic ratio of 1:3. Cytoplasm of the AM contains
numerous granules and ingested particles. They play a pivotal role in lung defense through their activities
like particle clearance from the inner airways by endocytosis and phagocytosis, followed by killing of
invading pathogens via generation of oxygen radicals and release of degrading enzymes (Becker, 1995).
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Besides, AMs actively participate in inflammation, wound healing and tissue repair through their vast array
of secretory products (Laskin and Pendino, 1995; Altmann et al., 2011; Sharma et al., 2012). In adult
human lungs, there are approximately 480 million alveoli and each alveolus is defended by about 73
macrophages. Therefore, human lungs contain around 35 billion AMs for its defense against inhaled
pollutants. AMs have a diameter of 15-45 μm (mean diameter 20 μm). AMs originate from peripheral
blood monocytes. The AM pool in lung is maintained by division of pre-existing interstitial macrophages
or by influx of monocytes from blood to the lung (Lewis, 1995). Following exposure to inhaled pollutants,
AM number in lung is increased either by cell division, or recruitment of monocytes from circulation or by
enhancing the life span of existing cells by suppressing apoptosis (Foster, 1999).

Interstitial cells
It represents the space between the alveoli. It is composed of fibroblasts and connective tissue components
such as proteoglycans, collagen and elastin, which are responsible for maintaining the skeletal backbone of
the innermost region of the lung.

Inflammatory Cells present in the airways
Neutrophils, eosinophils and lymphocytes are not resident cells of the respiratory system but they are
present in varying numbers in the airways. Their numbers increase dramatically in case of inflammatory or
allergic reaction in the airways (Jeffery, 2001; Saunders et al., 2010; Chakir et al., 2010; Tsai et al., 2010;
Choi et al., 2011; Bahaie et al., 2011; Dworski et al., 2011). The magnitude of inflammation can be
assessed from the extent of rise in the number of these cells particularly the neutrophils.

Noncellular component: the surfactant
Pulmonary surfactant or surface-active substance is a lipoprotein mixture rich in phospholipids. It has a
‘detergent’ property of lowering surface tension in the fluid layer that lines the alveoli once air enters the
lungs. Its ability to form a monomolecular layer at the interface between air and the alveolar lining fluid
allows some air to be retained within the alveolus at all times. Surfactant is produced continually from
Type-II epithelial cells because it has a half-life of only 14-24 hours. Deficiency of surfactant is associated
with respiratory distress syndrome (Lyra and Diniz, 2007; Calkovska et al., 2009).

Change in airway cells following air pollution exposures
Both chronic and acute exposures to air pollution have been shown to directly affect the structural integrity
of the respiratory system. Continued chemical exposure can cause necrosis and subsequent sloughing off
of ciliated epithelial cells. Microscopic examination of these exfoliated cells in spontaneously expectorated
sputum provides important information regarding the pathophysiological changes in the lung tissue and
development of lung disease including malignancy (Roby et al., 1990). Saccomanno and his co-workers
(1970) demonstrated cytological changes in the respiratory epithelium following air pollution exposure.
Air pollution exposure was associated with presence of abnormal columnar epithelial cells and squamous
metaplasia in sputum of young adults and children (Plamenac et al., 1973, 1978).

Sputum cytology: a simple technique for evaluation of cellular lung
response to air pollution
Cytological examination of sputum is a simple, non-invasive, cost-effective technique to get an estimate of
the cellular lung response to inhaled toxicants including pathogens. The airway epithelium continuously
renews itself. Epithelial cells are exfoliated in the process. Microscopic examination of these exfoliated
airway cells in sputum provides important information regarding the pathophysiological changes in the
lung tissue and development of lung disease including malignancy (Roby et al., 1990). Analysis of AM
obtained from sputum samples is recognized as a practical way of quantifying natural exposure of the
lower airway to carbonaceous particles from biomass combustion (Kulkarni et al., 2005). It has been
estimated that the total surface area of inhaled carbon within an AM is 13-times higher in women who
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cook with biomass fuels than a non-user and 7.5-times higher in children from biomass-using households
(Kulkarni et al., 2005).

Inflammatory response to lung
Physical, chemical, or biological injury to the lung leads to inflammatory response, which is initiated as a
protective mechanism to get rid of the organism or agents causing it. Inflammation triggers a series of
cellular events that try to heal the damage. Inflammation is classified as acute or chronic inflammation,
depending on a variety of factors including clinical symptoms and the nature of injury. Acute inflammation
is the immediate response, usually of short duration, and results in the release of polymorphonuclear
leukocytes (PMNs or neutrophils) so as to eliminate the pathogenic or cytotoxic insult. On the other hand,
chronic inflammation is characterized by persistent inflammation, tissue injury, and tissue repair, occurring
simultaneously. The inefficiency of the biological mechanisms in resolving the inflammatory response
results in chronic conditions. Several pathophysiologic states and inhaled foreign particulates are known to
produce sustained stimulation of phagocytic cells, resulting in the upregulation of proinflammatory
cytokines and chemokines, provoking chronic inflammation in the lung (Lang et al., 2002; Azad et al.,
2008). Lung consists of several different cell types such as type I and type II pneumocytes, Clara cells,
mast cells, and ciliated cells (Emmendoerffer et al., 2000). In addition, free migratory alveolar
macrophages, PMNs, eosinophils, and lymphocytes represent normal immune defenses of the lung.
Different cell types are recruited to respond to different infections and toxicants, depending on the
inducing agent or the type of inflammation. For instance, Type II pneumocytes and bronchial epithelial
cells generally proliferate to preneoplastic lesions in response to carcinogens leading to the development of
lung cancer (Emmendoerffer et al., 2000). Additionally, ROS produced by nonphagocytic oxidases also
affect cell recruitment to the sites of inflammation by regulating adhesion molecule expression on
inflammatory cells (Niu et al., 1994; Fraticelli et al., 1996). In acute inflammatory response, PMNs and in
some cases eosinophils are the primary recruited effectors. Monocytes, which differentiate into
macrophages in tissues, are the next to migrate to the site of tissue injury, guided by chemotactic factors
(Coussens and Werb, 2002). Once activated, macrophages produce reactive species, growth factors, and
cytokines, which profoundly affect endothelial, epithelial, and mesenchymal cells in the focal area, leading
to disorganization of the lung microenvironment. Mast cells also play an important role in acute
inflammation owing to their ability to release inflammatory mediators such as histamines and cytokines
(Cook et al., 2004; Kashiwakura et al., 2011; Dai and Korthuis, 2011; Amin, 2012). The failure to regulate
acute inflammation focally results in loss of control of these responses with the development of chronic
inflammation, and in some cases may lead to malignant transformation (Marshall, 2001; Lee et al., 2011).
Therefore, even though inflammation helps in regaining the normal physiological function of the tissue, it
may also lead to harmful effects such as neoplastic development. Acute inflammation is often transient and
thus is not implicated in the genesis of cancer. The key concept is that normal inflammation is usually selflimiting; however, dysregulation of any of the converging factors leads to abnormalities and neoplastic
progression (Coussens and Werb, 2002; Azad et al., 2008).

Air pollution, Inflammation and oxidative stress
Oxidative stress refers to the injury caused to cells resulting from increased formation of reactive oxygen
species (ROS) and/or decreased antioxidant defense. Reactive oxygen metabolites (O2-, OH-, H2O2) are
products of aerobic metabolism and are continuously produced in vivo which, if not neutralized with the
endogenous antioxidants, may endanger the cellular integrity. These free radicals may cause oxidative
DNA damage, lipid peroxidation and enzymatic oxidation leading to cellular damage.
Living organisms have a well-orchestrated machinery of antioxidant defense mechanism for their survival
against oxidative stress. Superoxide dismutase (SOD) is a member of the family of metallo-enzymes and is
the most important antioxidant present in the body to act against superoxide (O2-) radicals. SOD protects
tissues from damage by oxidant stress by scavenging superoxide anion, which prevents the formation of
other more potent oxidants such as peroxynitrite and hydroxyl radical (Gao et al., 2008). Three forms of
SOD, namely cytosolic copper/zinc-containing SOD (CuZnSOD, SOD1), the mitochondrial manganesecontaining SOD (MnSOD, SOD2), and the extracellular SOD (ecSOD, SOD3; Hamilton et al., 2004;
Wassmann et al., 2004) exist in mammals (Karlsson and Marklund, 1988; Fridovich, 1995). All forms of
SODs convert superoxide anion to hydrogen peroxide (H2O2) and molecular oxygen.
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SOD

H2O2 + O2

Oxidative stress is generated by a large variety of mechanisms, including mitochondrial respiration,
ischemia/reperfusion, inflammation, and metabolism of foreign compounds. Several studies have shown
particulate matter (PM) induces oxidative stress and inflammatory responses in human epithelial lung cells
(Alessandrini et al., 2010; Mukherjee et al., 2011; Oh et al., 2011; Danielsen et al., 2011; Patel et al.,
2011).The oxidative stress mediated by PM may arise from mixed sources, involving direct generation of
ROS from the surface of particles, soluble compounds such as transition metals or organic compounds, and
activation of inflammatory cells which are capable of generating ROS and reactive nitrogen species (RNS).
Transition metals such as iron, lead, mercury, cadmium, silver, nickel, vanadium, chromium, manganese,
and copper are detectable in PM2.5 and UFPs adsorbed on their surface and are capable of ROS formation
by Fenton’s reaction (Li et al., 2003). Alveolar macrophages get activated by inhaled pollutants and release
ROS through ‘‘respiratory burst” (Jarjour and Calhoun, 1994; Bowler and Crapo, 2002; Franco et al.,
2008; Yanagisawa et al., 2009; Shankar, 2010) and proinflammatory cytokines and chemokines in the
lungs (Sharma et al., 2007). These mediators diffuse to the pulmonary capillaries, activate blood
leukocytes mostly the neutrophils and help them migrate to the lung causing pulmonary inflammation
(Varani and Ward, 1994). After their arrival at the lung tissues, the inflammatory cells like neutrophils
produce ROS as a function of their normal defense against invading pathogens. Inflammatory diseases
such as type 2 diabetes (Dijkema et al., 2011), atherosclerosis (Charakida et al., 2011), chronic obstructive
pulmonary disease (Lee and Thomas, 2009; Chung and Marwick, 2010; Stanojkovic et al., 2011; Inonu et
al., 2011; Fischer et al., 2011; Adcock et al., 2011; Loukides et al., 2011), asthma (Cho and Moon, 2010;
Lugogo et al., 2011; McLernon et al., 2011), impairment of lung function (Masuko et al., 2011) have been
linked with increased oxidative stress.

Materials and methods
Collection of sample
Sputum
The participants were asked to cough vigorously and the expectorated sputum was collected in sterile
plastic cup for three consecutive days. The thick viscous parts of the sputa were smeared on clean
glass slides air dried and fixed in 95% ethanol immediately for cytology. The remaining samples were
transferred to fresh tubes containers containing 20 ml of phosphate-buffered saline (PBS) with 0.1%
dithiotheritol (Sigma Chem, USA), and transported to the laboratory in ice box. Tubes containing
sputum samples were centrifuged at 2,500 rpm for 10 min and the supernatant was discarded. The cell
pellet was washed with PBS for 2-3 times suspended in PBS and stored at -20oC for future analysis.

Papanicolaou (Pap) staining of sputum cells for cytology
Papanicolaou is a multichromatic stain used principally on exfoliated cytologic specimens to get
information about the cellular integrity, differentiation and functional state of different cell types. The
staining was done following the procedure of Hughes and Dodds (1968).

Reagents used
Harris’ hematoxylin
Orange G 6
EA 50
Dehydrated alcohol
Distrene Plasticiser Xylene (DPX)
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Preparation of stock solutions
Harris’ hematoxylin (Sigma Chemicals, Saint Louis, MO, USA)
Hematoxylin (Sigma Chemicals, Saint Louis, MO, USA)
Absolute ethanol (Bengal Chemical, Kolkata, India)

1.0 g
10.0 ml

Potassium alum (Merck, Mumbai, India)

20.0 g

Distilled water

200 ml

Mercuric oxide (SRL, Mumbai, India)
Glacial acetic acid (Merck, Mumbai, India)

0.5 g
8.0 ml

Orange G 6
Orange G crystals (Gurr, Germany)
Distilled water
Absolute ethanol (Bengal Chemical, Kolkata, India)
Phosphotungstic acid (Sigma Chemical, Saint Louis, MO, USA)

10.0 mg
100 ml
1 lit
0.15 g

EA 50
Light green (Gurr, Germany) SF solution (0.5% in 95% alcohol)

45 ml

Bismarck brown (Gurr, Germany) solution (0.5% in 95% alcohol)
Eosin yellow (Sigma Chemical, Saint Louis, MO, USA) solution (0.5% in 95%
alcohol)
Lithium carbonate (Sigma Chemical, Saint Louis, MO, USA) (saturated aqueous
solution)

10 ml
45 ml
0.05 ml

Staining procedure
The semi dried smears were fixed in ethanol for 30 min. The fixed slides were then brought to 95%
ethyl alcohol for 20 min, and ultimately to water through graded ethanol. The slides were stained with
Harris’ hematoxylin for 30 sec, subsequently rinsed in distilled water and placed in Scott’s tap
substitute for bluing. Thereafter, the slides were washed in running tap water, dehydrated in 70% and
90% ethanol, stained with Orange-G6 for 4 min, differentiated in 95% ethanol and subsequent
staining with EA-50 solution for 4 min. Differentiation with absolute ethanol followed it. Finally, the
slides were dehydrated in ethanol, cleared in xylene, mounted in DPX and observed under light
microscope (Dialux 20, Leitz, Germany).

Observation and scoring
The cell nucleus stained violet while cytoplasm and cytoplasmic granules stained green and/or orange
depending on the differentiation stages of the cells. Under light microscope at least 20-50 high power
fields at 400x magnification were observed and the total and differential sputum cell count was
scored. Frequency (%) of neutrophil, eosinophil, lymphocyte and epithelial cells present in the
sputum was recorded. Emphasis was given on the identification of epithelial cell metaplasia and
dysplasia, and indications of bacterial, viral and fungal infections.

Flow cytometric measurement of ROS generation
In sputum
An aliquot of the sputum was centrifuged at 2500 rpm for 10 min at room temperature. The cell pellet
was collected and resuspended in Hank’s balanced salt solution (HBSS) containing 0.15 M NaCl and
5mM HEPES, pH 7.35. Generation of reactive oxygen species (ROS) in sputum cells was measured
by flow cytometry using 2’,7’-dichlorofluorescein diacetate (DCFH-DA). To 500 μl of sputum cell
suspension, 20 μl of 0.5 mM DCFH-DA (Sigma Chemicals, Saint Louis, Missouri, USA) solution in
dimethyl formamide was added and incubated at 37oC for 30 min in darkness. After washing in icecold PBS, 10,000 events (cells) were acquired immediately in flow cytometer (FACS Calibur with
sorter, Becton Dickinson [BD], San Jose, CA, USA) using Cell Quest software (BD, San Jose, CA,
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USA). Respiratory burst and generation of ROS by the cells resulted in green fluorescence that was
recorded in fluorescence channel-1 (FL-1) and was expressed as mean fluorescence intensity (MFI) in
arbitrary unit.

In blood cells
Generation of ROS in leukocytes in peripheral blood was measured by flow cytometry following the
procedure of Rothe and Valet (1990) using DCFH-DA. In brief, 3 ml of EDTA-anticoagulated whole
blood was centrifuged at 200 x g at 4oC for 10 minutes and the buffy coat containing leukocytes and
supernatant plasma were collected separately. An aliquot of 200 μl buffy coat was mixed with 300 μl
of freshly collected plasma. Then 10 μl of the mixture was diluted with 1.0 ml of HBSS containing
0.15 M NaCl and 5 mM HEPES, pH 7.35. Thereafter, 20 μl of 0.5 mM DCFH-DA solution in
dimethyl formamide was added to the cell suspension and incubated at 37oC for 30 min in darkness.
After washing in ice-cold phosphate buffered saline, 10,000 events were acquired immediately in
flow cytometer as in case of sputum samples.

Spectrophotometric measurement of the antioxidant enzyme superoxide dismutase
(SOD)
In airway cells
An aliquot of expectorated sputum was used for cell lysate preparation. After centrifugation of 10 ml
of sputum suspension at 2,500 rpm for 10 min at room temperature, the supernatant was discarded
and the cell pellet was washed in PBS. Washed cells were lysed in 500 μl of lysis buffer [0.05 M Tris,
pH 7.4, 0.15 M NaCl, 1% Nonidet P-40, with added protease and phosphatase inhibitors: 1 protease
minitab (Roche Biochemicals, Indianapolis, IN, USA)/10 ml and 1x phosphatase inhibitor mixture (#
524625; Calbiochem, Darmstadt, Germany)] for 20 minutes on ice. The lysates were then sonicated
for 20 seconds, kept at 4°C for 30 minutes, and spun at 15,000 x g for 10 minutes. The supernatant
was used for superoxide dismutase (SOD) enzyme assay by spectrophotometry following the
procedure of Paoletti et al (1986). In spectrophotometric cuvette, 800 μl of TEA-DEA buffer
containing 100 mM each of triethanolamine (TEA) and diethanolamine (DEA; Qualigens, Mumbai,
Maharashtra, India), 40 μl of 7.5 mM nicotinamide adenine dinucleotide reduced disodium salt
(NADH, SRL, Mumbai, Maharashtra, India), pH 7.4, 25 μl of a mixture (1:1, v/v) of 0.2 M ethylene
diamine tetra acetic acid disodium salt (Sigma-Aldrich Chemicals, Saint Louis, Missouri, USA) and
0.1 M manganous chloride (S.D. Fine Chemicals, Mumbai, Maharashtra, India), and 100 μl of sample
were added and mixed well, and the absorbance (OD) was measured immediately (0 minutes) and at
1, 2, 3, 4 and 5 minutes after addition of mercaptoethanol at 340 nm in a spectrophotometer
(Shimadzu, Japan). SOD activity (U/ml) was calculated from the ODs at different time intervals.

In erythrocytes
EDTA anti-coagulated blood was centrifuged at 200 x g at 4oC for 5 minutes and the RBC pellet was
collected and washed in 0.9% saline and then lysed with cold distilled water (1: 9, v/v). Following
centrifugation at 500 x g for 10 minutes, the supernatant was collected, and assayed for SOD
following the procedure stated above.

Statistical analysis of data
The results were statistically analyzed using SPSS statistical software (Statistical Package for Social
Sciences for windows, release 10.0, SPSS Inc., Chicago, IL, USA). Statistical differences were determined
by using Chi-square test, Student’s t test and Mann-Whitney U test, as applicable. The impact of all
variables on measurable inflammatory parameters was first examined by logistic regression analysis to
identify the potential confounders. Then the cumulative impact of these factors on the inflammatory
parameters was evaluated by stepwise multivariate logistic regression analysis. Any measured parameter
was treated as a variable, either continuous (when computing univariately for correlation) or dichotomous
(when examining association). Univariate analysis was carried out using Spearman’s rank correlation test
to find out the relation between two measurable parameters as continuous variables, and the result was
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expressed as rho value. Statistical significance was assigned at p<0.05.

Results
Cytological changes in the airways in association with long term exposure
to indoor air pollution from biomass fuel use
Compared with controls, the sputum samples of biomass users were more cellular and contained higher
number of inflammatory cells such as neutrophils, eosinophils and alveolar macrophages (AM), suggesting
inflammation of the lungs and airways (Table 7.1). In biomass users, alveolar macrophages were larger in
size and were heavily loaded with inhaled particles suggesting greater exposure to particulate air pollution
than that of LPG users.

Table 7.1. Percentage and absolute number of different cell types present in spontaneously expectorated sputum
of biomass- and LPG-using women
LPG users
(n= 1010)

Cell type
%
Total cells/hpf

Cells/hpf

%

Biomass users
(n = 2150)
Cells/hpf

61.5 ± 11.2

89.6 ± 14.5*

Neutrophil

81.4 ± 8.4

50.0 ± 4.8

73.1±11.8

65.5 ± 5.8**

Eosinophil

2.1 ± 0.7

1.3 ±0.4

2.7 ± 0.9

2.4 ± 1.0**

Lymphocyte

4.6 ± 0.7

2.8 ±1.1

5.5 ± 1.3

4.9 ± 1.3**

Macrophage

10.5 ± 1.5

6.5 ±1.3

10.6 ± 0.4

9.5 ± 0.6**

Epithelial cells

8.6 ± 0.1

5.3 ±1.0

6.0 ± 1.0

5.4 ± 0.3*

Results are expressed as mean ± SD;* *, p<0.0001 compared with control;*, p=0.0134 hpf, high power field (40x objective, 10 x eye piece)

Increased number of sputum neutrophils and eosinophils among biomass
fuel users
The percentage of neutrophils in sputum of biomass users was 73.1±11.8 (SD) against 81.4±8.4 % in
controls. However, due to increased total cell count, the absolute number of sputum neutrophils was
increased by 1.3-fold from 50.0±4.8 to 65.5±5.8 per high power field of microscope (400 x) among
biomass users (Table 7.1; Plate 7.1). Sputum of biomass users showed remarkably increased number of
eosinophils (Plate 4.2). The percentage of these cells in sputum of biomass users was 2.7 ± 0.9 in contrast
to 2.1 ± 0.7% in sputum of women. The absolute number of eosinophils was increased by 1.8-fold, from
1.3 ±0.4 per hpf in controls to 2.4 ± 1.0 per hpf among biomass users (Table 7.1).
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Plate 7.1. Photomicrogrraphs of spu
utum of biom
mass users showing neutrophilia. Pa
ap-stained, original
magnification
n 200x
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Marked increase in the number of lymphocytes and alveolar macrophages
The number of lymphocytes in sputum of biomass users was 1.7-times more than the control (4.9 ± 1.3 vs.
2.8 ±1.1 lymphocytes per hpf, p<0.0001). Alveolar macrophages (AM) represented 10.6 ± 0.4% of sputum
cells in biomass users compared with 10.5 ± 1.5% AM in controls. The total number of these macrophages
was nearly 1.5 times more, from 6.5 ±1.3 AM/hpf in controls to 9.5 ± 0.6 AM/hpf in biomass users (Table
7.1, Plate 7.3).
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Plate 7.3. Photomicrographs showing abundance of particle-laden alveolar macrophages in sputum of biomassusing women (C-H) than LPG-using rural controls (A and B). Variations in particle load and cell diameter was
found in alveolar macrophages of biomass users (F, H). Pap-stained, original magnification 1000x.
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Goblet ce
ell hyperp
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mucus
hyperseccretion an
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g disease
Abundance of goblet cellls in expectoorated sputum
m is indicativ
ve of mucus hypersecretioon. Such con
ndition
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o biomass users
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mann's spiral, representingg inspissated mucus plug
g, was
u
in contraast to 0.3% off LPG-using control (Platee 7.5).
present in spputa of 2.1% of biomass users

A

B

C

D

E

F

Plate 7.5. Photomicrog
graphs of exp
pectorated sp
puta of biomass-using wo
omen showing
g the presen
nce of
Curschmann
n spiral (A and
d B), goblet ce
ell hyperplasia
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Bioa
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h
and conidia
c
of fun
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m of biomasss users (Plate 7.6).
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Upregulation of iNOS expression in airway neutrophils and macrophages of
biomass using women: upregulation of nitric oxide production in the
airways
Expression of iNOS in airway neutrophils was detected by immunocytochemistry. It showed an elevated
level of iNOS expression in neutrophils of biomass users compared with LPG-using control women (Plate
7.7). The findings suggest upregulation of nitric oxide production by airway neutrophils and alveolar
macrophages of biomass using women.

Plate 7.7. Up-regulation of the expression of Inducible nitric oxide synthase (iNOS) in alveolar macrophages (D)
and neutrophils (E and F) of biomass users compared with lower level of iNOS expression in control women (A,
B and C), Immunocytochemical staining, 1000x.
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Association between sputum cytological changes and years of cooking with
biomass
Sputum cytology has shown that sputum of biomass using women contained more inflammatory cells than
that of controls, implying greater prevalence of pulmonary inflammation among biomass users.
Spearman’s rank correlation analysis (rho value) revealed a positive correlation between lifetime exposure
to indoor air pollution and increase in total and differential sputum cell counts (Table 7.2).

Table 7.2. Spearman’s rank correlation between years of cooking
with biomass fuels and differential distribution of sputum cells
Parameters

Rho value

P value

0.665

<0.05*

Cells/hpf
Neutrophil/hpf

0.022

<0.25*

Eosinophil/hpf

0.263

<0.05*

Lymphocyte/hpf

0.036

<0.05*

AM/hpf

0.362

<0.01*

*, Results are statistically significant

Positive association between particulate air pollution and sputum cell number
After controlling potential confounding factors, a positive association was observed between particulate
pollution exposure and changes in sputum cytology in logistic regression analysis (Table 7.3).

Table 7.3. Logistic regression analysis of the association between particulate air pollution and inflammatory cells
in sputum of biomass-using women after adjusting for potential confounders
Indoor air pollution
Odds ratio (95% Confidence interval)
PM10 *

PM2.5 *

Cells/hpf

1.39(1.08-2.43)

1.46(1.12-3.38)

Neutrophil/hpf

1.22(1.05-3.19)

1.38(1.10-3.25)

Eosinophil/hpf

1.75(1.19-4.22)

1.84(1.38-4.49)

Lymphocyte/hpf

1.45(1.21-3.44)

1.51(1.23-3.58)

AM/hpf

1.32(1.10-2.32)

1.57(1.14-3.27)

*, Results are statistically significant; Results are expressed as odds ratio with 95% confidence interval in parentheses; adjustment has been
made for education, family income, age and exposure years, husband’s smoking habit, use of mosquito repellant at home and adjacent
kitchen as confounders

Increased production of ROS by sputum cells and blood leukocytes
The sputum contained AM, epithelial cells, airway neutrophils, eosinophils and lymphocytes. ROS
generation by these cells as a whole was measured by flow cytometry in terms of MFI of DCFH-DA. The
MFI of DCFH-DA of sputum cells of biomass users was 2-times higher than that of controls (708.7 ± 84.9
vs. 346.4 ± 48.1, p< 0.001), suggesting doubling of ROS generation by inflammatory and airway epithelial
cells present in sputum.
A significant rise in ROS generation was also observed in circulating leukocytes of IAP-exposed women.
The MFI of DCFH-DA was increased by 36% in peripheral blood neutrophils (572.5 ± 36 vs. 420.6 ± 43 in
control, p<0.05) and 25% in monocyte (306.4 ± 24.8 vs. 245.6 ± 22.5, p<0.05) of biomass using women
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than LPG-using control.

Depletion of SOD in airway cells and circulating erythrocytes
Significant decline in the concentration of SOD was observed in women chronically exposed to biomass
smoke. There was 28% decrease in the level of SOD in airway cells of biomass-using women (565.30 ±
115.18 vs. 785.35 ± 83.77 U/ml, p< 0.001). In case of blood erythrocytes, there was 39% decline in SOD
(156 ± 65.2 vs. 255 ± 29.3 U/ml in control, p<0.001) in these women. Figure 7.2 showing rise in ROS
generation and depletion of SOD level in airway cells of biomass using women suggests oxidative stress in
the airway cells of biomass smoke exposed women in the rural areas of West Bengal, Himachal Pradesh
and Uttarakhand.

ROS in airway cells (MFI of DCFH-DA)

ROS and SOD level in sputum cells

SOD in airway cells (U/ml)

900

p<0.001
p<0.001

600

300

0
LPG users

Biomass users

Figure 7.2. Comparison of reactive oxygen species (ROS) and superoxide dismutase (SOD) levels in airway
cells of LPG- and biomass-using women. Bars represent standard deviation of mean

8
Systemic inflammation following chronic exposure to
indoor air pollution from biomass burning

Introduction
Besides airway inflammation, chronic exposure to IAP from biomass burning may results in systemic
inflammation. An attempt has been made in this section to examine this possibility.

Mediators of inflammation: proinflammatory cytokines and chemokines
TNFα
Tumor necrosis factor-alpha (TNF-α) is a pro-inflammatory cytokine and an acute phase protein produced
by the activated monocytes, macrophages and the lymphocytes. The low levels of this cytokine maintain
homeostasis by regulating the body's circadian rhythm, and promote the remodelling or replacement of
injured and senescent tissue by stimulating fibroblast growth. TNF-α possesses both growth stimulating
and growth inhibitory properties, and it appears to have self-regulatory properties as well. For instance, it
induces neutrophil proliferation during inflammation, but it also induces neutrophil apoptosis upon binding
to the TNF-R55 receptor (Murray, et al., 1997).
TNF-α initiates generation of chemokine like interleukin- 8 (IL-8) and increases vascular permeability,
thereby recruiting macrophage and neutrophils to the site of infection. TNF-α secreted by the macrophage
causes blood clotting which serves to contain the infection (Tracey, 1994). In addition, it enhances
neutrophil phagocytosis and antibody dependent cell cytotoxicity (Shalaby et al., 1985), triggers neutrophil
degranulation (Richter et al., 1989), and mediates the release of reactive oxygen metabolites (Nathan,
1987). Therefore, this cytokine plays a major role in augmenting tissue injury and host defence (Tracey,
1994).

Interleukin 8 (IL8)
In the respiratory tract, the first cells to encounter inhaled antigens and other pollutants are the
macrophages. They phagocytose (engulf) all inhaled particles. Upon processing, they release chemokines
to signal other immune cells to come in to the site of inflammation. IL-8 is one such chemokine. In
addition to macrophages, it is also synthesized by epithelial and endothelial cells which store IL-8 in their
storage vesicles, the Weibel-Palade bodies (Wolff et al., 1998; Utgaard et al., 1998).
IL-8 is one of the major mediators of the inflammatory response. It functions as a chemoattractant, and is
also a potent angiogenic factor. It serves as a chemical signal that attracts neutrophils at the site of
inflammation, and therefore is also known as ‘Neutrophil Chemotactic Factor’. Beside neutrophils, other
cells like endothelial cells, macrophages, mast cells and keratinocytes also respond to IL-8. It is reported
that people exposed to wood smoke had elevated levels of circulating IL-8 in their blood stream (Swiston
et al., 2008).

Interleukin12 (IL12)
Interleukin-12 (IL-12) is a pro-inflammatory cytokine. It favours the differentiation of naive T cells into
Th1 cells or Th2 cells (Trinchieri, 2003). It stimulates the production of interferon-gamma (IFN-γ) and
TNF-α from T and natural killer (NK) cells, and reduces IL-4 mediated suppression of IFN-γ. Dendritic
cells (DCs) and phagocytes produce IL-12 in response to pathogens during infection (Trinchieri, 2003).
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Creactive protein (CRP)
Inflammation induces high levels of acute-phase proteins such as C-reactive protein (CRP) and serum
amyloid A. CRP is the prototypic marker of inflammation (Kones et al., 2009). Its level in blood rises in
response to systemic inflammation (Szalai et al., 1999). It is produced by the liver and secreted into the
blood stream within a few hours after the start of an inflammatory response (Szalai et al., 1999). Its
production is dependent on pro-inflammatory cytokines IL-6 and TNF- α. Its physiological role is to bind
with phosphocholine expressed on the surface of dead or dying cells in order to activate the complement
system via the C1q complex (Thompson et al., 1999).
CRP is an independent cardiovascular risk marker as it promotes atherogenesis (Torzewski et al, 2000,
Cermak et al, 1993) via endothelial dysfunction (Venugopal et al., 2002). Increased level of C-reactive
protein impairs glycocalyx function resulting in endothelial dysfunction (Devaraj et al., 2009). CRP also
stimulates superoxide production and the subsequent formation of peroxynitrite. CRP promotes tissue
factor expression in monocytes and also induces adhesion molecule and chemokine expression in human
endothelial cells (Cermak et al, 1993, Pasceri et al, 2000). Collectively, CRP could promote inflammation
and endothelial dysfunction and participate in the development of coronary artery disease (Hein et al.,
2009).

Interleukin6 (IL6)
Interleukin-6 (IL-6) is a 26-kD cytokine with pleiotropic activities in both the immune and hematopoietic
systems. It is produced in response to inflammatory stress and is one of the major regulators of the acutephase response (Geiger et al., 1988). It is produced by different cell types that include T cells,
macrophages, and fibroblasts and mediates a wide variety of biological activities (Haegeman et al., 1986;
Rennick et al., 1989). IL-6 produced by stromal cells in the bone marrow induces the proliferation and
differentiation of hematopoietic cells in the bone marrow microenvironment (Gupta et al., 1998).
Therefore, IL-6 produced either in the bone marrow (Gupta et al., 1998) or at distant sites and released into
the systemic circulation could have a profound effect on the production and the kinetics of neutrophils. It
stimulates the bone marrow to release leukocytes and platelets (Gabay and Kushner, 1999; Suwa et al.,
2000; Musselman et al., 2001; Möbius-Winkler et al., 2009). The biological activity of IL-6 is mediated
via two membrane receptor proteins, a unique low-affinity binding receptor (IL-6R) and the high-affinity
transducing β-subunit gp130 (Osterud and Bjorklid, 2003).
IL-6 prevents apoptosis of neutrophils (Wang and Sun, 2009), stimulates CRP synthesis in the liver and
indirectly helps the binding of CRP to tumor cells, leading to tumor cell lysis. Conversely, IL-6 favours
tumor growth in vivo of most cancers (Trikha et al., 2003). IL-6 is also produced by tumor cells and
platelets (Wu et al., 1996; Kurzrock, 1997). It may stimulate tumor cell proliferation and induce leukocyte
recruitment as part of an autocrine growth factor loop (Heikkilä et al., 2008). High serum IL-6 levels were
detected in patients with breast, colorectal, gastric, pancreatic ovarian, lung, prostate and renal cell cancers,
and in patients with melanoma, multiple myeloma, leukemia and lymphoma (Wu et al., 1996; Kurzrock,
1997; Trikha et al., 2003; Heikkilä et al., 2008; Wang and Sun, 2009). High serum IL-6 levels have been
associated with progressive diseases and poor survival. Also in the breast cancer IL-6 play a key role
because the presence of specific polymorphism in IL-6 promoter region and consequently high levels of
IL-6 is a predisposing genetic factor that contributes to breast cancer worse prognosis (Berger, 2004).
Moreover, incubation of cholangiocarcinoma cells with anti-IL-6 neutralizing serum reduced the
phosphorylation of Akt and diminished the expression of antiapoptotic protein Mcl-1, suggesting that IL-6
regulates Akt-mediated survival signals (Kobayashi et al., 2005).

Antiinflammatory Interleukin10 (IL 10)
Interleukin-10 (IL-10) is an anti-inflammatory cytokine. It represses the expression of pro-inflammatory
cytokines such as TNF-alpha, IL-6 and IL-1 by macrophages (Abbas et al., 1994). It also enhances B cell
survival, proliferation, and antibody production. This cytokine can block NF-κB activity, and is involved
in the regulation of the JAK-STAT signalling pathway.
A study in mice has shown that interleukin-10 is also produced by mast cells, counteracting the
inflammatory effect that these cells have at the site of an allergic reaction. IL-10 also displays potent
abilities to suppress the antigen presentation capacity of antigen presenting cells.
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IL-10 is mainly produced by monocytes and TH2 subset of CD4+ helper cells. However, it is also
produced by some activated B cells, some TH1 cells (in humans), activated macrophages, and some
nonhematopoietic sources (e.g. keratinocytes, colon carcinoma, melanoma cells) [Cohen et al., 1997].

Objective
The objective was to examine whether chronic inhalation of biomass smoke increases the risk of systemic
inflammation and oxidative stress that, in turn, can increase the risk of cardiovascular disease (CVD).

Materials and methods
Participants
A total of 972 premenopausal women were randomly selected from the enrolled participants after
obtaining written informed consent. They attended health check-up camps organized in different villages
with the active cooperation of the local administrative bodies and nongovernmental organizations. Among
the participants, 587 women (aged 28–42 yr, median 34 yr) were cooking daily for 3–6 hours exclusively
with wood, cow dung and agricultural refuse, such as bamboo, jute stick, paddy husk, hay, and dried leaves
for the past 5 years or more. Accordingly they were grouped as biomass-users. The remaining 385 women,
aged 27–42 yr, median age 33 yr, were from the same villages, but they cooked with cleaner fuel LPG and
were considered as control. Some households, especially those using biomass as cooking fuel, lacked a
separate kitchen. Women of these households used to cook in a space adjacent to the living room. The
inclusion and exclusion criteria have been described in Chapter 3.

Collection of blood and expectorated sputum
Venous blood (5 ml) was collected in vacutainer tubes (Becton Dickinson [BD], San Jose, CA, USA)
containing K2EDTA as anticoagulant. Blood was collected at a fixed time of the day (9.30–10.30 hours) to
minimize diurnal variation.

Measurement of the plasma TNFα by ELISA
TNF-α is a pro-inflammatory cytokine. Its concentration in blood plasma of biomass- and LPG-using
women was measured by enzyme-linked immunosorbent assay (ELISA) using commercially available kit
(human ELISA kit # 550610 of BD Biosciences, San Diego, CA, USA) with lowest detection level of 2
pg/ml. The manufacturer’s protocol was followed for the assay. In brief, 100 µl of plasma and standard
were taken in anti-human TNF pre-coated microtiter plate and incubated for 2 hours. The wells were
washed 5-times by wash buffer and 100 µl of working detector containing biotinylated anti-human TNF
monoclonal antibody and avidin–horseradish peroxidase conjugate, was added to each well and incubated
for 1 hour at room temperature. The wells were washed as earlier. Thereafter, 100 µl of substrate (tetra
methyl benzidine) was added to each well and incubated in the dark for 30 minutes on a microtiter plate
shaker at 350 rpm at 15-25°C for colour development. Then 50 µl of stop solution that contains 1M
phosphoric acid was added to each well. Then the absorbance of the colour that developed was measured
photometrically at 450 nm in an ELISA reader (BioRad, Model 550, USA). The level of TNF-α was
calculated from the standard curve using human TNF-α standard (0-250 pg/ml) and the optical density
(OD) of the sample.

Measurement of plasma IL8 by ELISA
In order to investigate the possibility of inflammation caused by chronic exposure to indoor air pollutants,
the level of a chemokine, IL-8 in blood plasma was measured by ELISA using commercially available kit
(# 1967932 of Roche Diagnostics GmbH, Mannheim, Germany) with lowest detection level of 6.2 pg/ml.
The manufacturer’s protocol was followed for the assay. At first, 20 µl of each standard and plasma was
taken separately in streptavidin pre-coated microtiter plate. Next, immuno-reagents containing mixture of
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100 μl of anti-hIL-8-peroxidase to 2ml incubation buffer and 100 μl of anti- hIL-8-biotin were added.
After this, the mixture was incubated for 2 hours at room temperature, washed thrice with washing buffer
for 1 minute each. Thereafter, 200 µl of substrate (tetra methyl benzidine) was added to each well and
incubated in the dark for 30 minutes on a microtiter plate shaker at 350 rpm at 15-25°C for 10-25 minutes
for colour development. The absorbance was measured photometrically at 450 nm in an ELISA reader
(BioRad, Model 550, USA) after adding 50 µl of stop solution. ). The level of IL-8 was calculated from the
standard curve using IL-8 standard (0-800 pg/ml) and the optical density (OD) of the sample.

Measurement of interleukin6 (IL6) level in plasma by ELISA
IL-6 is a pro-inflammatory cytokine. Its concentration in peripheral blood was measured in plasma by
ELISA using commercially available kit (BD Biosciences, USA). The manufacturer’s protocol was
followed for the assay. In brief, 50 µl of plasma and standard were taken in anti-human IL-6 pre-coated
microtiter plate and incubated for 2 hours. The wells were washed 5-times by wash buffer and 100 µl of
working detector containing biotinylated anti-human IL-6 monoclonal antibody and avidin–horseradish
peroxidase conjugate, was added to each well and incubated for 1 hour at room temperature. Thereafter the
wells were washed as described earlier. Then 100 µl of substrate (tetra methyl benzidine) was added to
each well and incubated in darkness for 30 min on a microtiter plate shaker at 350 rpm at 15-25°C for
colour development. 50 µl of stop solution containing 1M phosphoric acid was added to each well and then
absorbance was measured photometrically at 450 nm in an ELISA reader (BioRad, Model 550, USA). The
concentration of IL-6 in blood plasma was calculated from the standard curve using human IL-6 standard
(0-500 pg/ml) and the optical density (OD) of the sample.

Estimation of plasma interleukin12 (IL12) by ELISA
Interleukin-12 (IL-12) is a pro-inflammatory cytokine. Its concentration in blood plasma was measured by
ELISA using commercially available kit (BD Opt EIA cat. # 559258, BD Biosciences, San Jose, CA,
USA). The manufacturer’s protocol was followed for the assay. In brief, 100 µl of plasma and standard
were taken in anti-human IL-12 pre-coated microtiter plate and incubated for 2 hours. The wells were
washed 5-times by wash buffer and 100 µl of working detector containing biotinylated anti-human IL-12
monoclonal antibody and avidin–horseradish peroxidase conjugate, was added to each well and incubated
for 1 hour at room temperature. Thereafter the wells were washed as described earlier. Then 100 µl of
substrate (tetra methyl benzidine) was added to each well and incubated in darkness for 30 min on a
microtiter plate shaker at 350 rpm at 15-25°C for colour development. Fifty micro liter of stop solution
containing 1M phosphoric acid was added to each well and then absorbance was measured photometrically
at 450 nm in an ELISA reader (BioRad, Model 550, USA). The concentration of IL-12 in plasma was
calculated from the standard curve using human IL-12 standard (0-500 pg/ml) and the optical density (OD)
of the sample. The minimum detectable concentration by the kit was 4.0 pg per ml of plasma.

Estimation of interleukin10 (IL 10) in plasma by ELISA
Interleukin-10 (IL-10) is an anti-inflammatory cytokine. Its concentration in blood plasma was measured
by ELISA using commercially available kit (BD Opt EIA, cat. # 550613, BD Biosciences, San Jose, CA,
USA). The manufacturer’s protocol was followed for the assay. The minimum detectable concentration by
the kit was 2.0 pg per ml of plasma.

Measurement of Creactive protein (CRP) level in serum by ELISA
Blood in the no-additive vacutainer was allowed to clot and serum was collected. The concentration of
CRP in serum was measured by ELISA using commercially available kit (# EU59131 of IBL, Hamburg,
Germany) with lowest detection level of 1.0 µg/ml. The assays were performed following procedures
recommended by the manufacturers. The standard was diluted 1:100 and the sample sera were diluted
1:1000. Then 100 µl of the standard and sample were pipetted into the assay wells and incubated at room
temperature for 30 min. After washing, 100 µl of conjugate solution (peroxidase-conjugated anti-human
CRP monoclonal antibody, antimicrobial agent and inert red dye) was added and incubated for 30 min at
room temperature. After washing, 100 µl of chromogen solution containing hydrogen peroxide and
tetramethyl benzidine was added, incubated in darkness for 10 min. Reaction was stopped by adding stop
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solution that contains 50 µl of 1M H2SO4 . The absorbance of each well at 450 nm was taken in an ELISA
reader (model Infinte M200, Tecan GmBH, Grodig, Austria) within 30 min.

Serum level of total immunoglobulin E (IgE)
Commercially available kit (IBL, Hamburg, Germany) was used to determine the level IgE in serum. The
manufacturer’s protocol was followed for the assay. The Total IgE ELISA is based on the principle of the
enzyme immunoassay (EIA). A monoclonal mouse- anti- human IgE antibody is bound on the surface of
the microtiter strips. At first, 10 µl of each undiluted serum and the ready-to-use standards were pipetted
separately into the wells of the microtiter plate along with 200 µl of anti-human IgE-peroxidase conjugate
and incubated for 30 minutes at room temperature. After this, the mixture was washed thrice with diluted
washing solution to remove unbound material. Then, 100 µl of substrate (tetra methyl benzidine) was
added to each well and incubated for 15 minutes in the dark, inducing blue colour development. Lastly,
colour development was terminated by adding 100 µl of stop solution, which changed the colour from blue
to yellow. The resulting dye was measured photometrically at 450 nm in an ELISA reader (BioRad, Model
550, USA). The level of IgE was calculated from the standard curve using IgE standard (0-1000 IU/ml)
and the optical density (OD) of the sample.

Measurement of oxidized LDL (oxLDL) in plasma by ELISA
Plasma was obtained by centrifugation of EDTA-anticoagulated whole blood at 2500 x g for 10 minutes at
4°C. The concentration of oxidized low-density lipoprotein (oxLDL) in plasma was measured by enzymelinked immunosrobent assay (ELISA) using commercially available kit (# 10-1143-01, Mercodia AB,
Uppsala, Sweden) following the manufacturer’s protocol. The lowest detection limit of the kit was 1.0
mU/l.

Measurement of Serum Anticardiolipin Antibodies (aCL) IgG and IgM
Serum aCL IgG and IgM were measured by enzyme-linked immunosorbent assay (ELISA) using
commercially available kit (The Binding Site Ltd, Birmingham, UK; #MK 071) with a lowest detection
limit of 1 GPL U/ml for IgG and 0.6 MPL U/ml for IgM. In brief, serum samples (10 μl) were collected
after clot formation and diluted with 1.0 ml of diluent provided in the kit and mixed well. One hundred
microliter of diluted samples along with standards (100, 50, 25, 12.5 and 6.25 GPL/MPL U/ml of human
aCL IgG/IgM) were dispensed into 96-well antibody-coated plates and incubated for 30 minutes at room
temperature, washed thrice with 300 μl of washed buffer. Then, 100 μl of peroxidase-conjugated antibody
was added to each well and incubated for 30 minutes at room temperature; washed. Then, 100 μl of
tetramethylbenzidine solution was added and incubated for 30 minutes in darkness at room temperature.
Thereafter, 100 μl of stop solution containing 3.0 M phosphoric acid was added to terminate the reaction,
and the optical density was read in microplate ELISA reader (model Infinite M 200, Tecan GmbH, Grödig,
Austria) at 450 nm. The readings were plotted against standard curve to get the concentration of the
sample. The cut off value for aCL IgG was set at 10 IU/ml and at 15 IU/ml for IgM isotype based on 99th
percentile value of 100 pre-menopausal women and the cut off levels correspond well with the report of
Türkoğlu et al (2008).

Statistical analysis of data
The results were statistically analyzed by Student’s ‘t’ test, Chi-square test and ANOVA; and p<0.05 was
considered significant. Logistic regression analysis of data was done by SPSS 10.0 (Chicago, IL, USA)
statistical package. Spearman’s correlation (rho), Kendall’s tau_b coefficient and Pearson correlation
coefficient tests were done to test the degree of correlation between exposure and possible outcomes.
p<0.05 was considered as significant.
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Results
Elevated levels of proinflammatory mediators in peripheral blood of
biomass users
Higher level of TNF α in plasma
The median value of plasma concentration of TNF- α in biomass-using women was 79% higher than the
control (21.1 vs. 11.8 pg/ml, p<0.0001), while the mean TNF- α level was 72% higher than the control
level (22.8 ± 4.1 vs. 13.2 ± 2.6 pg/ml, p<0.0001; Figure 8.1)

Increase in plasma IL8 level
Biomass-using women of this study had a median plasma IL-8 level of 29.5 pg/ml in contrast to 19.6 pg/ml
in control. Thus, median IL-8 level was increased by 50% over control. Similarly, the mean plasma IL-8
level of biomass-using women was increased by 52% (36.2 ± 8.3 pg/ml) against a mean (SD) control of
23.8 ± 4.7 pg/ml (p<0.0001; Figure 8.1). TNF- α and neutrophil chemoattractant IL-8 in peripheral blood
of biomass smoke exposed women indicates greater trafficking of leukocytes from circulation to the tissues
causing inflammation.
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Figure 8.1. The mean concentrations of pro-inflammatory mediators in plasma of biomass and LPG-using
women. Bars represent standard deviation of mean

Elevated plasma IL12 level among biomass users
The mean concentration of IL-12 in biomass users was 2- times more than that of LPG-using women
(arithmetic mean 74.4 ± 27.5 (SD) vs. 38.2 ± 7.1 pg/ml, p<0.0001). The median was 55.8 pg/ml in biomass
users against 39.2 pg/ml in controls (Figure 8.2) Thus, biomass users had 1.4 fold higher median plasma
IL-12 level than the controls. The 25th and 75th percentile levels IL-12 in biomass users were 32.2 and
82.1 pg/ml, respectively, against 35.3 and 42.4 pg/ml in LPG- users.
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Figure 8.2. Box-whisker plots showing concentrations of IL-12 among biomass and LPG using women. The lines
across each box plot represent the median value. The lines that extend from the top and the bottom of each box
represent the lowest and highest observations still inside the lower and upper limit of confidence. Circles outside
the box represent outliers. The difference between these two groups was statistically significant (p< 0.0001) in
Mann–Whitney U test

Depleted plasma IL10 level among biomass users
In contrast to pro-inflammatory mediators, plasma level of IL-10, an anti-inflammatory cytokine, was
reduced in biomass users. The mean concentration of IL-10 in biomass users was 1.4- times reduced than
that of LPG-using women (arithmetic mean 14.5 ± 7.7 (SD) vs. 21.0 ± 3.3 pg/ml, p<0.0001). The median
was 11.9 pg/ml in biomass users against 21.1 pg/ml in controls (Figure 8.3) Thus, LPG users had 1.8 fold
higher median plasma IL-10 level than biomass using women. The 25th and 75th percentile levels IL-10 in
biomass users were 11.3 and 13.8 pg/ml, respectively, against 20.0 and 23.5 pg/ml in LPG- users.
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Figure 8.3.
Box-whisker plots showing concentrations of IL-10 among biomass and LPG using women. The
lines across each box plot represent the median value. The lines that extend from the top and the bottom of each
box represent the lowest and highest observations still inside the lower and upper limit of confidence. Circles
outside the box represent outliers. The difference between these two groups was statistically significant (p< 0.05)
in Mann–Whitney U test.

Elevated concentration of IL6 in serum of biomass users
Like TNF- α, serum concentration of IL-6 was significantly higher than the control level in biomass-using
women. The mean value was 27.8% higher (62.91 ± 13.6 vs. 49.23 ± 8.1 pg/ml, p<0.0001) while the
median value was 26.9% higher than the control level (63.0 vs. 49.62 pg/ml, p<0.0001; Figure 8.4).
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Figure 8.4. The concentrations of serum IL-6 in biomass and LPG-using women. The difference between these
two groups was statistically significant (p< 0.0001) in Mann–Whitney U test.
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Elevated serum CRP level in biomass users
The mean (SD) serum level of CRP among biomass-using women was 8.5 ± 2.0 µg/ml compared to a
control level of 1.8 ± 0.5 µg/ml (median value 1.8 µg/ml) (p<0.0001; Figure 8.5). In LPG-using control
women the CRP level varied between 1.1 and 2.8 µg/ml. In contrast, biomass-using women had a median
serum CRP level of 8.5µg/ml with a range of 5.1 to 14.8 µg/ml. Therefore, CRP level was 4.7-times higher
than the control level in women who used to cook with biomass fuel.
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Figure 8.5. The concentrations of CRP in serum of biomass and LPG-using women. The difference between
these two groups was statistically significant (p< 0.001) in Mann–Whitney U test.

Elevated level of total immunoglobulin E (IgE) in serum of biomass users
Total serum IgE level in LPG-using control women was 138.8 ± 17.6 IU/ml. In contrast, biomass-users had
354.3 ± 43.7 IU/ml of IgE, a 2.5-fold increase over control (p<0.001; Fig. 8.6). Being an allergen-specific
antibody, increased IgE may suggest hypersensitivity reaction among biomass using women.
Rise in IgE was positively associated with indoor air pollution (PM10) in logistic regression analysis after
controlling education, family income and kitchen location as potential confounders (OR = 2.41, 95% CI:
1.67-4.02). Spearman’s rank test revealed strong association of IgE with lifetime exposure to biomass
smoke (rho=0.479, p=0.013). This positive correlation also proposes to some extent, significant role of
biomass smoke in contributing inflammation, allergy and infection among exposed subjects.
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Progressive rise in serum immunoglobulin E in relation to duration of biomass smoke
exposure
Biomass using women of rural West Bengal, Uttarakhand and Himachal Pradesh who were exposed to
highest cooking smoke exposure (category III) had nearly 17% more IgE serum level against those who
had least exposure (category I, Fig. 8.7, p<0.01).
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Figure 8.7. Increased titers of IgE in accordance to biomass smoke exposure; note progressive rise in the level
of IgE with exposure: category – I <10,000, category II=10,000-20,000, and category III >20,000 hours- years

Statistical tests represented strong positive correlation of serum IgE level with cumulative exposure to
biomass smoke (Table 8.1). This positive correlation also proposes to some extent, significant role of
biomass smoke in contributing inflammation, allergy and infection among exposed subjects. However,
logistic regression analysis did not show much significant association of IgE level with biomass smoke
(OR=1.8, 95% CI: 0.3-3.2).

Table 8.1. Positive correlation between serum IgE level and lifetime exposure to biomass smoke
Correlation tests

Correlation coefficient

p value

Spearman’s rank rho

0.379*

0.013

Kendall’s tau_b coefficient

0.340*

0.016

Pearson correlation coefficient

0.256*

0.019

Serum IgE level was negatively correlated with all lung function parameters. But the association was
strong and statistically significant for FVC (Table 8.2).

Table 8.2. Correlation between lung function and serum IgE
Parameter

Spearman’s

Kendall’s tau_b

Pearson’s

rho

p

Coefficient

p

Coefficient

p

FVC

- 0.753

0.001

- 0.565

0.002

- 0. 669

0.005

FEV1

- 0.213

0.427

- 0.176

0.344

-0.298

0.262

FEV1/FVC

- 0.291

0.274

- 0.226

0.224

- 0.260

0.332

FEF25-75%

- 0.147

0.586

- 0.305

0.104

- 0.164

0.545
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Association between particulate pollutants present in indoor air and inflammatory
mediators
Increased PM10 and PM2.5 levels in indoor air were positively associated with rise in IL-6, CRP, TNF-α,
IL-8, IL-12 and with depletion of IL-12 after controlling for education, family income and kitchen location
as potential confounders in multivariate logistic regression analysis (Table 8.3).

Table 8.3. Logistic regression analysis of the association between particulate pollution in indoor air and different
variables after adjusting for potential confounders

Rise in serum IL-6

Rise in PM10
[OR (95% CI)]*
1.85 (1.35-3.74)

Rise in PM2.5
[OR (95% CI)]*
2.12 (1.22-4.08)

Rise in serum CRP

1.69 (1.24-3.58)

2.20 (1.35-4.31)

Rise in serum TNF-α

1.23 (1.03-1.69)

1.34 (1.18-1.85)

Rise in plasma IL-8

1.44 (1.14-2.67)

2.05 (1.37-3.76)

Rise in plasma IL-12

1.34 (1.16-1.79)

1.39 (1.18-2.43)

Depletion of plasma IL-10

1.21 (1.04-2.21)

1.67 (1.34-2.88)

Variables

*, Statistically significant odds ratio with 95% confidence interval in parentheses; Adjustment has been made for education, family income
and kitchen location as confounders

Plasma level of oxLDL
Plasma levels of oxLDL in biomass- and LPG-using women are presented in Figure 8.8. oxLDL
concentration varied between 35.4 and 57.7 U/l with a median of 45.9 U/l among control women. In
contrast, biomass users had a median of 170.6 U/l with a range of 85.3–206.7 U/l. The mean (± SD.)
plasma oxLDL level of biomass users was 3.6 times more than that of control (166.6 ± 29.5 vs. 46.5 ± 7.6
U/l, p < 0.001), and the lowest oxLDL value observed among biomass-using women was more than the
highest value recorded in the control group (Figure 8.8). A comparison of plasma oxLDL level among
women cooking with biomass for 5–14 years or longer revealed significantly higher concentration in the
latter group (185.9 ± 38.4 vs. 149.7 ± 31.8, P < 0.05). Moreover, oxLDL level showed a strong positive
association with particulate pollution in multivariate logistic regression analysis.

Impedance (Ohms)

166.6
200
180
160
140
120
100
80
60
40
20
0

*

LPG
Biomass
46.5

Figure 8.8. Histogram showing concentrations of oxidized low-density lipoprotein in plasma of women who used
to cook exclusively with liquefied petroleum gas or biomass fuel. Bars indicate standard deviation of data; *P <
0.05 compared with liquefied petroleum gas–using control in Student’s t-test
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Anticardiolipin antibody
Serum level of aCL of the IgG isotype above the cut-off value of 10 GPL was recorded in 28.7% biomassusing and 2.1% LPG-using control women of this study, and the difference was highly significant in Chisquare test (p < 0.001). The degree of increment in aCL IgG level, however, was mild (up to 20 GPL) in
both biomass- and control groups. In case of aCL of the IgM isotype, 8.6% of biomass users and 0.4% of
control (0.4%) had serum level above the cut-off value of 15 MPL (P < 0.001). A positive association was
found between particulate pollution in indoor air and serum level of anticardiolipin antibodies, especially
the IgG isotype, in multivariate logistic regression analysis (Table 8.4).

Table 8.4. Logistic regression analysis of the association between particulate pollution in indoor air and different
variables after adjusting for potential confounders
Variables

PM10

PM2.5

Increase in platelet aggregation

1.91 (1.33–2.69)*

2.04 (1.68–2.35)*

Rise in oxLDL in plasma

2.24 (1.86–3.89)*

2.66 (1.98–4.13)*

Rise in serum anticardiolipin IgG

1.33 (1.12–1.57)*

1.58 (1.19–1.84)*

Rise in serum anticardiolipin IgM

1.19 (1.06–1.31)*

1.22 (1.10–1.44)*

*,Statistically significant; Results are expressed as odds ratio with 95% confidence interval in parentheses; adjustment has been made for
education, family income, age and exposure years, husband’s smoking habit and adjacent kitchen as confounders

9
Indoor air pollution and
the Akt signaling pathway
Introduction
Akt or protein kinase B (PKB) is a serine/threonine kinase. It controls key cellular processes like glucose
metabolism, cell cycle progression, apoptosis, and cell survival (Eves et al., 1998; Kulik and Weber, 1998;
Brunet et al., 1999; Burow et al., 2000; Madrid et al., 2000; Monick et al., 2001). Change in Akt
expression can be clinically relevant. Up-regulation of phosphorylated Akt (p-Akt) is considered an early
event in the pathway of bronchial (Tsao et al., 2003; Chun et al., 2003; Balsara et al., 2004; Al-Saad et al.,
2009), oral (Watanabe et al., 2009), and mammary (Al-Bazz et al., 2009) carcinogenesis. Besides, Akt
activation may cause relaxation of vascular smooth muscle cells via increased nitric oxide production
(Carrillo-Sepu´lveda et al., 2010), suppression of gastric acid secretion (Rotte et al., 2010), airway
inflammation via activation of pro-inflammatory mediators (Beaver et al., 2009; Lee et al., 2010), and
perpetuation of inflammation by delaying neutrophil apoptosis (Salamone et al., 2010).

Activation of Akt
Phosphatidylinositol 3-kinase (PI3Ks) is activated by growth factor stimulation through receptor tyrosine
kinases (RTKs) (Skolnik et al., 1991; Kang et al., 2006; Zhao and Vogt, 2008). The regulatory subunit,
p85, directly binds to phosphotyrosine residues on RTKs and/or adaptors (Carpenter et al., 1993). This
binding relieves the intermolecular inhibition of the p110 catalytic subunit by p85 and localizes PI3K to
the plasma membrane where its substrate, phosphatidylinositol 4,5-bisphosphate (PI[4,5]P2), resides
(Carpenter et al., 1993; Zhao and Vogt, 2008). PI3K can also be stimulated by activated Ras, which
directly binds p110 (Shaw and Cantley, 2006). Additionally, the p110β catalytic subunit can be activated
by G-protein coupled receptors (Katso et al., 2001). PI3K phosphorylates PIP2 on the 3’OH position to
produce PI(3,4,5)P3 (PIP3; Phosphatidylinositol 3,4,5-trisphosphate). The tumor suppressor phosphatase
and
tensin
homolog
deleted on chromosome
10
(PTEN)
dephosphoryates PIP3 to
PIP2, thereby terminating
PI3K-dependent
signalling (Courtney et
al.,
2010).
PIP3
propagates intracellular
signalling by directly
binding
pleckstrin
homology (PH) domains
of various signalling
proteins (Cantley, 2002).
PI(3,4,5)P3 brings two
PH
domain-containing
serine/threonine kinases,
phosphoinositideFigure 9.1. PKB/Akt regulation by receptor tyrosine kinases.
dependent
kinase
1
(PDK1) and AKT, into
close proximity. PDK1 activates AKT by phosphorylating AKT at threonine 308 (Currie et al., 1999;
Majumder and Sellers, 2005). Phosphorylation of Akt at Thr308 by phosphoinositide-dependent kinase 1
(PDK1) partially activates Akt (Alessi et al. 1996), and its full activation is achieved by additional
phosphorylation at Ser473 by phosphoinositide dependent kinase 2 (PDK2) (Toker and Newton 2000).
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PTEN : negative regulators of Akt
Negative regulation of the PI3K pathway is primarily accomplished through the action of the phosphatase
and tensin homologue deleted on chromosome ten (PTEN) tumor suppressor proteins. PTEN encodes a
lipid and protein phosphatase whose primary lipid substrate is PtdIns(3,4,5)P3 (Lioubin et al., 1996;
Damen et al., 1996; Mahimainathan and Choudhury , 2004; Gao et al., 2005; Silva et al., 2008; Chalhoub
and Baker, 2009; Gupta et al., 2009; McCubrey et al., 2011). PTEN is frequently inactivated in many
human cancers through point mutations as well as other means (e.g., promoter hypermethylation, gene
deletion) and its inactivation results in elevated Akt activity and abnormal growth regulation (Chalhoub
and Baker, 2009; McCubrey et al., 2011). Moreover, PTEN can be inactivated by phosphorylation and
oxidation in human cancer and which results in elevated Akt activity and abnormal growth regulation
(Silva et al., 2008). Thus, drugs reactivating PTEN could potentially be very useful in some types of
tumors driven by PTEN inactivation.

Functions of Akt
Akt controls key cellular processes like glucose metabolism, cell cycle progression, apoptosis, and cell
survival. Following activation, Akt detaches itself from the cell membrane, migrates to the cytoplasm or
the nucleus, and starts mediating pro-survival and anti-apoptotic effects in part via phosphorylation and
inhibition of the Bcl-2 homolog BAD, phosphorylation and inactivation of FoxO subfamily of forkhead
transcription factors, transcriptional activation of Yes-associated protein (Datta et al., 1997; Brunet et al.,
1999), phosphorylation of pro-caspase 9 (Cardone et al., 1998) and activation of transcription factor
CREB, which enhances transcription of cell survival genes such as Bcl-2 family member, Mcl-1 (Wang et
al., 1999). P-Akt mediates delay of neutrophil apoptosis induced by inflammatory mediators (Rane et al.,
2009), and neutrophils with increased p-Akt have prolonged lifespan (Zhu et al., 2006). Oxidative stress
and GM-CSF- mediated activation of Akt is associated with prolonged survival of macrophages,
neutrophils and T-lymphocytes (Jones et al., 2000; Klein et al., 2000; Wang et al., 2000). In addition, Akt
mediates cell proliferation and migration via the phosphorylation and activation of the endothelial nitric
oxide synthase and inactivation of p21CIP1 and p27KIP1, which are inhibitors of cyclin-dependent kinases
(Diehl et al., 1998; Fosbrink et al., 2006). Akt inactivates the cell cycle regulator GSK3 by
phosphorylation (Shaw et al., 1997), promoting cell cycle entry by targeting D-type cyclins for proteolysis
(Diehl et al., 1998). Akt activation facilitates cell survival even after DNA adducts formation (West et al.,
2003). In conformity with this, excessive activation of Akt has been implicated in the development of a
wide range of human cancers (Scheid and Woodgett, 2001). Akt mediates its tumor-promoting activity by
a variety of mechanisms that include down-regulation of its inhibitor phosphatase and tension homologue
deleted on chromosome 10 (PTEN), activation of the proto-oncogene Ras, and up-regulation of growth
factor receptors (Luo et al., 2003).

Akt and inflammation
Akt selectively triggers NFκB p65/RelA heterodimer activation to coordinate monocyte and neutrophil
recruitment in response to smoke and infection (Bozinovski et al., 2006). The transduction pathways and
inflammatory responses activated by cigarette smoke and infectious pathogen products such as
lipopolysaccharide (LPS) trigger innate immunity-mediated exacerbations in a similar manner, as inferred
by coordinated expression of chemoattractant factors following activation of NFκB. Bacterial endotoxins
stimulate lung epithelial cells to release neutrophil and monocyte chemotactic peptides (Koyama et al.,
1999, 2000) by coordinated activation of Toll like receptors (TLRs) that respond to LPS (gram-negative
cell wall component; TLR4) and lipoteichoic acid (gram-positive cell wall component; TLR2) (Brightbill
et al., 1999; Takeuchi et al., 1999; Underhill et al., 1999). Consistent with LPS, cigarette smoke extract
also promotes release of chemotactic factors (Masubuchi et al., 1998). Binding sites for NFκB are present
in the promoter region of many inflammatory mediators including GM-CSF (Thomas et al., 1997), MCP-1
(Takaya et al., 2000), and IL-8 (Ozes et al., 1999); and NFκB cooperates as part of a higher order complex
to promote transcription. NFκB is normally sequestered in the cytoplasm through an association with
inhibitor of NFκB (IκB). When cells are exposed to activation signals such as LPS, oxidative stresses, and
TNFα, IκB is phosphorylated and targeted for proteolytic destruction. This process is promoted by Akt,
which triggers IκB kinase alpha (IKKa) to phosphorylate IκB (Ozes et al., 1999). Akt can also enhance the
DNA binding activity of NFκB by targeting the transactivation domain of the p65 subunit for
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phosphorylation (Sizemore et al., 1999; Madrid et al., 2000).

Akt and oxidative stress
Reactive oxygen species (ROS), such as H2O2 and O2 have emerged as key mediators of intracellular
signalling, which is elevated by various types of extracellular stimuli, including growth factors, cytokines,
and environmental stresses. It is widely accepted that ROS can modulate cell functions by activating
MAPKs, phospholipase C, protein kinase C, and various other types of signalling components (Ito et al.,
2007). ROS induction is often accompanied by activation of PI3K. For example, LY294002, a specific
inhibitor for PI3K, was shown to abolish chemokine-induced ROS generation in phagocytes, which was
further confirmed by studies using PI3K knockout mice (Ito et al., 2007). It was similarly reported that the
ROS accumulation induced by tumor necrosis factor α, platelet derived growth factor, or vascular
endothelial growth factor in various other cell types was suppressed when PI3K activity/ activation was
blocked by pharmacological or molecular means (Ito et al., 2007). Therefore, PI3K seems to be commonly
involved in the ROS accumulation induced by cytokines and growth factors (Qin and Chock, 2003). It was
also reported that serum withdrawal (SW) killed human U937 blood cells by elevating cellular ROS levels,
which occurred through PI3K activation (Lee et al., 2005).

Akt and cancer
The PI3K-PTEN-Akt signalling pathway transduces signals from membrane receptors to its major effector
molecule, Akt. This pathway is conserved in lower organisms and is ubiquitous in mammalian cells, in
which it promotes cell growth, proliferation and survival, as well as mediates hormone metabolism,
immune responses and angiogenesis (Alessi, 2001; Brazil and Hemmings, 2001; Altomare and Testa,
2005; Manning and Cantley, 2007; Bozulic and Hemmings, 2009). Human tumors commonly display
amplification or overexpression of cell-surface receptors or signalling molecules that activate the PI3KPTEN-Akt pathway, activating mutations of PI3K, loss of expression of the negative regulator PTEN
and/or mutation of Akt. These mutations account for findings that the AKT pathway is activated in a high
proportion of tumors, in a wide variety of tissues. Page and his colleagues (2006) showed that more than
60% of prostate cancerous tissues overexpressed Akt-1, Akt-2 or Akt-3. Memmott and Dennis (2010)
showed that tobacco components modulate Akt signal transduction pathway to promote lung
tumorigenesis. Adenocarcinomas of the lung commonly show an increase in the activity of
phosphatidylinositol 3-kinase (PI3K)/Akt signalling pathway (Qian et al., 2009). The PI3K-Akt pathway
plays a role in both tumor cell growth and neuroendocrine hormone secretion in human pulmonary
carcinoid cells (Susan et al., 2009). Angiogenesis is required for tumor growth and metastasis. PI3K
signalling regulates tumor growth and angiogenesis by activating AKT and other targets, and by inducing
HIF-1 and VEGF expression (Jiang and Liu, 2009). In thyroid cancer, constitutive activation of PI3K
signalling has been shown to play a role in the genetic predisposition for thyroid neoplasia in Cowden’s
syndrome (Saji and Ringel, 2010).

Scope and objective of the work
Smoke emitted from burning biomass contains a wide spectrum of pollutants that include carbon
monoxide; coarse, fine, and ultrafine particulate matters; oxides of nitrogen and sulphur; formaldehyde;
transitional metals; volatile organic compounds including benzene; and polycyclic aromatic hydrocarbons
such as benzo(a)pyrene (Zhang and Smith 1996). Some of these pollutants like benzo(a)pyrene and
benzene are established human carcinogens (Smith 2000).Women who used to cook with biomass in
poorly ventilated kitchen for 2 to 6 hours a day are believed to be inhaling carcinogens equivalent to
smoking two packs of cigarettes per day (Pandey et al. 1989 ). It is reasonable to assume therefore that
chronic exposures to biomass smoke may impair cellular functions, especially in those cells that are at the
direct route of exposure. Given the importance of Akt in regulating cell survival, growth, and apoptosis, it
thus seems important to study its activity in relation to biomass smoke exposures. As per knowledge, no
such study has been carried out so far. Against this background, the impact of IAP from biomass use on
Akt activation was examined by immunocytochemistry in exfoliated AEC and inflammatory cells present
in expectorated sputum as well as in PBL in a group of never-smoking, premenopausal women from
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eastern India who used to cook exclusively with biomass for the past 5 years or more. The findings were
compared with an age matched group of control women from the same neighbourhood who cooked with
cleaner fuel LPG.

Materials and methods
Participants
A total of 172 premenopausal women were enrolled for this study. They include 87 biomass-using women
(median 34 yr) and 85 control women ( median age 33 yr). Biomass users and control women were from
the same villages.The inclusion and exclusion criteria have been described in Chapter 3.

Collection of blood and expectorated sputum
Venous blood (5 ml) was collected in vacutainer tubes (Becton Dickinson [BD], San Jose, CA, USA)
containing K2EDTA as anticoagulant. Blood was collected at a fixed time of the day (9.30–10.30 hours) to
minimize diurnal variation. Early morning expectorated sputa were collected in sterile plastic cups for 3
consecutive days to harvest airway cells following the procedure of Erkilic et al. (2003). Three smears
were prepared from the nontransparent highly viscous part of each freshly collected sputum sample on
clean glass slides from each day’s sample – one for Papanicolaou (Pap) staining and two for
immunocytochemistry (ICC), one for p-Aktser473 and another for p-Aktthr308. After air drying, one slide
marked for Pap staining was fixed with 95% ethanol and the other two marked for ICC were fixed in icecold methanol for 20 min at the site of collection.

Separation of PBL
Peripheral blood lymphocytes (PBL) were separated from EDTA-anticoagulated whole blood by
centrifugation in density gradient (Histopaque®-1077, Sigma Chem, St. Louis, MO, USA) for 10 min at
400 x g at 4oC. The lymphocytes were collected in microfuge tubes, resuspended in 500 ml of ice-cold
phosphate buffered saline (PBS). Smears of lymphocytes were prepared on clean glass slides for
immunocytochemistry (ICC) for localization of phosphorylated Akt (p-Akt) protein.

PAP staining for cytopathology of airway cells
The reagents and staining procedure already explained in Chapter 4.

Cytopathological diagnosis and specimen adequacy criteria
The sputa were cytopathologically diagnosed into six categories following the criteria of Neumann et al.
(2009): category I. nondiagnostic, insufficient pulmonary material; category II. nondiagnostic, distorted,
poorly preserved or stained cells; category III. benign, normal cells are present; category IV. atypical cells
are present, probably benign; category V. atypical cells are present, suspicion of malignancy; and category
VI. malignant cells present. When a sputum slide contained at least 50 alveolar macrophages and was
grouped in category III or above, it was considered an adequate specimen of the lower airways (Neumann
et al. 2009).

Localization of pAkt by immunocytochemistry
Immunocytochemistry of PBL and sputum slides were done following a standard procedure (Ghosh et al.
2009) using the diagnostic kits manufactured by Santa Crutz, USA and Abcam, UK.
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Reagents used
1X PBS buffer (pH 7.2)
NaCl (Merck, Mumbai, India)
KCl (Merck, Mumbai, India)

8g
0.2g

Na2HPO4.7H2O (Merck, Mumbai, India)

1.44g

KH2PO4 (Merck, Mumbai, India)

0.24g

Distilled water

1000ml

BSA solutions (Sigma–Aldrich Chemicals, Saint Louis, MO, USA)
3% (w/v) BSA in 1X PBS

10ml

1% (w/v) BSA in 1X PBS

10ml

Primary antibody
Rabbit polyclonal p-Aktser473 (Santa Cruz, CA, USA); Cat no. ab28821; dilution 1: 50
Rabbit polyclonal p-Aktthr308 (Abcam, Tokyo, Japan); Cat no. sc-16646-R; dilution 1: 200
1%(w/v) BSA

20μl
5μl
2 (1+1)ml

Secondary antibody
Goat anti-rabbit IgG, F(ab’)2- HRP (Santa Cruz Biotechnology, Inc., USA); Cat no. sc-3837;
dilution 1: 500
1%(w/v) BSA

2μl
1ml

Tris-HCl solution (pH 7.6)
Tris powder (SISCO Research Laboratories, India)

7.5g

Doubled distilled water

50ml

[Adjusted pH7.6 only by adding HCl. Autoclaved and stored at 4oC]

HRP substrate mixture

3ml

50X DAB (Santa Cruz Biotechnology, Inc., USA)

60μl

50%H2O2 (Merck, Mumbai, India)

30μl

1M Tris-HCl
Distilled water

291μl
2619μl

Assay procedure
Slides containing PBL and sputum cells were air dried and fixed in ice-cold methanol for 30 min, air dried,
washed in PBS thrice, and blocked in 3% BSA (Sigma–Aldrich Chemicals, Saint Louis, MO, USA) for 1
hr at room temperature. The slides were overnight incubated in darkness with rabbit polyclonal p-Aktser473
(Santa Cruz, CA, USA) and p-Aktthr308 (Abcam, Tokyo, Japan) primary antibodies (diluted 1:50 and 1:200
in 1% BSA, respectively) in a humid box at 4oC. After washing with PBS, slides were incubated with antirabbit IgG, F(ab′)2-HRP (Santacruz, USA) secondary antibody diluted 1:500 in 1% BSA for 90 min. The
slides were developed by incubating with substrate for HRP for 45 min in darkness followed by washing
with distilled water and counterstaining with hematoxylin, dehydration in graded ethanol, and mounted in
distrene plasticizer xylene (DPX). The slides were coded and examined blindly under light microscope.
For each participant, one sample of PBL and three samples of sputum obtained from 3 consecutive days
were examined. The 3-day average values of p-Aktser473 and p- Aktthr308 expressions in sputum cells were
taken as the representative data of each participant.

Observation and scoring
Slides were evaluated on the basis of presence of reddish brown colour in nucleus or cytoplasm of a cell.
At least 250 lymphocytes and sputum cells including airway epithelial cells, alveolar macrophages and
neutrophils were scored from each slide and the data were represented as percent DAB positive cells with
standard deviation
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Statistical analysis
Results are presented as mean ± standard deviation (SD) or median with range. Analysis between groups
was performed using Student’s t-test, chi-square test, or Mann-Whitney U test, as applicable. The
possibility of an association between measured parameters with age, BMI, family income, education,
cooking hours per day, lifetime duration of cooking (cooking-years), kitchen location, family size, number
of smokers in family, use of mosquito repellent, and PM10 and PM2.5 levels in cooking areas was tested
using univariate regression analysis. Variables that showed significant association were later included in a
backward stepwise multiple regression model to adjust for their effects. Statistical analyses were
performed using SPSS statistical software (Statistical Package for Social Sciences for Windows, release
10.0, SPSS Inc., Chicago, USA) and p < 0.05 was considered significant.

Results
Expression of Akt among biomass users
Immunocytochemical assay for the presence of two phosphorylated forms of Akt (p-Aktser473 and pAktthr308) were preformed in airway epithelial cells (AEC) and peripheral blood lymphocytes (PBL) of
biomass and LPG using rural women. Expression of p-Aktser473 was mostly nuclear, while p-Aktthr308 was
expressed chiefly in the cytoplasm (Plates 9.1–9.4).

Akt activation in airway epithelial cells (AEC) of biomass users
Compared with control, a statistically significant increase in the percentages of p-Aktser473- and p-Aktthr308–
expressing epithelial cells were recorded among BMF users (Table 9.1, Plate 9.1). BMF users had 3 times
more p-Aktser473-expressing AEC than controls. On the other hand, BMF users showed 5-fold increase
over control in the percentage of basal cells of the airways that expressed p-Aktthr308 in their cytoplasm.
The percentage of p-Aktthr308-expressing cells was 2.7-fold higher for the remaining cell types among BMF
users (Table 9.1).

Table 9.1. Changes in nuclear and cytoplasmic expression of two forms of phosphorylated Akt in LPG- and BMFusing women
Cell types
In expectorated sputum
Parabasal and intermediate
epithelial cells (%)
Basal epithelial cells (%)

Nuclear p-Aktser473 expression
LPG users
Biomass users
(n=85)
(n=87)

Cytoplasmic p-Aktthr308 expression
LPG users
Biomass users
(n=85)
(n=87)

4.3 ± 1.6

12.4 ± 4.7**

10.6 ± 2.8

29.4 ± 8.2**

2.1 ± 1.4

7.4 ± 2.6**

7.1±1.5

35.2 ± 6.2**

The results are expressed as mean percentage of positive cells ± standard deviation. An average of 100 basal epithelial cells, 200 parabasal
and intermediate epithelial cells, 100 alveolar macrophages, 300 sputum neutrophils, and 500 peripheral blood lymphocytes were examined
for each individual.
** p < 0.0001 compared with LPG users in Student’s t-test.
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Plate 9.1. Immunocytochemical localization of phosphorylated forms of Akt protein in AEC present in sputum of
biomass- and LPG-using control women. The cell nuclei were counterstained with hematoxylin. Compared with
relatively weak nuclear expression of p-Aktser473 in AEC of control women (A), strong p-Aktser473 expression was
observed in nuclei (B) as well as in cell membrane (C) of AEC of biomass users. Similarly, strong p-Aktthr308
expression was detected in nuclei and cell membrane of AEC of biomass-using women (E,F), while weak
cytoplasmic expression was observed in AEC of control women (D). Magnification 1,000x.

Akt activation in sputum neutrophils of biomass users
A statistically significant increase in the percentages of p-Aktser473- and p-Aktthr308–expressing airway
neutrophils were observed among BMF users than LPG using rural controls (p<0.0001) (Plate 9.2).
Biomass users had 4 times more airway neutrophils that expressed p-Aktser473 when compared with
controls (82.5 ± 16.2 vs. 21.8 ± 6.2; p<0.0001). Similarly, percentage of cells expressing p-Aktthr308 in
cytoplasm was significantly higher in biomass users (75.8 ± 9.9 vs. 28.4 ± 5.9; p <0.0001) (Figure 9.6).
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Figure 9.6. Percentage of airway neutrophils expressing (a) p-Akt
in nucleus and (b) p-Aktthr308 in cytoplasm
of biomass and LPG-using women. Bars represent standard deviation (SD) of mean. *, p<0.0001 in Student’s t
test.

Plate 9.2. Immunocytochemical localization of phosphorylated forms of Akt in sputum neutrophils of biomassand LPG-using control women. The cell nuclei were counterstained with hematoxylin. A greater proportion of
sputum neutrophils of biomass-using women expressed p-Aktser473 in nuclei (B) than that of control (A). p-Aktthr308
expression in general was weak and chiefly cytoplasmic and biomass-users illustrated greater frequency of
positive cells (D) than the control (C). Magnification 1,000x.
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Akt activation in alveolar macrophages of biomass users
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Compared with control, a statistically significant increase in the percentages of p-Aktser473- and p-Aktthr308–
were recorded among alveolar macrophages of BMF users (p<0.0001) (Plate 9.3). p-Aktser473 was
expressed in 68.8 ± 8.3% of AM of biomass sing women, while 91.5 ± 8.4% of these cells expressed pAktthr308. In contrast, 17.1 ± 5.5% and 38.8 ± 7.2% of control AM expressed these phosphorylated form of
Akt (Figure 9.7).
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Figure 9.7. Percentage of alveolar macrophages expressing (a) p-Akt
cytoplasm of biomass and LPG-using women. Bars represent standard deviation (SD) of mean. *, p<0.0001 in
Student’s t test

Plate 9.3. Immunocytochemical localization of phosphorylated forms of Akt in AM present in expectorated
sputum of biomass- and LPG-using control women. The cell nuclei were counterstained with hematoxylin.
ser473
in AM from control (A) and biomass-using women (B) is similar, the
Although the staining intensity of p-Akt
frequency of positive cells is greater in B than in A. Expression of p-Aktthr308, on the other hand, was weak and
thr308
positive AM (D) than that of control
chiefly cytoplasmic, and biomass users had greater frequency of p-Akt
(C). Magnification x 1,000.
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Akt activation in peripheral blood lymphocytes (PBL) of biomass users
One-third of lymphocytes of biomass users (33.8 ± 9.7%) expressed p-Aktser473 against 9.0 ± 3.1% of
control; and 78.4 ± 15.7% of lymphocytes of biomass users expressed Aktthr308 against 23.8 ± 10.8% of
control (p <0.0001; Plate 9.4).

Plate 9.4. Immunocytochemical localization of phosphorylated forms of Akt in PBL of biomass- and LPG-using
control women. The cell nuclei were counterstained with hematoxylin. Expression of p-AktSer473 was strong and
both nuclear and cytoplasmic. Biomass-using women had higher frequency of p-AktSer473–expressing PBL (B)
than control (A). Expression of p-AktThr308 in PBL of control women was negligible (C). In contrast, strong,
cytoplasmic p-AktThr308 expression was found in a large numbers of PBL of biomass users (D). Magnification
1,000x.

Association between Akt activation and indoor air pollution
In univariate analysis, the p-Akt-positive cells was positively associated with lower education and family
income, increasing age and exposure years to biomass smoke, tobacco smoking habit of the husband, lack
of separate kitchen and particulate matter present in indoor air. Even after controlling the influence of the
confounders in multivariate logistic regression analysis, significant positive association remained between
percentage of p Aktser473-expressing AEC with PM10 [odds ratio (OR): 1.33, 95% confidence interval (95%
CI) 1.09–1.62] and PM2.5 (OR: 1.45, 95% CI 1.12–1.74) level in indoor air.

Oxidative stress and Akt Activation
Controlling age, family income, and kitchen location as possible confounders, multivariate logistic
regression analysis showed a strong positive association between percentage of p Aktser473-expressing AEC
with ROS generation and depletion of SOD level (Table 9.2).
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Table 9.2. Association between oxidative stress and expression of p-Akt in airway epithelial cells of biomassusing women
Increased expression of Aktser473

Increased expression of Aktthr308

ROS generation

1.22 (1.06-2.21)*

0.86 (0.35-1.48)

Depletion of SOD

1.40 (1.05-2.53)*

0.48 (0.19-1.97)

Results are expressed as odds ratio with 95% confidence interval in parentheses after controlling education, family income, age, exposure
years, husband’s smoking habit and adjacent kitchen as potential confounders in multivariate logistic regression analysis; *,statistically
significant.

10
Impact of biomass fuel use on menstrual cycle and
reproductive outcome

Introduction
The female reproductive cycle is a sensitive hormone-synchronized process controlling fertility and related
reproductive outcomes. As menstrual patterns are often influenced by a number of host and environmental
characteristics, factors that perturb menstruation may increase a woman’s risk of other reproductive
disorders including cancer (Harlow et al. 1995; Mishra et al. 2000). Since biomass and tobacco smoke
share a long list of potentially toxic components, some changes in reproductive health of the biomass
smoke-exposed women may be envisaged. Recent studies have associated active maternal smoking and/or
exposure to environmental tobacco smoke (ETS) with a significant increase in the risk of first tri-semester
miscarriages, reduced birth-weight of infants, preterm births, intrauterine fetal growth retardation and
decreased fetal head circumference in pregnant females (Lipfert et al. 2000, Gilboa et al. 2005, Lacasan et
al. 2005, Boy et al. 2002). Cigarette smoke is also implicated in the increased incidence of various
menstrual cycle abnormalities including dysmenorrhea in premenopausal women (Mavalankar et al. 1991,
Mishra et al. 2004). Moreover, maternal exposure to ambient air pollution increases the risk of various
adverse pregnancy outcomes including selected cardiac defects and oral cleft formation in the growing
fetus resulting in early childhood defects (Kristensen et al. 1997, Farr et al. 2004, Mishra et al. 2005).

Scope and objective
Compared with tobacco smoke, however, little is known about the impact of biomass smoke exposures on
the reproductive system of women of childbearing age who perform most of the cooking tasks. Recent
studies have associated maternal exposure to biomass smoke during daily household cooking and reduced
infant birth weight (Arbuckle et al. 2001, Ozbay et al. 2001). There are only two studies till date that have
reported an association between cooking with biomass fuels during pregnancy and stillbirths (Bean et al.
1979, Cooper et al. 1996). Against this background, we have investigated the effects of cumulative
biomass smoke exposures on menstrual cycle characteristics and reproductive outcome in a group of
premenopausal women from eastern India who cooked exclusively with dung cake, wood and agricultural
wastes for the past five years or more and compared the findings with a group of age-matched control
women from similar neighborhood who used relatively cleaner fuel liquid petroleum gas (LPG) for
domestic cooking.

Study protocol
Participants
All the 3160 pre-menopausal women who participated in this study were administered two structured
reproductive questionnaire – one for menstrual cycle data and the other for reproductive outcome.

Collection of menstrual cycle data
The impact of chronic exposure to smoke from biomass burning during household cooking on five
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menstrual cycle characteristics viz. i. short cycles, ii. long cycles (oligomenorrhea), iii. irregular cycles, iv.
missed periods, and v. intermenstrual bleeding were evaluated by self-reporting questionnaire through
personal interview by the trained female members of the research team following the protocol of Farr et al
(2004). In brief, the first three characteristics of menstrual cycle were ascertained from the participants’
answers to the question about the average length of menstrual cycle in the past 12 months. Responses like
‘24 days or less’ was categorized as short cycle, ‘more than or equal to 36 days’ as long cycles, and ‘too
irregular to say’ were characterized as irregular cycles. If the answer to the question ‘ during the past 12
months, did you ever go for 6 weeks or more without a menstrual period, excluding the period when you
were pregnant, breastfeeding, or using birth control pills’ is yes, then it was categorized as missed period.
Intermenstrual bleeding was recorded when bleeding or spotting was present between periods in the last 12
months. Women whose cycles lasted 25-35 days composed the comparison group for the analyses of short,
long, and irregular cycles.

Collection of data on reproductive outcomes
Self-reported data on spontaneous abortion and frequency of abortion were collected after personal
interview by female members of the research team following guidelines of Kristensen et al (1997) and
Arbuckle et al (2001). Enrolled women were asked to recall all their pregnancies and the number of weeks
she was pregnant were calculated on basis of her last menstrual period. Gestational age during spontaneous
abortion and its frequency were noted and classified into subgroups of <12 weeks and 12-19 weeks of
gestation to determine incidence of early and late- term abortions. Stillbirth was defined as the birth of an
infant that showed no sign of life after 27 gestational weeks and/or a birth weight of ≥1000g [28]. Birth
weight of the newborn was obtained from the mother asking her to recall her last live delivery. The data
were stratified into <2,500g (low), 2,500-3,500g (normal) and >3,500g (overweight) for further analysis.

Assay of reproductive hormones in serum by ELISA
Blood collected in no-additive vacutainer was allowed to clot and serum was collected. Enzyme-linked
immunosorbent assay (ELISA) was used for measurement of the reproductive hormones viz. Luteinizing
hormone (LH), follicle stimulating hormone (FSH), 17-OH-Progesterone, 17beta-Estradiol and prolactin in
serum. The following ELISA kits of IBL, Hamburg, Germany were used. i] LH- kit # RE52101 with
lowest detection level of 1.27 mIU/ml, ii] FSH- kit # RE52121 with lowest detection level of 0.856
mIU/ml, iii] 17-OH-Progesterone- kit # RE52071 with lowest detection level of 0.03 ng/ml, iv] 17betaEstradiol- kit # RE52041 with lowest detection level of 9.714 pg/ml, and v] Prolactin- kit # RE52131 with
lowest detection level of 0.35 ng/ml. The assays were performed following procedures recommended by
the manufacturers.

Statistical analysis
All data are expressed as mean ± standard deviation. The collected data were processed and analyzed in
EPI info 6.0 and SPSS (Statistical Package for Social Sciences) 10.0 software (SPSS Inc., Chicago, Il,
USA) Logistic regression analysis using generalized estimating equations (GEEs) was used to examine the
relationship between measured outcome and possible confounders such as PM10 levels. Spearman’s rank
test for continuous variables and Chi-square test for categorical variables were done. P<0.05 was
considered as significant.

Results
A. Changes in menstrual cycle
1. Age of menarche: one year later in girls from biomassusing households
Age of beginning of menstruation in a girl’s life is called menarche. In biomass using families it ranged
between 9 and 16 years with a median of 13 yr. In contrast, the age of menarche in girls from LPG-using
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households ranged between 9-14 years, with a median of 12 years (Fig. 10.1). The difference in median
age of menarche in biomass-and LPG-using households, however, was not statistically significant
(p>0.05).

2. Age of menopause: one year earlier in biomass users
In LPG-users, menopause i.e. permanent stoppage of menstruation sets in at a median age of 45 years with
a range of 37-48 years. Biomass users had median age of menopause at 44 year, one year earlier than their
neighbors who used to cook with LPG (Fig. 10.1). Besides, they had a range of 36 to 47 years which was
one year earlier in lower and upper limit. However, the difference in median age of menopause in biomassand LPG-using households was not statistically significant (p>0.05).
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Figure 10.1. Comparison of the median age of menarche and menopause between biomass- and LPG-using
women. In biomass users, the median age of menarche was a year more, while the age of menopause was a
year less. It implies a shorter reproductive life in women who used to cook with highly polluting biomass fuel

3. Prevalence of abnormal menstrual cycle: high among biomass users
Self-declared information on reproductive health revealed normal menstrual cycle length (28 ± 2 days) in
1402 out of 2150 women (65.2%) who used to cook with biomass fuel. The remaining 748 biomass using
women who participated in this study (34.8% of total) had abnormal menstrual cycle length. In contrast,
only 146 out of 1010 LPG-using control women (14.5%) had abnormal cycle and 85.5% had normal
menstrual cycle (Fig. 10.2).

*
34.8

40

% women

30
LPG
20
14.5

Biomass

10

0

Figure 10.2. Prevalence (%) of abnormal menstrual cycle in rural women who cooked regularly either with highly
polluting biomass (wood, dung, agricultural wastes) or cleaner fuel LPG. Note more than 2-fold higher prevalence
of abnormal menstrual cycle among biomass-users.
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4. Type of abnormality in menstrual cycle
a. Short menstrual cycle length (≤ 24 days)
A total number of 163 (7.6%) biomass using women had cycle length of less than 24 days instead of a
normal of 28 days. Accordingly they were categorized in short cycle group. Among LPG-using
control women, the prevalence of short cycle was 3.3% (33/1010) (Figure 10.3). Thus, biomass users
had 2.3-times more instances of short menstrual cycle, and the difference was highly significant
(p<0.001).
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Figure 10.3. Prevalence (%) of short (≤ 24 days) and long (≥36 days) menstrual cycle in biomass and
LPG-using women. Note significantly higher prevalence of short and long menstrual cycle among biomassusers

b. Long menstrual cycle (≥36 days)
Cycle length of 36 days or more was reported by 153 biomass- (7.1%) and 41 LPG-using (4.06%)
women, and the difference in long cycle prevalence between these two groups was highly significant
(p<0.001) (Figure 10.3).

c. Missed period for more than 6 weeks
This abnormality was observed in 5.4% biomass-using 2.6% LPG-using women enrolled in this
study, and the difference between these two groups in this regard was highly significant (p<0.001).

d. Intermenstrual bleeding
Bleeding between two menstrual cycles was reported by 3.1% biomass- and 1.2% LPG-users, and the
difference was significant.

e. Too irregular cycle
Highly irregular menstrual cycle was reported by 11.6% biomass-using and 3.3% LPG-using women
of this study (Figure 10.4). Thus, women who used to cook with biomass had 3.5-times more risk of
having highly irregular menstrual cycle (p<0.001).
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Figure 10.4. Comparison of the prevalence (%) of ‘too irregular’ menstrual cycle in biomass- and LPG-using
women. Note 3-fold higher prevalence of too irregular cycle among biomass-users

Table 10.1: Changes in menstrual cycle characteristics among biomass and LPG using women
LPG-using control
(n=1010)
85.50

Menstrual cycle length
Normal (25-36 days)
Abnormal

Biomass user
(n=2150)
65.2*

14.50

34.8*

Short cycle (≤ 24 days)

3.30

7.6*

Long cycle (37-42 days)

4.06

7.1*

Missed period for > 6 weeks

2.60

5.4*

Intermenstrual bleeding

1.20

3.1*

Too irregular cycle

3.30

11.6*

Results are expressed as percentage of individuals; *, p<0.05 compared with control women in Chi-square test

Cycle abnormalities: younger women are more vulnerable
We did not find any significant change in the prevalence of abnormal menstrual cycle in biomass-using
women having 10 yr, 20 yr or more lifetime exposure to biomass smoke. In fact, a lower prevalence of
abnormal cycle was found in women with longest duration of exposure (Table 10.2). Long cycle was
significantly more prevalent in up to 10 yr cooking with biomass and short cycle was more prevalent in up
to 20 yr of exposure than that of more than 20 years. In essence, younger women are more vulnerable to
biomass fuel use-related changes in menstrual cycle.

Table 10.2. Relationship between exposure-years to biomass smoke and menstrual cycle abnormalities
Too irregular and
others
19.9

Exposure-years

Long cycle

Short cycle

Up to 10 yr

9.7*

7.1

10-20 yr

6.3

11.0*

19.4

36.7

>20 yr

4.4

3.8

21.3

29.5

Overall

7.1

7.6

20.1

34.8

Total abnormal cycle
36.7

* p<0.05 in Chi-square test compared with other exposure groups

5. Prevalence of leucorrhoea: more among biomass users
About 46.3% biomass-using women (996 out of 2150) of this study reported leucorrhoea, against 175
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% women

(17.3%) of LPG-users (p<0.001; Fig. 10.5).
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Figure 10.5. A comparison of the prevalence (%) of leucorrhoea between biomass- and LPG-using women
showing 2.7-fold higher prevalence among biomass-users

6. Comparison of menstrual cycle characteristics with the presence or absence of
leucorrhoea among biomass users
Comparison of menstrual cycle characteristics between women with or without leucorrhoea is presented in
Table 10.3.

Table 10.3. Menstrual cycle abnormalities in relation to leucorrhoea

Abnormal cycle, number (% of total women)

Biomass-using women
With leucorrhoea
Without
(n= 996)
(n= 1154)
370 (37.1)
493(42.7)*

Short cycle, number (%)

109 (10.9)

118 (10.2)

Long cycle, number (%)

98 (9.8)

111 (9.6)

Missed period for >6 wk, number (%)

13(1.3)

24(2.1)*

Intermenstrual bleeding, number (%)

6 (0.6)

40(3.5)*

144 (14.5)

200 (17.3)

Too irregular, number (%)

*, p<0.05compared with those without leucorrhoea in Chi-square test

7. Use of sanitary napkins: negligible among biomass users
Only 3.5% biomass users regularly use sanitary napkins for absorption of menstrual bleeding, others used
pieces of old cotton sari that are not usually sterile. In LPG user group, 14.7% used sanitary napkins and
the rest used old cotton clothes.
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Figure 10.6. A comparison of the practice of using sanitary napkins during menstrual bleeding among biomassand LPG-using women; only 3.5% biomass-using women had the habit of using disposable sanitary napkins
against 14.7% of LPG-using women of same locality (p<0.0001) and the remaining women were still dependent
on home-made napkins, usually old clothes that are seldom sterile

B. Changes in reproductive outcome
1. Age of marriage: lower among biomass users
The median age of marriage in case of biomass users was 16 years with a range of 10 to 23 years. Among
LPG users, the median age of marriage was 18 years with a range of 15-25 years. It implies that child
marriage is still prevalent in the study areas, especially among poor, biomass-using families.

2. Age at first pregnancy: lower in biomass using women
The median age of first pregnancy in case of biomass users was 18 years with a range of 15 to 25 years. In
LPG users the median age first pregnancy was 20 years with a range of 17-28 years. The results testify that
a substantial number of girls experience motherhood at their teens, even in relatively well off LPG-using
families.

3. Prevalence of infertility: more in women who used to cook with biomass
Among the biomass users, 1900 (88.4%) married women conceived at least once, whereas 250 women
(11.6%) failed to do so even after 3-22 years of their marriage. In LPG users, 968 (95.8%) women did
conceive and remaining 42 women (4.2%) failed to conceive after 4-20 years of marriage (Figure 10.7).
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Figure 10.7. A comparative study on the
prevalence (%) of failure to conceive after 322 years of marriage among biomass- and
LPG-using women showing 2.8-times more
instances of infertility among biomass-using
women compared with their age-matched
neighbors who used to cook with LPG
(p<0.001)
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Agewise distribution of women who failed to conceive
Among 250 biomass users who failed to conceive, 108 women were in 20-30 years of age, 60 women
(2.8%) were in 31-40 years of age and remaining 82 women (3.8%) were more than 40 years of age (Table
10.4).

Table 10.4. Reproductive failure and success data of women who used to cook with biomass or LPG
Parameters

LPG users

Total participants

Biomass users

1010

2150

42(4.2)

250(11.6)*

20-30 yr

12(1.2)

108(5.0)*

31-40 yr

20(2.0)

60(2.8)

40+ yr

10(1.0)

82(3.8)*

Women failed to conceive after 3-22 yr of marriage
Age-wise distribution (number and %)

* p<0.05 in Chi-square test compared with LPG-users

4. Prevalence of spontaneous abortion: 3times higher in biomass users
Among the 1900 biomass-using women who conceived, 488 women (22.7%) experienced spontaneous
abortion. In contrast, 70 of 968 LPG using women (6.9%) had spontaneous abortion (p<0.001, Table
10.5). The number of aborted pregnancies in biomass users was 529 which were 12.1% of total
pregnancies. In LPG users, there were 78 aborted pregnancies which were 3.6% of all pregnancies
recorded in these women. In essence, women who cooked with biomass had 3-times more instances of
spontaneous abortion (12.1 vs. 3.6% of total pregnancies, p<0.001, Fig. 10.8, 10.9).

Table 10.5. Prevalence of spontaneous abortion among premenopausal women of rural West Bengal who cook
with either biomass fuel or LPG
Spontaneous abortion
Total participants
Women with child, number (%)
Number of children, median (range)
Conceived at least once, number (%)
Conceived but having no children, number (%)
Total number of pregnancies

LPG users

Biomass users

1010

2150

962 (95.2)

1878 (87.3)*

2 (0-6)

2 (0-9)

968 (95.8)

1900 (88.4)*

6(0.6)

22 (1.0)*

2169

4373

Spontaneously aborted pregnancies, number (%)

78 (3.6)

529 (12.1)*

Number of women (%) who experienced spontaneous abortion

70 (6.9)

488 (22.7)*

Once, number (% of women who conceived)

60 (5.9)

391 (18.2)*

Twice, number (%)

10 (1.0)

89 (4.1)*

Thrice, number (% )

0

4 (0.2)

4-times, number (% )

0

4 (0.2)

Number of abortions occurred in a woman’s life

* p<0.05 in Chi-square test compared with LPG-users
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Figure 10.8. Prevalence (%) of spontaneous abortion among biomass and LPG-using women
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Figure 10.9. A comparison of the prevalence (%) of spontaneous abortion in relation to total number of
pregnancies among biomass- and LPG-using women. While only 3.6% of total pregnancies were aborted in LPGusing women, as high as 12.1% of pregnancies were spontaneously aborted in women who cooked exclusively
with wood, dung and crop residues (p<0.001)

Among 488 biomass-using women who experienced spontaneous abortion, 391 (80% of women who
experienced abortion) experienced once, 89 women (18.2%) experienced twice, 4 (0.8%) had thrice and
another 4 women (0.8%) experienced 4-times in their lives.

5. Stillbirth: 5times more in biomass users
Dead baby was delivered by 66 biomass-using women out of 1900 women (3.5%) who conceived. In
contrast, 9 out of 968 LPG using women
*
4
who conceived (0.9%) had still birth
3.5
(Fig. 10.10, Table 10.6).
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Figure 10.10.
A comparison of the
prevalence (%) of stillbirth among biomassand LPG-using women showing 3.9-times
greater prevalence in women chronically
exposed to biomass smoke
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6. Preterm baby
Thirty five children out of a total of 3861 live deliveries (0.9%) were preterm in biomass using women. In
LPG-using women the prevalence of delivery of preterm baby was 0.6% of total live deliveries (Table
10.6).

7. Underweight baby
Four hundred and twenty five biomass-using women out of a total of 1878 (22.6%) having children
delivered underweight baby having a body weight of less than 2500 gram (Table 10.6). In contrast, 63 out
of 962 LPG-using women having children (6.5%) reported delivery of underweight baby (Figure 10.11).
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Fig. 10.11. A comparison of the prevalence (%) of underweight baby (body weight less than 2.5 kg at delivery)
among biomass- and LPG-using women showing 4-times higher instances of low birth weight baby among
biomass users

Table 10.6. Prevalence of preterm and underweight baby among biomass- and LPG-using women
LPG users
(n= 1010)
2169

Biomass users
(n=2150)
4373

Spontaneous abortion, number (% of total pregnancies)

78 (3.6)

529 (12.1)*

Stillbirth, number (% of total pregnancies)

9 (0.4)

66 (1.5)*

Live births, number (% of total pregnancies)

2082(96.0)

3861 (88.3)*

Preterm baby, number (% of total live births)

12 (0.6)

35 (0.9)

Underweight baby, number (% of total live births)

63 (3.0)

425 (11.0)*

Total pregnancies

*, p<0.05 in Chi-square test

8. Association between menstrual cycle abnormalities and adverse reproductive outcome
Menstrual cycle abnormalities in biomass users were associated with adverse reproductive outcome in
these women. For instance, the prevalence of spontaneous abortion was more in women having short, long
or too irregular cycle, particularly in the last category, when compared with women having normal cycle
(p<0.05; Table 16). Similarly, underweight baby was 2-times more prevalent in women having too
irregular cycle.
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Table 10.7. Reproductive outcome in biomass fuel users in relation to menstrual cycle abnormalities

Spontaneous abortion (%)
Underweight baby (%)

Normal
(n= 1402)
16.5
8.8

Biomass users with different cycle length
Short
Long
Too irregular and other
(n= 432)
(n= 163)
(n=153)
22.7*
23.5*
28.1*
10.4

13.7*

15.3*

*, p<0.05 compared with women having normal menstrual cycle in Chi-square test

9. Association between leucorrhoea and adverse reproductive outcome
Biomass using women having leucorrhoea had higher prevalence of spontaneous abortion, stillbirth, and
congenital defects of the baby, but lower frequency of preterm baby (Table 10.8).

Table 10.8. Reproductive outcome in relation to leucorrhoea

Issueless (% of total women)
Spontaneous abortion (%)
Once

Normal
(n= 1154)
12.0

With Leucorrhoea
(n= 996)
9.8

16.6

18.8

12.6

15.6*

4.0

3.2

Stillbirth (%)

Twice or more

2.2

3.0*

Preterm baby (%)

0.8

0.4*

Low birth weight (%)

6.4

7.2

Congenital defects (%)

0.2

0.6*

*, p<0.05 compared with normal in Chi-square test

C. Changes in the levels of reproductive hormones
a. Biomass users had raised LH but normal FSH
Compared with LPG using control women, biomass-using women had 3-times higher concentration of
luteinizing hormone (LH) in serum in both pre- and postovulatory phases (Table 10.9). However, there was
no discernible change in follicle stimulating hormone (FSH) among biomass and LPG users (Table 10.9).

b. Lower level of estrogen

Estradiol (pg/ml)

More than 50% reduction in serum estrogen (17-beta-estradiol) concentration was recorded both in preand post-ovulatory phases in women who
used to cook with biomass (Table 10.9,
200
178.5
Fig. 10.12).
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Figure 10.12. A comparison of serum 17beta-estradiol level during preovulatory
period between biomass- and LPG-using
rural women showing reduced hormone
level among biomass users
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c. Reduced progesterone level in postovulatory phase
Serum progesterone level of biomass users was marginally higher in pre-ovulatory phase but 54% lower
than the control level in postovulatory phase.

d. Marked elevation in serum prolactin
Serum prolactin level of biomass-using women was 6-times higher in pre- and postovulatory phase when
compared with that of control (Table 10.9, Fig. 10.13).
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Fig. 10.13. Comparison of serum prolactin level during preovulatory period between biomass- and LPG-using
rural women. Note about 6-fold rise in prolactin level among biomass users

e. Altered serum cortisol level
Serum cortisol level of biomass users was 20% lower in pre-ovulatory phase (p<0.05) but it was normal in
postovulatory phase (Table 10.9).
Table 10.9. Changes in the concentrations of reproductive hormones in serum of women who used to cook with
biomass fuels
LPG users

Biomass users

Pre-ovulatory

19.9 ± 7.6

66.9 ± 34.2*

Postovulatory

11.6 ± 5.4

37.9± 18.5*

Pre-ovulatory

8.3 ± 2.3

10.1± 5.8

Postovulatory

8.9 ± 2.6

8.4 ± 6.4

Pre-ovulatory

178.5 ± 21.9

85.9 ± 37.1*

Postovulatory

202.6 ± 33.4

104.3 ± 57.4*

Pre-ovulatory

17.3 ± 5.7

97.4± 51.8*

Postovulatory

12.6 ± 5.2

72.1± 33.4*

Pre-ovulatory

1.2 ± 0.8

1.5 ± 0.8

Postovulatory

4.6 ± 1.7

2.1± 1.3*

Pre-ovulatory

55.4 ± 9.8

44.2 ± 24.1*

Postovulatory

62.4 ± 28.3

63.5 ± 26.7

Parameters
LH (mIU/ml)

FSH (mIU/ml)

17-beta-estradiol (pg/ml)

Prolactin (ng/ml)

17-OH-Progesterone (ng/ml)

Cortisol (ng/ml)

Results expressed as mean ± SD; *, p<0.05 compared with corresponding values of LPG users
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11. Reproductive hormones in relation to menstrual cycle alterations
Biomass-using women with abnormal menstrual cycle had significantly elevated LH and progesterone
levels and reduced estrogen level compared with those having normal menstrual cycle (Table 10.10). Thus
it appears that biomass smoke-related endocrine alterations have contributed to the mechanism of observed
menstrual disturbances in women who cooked with wood, dung and agricultural residues.

Table 10.10. Changes in reproductive hormones among biomass users in relation to menstrual cycle. The results
are represented as median values with range in parentheses
Biomass users with
Abnormal cycle
(n=748)
51.5 (4.8-71.5)*

LH (mIU/ml)

Normal cycle
(n= 1402)
18 (2.8- 34.8)

FSH (mIU/ml)

4.8 (0.8-17.6)

5.0 (0.8-20.0)

88 (11.5- 337.8)

64.5 (6.5-231.7)*

17-beta-estradiol (pg/ml)
Progesterone (ng/ml)

0.6 (0.1- 2.6)

1.5 (0.2- 6.0)*

Prolactin (ng/ml)

25.4 (2.8- 41.5)

28.5 (2.3-46.8)

Cortisol (ng/ml)

64.7 (36.8-310.5)

59.5 (30.2-198.3)

*, p<0.05 compared with biomass-using women having normal menstrual cycle in Chi-square test

11
Neurotoxicity of biomass smoke

Introduction
Smoke emitted from biomass burning contains thousands of chemicals, some of which are neurotoxic.
Therefore it is possible that cumulative exposure may result in neurological problems affecting the
behavior. To test this hypothesis, the prevalence of neurobehavioral problems among the biomass users has
been ascertained by questionnaire survey. In addition, plasma catecholamines (CA) have been measured in
order to explain the underlying mechanism of neurobehavioral alterations, if any.

Study protocol
Questionnaire survey for neurobehavioral problems
A neurobehavioral symptom questionnaire, adopted from the subjective symptom questionnaire
accompanying the World Health Organization Neurobehavioral Core Test Battery (WHO, 1986),
Wechsler’s memory scale (Wechsler, 1945) and 21-item Beck depression inventory (Beck et al. 1961) was
administered to them.

Detection of depression by BDI scoring
The Beck’s depression inventory (BDI) includes 21 parameters- sadness, pessimism, sense of failure,
dissatisfaction, guilt, expectation of punishment, dislike of self, self-accusation, suicidal ideation, episodes
of crying, irritability, social withdrawal, indecisiveness, change in body image, retardation, insomnia,
fatigability, loss of appetite, loss of weight, somatic preoccupation, and low level of energy.

Scoring
Highest score on response to each question related to the above parameters was 3. A total score of up to 9
indicates absence of depression (normal); a score of 10-18 was indicative of mild to moderate depression; a
score of 19-29 suggests moderate to severe depression; and a score of 30-63 was recognized as severe
depression (Beck et al. 1961).

BDI score

Indication

Up to 9

Normal

10-18

Mild to moderate depression

19-29

Moderate to severe depression

30-63

Severe depression
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Detection of other neurobehavioral symptoms
Other neurobehavioral symptoms listed below were detected by questionnaire survey:
1. Burning sensation in extremities: Feeling of burn in distal and terminal portions of the body such
as hand and foot
2. Tingling: Repetitive moving pin prick-like sensation
3. Numbness: temporary loss of sensation,
4. Vertigo: An illusionary sensation that the body or surrounding environment is revolving), and
5. Dizziness: Sensation of unsteadiness with a feeling of movement within the head, giddiness.

Scoring
A five-point rating scale using simple and clear words like ‘never’, ‘rarely’, ‘sometimes’, ‘frequently’ and
‘very frequently’ was used in the questionnaire to elicit a better response for these symptoms. Afterwards,
answers like ‘never’ and ‘rarely’ were considered as absence of that symptom, while responses like
‘sometimes’ frequently’ and very frequently’ were recognized as having such symptoms.

Measurement of plasma catecholamines and serotonin
The concentrations of dopamine (DA), epinephrine (adrenalin, E), and norepinephrine (norepinephrine,
NE) in blood plasma, and plasma and intraplatelet serotonin were measured by enzyme-linked
immunosorbent assay (ELISA) using commercially available kits of IBL, Hamburg, Germany [DA, E and
NE: kit # RE59395 with lowest detection level of 4 pg/ml for DA, 10 pg/ml for E and 20 pg/ml for NE;
Serotonin: kit # RE59121 with lowest detection level of 0.47 ng/ml in plasma].

Statistical analysis
All data are expressed as mean ± standard deviation. The collected data were processed and analyzed in
EPI info 6.0 and SPSS (Statistical Package for Social Sciences) 10.0 software (SPSS Inc., Chicago, Il,
USA) Logistic regression analysis using generalized estimating equations (GEEs) was used to examine the
relationship between measured outcome and possible confounders such as PM10 levels. Spearman’s rank
test for continuous variables and Chi-square test for categorical variables were done. P<0.05 was
considered as significant.

Results
Greater prevalence of depression and other neurobehavioral symptoms among biomass
using women
Depression was evaluated by 21- questions Beck Depression Inventory (BDI). The responses of biomassusing women of this study to each of the 21 questions are presented in Table 11.1.
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Table 11.1. Response to Beck’s depression inventory (BDI)
Symptom

Yes

No

1. Sadness

1677 (78.0)

2. Pessimism

1495 (69.5)

655 (30.5)

3. Sense of failure

1314 (61.1)

836 (38.9)

4. Dissatisfaction

473 (22.0)

1335 (62.1)

815 (37.9)

5. Guilt

933 (43.3)

1217 (56.7)

6. Feeling punishment

847 (39.4)

1303 (60.6)

7. Dislike of self

757 (35.2)

1393 (64.8)

8. Accusation

510 (23.7)

1640 (76.3)

9. Suicidal

1032 (48.0)

1118 (95.2)

10. Crying

1625 (75.6)

525 (24.4)

11. Irritability

1415 (65.8)

735 (34.2)

12. Withdrawal

604 (28.1)

1546 (71.9)

13. Indecisiveness

615 (28.6)

1535 (71.4)

14. Change in body image

413 (19.2)

1737 (80.8)

15. Retardation

604 (28.1)

1546 (71.9)

16. Insomnia

1120 (52.1)

1030 (47.9)

17. Fatigue

1253 (58.3)

897 (41.7)

18. Loss of appetite

1137 (52.9)

1013 (47.1)

19. Loss of weight

884 (41.1)

1266 (58.9)

20. Preoccupation

1236 (57.5)

914 (42.5)

21. Low in energy

1223 (56.9)

927 (43.1)

The mean BDI-II score among biomass users was 16.2 ± 11.4 (SD) which was significantly higher than a
mean score of 9.7 ± 5.7 in LPG users (p<0.0001 in Student’s t-test). The median BDI-II score of biomassusing women (13 with a range of 5-55) was also higher than that of LPG-using control women (median
score 8, range 2-38), and the difference was significant (p<0.001 in Mann-Whitney U test). Overall, 44.1%
of biomass-using women had depression (score ≥ 14) in contrast to 20.7% of age-matched LPG-users from
same locality (p<0.01 in Chi-square test; (Fig. 11.1, Table 11.2).

75

% individuals

60
*
44.1

45
30

LPG
Biomass
20.7

15
0

Figure 11.1. Comparison of the prevalence (%) of depression between LPG- and biomass-using premenopausal
women of rural West Bengal. Note doubling of depression prevalence in women who used to cook with highly
polluting biomass fuel.
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Besides the overall prevalence, the severity of depression was also much more in biomass-using women.
For example, severe depression was present in 16.4% of biomass users compared with 4.6% of women
who cook with LPG (p<0.05, Table 11.2, Fig. 11.2). Therefore, the prevalence as well as the magnitude of
depression was significantly higher in biomass users compared with LPG-using women in childbearing
age.

Table 11.2. Prevalence of depression among biomass-and LPG-using women as detected by Beck’s depression
inventory, version 2 (BDI-II)

0-13

Severity of
depression
Absent

14-19

Mild

20-28

Moderate

6.8

16.8

0.0001*

29-63

Severe

1.3

3.2

0.0956

BDI category

79.3

% of biomass
users
55.9

0.0085*

12.6

24.1

0.0011*

% of LPG-users

P value

*, Statistically significant in Chi-square test
Results are expressed as percentage of individuals; BDI, 21-question Beck’s depression inventory

*
41.3

% individuals

45

30
LPG

21.2

*
17.3

Biomass

15
7.5

0.4

*
2

0
Mild

Moderate

Severe

Figure 11.2. A comparison of the prevalence of different grades of depression between biomass and LPG-using
premenopausal women of rural West Bengal. Note, biomass users had increased prevalence of all grades of
depression, relative to age-matched LPG-using women of the same locality.

The prevalence of depression was significantly higher in women who cooked with biomass, age 40 years
or more, cooking for 15 years or more, lacked separate kitchen, lower education (less than 5 years of
schooling) and family income (<40 USD/month), had poor nutrition (MUAC<22 cm), exposed to
environmental tobacco smoke due to husband’s smoking habit, had leucorrhea or breast pain and
experienced fetal loss or have delivered baby with congenital defect in past one year.
After controlling the influences of confounders in multivariate logistic regression analysis, cooking with
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biomass was found to be independently associated with depression (OR=1.67, 95%CI 1.18-2.95). Similarly
age ≥ 40 years (OR= 1.32, 1.04-1.97), <5 years of schooling (OR= 1.36, 1.17-1.88), MUAC <22cm (OR=
1.41, 109-1.96) family income <40 USD per month (OR=1.43, 1.04-2.16), mastalgia (OR= 1.99, 1.093.64), leucorrhea (OR = 1.51, 1.32-2.55) and fetal loss in recent past (OR = 1.23, 1.05-1.77) were
positively associated with depression even after controlling the influence of other confounders.

Platelet Pselectin expression and intraplatelet serotonin among depressed women
In order to examine the platelet activity in relation to fuel use and depression, we measured platelet Pselectin expression by flow cytometry and the level of intraplatelet serotonin by ELISA in four groups of
women each consisting of 25 participants: Gr. I: LPG users without depression; Gr. II: LPG users with
depression; Group III: Biomass users without depression; and Gr. IV: Biomass users with depression. Two
groups for biomass-using women and other two for LPG-users were selected in such a way that they were
comparable with respect to year of birth and marriage (± 1 year), BMI (± 1 kg/m2), education (± 1 year of
schooling) and monthly family income (± 3 US$).
Compared with LPG-using control women, the percentage of circulating platelets expressing P-selectin
was considerably higher among biomass users and their platelets contained lesser amount of serotonin,
relative to controls. The results suggest upregulation of platelet activity among biomass users. The
magnitude of platelet hyperactivity was more discernible in women with depression (Table 5). Biomassusers with depression had 7.8% P-selectin-expressing platelets compared with 4.2% in non-depressed
women (p<0.05; Table 5). In contrast to P-selectin, intraplatelet serotonin was significantly lower among
depressed women, especially those using biomass for cooking (Table 5).
Platelet P-selectin expression correlated significantly with BDI score (Pearson’s correlation coefficient
0.747, p= 0.000, Kendall’s tau_b 0.692, p= 0.000, Spearman’s rho 0.862, p=0.000). Similarly platelet
serotonin showed a strong negative correlation with BDI score (Pearson’s correlation coefficient -0.686,
p= 0.000, Kendall’s tau_b -0.624, p= 0.000, Spearman’s rho -0.827, p= 0.000).

Particulate pollution level in indoor air
The concentrations of PM10 and PM2.5 in cooking areas of biomass-using homes were significantly higher
than that of LPG-using homes. Biomass using households had 2-times higher PM10 (178 ± 88 vs. 89 ± 33
µg/m3, p<0.001) and 2.2-times higher PM2.5 level (107 ± 45 vs. 48 ± 22 µg/m3, p<0.001) than LPG-using
households.

CO in exhaled breath
Among control women, 99.3% had normal CO (0-6 ppm) and 0.7% had mild-to moderately high CO
(7-10 ppm) in expired air. In contrast, 87.1% of biomass users had 0-6 ppm of CO while 8.8% had 710 ppm of CO in expired air (p<0.05). Moreover, 4.1% of biomass-using women had 11-20 ppm of
CO in exhaled breath.
PM10 (OR = 1.22, 95% CI 1.08-1.79) PM2.5 in indoor air (OR = 1.35 95%CI 1.06-1.97, respectively)
and CO in exhaled breath (OR = 1.24, 95%CI 1.05-1.73) showed positive association with BDI score
≥ 14.

Prevalence of other neurobehavioral symptoms: more among biomass users
Besides depression, burning sensation in extremities, palpitation, anxiety, drunken feeling, inability to
concentrate, transient loss of memory, reduced sense of taste and smell, blurred vision, and feet numbness
were more prevalent in biomass users (p<0.05, Table11.3).
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Table 11.3. Prevalence (%) of neurobehavioral symptoms
LPG users
(n=1010)
6.1

Symptom
Burning sensation in extremities

Biomass users
(n=2150)
24.0*

Vertigo/dizziness

10.6

9.4

Anxiety

26.5

40.5*

6.9

18.1*

Inability to concentrate

23.2

43.1*

Transient loss of memory

11.2

32.5*

Reduced sense of taste and smell

16.7

29.3*

Numbness in feet

12.1

36.5*

8.0

32.1*

Drunken feeling

Blurred vision

*, p<0.05 compared with LPG-users in Chi-square test

Among the symptoms, burning sensation in extremities (finger tips, ear lobes) and blurring of eyesight
were 4-times higher among biomass-using women (Table 11.3, Fig. 11.3). Similarly, numbness in feet,
drunken feeling and transient loss of memory were 3-times more prevalent in these women, relative to agematched LPG-users.
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Figure 11.3. A comparison of the prevalence of different neurobehavioral symptoms between biomass and LPGusing premenopausal women of rural West Bengal. 1, burning sensation in extremities, 2. blurred vision, 3.
drunken feeling, and 4. transient loss of memory, i.e. forgetfulness.

Factors associated with depression among biomass users
Besides indoor air pollution from biomass burning, several other factors such as age (OR= 4.21, 95%CI,
2.41-7.43), husband’s smoking habit (OR = 1.79, 95%CI, 1.17-2.58), participation in agricultural work in
addition to household duties (OR = 1.82, 95%CI 1.32-2.94) contributed to depression among biomass
users. Exposure to biomass smoke and age were positive correlated with depression in all three testsPearson’s correlation, Spearman’s test and Kendall’s tau_b (Table 11.4).
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Table 11.4. Correlation of depression with body mass index (BMI), biomass smoke exposure and age
Pearson’s
correlation coefficient
-0.238*

Spearman’s
rho value
-0.235*

Kendall’s
tau_b
-0.163*

Exposure to biomass smoke

0.213*

0.195*

0.135*

Age

0.188*

0.171*

0.120*

Correlation of depression with
BMI

Significance : p<0.01

Positive association between depression and indoor air pollution
The LPG and biomass users differed significantly with the level of education, family income and kitchen
location. Controlling these variables as possible confounders, multivariate logistic regression analysis
showed significant positive association between PM10 and PM2.5 levels in indoor air, particularly the latter,
and the prevalence of depression (OR= 1.31 and 1.39; 95% CI, 1.10-1.68 and 1.16-1.97 for PM10 and
PM2.5 respectively).

Positive association between indoor air pollution and other neurobehavioral symptoms
PM10 and PM2.5 levels were positively associated with other symptoms such as transient loss of memory
(OR = 1.63 and 1.92; 95% CI, 1.23-2.18 and 1.34-2.79 for PM10 and PM2.5 respectively), burning
sensation in extremities (OR=2.31 and 2.42; 95% CI, 1.46-3.14, and 1.81-3.66), reduced sense of smell
(OR = 1.26 and 1.56; 95% CI, 1.14-1.46 and 1.34-2.19), drunken feeling (OR= 1.65 and 1.77, 95%CI,
1.26-2.31 and 1.33-3.12) , numbness of feet (OR= 1.27 and 2.18, 95%CI, 1.35-2.44 and 1.62-3.45) and
blurred vision (OR = 1.87 and 2.28; 95% CI, 1.32-2.67 and 1.47-3.14 for PM10 and PM2.5 respectively ).

No association between depression and spontaneous abortion
We did not find any correlation between depression and spontaneous abortion. Overall, spontaneous
abortion was reported by 20.2% biomass-using women. Among the depressed women, 20.3% had
experienced miscarriage, while 20.1% normal (not depressed) women had miscarriages.

Changes in blood neurotransmitter levels among biomass users
Increase in neurobehavioral symptoms among biomass users was associated with alterations in plasma
neurotransmitter levels. Laboratory tests of blood samples by ELISA demonstrated marked rise in plasma
levels of epinephrine, norepinephrine, dopamine and concomitant fall in platelet serotonin in women who
cooked exclusively with biomass (Table 11.5, Fig.11.4).

Table 11.5. Neurotransmitter levels in blood plasma
Parameters

LPG users

Biomass users

Epinephrine (ng/ml)

0.8 ± 0.2

1.9 + 1.3*

Norepinephrine(ng/ml)

2.0 ± 0.3

5.4 +1.5*

Dopamine (ng/ml)

1.0 ± 0.3

2.40.9*

Serotonin in plasma (ng/ml)
Intraplatelet serotonin (ng/109/platelets)
Results expressed as mean± SD; *p<0.05

1.8 ± 0.3

20.6+5.4*

884.3±202.5

73.6+32.0*
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Fig. 11.4. Concentration of epinephrine (E), nor-epinephrine (NE), dopamine (DA) and serotonin (5-HT) in
plasma of biomass and LPG-using premenopausal women of rural West Bengal.

Table 11.6. Neurotransmitter levels in blood plasma
Parameters

Normal

Depressed

Epinephrine (ng/ml)

2.1 ± 0.2

1.5+ 1.3*

Norepinephrine(ng/ml)

5.6 ± 0.3

6.3 +1.5*

Dopamine (ng/ml)

2.6 ± 0.3

2.4 0.9*

Serotonin in plasma (ng/ml)
Intraplatelet serotonin (ng/109/platelets)

22.8 ± 0.3

23.1+5.4*

884.3±202.5

73.6+32.0*

Results expressed as mean± SD; *p<0.05

Positive association between particulate pollution in indoor air and change in plasma
neurotransmitter levels
Controlling for age and passive smoking as possible confounders, logistic regression analysis showed
positive association between PM10 level and the concentration of E (OR = 1.33; 95% CI, 1.08-1.67) and
NE (OR=1.47; 95% CI, 1.10-2.12), DA (OR = 1.32, 95%CI 1.10-1.74), and 5-HT in plasma (OR= 5.22,
95%CI 3.37-9.44). Similarly, positive association was found between PM2.5 and E (OR=1.42, 95%CI 1.211.73), NE (1.53, 95%CI 1.34-1.95), DA (OR= 1.40, 95%CI, 1.12-1.89), and plasma serotonin (OR= 6.89,
95%CI 4.22-10.76).

Changes in plasma cholinesterase level
Compared to control subjects, plasma acetyl cholinesterase concentration was reduced by 43% in biomass
users (Table 11.7; Figure 11.5, p<0.001), suggesting depleted level of AChE in plasma and alteration in
cholinergic neurotransmission.
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Figure 11.5 . Concentration of plasma acetyl cholinesterase among biomass and LPG-using premenopausal
women of rural West Bengal.

Table 10.7. Plasma butyrylcholinesterase activity (U/L) in biomass- using women
Parameter

LPG users

Biomass users

Cholinesterase activity (U/L)

3617 ±112

2970 ± 92*

Results expressed as mean± SD; *p<0.05

In essence, we found significant elevation of plasma epinephrine and norepinephrine levels along with
marked decline in plasma cholinesterase level in biomass users compared with rural controls. The results
underscore neurological changes in urban subjects that may, in part, explain their neurobehavioral
problems.

12
Chromosomal and DNA damage following chronic
inhalation of biomass smoke

Introduction
Biomass smoke is essentially not different from cigarette smoke and it contains a large number of healthdamaging chemicals including high level of fine and ultrafine particles, carbon monoxide, oxides of
nitrogen, formaldehyde, acrolein, benzene, toluene, styrene, 1,3-butadiene, and polycyclic aromatic
hydrocarbons (PAHs) such as benzo(a)pyrene (Zhang and Smith, 1996). Many of these chemicals are
mutagenic and carcinogenic. The International Agency for Research on Cancer (IARC) has categorized
biomass smoke as ‘probable carcinogen’ for humans (Group 2a, Straif et al., 2006), while smoke
component benzene, 1,3-butadine and benzo(a)pyrene are known human carcinogens (Straif et al., 2006;
Danielsen et al., 2009). Following inhalation, benzene is metabolized by the microsomal cytochrome P450 monooxygenase system in the alveolar epithelial cells in lung and the hepatic cells in liver. Two of the
benzene metabolites, trans, trans muconic acid (t,t-MA) and S-phenylmercapturic acid (S-PMA), are used
as biomarkers of benzene exposure (Ducos et al., 1992; Boogaard and van Sittert, 1996; Raghavan and
Basavaiah, 2005; Fustinoni et al., 2005; Carrieri et al., 2010). Whereas the chemical composition of urban
air pollutants is very complex and consist of gases like oxides of nitrogen, sulfur dioxide, ozone, carbon
monoxide, carbon dioxide and particles of different sizes, volatile organic compounds and polycyclic
aromatic hydrocarbons (Pope III et al., 2004; Autrup, 2010).Benzene, is of particular concern due to its
ubiquitous nature and ability to cause cancer in humans (Bond et al., 1986; Bloemen et al., 2004;
Whitworth et al., 2011; Vlaanderen et al., 2011).
Biomass burning for cooking or room heating is associated with emission of smoke. Cooking in poor rural
households are usually done in makeshift kitchen that often lack window and the ovens are not vented
outside. As a result biomass smoke remains in cooking areas for long. The smoke contains a large number
of pollutants potentially hazardous to human health. Important among these are polycyclic aromatic
hydrocarbon like benzo (a) pyrene (Smith, 2000) and volatile organic compound like benzene (Maffei et
al, 2005). Both these compounds are carcinogenic to humans. Therefore, chronic exposure to biomass
smoke may cause genotoxicity at the chromosomal and DNA level. In view of this, an effort has been
made in this chapter to examine whether biomass smoke exposures can lead to chromosomal breaks in
exposed cells.

Micronucleus (MN) formation, a measure of detection of chromosomal
breaks
As a measure of chromosomal breaks, the micronucleus (MN) formation in buccal and airway epithelial
cells has been investigated. A number of environmental agents can cause damage to the chromosomes and
the chromosome can be fragmented in the process. When the cell with damaged chromosome divides, the
acentric fragments without spindle attachments are not included in the daughter nuclei. Instead, they
remain as small DNA-containing material within the cytoplasm and are called ‘micronucleus’ (MN).
Presence of MN in a cell implies that chromosomal breaks have occurred in its progenitor cell.

Significance of MN assay for detection of chromosomal breaks
The micronucleus (MN) assay in exfoliated buccal cells and airway epithelial cells is a useful and
minimally invasive method for monitoring genetic damage in humans. Accordingly, MN test is the most
frequent technique used to detect chromosome breakage or mitotic interference, events thought to be
associated with increased risk for cancer (Bush and McMillan et al., 1993; Hagmar et al., 1998; Rothfuss et
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al., 2000; Palyvoda et al., 2003; Varga et al., 2006; Reis Campos et al., 2008; Wolff et al., 2011; El-Zein et
al., 2011; Bonassi et al., 2011). The micronucleus test has been widely used for evaluating the genotoxic
potential of chemical and physical agents (Maffei et al., 2002; Chung et al., 2002; Ding et al., 2003; Khan
et al., 2010; Mondal et al., 2011); the biomonitoring of human populations occupationally exposed to
mutagenic agents (Machado-Santelli et al., 1994; Majer et al., 2001; Laffon et al., 2002; Bolognesi et al.,
2004; Ehrlich et al., 2008; Sellappa et al., 2010) ; in the search for carcinogenesis-inhibitory compounds
(Surh et al., 1999; Izzotti et al., 2001; Roy et al., 2003; Zhong et al., 2010; Agrawal and Beohar; 2010) and
in ecotoxicologic studies (Gauthier et al., 1999; Llorente et al., 2002; Costa et al., 2006; Bolognesi et al.,
2011). According to OECD, Draft New Test Guideline 487 (2004) MN assay has also been recommended
for monitoring in product development and regulatory tests of new drugs. In view of these, MN assay was
done for the assessment of chromosomal damage among ambient air pollution and biomass smoke exposed
subjects.

The origin of MN
Different types of chromosomal changes can lead to the formation of micronucleus (Figure 12.1). Cell
type, stage of cell cycle during clastogen exposure and the type of clastogen are the key factors for the
types of chromosomal damage. Ionizing radiation can also produce all types of structural changes. Most of
the chemical clastogens produce only chromatid types changes. Only acentric fragments excluded from the
daughter nuclei at telophase can produce MN. Thus, cell division is a necessary condition for the
appearance of MN and their frequency will be expected to increase with time after treatment as more
aberration bearing cells pass through mitosis.

MN formation in epithelial cells
Micronuclei (MN) are functionally defined as small, extranuclear chromatinic, round to oval bodies within
the cytoplasm of a cell, having the same staining properties as the major nucleus, and are assumed to arise
from the loss of a whole chromosome or fragment of a chromosome from the nucleus (Peace and Succop,
1999; Dias et al., 2005) (Figure 12.1). Thus, MN provide a measure of both chromosome breakage and
chromosome loss and it has been shown to be at least as sensitive an indicator of chromosome damage as
classical metaphase chromosome analysis (Nüsse et al., 1996; Fenech et al., 1999; Norppa and Falck,
2003; Dhawan et al., 2003; Thomas et al., 2003; Le Hegarat et al., 2003; Fenech, 2006; Nersesyan and
Chobanyan, 2010; Ladeira et al., 2011).

Figure 12.1. The origin of micronuclei from lagging whole chromosomes and acentric chromosome fragments in
a dividing cell at anaphase.

The formation of MN in dividing cells is the result of chromosome breakage due to unrepaired or
misrepaired DNA lesions, or chromosome malsegregation due to mitotic malfunction. These events may
be induced by oxidative stress, exposure to clastogens (substances that cause breakage of chromosomes) or
aneugens (agents which affect the spindle apparatus), genetic defects in cell-cycle checkpoint or DNA
repair genes and by deficiencies in nutrients required as co-factors in DNA metabolism and chromosome
segregation (Majer et al., 2001; Iarmarcovai et al., 2008; Bortoli et al., 2009).
Buccal cells are the first barrier for the inhalation or ingestion route and are capable of metabolizing
proximate carcinogens to reactive products (Autrup et al., 1985; Liu et al., 1993; Vondracek et al., 2001;
Spivack et al., 2004; Holland et al., 2008). The buccal mucosa is a stratified squamous epithelium
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consisting of
o four distinnct layers (Fiigure 12.3) (V
Veiro et al., 1994; Masteers et al., 19997; Thomas et al.,
2004). The stratum cornneum or kerattinised layer lines the orall cavity compprising cells that are consstantly
being lost as a result of everydayy activities such as masttication. Below this layeer lie the sttratum
granulosum or granular cell
c layer andd the stratum spinosum orr prickle cell layer containning populatio
ons of
both differeentiated, apooptotic and necrotic
n
cellss. Beneath these
t
layers are the retee pegs or sttratum
germinativuum, containinng actively divviding basal cells which produce
p
cellss that differenntiate and maaintain
the profile, structure
s
andd integrity of the
t buccal muucosa. Thus, presence of micronucleus
m
s in exfoliated
d cells
reflects genootoxic changees that occurrred in dividinng basal cells 1-3 weeks eaarlier (Stich aand Rosin, 19
983).

Figure 12.2. Structure and
d differentiatio
on of oral epith
helium.

a
polluutants, the eppithelial cells of the
As naso-oroopharyngeal tract is the priinciple route of entry for airborne
buccal mucoosa and airw
way tracts aree in constant touch with these
t
pollutaants. True to this apprehen
nsion,
approximateely 90% of human
h
cancerrs originate from
f
epitheliaal cells (Rosiin, 1992; Hollland et al., 2008).
2
Epithelial tiissues are in immediate contact
c
with inhaled and ingested gennotoxic agentts, and kidneey and
bladder cellls are also in contact with metabolittes of the ch
hemicals. Geenotoxic channges in bron
nchial,
esophageal, cervical, breeast duct and other types of
o epithelia haave also beenn reported (Feenech et al., 1999).
1
Therefore, it could be arrgued that oraal and airwayy epithelial ceells represent a preferred ttarget site forr early
e
the body
b
via inhallation and inggestion.
genotoxic evvents inducedd by carcinoggenic agents entering

Identificattion of MN
Another impportant aspecct of the MN assay
a
in bucccal and airway
y epithelial iss the criteria for identifyin
ng and
scoring the cells. The criiteria developped by Tolberrt et al. (1992
2) for choosinng the cells aare the most widely
w
used which are described in detail byy Ray et al., 2005; Hallarre et al., 20009 and Thom
mas and co-wo
orkers
M are listed below:
(2009). The latest establiished criteria for the identiification of MN
•

Thee micronucleii are round orr oval in shappe.

•

Thee MN should contain nucleear material.

•

It shhould be com
mpletely separrated from the parent nuclleus.
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•

MN shouuld not be fraggmented.

•

Diameterr of MN should range betw
ween 1/3 and 1/16 of the main
m nucleus.

•

It should be found witthin fourfold the
t shortest axis
a of the parrent nucleus.

•

The MN should have the
t same stainning intensity
y and texture as the main nnucleus.

•

It should be located within
w
the cytooplasm of the cells.

•

The MN should have the
t same focaal plane as nu
ucleus.

•

Nucleus of
o the MN shhould be norm
mal and intact, nuclear periimeter shouldd be smooth and
a distinct.

Scorring of MN
Tolbeert et al. (1991) recommeended the scooring of at leeast 1000 cells, with an iincrease to 2000–3000
2
iff
fewerr than 5 microonucleated ceells were obseerved after co
ounting 1000 cells.

Othe
er nuclear anomalies
a
In adddition to MN
M formationn, inhaled geenotoxic com
mpounds can inflict severral other chaanges in the
expossed cells anomalies like ‘bbroken egg’ (cells with nu
uclear buds), binucleated cells, pyknossis (shrunkenn
nucleei), karyorrheexis (nuclear disintegratioon), and karyolysis (dissollution of nuccleus). These changes are
collecctively termeed as ‘other nuclear anomalies’ (Tolbert et al., 1992;
1
Thomaas et al., 200
09). A more
detailled descriptioon of these chhanges (Figurre 12.3) is outtlined below.

Figurre 12.3. Diag
grammatic representation off the various cells
c
done on the
t basis of the scheme pro
oposed by
Tolbe
ert et al., 1992.

Cellss with nucle
ear buds orr ‘Broken eg
gg’
Cellss with nucleaar buds contaain nuclei with
w
an apparrent sharp coonstriction att one end off the nucleus
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suggestive of a budding process, i.e., elimination of nuclear material by budding. In the original Tolbert et
al. publication (1992) these were referred to as ‘broken egg’ cells. The nuclear bud (NBUD) and the
nucleus are usually in very close proximity and appear to be attached to each other. The nuclear bud has
the same morphology and staining properties as the nucleus; however, its diameter may range from a half
to a quarter of that of the main nucleus. The mechanism leading to nuclear bud formation is not known but
it may be related to the elimination of amplified DNA or DNA repair (Shimizu et al., 1998, 2005; Fenech
and Crott, 2002; Nersesyan, 2005; Thomas et al., 2009).

Binucleated cells
Binucleated are cells containing two main nuclei instead of one. The nuclei are usually very close and may
touch each other and usually have the same morphology as that observed in normal cells. The significance
of these cells is unknown, but they are probably indicative of failed cytokinesis following the last nuclear
division in the basal cell layer. It has recently been shown that chromosomal non-disjunction occurs with a
higher frequency in binucleated cells that fail to complete cytokinesis, rather than in cells that have
completed cytokinesis (Shi and King, 2005). This mechanism identified recently is thought to be a
cytokinesis checkpoint for aneuploid binucleated cells (Thomas et al., 2009). The binucleate:
mononucleate cell ratio may therefore prove to be an important biomarker for identifying individuals with
a cytokinesis failure caused by higher-than-normal rates of aneuploidy, such as that observed in Down’s
syndrome (Thomas et al., 2007; Thomas and Fenech, 2007).

Cells with condensed chromatin
Cells with condensed chromatin show a roughly striated nuclear pattern in which the aggregated chromatin
is intensely stained. Similar nuclear morphologies have also been shown in other cell types (Strange et al.,
1992; Frankfurt and Krishan, 2001; Thomas et al., 2009). In these cells it is apparent that chromatin is
aggregating in some regions of the nucleus while being lost in other areas. When chromatin aggregation is
extensive the nucleus may appear to be fragmenting (Wyllie, 1981). These cells may be undergoing early
stages of apoptosis, although this has not been shown conclusively. These cells as well as karyorrhectic
cells invariably result in fragmented nuclei, leading to eventual disintegration, and sometimes appear to
contain bodies similar to MN, but these are not scored as MN in the assay as their origin cannot be
accurately determined.

Karyorrhectic cells
Karyorrhectic cells have nuclei that are characterized by more extensive nuclear chromatin aggregation
relative to condensed chromatin cells. They have a densely speckled nuclear pattern indicative of nuclear
fragmentation leading to the eventual disintegration of the nucleus (Wyllie, 1981; Tolbert et al., 1991).
These cells may be undergoing a late stage of apoptosis, but this has not been conclusively proven. These
cells should not be scored for MN in the assay.

Pyknotic cells
Pyknotic cells are characterized by a small shrunken nucleus, with a high density of nuclear material that is
uniformly but intensely stained (Wyllie, 1981; Tolbert et al., 1991).The nuclear diameter is usually one- to
two-thirds of a nucleus in normal differentiated cells. The biological significance of the pyknotic cells and
the mechanism leading to their formation are unknown, but it is thought that these cells may be undergoing
a unique form of cell death; however, the precise mechanism remains unknown. They may represent an
alternative mechanism of nuclear disintegration that is distinct from the process leading to the condensed
chromatin and karyorrhectic cell death stages (Chen et al., 2006; Holland et al., 2008).

Karyolytic cells
Karyolytic cells are cells in which the nucleus is completely depleted of DNA and is apparent as a ghostlike image that has no Feulgen staining (Wyllie, 1981; Tolbert et al., 1991; Thomas et al., 2009).
Therefore, these cells appear to have no nucleus and represent a very late stage in the cell death process.
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Biomass smoke exposure and DNA damage
Because of the presence of known and suspected mutagens and carcinogens in biomass smoke and
vehicular exhausts, it is reasonable to assume that chronic exposure to IAP from biomass burning may
cause genotoxic changes in exposed cells. True to this apprehension, DNA damage has been observed in
peripheral blood lymphocytes and buccal epithelial cells of biomass users (Musthapa et al., 2004; Pandey
et al., 2005; Mondal et al., 2010, 2011). The reports suggest chronic exposures to biomass smoke may
cause genotoxic changes especially in cells at the direct line of exposure such as cells of the nasopharynx,
oral cavity, airways and the lung. A variety of in vitro and in vivo tests have also been used to evaluate
DNA damage by mutagens. Among these, the single cell gel electrophoresis (SCGE), or comet assay
(Singh et al., 1988) is most popular and widely used (Andreoli et al.,1997; Anderson et al., 1998 ;
Somorovská et al.,1999; Zhu et al.,2001; Lam et al.,2002 ; Monarca et al.,2001 ; Sul et al.,2003, 2005;
Cebulska-Wasilewska et al.,2005, 2007; Taioli et al.,2007; Maluf et al.,2007; Torres-Dosal et al.,2008;
Danielsen et al.,2008; Pandey et al.,2008, Manikantan et al.,2010; Srujana et al.,2010; Mondal et al.,
2011).

Alkaline comet assay for detection of DNA damage detection strategies
Comet assay is a rapid, simple, non-invasive, versatile and sensitive method for measuring single- and
double-strand breaks in DNA at the level of individual cells. In this assay target cells are embedded in
agarose on a microscope slide. Then they are lysed with detergent and un-winded for the free movements
of broken DNA during electrophoresis. The resulting comet-like structures, stained with DNA-binding
dyes, are examined with fluorescence microscopy. The comet assay and microgel electrophoresis (MGE)
were first introduced by Östling and Johanson in 1984. This was a neutral assay in which the lysis and
electrophoresis were done under neutral conditions. Staining was done with acridine orange. The image
obtained looked like a “comet” with a distinct head, comprising of intact DNA and a tail, consisting of
damaged or broken pieces of DNA hence the name ‘Comet’ assay was given. The extent of DNA liberated
from the head of the comet was the function of the dose of irradiation. However, in this procedure, only
double strand breaks could be analyzed. The above neutral assay was modified by two groups, Singh and
co-workers (1988) and Olive et al (1999). Singh et al used microgels, involving electrophoresis under
highly alkaline conditions (pH >13). This enabled the DNA supercoils to get relaxed and unwind, which
are then pulled out during application of electric-current which made possible the detection of single strand
breaks in DNA and alkali labile sites expressed as frank single strand breaks in individual cells. This
method was developed to measure low levels of strand breaks with high sensitivity. Olive and co-workers
(1999) conducted the electrophoresis under neutral or mild alkaline (pH=12.3) to detect single stranded
breaks. This method was optimized to detect a subpopulation of cells with varying sensitivity to drug or
radiation. The technique of Singh and colleagues (1988) was found to be one or two orders of magnitude
more sensitive than the other techniques. This is the most frequently used version of the comet assay and
detects DNA single-strand breaks, alkali labile sites and DNA cross-linking in individual cells.

Principle of comet assay
In a living cell, DNA is organized in nucleosomes and it is the winding of the DNA around the histone
core that creates the (negative) supercoiling. After lysis with 2.5 M NaCl during comet assay, most
histones are removed and nucleosomes are disrupted but the DNA remains supercoiled. One single strand
break will relax the supercoiling in the loop in which it occurs, allowing that loop to extend under the
electrophoretic field. Under highly alkaline conditions unwinding of the duplex DNA is occurred which
allows the expression of alkali labile sites as single strand breaks are happened. Comet assay is based on
the ability of negatively charged DNA fragments to be drawn through an Agarose gel in response to an
electric field. In an electric field, the damaged DNA fragments migrate out of the cell, in the direction of
the anode, appearing like a 'comet', consisting of a head (nuclear matrix) and a tail (Collins, 2004), formed
by DNA fragments (Figure 6.1). The fragment content of the tail is directly proportional to the amount of
DNA damage (Fairbairn et al., 1995). This assay is very sensitive. From about one hundred to several
thousand breaks per human cell can be detected by this technique (Collins, 2004).
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Figure 12.4. Diagrammatic representa
ation of ‘come
et’ showing ‘head’ and ‘ta
ail’ formation in peripheral blood
lymphocyte by
b comet assa
ay.

Advantage
es of comett assay
The main addvantages of the
t comet asssay (Tice et al.,
a 1990) are listed below:
•

It iss a non-invasive techniquee.

•

It reequires <10,0000 cells and collection off data at the leevel of the inddividual cell, allowing forr more
robust types of statistical
s
anaalyses.

•

oup, through a computerizzed image an
nalysis
Couunting of 50-100 cells perr individual / treatment gro
soft
ftware gives a robust statistics.

•

Anyy eukaryotic cell populatioon is amenable to analysiss in comet asssay.

•

It has
h high sensiitivity (one brreak in 10 Daltons)
D
for detecting
d
DNA
A damage and repair.

•

Ressults can be obtained
o
in a few hours compared
c
to conventionall cytogeneticc techniques which
w
takee a few days.

•

In comet
c
assay single
s
strand breaks
b
(SSB’’s) and alkali labile lesions (capable off being transfo
ormed
intoo SSB’s undeer alkaline connditions) in thhe DNA of in
ndividual cellls can be asseessed

•

Onlly few microlitres of bloood (5-10μl), nasal
n
& buccaal mucosal ceells, epitheliaal cells, malee germ
cellls, fine needlee biopsy are required
r
in huuman studies

10

γH2AX: DNA
D
double strand bre
eak markerr
DNA doublle-strand breaak (DSB) is a type of DN
NA damage in
i which twoo complemenntary strands of the
double helixx of DNA are
a damaged simultaneously, in locatiions close too each other. DSB is the most
dangerous tyype of DNA damage, beccause it is beelieved that a single unreppaired DSB is sufficient for
f the
induction off cell death process
p
(Jacksson, 2002; Soonoda et al., 2006; Podhoorecka et al., 2010). The factors
f
leading to the
t formationn of DSB innclude endogenous factors, which aree associated w
with physiolo
ogical
processes occcurring in thhe cell, and thhe exogenous ones (Tanaka et al., 2006, 2007).
H2AX, A sppecific variannt of the H2A
A histone protein; H2A fam
mily member X, rapidly phhosphorylatess at its
carboxyl-taiil at Serine 139 (Rogakouu et al., 19988) to become γH2AX whiich occurs inn response to DNA
damage andd can be visuualized by thhe formationn of nuclear foci at DNA
A double-straand breaks (D
DSBs)
(Rogakou ett al., 1999; Pilch
P
et al., 20003; Watters et al., 2009). H2AX was first reportedd in 1980 by
y West
and Bonner. Bonner, aloong with Panttazis in 1981,, went on to show
s
that H22AX can be pphosphorylateed and
acetylated.
ng for cells and
a organism
ms as they altter the
Unrepaired DNA doublee strand breaaks can be life threatenin
ole in
content andd organizationn of the gennetic materiaal. So, DNA repair machhineries playy a pivotal ro
maintainingg genome inteegrity (Koloddner et al., 20002; Sancar ett al., 2004). Deregulation
D
oof DNA repaair can
result in gennomic instabbility (Lengauuer et al., 19998; Hoeijmaakers, 2001), which is a hhallmark of cancer
c
cells (Hanahhan and Weinnberg, 2000). Phosphorylation of H2A
AX plays an important
i
rolle in DNA daamage
signalling annd repair.
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γH2AX and its role in DNA damage response
The main function of γH2AX is accumulation of DNA damage signalling and repair proteins at the site of
DSBs as depicted in Figure 6.3. The generation of DSBs triggers the relocalization of many DNA damage
response (DDR) proteins such as MRE11, NBS1 and RAD50 to nuclear foci where these proteins interact
with γH2AX. MRN complex (MRE11-RAD50-NBS1) recognizes DNA damage, recruits ATM to the site
of damage and also functions in targeting ATM to initiate phosphorylation of H2AX and thus activates the
ATM-dependent cell cycle checkpoints. As a result, the DNA damage signal is amplified and is passed to
the downstream effectors including Chk1, Chk2, p53 and Cdc25. The cell cycle checkpoint kinases Chk1
and Chk2 are phosphorylated and activated by ATM. Subsequently, they phosphorylate the cell cycle
regulators Cdc25 and p53, leading to an inactivation of cyclin-dependent kinases and an arrest of cell cycle
(Zhou and Elledge, 2000; Lisby et al., 2004). This arrest of cell cycle progression is essential for cells to
have more time to repair DNA damages (Tsai et al., 2008). γH2AX also helps in chromatin remodelling to
prevent dissociation of break ends and enhance DSB processing and repair efficiency.

Methods of γH2AX detection
The quantitative assessment of DSBs was initially based on methods, such as pulse-field gel
electrophoresis (PFGE), DNA elution tests, or the so-called “comet assay” (single cell gel
electrophoresis—SCGE). Development of an antibody, that is specific to γH2AX, made it possible to
detect H2AX phosphorylation and thus detection of DNA damage and repair in situ in individual cells. The
presence of γH2AX in chromatin can be detected shortly after induction of DSBs in the form of discrete
nuclear foci. Since each focus represents a single DSB, their frequency reports the incidence of DSBs
(Huang et al., 2005). Compared with alternative methods of DNA damage assessment mentioned above,
the immunocytochemical approach is less cumbersome and offers much greater sensitivity (Darzynkiewicz
et al., 2006; Podhorecka et al., 2010).

Applications of γH2AX detection
Because of its sensitivity, the γH2AX assay is now utilized in many research areas. γ-H2AX level
measurements may help to detect precancerous lesions or cancer at its early stages (Gorgoulis et al., 2005;
Sedelnikova and Bonner, 2006; Kuo and Yang, 2008) and the test can be used for screening of potential
environmental carcinogens (Albino et al., 2004).

Scope and objective of the work
Cumulative biomass smoke exposure has been linked with carcinogenesis in the lung (Ruchirawat et al,
2002; Delgado et al., 2005; Behera and Balamugesh, 2005). The ultrafine particles migrate from alveoli to
the blood capillaries and circulate throughout body causing systemic damage through generation of
oxidative stress (Nemmar et al., 2002). Therefore, genotoxic components of biomass smoke may cause
chromosomal and DNA damage in airway cells as well as in cells of the distant organs. In view of these,
this study was carried out with the following objectives:
i.

To investigate whether chronic inhalation of smoke during cooking with wood, dung and crop
residues causes chromosomal breaks and other cellular alterations in buccal mucosa and airway
epithelial cells by implying MN assay,

ii.

To examine the possibility of DNA damage in the airways and peripheral blood lymphocytes
following chronic inhalation of biomass smoke by alkaline comet assay,

iii.

To elucidate the risk of DNA double strand breaks, the most serious type of DNA damage, among
pre-menopausal rural women who cook exclusively with biomass fuel by measuring the
expression of γ-H2AX immunocytochemically, and

iv.

To elucidate whether the genotoxic changes, if any, in biomass-using women was associated with
benzene exposure, MN, comet and γ-H2AX data will be correlated with the concentration of
benzene metabolite trans,trans-muconic acid (t,t-MA) in urine.
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Materials and methods
Participants
MN assay was conducted in all the 3160 participants. For Comet and γ-H2AX study, a total of 1005 premenopausal women were randomly selected from the total number of 3160 women enrolled in this study.
Among the participants, 656 women (age 26 – 42 years, median 34 years) cooked daily with wood, cow
dung cake and agricultural refuse, such as bamboo, jute stick, paddy husk, hay and dried leaves for the last
5 years or more. Accordingly they were grouped as biomass users. The remaining 349 women aged 25 –
41 years, median age 33 years were from the same villages but they cooked with cleaner fuel LPG. They
were considered as control. The inclusion and exclusion criteria are stated in Chapter-3.

Collection of sample
a. Buccal mucosal cells
The subjects were asked to wash their mouth with sterile 0.9% saline (NaCl). Epithelial cells were
collected from buccal mucosa scraping the middle part of the inner cheeks with sterile plastic spatula.
The cells were smeared on clean glass slides. The participants were then asked to cough vigorously
and the expectorated sputum was collected in sterile plastic cup and the thick viscous part was
smeared on clean glass slides. Four slides from buccal mucosal scrapings and another two slides from
sputum samples were prepared for each participant.

b. Blood
Blood samples (5 ml) were drawn after informed consent by venipuncture of the anticubital plexus by
a sterile 21 gauge needle fitted on a 5 ml sterile plastic disposable syringe [Dispovan(R), Hindustan
Syringes & Medical Devices, Faridabad, India] and collected in vacutainer tubes [Becton Dickinson
(BD), USA] containing K3EDTA as anticoagulant. Blood was collected at a fixed time of the day
(9.30-10.30 hours) to minimize diurnal variation. The tubes were stored in ice box and brought to
laboratory.

c. Sputum
The participants were given sterile plastic cups to collect the early morning spontaneously
expectorated sputum for three consecutive days. The samples were transferred to fresh tubes
containers containing 20 ml of phosphate-buffered saline (PBS) with 0.1% dithiotheritol (Sigma
Chem, USA), and transported to the laboratory in ice box. Tubes containing sputum samples were
centrifuged at 2,500 rpm for 10 min and the supernatant was discarded. The cell pellet was washed
with PBS for 2-3 times. A smear was drawn on clean glass slides for cytology, and the remaining
cells were suspended in PBS and stored at -20oC for future analysis.

d. Urine
Urine (25-50 ml) was collected from biomass and control women within an hour after completion of
cooking for lunch (between 13.00-14.00 hours) into 100-ml plastic screw-cap vials for analysis of t,tMA. The procedure has been described in detail in Chapter-2.

Fixation of samples
Two slides of buccal mucosa and two of sputum were immediately fixed in 95% ethanol. The slides were
brought to the laboratory and stained with Papanicolaou (Pap) method following the procedure of Hughes
and Dodds (1968). Remaining 2 slides of buccal mucosa were fixed with 3.7% formaldehyde for 30 min at
the site of collection for fluorescence study. The remaining sputum samples were transferred to fresh tubes
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containers containing 20 ml of phosphate-buffered saline (PBS) with 0.1% dithiotheritol (Sigma Chem,
USA), and transported to the laboratory in ice box. Tubes containing sputum samples were centrifuged at
2,500 rpm for 10 min and the supernatant was discarded. The cell pellet was washed with PBS for 2-3
times. A smear was drawn on 2 clean glass slides and fixed with 3.7% formaldehyde for 30 min for
micronucleus analysis in fluorescence method (Dias et al., 2005).

Papanicolaou (Pap) and fluorescence staining for MN assay
The reagents used and the staining procedure for Pap staining are same as described in chapter 7. For
fluorescence microscopy, the cells were fixed with 3.7% formaldehyde for 30 min, permeabilized with
0.5% Triton X 100 for 10 min, and the nuclei were stained for 5 min with 50 µl of 20µg/ml ethidium
bromide. The slides were washed three times with phosphate buffered saline. For each individual, at least
2000 buccal and airway epithelial cells were analyzed. Pap- stained buccal and airway epithelial cells from
each person were analyzed under light microscope (Olympus BX 50, Japan) with 40x and 100x objectives
and ethidium bromide stained slides were analyzed under fluorescence microscope with 40x objective
(Leica DM 4000B, Germany). Slides were evaluated for the presence of micronuclei (MN) and other
nuclear anomalies like binucleation (BN), Broken egg (BE), Karyorrhexis (KH), Karyolysis (KL) and
Pyknosis (PK) following the established criteria (Thomas et al., 2009). The mean number of MN and other
nuclear anomalies were calculated per 1000 cells.

Lymphocyte separation from whole blood
Lymphocytes were isolated from EDTA anticoagulated whole blood using Histopaque®-1077 following
the instruction of the manufacturer. Briefly, 1 ml blood was layered over 2 ml Histopaque and centrifuged
at 400x g for 10 min at 20oC. The lymphocytes separated in buffy coat were collected in microfuge tubes
and added to 1 ml sodium chloride solution (0.9% W/V). The suspension was then centrifuged at 3000 rpm
for 8min at 4oC to pellet down the lymphocytes, which was resuspended in normal saline. An aliquot was
stored at -20oC until use for comet assay, and the remaining lymphocytes were smeared on 3–4 clean glass
slides for immunocytochemistry (ICC).

Alkaline single cell gel electrophoresis (Comet assay) in peripheral blood lymphocytes
and airway cells
Analysis of DNA damage in lymphocytes and spontaneously expectorated sputum cells was done
following the procedure of Singh et al., 1988 with the modification of Zhu et al., 1999 and Marczynski et
al., 2010.

Reagents used
Density gradiante
Ficoll-Paque (Pharmacia Biotech, USA) or Histopaque®-1077

100 ml

High melting agarose (SRL, India)
1% high melting agarose in distilled water

5 ml

Low melting agarose (Sigma Chem, USA)
0.6% low melting agarose in distilled water

5 ml

0.8% low melting agarose in distilled water

5 ml

Lysis buffer (pH 10.5)
2.5M Sodium chloride

29.2 g

0.3M NaOH

2.4 g

0.1 M Na2EDTA

7.4 g

10mM TRIS
Glass distilled water

0.242 g
200 ml

(10% DMSO (20 ml) and 1% Triton X (0.2ml) were mixed with the lysis buffer just before use)
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Electrophoretic buffer (pH 12.5)
0.3 M NaOH

12 g

1.0 mM Na2 EDTA

0.372 g

Distilled water

1000 ml

Neutralization buffer (pH 7.5)
0.4M TRIS

4.84 g

Distilled water

100 ml

Fluorescence dye
Ethidium bromide (Sigma Chem, USA)
Distilled water

25 µg
1 ml

Assay procedure
The alkaline comet assay was used to detect DNA damage in sputum cells and peripheral blood
lymphocytes following the procedure of Singh et al. (1988). In brief, frosted slides were coated with
1% high melting agarose (Sigma Chem, USA) and the slides were kept overnight for drying and to
form the base layer. An intermediate layer, containing a mixture of 20 µl of cell suspension and 80 µl
of 0.6% low melting agarose (Sigma Chem, USA) was applied over the first layer and cover glasses
were immediately placed over the second layer and the slides were kept at 4 oC for 30 min to solidify
the agarose. After removing the cover glass, a third layer of 0.8% low melting agarose was applied
and the agarose was allowed to solidify at 4oC for 30 min. Thereafter the slides were immersed in
freshly prepared chilled lysis buffer containing 2.5M NaCl, 0.3M NaOH, 0.1M Na2EDTA, 10mM
TRIS and distilled water, pH 10.5 (5ml of 10% dimethyl sulfoxide and 50 µl of Triton X-100 were
added to 50 ml of lysis solution just before use). After lysis, the slides were placed in a horizontal gel
electrophoresis tank, and freshly prepared ice-cold alkaline electrophoresis buffer (0.3M NaOH, 1mM
Na2EDTA and distilled water, pH > 13) was poured into electrophoresis tank covering the slides and
kept for 20 min to allow DNA unwinding and generation of single stranded DNA and to express
alkali-labile sites to DNA single stranded break. Electrophoresis was conducted in this alkaline buffer
for 20 min at 25 V and 300 mA. Then the slides were washed with neutralization buffer containing
0.4M TRIS and distilled water, pH 7.5, thrice. Washed slides were stained for 5 min with 50 µl of
20µg/ml ethidium bromide, dipped into chilled distilled water to remove excess stain, and covered
with a cover glass. The slides were placed in a dark humidified chamber to prevent drying of the gel
and analyzed within 3 hr under 40 x objective of a fluorescence microscope (Leica DM 4000B,
Germany) connected to a computer through a CCD camera and image analysis software (Komet 5.5;
Kinetic Imaging, Liverpool, U.K.).

Observation and scoring
The parameters used for measuring DNA damage were the tail DNA (%), tail length i.e. migration of
the DNA from the nucleus in µm, and Olive tail moment in arbitrary unit. The comets were classified
by visual inspection into five categories: 0 representing undamaged cells (comets with no or barely
detectable tails) and 1–4 representing increasing relative tail intensities. Images from 50 cells per
slide, using three different slides for an individual were analyzed. Comets were randomly selected
from each slide, avoiding the edges and damaged parts of the gel as well as the apparently dead cells
(comets without a distinct ‘comet head’) and the superimposed comets.

Immunocytochemical localization of DNA double strand break marker protein, γH2AX in
peripheral blood lymphocytes (PBL) and airway epithelial cells (AEC)
Expression and localization of γ-H2AX was analyzed by immunocytochemistry using the diagnostic kits
manufactured by Abcam, Japan with modifications (Ghosh et al., 2009).
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Reagents used
1X PBS buffer (pH 7.2)
NaCl (Merck, Mumbai, India)

8g

KCl (Merck, Mumbai, India)

0.2g

Na2HPO4.7H2O (Merck, Mumbai, India)

1.44g

KH2PO4 (Merck, Mumbai, India)

0.24g

Distilled water

1000ml

BSA solutions (Sigma–Aldrich Chemicals, Saint Louis, MO, USA)
3% (w/v) BSA in 1X PBS

10ml

1% (w/v) BSA in 1X PBS

10ml

Primary antibody
Rabbit polyclonal γ-H2AX (ab2893; dilution 1:1000)

1μl

1%(w/v) BSA

1ml

Secondary antibody
Goat anti-rabbit IgG, F(ab’)2- HRP (Santa Cruz Biotechnology, Inc., USA); Cat no. sc-3837

2μl

1%(w/v) BSA

1ml

Tris-HCl solution (pH 7.6)
Tris powder (SISCO Research Laboratories, India)

7.5g

Doubled distilled water

50ml
o

[Adjusted pH7.6 only by adding HCl. Autoclaved and stored at 4 C]
HRP substrate mixture

3ml

50X DAB (Santa Cruz Biotechnology, Inc., USA)

60μl

50%H2O2 (Merck, Mumbai, India)

30μl

1M Tris-HCl
Distilled water

291μl
2619μl

Procedure
Slides containing PBL and sputum cells were air dried and fixed in chilled methanol for 30 min. then
the slides were air dried, washed in PBS thrice and blocked in 3% BSA for 1 hr at room temperature.
Thereafter, rabbit polyclonal γ-H2AX (phospho S139) primary antibody (diluted 1: 1000 in 1% BSA)
was added separately to each slide. The slides were placed in a humid box at 4oC and kept overnight
in darkness. After washing with PBS, anti-rabbit IgG, F(ab`)2-HRP secondary antibody (diluted 1 :
500 in 1% BSA) was added to the slides and kept for 90 min. after washing with PBS, HRP substrate
mixture was added to the slides and kept for 45 min in darkness. Then the slides were washed with
distilled water and counterstained with hematoxylin, dehydrated in graded ethanol and mounted in
DPX and examined under light microscope (Olympus, model BX 50, Japan). Slides were evaluated
for the presence of DAB-stained golden brown nuclei. At least 250 lymphocytes and airway epithelial
cells (AEC) were scored from each slide and the results were expressed as percentage of positive
(stained) cells.
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Statistical Analysis
The results were statistically analyzed using SPSS statistical software (Statistical Package for Social
Sciences for windows, release 10.0; SPSS Inc., Chicago, IL, USA). Statistical differences were determined
by using Chi-square test, Student’s t-test, and Mann– Whitney U test, as applicable. The impact of all
variables on measurable comet parameters and percentage of γ-H2AX positive cells was first examined by
logistic regression analysis to identify the potential confounders. Then, the cumulative impact of these
factors on the DNA damage parameters was evaluated by stepwise multivariate logistic regression
analysis. Any measured parameter was treated as a variable, either continuous (when computing
univariately for correlation) or dichotomous (when examining association). Univariate analysis was carried
out using Spearman’s rank correlation test to find out the relation between two measurable parameters as
continuous variables, and the result was expressed as rho value (Spearman's rank correlation coefficient).
Statistical significance was assigned at p < 0.05.

Results
Elevated MN count and other nuclear anomalies in buccal (BEC) and airway epithelial
cells (AEC) among biomass users in Papanicolaou staining
Table 12.1 indicates that the micronucleated cell frequencies (MCFs) of BEC and AEC in biomass users
were 3.50±2.23‰ and 4.54±3.61‰ respectively, which were significantly higher than MCFs of BEC and
AEC (1.71±1.23‰and 1.86±1.42‰) in LPG users (p < 0.001) (Table 12.1).

Table 12.1. Frequencies of micronucleus and other nuclear anomalies in exfoliated buccal and airway epithelial
cells of biomass- and LPG-using women

Micronucleus per 1000 cells (‰)

Buccal epithelial cells
LPG-users
Biomass-users
(n=1010)
(n=2150)
1.71 ± 1.23
3.50 ± 2.23*

Airway epithelial cells
LPG-users
Biomass-users
(n=1010)
(n=2150)
1.86 ± 1.42
4.54 ± 3.61*

‘Broken egg’ (‰)

4.62 ± 3.42

9.91 ± 7.20*

1.71 ± 1.22

3.54 ± 2.91*

Binucleation (‰)

3.11 ± 2.81

5.93 ± 4.43*

1.73 ± 1.24

2.34 ± 1.33*

Karyorrhexis (‰)

1.52 ± 1.10

2.53 ± 1.91*

1.12 ± 0.84

2.59 ± 2.12*

Karyolysis (‰)

0.52 ± 0.34

1.33 ± 0.92*

0.13 ± 0.07

0.26 ± 0.15*

Pyknosis (‰)

1.14 ± 0.71

2.0 ± 1.53*

0.7 ± 0.61

1.6 ± 1.30*

Parameter

Results are expressed as mean ± SD. *, p < 0.001 compared with LPG users in Student’s t test.

Besides MN, the frequencies of other nuclear anomalies like ‘broken egg’, binucleation, karyorrhexis,
karyolysis and pyknosis were significantly higher (p < 0.001) in BEC and AEC of biomass-using women
compared with their LPG-using neighbours (Table 12.1, Plate 12.1).
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Comparison between Papanicolaou staining and fluorescence staining method in MN
count
Figure 12.5 summarizes the micronuclei frequencies found in exposed and control groups with the
different staining procedures. It can be said that the micronuclei frequencies scored with Papanicolaou
staining were 1.45 to 1.71 fold higher in AEC and BEC of biomass users than fluorescence staining
method (Figure 12.5).

Pap staining

MCF per 1000 cells

5

Fluorescence staining

4
3
2
1
0
BEC of LPG using
females

BEC of biomass users

AEC of LPG using
females

AEC of biomass users

Figure 12.5. Results obtained with different staining procedures in micronuclei (MN) assays in buccal (BEC) and
airway epithelial cells (AEC) among biomass using rural females.

Plate 12.2 demonstrates the micronucleated cell frequencies (MCFs) of BEC and AEC in biomass users by
fluorescence staining method.

Plate 12.2. Squamous epithelial cells of buccal and airways from indoor air pollution exposed rural females
displaying MN in fluorescent staining. Original magnification 400x.
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Micronucleated cell frequencies (MCFs) in relation to biomass type
Table 12.2 indicated that MCFs of BEC and AEC in dung users were 4.28±2.18‰ and 6.46±4.17‰
respectively, which were significantly higher than MCFs of BEC and AEC in crop residue users
(3.43±1.62‰ and 4.77±2.89‰) or MCFs of BEC and AEC in wood users (3.37±1.42‰ and 4.49±3.18‰)
(p < 0.05).

Table 12.2. Frequencies of micronucleus in exfoliated buccal and airway epithelial cells of biomass users
according to types of biomass used as cooking fuel
Parameter

Buccal epithelial cells

Airway epithelial cells

Micronucleus in dung users per 1000 cells (‰)

4.28±2.18*

6.46±4.17*

Micronucleus in crop residue users per 1000 cells (‰)

3.43±1.62

4.77±2.89

Micronucleus in

3.37±1.42

4.49±3.18

wood users per 1000 cells (‰)

Results are expressed as mean ±SD; *, p < 0.05 compared with crop residue and wood users in Student’s t test

Micronucleated cell frequencies in relation to years of cooking with biomass fuel

MCFs per 1000 cells

Figure 12.6 demonstrates progressive rise in MCFs of BEC and AEC in relation to years of cooking.
Highest MCFs of BEC and AEC (3.85±1.54‰ and 5.89±3.32‰) were recorded in women having ≥20
years of cooking experience with biomass fuels. The LPG users too showed progressive rise in MCFs with
increasing cooking years: 1.40±0.95‰, 1.67±1.16‰, 1.82±1.17‰, and 1.88±1.25‰for BEC, and
1.60±0.63‰, 1.90±0.61‰, 2.22±1.27‰ and 2.41±1.31‰ for AEC in women with 5–9, 10–15, 16–20 and
21-25 years of cooking, respectively.

6

BEC

5

AEC

4
3
2
1
0
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B
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D

Figure 12.6. Changes in micronucleated cell frequencies of buccal and airway epithelial cells in relation to years
of cooking with biomass fuel. A, 5-9 years, B, 10-15 years, C, 16-20 years and D, 21-25 years of cooking.

A strong correlation was found between the age of the participants and years of cooking (Spearman’s rho =
0.9744 and 0.9594 in LPG and biomass users, respectively; p < 0.0001). The findings suggest modifying
influence of age on MN formation in buccal and airway cells.

Micronucleated cell frequencies in relation to kitchen location
Kitchen location also appeared to influence MCFs in epithelial cells (Figure 12.7). MCFs of BEC and AEC
in women who did not possess separate kitchen and used to cook in a space adjacent to living room were
3.82±0.54‰and 5.46±0.48‰ respectively, which were significantly higher than MCFs of BEC and AEC
(3.13±0.50‰ and 4.53±0.55‰) in women having separate kitchen (p < 0.05).
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With separate kitchen

Without separate kitchen

Micronucleated cell frequencies per 1000 cells

p=0.0086

*

6
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Figure 12.7. Changes in micronucleated cell frequencies in BEC and AEC of biomass using women in relation
to location of kitchen for daily household cooking. Bar represent standard deviation of mean. *, p<0.05 in
Student’s t test.

Micronucleated cell frequencies in relation to particulate matter present in indoor air
In multivariate logistic regression analysis, MCFs of BEC and AEC were positively associated with PM10
(odds ratio [OR] = 1.57, 95% confidence interval [95% CI]: 1.26–2.34 and OR= 2.18, 95% CI: 1.42–3.85
respectively] and PM2.5 [OR = 1.68, 95% CI: 1.31–2.67 and OR= 2.26, 95% CI: 1.67–4.33 respectively]
after controlling for family income, education and kitchen location as possible confounders.

Comet assay showing increased DNA damage among biomass users
a. In airway cells

Percentage of comet forming cells

Sputum cells evaluated by comet assay were grouped into five categories on the basis of comet tail lengths:
0, representing undamaged cells (comets with no or barely detectable tails) and 1 to 4 representing
increasing tail lengths. Images of 50 cells per slide and three slides per individual were analyzed and the
results are shown in Figure 12.8. Compared with
60
45.5% of undamaged cells in control women,
LPG
only 17.4% cells of biomass users were free of
p<0.0001
DNA damage (tail length category 0, p< 0.0001
Biomass
in Chi-square test). Conversely, 21.7, 30.4 and
40
17.4% cells of biomass users were in category 2,
3 and 4, respectively compared with 10.2, 9.5
p<0.00001
p=0.006
and 7.5% cells of control women belonging to
these categories (p<0.05).
p<0.0001
p=0.006

20

0
0

1

2

3

4

Figure 12.8. Histograms showing percentage of
sputum cells of biomass and LPG-using women in
different categories of comet formation: 0, no comet,
undamaged cells; 1–4 cells with comet formation in
increasing tail lengths, 1 being lowest and 4 as the
highest.
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Compared with control, sputum cells of biomass-using women showed increased levels of tail percent
DNA, tail length and olive tail moment (Table 6.1), implying upregulation of DNA damage pathway.
Sputum cells of biomass users showed a remarkable 5-fold increase in tail % DNA and Olive tail moment.
Moreover, the lowest tail% DNA in biomass users (21.9) was 1.5-times higher than the highest value
obtained in the control group (14.0, Table 12.3). These findings suggest more extensive DNA damage in
sputum cells of biomass-using women when compared with that of control. Upregulation of DNA damage
was recorded in both inflammatory cells (leukocytes and alveolar macrophages) and airway epithelial cells
in sputum of biomass users (Plate 12.3).

Table 12.3. Comparison of the parameters of DNA damage of sputum cells between biomass and LPG- using
women
Comet parameters

LPG-users

Biomass-users

P value*

9.0 ± 4.1

36.2 ± 9.4

<0.0001

7.2 (3.6-14.0)

36.3 (21.9-49.8)

<0.0001

Percentage of tail DNA
Mean ± SD
Median (Range)
Tail length of comet (µm)
Mean ± SD
Median (Range)

32.3 ± 7.3

44.2 ± 6.0

<0.0001

32.4 (22.8-40.2)

43.4 (28.1-53.4)

<0.0001

1.2 ± 0.5

6.2 ± 2.2

<0.0001

0.9 (0.6-1.7)

5.6 (4.3-11.6)

<0.0001

Olive tail moment in arbitrary unit
Mean ± SD
Median (Range)

n, number of subjects; *, Statistically significant in Student’s t-test(comparison of mean) and Mann–Whitney U test (comparison of median)

A

B

C

D

Plate 12.3. Comet assay showing varying degrees of DNA damage in epithelial (A, B) and inflammatory cells (C
& D) in sputum. Compared with LPG-using control women (A, C), extensive DNA damage was observed in
sputum cells of biomass-using women (B, D).
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b. In peripheral blood lymphocytes
Lymphocytes from the study population were evaluated for DNA damage by the comet assay in biomass
and LPG using rural women, using the parameters tail DNA (%), tail length (µm) and olive tail moment
(OTM, in arbitrary unit). All the comet assay parameters indicated that there was significantly greater
DNA damage (p<0.0001) for the biomass fuel users than the LPG using rural control women (Table 12.4).

Table 12.4. Comparison of DNA damage in peripheral blood lymphocyte between biomass - and LPG-using
women
Comet parameters

LPG-users

Biomass-users

P value

11.7± 2.5

18.6 ± 4.8*

<0.0001

12.6 (8.9-15.8)

19.2 (10.2-25.7)**

<0.0001

31.4 ± 3.4

45.5 ± 6.2*

<0.0001

31.8 (26.2-39.2)

45.3 (36.2-48.7)**

<0.0001

1.4 ± 0.5

4.1 ± 0.9*

<0.0001

1.4 (0.8-2.6)

4.0 (2.2-5.9)**

<0.0001

Percentage of tail DNA
Mean ± SD
Median (Range)
Tail length of comet (µm)
Mean ± SD
Median (Range)
Olive tail moment in arbitrary unit
Mean ± SD
Median (Range)

n, number of subjects *, Statistically significant in Student’s t-test (comparison of mean), **, Statistically significant in Mann–Whitney U
test (comparison of median)

DNA damage in relation to lifetime exposure to biomass smoke
A progressive increase in tail % DNA, tail length and olive tail moment was found with increasing lifetime
exposure to biomass smoke while cooking (Table 12.5). Similarly, years of cooking with biomass
correlated positively with % tail DNA (rho= 0.429, p= 0.01), comet tail length (rho= 0.857, p= 0.01) and
tail moment (rho= 0.690, p=0.01) in Spearman’s rank correlation test.

Table 12.5. Changes in comet assay parameters of sputum cells in relation to lifetime exposure to biomass
smoke
Lifetime exposure to biomass smoke
(hour-years)
≤10,000

Comet tail % DNA

Tail length (µm)

Olive tail moment

24.0 ± 1.5

39.1 ± 2.0

4.5 ± 0.2

10,000 – 20,000

32.5 ± 2.6**

42.6 ±1.6**

5.5 ± 0.4*

>20,000

45.1 ± 3.0**

49.6 ±1.8**

8.7 ± 1.2**

*, p<0.0001; *, p=0.03 in Student’s t-test when compared with ≤10,000 hour-years of exposure to biomass smoke

Air pollution and DNA damage
In univariate analysis, comet assay parameters of sputum cells and peripheral blood lymphocytes were
positively associated with PM10 and PM2.5 level in indoor and ambient air, t,t-MA level in urine, lower
education and family income, increasing age and exposure years, smoking habit of husband, adjacent
kitchen and use of mosquito repellent at home. After controlling the influence of confounders in
multivariate logistic regression analysis, significant positive association remained between particulate
pollution in indoor and ambient air, urinary t,t-MA and comet assay parameters (Table 12.6, 12.7).
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Table 12.6. Association between particulate pollution in indoor air, trans,trans-muconic acid (t,t-MA) in urine and
comet parameters
Variables

PM10

PM2.5

Urinary t,t-MA

Tail %DNA in sputum cells

1.43 (1.19-2.06)*

1.48 (1.24–2.12)*

1.31 (1.10-1.97)*

Comet tail length (µm) in sputum cells

1.37 (1.08-1.42)*

1.42 (1.13-1.68)*

1.20 (1.08-1.76)*

Olive tail moment in sputum cells

1.04 (1.01-1.12)*

1.21 (1.03-1.42)*

1.17 (1.05-1.48)*

Tail %DNA in PBL

1.21 (1.05-2.10)*

1.25 (1.15-2.16)*

1.29 (1.13-2.26)*

Comet tail length (µm) in PBL

1.34 (1.85-2.99)*

1.52 (1.13–2.06)*

1.19 (1.07-2.89)*

Olive tail moment in PBL

1.02 (1.01-1.15)*

1.12 (1.07-1.99)*

1.07 (1.05-2.21)*

*,Statistically significant; Results are expressed as odds ratio with 95% confidence interval in parentheses; adjustment has been made for
education, family income, age and exposure years, husband’s smoking habit and adjacent kitchen as confounders

Table 12.7. Association between particulate pollution in ambient air and comet parameters after controlling
potential confounders
Variables

PM10

PM2.5

Tail %DNA in sputum cells

1.22 (1.05-2.23)*

1.38 (1.12-3.25)*

Comet tail length (µm) in sputum cells

1.26 (1.09-2.98)*

1.13 (1.05-2.85)*

Olive tail moment in sputum cells

1.09 (1.01-2.26)*

1.12 (1.08-2.69)*

Tail %DNA in PBL

1.11 (1.05-2.78)*

1.24 (1.07-2.61)*

Comet tail length (µm) in PBL

1.13 (1.17-2.77)*

1.45 (1.18-2.98)*

Olive tail moment in PBL

1.03 (1.01-2.28)*

1.05 (1.01-2.64)*

*, Statistically significant; Results are expressed as odds ratio with 95% confidence interval in parentheses

Using Spearman’s rank correlation test, concentration of t,t-MA in urine of biomass fuel users was
positively correlated with comet parameters in airway cells like percentage of tail DNA (rho= 0.683, p=
0.01) and tail length in μm (rho= 0.539, p= 0.01) and tail moment (rho= 0.520, p=0.01) measured in comet
assay (Table 12.8).

Table 12.8. Correlation between DNA damage parameters and biomarker of benzene exposure among biomass
users
Comet Parameters

Spearman’s rho value

P value

Tail % DNA with t,t-MA

0.683

0.01*

Comet tail length (µm) with t,t-MA

0.539

0.01*

Olive tail moment with t,t-MA

0.520

0.01*

*, Significant in Spearman’s rank correlation test

DNA damage and oxidative stress in biomass users
A significant positive association was found between increasing ROS generation (MFI of DCFH-DA) and
comet tail % DNA (OR= 4.94, 95% CI 2.68-6.17) and comet tail length (OR= 2.02, 95%CI 1.07-3.32), but
not with Olive tail moment (OR = 1.18, 95%CI 0.59-2.35) in airway cells of biomass users. On the other
hand, depletion of SOD was positively associated with comet tail % DNA (OR= 4.94, 95% CI 1.33-6.81),
but not with comet tail length (OR= 1.02, 95% CI 0.78-1.44) or Olive tail moment (OR = 0.99, 95% CI
0.29-1.35).
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Increase in γH2AX expression among biomass users
a. In peripheral blood lymphocytes
Immunocytochemical localization of γ-H2AX was established when nuclear staining was observed. PBL
from biomass using rural women and environmentally as well as occupationally exposed urban males
exhibited darkly stained nuclei, suggesting extensive DNA double strand breaks (Plate 12.4). Biomass
using rural females had significantly higher percentage of PBL with γ-H2AX positive nucleus (51.2 ± 8.3
vs. 7.5 ± 1.4, p<0.0001) than control (LPG using rural females). On the other hand, environmentally (35.1
± 4.6 vs. 6.2 ± 1.1, p<0.0001) and occupationally (44.8 ± 5.2 vs. 6.2 ± 1.1, p<0.0001) exposed urban males
exhibited elevated DNA double strand breaks than LPG using rural males (Figure 12.9).

Plate 12.4. Immunocytochemical localization of γ-H2AX positive nuclei in peripheral blood lymphocytes of (A)
biomass and (B) LPG-users. γ-H2AX positive cells are less in PBL of LPG using control women.

γ-H2AX positive nucleus (%)

p<0.0001
60

40

20

0
LPG-using rural
females

Biomass-using rural
femals

Figure 12.9. Percentage of γ-H2AX positive nuclei in the peripheral blood lymphocytes of biomass and LPGusing rural women. Bars represent standard deviations of mean. p<0.0001, significant in Student’s ‘t’ test
(comparison for mean) when compared with LPG users.

b. In airway epithelial cells
Airway epithelial cells from biomass using rural women and environmentally as well as occupationally
exposed urban males exhibited darkly stained nuclei when stained with γ-H2AX antibody, suggesting
extensive DNA double strand breaks (Plate 12.5). Biomass using rural females had about 7 -times higher
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percentage of AEC with γ-H2AX positive nucleus (55.8 ± 7.6 vs. 8.1 ± 1.6, p<0.0001) than control (LPG
using rural females). On the other hand, environmentally (42.1 ± 3.2 vs. 7.9 ± 1.4, p<0.0001) and
occupationally (46.8 ± 4.9 vs. 7.9 ± 1.4, p<0.0001) exposed urban males exhibited increased DNA double
strand breaks (Figure 6.8) than LPG using rural males.

γ-H2AX positive nucleus (%)

Plate 12.5. Immunocytochemical localization of γ-H2AX positive nuclei in airway epithelial cells of (A) biomass
and (B) LPG using rural women.

p<0.0001

75
60
45
30
15
0
LPG-using rural females

Biomass-using rural
femals

Figure 12.10. Percentage of γ-H2AX positive nuclei in AEC of biomass and LPG-using rural women. Bars
represent standard deviations of mean. p<0.0001, significant in Student’s ‘t’ test (comparison for mean) when
compared with control.

γH2AX expression in relation to kitchen location among biomass users
Biomass-using rural females who lacked separate kitchen and used to cook in space adjacent to the living
room had higher percentage of PBL and AEC with γ-H2AX positive nucleus (65.8 ± 1.3 vs. 37.5 ± 1.4,
p<0.0001 and 69.2 ± 1.3 vs. 42.5 ± 1.4, p<0.0001 respectively in Student’s t-test) than those with separate
kitchen (Figure 12.11).
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Figure 12.11. changes in percentage of γ-H2AX positive nuclei in peripheral blood lymphocytes and airway
epithelial cells of biomass using women in relation to kitchen location. Bars represent standard deviations of
mean. *, p<0.0001, significant in Student’s ‘t’ test when compared with control.

γH2AX expression in relation to years of cooking
The percentage of γ-H2AX positive nuclei of AEC increased from 4.5% in women with 5 to 9 years’ of
cooking with biomass to 12.4% in women having 20-24 cooking years (Figure 12.12a). On the other hand,
the percentage of γ-H2AX positive nuclei of peripheral blood lymphocytes increased from 3.9% in women
with 5 to 9 years’ of cooking with biomass to 10.6% in women having >20 cooking years (Figure 12.12b).
Rise in mean γ-H2AX positive nuclei in relation to cooking years was also observed among LPG users, but
the rate of increment was much less when compared with that of biomass users.
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Impact of particulate pollution on γH2AX expression
In multivariate logistic regression analysis, a positive association was found between percentage of γH2AX positive nucleus in PBL and AEC and level of PM10 (OR=1.35, 95% CI 1.14-1.95 and OR=1.39,
95% CI 1.21-2.02 respectively) and PM2.5 (OR=1.41, 95% CI 1.22-2.08 and OR=1.53, 95% CI 1.04-2.65
respectively) in indoor air after controlling education, monthly family income and kitchen location. On the
other hand after controlling potential confounders a positive association was also found between γ-H2AX
positive nucleus (in %) in PBL and AEC and the level of PM10 (OR=1.23, 95% CI 1.04-2.15 and OR=1.29,
95% CI 1.01-2.32 respectively) and PM2. 5 (OR=1.39, 95% CI 1.15-2.18 and OR=1.46, 95% CI 1.11-1.65
respectively) in ambient air.

Effect of oxidative stress on γH2AX expression
The number of γ-H2AX positive nucleus in PBL was positively correlated with ROS (Blood neutrophils: r
= 0.359, p < 0.01; blood monocyte: r = 0.495, p < 0.01) and negatively correlated with SOD (Blood: r = 0.535, p < 0.01) among biomass users in Spearman’s rank correlation analysis. Whereas, the number of γH2AX positive nucleus in AEC was also positively correlated with ROS level in the sputum cells (Airway
cells: r = 0.521, p < 0.01) and negatively correlated with sputum SOD level (Whole airway cell extracts: r
= -0.456, p < 0.01) among biomass users.

13
Effects of chronic biomass smoke exposures
on ribosome biogenesis

Introduction
Biomass smoke contains a wide spectrum of health-damaging pollutants including mutagens and human
carcinogens. Therefore, chronic exposures to these pollutants may cause cellular alterations in exposed
cells particularly those at the direct line of exposure such as cells of the nasopharynx, oral cavity, airways
and the lung and those at the indirect line of exposure such as peripheral blood lymphocytes. However,
little is known about the cellular response to chronic biomass smoke exposure despite the fact that millions
of rural people are chronically exposed to these pollutants. In view of this, the effect of indoor air pollution
from biomass fuel use on the expression of argyrophilic nucleolar organizer regions (AgNORs), an
indicator of ribosome biosynthesis, in epithelial cells of oral mucosa, airway cells and peripheral blood
lymphocytes has been investigated in this study.
AgNORs are structural-functional units of the nucleolus in which all the components necessary for
ribosomal RNA (rRNA) biosynthesis are located. They represent loops of DNA on the short arms of
acrocentric chromosomes (13, 14, 15, 21 and 22) that are actively transcribing to rRNA and then to
ribosomes and finally to protein (Goodpasture and Bloom, 1975; Crocker and Nar, 1987; Arden et.al,
1989). The nucleolar organizer regions (NORs) are associated with several non-histone proteins that are
visualized as black dots when stained with silver (Ag). Accordingly, the cytochemical assay used for
detection of these proteins is known as AgNOR technique (Ploton et.al, 1986; Sampio et.al, 1999). The
main AgNOR proteins in cells during interphase are nucleolin (C23) and nucleophosmin (B23) which are
involved in ribosome biogenesis (Roussel et.al, 1992), whereas subunits of RNA polymerase-I and
transcription factor UBF are AgNOR proteins that remain associated with NORs during mitosis (Sirri et.al,
1995). Intensity of AgNOR staining positively correlates with the amount of these proteins (Roussel et.al,
1992), and the number of interphase AgNORs is strictly related to rRNA transcriptional activity and, in
continuously proliferating cells, to the rapidity of cell proliferation (Derenzini et.al, 2000). The AgNOR
technique has been employed to evaluate ribosome biogenesis in a cross sectional population of biomassusing women (exposed) and their LPG-using neighbors (control) from rural West Bengal.

Materials and method
Collection of samples
Buccal mucosa
After moistening participants’ mouths with normal saline, epithelial cells from buccal mucosa were
collected by scraping the middle part of the inner cheeks and palate with a sterile plastic spatula. The
cells were smeared on clean glass slides and air-dried.

Expectorated sputum
Each participant was given a sterile plastic cups to collect the early morning sputum after rinsing her
mouth with sterile normal saline to remove extraneous material. Samples were collected for three
consecutive days to get representative sample from the lower airways (Erkilic et al., 2003). Two
smears were prepared on clean glass slides from the non-transparent highly viscous parts of each
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sputum sample. The slides were air dried and brought to the laboratory for analysis.

Peripheral blood
Blood (0.5 ml) was collected from the antecubital venous plexus after informed consent on the third
day of sputum collection at a fixed time (9:30-10:30 AM) to minimize diurnal variation. For each
participant, two thin blood smears were prepared on clean glass slides from venous blood that was not
mixed with anticoagulant.

Fixation of sample
The air dried buccal mucosa and sputum slides are fixed immediately with Carnoy’s solution (ethanol:
glacial acetic acid, 3:1, v/v) for 20 min at the site of sample collection. But the air dried blood slides were
fixed in absolute methanol for 7 minutes and allowed to dry for analysis.

AgNOR Staining procedure
In case of buccal mucosa and sputum samples, the AgNOR staining was performed following the method
of Ploton et al., 1986. The blood slides were stained according the protocol of Lindner (1993) with some
modifications.

Reagents used
Carnoy’s fixative
Ethanol

30ml

Glacial acetic acid (Merck, India)

10ml

Silver stain*
Silver nitrate (Merck, India)

2.5g

Formic acid

50µl

Gelatin
0.1g
*[A. 2.5g of AgNO3 was dissolved in 5ml distilled water; B. 0.1g of gelatin was
dissolved in 50µl of formic acid; 25ml of B solution was mixed with 5ml of solution A]

Sodium thiosulphate solution
Sodium thiosulphate

2.5g

Distilled water

50ml

AgNOR staining in buccal mucosa and sputum slides
AgNOR staining was performed in buccal mucosa and sputum slides following the procedure of
Ploton et al (1986). In brief, slides were incubated in darkness for 30 min at 37oC in a colloidal silver
solution containing 1 volume of 2% gelatin in 1% formic acid and 2 volumes of 50% aqueous silver
nitrate solution. Thereafter the slides were washed with distilled water, fixed in 5% sodium
thiosulfate for 5 min, dehydrated in acetone with three changes 15 min each, cleared in xylene and
mounted with distrene plasticizer xylene (DPX).

AgNOR staining in blood slides
AgNOR staining of blood film was done following the procedure of Lindner (1993) with some
modifications. In brief, methanol fixed slides were incubated in darkness for 20 min by placing a
cover slip after applying 250 μl of colloidal silver solution containing 1 volume of 2% gelatin in 1%
formic acid and 2 volumes of 50% aqueous silver nitrate solution. Thereafter the slides were rinsed
vigorously in distilled water, air- dried and mounted with glycerin.
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Observation, scoring and image analysis of AgNORs stained slides
AgNORs were seen as black dots within the nuclei of the cells. They differ in number and size. The mean
number of dots per nucleus, area of individual dot and NOR-occupied nuclear area was evaluated in
different cell types of biomass and LPG-using rural women. Numerical and morphological alterations of
AgNORs in buccal mucosa, airway and blood slides were examined under light microscope (Leica
DM1000 equipped with Leica EC3 camera, Germany) using 100x oil immersion lens. For buccal mucosa
slides, at least 200 intermediate and squamous epithelial cells for each participant were analyzed. AgNOR
scoring was restricted to airway epithelial cells and neutrophils in sputa and neutrophils and lymphocytes
in blood film for their relative abundance. For sputum and blood slides, an average of 300 nonoverlapping cells was screened for each cell type. The diameter of the nucleus and AgNOR dots was
recorded with the help of an eyepiece oculometer and the area of individual AgNOR dots was expressed in
micrometers squared (µm2).The mean number of AgNORs per nucleus, area of individual dot (in μm2) and
percentage of nuclear area occupied by AgNOR dots were calculated by means of the computer-assisted
image analysis system (Lasez, version 1.5.0; Leica Microsystem limited, Switzerland).

Statistical analysis
Statistical significance of the differences in different parameters between biomass users and control group
was determined by Chi-square test, Mann Whitney U test and Student’s ‘t’ test, as applicable. Statistical
analyses of collected data were done using SPSS statistical software (Statistical Package for Social
Sciences for windows, release 10.0, SPSS Inc., Chicago, USA) and p < 0.05 was considered significant.
The impact of all variables on AgNOR parameters was first examined by logistic regression analysis to
identify the potential confounders. Then, the cumulative impact of these factors on the AgNOR parameters
was evaluated by stepwise multivariate logistic regression analysis. Univariate analysis was carried out
using Spearman’s rank correlation test to find out the relation between two measurable parameters as
continuous variables, and the result was expressed as rho value (Spearman's rank correlation coefficient).

Results
AgNOR expression in buccal epithelial cells
The smears of buccal mucosa contained intermediate and superficial epithelial cells along with variable
proportion of inflammatory cells. Basal and parabasal epithelial cells were rarely found. We restricted
AgNOR count in epithelial cells and control women who used to cook exclusively with LPG had 2 – 5
AgNOR dots per nucleus of exfoliated buccal epithelial cells with a mean of 3.16 ± 0.86 (SD). In contrast,
biomass users had 2 – 16 AgNOR dots per nucleus with a mean of 6.08 ± 2.26 (p < 0.001, Table 7.2.1).
Thus, women who cooked regularly with biomass fuel had nearly 2-fold rise in mean AgNOR count.
Moreover, the size of AgNOR dots and the percentage of nuclear area occupied by AgNOR were
significantly increased in biomass users when compared with LPG-using control (Table 13.2., Plate 13.1).

Plate
13.1.
Photomicrographs
showing AgNOR expression in
exfoliated buccal epithelial cells of
LPG- (a) and biomass (b)-using
women who were never-smokers.
Note increased number and size of
AgNOR dots in women who used to
cook with biomass fuels (dung cake,
wood and crop wastes) for the past
five years or more. Silver-staining
x1000.

(a)

(b)
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Table 13.1. Changes in AgNOR parameters in exfoliated buccal epithelial cells of biomass and LPG-using
women
Parameters

LPG-using control

Biomass-user

3.16 ± 0.86

6.08 ± 2.26*

3 (2 – 5)

6 (2 – 16)*

0.53 ± 0.15

0.85 ± 0.19*

0.53 (0.12 – 0.74)

0.86(0.58-0.99)*

AgNOR dots/nucleus
Mean ± SD
Median (range)
Area of individual AgNOR dot (μm2)
Mean ± SD
Median (range)
% of AgNOR-occupied nuclear area
Mean ± SD
Median (range)

1.75 ± 0.13

4.88 ± 1.49**

1.74 (1.53 – 1.98)

7.47 (2.07 - 8.58)*

*p<0.001 compared with control group in Student’s t-test (comparison of mean) and Mann-Whitney U test (comparison of median)

AgNOR versus year of cooking
Up-regulation of AgNOR expression was positively correlated with years of cooking. It is evident from
Fig. 13.2 that mean AgNOR number per nucleus increased from 5.45 in women with 5 to 9 years’ cooking
experience with biomass fuel to 6.86 in women having 20 – 24 years’ experience. Similarly, the rise in
area of individual AgNOR dots positively correlated with years of cooking with biomass. Rise in AgNOR
expression in relation to cooking years was also observed in LPG users, but the rate of increment was
much less when compared with that of biomass users (Figure 13.1).

Biomass

LPG
1
AgNOR area (μm2)

AgNOR per nucleus

7
6
5
4
3
2

Biomass

LPG

0.9
0.8
0.7
0.6
0.5
0.4

A

B

C

D

(a)

A

B

C

D

(b)

Figure 13.1. Changes in number of AgNOR dots per nucleus (a) and area of individual AgNOR (b) in exfoliated
buccal epithelial cells in relation to years of cooking with biomass or LPG. Note remarkable increase in AgNOR
number and area with increasing lifetime experience of cooking with biomass. A, 5 - 9 years, B, 10 - 14 years, C,
15 – 19 years, and D, 20 - 24 years of cooking experience.

AgNOR in relation to kitchen location
When biomass users were subdivided into two groups on the basis of whether the household has separate
kitchen or not, it was found that women without separate kitchen (used to cook in a space adjacent to living
room) had elevated AgNOR number per nucleus (6.24 ± 2.34 vs. 5.96 ± 2.26) and area (0.89 ± 0.24 vs.
0.82 ± 0.16 μm2) than those with separate kitchen (Figure 13.2). But the differences in AgNOR parameters
between kitchen types were not statistically significant (p>0.05).
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1.2
Dot area (μm2)

Dot per nucleus
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Figure 13.2. Changes in AgNOR dots per nucleus (a) and area of individual dots (b) in buccal epithelial cells of
biomass using women in relation to location of kitchen. SK = separate kitchen, AK = adjacent kitchen; Bars
represent standard deviation of mean.

Indoor air quality and AgNOR
Controlling age, family income, education and position of the kitchen as possible confounders, multivariate
logistic regression analysis indicated a strong positive association between AgNOR number per nucleus
with PM10 (odds ratio [OR] = 1.67, 95% confidence interval [95% CI] 1.22 – 2.36) and PM2.5 (OR = 1.82,
95% CI 1.30 – 2.76) level in indoor air. Similar association was found between area of individual AgNOR
and level of PM10 (OR = 1.37, 95% CI 1.08 – 1.42) and PM2.5 (OR = 1.52, 95% CI 1.13 – 1.78).

AgNOR expression in airway cells
AgNORs were seen as blackish brown dots within the nuclei of different airway cells. The number and size
of AgNORs differed according to cell type. We have restricted our scoring in nonproliferation terminally
differentiated squamous epithelial cells, immature proliferating basal cells and airway neutrophils as they
are abundant in the sputum sample. Other cell types are inconspicuous for AgNOR staining.

AgNOR in nonproliferating AEC (parabasal and intermediate cells)
The change in number of AgNOR dots, area of individual dot and % of NOR-occupied nuclear area per
nucleus among biomass fuel and LPG users was statistically significant (p<0.0001) in non-proliferating
parabasal and intermediate cells (Table 13.2).
Table 13.2. Changes in AgNOR parameters in non-proliferating airway epithelial cells of biomass and LPG-using
women
Parameter

LPG-using control

Biomass-user

3.05 ± 1.42

5.98 ± 2.06*

3.2 (2.3 – 6.4)

5.8 (3.1 – 10.5)*

AgNOR dots/nucleus
Mean ± SD
Median (range)
Area of individual AgNOR dot (μm2)
Mean ± SD
Median (range)

0.58 ± 0.17

0.82 ± 0.16*

0.53 (0.13 – 0.77)

0.86 (0.54 – 1.00)*

% of AgNOR-occupied nuclear area
Mean ± SD
Median (range)

1.82 ± 0.15

5.18 ± 1.49*

1.74 (1.53 – 1.78)

7.14 (2.17 – 9.28)*

*p<0.0001 compared with control group in Student’s t-test (comparison of mean) and Mann-Whitney U test (comparison of median)
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AgNOR in airway neutrophils
Like epithelial cells, the airway neutrophils of biomass-using women showed significant increase
(p<0.0001) in number of AgNOR dots, area of individual dot and % of NOR-occupied nuclear area per
nucleus compared with controls (Table 13.4; Figure 13.4).

Table 13.4. Changes in AgNOR parameters in airway neutrophils of biomass and LPG-using women
Parameter

LPG-using control

Biomass-user

AgNOR dots/nucleus
Mean ± SD
Median (range)

1.41 ± 0.32

3.44 ± 1.01*

1.3 (1.1 – 2.3)

3.7 (1.5 – 5.3)*

Area of individual AgNOR dot (μm2)
Mean ± SD
Median (range)

0.72 ± 0.35

1.65 ± 1.04*

0.59 (0.27 – 0.98)

1.58 (0.42 – 3.17)*

1.57 ± 0.43

6.38 ± 1.01*

1.45 (0.82 – 1.79)

5.88 (1.02 – 8.57)*

% of AgNOR-occupied nuclear area
Mean ± SD
Median (range)

*P < 0.0001 compared with control group in Student’s t test (comparison of mean) and Mann-Whitney U test (comparison of median)

AgNOR expression in peripheral blood leukocytes
AgNOR expression in peripheral blood lymphocytes
Circulating lymphocytes are usually quiescent (that is, in Go phase of cell cycle) and contain a distinct,
single AgNOR dot (Figure 13.5a,b). No significant difference in AgNOR dot number (p=0.0950) in
lymphocytes was found between biomass and LPG users (Table 13.5). However, lymphocytes of biomassusing women had larger AgNOR dots occupying greater nuclear area (p<0.001) than that of control (Table
13.5).

Table 13.5: Changes in AgNOR parameters in blood lymphocytes of biomass and LPG-using women
Parameter

LPG-using control

Biomass-user

1.42 ± 0.40

1.52 ± 0.33

1.2 (1.1 – 2.2)

1.3 (1.1 – 2.4)

0.42 ± 0.28

0.96 ± 0.24*

0.40 (0.26 – 0.68)

0.83 (0.38 – 1.08)*

1.14 ± 0.43

2.08 ± 0.94*

1 (0.69 – 1.78)*

1.83 (0.97 – 2.69)*

AgNOR dots/nucleus
Mean ± SD
Median (range)
Area of individual AgNOR dot (μm2)
Mean ± SD
Median (range)
% of AgNOR-occupied nuclear area
Mean ± SD
Median (range)

*P < 0.0001 compared with control group in Student’s t test (comparison of mean) and Mann-Whitney U test (comparison of median)

AgNOR expression in peripheral blood neutrophils
Neutrophils in peripheral blood displayed mostly single inconspicuous irregular AgNOR (Plate 13.3 c,d).
There was no significant difference (p = 0.0575) in AgNOR dot number per nucleus of neutrophils
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between LPG and biomass users. But biomass-using women had significantly larger size of the dots
(p<0.0001) and the dots occupied more nuclear area than that of controls (p<0.0001; Table 13.6).

Table 13.6. Changes in AgNOR parameters in blood neutrophils of biomass and LPG-using women
Parameter

LPG-using control

Biomass-user

Mean ± SD

1.55 ± 0.39

1.67 ± 0.38

Median (range)

1.4 (1 – 2.4)

1.5 (1.1 – 2.5)

0.38 ± 0.11

0.82 ± 0.29*

0.35 (0.12 – 0.83)

0.75 (0.15 – 1.00)*

AgNOR dots/nucleus

Area of individual AgNOR dot (μm2)
Mean ± SD
Median (range)
% of AgNOR-occupied nuclear area
Mean ± SD
Median (range)

0.95 ± 0.22

1.97 ± 0.86*

0.90 (0.62 – 1.23)

1.65 (1.00 – 2.22)*

*P < 0.0001 compared with control group in Student’s t test (comparison of mean) and Mann-Whitney U test (comparison of median)

a

b

c

d

Plate 13.3. Peripheral blood smears showing AgNOR dots in nuclei of lymphocytes (a.b) and neutrophils (c,d).
Note increase in the size of AgNOR dots in lymphocytes (b) and neutrophils (d) of biomass users relative to that
of LPG users (a and c, respectively). Inset in the upper right corner indicates larger view of AgNOR dots. AgNOR
staining, 1000x.
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Influence of cooking years on AgNOR expression
Up-regulation of AgNOR expression among biomass-using women was positively correlated with years of
cooking. A strong positive correlation was found in Spearman’s rank correlation between the number of
AgNOR dots in nuclei of airway epithelial cells (r = 0.9965, p<0.0001) and airway neutrophils (r = 0.9865,
p<0.0001) and years of cooking with biomass (Figure 13.3a). Moreover, a significant and progressive
increase in the relative proportion of NOR-occupied nuclear area was found in cells of the airways and
peripheral blood of biomass-using women with increasing cooking years (Figure 13.3b).
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Figure 13.3. Changes in the number of AgNOR dots per nucleus (a) and percentage of NOR-occupied nuclear
area (b) in airway cells and blood leukocytes in relation to years of cooking with biomass fuel. Note remarkable
increase in AgNOR number and % NOR-occupied nuclear area with increasing cooking years. A, 5 - 9 years of
cooking; B, 10 - 14 year; C, 15 - 19 years; and D, 20 - 24 years of cooking. Vertical bars represent standard
deviation of mean. *p<0.01 compared with corresponding cells in group A in Student’s t- test.

Influence of kitchen location on AgNOR expression
A substantial number of biomass-using households lacked separate kitchen. They used to cook in a space
adjacent to the living room. These women had more AgNOR dots per nucleus in parabasal and
intermediate cells (6.47 ± 2.13 vs. 5.24 ± 2.18, p = 0.015), basal cells (7.15 ± 2.13 vs.5.98 ± 2.05, p =
0.017) and airway neutrophils (3.69 ± 1.17 vs. 3.10 ± 1.03, p = 0.024) than that of biomass users who
possessed separate kitchen, and the changes were statistically significant. Moreover, women lacking
separate kitchen had larger AgNOR dots in parabasal and intermediate cells (0.84 ± 0.22 vs. 0.80 ± 0.19
μm2, p = 0.406), basal cells (0.85 ± 0.51 vs. 0.71 ± 0.42 μm2, p = 0.204), airway neutrophils (1.84 ± 1.23
vs. 1.35 ± 1.09 μm2, p = 0.074), blood lymphocytes (0.99 ± 0.24 vs. 0.93 ± 0.32 μm2, p = 0.347) and blood
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neutrophils (0.87 ± 0.27 vs. 0.76 ± 0.33 μm2, p = 0.110). However, the changes were not statistically
significant (Figure 13.4).
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Figure 13.4. Histograms showing changes in AgNOR dots per nucleus in airway cells (a- parabasal and
intermediate epithelial cells, b- basal cells, c- airway neutrophils) and area of individual dot in airway cells (dparabasal and intermediate epithelial cells, e- basal cells, f- airway neutrophils) and blood leukocytes (glymphocytes, h- neutrophils) in relation to location of kitchen. SK = separate kitchen, AK = adjacent kitchen; Bars
represent standard deviation of mean.

Particulate air pollution in indoor air and AgNOR
Controlling age, family income and position of the kitchen as possible confounders, multivariate logistic
regression analysis showed a positive association between AgNOR parameters and levels of PM10 and
PM2.5, especially the latter, in indoor air (Table 13.7).
Table 13.7: Multivariate logistic regression analysis for association between AgNOR parameters of different cell
types with PM10 and PM2.5 levels in indoor air
PM10
Cell types and AgNOR parameters

PM2.5

OR

95% CI

OR

95% CI

AgNOR dots per nucleus

1.25

1.03 – 1.52

1.35

1.12 – 1.65

Area of individual AgNOR dot

1.24

1.02 – 1.47

1.44

1.18 – 1.76

AgNOR dots per nucleus

1.33

1.12 – 1.56

1.68

1.35 – 1.96

Area of individual AgNOR dot

1.37

1.15 – 1.63

1.64

1.25 – 2.13

1.29

1.06 – 1.57

2.50

1.25 – 3.66

1.24

1.04 – 1.64

1.89

1.66 – 2.26

Airway epithelial cells

Airway neutrophils

Blood lymphocytes
Area of individual AgNOR dot
Blood neutrophils
Area of individual AgNOR dot

Results are expressed as odds ratio (OR) with 95% confidence interval (95% CI) in parentheses

14
Assessment of DNA damage repair

Introduction
The genome of the eukaryotic cells is under constant attack from various environmental agents as well as
from the products of normal cellular metabolism. This may results a variety of changes in the DNA
including single strand breaks, double strand breaks, mismatches and chemical adducts. If the damaged
DNA is left unrepaired, it causes genomic instability (Lengauer et al., 1998; Hoeijmakers, 2001; Colnaghi
et al., 2011) that may ultimately lead to, among others, cancer (Hanahan and Weinberg, 2000). To
overcome this problem, cells have evolved different DNA repair mechanisms to maintain the integrity of
the genome (Kolodner et al., 2002; Sancar et al., 2004). There are five main DNA repair mechanisms in
human body:
•

Homologous recombination (HR)

•

Non-homologous end joining (NHEJ)

•

Nucleotide excision repair (NER)

•

Base excision repair (BER) and

•

Mismatch repair (MMR)

Each mechanism is controlled by several proteins. Overall, at least 130 genes are involved in DNA repair
processes (Christmann et al., 2003). Base excision repair (BER) operates on small lesions, while the
nucleotide excision repair (NER) pathway repairs bulk lesions. Mismatch repair (MMR) corrects
replication errors.

DNA double strand break repair
DSBs are repaired by two major mechanisms: non-homologous end joining (NHEJ) and homologous
recombination (HR) [Haber, 2000]. The two pathways differ in their fidelity and template requirements.
NHEJ modifies the broken DNA ends, and ligates them together with little or no homology, generating
deletions or insertions (Lieber, 2008). In contrast, HR uses an undamaged DNA template on the sister
chromatid or homologous chromosome to repair the break, leading to the reconstitution of the original
sequence (Thompson and Schild, 2001). Thus, the choice of DSB repair pathway determines the fidelity of
repair, which in turn may influence the rates of aging and tumorigenesis (Karanjawala and Lieber, 2004;
Lieber, 2004; Thompson and Schild, 2002). Both these pathways play important roles in mammalian DSB
repair (Sonoda et al, 2006; Sargent et al, 1997). Recently Mao et al, (2008) showed that the choice of
repair pathway is determined by cell cycle stage. NHEJ is active throughout the cell cycle, but is the
highest in G2/M. HR is nearly absent in G1, most active in the S phase, and is low in G2/M. Although HR
is primarily restricted to repair of DSBs in proliferating cells, about 75% of DSBs in these cells are
repaired by NHEJ (Mao et al, 2008).
Two important DSB repair proteins are Mre11 (meiotic recombination 11) and Ku70. Among them, Ku70
is essential for NHEJ (Baumann et al, 1998) and Mre11 functions both in NHEJ and HR (Jeggo, 1998;
Haber, 1998; Bakkenist & Kastan, 2004; Petrini, 2000). At the onset of these pathways, Mre11 forms a
complex with two other proteins Rad50 and Nsb1 and called MRN complex. The MRN complex thus
formed senses DNA damage and initiates DNA repair mechanism through activation of ataxia
telangiectasia mutated (ATM) kinase protein (Petrini, 2000).
Ku70, on the other hand, binds with the broken ends of damaged DNA along with its counterpart Ku80 and
facilitates recruitment and proper localization of the catalytic subunit of DNA-dependent protein kinase
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(DNA-PKcs), to initiate the repair processes. In the next step, Mre11 and Nbs1 are recruited to the DNA
lesion and in the last phase, DNA ligase IV stimulated by XRCC4 seals the DNA ends together (Critchlow
et al., 1998; Jeggo 1998; Singleton et al., 1999).
Both Mre11 and Ku70 are functionally active while they are localized in the nucleus while migration of
these proteins to cytoplasm indicates inhibition of their function (Dmitrieva et al, 2003; Baumann and
West, 1998). In essence, nuclear expression of these proteins indicates activation of the DNA damage
repair process. Therefore, expression and localization of Mre11 and Ku70 proteins are indicators of DNA
repair status of cells exposed to genotoxic insults.

Mismatch repair (MMR)
The mismatch repair (MMR) repairs base mismatches after DNA replication and inhibits recombination of
non-identical DNA sequences. Defects in MMR are associated with an increased risk of cancer because the
rate of spontaneous mutation is greatly enhanced in cells deficient in MMR (O’Brien and Brown, 2006).
The MMR pathway of DNA repair is accomplished in three steps. In the first step, the mismatch is
recognized by MutSα (MSH2/MSH6 heterodimer) or MutSβ protein (MSH2/MSH3 heterodimer). In the
second step, the mismatch is excised from the DNA. This process is initiated by the binding of the protein
MutLα (a MLH1/PMS2 hetrodimer) to MutSα or the binding of MutLβ (a MLH1/MLH3 heterodimer) to
MutSβ and subsequent recruitment of an exonuclease (EXO1) that sequentially removes the nucleotides
between an adjacent single strand break up to and beyond the mismatch on the daughter DNA strand. The
third and the final step involves re-synthesis of DNA by DNA polymerase-δ, proliferating cell nuclear
antigen and replication protein A, followed by the sealing of the nick in the daughter strand by a DNA
ligase (Kinsella, 2009).

Base excision repair (BER)
Mammalian genomic DNA is constantly exposed to a variety of physical and chemical agents, including
ultraviolet light and ionization radiation, alkylating molecules and endogenous reactive oxygen species
(ROS) that accumulate in cells due to environmental stress and natural metabolic processes (Prasad et al.,
2010). ROS accumulation may results in a variety of changes in the DNA including single strand breaks,
double strand breaks, mismatches and chemical adducts. Accumulation of ROS-induced damage is
responsible for the development of diseases associated with aging, including cancer (Harman, 2001;
Muller et al., 2007; Benz and Yau, 2008; Curtis et al., 2010). If the damaged DNA is left unrepaired, it
causes genomic instability (Lengauer et al., 1998; Hoeijmakers, 2001; Colnaghi et al., 2011) that may
ultimately lead to, among others, causes cancer (Hanahan and Weinberg, 2000).
Oxidative DNA lesions are repaired mainly through the base excision repair (BER) pathway (Fishel et al.,
2007). The BER pathway can proceed through two different subpathways: short-patch and long-patch
BER. These pathways are differentiated by the enzymes involved and the number of nucleotides removed.
Short-patch BER replaces a single nucleotide by polymerase β and the newly synthesized DNA is sealed
by DNA ligase III/X-ray crosscomplementing group 1 (XRCC1) heterodimer (Tomkinson and Mackey,
1998; Kiyohara et al., 2010).Longpatch BER replaces 2–13 nucleotides by concordant action of
polymerase δ, proliferating cell nuclear antigen, flap endonuclease 1, and ligase I (Kiyohara et al., 2010).
The BER has four main steps and four major repair proteins: (1) recognition and removal of the damaged
base such as 8-Oxoguanine (8-oxoG) by 8-Oxoguanine-DNA glycosylase (OGG1) which generates an
apurinic/apyrimidinic (AP) site; (2) incision of the AP site 5′ to phosphodeoxyribose, which creates free 3′hydroxyl termini by apurinic/ apyrimidinic endonuclease/redox effector factor-1, (APE/Ref-1) (Cho et al.,
2010). If the DNA glycosylase is bifunctional, it also has an intrinsic AP-lyase activity and can incise the
deoxyribosephosphate backbone itself, whereas, monofunctional DNA glycosylases hydrolyze the Nglycosidic bond linking the base to the ribose moiety, thereby excising the base and leaving an AP site for
further processing by the enzyme apurinic/ apyrimidinic endonuclease 1 (APE1) (Xu et al., 2008). A
biologically important feature of DNA glycosylases is a redundancy in substrate specificity. (3)
supplement of a nucleotide onto a preexisting 3'-OH group, which synthesizes a new strand (by DNA
polymerase); and (4) ligation of the new and existing strand, which fills the gap (by DNA ligase) (Martin,
2008). Human 8-Oxoguanine DNA glycosylase, OGG1, is a bifunctional DNA glycosylase targeting the
potentially mutagenic lesion 8-Oxoguanine, 8-oxoG (Sidorenko et al., 2008). Adenine pairs almost equally
well as cytosine with 8-oxoG during replication, creating a scenario for a mutator phenotype in the absence
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of OGG1 (Nakabeppu, 2001). Strand incision proceeds either from an innate AP-lyase activity in the
original bifunctional DNA glycosylase or from one of 2 enzymes, APE1 or polynucleotide kinasephosphatase (PNKP) (Xu et al., 2008). APE1 performs the majority of strand incision steps in mammalian
cells (Wilson 3rd and Barsky, 2001; Almeida and Sobol, 2007). Dysregulation of any one of these proteins
might result in increased ROS accumulation and/or unrepaired DNA damage and could feasibly promote
oncogenesis (Chevillard et al., 1998; Kelley et al., 2001; Fortini et al., 2003; Raffoul et al., 2007; Zaky et
al., 2008; Xie et al., 2010; Souza et al., 2011; Kumar et al., 2011). However, if abasic sites accumulate,
double stranded DNA breaks can occur (Coquerelle et al., 1995). Li and his colleagues (2011) showed that
combined effects of polymorphisms within BER genes may contribute to the tumorigenesis of lung cancer.

Objective
In view of the high rate of DNA damage among biomass-using women (Chapter-13), we were interested
know whether these damages are repaired properly so that there will be no permanent damage to the
genome. To achieve this objective, we evaluated NHEJ, BER and MMR pathway in airway epithelial cells
and peripheral blood lymphocytes of biomass- and LPG-using women.

Materials and methods
Participants
A total number of 548 biomass users (median age 34 yr) and 265 LPG-using control women (median age
33 yr) were enrolled for DNA damage repair studies.

Collection of blood and isolation of lymphocytes
Procedures for collection of blood and expectorated sputum and separation of lymphocytes from peripheral
blood were same as described in Chapter 6&7.

Immunocytochemical (ICC) localization of DNA nonhomologous end joining (NHEJ)
repair proteins, Mre11 and Ku70 in airway epithelial cells (AEC) and in lymphocytes
Expression of Mre11 and Ku70 proteins were detected by ICC using the diagnostic kits manufactured by
Abcam, Japan (Mre11) and Santa Cruz, USA (Ku70) following the established staining protocol (Ghosh et
al., 2009).

Reagents used
1X PBS buffer (pH 7.2)
NaCl (Merck, Mumbai, India)
KCl (Merck, Mumbai, India)

8g
0.2g

Na2HPO4.7H2O (Merck, Mumbai, India)

1.44g

KH2PO4 (Merck, Mumbai, India)

0.24g

Distilled water

1000ml

BSA solutions (Sigma–Aldrich Chemicals, Saint Louis, MO, USA)
3% (w/v) BSA in 1X PBS

10ml

1% (w/v) BSA in 1X PBS

10ml

Primary antibody
Rabbit polyclonal Mre11 (ab33125; dilution 1:200)
Rabbit polyclonal Ku70 (H-308) (sc-9033; dilution 1:50)

5μl
20μl
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1%(w/v) BSA

2 (1+1)ml

Secondary antibody
Goat anti-rabbit IgG, F(ab’)2- HRP (Santa Cruz Biotechnology, Inc., USA); Cat no. sc-3837

2μl

1%(w/v) BSA

1ml

Tris-HCl solution (pH 7.6)
Tris powder (SISCO Research Laboratories, India)

7.5g

Doubled distilled water

50ml

[Adjusted pH7.6 only by adding HCl. Autoclaved and stored at 4oC]

HRP substrate mixture

3ml

50X DAB (Santa Cruz Biotechnology, Inc.,USA)

60μl

50%H2O2 (Merck, Mumbai, India)

30μl

1M Tris-HCl
Distilled water

291μl
2619μl

Assay procedure
Slides containing sputum cells and PBL were air dried and fixed in chilled methanol for 30 min. Then
the slides were air dried, washed in PBS thrice and blocked in 3% bovine serum albumin (BSA) for 1
h at room temperature. Thereafter, rabbit polyclonal Mre11 and rabbit polyclonal Ku70 (H-308)
primary antibodies (diluted 1:200 and 1:50 in 1% BSA respectively) were added separately to each
slide. The slides were placed in a humid box at 4oC and kept overnight in darkness. After washing
with PBS, anti-rabbit IgG, F(ab’)2- HRP secondary antibody (diluted 1:500 in 1% BSA) was added to
the slides and kept for 90 min. After washing with PBS the HRP substrate mixture was added to the
slides and kept for 45 min in darkness. Then the slides were washed with distilled water and
counterstained with hematoxylin, dehydrated in graded ethanol and mounted in DPX and examined
under light microscope.
Slides were evaluated for the presence of DAB-stained golden brown nuclei. At least 300 airway
epithelial cells (AEC) were scored from each slide and the results were expressed as percentage of
positive (stained) cells.

ICC for detection of MMR protein expression
Expression of MSH2 and MLH1 proteins were detected by ICC using the diagnostic kits
manufactured by Abcam, UK and following the procedure described earlier. The slides were
evaluated on the basis of presence of DAB positive reddish brown coloured nucleus in a cell. On an
average, 300 basal, parabasal and intermediate epithelial cells, 100 alveolar macrophages and 500
sputum neutrophils were examined for the expressions of MSH2 and MLH1 proteins in each
individual.

Immunofluorescence (IF) staining for detection of MMR protein
Expression of MSH2 and MLH1 proteins were detected by IF following the established staining protocol
(Li et al., 2006).

Reagents used
1X PBS buffer (pH 7.2)
NaCl (Merck, Mumbai, India)
KCl (Merck, Mumbai, India)

8g
0.2g

Na2HPO4.7H2O (Merck, Mumbai, India)

1.44g

KH2PO4 (Merck, Mumbai, India)

0.24g

Distilled water

1000ml
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BSA solutions (Sigma–Aldrich Chemicals, Saint Louis, MO, USA)
3% (w/v) BSA in 1X PBS

10ml

1% (w/v) BSA in 1X PBS

10ml

Primary antibody
Rabbit polyclonal MSH2 (Abcam, UK; Cat no.ab47076; dilution 1:500)

2μl

Rabbit polyclonal MLH1 (Abcam, UK; Cat no.ab47703; dilution 1:200)

5μl

1%(w/v) BSA

2 (1+1)ml

Secondary antibody
FITC-conjugated anti-rabbit IgG (whole molecule) secondary antibody (Sigma-Aldrich, St.
Louis, MO;F-0382; dilution 1:500)
1%(w/v) BSA

4’,6-Diamidino-2-phenylindole dihydrochloride (DAPI; Sigma-Aldrich, St. Louis, MO; Cat no.
32670-5MG-F)

2μl
1ml
1ml

Assay procedure
The slides containing airway cells were fixed in 4% (w/v) paraformaldehyde for 15 min at 4oC,
followed by permeabilization in 0.2% (v/v) Triton X-100 for 15 min. and blocked in 3% bovine
serum albumin (BSA) for 1 h at room temperature. Thereafter, rabbit polyclonal primary antibodies
against MSH2 (ab47076) and MLH1 (ab47703) diluted 1:500 and 1:200 in 1% BSA respectively
were added separately to each slide. The slides were placed in a humid box at 4oC and kept overnight
in darkness. After washing with PBS, the slides were further incubated with FITC-conjugated antirabbit IgG (whole molecule) secondary antibody (F-0382; diluted 1:500 in 1% BSA) for 60 min at
37oC followed by PBS washes. Nuclei were counterstained with DAPI (1 µg/ml in PBS) for 15 min.
After another wash in PBS, slides were mounted with cover slips and viewed under fluorescent
microscope (Leica DM 4000B, Germany).

Immunocytochemistry (ICC) for 8Oxoguanine, OGG1 and APE1 detection
Expression of 8-Oxoguanine, OGG1 and APE1 proteins were detected by ICC using the diagnostic kits
manufactured by Abcam, UK and following the procedure described earlier. (Ghosh et al., 2009).

Statistical Analysis
The results were statistically analyzed using SPSS statistical software (Statistical Package for Social
Sciences for windows, release 10.0; SPSS Inc., Chicago, IL, USA). Statistical differences were determined
by using Chi-square test, Student’s t-test, and Mann– Whitney U test, as applicable. The impact of all
variables on the expression of base excision repair proteins was first examined by logistic regression
analysis to identify the potential confounders. Then, the cumulative impact of these factors on the base
excision repair parameters was evaluated by stepwise multivariate logistic regression analysis. Any
measured parameter was treated as a variable, either continuous (when computing univariately for
correlation) or dichotomous (when examining association). Univariate analysis was carried out using
Spearman’s rank correlation test to find out the relation between two measurable parameters as continuous
variables, and the result was expressed as rho value (Spearman's rank correlation coefficient). Statistical
significance was assigned at p < 0.05.

Results
Expression of Mre11 and Ku70 in lymphocytes
Expression of DNA double strand break repair proteins Mre11 and Ku70 were higher in PBL of women
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chronnically exposed to biomasss smoke thann LPG using control. Ligght microscoppical examinaation showedd
darklly-stained nucclei in PBL of biomass-using women (P
Plate 14.1).

(a)

(b)

Plate
e 14.1. Immuno
ocytochemica
al localization of
o Mre11 in nu
uclei of periphe
eral blood lym
mphocytes. Note higher
expre
ession among biomass userrs (b) than con
ntrol (a). Magn
nification 400xx.

The percentage
p
off PBL exhibitting Mre11 sttaining in nucclei was increeased from 3.5 ± 1.3% in control
c
to 6.1
± 2.22 % in biomasss users ( p<00.01; Figure 14.1),
1
suggesting 74% inccrease in Mrre11 expressio
on in PBL off
the laatter group.

Mre11 positive nucleus (%)

10

*
8
6
4
2
0
L
LPG

Biomass

Figurre 14.1. Perce
entage of Mre1
11-positive PB
BL in biomass-- and LPG-usiing women. Ba
ars represent standard
devia
ation (SD) of mean.
m
*, p<0.01 in Student’ss t-test

Mre11 expression in relattion to cook
king years
Mre111-positive PB
BL increasedd progressively with yearss of cooking with biomass. It was 5.2%
% in womenn
havinng 20 – 24 yeears’ experiennce in contrasst to 1.2% in women with 5 to 9 years’’ cooking exp
perience withh
biom
mass fuel (Figgure 14.2). Riise in mean % Mre11 positive nuclei in relation too cooking yeears was also
obserrved in LPG users, but thhe rate of inccrement was less than thaat seen amonng biomass users
u
(Figure
14.2)).
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Figure 14.2. Changes in the percentage
e of Mre11-po
ositive lymphoc
cytes in relatio
on to years of cooking with
L
A, 5 - 9 years, B, 10 - 14 years, C, 15 – 19 years
s, and D, 20 - 24 years of co
ooking experie
ence
biomass or LPG.

Expression of Ku 70 in
i PBL was nuclear (Plaate 14.2), an
nd biomass users
u
had siignificantly higher
h
(
± 3.6 vs.
v 3.0 ± 1.44%, p<0.01; Figure 14.3). This
percentage of Ku70- possitive PBL thhan control (11.1
0-expressing PBL than thheir neighborss who
indicates thaat biomass-using women had 3.7 timees more Ku70
used to cookk with LPG.

a

b

Plate 14.2. Im
mmunocytoch
hemical localizzation of Ku70
0 in nucleus of peripheral blo
ood lymphocyttes of LPG (a)) and
biomass use
ers (b). Magniffication 400x.

Ku70 positive nucleus (%)
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LPG

Biomass
B

Figure 14.3. Percentage of
o Ku70-expre
essing lymphoccytes in periph
heral blood off biomass and LPG-using women.
w
Bars represe
ent standard deviation (SD) of mean. *, p<
<0.01 in Stude
ent’s t- test
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Ku70 expressio
on in relatio
on to cookiing years
The percentage
p
of Ku positivee of PBL inccreased progrressively withh years of coooking with biomass andd
LPG,, especially thhe former (Figure 14.4).

Ku70 positive lymphocytes
(%)
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Biomass
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LPG
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0
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D

Figurre 14.4. Chang
ges in the perrcentage of Ku
u70 positive lymphocyte in relation
r
to years of cooking with
w biomass
fuel or
o LPG, especially the forme
er. A, 5 - 9 years, B, 10 - 14
4 years, C, 15 – 19 years, a
and D, 20 - 24
4 years of
cooking experience
e

Mre11 expression in airw
way epithelial cells
Comppared with coontrol womenn who cook with
w cleaner fuel
f LPG, exppressions of M
Mre11 and Ku70
K
proteins
were higher in airrway cells of women who used to cook
k with biomasss. Mre11 exxpression wass detected byy
immuunocytochem
mistry both in nucleus (Platte14.3a,b) and
d cytoplasm (Plate 1.4.3cc,d) of AEC.

a

b

c

d

Plate
e 14.3. Immuno
ocytochemica
al localization of
o Mre11 posittive nucleus (a
a,b) and cytop
plasm (c,d) in airway
a
epithe
elial cells of LP
PG – (a,c) and
d biomass-use
ers (b,d). Magnification 1000x.
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The percentage of exfoliated AEC exhibiting Mre11 in nucleus was 30% higher than control in biomass
users (2.6 ± 1.6 vs. 2.0 ± 1.5%; Figure 7.4.5a). The cytoplasmic expression of Mre11, in contrast, was 27times higher in biomass users as they had 8.1 ± 2.3% positive cells against 0.3 ± 0.2% in control women (
p<0.01; Figure 14.5b).

12
Mre11 positive cytoplasm (%)

Mre11 positive nucleus (%)

5
4
3
2
1
0
LPG

*
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3

0

Biomass

LPG

(a)

Biomass

(b)

Figure 14.5. Percentage of airway epithelial cells expressing Mre11 in nucleus (a) and cytoplasm (b) in biomass
and LPG-using women. Bars represent standard deviation (SD) of mean. *, p<0.01 in Student’s t- test.

Mre11 expression in AEC was positively associated with years of cooking with biomass as well as LPG,
especially the latter (Figure 14.6). Biomass users who were cooking for the past 20 to 24 years had 3.3%
nuclear Mre11-expressing cells in contrast to 0.7% positive cells in those with 5 to 9 year’s cooking
experience.

Mre11 positive nuclei of AEC (%)

Biomass

LPG

7
6
5
4
3
2
1
0
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B

C

D

Figure 14.6. Changes in the percentage of airway epithelial cells expressing Mre11 in nucleus in relation to years
of cooking with biomass fuel or LPG. A, 5 - 9 years, B, 10 - 14 years, C, 15 – 19 years, and D, 20 - 24 years of
cooking experience.

Ku70 expression in airway epithelial cells
Ku70 expression was detected immunocytochemically in nucleus (Plate 14.4a) and occasionally in
cytoplasm (Plate 14.4b) of AEC.
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a

b

Plate
e 14.4. Immuno
ocytochemica
al localization of
o Ku70 in airw
way epithelial cells of LPG ((a) biomass us
sers (b).
Magn
nification, 400xx (a), 1000x (b).

The percentage
p
off AEC expresssing Ku70 in
i nucleus was
w 8.2 ± 2.3%
% in contrast to 1.8 ± 0.9
9% in controll
(p<0..01; Figure 144.7), indicatinng 4.5 times higher
h
expresssion of Ku700 in AEC of bbiomass userss.
12
Ku70 positive nucleus (%)
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Figurre 14.7. Ku70 expression in airway epithe
elial cells of bio
omass and LP
PG-using wom
men. Bars reprresent
stand
dard deviation (SD) of mean
n. *, p<0.01 in Student’s t- te
est.
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Expreession of Kuu 70 in AEC
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men with proolonged cookking years (F
Figure 14.8).
Comppared with 3.2% positive cells in biom
mass users wiith 5 to 9 yeaars’ cooking experience, 8.5%
8
Ku 70positiive cells waas observed in women having
h
20 – 24 years’ of
o cooking eexperience with
w
biomass.
Increasing ccooking yeaars was also
associated w
with greater expression
e
off
Ku 70 in AE
EC of LPG ussers also, butt
Biomass
LPG
10
the changee was less appreciable
9
when compaared with thaat of biomass
8
users (Figuree 14.8).
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Figure
14
4.8.
Change
es
in
the
percentage o
of Ku70-expre
essing airwayy
epithelial cellls in relation
n to years off
cooking with biomass fuel or LPG. A, 5
- 9 years, B, 10 - 14 years, C, 15 – 19
years, and D
D, 20 - 24 yea
ars of cooking
experience.
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Expression
n of MMR proteins
p
MS
SH2 and ML
LH1
In ICC, the expressions of
o MSH2 andd MLH1 protteins were fou
und mainly inn the nuclei oof airway epitthelial
cells, especiially the basal and parabassal cells (Plate 14.5, 14.5).. The proteinss were not deetected in otheer cell
types such as
a the airway neutrophils and
a the alveollar macrophaages (AM).
The percenttages of airwaay epithelial cells
c
expressiing MSH2 an
nd MLH1 werre significantly lower in women
w
who were chronically exposed
e
to biomass
b
smooke (Plate 14.6, 14.6; Table
T
7.4.1). For instancee, the
a 54% lower than the coontrol, respecctively
percentages of MSH2- annd MLH1-exxpressing cells were 42% and
(p<0.0001, Table
T
14.1).
Since the tootal number of
o epithelial cells
c
exfoliateed in sputa vaaried consideerably betweeen the biomasss and
control wom
men, we convverted the reelative (%) values to abso
olute ones (ccells/hpf). Stiill, the numbers of
MSH2- (0.222 ± 0.06 vs 0.28
0
± 0.06 cells
c
/hpf in control,
c
p<0.0
05) and MLH
H1-expressingg cells (0.15 ± 0.04
vs 0.25 ± 0.09
0
cells /hppf in control, p<0.05) weere significan
ntly lower thaan the controols in women
n who
cooked withh biomass fueel.

Table 14.1. Immunocytocchemical localiization of prote
eins associate
ed with DNA mismatch
m
repa
air in airway
epithelial cells of biomass-- and LPG-using women
Parameters
s

LPG-us
sing control

Biomass users
u

P value

4.91 ± 1.85

2.85 ± 1.49

<0.0001*

6 (1-7)

3 (1-5)

<0.0001**

4.22 ± 1.68

1.96 ± 0.81

<0.0001*

5 (1-6)

2 (1-3)

<0.0001**

Percentage of MSH2-expressing cells
Mean ± SD
Median (ran
nge)
Percentage of MLH1-expre
essing cells
Mean ± SD
Median (ran
nge)

An average of 300
3 cells were exaamined for each participant;
p
*, staatistically significcant compared wiith LPG users in Student’s t-test; **
* ,
statistically signnificant comparedd with LPG userss in Mann-Whitneey U test

Plate 14.5.
Immunocytocchemical
localization of
o MSH2 prote
ein
in the nuclei of airway
n
epithelial cells exfoliated in
spontaneoussly
expectorated
d sputum of
biomass- (A,B) and LPGn (C,D). The
using women
relative frequ
uency (%) of
MSH2-expre
essing basal
and parabasal cells was
ng LPG users
greater amon
compared to that of
ers.
biomass-use
Carbonaceou
us particleladen alveola
ar
macrophages were
he
negative for MSH2 (B). Th
cell nuclei we
ere
counterstaine
ed with
hematoxylin, original
n 1000x.
magnification

C h a p t e r 1 4 | 201

Plate 14.6.
Immuno
ocytochemical
lo
ocalization of MLH1 protein
in
n nuclei of airw
way epithelial
ccells in sputum
m of biomassand LPG-using control
women. Expression off
MLH1 wa
as observed in
basal and pa
arabasal cells
(A, B, D) while
w
particlela
aden alveolar macrophages
(C) were negative.
n
Note
greater pe
ercentages off
MLH1-expre
essing cells in
contrrol women (D)
compare
ed with that off
biomass use
ers (A-C). The
ce
ell nuclei were
counte
erstained with
hemato
oxylin, original
magnification 1000x.

Loca
alization of MSH2, MLH
H1 proteinss by immun
nofluoresce
ence stainin
ng
Immuunofluorescennce assay shoowed 4.28 ± 1.35% (SD) and 3.19 ±11.69% MSH22- and MLH1
1- expressingg
airwaay epithelial cells, respecttively, in conntrol women. In contrast, biomass useers had 2.91 ± 1.32% andd
1.95 ± 0.77 % of airway
a
epitheelial cells exppressing MSH
H2 and MLH1, respectivelly. So, the ressults indicate
that, MSH2 and MLH1 posittive airway epithelial
e
cellls were signnificantly low
wer in womeen who were
chronnically exposeed to biomasss smoke (p<00.0001).

Indo
oor air pollu
ution and ROS
R generation
Geneeration of RO
OS by sputum
m cells showedd positive corrrelation withh PM10 (rho = 0.463, p<0.01), PM2.5 inn
indooor air (rho = 0.498, p<0..01) and t,t-M
MA level in urine (rho = 0.429, p<00.01) in Speaarman’s rankk
correelation test. The
T concentraation of SOD in sputum, on
o the other hand,
h
correlaated negativelly with PM100
(rho = - 0.564, p<
<0.01) and PM
M2.5 in indooor air (rho = -0.489, p<0.001) and t,t-M
MA level in urine
u
(rho = 0.3122, p<0.05 ).

Asso
ociation bettween ROS,, SOD, t,tMA
A and mism
match repaiir protein e
expression
The percentages
p
o MSH2 andd MLH1 prottein-expressin
of
ng airway epithelial cells in biomass-u
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Table 14.2. Correlation between mismatch repair protein expression in airway cells, oxidative stress and
biomarker of benzene exposure
Correlation

Pearson’s coefficient

Kendall’s tau_b

Spearman’s rho value

ROS with MSH2

-0.718**

-0.650**

-0.640**

t,t-MA with MSH2

-0.539**

-0.456**

-0.512**

SOD with MSH2

0.230*

0.219*

0.271*

ROS with MLH1

-0.595**

-0.460**

-0.473**

t,t-MA with MLH1

-0.475**

-0.587**

-0.554**

SOD with MLH1

0.249*

0.129*

0.148*

*, p<0.05; **, p<0.01

In univariate analysis, the reduction in the percentages of MSH2 and MLH1-positive cells was positively
associated with lower education and family income, increasing age and exposure years to biomass smoke,
tobacco smoking habit of the husband, and cooking in a space adjacent to living room due to lack of
separate kitchen. Even after controlling the influence of the confounders in multivariate logistic regression
analysis, significant association remained between lower expression of MSH2 and MLH1 proteins and
ROS generation, urinary t,t-MA and depletion of SOD (Table 14.3).

Table 14.3. Association between oxidative stress, benzene exposure and lower expression of mismatch repair
proteins in airway epithelial cells of biomass-using women
Lower expression of MSH2

Lower expression of MLH1

ROS generation

2.22 (1.46-4.02)

2.02 (1.35-3.48)

Depletion of SOD

1.40 (1.05-2.53)

1.85 (1.19-2.97)

t,t-MA in urine

1.64 (1.04-2.36)

1.44 (1.02-2.10)

Results are expressed as odds ratio with 95% confidence interval in parentheses after controlling education, family income, age, exposure
years, husband’s smoking habit and adjacent kitchen as potential confounders in multivariate logistic regression analysis.

Formation of 8oxoguanine and expression of OGG1 and APE1 proteins
8-Oxoguanine, OGG1 and APE1 proteins were expressed mainly in the nuclei of airway epithelial cells,
especially the basal and parabasal cells. The proteins were not detected in other cell types such as the
airway neutrophils and the alveolar macrophages.
The percentage of airway epithelial cells expressing DNA oxidative damage marker 8-Oxoguanine were
significantly higher (p <0.0001) in women who cooked with biomass, relative to LPG users (Table 14.4).
The percentage of DNA base excision repair proteins, OGG1 and APE1, were significantly lower in
biomass users (1.57 ± 0.6 vs 3.14 ± 1.2 % in control, for OGG1, p<0.0001) and (1.37 ± 0.7 vs 2.83 ± 0.8%
in control, for APE1, p<0.0001; Table 14.4, Plate 14.7).
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Particulate pollution, ROS generation, oxidative stress and DNA damage
Generation of ROS in airway cells of biomass-using women showed positive correlation with PM10 (rho =
0.461, p<0.01) and PM2.5 in indoor air (rho = 0.512, p<0.01). The concentration of SOD in sputum, on the
other hand, correlated negatively with PM10 (rho = - 0.564, p<0.01) and PM2.5 (rho = -0.512, p<0.01).
On the other hand, ROS generation (MFI of DCFH-DA) was positively associated with comet tail % DNA
(OR= 4.39, 95% CI 2.54-6.78) and comet tail length (OR= 2.02, 95%CI 1.18-4.69), but not with Olive tail
moment (OR = 1.18, 95% CI 0.59-2.35) in biomass users. Likewise, significant positive association was
found between 8-Oxoguanine formation and comet tail DNA percentage (OR=4.50, 95% CI 1.23-6.45),
but not with comet tail length (OR=1.01, 95% CI 0.30-3.31) and olive tail moment (OR=1.61, 95% CI
0.59-2.33). On the other hand, depletion of SOD was positively associated with comet tail % DNA (OR=
3.94, 95% CI 1.33-5.81), but not with comet tail length (OR= 1.02, 95% CI 0.78-1.69) or Olive tail
moment (OR = 0.99, 95%CI 0.59-1.35). ROS generation and formation of oxidative damage marker in
DNA base, 8-Oxoguanine, were positively correlated (rho= 0.814, p<0.01).

Oxidative stress and inactivation of BER proteins
The percentages of OGG1 and APE1 protein-expressing airway epithelial cells in biomass-using women
were negatively correlated with ROS generation by sputum cells in Spearman’s rank correlation test
(p<0.01). In contrast, SOD showed significant positive correlation with both of these base excision repair
protein-expressions (Table 14.5).

Table 14.5. Correlation between base excision repair
protein expression in airway cells with oxidative stress
Correlation

Spearman’s rho value

ROS with OGG1

-0.640**

ROS with APE1

-0.761**

SOD with OGG1

0.271*

SOD with APE1

0.373**

*, p<0.05; **, p<0.01

In univariate analysis, the reduced percentage of BER proteins, OGG1 and APE1 positive cells, was
positively associated with lower education and family income, increasing age and exposure years to
biomass smoke, spouse smoking habit, kitchen location and also ROS generation and SOD depletion in the
airway cells. Even after controlling the influence of the confounders in multivariate logistic regression
analysis, significant association remained between lower expression of OGG1 and APE1 proteins with
ROS generation and SOD depletion (Table 14.6).

Table 14.6. Association between oxidative stress and lower expression of base excision repair proteins in airway
epithelial cells of biomass-using women
Lower expression of OGG1

Lower expression of APE1

ROS generation

2.78 (1.94-8.21)*

1.70 (1.22-2.26)*

Depletion of SOD

1.75 (1.05-3.32)*

1.47 (1.26-3.23)*

*, Statistically significant; Results are expressed as odds ratio with 95% confidence interval in parentheses after controlling education,
family income, age, exposure years, husband’s smoking habit and adjacent kitchen as potential confounders in multivariate logistic
regression analysis
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Downregulation of BER proteins and DNA damage
Expression of OGG1 and APE1 in airway cells of biomass smoke exposed women was negatively
correlated with comet tail% DNA (rho= -0.42 and rho= -0.328 respectively, p<0.01), comet tail length
(rho= -0.315 and rho= -0.449 respectively, p<0.01), and olive tail moment (rho= -0.378 and rho= -0.316
respectively, p<0.01) in Spearman’s rank correlation test.

A significant positive association was found between increased tail% DNA and lower expression of OGG1
and APE1 but not with increased comet tail length (µm) and olive tail moment (Table 14.7).

Table 14.7. Association between lower expression of BER proteins and increased DNA damage in sputum cells
Variables

Lower expression of OGG1

Lower expression of APE1

Increased tail %DNA

2.28 (1.51-3.22)*

1.48 (1.24–2.12)*

Increased comet tail length (µm)

1.15 (0.59-1.62)

0.69 (0.21-2.26)

Increased olive tail moment

0.84 (0.16-2.37)

0.42 (0.12-1.49)

*, Statistically significant; Results are expressed as odds ratio with 95% confidence interval in parentheses.

15
Cooking with biomass and cancer risk

Introduction
The preceding chapters have shown that women who cooked with biomass fuel for five years or more had
inflammation, oxidative stress, DNA and chromosomal damage and insufficient DNA repair. Moreover,
ribosome biosynthesis was remarkably enhanced and there has a marked upregulation of Akt signaling
pathway. Collectively, these findings point to a higher risk of carcinogenesis in the airways of biomassusing women. Therefore we felt the need to examine this possibility. Accordingly, we have investigated
the prevalence of metaplasia and dysplasia of airway epithelial cells, considered as early cytological
changes towards carcinogenesis in the airways, in biomass-using women and have compared the findings
with that of LPG-using control.

Materials and methods
Collection of Sputum
The participants were asked to cough vigorously and the expectorated sputum was collected in sterile
plastic cup for three consecutive days. The thick viscous parts of the sputa were smeared on clean glass
slides air dried and fixed in 95% ethanol immediately for cytology. The remaining samples were
transferred to fresh tubes containers containing 20 ml of phosphate-buffered saline with 0.1% dithiotheritol
(Sigma Chem, USA), and transported to the laboratory in ice box. Tubes containing sputum samples were
centrifuged at 2,500 rpm for 10 min and the supernatant was discarded. The cell pellet was washed with
PBS for 2-3 times suspended in PBS and stored at -20oC for future analysis.

Papanicolaou (Pap) staining of sputum cells for cytology
Papanicolaou is a multichromatic stain used principally on exfoliated cytologic specimens to get
information about the cellular integrity, differentiation and functional state of different cell types. The
staining was done following the procedure of Hughes and Dodds (1968).

Staining procedure
The semi dried smears were fixed in ethanol for 30 min. The fixed slides were then brought to 95% ethyl
alcohol for 20 min, and ultimately to water through graded ethanol. The slides were stained with Harris’
hematoxylin for 30 sec, subsequently rinsed in distilled water and placed in Scott’s tap substitute for
bluing. Thereafter, the slides were washed in running tap water, dehydrated in 70% and 90% ethanol,
stained with Orange-G6 for 4 min, differentiated in 95% ethanol and subsequent staining with EA-50
solution for 4 min. Differentiation with absolute ethanol followed it. Finally, the slides were dehydrated in
ethanol, cleared in xylene, mounted in DPX and observed under light microscope (Dialux 20, Leitz,
Germany and BX50, Olympus, Japan).

Observation and scoring
The cell nucleus stained violet while cytoplasm and cytoplasmic granules stained green and/or orange
depending on the differentiation stages of the cells. Under light microscope at least 20-50 high power
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fields at 400x magnification were observed and the total and differential sputum cell count was scored.
Frequency (%) of neutrophil, eosinophil, lymphocyte and epithelial cells present in the sputum was
recorded. Emphasis was given on the identification of epithelial cell metaplasia and dysplasia, following
established cytological criteria.

Results

Early changes towards carcinogenesis: metaplasia and dysplasia
Important cytopathological findings in sputum of biomass users were the presence of metaplasia and
dysplasia of bronchial epithelial cells (Plate 15.1). Metaplasia was present in 3.95% control women. In
contrast, 12.26% sputum samples of the biomass users had metaplasia of airway cells (p<0.0001).
Similarly, dysplasia of epithelial cells was found in 4.4% of biomass users compared with 1.13% of LPGusing control women (p=0.0021, Figure 15.1).
After controlling potential confounding factors, a positive association was observed between PM10
(OR=1.35, 95% CI, 1.14-3.32) and PM2.5 (OR= 1.78, 95% CI 1.21-2.80) with squamous metaplasia among
biomass users.

15

Control
p<0.0001

Biomass

Individuals (%)

12

9

6

p=0.0021

3

0
Metaplasia

Dysplasia

Figure 15.1. Prevalence (%) of metaplasia and dysplasia of airway epithelial cells in sputum of women
chronically exposed to indoor air pollution from biomass fuel use

Like metaplasia, dysplasia of airway epithelial cells among biomass users was also positively associated
with PM10 (OR=1.98, 95% CI, 1.36-3.53) and PM2.5 (OR= 2.28, 95% CI 1.61-4.55) in indoor air after
controlling potential confounding factors such as age, education, family income, kitchen location and
environmental tobacco smoke.
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Thus, rural women who cooked with biomass had increased prevalence of metaplasia and dysplasia in
airway epithelial cells than their age-matched neighbors who cooked with cleaner fuel LPG. Since
metaplasia and dysplasia are recognized as early cellular changes towards carcinogenesis, the present
findings suggest increased risk of cancer in the airways and lungs of biomass-using women.

16
Discussion

This study was designed to investigate whether chronic exposures to indoor air pollution (IAP) from
cooking with traditional biomass such as wood, dung and crop residues affect the respiratory system,
causes pulmonary and systemic inflammation and oxidative stress, increases the risk of cardiovascular
disease (CVD) and DNA damage, affects the DNA repair mechanism and causes neurological and
reproductive toxicity among rural women of eastern and northern India. The results have shown that
women chronically exposed to biomass smoke are at a high risk of developing upper and lower respiratory
symptoms, lung function impairment, COPD, pulmonary and systemic inflammation, oxidative stress,
CVD, chromosomal damage, DNA strand breakage, inefficient DNA repair, up-regulation of ribosome
biogenesis, activation of Akt signal transduction pathway, menstrual disturbances, depression and
increased risk of lung cancer. Earlier studies have shown biomass smoke exposure-mediated upper and
lower respiratory symptoms, COPD, asthma, pulmonary tuberculosis, cardiovascular disease, eye irritation,
cataract and adverse pregnancy outcome (Díaz et al., 2007; Bajgain and Panday, 2008; Maio et al., 2009;
Kurmi et al., 2010; Agrawal, 2011; Abusalah et al., 2011; Thompson et al., 2011; Hoskins, 2011). The
present findings are in agreement with these.
Dizziness, headache, weakness and nausea among biomass users can be attributed to inhalation of carbon
monoxide present in biomass smoke. In the present study, biomass using rural women had higher level of
CO in exhaled breath. Though CO in the exhaled breath originates from the inspiration of ambient CO,
endogenous metabolic source has also been identified that include haem metabolism catalysed by haem
oxygenase (HO) enzymes (Dolinay et al., 2010). Elevated level of carbon monoxide in the exhaled breath
of biomass-using women of this study may suggest oxidative stress (Gajdócsy and Horváth, 2010), acute
and chronic airway diseases including allergic rhinitis, COPD, asthma, bronchiectasis, and post transplant
bronchiolitis obliterans syndrome (Montuschi et al., 2001; Zhang et al., 2010; Gajdócsy and Horváth,
2010), and pulmonary fibrosis (Chow et al., 2012). In women, exhaled CO level has positive association
with ROS production capability of neutrophils (Mikami et al., 2011).
The concentration of t,t-MA in urine, a biomarker of benzene exposure, was significantly higher among
biomass users in this and our earlier study (Roychoudhury et al., 2011). Similarly, a high level of t,t-MA
was found in Mexican women who were exposed to indoor firewood smoke while cooking (PrunedaÁlvarez et al., 2011).

Impact of IAP on the respiratory system
Greater prevalence of URS and LRS in biomass users perhaps indicate higher incidence of respiratory
diseases and/or airway and alveolar damage. Like the present observations difficulty in respiration and
frequent coughing and chest pain were strongly associated in wood-user female subjects in a rural area of
Jalgaon district of Maharashtra (Ingale et al., 2011). Kodgule and Salvi (2012) found that women who
spend many hours in cooking food and their children in poorly ventilated homes develop chronic
obstructive lung disease (COPD), asthma, respiratory tract infections, including tuberculosis. Cough,
wheezing, chest pain, breathlessness, nasal symptoms and chronic bronchitis were more prevalent among
biomass users than users of cleaner fuel (Desalu et al., 2010). Also, asthma was more prevalent among air
pollution-exposed subjects of this study. Asthma has genetic pre-disposition and pollution exposure alone
is unlikely to be responsible for the observed rise in the prevalence of the disease. However, when
asthmatics are exposed to air pollution, the symptoms are aggravated (Uzun et al., 2003; Cakmak et al.,
2004). Cımrın and Karaman (2011) showed that exposure to biomass can be causative for asthma among
women. Therefore, air pollution could be responsible for exacerbation of asthma.
Like the present findings, sore throat and headache were positively related to black smoke and particulate
matter exposure after controlling passive smoking as a confounder (Ségala et al., 2004). Eye symptoms
were more prevalent in biomass-using women who cook in kitchen without any ventilation and were older
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in age (Kang et al., 2011). Women not only use biomass as cooking fuel but also collect the biomass fuel
which needs at least 2 to 4 hours per day for its collection. This can cause backache, shoulder ache and
headache from carrying heavy loads.

Lung function and COPD
Considerable reduction of lung function was documented in women who cooked with highly polluting
biomass fuel. A strong negative correlation was also found between lung function parameters and years of
cooking with biomass in Spearman’s rank correlation test. Restrictive type of impairment was predominant
among them where FVC fell to less than 80% of the predicted value. Reduction in FVC could be either
because of an alteration in lung parenchyma or because of a disease of the pleura, chest wall, or
neuromuscular apparatus. Fibrosis of the lung following infections such as pulmonary tuberculosis can
lead to restrictive pattern of lung function deficits. Reduced FVC and restrictive type of lung impairment
have been reported earlier among north Indian women who cooked with biomass fuel (Behera et al., 1994).
Like the present study, several investigators have shown reduction in lung function in women chronically
exposed to biomass smoke (Behera et al., 1994; Arslan et al., 2004; Reddy et al., 2004; Sümer et al., 2004;
Regalado et al., 2006; Rinne et al., 2006; Díaz et al., 2007; Fullerton et al., 2011; Kargin et al., 2011; da
Silva et al., 2012; Roy et al., 2012).
Chronic obstructive pulmonary disease (COPD), consisting of chronic bronchitis and emphysema, is a
major cause of morbidity and mortality worldwide (Narang and Bush, 2012). The World Health
Organization has estimated that by 2030, COPD will be the third leading cause of death worldwide
(Rubinstein et al., 2011). There is a growing body of evidence to support the hypothesis that chronic
respiratory diseases such as COPD have their origins in early life. In particular, adverse maternal factors
will interact with the environment altered lung growth in early childhood. Subsequent lung injury and
further gene–environment interactions may result in permanent lung injury manifest by airway obstruction
predisposing to COPD. The probable mechanism of COPD could be destruction of alveolar architecture by
protein-degrading enzymes released by inflammatory cells. For example, activated neutrophils release
collagenase, elastase, neutral protease that derange the alveolar structure. Gradually, there is a loss of type
I alveolar cells and capillary endothelial cells with proliferation of type II cells and interstitial fibroblasts
that ultimately leads to fibrosis of the lung (Raghu et al., 1999). As a consequence, the alveolar wall loses
elasticity and vital capacity of the lung is markedly reduced. Therefore, lung inflammation and associated
restrictive type of lung function deficits in air pollution-exposed women may lead to interstitial lung
fibrosis and COPD.
Compared with control, COPD was several times more prevalent in the rural women in this study who
were exposed to biomass smoke. Thus, exposure to IAP increases the risk of COPD. Like the present
observation, biomass smoke exposure-related chronic bronchitis and COPD have been reported in several
studies (Ozbay et al., 2001; Xu et al., 2005; Liu et al., 2007; Gunen et al., 2008; Salvi and Barnes, 2010;
Kurmi et al., 2010; Hu et al., 2010; Johnson et al., 2011; Idolor et al., 2011; Kim et al., 2011; LaniadoLaborin et al., 2011; Gupta and Shah; 2011; Laumbach and Kipen, 2012; Kodgule and Salvi, 2012).

Airway cell injury and inflammation
Chronic exposure to biomass smoke has been shown to be associated with several-fold increase in the
number of alveolar macrophages (AM) in sputum. AM are the first line of cellular defense in the alveoli
and the lower airways. They are involved in the immunological homeostasis of the lung (St-Laurent et al.,
2009). They play key role in phagocytosis of inhaled pollutant including PM and bioaerosols. Besides,
AMs participate in both inflammatory and anti-inflammatory activity in the lungs (Barnes, 2006). Particles
entering the lower airway remain visible in the cytoplasm of AM for several months. Particle loading of
AMs, detected as black-pigmented material, reflects individual exposure to PM10 (Grigg et al., 2008).
There was a significant inverse association between particle load of AM and lung function (Grigg et al.,
2008). Increase in AM number among air pollution exposed subjects can be a defense against lung injury
by inhaled pollutants, because AMs play a major role in repair of lung injury. For instance, apoptosis of
bronchial epithelial cells and the phagocytic clearance of these cells by AM (a process termed
efferocytosis) are integral processes leading to repair of airway epithelial injury (Martinez et al., 1997).
Biomass using rural women of this study had increased number of total cells in sputum. Chronic inhalation
of smoke appeared to be the main contributing factor because smoke inhalation promotes exfoliation of
cells from the airways (Jacob et al., 2010).
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Isolated or aggregates of exfoliated ciliated columnar epithelial cells were frequent among biomass users.
Greater presence of these cells in sputum suggests damage to the epithelium and dislodgement of cells
presumably as a result of cumulative smoke exposures. In agreement with this, smoke inhalation has been
shown to promote exfoliation of columnar epithelial cells as a result of airway epithelial disruption and
loss of junctional adhesion and detachment of ciliated epithelial cells from the airway epithelium (Jacob et
al., 2010). Ciliated cells and mucus-secreting goblet cells within the pulmonary epithelium act in concert to
remove potentially harmful substances, such as bacteria, toxins, and particulates, from the lungs (Knowles
and Boucher, 2002). Disruption of normal mucociliary clearance in hereditary and acquired respiratory
diseases results in mucus plugging of the airways, decreased pulmonary function, and an increased risk of
secondary infection (Gomperts et al., 2007). In the present study, goblet cells were found in increased
numbers in sputum of biomass users. Increased numbers of goblet cells and excessive mucus production is
a common feature of asthma and COPD. Mucins form a major component of the mucus contributing to its
viscoelastic properties, and in the airways the mucins MUC5AC and MUC5B are found at increased levels
in both asthmatic and COPD subjects (Turner and Jones, 2009). One of the common features of respiratory
syncytial virus (RSV) infection is hyperplasia of mucus-secreting cells and loss of ciliated cells from the
respiratory epithelium (Tristram et al., 1998). Loss of ciliated cells and mucous cell hyperplasia also occurs
in response to environmental toxins such as smoke (Sisson et al., 1994). In view of these reports, biomass
smoke can be implicated for abundance of goblet cells and mucus overproduction.
Sputum of biomass users showed greater prevalence of Ciliocytophthoria. This change is indicative of
virus infections (Hadziyannis et al., 2000). Conidia and hyphae of several fungal species have been
documented in sputum samples of biomass users of this study. The observed increase in AM number can
be a defense against inhaled fungi and their products since AM play a major role in controlling fungal
infections in the airways. For example, pulmonary defense against Aspergillus fumigatus depends to a
greater degree on early killing of fungal conidia by AM and prevention of mucormycosis requires
inhibition of fungal spore germination by the bronchoalveolar macrophage (Waldorf, 1989). Neutrophils
assist AM in their endeavor to control invading fungi in the lung. Although macrophages and monocytes
can damage hyphae, the bulk of this role appears to fall upon the neutrophil. AMs kill Aspergillus conidia
and prevent germination of Rhizopus spores. The neutrophils damage the hyphal form of Aspergillus and
Rhizopus. Thus, neutrophils and monocytes /macrophages cooperate in host defenses against fungal
infections (Waldorf, 1989).
Upregulation of iNOS expression in airway neutrophils and macrophages of biomass using women was
found in this study suggesting upregulation of nitric oxide production in the airways. NO is an intracellular
signal transmitter. It is a product of the oxidation of L-arginine to L-citrullin in a two-step process
catalysed by the NADPH-dependent enzyme nitric oxide synthase (NOS). iNOS, found in macrophages
fibroblasts, mast cells, neutrophils and other inflammatory cells and hepatocytes, produces NO in relatively
large amounts in response to inflammatory or mitogenic stimuli and acts in a host defensive role through
its oxidative toxicity (Nathan, 1992; Moncada and Higgs, 1993). The enzyme is regulated at the time of
transcription and can be induced by cytokines like interferon-γ (IFN-γ), IL-1, TNF-α and some microbial
products. It is detected in macrophages and monocytes of patients with infectious and inflammatory
diseases. However, NO derived from iNOS in the airways has a double role: either it protects against, or it
contributes to, hypoxia/re-oxygenation lung injury (Rus et al., 2010). Excessive production of nitric oxide
via iNOS and a subsequent oxidative stress reaction are thought to be critically involved in the
pathophysiology of pulmonary sepsis (Lange et al., 2011).
Like the present observation, increase in the number of total leukocyte, mature neutrophil and band cells
has been recorded in circulation of subjects exposed to wood smoke (Swiston et al., 2008). Band cells are
immature neutrophils. Increase in their number in peripheral blood is an indication of stimulated release of
granulocytes from the bone marrow (Tan et al., 2000). More recently, Padhy and Padhi (2009) have
documented elevated levels of total leukocyte, neutrophils and eosinophils in peripheral blood of children
from biomass using households. Banerjee et al. (2011) showed an elevated neutrophil count in blood of
biomass users. The present findings are in conformity with these reports. Cumulative long-term exposure
to biomass smoke had strong positive correlation with leukocyte in the peripheral blood, indicating more
systemic inflammation. A significant negative correlation was also found between total WBC count and
FVC and FEV1 among biomass-using women indicating lung function decrement among them which was
associated with systemic inflammation (Fogarty et al., 2007; Margretardottir et al., 2009; Kalhan et al.,
2010; Olafsdóttir et al., 2011).
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Hematological changes
Compared with control, biomass smoke-exposed women had lower hemoglobin and red cell numbers,
suggesting greater prevalence of anemia. Air pollution exposed subjects also had an excess of anisopoikilocytosis that indicates alterations in red cell production as well as their shortened survival in
circulation. The average diameter of the red cells was less among them, implying microcytosis and
consequent iron deficiency since red cell microcytosis is associated with iron deficiency whereas
macrocytic RBCs are associated with folic acid or vitamin B12 deficiency. However, tyrosine kinase
inhibition may cause RBC macrocytosis (Schallier et al., 2009). Acanthocytes were mainly responsible for
red cell poikilocytosis among biomass using rural females and vehicular emission exposed urban males.
Acanthocytes had modifications in phosphatidylcholine, overall cholesterol, and/or sphingomyelin lipid
composition of plasma membrane. They are more prone to destruction causing hemolytic anemia (Poulet et
al., 2010). The mechanism of the possible change in red cell membrane lipid among air pollution exposed
subjects is currently unknown. It can be mediated by the observed oxidative stress, as injury to RBC
membrane is caused by oxidative stress in patients with COPD (Torres-Ramos et al., 2010).
Target cells are red cells with increased surface-to-membrane ratio. The number of these cells increases in
peripheral blood among thalassemia and in patients with impaired liver function with special reference to
cholesterol metabolism. Abundance of these cells among air pollution exposed subjects therefore suggests
a change in liver function. Toxic granulation in neutrophils is an indication of acute bacterial infection.
The instance of toxic granulation was quite high among biomass users and ambient air pollution exposed
subjects when compared with that of LPG-using control. This may suggest greater vulnerability of indoor
as well as ambient air pollution exposed subjects to bacterial infection. Elevated percentages of
myelocytes, metamyelocytes and band cells have been recorded in peripheral blood of urban subjects,
suggesting granulopoietic stimulation of bone marrow. Like the present study, stimulated production of
neutrophilic cells from the bone marrow has been shown during air pollution exposures (Athens, 1993; Tan
et al, 2000). Greater frequency of giant platelets in biomass users may suggest platelet activation and high
risk of CVD, because giant platelets are more reactive than normal-sized platelets and they represent a risk
for myocardial infarction (Endler et al., 2002; Althaus and Greinacher; 2010; Saleh, 2010).

Systemic inflammation
Significant increase in blood levels of pro-inflammatory cytokines TNF-α, IL-8, IL-12, IL-6 and acute
phase protein CRP among biomass users support the notion that chronic exposure to biomass smoke elicits
an inflammatory response. In conformity with the present finding, increase in TNF-α level has been found
in smoke exposed subject (van Eeden et al., 2001). Biomass smoke exposed subjects had 72%, 67%, and
54% higher plasma levels of the proinflammatory cytokines tumor necrosis factor-alpha, interleukin-6, and
interleukin-12, respectively, and doubled neutrophil chemoattractant interleukin-8 than controls (Banerjee
et al., 2011). mRNA expression of the proinflammatory genes monocyte chemoattractant protein-1 (MCP1), IL-8, and TNF-α was also up-regulated by wood smoke particulate matters (Danielsen et al., 2011).
Serum IL-6 and IL-8 levels were also found significantly increased among fire-fighters exposed to forest
fire smoke (Swiston et al., 2008).
AM is a major source of TNF-α , and smoke exposure induces release of this cytokine from human AM
(van Eeden et al., 2001) and from mouse macrophage cell line RAW 264.7 (Leonard et al., 2000).
However, continued production of TNF-α by AM mediates perpetuation of inflammation and consequent
lung damage via release of reactive oxygen metabolites (ROS) and proteolytic enzymes (e.g. elastase) by
activated neutrophils (Strieter et al., 1996).Besides stimulating ROS generation, TNF-α also depletes
cellular antioxidants from pulmonary and non-pulmonary tissues (Witkamp and Monshouwer, 2000). The
oxidative stress thus generated causes subsequent activation of proinflammatory and pro-oxidative
transcription factors like nuclear factor kappa–B (NF-κB) and the activator protein one (AP-1) which in
turn activates proinflammatory molecules like vascular cell adhesion molecule one (VCAM-1),
intracellular adhesion molecule one (ICAM-1) and receptor for advanced glycation end products (RAGE)
(Atsuta et al., 1997). This is in line with the present finding of elevated TNF-α level and depleted
antioxidant concentration in the blood of biomass users of this study.
In contrast to pro-inflammatory mediators, plasma level of IL-10, an anti-inflammatory cytokine, was
reduced in biomass users. Similar to the present finding, IL-10 levels were reduced in the bronchoalveolar
lavage fluid of smoke-exposed mice and these levels were still significantly decreased after smoking
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cessation compared to the control animals (Braber et al., 2010). IL- 10 level also reduces in asthmatic
patients in comparison to healthy subjects (Stelmach et al., 2002). TNF-α and some other cytokines such as
IL-1β and IL-6 activate the acute-phase response. This response generates C-reactive protein
(CRP),
fibrinogen and other coagulation factors that have all been associated with thromboembolic cardiovascular
events including deep vein thrombosis (Liuzzo et al., 1994; Heinrich et al., 1995; Ridker, 1999). Thus,
increased level of TNF-α in blood also enhances the risk of CVD.
IAP may promote inflammatory changes in the lung through release of a potent chemokine, IL-8 by
macrophages (Drumm et al., 1999). Being a chemotactic mediator IL-8 is capable of attracting
inflammatory cells into the lung tissue. High level of serum IL-8 and pulmonary inflammation have been
found in individuals exposed to wood smoke (Swiston et al., 2008). This chemokine has stimulating effect
on the bone marrow and is likely candidate mediator of the bone marrow response associated with COPD
(Terashima et al., 1998; Suwa et al., 2000). The major effect of IL-8 is to demarginate neutrophils from
within the vascular space in the bone marrow and it can also releases immature neutrophil precursors into
the circulation (Terashima et al., 1998). These myeloid cells may play an important role in modulating the
inflammatory response in the lung and blood vessels. The neutrophils released from the bone marrow by
IL-6 (Suwa et al., 2001) and granulocyte-colony stimulating factor or G-CSF (van Eeden et al., 1999) are
less deformable and sequester preferentially in microvessels, where they have the ability to contribute to
tissue inflammation distant from the sites of inflammation in the lung (van Eeden and Sin, 2008). Hence,
appreciable rise of IL-8 in the plasma of biomass users imply pronounced systemic inflammation.
IL-6 is recognized as a stimulator of CRP production in liver (Arnaud et al., 2005; Chudek and Wiecek,
2006; Memoli et al., 2007). In conformity with this, rise in serum IL-6 level was significantly correlated
with serum CRP of biomass users in this study. TNF-α positively correlated with neutrophil
chemoattractant IL-8 in biomass smoke exposed women. Likewise, IL-8 protein levels increased in
response to TNF-α (Ehrlich et al., 1998). Systemic inflammation as evident from rise in proinflammatory
cytokines in blood can be due to particulates present in biomass smoke, because increased PM10 and PM2.5
levels in indoor air were positively associated with rise in IL-6, CRP, TNF-α, IL-8, IL-12 after controlling
for potential confounders in the present study.

Leukocyte activation
Biomass users of this study and our earlier study (Ray et al., 2006) displayed up-regulation of
CD11b/CD18 (Mac-1, alphaM, beta(2)-integrin) expression on peripheral blood neutrophils, monocytes
and lymphocytes, especially the first two cell types. CD11b is both a complement receptor (CR3) and a
cell adhesion molecule present on the surface of peripheral blood leukocytes (Choucair-Jaafar et al., 2011).
Following activation of the cell via binding of chemokines to the cell surface receptors, the integrin
molecules are released from preformed cytoplasmic stores and rapidly appear in increased numbers on the
cell surface. It triggers chemotaxis and shape change (Nicholson et al., 2007). CD11b/CD18 mediates
inflammation by regulating leukocyte adhesion and migration and has been implicated in several immune
processes such as phagocytosis, cell-mediated cytotoxicity, chemotaxis and cellular activation (Solovjov et
al., 2005; Schymeinsky et al., 2007). Upon activation, β2 integrin (CD11b/CD18) on the PMN surface
undergoes conformational change, which allows it to bind more tightly to the ICAM-1 and ICAM-2 on the
endothelial cell surface (Feng et al., 2011). It is involved in the complement system due to its capacity to
bind with inactivated complement component 3b (iC3b) (Arnaout et al., 1983). The expression of this
integrin on activated leukocyte plays a pivotal role in defense against invading pathogens as its ligands
include the complement fragment iC3b, ICAM-1; fibrinogen and bacterial lipopolysaccharide (Nicholson
et al., 2007). Besides, Mac-1 integrin molecules mediate antigen presentation and/or T cell activation
(Sandilands et al., 2005). Sustained over-expression of Mac-1, however, could be harmful because it
prolongs inflammation by delaying neutrophil apoptosis leading to tissue damage (Yan et al., 2004). In the
present study significant positive correlations were recorded for lifetime smoke exposure with CD11b and
CD18 on circulating neutrophils and monocytes. Hence, it may be inferred that inflammatory responses
among solid fuel users can also be, at least in part, contributed by upregulation of CD11b/CD18 complex
due to chronic exposure to toxic pollutants present immensely in biomass smoke. Upregulation of CD11b
expression could be also associated with neutrophil degranulation (Smith et al., 1996). CD11c/CD18
expression was upregulated on blood monocytes during hypertriglyceridemia and enhanced adhesion to
vascular cell adhesion molecule-1 suggesting that monocyte inflammation that may provide an additional
framework for evaluating individual susceptibility to cardiovascular disease (Gower et al., 2011).
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Immunotoxicity, oxidative stress
We found depletion of CD4+ T-helper cells and B cells, but increase in the number of natural killer (NK)
cells in peripheral blood of biomass users, suggesting change in body’s defense against infections. In
Czech Republic, women from highly polluted city had lower percentages of CD4+ and lower ratios of
CD4+: CD8+ than women from less polluted cities. Higher percentages of NK cells and depleted
proportions of T cells were also found in cord blood of these women from polluted areas (Hertz-picciotto
et al., 2002). Thus, higher levels of air pollution affect the immune system of pregnant women and their
fetuses. Changes in immune defense among the biomass users could make them more vulnerable to
bacterial and viral infections.
Activation of neutrophils results in respiratory burst and ROS generation including superoxide (•O2 -),
nitric oxide (•NO), hydrogen peroxide (H2O2), hydroxyl radical (•OH), peroxynitrite (ONOO−) and
hydrochlorous acid (HOCl•) [Emmendoerffer et al., 2000]. •O2- is considered as the primary ROS. During
phagocytosis and ingestion of pathogens or foreign materials, the cell membrane-bound multi-subunit
enzyme complex of NADPH oxidase is activated, resulting in one-electron reduction of molecular oxygen
to •O2-. •O2- is then dismutated by a family of enzymes known as superoxide dismutase (SOD) to produce
H2O2 (Hancock et al., 2001). The physiological danger comes from the ability of H2O2 to generate highly
reactive •OH radicals in the presence of redox-active transition metals such as iron (Fe2+) or copper (Cu+)
(Shacter & Weitzman, 2002).
HOCl• are formed from H2O2 and chloride in a reaction catalyzed by myeloperoxidase present in the
azurophilic granules of neutrophils. ROS are also produced by living organisms as a result of normal
cellular metabolism and environmental factors, such as air pollutants emitted from vehicles and burning of
biomass fuel. Aerobic organisms have integrated antioxidant systems, which include enzymatic like SOD,
catalase and nonenzymatic antioxidants like reduced glutathione, ascorbic acid and uric acid (Ames et al.,
1981; Sies, 1993) that are usually effective in blocking harmful effects of ROS. The shift in the balance
between oxidants and antioxidants in favor of oxidants is termed “oxidative stress”. Like the present
finding, depletion of antioxidant enzymes and enhancement of lipid peroxidation have been reported in
Turkish women who cooked with biomass (Gani et al., 2000). PM10 impairs the antioxidant defense system
and exacerbates oxidative stress in a human lung epithelial cell line (A549) (Chirino et al., 2010).
Wood smoke particulate matters has small particle size, high level of adsorbed PAH, low level of watersoluble metals, and produces high levels of free radicals, DNA damage as well as inflammatory and
oxidative stress response gene expression in cultured human cells (Danielsen et al., 2011). UFPs have
increased potential to induce inflammation when compared with an equal mass basis with larger particles
(Oberdörster, 2001). Polycyclic aromatic hydrocarbons, transitional metals and related compounds which
constitute a large portion of UFP can induce a broad polyclonal expression of cytokines and chemokines in
respiratory epithelium that lead to the production of cytotoxic ROS and inflammation in pulmonary as well
as extra-pulmonary sites (Sioutas et al., 2005). The UFPs can cross the epithelium, enter vascular
endothelial cells and even red blood cells and possibly be transported via the blood to other organs
(Frampton, 2006). The remarkable increase in ROS can be attributed to UFPs because they are more active
in generating ROS than coarse and fine particles and are more effective in inducing oxidative stress in
macrophages (Li et al., 2003).
Since biomass smoke is rich in UFPs (Morawska and Zhang, 2002) along with PM10 and PM2.5 (as shown
in this study), particulate pollutants appear to be responsible to a large extent for oxidative stress, as shown
by Lodovici and Bigagli (2011). Regulation of reducing and oxidizing (redox) state is critical for cell
viability, activation, proliferation, and organ function. ROS are highly reactive molecules and can damage
cell structures such as carbohydrates, nucleic acids, lipids, and proteins and alter their functions. Oxidative
stress following PM exposure initiates a series of cellular reactions that includes activation of kinase
cascades and transcription factors and release of inflammatory mediators, which ultimately lead to cell
injury or apoptosis (Ghio et al., 2012). Jiang et al. (2011) showed that the extractable organic matter of
PM10 exerts DNA damage effects in HepG2 cells, probably through oxidative DNA damage induced by
intracellular ROS and increase of 8-OHdG formation. •OH radicals are also found to react spontaneously,
causing DNA strand breaks and base modifications (Shacter & Weitzman, 2002). HOCl• is also a potent
oxidizing agent that produces DNA damage (Azad et al., 2008). In pathological conditions, the antioxidant
systems can be overwhelmed. Down-regulation of histone deacetylase (HDAC) 2 causes Nrf2 instability,
resulting in reduced anti-oxidant gene expression and increase sensitivity to oxidative stress (Mercado et
al., 2011). ROS elicited upon PM exposure have been shown to activate a number of redox-responsive
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signaling pathways and Ca2+ influx in lung target cells that are involved in the expression of genes that
modulate relevant responses to lung inflammation (Mazzoli-Rocha et al., 2010). The inflamed lung is
likely to be more susceptible to airborne particulates (Becker et al., 2002). Oxidative stress contributes
many pathological conditions and diseases, including cancer, neurological disorders, atherosclerosis,
hypertension, ischemia/perfusion, diabetes, acute respiratory distress syndrome, idiopathic pulmonary
fibrosis, chronic obstructive pulmonary disease, and asthma (Nel et al., 2001; Li and Nel, 2006; Valko et
al., 2006; Wessels et al., 2010; Jomova et al., 2010; Sabarirajan et al., 2010; Kliment and Oury, 2010;
Aviram, 2011; Loukides et al., 2011; Talukder et al., 2011; Xing, 2012; Eckers et al., 2012).

Hypertension and cardiovascular risk
This study has shown that premenopausal women of rural India who cook exclusively with biomass fuel
had greater prevalence of hypertension than their neighbors who used to cook with cleaner fuel LPG. The
finding is important because hypertension is considered as a primary risk factor for CVD (Whitworth,
2005). Two recent studies have documented high rate of arterial hypertension in rural India (Jonas et al.,
2010; Thrift et al., 2010). In the latter study, the prevalence of hypertension in 30 year + rural adults of
central India was 22.1%, which was close to our observation of 20.4% hypertension in younger (22–
41year) women. Like the present finding, systolic hypertension was found more common than diastolic
hypertension in that study (Jonas et al., 2010). As a possible reason for hypertension, the authors suggested
excessive salt intake, a common practice among rural poor in India, and maternal malnutrition that may
cause nephron deficiency (Thrift et al., 2010). The present findings suggest that biomass fuel use could be
another important contributing factor to higher prevalence of hypertension among rural women in India.
Our finding is in agreement with a Guatemalan study that showed hypertension in women who used to
cook with biomass fuels (McCracken et al., 2007). However, hypertension was predominantly diastolic
among Guatemalan women, while in our case, it was mainly systolic. The reason for this difference is
currently unknown, but it can be attributed to difference in age (>38 year in Guatemalan study) and
socioeconomic conditions of the participants along with difference in environmental conditions such as
humidity, ambient temperature, and altitude between the two study areas. The participants of this
investigation were all never smokers, tobacco non-chewers, and no consumers of alcoholic beverages.
Therefore, rise in blood pressure, ROS generation, oxLDL, and aCL level in biomass using women cannot
be explained by tobacco and alcohol use. ETS can play a role, but the presence of smoker in the family was
similar among biomass and LPG users. The villages where the participants resided were far from the
highways and busy road traffic. Bicycle and cycle rickshaw were the principal mode of transport and there
were no air-polluting industries within 5 km radius. Thus, it seemed that ambient air pollution levels in the
study areas were negligible. Moreover, biomass and LPG users were neighbors; hence, the impact of
outdoor air pollution was similar in these two groups. Season can influence blood pressure, as blood
pressure of premenopausal Indian women is highest during winter (Sinha et al., 2010). As biomass and
LPG users were examined simultaneously, it is unlikely that seasonal variation of blood pressure was
responsible for the observed difference in hypertension prevalence between these two groups. Instead,
significantly higher exposure to particulate air pollution among biomass users can explain to a large extent
the observed increase in blood pressure and changes in other measured parameters. Smoke exposure
usually starts in women of this part of the world in their early teens when they begin helping their mothers
in the kitchen and it continues for the rest of their lives.
Epidemiological studies have shown that chronic exposure to moderately elevated levels of particulate air
pollution enhances the risk of hypertension and systemic atherosclerosis (Brook, 2007). Even short term
exposure to PM2.5over a few hours can trigger myocardial infarctions, cardiac ischemia, arrhythmias,
heart failure, stroke, exacerbation of peripheral arterial disease, and sudden death (Brook, 2007). Review
of medical records in 36 cities in the United States has revealed that long-term exposure to fine particulate
air pollution (PM2.5)increases the incidence and mortality from CVD in postmenopausal women (Miller
etal.,2007). The investigators have found that for every 10 lg/m3 increase in PM2.5 in ambient air, the risk
of a cardiovascular event increases by 24% and death from CVD by 76% (Miller et al., 2007). Compared
to a mean of 13.5 µg/m3 PM2.5 in ambient air in that US study, biomass-using households of the present
investigation had a much higher PM2.5 level in indoor air, suggesting a much higher risk of CVD. High
level of IAP from biomass burning is a major problem in other countries of this region as well. For
example, a mean PM10 level of 300 µg/m3 has been found in indoor air of biomass-using households of
Bangladesh (Dasgupta et al., 2006), and the indoor/outdoor ratio of PM10 and PM2.5 was 3.80 and 4.36
respectively in biomass-using households of Pakistan (Colbeck et al., 2009). In China too, PM10 levels in
biomass-using rural kitchens during cooking time were three times higher than that of urban kitchen using
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cleaner fuel (Jiang and Bell, 2008).The link between biomass use and raised arterial blood pressure could
be traced to IAP-mediated oxidative stress and consequent oxidation of LDL. oxLDL loses its ability to
bind with LDL receptors. Instead, it binds with a family of proteins known as scavenger receptors that
include SR-AI/II, CD36, andlectin-like oxLDL receptor-1 (Schaeffer et al., 2009). CD36, abundantly
expressed on platelets, monocyte/ macrophages, and vascular endothelial cells, binds and internalize
oxLDL leading to the accumulation of cholesterol and other lipids in the cell (Silverstein, 2009). oxLDL
can induce platelet activation directly via binding with platelet surface CD63 causing shape change and
aggregation, or indirectly through the generation of lipids like LPA, which has platelet stimulatory
properties (Siess, 2006). Even low concentration of oxLDL in plasma makes circulating platelets more
sensitive to low doses of platelet agonists like collagen and adenosine diphosphate (Chen et al., 2008).
Therefore, significantly elevated oxLDL in plasma of biomass-using women of this study may explain in
part platelet hyperactivity in these women. The consequence could be deleterious for the health of these
women, because raised oxLDL levels (Crist et al., 2009) and platelet hyperactivity (Relou et al., 2003)
place women to increased risk of atherosclerosis and arterial thrombosis. Although raised oxLDL levels
were noted mostly among the hypertensives, we found no significant association between the oxLDL
levels and blood pressure. Our observation is supported by the study of Holvoet et al. (2008b).
Besides particulate matter, biomass smoke contains several other pollutants including carbon monoxide
and oxides of sulfur and nitrogen (Larson and Koenig,1993) that can affect cardiovascular health. For
instance, chronic low-level carbon monoxide exposures raise plasma viscosity and increase the risk of
CVD (Dales, 2004; McGrath, 2000; Neslihan and Nurten, 2010). Nitrogen dioxide exposure has been
linked with cardiopulmonary mortality (Hoek et al., 2002), while sulfur dioxide increases systolic blood
pressure (Ibald-Mulli et al., 2001). Similarly, BMI and nutritional status are important determinants of
cardiovascular health. Although there was no significant difference in BMI between biomass- and LPGusing women of this study, the former had significantly lower education and family income. Low
socioeconomic status and possible nutritional deficiency can elevate blood pressure (Grotto et al., 2007)
especially SBP (Fernald and Adler, 2008) and can make the subject more susceptible to CVD (Wilson et
al., 2000). Likewise, low potassium intake may lead to hypertension (Haddy et al., 2006). Only 20% of
rural Indians with hypertension were aware of it and only 8% of the hypertensive subjects consulted
physicians for treatment (Jonas et al., 2010).

Inflammation and lung function
A strong negative correlation was found between TNF-α , IL-8, IL-6 and CRP level with FVC, FEV1,
FEV1/FVC and FEF25-75%.. Similar to the present study the levels of IL-6 (r = −0.51; p = 0.04) and TNF-α
(r = −0.71; p < 0.02) were found to be negatively correlated with changes in FEV1 in patients hospitalized
for exacerbation of COPD (Pinto-Plata et al., 2007). After adjusting for gender, age, BMI and tobacco
consumption, COPD patients showed higher levels of CRP, TNF-α, IL-8 than controls (Garcia-Rio et al.,
2010). However, significant positive correlation was found between IL-10 with FVC, FEV1 and
FEV1/FVC (p<0.05). IL-10 is an anti-inflammatory cytokine (Stenvilken et al., 2005). Pretreatment with
IL-10 potently inhibited the stimulatory effects of proinflammatory cytokines IL-8 and TNF-α. in human
microglial cell (Ehrlich et al., 1998).

Akt signaling
Akt is one of the key regulators of cell proliferation and death (Xu et al., 2010; Berliocchi et al., 2011;
Huang et al., 2011; Dey et al., 2011). It prevents apoptosis, and this effect is mediated by its influence on
downstream targets including forkhead proteins (Datta et al., 1997), BclXL (Jones et al., 2000), NF-kB
(Madrid et al., 2000), Bad (Datta et al., 1997), caspase-8 (Jones et al., 2002), and glycogen synthase kinase
(Brazil et al, 2002). Transcription factor FOXO 3A exerts tumor-suppressive functions by inducing
transcription of p27CIP1 (Di Cristofano et al., 2001); and p-Akt phosphorylates this transcription factor,
causing its functional inactivation and export from the nucleus (Brunet et al., 1999).
The PI3K signaling pathway is involved in the regulation of cancer cell growth, motility, survival and
metabolism. The pathway is frequently active in many different types of cancer (Bartholomeusz and
Gonzalez-Angulo, 2012).). Oxidative stress in the lungs causes elevation in the Akt signaling pathway
leading to inflammatory response in the lungs (Marwick et al., 2010). The pro-inflammatory cytokine
TNF-α stimulates the phosphorylation of Akt (Lee et al., 2010). Study in laboratory animals has shown that
rhinovirus infection causes neutrophilic and lymphocytic airway inflammation via phosphorylation of Akt
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in airway cells (Newcomb et al., 2008).

Reproductive toxicity
Women who participated in this study did not maintain menstrual cycle diaries. Therefore, recollection of
menstrual cycle length during interview, the procedure that we have followed, may be unreliable.
However, the ability of women to recall the age when certain menstrual and reproductive events occurred
is well recognized. Moreover, we inquired about menstrual changes, if any, specifically ‘within the last 12
months,’ which could have lessened the chances of error. In addition, the participants were relatively
young so that they would more likely report correctly on recent menstrual cycles. We restricted our study
to pre-menopausal women who were not pregnant or breast feeding and not taking oral contraceptives.
Similarly, subjects with extreme values for body mass index, and women who had recent or past history of
tuberculosis, asthma, cardiovascular disease and malignancy, or were currently under medication were
excluded. These exclusion criteria may have introduced bias into our sample, but demographic
characteristics were largely comparable between biomass and LPG-using women.
The precise mechanism by which biomass smoke has altered menstrual cycle length is yet to be elucidated.
Menstrual cycle is under hormonal control and several factors influence its length and regularity. Therefore
biomass smoke could elicit altered cycle lengths via changes in hormonal status. Although currently we
have no data to substantiate this hypothesis, biomass smoke does contain a variety of endocrine disrupters
including soot particles that have anti-progesterone activity (Wang et al., 2005). The consequence of
shortened menstrual cycle among biomass users could be deleterious, because it generally indicates
abnormal folliculogenesis with serious fertility consequences. Shorter cycle length is associated with a
rapid depletion of oocytes, thereby shortening the reproductive life span. Another important risk associated
with decreased menstrual cycle length is that it enhances the risk of breast cancer development due to
variable levels of estrogen and progesterone. Indeed, cycle length has an inverse association with breast
cancer. It is important to mention in this context that the incidence of breast cancer is rapidly increasing in
India and it is replacing cancer of the uterine cervix as the leading site of cancer among Indian women.
Pregnant women tending fires with biomass fuel for domestic cooking have high carbon monoxide level in
blood and have greater chance of low birth weight (<2.5 kg), and increased prevalence of stillbirth. In
conformity with this, reductions in birth weight and increased odds for stillbirth have been observed in
excess in biomass users of this study. As carbon monoxide is implicated in various teratogenic effects it
will be interesting to know whether it is one of the causal factors for spontaneous abortion and stillbirths
observed in our study. To our knowledge, this is the first study to examine the possible adverse effects of
cumulative biomass smoke exposure and PM10 concentration from biomass smoke emissions on menstrual
cycle length in women in India. The findings warrant exploration of the possibility that cumulative
exposures to biomass smoke affect the ovary, the estrous cycle, or reproductive hormones like estrogen,
follicle stimulating hormone and LH that, in turn, lead to irregular cycle lengths in premenopausal women.

Depression
One of the objectives of this study was to investigate whether IAP from biomass burning increases the
prevalence of depression in women in rural India in their child-bearing age. We found greater prevalence
of the symptoms of depression in women who had been cooking exclusively with unprocessed solid
biomass for the past five years or more compared with their LPG-using neighbors. The mean BDI-II score
for our control women is in accord with reports from Iran (9.8 ± 8.0, Ghassemzadeh et al., 2005) and North
America (12.6 ± 9.9, Beck et al., 1996a, b), but lower than that of Kuwait (16.2 ; Al-Turkait and Ohaeri ,
2010). Our findings support the observations of a study conducted in southern India that showed higher
prevalence of depression in women with lower education and family income (Poongothai et al., 2009).
However, the rate of depression in that study was 16.3% among females and 15.1% overall. In contrast, the
prevalence of depression in our cohorts was substantially higher- 44.1% in biomass users and 20.7% in
LPG-using control women. The possible explanation for this discrepancy could be the differences in socioeconomic and cultural differences between southern and eastern Indian participants: the southern study
was carried out in Chennai, one of India’s largest metropolises with higher income and education level
while we conducted the study in remote villages with low level of education and family income. That
socio-demographic parameters and economic hardship are significant confounders of depression are
apparent from another study conducted in western India that documented depression among 37.9% of
illiterate women and in 55.8% of women from very low socio-economic status (Kamble et al., 2009). High
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rate of anxiety and depression (66%) has also been observed among rural women of neighboring Pakistan
(Mumford et al., 1997). Overall, the rate of depression in biomass users of our study is consistent with the
figures reported for developing countries (10–44%) by the World Health Organization (Ruiz, 2000).
Biomass-using women in general and those with depression in particular exhibited up-regulation of Pselectin expression on the plasma membrane of their platelets along with depletion of platelet serotonin,
suggesting platelet activation. The findings are in conformity with the hypothesis that blood platelets are
intimately associated with depression. Several investigators have shown increased and prolonged
activation of platelets (Musselman et al., 1996; Lederbogen et al., 2004) with increased number of Pselectin-expressing platelets in peripheral blood of depressed subjects (Morel-Kopp et al., 2009).
Moreover, the severity of depression correlated positively with the level of platelet activation (Morel-Kopp
et al., 2009), and an improvement of the situation by treatment with anti-depressive drugs was followed by
a substantial reduction in the number of P-selectin-expressing platelets in circulation (Morel-Kopp et al.,
2009).
Like the increase in P-selectin expression on platelet membrane (Piletz et al., 2000), depletion of platelet
serotonin is considered a biomarker of depression (Maurer-Spurej et al., 2004). The lower level of platelet
serotonin can be due to decreased activity of serotonin transporter or accelerated release from dense
granules following platelet activation. Since platelet surface P-selectin expression is highly correlated with
serotonin transporter density (Frankhauser et al., 2008), the reduced serotonin level among biomass users
was perhaps not due to deficiency in serotonin transporter. Instead, a change in hormonal profile can alter
the serotonergic activity. Estrogen, or its deficiency, is strongly implicated in the regulation of mood and
behavior. Animal and human studies have shown that estrogen is able to regulate the serotonin pathway by
increasing serotonin availability and by decreasing serotonin breakdown (Lokuge et al., 2011). Therefore,
a reduction in estrogen level can explain, in part, the depletion of platelet serotonin. Although we have not
measured the circulating estrogen level of the participants, a change in estrogen level following cumulative
biomass smoke inhalation seems likely, because both active and passive smoking cause lowering of serum
estrone, estradiol and estriol levels (Soldin et al., 2011).
Compelling evidence suggests that inflammatory and neurodegenerative pathways contribute to the
development of depression (Wolkowitz et al., 2011). Many depressed individuals have higher levels of
pro-inflammatory mediators such as interleukin -6 (IL-6) and tumor necrosis factor-alpha (TNF-α), which
appear to interact with many of the pathophysiological domains of depression, including neuroendocrine
function, neurotransmitter metabolism, and synaptic plasticity (Lotrich et al., 2011; Catena-Dell’osso et al.,
2011). This is further supported by the observation that therapeutic administration of interferon-α leads to
depression in a significant proportion of patients (Lotrich et al., 2011). It has been hypothesized that
depression could be due to a stress-related increased production of pro-inflammatory cytokines that, in
turn, would lead to increased oxidative and nitrosative brain damage, indoleamine 2,3dioxygenase
induction, production of tryptophan catabolites, and consequent reduced availability of tryptophan and
serotonin (Catena-Dell’Osso et al., 2011). Based on these reports, depression among biomass-using women
can be attributed in part to inflammation. In line with this explanation, we have recently demonstrated
marked increase in the level of pro-inflammatory cytokines IL-6 and TNF-α, interleukin-12, neutrophil
chemoattractant interleukin-8 and oxidative stress in biomass-using women (Banerjee et al., 2011). The
observed up-regulation of platelet P-selectin might have played a role in mediating inflammation among
biomass users as it helps in neutrophil transmigration (Lam et al., 2011). Also, the greater prevalence of
respiratory symptoms among as observed among biomass users of this study may be associated with upregulation of P-selectin expression, because P-selectin activates eosinophil α4β1 integrin that correlates
inversely with lung function especially forced expiratory volume in one second (Johansson and Mosher,
2011). These findings suggest that targeting pro-inflammatory mediators and their signaling pathways may
represent a therapeutic option to treat depression and related conditions.
Biomass and LPG users who participated in this study were recruited from the same locality, and ambient
PM10 in these areas for the past few years were within national ambient air quality standard for residential
areas (60µg/m3 annual average). The biomass and LPG users were comparable with respect to age, food
habit, family size and marital status. Therefore the differences in depression prevalence between these two
groups could not be attributed to these parameters. However, biomass users were poorer, less educated,
had lower nutrition and a number of them lacked separate kitchen, and these variables did influence the
prevalence of depression. Several studies have shown negative correlation between health and poverty
which is a stress that affects people’s well being through the development of symptoms of anxiety and
depression (Palomar-Lever and Victorio-Estrada, 2011). The observed association between MUAC of
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<22cm with depression suggests a link between malnutrition and depressive symptoms among biomass
users. This is in support of the reports that showed an association between malnutrition (German et al.,
2011) and deficiencies of vitamin D (Howland, 2011), vitamin B12 (Rao et al., 2008) and folic acid
(Lazarou and Kapsou, 2010) with depression. Folic acid is necessary for proper biosynthesis of the
monoamine neurotransmitters serotonin, epinephrine and dopamine (Miller, 2008).
The mechanism whereby chronic biomass smoke exposure resulted in depression, however, is unclear.
Combustion of biomass generates ultrafine carbon particles with diameter of about 20-50 nm (Kocbach et
al., 2006). These particles can translocate to the brain via olfactory neurons (Tonelli and Postolache , 2010)
or through the circulation crossing the blood brain barrier (Block and Calderon-Garciduenas, 2009),
causing neurotoxicity (Terzano et al., 2010). Although we have not measured these nanoparticles, the
levels of PM10 and PM2.5 fractions of PM in indoor air of biomass-using households were considerably
higher than LPG-using households; and both have shown robust association with depression. Moreover,
12.9% of biomass users against 0.7% of controls had higher levels of CO in exhaled breath, and CO level
in expired air was positively associated with depression. Exposure to high concentrations of CO causes
elevation of carboxyhemoglobin in blood, triggering hypoxia leading to the perturbations of brain
energetics which impact neuronal function (Lee et al., 2010) and neurobehavioral alterations (Brunssen et
al., 2003).
Alterations of menstrual cycle can also influence the onset of depressive disorders (Pinkerton et al., 2010).
In agreement with this, we found an association between short or long menstrual cycles with depression in
univariate analysis. However, their influence disappeared after controlling the confounders. But the
positive association remained between leucorrhoea, mastalgia, fetal loss and depression. In our study,
34.2% of biomass users had leucorrhea against a background prevalence of 27.5% in India (Kulkarni and
Durge, 2005). This apparent discrepancy can be explained by the fact that married women and those
belonging to lower socioeconomic status are more prone to leucorrhea (Kulkarni and Durge, 2005). The
observed association between mastalgia and depression, on the other hand, is not surprising because
frequent mastalgia is strongly associated with depression, posttraumatic stress disorder and other
psychiatric conditions (Johnson et al., 2006). Similarly women suffer some level of depression following
fetal loss especially after 20 weeks of gestation (Obi et al., 2009). Poor, rural women in this part of the
world often face the additional stresses of work in the field assisting their husbands, collection of wood and
agricultural wastes, preparation of dung cakes, home responsibilities, caring for children and aging in-laws,
physical or psychological abuse (e.g. dowry demand), and relationship strains. These factors may also be
relevant for greater prevalence of depression in these women. It remains unclear why some women faced
with these enormous challenges develop depression, while others do not.
To our knowledge, this is the first study that showed cooking with biomass in poorly ventilated kitchen is a
risk factor for depression among premenopausal women. However, this investigation has some limitations.
First, being a cross-sectional study, it limits our inference on the causal direction. Second, we only
measured PM and exhaled breath CO, while there are several other pollutants in biomass smoke that may
cause depression. For example, carcinogenic hydrocarbon benzo(a)pyrene present in biomass smoke
causes oxidative stress, inflammation and damage to the neurons in a bystander mechanism by activating
the microglia cells (Dutta et al., 2010). Despite these shortcomings, however, the sample size of this study
was large enough to conclude that the connection between chronic biomass smoke inhalation and
depression in rural women was real rather than apparent.
In summary, this study has shown that pre-menopausal women of rural India who cook with traditional
biomass as they cannot afford cleaner fuel are at a higher risk of developing platelet hyperactivity and
depression. Mental illness including depression makes up three of the ten leading causes of disease burden
in low and middle-income countries (Anwar et al., 2011). Depression is an illness that affects both the
mind and the body and is a leading cause of disability, decreased productivity, high suicide rates
(Poongothai et al., 2009), excess morbidity and mortality (Brown et al., 2004, Rapp et al., 2008) especially
from cardiovascular diseases (Maurer-Spurej et al., 2004; Mendoza-Sotelo et al., 2010). In agreement, the
prevalence of hypertension is high among biomass users (Dutta et al., 2010). Depression in women also
increases the risk of delivering low birth weight baby (Nasreen et al., 2010) and impairs health-related
quality of life with increase in social cost (Glied et al., 2010).

Genotoxicity
Compared with LPG using rural controls, biomass-using rural women of this study had significantly higher

C h a p t e r 1 6 | 221

rate of micronucleus (MN) formation in buccal and airway epithelial cells that are at the direct route of
smoke exposure. In conformity with this, rural women who cooked with biomass had higher MN
frequencies in peripheral blood lymphocytes than LPG users only when exposures were of at least 5 years
duration (Musthapa et al., 2004). Significantly higher frequency of MN among biomass users suggests
increased rate of chromosome loss or fragmentation during earlier nuclear divisions in buccal and airway
epithelium of these women (Holland et al., 2008). IAP from cooking oil emissions may also be involved
in MN formation (Qu et al., 1992). Increased MN formation was found among male kitchen workers who
were occupational exposure to cooking oil fumes (Wang et al., 2011). However, both LPG and biomass
users of our study were exclusive users of mustard oil as cooking medium, and the type of cooking and
food habit was similar in these two groups. Therefore, cooking-oil fume exposure appeared to be similar in
both groups, excluding this as a contributor to formation of MN among biomass users.
Besides MN, epithelial cells of biomass users exhibited an excess of several other nuclear anomalies such
as broken egg (cells with nuclear buds), binucleation, pyknosis, karyorrhexis, and karyolysis. Broken egg
formation is believed to be related to the elimination of amplified DNA or DNA repair (Nersesyan, 2005),
while binucleation may indicate dysregulation of nuclear division such as failure of cytokinesis in the last
nuclear division in the basal cell layer (Thomas et al., 2009). Pyknosis and karyorrhexis underscore both
cytotoxicity (necrosis and keratinization) and genotoxicity (apoptosis) while rise in karyolysis suggests
cytotoxicity (Tolbert et al., 1992) in epithelial cells of biomass users.
This study also showed significantly higher levels of comet assay parameters in sputum cells and
peripheral blood lymphocytes of biomass-using rural women, suggesting excessive DNA damage. Comet
tail length is used to evaluate the extent of DNA damage while Olive tail moment denotes the smallest
detectable size of migrating DNA and the number of relaxed or broken pieces. The percentage of DNA in
comet tail is a measure of the frequency of DNA breaks (Dusinska and Collins, 2008). Collectively, the
observed increase in these comet assay parameters suggests increase in DNA damage in airway cells and
peripheral blood lymphocytes of air pollution exposed groups. This finding is consistent with an excess of
DNA damage in lymphocytes (Musthapa et al., 2004; Pandey et al., 2005) and buccal epithelial cells
(Mondal et al., 2011) of biomass users. Wood smoke particles have been found to be more efficient in
inducing DNA strand breaks in human lung epithelial cells than traffic-generated PM per unit mass, and
this difference was due to higher level of PAH adsorbed on biomass smoke PM (Danielsen et al., 2009).
The present findings are in agreement with this observation as DNA damage was found to be more in
airway cells, cells that are present at the route of smoke exposure. The participants of this study were
never-smokers and tobacco non-chewers, and exposure to environmental tobacco smoke was similar
among biomass and LPG users. Therefore, the increased DNA damage in biomass-using women cannot be
explained by tobacco smoking or chewing habit. The ambient air pollution levels in the rural areas were
negligible because the villages were far from the highways and busy road traffic and there were no airpolluting industries within 5 km radius. Besides, biomass and LPG users were neighbors. Thus, outdoor air
pollution was perhaps not responsible for excess DNA damage among biomass users. Menstrual cycle does
not influence comet assay responses (Bajpayee et al., 2005), hence excessive DNA damage among
biomass users cannot be explained by the possibility that the samples were collected at different phases of
cycle among biomass and LPG users. The major differences between these two groups were significantly
higher exposure to particulate air pollution (elevated PM10 and PM2.5 levels in indoor air) and benzene
(elevated t,t-MA level in urine) among biomass users. This can explain to a large extent the observed
increase in DNA damage in sputum cells and PBL of biomass users.
Exposure to combustion particles is consistently associated with oxidatively damaged DNA and lipids in
humans (Møller and Loft, 2010). Particulate matters from ambient as well as indoor sources are also
associated with a range of health effects including lung cancer (Abou Chakra et al., 2007; Gamble, 2010;
Turner et al., 2011; Firdaus and Ahmad, 2011; Lim and Seow, 2012). The present findings are in
agreement with these observations as strong association was found between particulate matter present in
indoor air that adsorb organic matters including carcinogens on their surface with DNA damage in airway
cells and PBL among biomass users. In addition, the present study showed elevated levels of t,t-MA in
urine of biomass users suggesting increased benzene exposure in these women. An excess of benzene
exposure might have played a role in inducing DNA damage in biomass users. However, biomass smoke
contains several other hydrocarbons (e.g., 1,3-butadiene, styrene and xylenes,) and transitional metals (e.g.
chromium) that have mutagenic and carcinogenic properties (Zhang and Smith, 1996, Valko et al., 2006).
Ultrafine particles present in biomass smoke can migrate from alveoli to the blood capillaries and circulate
throughout body causing systemic damage through generation of oxidative stress (Nemmar et al., 2002).
Therefore, they can also contribute to the observed DNA damage in airway cells and PBL of biomass
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users. Airborne pollutants can elicit DNA damage via oxidative stress and generation of ROS (Leanderson
and Tagesson, 1993). Inhaled particulate are known to induce pulmonary and systemic inflammation
(Scapellato and Lotti, 2007) that mediate ROS generation from inflammatory cells which, in turn, can
break DNA strands (Knaapen et al., 2006).
In addition to MN and other nuclear anomalies, biomass-using women and ambient air pollution exposed
males showed increased nuclear expression of γ-H2AX, a specific marker of DNA double strand break.
Increase in DSB type of damage, evident from greater percentage of γ H2AX-expressing cells, represent
one of the most serious forms of genetic damage. Since both strands of the DNA double helix are broken,
chromosomal fragmentation, translocation, and deletions can easily occur in these cells making them more
vulnerable to genomic instability (Mills et al., 2003) and tumor development if the lesion occurs in a
critical gene, such as tumor suppressor gene (Khanna and Jackson, 2001). The first response of eukaryotic
cells to DSBs is the extensive phosphorylation of a member of histone H2A family like H2AX by ATM
kinase. Phosphorylation occurs within 1–3 min after induction of DNA damage (Houtgraff et al., 2006).
Like particle adsorbed PAH, abundance of benzene in biomass smoke can contribute to genotoxicity
significantly via oxidative stress, because two of its metabolites hydroquinone and p-benzoquinone have
been shown to induce nuclear expression of γ-H2AX in a dose-dependent manner (Ishihama et al., 2008).
This report supports an important finding of this study as a positive association was found between
percentage of γ-H2AX positive nucleus in PBL and AEC and level of particulate matters present in indoor
and outdoor environment and oxidative stress in these cells was found to be significantly associated with
increased percentage of γ-H2AX positive nucleus.

DNA repair
DNA double strand breaks are responsible for chromosomal fragmentation, translocation, and deletions
making the cells more vulnerable to genomic instability (Mills et al., 2003) and tumor development if the
lesion occurs in a critical gene, such as tumor suppressor gene (Khanna and Jackson, 2001). The DNA
damage response is essential for maintaining the integrity of the genome, and a failure of this response
results in genomic instability and predisposition to malignancy (Mazan-Mamczarz et al., 2011). This
underscores the importance of DNA repair from oxidative stress induced DNA damage as air pollution
causes oxidative damage to macromolecules (Rossner et al., 2011).
The first response of eukaryotic cells to DSBs is the extensive phosphorylation of a member of histone
H2A family like H2AX by ATM kinase. In this study presence of increased expression of γ-H2AX
positive AEC and PBL in biomass smoke exposed women confirms the formation of DNA double strand
breaks among them. Rise in nuclear expression of Mre11, as seen among biomass users in the present
study, is important in this context, because the MRN complex (Mre 11, Rad50 and Nbs1) recruits ATM to
the site of DNA break where it first activates itself via autophosphorylation on Ser1981 and then
phosphorylates many of its substrates including histone H2AX, Chk-2 and BRCA-1 for initiation of DNA
repair, and cell cycle delay in case of cycling cells (Kitagawa et al., 2004). The magnitude of rise in
Mre11-expression, however, was modest (30% increase in the nucleus of AEC of biomass users than LPGusing controls) compared to a remarkable 7-fold increase in γ-H2AX-expressing AEC cells among
biomass users. In conformity with this the recruitment of Mre11 and phosphorylation of ATM, Chk2 and
H2AX (γH2AX) were detected immunocytochemically in oxidative stress induced A549 cells (Zhao et al.,
2008).
Both HR and NHEJ pathways of DSB repair are operational in mammals. But HR pathway requires a sister
chromatid which is not produced until the S phase. For this reason HR can only take place in dividing cells
(Houtgraff et al., 2006). Since epithelial cells exfoliated in sputum are usually non-cycling, this study
focused on NHEJ pathway by examining the expression of Ku70 which forms a heterodimer with Ku80
and binds to the broken ends of the DNA, initiating NHEJ type of DNA repair (Baumann and West, 1998).
A deficient response of damaged cells to repair the DNA via NHEJ repair pathway was found in this study
that may results in accumulation of cells in the airways with un-repaired DNA lesions. Against this
backdrop, this study was done to examine whether chronic inhalation of biomass smoke causes alterations
in MMR pathway as well. Compared with LPG-using control women, the airway epithelial cells of
biomass users showed a decline in the expression of MSH2 and MLH1 proteins, suggesting downregulation of the DNA mismatch repair mechanism. Although the underlying mechanism was not
investigated, it may arise from mutation and loss of function of hMLH1 and hMSH2 genes as reported in
case of ovarian tumors (Stasikowska-Kanicka et al., 2009). Alternatively, epigenetic inactivation of
hMLH1 and hMSH2 genes via promoter hypermethylation may result in reduced expression of the gene
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products. This type of change has been observed in case of sporadic colorectal cancer (Kámory et al.,
2003; Colombino et al., 2003; Chaksangchaichot et al., 2007; Vilkin et al., 2009; Vlaykova et al., 2011),
non-small cell lung tumors (Wang et al., 2003) and endometrial cancer (Zighelboim et al., 2007).
Biomass smoke pollutants can mediate their effects on MMR pathway via generation of oxidative stress, a
known cause of MMR inactivation (Chang et al. 2002). The consequence of decreased expression of
MSH2 and MLH1 proteins among biomass-using women can be harmful as it may lead to microsatellite
instability, initiation and promotion of carcinogenesis (Karihtala et al., 2006) and consequent increased risk
of developing cancer in the lung (Wang et al., 2003) and other organs (Akoum et al., 2009; StasikowskaKanicka et al., 2009).
Biomass-using women generated more ROS than that of controls. ROS alters the antioxidant defense
system of cells and frequently cause oxidative DNA damage (Sørensen et al., 2003; Franco et al., 2008;
Mena et al., 2009). ROS causes generation of various modified DNA bases like 8-Oxoguanine (8oxoG)
[Fortini et al., 2003] that seems to play a major role in mutagenesis and in carcinogenesis (Loft et al., 2011;
Roszkowski et al., 2011). In support of this, we found a significant positive correlation between ROS
generation and 8-OxoG formation in biomass users. Compared with control women, the airway epithelial
cells of biomass users showed an increased expression of 8-oxoG, an important marker of oxidative DNA
damage, and, decline in the expression of OGG1 and APE1 proteins. 8-oxoG is recognized and removed
from DNA by the specific glycosylase OGG1. Thus, OGG1 is responsible for excising the oxidized base
and leaving an AP site for further processing by the enzyme APE1 in BER pathway. Decreased expression
of these two key proteins suggests down-regulation of the DNA base excision repair mechanism. This can
be harmful as it causes accumulation of oxidized bases to DNA that may lead to DNA damage (Wu et al.,
2008) and altered expression of BER proteins increases the risk of developing cancer in the lung (Karahalil
et al., 2010) and other organs (Chevillard et al., 1998; Kelley et al., 2001; Hagiwara et al., 2005; Raffoul et
al., 2007; Souza et al., 2011; Kumar et al., 2011.

Ribosome biosynthesis
Expression of AgNORs is a cytochemical indicator of ribosome biogenesis. This study showed that
chronic inhalation of biomass smoke is associated with significant increment in the number and area of
AgNOR dots in nuclei of buccal epithelial cells, airway cells and blood leukocytes. AgNOR expression is
not specific for a single protein. Instead, it indicates the expression of several silver-affinity proteins
belonging to ribosome assembly machinery (Roussel et al., 1992). During interphase, nucleolin and
nucleophosmin are the two most important AgNOR proteins (Derenzini et al., 2000). Nucleolin is a
specific initiator of rRNA transcription, and AgNOR expression is considered an indicator of the rate of
ribosomes biogenesis (Bouche et al., 1984). Therefore, significant increase in the number and size of
AgNOR in buccal mucosal cells, airway epithelial cells, airway neutrophils and peripheral blood
leukocytes of biomass users of this study suggests up-regulation of ribosome biosynthesis in these cells.
Thus, the present findings indicate higher rate of ribosome biogenesis in cells present in the oropharynx,
the airways as well as in peripheral blood in association with chronic exposure to biomass smoke. It
became also apparent that the stimulatory effect of biomass smoke on AgNOR expression is operative
even in cells that are not present at the direct route of exposure (peripheral blood leukocytes). Moreover,
the effect was discernible in proliferating cells (basal epithelial cells), terminally differentiated nonproliferating cells (parabasal, intermediate and squamous epithelial cells and neutrophils) as well as in cells
in G0 phase of cell cycle (lymphocytes).
After controlling for potential confounders by multivariate logistic regression analysis, a strong positive
correlation emerged between AgNOR expression and concentration of PM10 and PM2.5, especially the
latter, in indoor air. Biomass smoke contains a host of mutagens and carcinogens including
benzo(a)pyrene, 1,3-butadiene and benzene which are adsorbed on the surface of particulate matters
(Wafula et al., 1990; Zhang and Smith, 1996; Mukherjee et al., 2011). Since PM10 and PM2.5 levels were
significantly elevated in indoor air of biomass-using households, biomass-using women appeared to be
more exposed to these pollutants. Liu and his co-workers (2005) showed that argyrophilic nucleolar
organizer regions (AgNOR) in T lymphocytes of peripheral blood in coke-oven workers were used as a
biomarker of effect for polycyclic aromatic hydrocarbon (PAH) exposure. Intrapulmonary instillation of
benzo(a)pyrene in rats resulted in increase in AgNOR dots in bronchial epithelial cells and the number of
dots per cell positively correlated with the dose of the carcinogen (Silva et al., 2006). Similarly, long term
exposure to sulfur dioxide, another air pollutant, in rat increases the mean number of AgNOR dots in
epithelial cells (Wagner et al., 2006). Therefore, upregulation of AgNOR expression can be attributed in
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part to benzo(a)pyrene and oxides of sulfur present in biomass smoke while other pollutants present in
smoke could also have played a role.
Upregulation of AgNOR and rDNA transcriptional activity has been linked to cell proliferation (Basega,
1984; Egan and Crocker, 1993; Jacob, 1995; Lorenzato et al., 2000; Rivero et al., 2004; Rajput and
Tupkari, 2010; Thompson et al., 2011). Because of this, AgNOR staining method has wide application in
tumor histopathology for evaluation of proliferating activity and prognosis of malignant neoplasms (Beer et
al., 1992). AgNOR staining technique seems to be a useful diagnostic tool since differences in AgNOR
numeric values can be identified in the different types of oral squamous cell carcinoma (Hanemann et al.,
2011). In the line of these reports, elevated AgNOR expression in exfoliated basal epithelial cells suggest
cellular proliferation in the airways of biomass users. However, increase in AgNOR expression in airway
neutrophils and peripheral blood leukocytes among biomass users is difficult to explain. Upregulation of
ribosome biogenesis in the airway neutrophils probably indicates their altered metabolic activities. Rise in
the number and area of AgNOR dots in peripheral blood leukocytes can be mediated by ultrafine particles
(particulate matter with an aerodynamic diameter of less than 0.1 micron) which are abundant in
biomass smoke and can readily cross alveolar-capillary barrier following inhalation (Nemmar et al., 2002)
causing systemic alterations via oxidative stress (Bräuner et al., 2007). In a recent study, AgNOR
expression was shown to increase significantly in premalignant and malignant oral mucosa, whereas no
change in its expression was detected during inflammation (Elangovan et al., 2008). In addition to cell
proliferation, AgNORs have also been linked to cellular metabolism (Dayan et al., 2002). This study also
encountered nonproliferating intermediate and superficial oral mucosal cells; therefore, the observed
upregulation of AgNOR expression could be associated with stimulation of metabolic activity and protein
synthesis rather than proliferation in these cells.
In essence, the study has shown that rural women who cooked with traditional biomass fuel are highly
exposed to particulate pollution that causes genetic damage, aberrant expression of DNA repair proteins,
and upregulation of ribosome biogenesis in cells of the airways. The cellular changes seen among biomass
users were perhaps mediated by generation of ROS and depletion of antioxidant defense. Inappropriate
repair of the damaged DNA may lead to the development of various diseases including cancer. AgNOR
and Pap are simple, cost-effective yet sensitive cytochemical method can be utilized for screening of
cellular alterations with regard to ribosome biogenesis and cellular differentiation in large populationbased studies in the developing nations where biomass is still extensively used by the rural people. The
AgNOR technique can also be exploited to identify high risk groups for the prevention of cancer, because
changes in AgNOR characteristics help to differentiate hyperplastic, pre-malignant, and malignant lesions
(Ayres et al., 1988; Abe et al., 1991; Chen et al., 2003; Elangovan et al., 2008; Eroz et al., 2011). Such
studies have immense public health importance because lung cancer is the fifth leading cancer type among
predominantly never-smoking women of eastern India where the present investigation has been conducted
(Nandakumar et al., 2004).

Cancer risk
Most of the normal human airway is lined by a pseudostratified epithelium consisting of specialised cell
types, including 6-30% basal cells, goblet/secretory cells and ciliated columnar cells. The airway
epithelium plays a critical role in airway defense by protecting the respiratory tract from infections and
damage induced by inhaled toxins, pathogens and particles. It acts as a physical barrier against
environmental insults, through secreted factors that mediate the host immune system and through
mucociliary clearance. Epithelial abnormalities from environmental factors range from hypoplasia (failure
to differentiate) to basal- and goblet-cell hyperplasia, squamous and goblet-cell metaplasia, dysplasia and
malignant transformation. Thus, metaplasia and dysplasia of airway epithelial are associated with increased
risk of carcinogenesis. Presence of these conditions does not necessarily indicate development of cancer,
but it strongly suggests an increased risk of cancer in the airways. Squamous cell carcinomas arise after a
series of reactive, metaplastic, premalignant and preinvasive changes (Gazdar and Brambilla, 2011).
Dysregulated progenitor cell proliferation and differentiation is thought to contribute to epithelial dysplasia
in chronic lung disease (Smith et al., 2011). Mucosal changes in the large airways that may precede or
accompany invasive squamous cell carcinoma include hyperplasia (basal cell hyperplasia and goblet cell
hyperplasia), squamous metaplasia, squamous dysplasia and carcinoma in situ (Colby et al., 1998). While
hyperplasia and squamous metaplasia are considered reactive and reversible changes, dysplasia and
carcinoma in situ are the changes most frequently associated with the development of squamous cell lung
carcinomas (Wistuba et al., 2002). Presence of atypical exfoliated epithelial cells in sputum is an
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independent risk factor for lung cancer (Fan et al., 2009). Sputum cytologic examination combined with
other screening procedures therefore may play an important role in the early detection of lung cancer (Fan
et al., 2009). Mild atypical metaplasia as detected by cytologic evaluation of sputum is an indicator of a
modest elevation in risk of bronchogenic carcinoma (Vine et al., 1990). The cytology of airway epithelial
cells changes as the cells progress along the multistep pathway from inflammation to lung cancer (Hirsch
et al., 2001). Bronchial squamous metaplasia and atypia of exfoliated cells have been frequently observed
in association with invasive lung cancer (Risse et al, 1988). Atypical metaplasia, moderate atypical
metaplasia and slight atypical metaplasia were found in sputum cytology screening for lung cancer (Jiang
et al., 2011). Sputum cytology showed squamous metaplasia of a majority of landfill workers in Okhla
landfill site, Delhi, India, indicating adverse cellular lung reaction among them (Ray et al., 2005).
Although the exposure and chemical content is different, tobacco smoke has been shown to cause
squamous cell metaplasia in bronchial mucosa of young subjects (St-Laurent et al., 2008). Intraepithelial
lung cancers and pre-neoplastic lesions (squamous metaplasia or above) were detected in central airway
lung cancer in smokers with silicosis (Lo et al., 2011).
Biomass users of this study had significant rise in the prevalence of metaplasia and dysplasia in airway
epithelial cells. This can be one of the reasons of high p-Akt activity in exfoliated epithelial cells in
biomass users, because p-Akt expression has been found markedly increased in metaplasia and dysplasia
of airway epithelial cells (Tsao et al., 2003; Roychoudhury et al., 2011). Elevated p-Akt activity has been
demonstrated in metaplastic and dysplastic areas of the bronchial epithelium of patients with lung cancer,
whereas normal and hyperplastic bronchial epithelia of these patients exhibited little or no activity (Balsara
et al., 2004). Compared with metaplastic and dysplastic cells that were 44–88% positive for p-Akt, Tsao et
al. (2003) found that only 33% of non-small cell lung cancer specimens expressed p-Akt. It was
hypothesized that Akt activation is an early and frequent event in lung cancer development (Tsao et al.,
2003; Balsara et al., 2004). In support of this, pharmacological inhibition of PI3K and consequent downregulation of Akt phosphorylation has been shown to inhibit premalignant and malignant growth in human
bronchial epithelium (Chun et al., 2003). In view of these reports, overexpression of phosphorylated
(active) Akt in exfoliated airway cells of biomass users indicate greater risk of bronchogenic carcinoma in
these women. Indeed, chronic exposures to biomass smoke have been implicated as a major risk factor for
lung cancer among women in India (Smith, 2000; Smith and Mehta, 2003; Behera and Balamugesh, 2005;
Hosgood 3rd et al., 2007; Sapkota et al., 2008; Kaplan, 2010; Lim and Seow; 2012; Kodgule and Salvi,
2012). Currently, lung cancer is the fifth leading site of cancer among nonsmoking women in eastern India,
where this study was conducted (Nandakumar et al., 2004). Since millions of rural women of the country
are exposed to IAP from biomass smoke, the present findings have public health relevance and warrant
immediate measures to reduce IAP from biomass fuel use.
By using sputum cytology as the first screening method lung cancer can be detected. Moreover, sputum
cell counts can guide treatment of asthma more effectively and less costly than management using
symptoms and spirometry (D'silva et al., 2007; Bakakos et al., 2011). Measuring sputum eosinophils count
is also useful in the management of severe asthma (Hargreave and Nair, 2011). Considering these, the
prevalence of metaplasia and dysplasia of airway epithelial cells has been investigated in this study in Papstained sputum smears as these cellular changes are considered early events in the pathway of
carcinogenesis. Sputum cytology was used for this study, because it is considered a simple, noninvasive,
cost effective yet sensitive technique to identify airway diseases (Rabb et al., 1997) including lung cancer
even at the early stages of the disease (Petty, 2000). In essence, altered sputum cytology and presence of
metaplasia and dysplasia of airway epithelial cells predicts increased lung cancer risk. Thus sputum
cytology can help cancer surveillance and/or chemoprevention that may be clinically useful.

Strengths and limitations of the study
The major strengths of the present study are the large sample size, identified human cohorts and their
focused and detailed examination of a multitude of health parameters. Still, the study has its own
limitations. First, biomass smoke contains hundreds of pollutants, but we only measured PM10 and PM2.5
levels in cooking areas, CO in exhaled breath, and t,t-MA in urine, leaving emission of gaseous pollutants
such as oxides of nitrogen and sulfur, transition metals and polycyclic aromatic hydrocarbons (PAHs)
undetected. Thus, their possible impact on biological parameters is unknown. However, PM10 and PM2.5
data is recognized as a proxy of PAHs in air (Bonner et al., 2005). The second limitation is that no data
was collected on personal exposure of these pollutants. Third, the study did not attempt to identify
potential toxic components responsible for these biological changes. For example, physicochemical
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analyses of PM10 and PM2.5 were not carried out with respect to the concentrations of PAHs including
benzo(a)pyrene, elemental carbon, organic carbon, particle size, and endotoxin content. Endotoxin seems
important because it elicits inflammation and Akt activation, and airborne endotoxin concentrations in
biomass-burning homes of Malawi and Nepal have been found significantly higher than those found in
homes in developed countries (Semple et al., 2010). Fourth, indoor measurements and biological sampling
were carried out for a limited number of days. Therefore, seasonal variation and climatic changes could
have influenced the measured parameters. However, monitoring of PM was done in LPG- and biomassusing homes of a village simultaneously, as was sampling of sputa and blood. Thus, seasonal effect does
not appear to be a significant confounder. Fifth, for evaluation of DNA damage repair pathway, only
qualitative estimation of DNA repair proteins by ICC was done. The study was not extended to gene or
mRNA levels. Sixth, the participants of this study who cook regularly were simultaneously exposed to
cooking oil fumes and cooking fuel emissions. Therefore, some of the observed changes can be attributed
in part to cooking-oil fume, as it is capable of inducing up-regulation of p-Akt in bronchial cells (Hung et
al., 2007). However, both LPG and biomass users of this study were users of mustard oil as cooking
medium, and the type of cooking and food habit was similar in these two groups. Therefore, cooking-oil
fume exposure appeared to be similar in both groups, excluding this as a contributor to genotoxicity and
Akt activation among biomass users.

Socioeconomic factors
Besides air pollution, socio-economic factors can influence lung activity. In fact, social class and poor air
quality are independently associated with decreased lung function (Wheeler and Ben-Sholmo, 2005).
Biomass users in this study were less educated and poor, and poverty is generally linked with malnutrition
that affects lung development during childhood via respiratory muscle weakness and overall energy
deficiency (Glew et al., 2004). Difference in nutrition between biomass and LPG users, however, was
perhaps small because there was little difference in BMI between control and exposed groups. Moreover,
after controlling education and family income as potential confounders, the positive association between
particulate pollution, especially PM2.5, and lung function decrement remained. Admittedly, it is difficult to
completely exclude the influence of confounding factors that may be related to adverse lung response such
as differing socioeconomic status, nutrition, personal hygiene, medical care and quality of life influences
through statistical procedures. Despite these limitations, it seems that chronic inhalation of biomass smoke
is a major risk factor for lung function reduction and COPD.

Concluding remark
Traditional society norms confer multiple domestic responsibilities to women in rural India. Only a
handful of these village women had formal education, and social custom does not encourage women taking
jobs outside the home. Instead, they spend most of their time indoor attending to daily household cooking,
housekeeping, child rearing, attending to pets, making dung cakes, milking and steaming paddy to make
parboiled rice. They leave home for brief periods to fetch drinking water from common tube wells.
Occasionally they assist their husbands in the field. The women prepare breakfast, lunch, dinner, and tea of
the whole family using biomass as the cooking fuel. Biomass is a cheaper alternative source of energy to
the poor people who cannot afford cleaner fuel. In fact, LPG users are few in rural India, and in many
cases they also use biomass (mixed user) to reduce fuel cost. A large section of these women are
chronically exposed to biomass smoke since their early teens before their marriage when they started
assisting their mothers in the kitchen. After marriage, they take charge of cooking from their mother-inlaws. In most cases, the lung was still developing at that time, as lung development becomes complete in
the age of 18-20 years in females (Tager et al., 1988). Since developing lung is more vulnerable to air
toxics, the impact of IAP could be more harmful like vehicular pollution and the present findings have
confirmed this apprehension. The results of this study have wider implications as restrictive type of lung
function deficits, the predominant type observed in air pollution-exposed subjects, are associated with
insulin resistance and type-2 diabetes mellitus and increased lung cancer risk (Fimognari et al, 2007).
Incidentally, type-2 diabetes mellitus is steadily increasing among women in India and lung cancer is the
fifth leading site of cancer among nonsmoking women in eastern India after breast, cervix, gall bladder and
ovary (National Cancer Registry Programme, 2004). In addition, the present study has shown that the
consequence of sustained biomass smoke exposure could be detrimental to their reproductive health
because it may change their menstrual cycle length, and could enhance the possibility of spontaneous
abortions, stillbirth and underweight baby.

17
Summary, conclusion and recommendations

Summary
This epidemiological study on the health impact of indoor air pollution (IAP) from daily household
cooking with traditional unprocessed solid biomass such as wood, cow dung and agricultural wastes was
conducted during March 2008-February 2012 in eastern (West Bengal) and northern India (Himachal and
Uttarakhand). A total number of 3160 never-smoking, pre-menopausal married women from the villages
were enrolled. Out of them, 2150 women (median age 35 yr) cooked for the past 5 years or more
exclusively with biomass (exposed), and remaining 1010 age-matched (median age 36 yr) women cooked
with cleaner fuel LPG (control).
Cooking with biomass increases IAP and benzene exposure
•

The concentrations of PM10 and PM2.5 in biomass using kitchen were 3.2- and 3.4-times more
than that of LPG-using kitchen, respectively, implying higher level of particulate pollution in
indoor air of biomass-using households.

•

The concentration of carbon monoxide in exhaled breath was above normal in 13.2 % women who
cooked with biomass against 1.1% of control, and the level of benzene metabolite t,t-MA was 6.7times higher in urine of biomass-using women. The results indicate increased exposures to carbon
monoxide and benzene in women who cooked with biomass.

Respiratory symptoms, lung function and COPD
•

Women who cooked with biomass had greater prevalence of upper and lower respiratory
symptoms such as sinusitis, runny or stuffy nose, sore throat and common cold with fever, dry
cough, sputum-producing cough, wheezing breath, breathlessness on exertion and chest tightness.
They also suffered more from asthma, headache, eye irritation and eye watering.

•

Cooking with biomass affected the lung function. Women who cooked with biomass had 500 ml
lower mean FVC and 35% lower FEV1 than control. Overall, lung function was decreased in 43%
of biomass users compared with 19.1% of control. In addition, 5.2% of never-smoking biomassusing women had COPD in their child-bearing age compared with 0.7% of control. Thus, cooking
with biomass increases the risk of lung function impairment by 2.2-fold and the prevalence of
potentially life-threatening COPD by 7.4-fold.

Anemia, susceptibility to infection
•

Compared with LPG-using control women, biomass users had 12.6% lowered hemoglobin, 11%
reduction in RBC number, and 18.3% increase in the number of leukocytes. RBC anisocytosis
(change in cell size) was present in 37.3% of biomass users relative to 10.4% of control. Among
biomass users, 23.0% showed microcytosis against 7.5% of control, and 14.3 % had macrocytosis
against 2.9% of control. Red cells with ‘target’ morphology were present in peripheral blood
smears of 23.3% of biomass users against 9.7% of controls. The findings suggest greater risk of
iron-deficiency and hemolytic anemia among biomass users.

•

Biomass-using women had 76% more eosinophils, 3.7-times more basophils, 47.6% more
monocytes, 16.7% more circulating neutrophil and 12.2% more lymphocytes than the controls.
Besides, toxic granulation was present in the circulating neutrophils of 53.5% biomass users
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against 23.3% of control. The results suggest higher risk of allergy, infection and inflammation in
women who cooked exclusively with biomass.
Platelet hyperactivity, hypertension and increased risk of CVD
•

Women who cooked with biomass had 22% more platelets in circulation, 5.0% biomass-using
women had large (giant) platelets compared with 1.6% of control (p<0.001), and platelets of
biomass users exhibited 45.7% increase in aggregation to collagen when compared with that of
control. The expression of CD62P (P-selectin) on platelet surface and soluble P-selectin level in
plasma, indicators of platelet activation, were significantly increased in biomass-using women.
Platelet hyperactivity in biomass users suggests higher risk of cardiovascular diseases (CVD).

•

Hypertension was more prevalent among biomass users, and the level of circulating oxidized low
density lipoprotein (oxLDL), a risk factor for CVD, was 3.6-fold higher than that of control.
Serum level of anti-cardiolipin antibody of the IgG isotype was higher in 28.7% biomass users
against 2.1% of control. Similarly, anti-cardiolipin antibody of the IgM isotype was higher in
8.6% of biomass users against 0.4% of control. Collectively, the findings strongly indicate high
risk of CVD among biomass users.

Change in immunity
•

Compared with controls, biomass users had lower percentage of CD4+ cells (35.7 vs. 42.3 % in
control), 21% more CD8+ lymphocytes, 10% depletion of B-cells and 86% increase in the NK
cell number in their circulation than their age- and sex-matched neighbors who cooked with
cleaner fuel LPG. Moreover, a sharp 2.6-fold rise in the total number of T-regulatory (Treg) cells
in circulation was observed in biomass users. Since Treg cells down-regulate immune response, an
increase in their number suggests suppression of immunity in women who cooked with
unprocessed biomass.

•

Biomass users had increased percentage of CD4+CD45RO+ memory T-cells, reduced percentage
of CD16- CD64+ monocytes. Besides, the absolute number of CD16+ neutrophils in blood was
increased from 545±57/µl in controls to 912±105/µl and CD35-positive neutrophils was 2554 ±
209/µl in biomass users against 2017± 218/µl in controls. In addition, β2 Mac-1 integrin
(CD11b/CD18) expression was up-regulated in circulating leukocytes of biomass-using women,
suggesting neutrophil activation. The results suggest recurrence of bacterial infections among
biomass users.

•

Spontaneously expectorated sputum of biomass-using women demonstrated several cytological
abnormalities. They had greater prevalence of ciliocytophthoria, aggregates of columnar epithelial
cells, goblet cell hyperplasia, Curschmann’s spiral, mucus accumulation and presence of
bioallergens. The findings suggest greater frequency of bacterial, viral and fungal infections
among them.

•

Immunocytochemical study has shown higher expression of inducible nitric oxide synthase
(iNOS) enzyme in AM and neutrophils present in sputum of biomass fuel users when compared
with that of control women. The results suggest up-regulation of nitric oxide generation in airway
neutrophils and AM of biomass-using women who participated in this study.

Airway and systemic inflammation
•

Compared with controls, the sputum samples of biomass users were more cellular and contained
higher number of inflammatory cells such as neutrophils, eosinophils and alveolar macrophages
(AM), suggesting inflammation in the lungs and the airways.

•

Biomass-using women had elevated circulating levels of pro-inflammatory cytokines like tumor
necrosis factor-alpha (TNF-α) , interleukin-8 (IL-8), interleukin-12 (IL-12), interleukin-6 (IL-6),
total serum immunoglobulin-E (IgE) and C-reactive protein (CRP) but decreased level of antiinflammatory cytokine interleukin-10 (IL-10). The results suggest that cooking with biomass was
associated with high risk of systemic inflammation.
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Reproductive toxicity
•

Cooking with biomass also affected the reproductive system of these women. A higher prevalence
of abnormal menstrual cycle length was observed in women who cooked with biomass. Short
cycle was recorded in 7.6 % of biomass users against 3.3% of control, long cycle in 7.1 vs. 4.06%
and too irregular cycle in 11.6% biomass-using women against 3.3% of control. Biomass users
had raised serum levels of luteinizing hormone and prolactin and reduced levels of estrogen and
progesterone while little change was found in the concentrations of follicle stimulating hormone
and cortisol. Along with hormonal changes, biomass-using women suffered more from infertility
(11.6% vs. 4.2% in control), spontaneous abortion (12.1% vs. 3.6%), stillbirth (3.5% vs. 0.9%),
underweight baby (22.6% vs. 6.5%), and congenital defects in baby (0.6 vs. 0.2%).

•

Leucorrhoea was highly prevalent among biomass users (46.3 vs. 17.3%) and only 3.5% of
biomass users used sanitary napkins against 14.7% of control women. Women having leucorrhoea
had higher instances of short menstrual cycle, miscarriage, stillbirth, and congenital defects in the
baby.

Neurotoxicity
•

Cumulative inhalation of biomass smoke alters circulating levels of neurotransmitters –
epinephrine, nor-epinephrine, dopamine and serotonin in plasma, heightened serotonin release
from platelets, and a marked increase in the prevalence of depression (60.6 vs. 29.1% in control,
p<0.001). Thus, biomass smoke affects mental health as well.

Oxidative stress
•

A significant rise in reactive oxygen species (ROS) generation along with a fall in SOD was
observed in airway cells and circulating leukocytes of biomass smoke-exposed subjects. The
findings suggest oxidative stress in biomass-using women.

Biomass smoke –induced genotoxicity in target organs
•

The micronucleus (MN) frequency in buccal and airway epithelial cells of biomass users was
significantly higher than that of control, implying increased rate of chromosomal breaks in cells
that are directly in contact with inhaled pollutants. Other nuclear anomalies like ‘broken egg’,
binucleation, karyorrhexis, karyolysis and pyknosis were also more frequent in airway cells of
biomass-using women, implying cell damage in the airway epithelium.

•

In addition to chromosomal breaks, biomass smoke exposure was associated with excess DNA
damage in airway cells and peripheral blood lymphocytes. Biomass-using women had increased
levels of tail percent DNA, tail length and olive tail moment in single cell gel electrophoresis
(comet assay).

•

DNA double strand breaks (DSB) constituted a substantial part of DNA damage, because γH2AX, a marker of DSB, was found in excess in airway cells of biomass-using women.

•

The number of AgNOR dots, a measure of ribosome biogenesis, was significantly increased in
buccal and airway epithelial cells, airway neutrophils and in peripheral blood lymphocytes and
neutrophils of biomass users. Moreover, the size of AgNOR dots and the percentage of nuclear
area occupied by AgNORs were significantly higher in biomass users, suggesting up-regulation of
ribosome biogenesis.

DNA damage repair
•

In view of extensive DNA damage, the state of DNA damage repair mechanism was evaluated.
Compared with control, expressions of Mre11 and Ku70 proteins were higher, but not remarkably,
in airway epithelial cells of biomass users. It indicates inappropriate increase in non-homologous
end-joining (NHEJ) type of DNA damage repair.
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•

Similarly, the percentages of airway epithelial cells expressing MSH2 and MLH1 were
significantly lower in women who cooked with biomass, indicating a lower level of mismatch
repair activity.

•

Airway epithelial cells expressing oxidative DNA damage marker 8-Oxoguanine was significantly
higher among biomass users, suggesting oxidative DNA damage among biomass users. But the
expressions of DNA base excision repair proteins OGG1 and APE1 were significantly lower in
biomass users, implying insufficient activation of the DNA damage repair machinery.

•

In essence, chronic inhalation of biomass smoke was associated with chromosomal and DNA
damage which was perhaps mediated by oxidative stress due to excess production of ROS and
down-regulation of antioxidant defense. Despite extensive DNA damage, the DNA damage repair
mechanism was inadequately activated. As a result, a substantial amount of damaged DNA might
remained unrepaired that might increase the risk of cellular abnormality.

Altered cell signaling and increased Cancer risk
•

Biomass smoke exposures also altered the cell signaling pathway with special reference to cell
proliferation. Activated (phosphorylated) forms of protein kinase B (p-Aktser473- and pAktthr308) were highly expressed in the airways of biomass users, suggesting abnormal cell
proliferation in the lungs following chronic exposures to biomass smoke. Cytopathology
confirmed this apprehension. Metaplasia and dysplasia of airway epithelial cells, cellular changes
in the pathway of carcinogenesis, were more prevalent in biomass-using women, indicating
abnormal cell proliferation and differentiation and consequent higher risk of lung cancer among
biomass users.

Conclusion
The low combustion efficiency of biomass fuels in traditional cook stoves leads to a significant diversion
of fuel carbon to products of incomplete combustion which could be either health-damaging (e.g. benzene,
formaldehyde, benzo(a)pyrene or a greenhouse gas (e.g. methane) with 20- times more global warming
capacity per carbon atom than carbon dioxide. Besides, household demand for fuel puts pressure on the
forests and other biomass resources.
The situation warrants interventions to effectively reduce the health risks and environmental degradation.
Intervention can encompass options ranging from improved kitchen ventilation to better stove and cooking
fuels. Given the potential health burden imposed by IAP in rural India and the number of people affected,
abatement strategies and their implementations are urgently required.

Recommendations
1. This study has shown that cooking with biomass, a common practice by the poor households of
the country, significantly increases the indoor air pollution (IAP) and poses a serious threat to the
health of millions of poor people especially the women who cook with these fuels in traditional
stoves in poorly ventilated kitchen. Since biomass is still used for cooking in an overwhelming
majority of households in India, IAP from biomass burning appears to be a serious public health
concern. Accordingly, we recommend regular monitoring of indoor air quality and its impact on
human health by the central and state pollution control boards and other regulatory/monitoring
agencies jointly with the health departments. The authority should consider introduction of a
guideline for indoor air quality in the line of NAAQS.
2. Given the existing inadequate database, we recommend a comprehensive household energy survey
that will address the current and changing patterns of biomass fuel use over time in rural areas. It
may be mentioned that only a small fraction of biomass is purchased from the markets, and a
better understanding of the factors associated with household fuel choice will help designing
effective interventions.
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3. Exposures to human carcinogens like benzene, 1.3-butadiene and benzo-a-pyrene are often
thought to be mainly associated with vehicular and industrial air pollution. This study along with
earlier published works has shown that IAP from biomass burning is yet another important source
of these carcinogens. In view of this, we recommend regular monitoring of carcinogens in indoor
air and their exposures in vulnerable groups (such as women who cook) using suitable biomarkers
like urinary levels of trans,trans-muconic acid for benzene.
4. We recommend intensive public awareness and education programs especially among the rural
womenfolk informing them about the health risks associated with biomass fuel use. We also
recommend inclusion of education and training for improved kitchen hygiene as part of the
primary health care training for rural health professionals.
5. There is need to develop monitoring instruments designed to address pollution, stove efficiency,
and other technical parameters under Indian conditions. Therefore we recommend R&D for
production of relatively low-cost devices that would facilitate monitoring in a wider set of
households. For example, carbon monoxide exposure can be assessed at the household level by
simple CO monitors. We also recommend intense research to design and disseminate combustionefficient smokeless stoves which will be low cost and durable.
6. The poor, rural masses should be encouraged through sustained campaigning to have wellventilated kitchens by installing chimneys that will remove the smoke from the cooking areas
along with improved stoves. It should be kept in mind that adoption of any new device at the
household level is influenced by several factors ranging from technical and economic to social,
cultural, and perceptual. We therefore recommend undertaking surveys, marketing, education,
advertising and other avenues directed at assessing and influencing public behavior. We also
recommend a review of the successes and failures of current and past programs to design and
disseminate improved stoves and installation of chimneys in order to distill lessons learned.
7. Efforts should be made to provide clean fuels to biomass users. We recommend intense research
on the development of biomass-based clean household fuels that will be greenhouse-gas neutral
and health-promoting in the line of to generation of biogas from anaerobic digestion of animal
dung. In the meantime, the authority may consider supply of cleaner fuels like LPG and kerosene
to the rural people, and incentives may be given to households below the poverty line in the form
of stove and/or fuel subsidies.
8. We recommend rigorous economic analyses to demonstrate the cost-effectiveness of IAP
abatement measures in achieving health benefits and reducing the risk of climate change such as
carbon dioxide-equivalent emissions.
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