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ABSTRACT

Objectives: The objective of the present investigation was to determine the socioeconomic conditions, age and gender 
relations to tuberculosis with evaluation of drug (smoking/ alcohol) infl uences on it and correlate the clinical data to an 
animal experiment result of antioxidant system of drug treated male rats. 

Settings: The investigation was carried out in a rural and an urban part of Eastern India. 

Methodology: Acid-fast bacillus (AFB) staining of sputum was performed in rural Indpur (total human individuals 498, male 
384) and urban area Kamarhati (total 1017, male 735) following WHO guidelines. Catalase, superoxide dismutase (SOD) 
activities and level of non-protein soluble thiol (NPSH), malondialdehyde (MDA) were measured in lung of rats exposed 
four weeks to nicotine (0.2 mg/kg s.c.) and/or ethanol (20% [w/v] at 3 g/kg orally). 

Results: Mean AFB score was greater in all age groups of Kamarhati. Smoking/ alcohol alone signifi cantly and synergistically 
even in greater extent increased TB severity in both places, furthering it in backward classes. Drug treatment signifi cantly 
increased MDA level and SOD activity with a decrease in NPSH level and catalase activity in rat. 

Conclusions: Males are greater sensitive to TB and urban area is affected more. Clinical fi ndings paralleled with animal 
experiments pointing the disastrous consequences of nicotine. Up-gradation of socioeconomics in rural area, avoiding of 
reckless unscientifi c changes of demographic profi le of a region, and minimization of pollutions in urban areas may diminish 
disease outbreak. 
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INTRODUCTION

People of lower income group (LIG) in developing 
countries are prone to different chronic infections like 
gastroenteritis, respiratory tract infections, malaria, 
tuberculosis, and HIV/AIDS in recent years.1,2 
Tuberculosis (TB) causes approximately two million 
deaths globally per year, more than 90% of which 
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occur in developing countries.3 In spite of multi drug 
therapy, BCG (Bacillus Calmaette-Guérin) vaccination 
and other chemotherapeutic advancements, TB is still 
the second leading cause of death.4 

Several investigations identifi ed the risk factors 
for TB, but fewer in India.5 Scanty reports reveal 
that the TB sensitivity could be associated with 
environmental, economic and life-style factors which 
have been minimized in American and European 
communities.6,7 In developing countries like India, 
the decline in risk factors is confi ned to the middle 
and high socioeconomic groups. Recently, several 
government and NGO operated program have been 
adopted fruitfully.8 Different techniques like ELISA or 
genomics tools are utilized for confi rmed diagnosis of 
TB, but rapid diagnosis by sputum staining of acid-
fast bacilli (AFB) is still useful for a large number of 
patients.9 Recently, few rural and metropolitan areas 
were selected in the Eastern part of India for the 
present investigation. 

OBJECTIVES

i) To make comparison between the TB sensitivity 
in rural and urban areas ii) to assess the disease 
sensitivity (by AFB staining procedure) in relation to 
gender, age, drug addiction and economic status of 
individuals iii) as it is evident that chronic ethanol and/
or nicotine administration could result impairment of 
rat antioxidant system10, here male rats were treated 
with nicotine and/or ethanol and tested their lung 
antioxidant profi le. These results were extrapolated 
to explain the clinical data on addiction associated 
disease sensitivity. 

MATERIALS 

Bovine serum albumin (BSA), thiobarbituric acid (TBA), 
nicotine, reduced glutathione (GSH), 5-5’-dithiobis-
2-nitro benzoic acid were purchased from Sigma 
chemicals (St. Louis, MO, USA). Sodium dihydrogen 
phosphate (NaH2PO4), disodium hydrogen phosphate 
(Na2HPO4), ethylenediamine tetraacetic acid (EDTA), 
pyrogallol, basic fuchsin, ethylene Blue, ethyl alcohol, 
and other chemicals used in the present investigation 
were of analytical grade and purchased either from 
SRL, India or E. Merck, India.

METHODS

Study design

This is a comparative assessment of TB sensitivity 
between an urban and rural area with relation to 
patients’ age, sex, drug addiction and economic status. 
Clinical data has been correlated to a rat experiment on 
the status of drug induced lung antioxidant system 

Settings 

The data were collected from Indpur, a rural and 
intermediate Panchayat of Bankura district and 
from Kamarhati which is an urbanized city of North 
24 Parganas district, operated by the municipality 
and a certain part of the area covered by Kolkata 
Metropolitan Development Authority (KMDA).11 

Study period

The data was collected and laboratory experiment 
was carried out in the period of 2005 to 2009.

Study population and selection of subject
 
The patients and participants of this investigation were 
routinely diagnosed in the specialized TB division /
centers in the respective block hospital of Indpur and 
Kamarhati. They were selected at random irrespective 
of their ethnicity, caste, gender and ages. But those 
individuals were excluded who were affected with 
severe diabetes, cardiovascular and chronic kidney 
disease or some other chronic infectious diseases. 

Sample size, method of sampling and data 
collection 
 
In rural Indpur, a total 498 diagnosed (male 384) 
and in urban area Kamarhati a total 1017 diagnosed 
(male 735) voluntarily participated in the present 
investigation. An apparently large number of 
individuals from several years were utilized here to 
minimize the intra-individual variability and possible 
deviations caused by some intrinsic factors. The 
socio-economic profi les of the participants were 
collected by standard questionnaire method. Here, all 
participants were distributed in four age groups; ≤15, 
16-30, 31-45 and ≥46 years. Data of all three elder 
groups were compared with the corresponding ≤15 
year’s age group of each sex. To verify the infl uence 
of economic condition, individuals of both sexes of all 
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ages were arranged in 1+, 2+, 3+ and 4+ AFB scoring 
groups and their yearly incomes are compared in 
relation to their disease severity. All data and samples 
were handled by registered health professionals after 
prior permission of the concerned Institutional Ethical 
Committee. The sensitivity to TB was estimated by 
acid-fast bacillus staining.

Acid-fast Bacillus (AFB) staining of sputum 
sample

Three sputum samples (twice in successive mornings 
and once as spot collection on the second day) were 
collected from each subject. Those were stained by 
traditional Ziehl Neelsen (Z-N) method using carbol 
fuchsin, acid-alcohol and ethylene blue solutions.9,12 
The Indian Government laid guidelines on Revised 
National Tuberculosis Control Program (RNTCP) 
and World Health Organization (WHO) protocol were 
followed in evaluating the AFB scores. 
 
Animals and drug treatment schedule

Male rats of Wister strain, weighing 120-140 g were 
housed in the OIST animal resource facility and 
provided with rodent chow and water for one-week 
prior use. A total 24 rats were randomly separated in 
4 groups having 6 in each. Drugs were treated for 4 
weeks as follows: (1) Control rats were administered 
normal saline orally; (2) nicotine was administered 
subcutaneous (s.c.) at a dose of 0.2 mg/kg; (3) 
ethanol (20% [w/v]) was given orally at a dose of 3 g/
kg; and (4) ethanol and nicotine were administered by 
the route and with the dose described above. Present 
treatment schedule was standardized after several 
dose responses testing in our laboratory.10

Tissue cytosol preparation and oxidative stress 
studies in rat lung

The animals were sacrifi ced on time and their lungs 
were dissected, washed with ice-cold NaCl (0.9%, 
w/v) and frozen at -20ºC until use. Those were 
homogenized in 0.1 M chilled phosphate buffer (pH 
7.4). Fractions of fresh homogenates were utilized for 
few experiments. The rest of the homogenates were 
spun at 10,000 x g for one hour in a cold centrifuge. 
Cytosol was preserved at -20ºC in several aliquots. 

Determination of catalase activity 

The catalase activity from lung cytosol was measured 

spectrophotometrically. The rate of degradation of 
H2O2, the substrate of this enzyme was observed at 
240 nm.13, 14

Determination of superoxide dismutase (SOD) 
activity 

The SOD activity from lung cytosol was determined 
according to the method of Marklund and Marklund 
(1974). The activity was expressed in unit ‘U’, 
assuming, that activity of enzyme as one unit (U) 
which inhibits auto-oxidation of pyrogallol by 50%.14, 15

Estimation of non protein soluble thiol (NPSH) 

The NPSH in lung homogenate was determined 
by standard DTNB (5, 5’- dithiobis-2-nitrobenzoic 
acid) method as initially described by Ellman (1959) 
with a slight modifi cation.16-19 In brief, lung tissues 
were homogenized with 50 mM Tris buffer, pH 7.5, 
containing 250 mM sucrose and 5 mM EDTA. The 
protein of 10,000 x g supernatant was precipitated by 
sulfosalisialic acid and clear cytosol was added to 0.1 
M sodium phosphate buffer containing 5 μM DTNB. 
The level of NPSH was determined against a GSH 
standard curve. 

Estimation of malondialdehyde (MDA) 

Tissue homogenates were utilized for MDA assay by 
the method of Buege and Aust (1978) with a slight 
modifi cation. To chelate iron and reduce its interference 
in peroxidation reaction of unsaturated fatty acid, 
1 mM EDTA was used in the reaction mixture. To 
reduce the interference caused by a yellow-orange 
color produced by some carbohydrates, the reaction 
mixture was heated at 80oC instead of 100ºC. Finally 
the MDA was measured and calculated utilizing the 
molar extinction coeffi cient of MDA (1.56 x 105 cm2 /
mmol).20, 21

Protein assay 

Proteins were estimated in all tissue samples by the 
method of Lowry (1951) using bovine serum albumin 
(BSA) as the standard protein.22

Statistical analysis

The data were statistically analyzed using Student’s 
t-test (Fisher and Yates 1974).23
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RESULTS

In Figure 1 the occurrences of TB in male and female 
(78% and 22% respectively) are very similar in Indpur 
and Kamarhati whereas, it differs in different age 
groups of two locations. Only in Indpur, a proportionate 

increase of both male and female patients’ number 
was observed in 16-30 and 31-45 years groups. In 
Kamarhati, the male patients of 16-30, 31-45 and ≥46 
year’s groups showed similar occurrences (29-39%). 
And in female, 57.1% diagnosed belong to 16-30 
years group.

Figure 1. The percentage of male and female TB patients attendees of rural Indpur (sample size n = 498; male 
384) and urban Kamarhati (sample size n = 1017; male 735) areas (a). Percentage of same patients in different 
age groups of Indpur (sample size of different age groups of male; ≤15 years = 27, 16-30 years = 69, 31-45 years 
= 162, ≥46 years = 126 and female; 3, 27, 54, 30 respectively) (b) and of Kamarhati (male; 18, 237, 192, 288 and 
female; 30, 156, 51, 45) for corresponding age groups. 

The male patients of Indpur showed a signifi cant increase of AFB score with their age increment; 1.48, 1.71 and 1.88 
in 16-30, 31-45 and ≥46 years groups respectively compared to the score (0.94) of the ≤15 years group (Figure 2). 
But in Kamarhati, AFB score of all groups of both sexes ranges from 1.39 to 1.88. The score of ≤15 year’s group 
of Kamarhati (1.43) is signifi cantly higher (85%) than the corresponding male group of Indpur. Similarly, all female 
groups show a signifi cantly greater AFB score than the corresponding group of Indpur. 
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Figure 2. The AFB score of sputum smear of patients of Indpur (sample size of male; ≤15 years = 27, 16-30 years = 69, 31-
45 years = 162, ≥46 years = 126 and female; 3, 27, 54, 30) (a) and Kamarhati (sample size of male; 18, 237, 192, 288 and 
female; 30, 156, 51, 45) respectively for corresponding age groups (b). Data represented in the fi gure are the mean ± SEM. 
Signifi cantly different from corresponding control. #P<0.01, *P<0.001  

Present results denote that mean annual income of 1+ scoring individual of Indpur is 18,000.00 INR/year, whereas 
these are15, 668.00; 11,170.00 and 9654.00 INR/year of 2+, 3+ and 4+ scoring individuals. The same for Kamarhati 
are 27, 150.00; 31, 340; 19, 560; 13, 240 INR/year respectively for the concerned groups (Figure 3a). The average 
incomes of last two AFB groups (3+ and 4+) of Indpur are signifi cantly lower than the 1+ AFB group. This tendency 
is clearly observed in Kamarhati also. Data of Figure 3b suggest that in ‘No addiction’ group in Indpur, the AFB 
score is 1.18, where as it is 1.74 (48% higher) in ‘Smoking’ group and 1.49 (27% higher) in ‘Drinking’ group. In 
‘Smoking + Drinking’ group the score is 2.335 (98% higher). In Kamarhati, AFB score was 26% higher in ‘Smoking’ 
and 66% higher (p<0.001) in ‘Smoking + Drinking’ groups. The score of ‘No addiction’ group of Kamarhati was 20% 
higher than the similar group of Indpur.  

Figure 3. The impact of socioeconomic condition (income (INR)/year) on the AFB score of TB patients (210 out of 498 patients 
in Indpur and 698 out of 1017 of Kamarhati are in regular income. The sample size, n for different AFB scoring patients in 
Indpur; 1+ = 105, 2+ = 69, 3+ = 24, 4+ = 12 and in Kamarhati these are 315, 214, 107, 67 respectively (a). The Effect of 
drug addiction on the AFB score of 31-45 years age groups of male of both places (sample size n of Indpur; no addiction-40, 
smoking-34, drnking-29 and smoking + drinking-59 and similar groups in Kamarhati; 64, 39, 46, 43 respectively). The 31-45 
age group is the major addicted group, and addiction in female is scare (b). Data represented in the fi gure are the mean ± SEM. 
Signifi cantly different from corresponding control. +P<0.05, #P<0.01, *P<0.001  

Figure 4a1 demonstrates no variation in WBC count in normal males of different age groups of Indpur. Unlikely, 
the neutrophil counts in female are signifi cantly lower (p<0.001) in all age groups with comparison to ≤15 years 
group. The lymphocyte count is also signifi cantly lower in 16-30 years and 31-45 years age groups (Figure 4a2). A 
signifi cantly higher hemoglobin value in male of 16-30 years group was observed where as, the same is lower in 
16-30 and 31-45 years groups of female than their corresponding youngest groups (Figure 4b). 
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Figure 4. Differential blood cell count of normal healthy male (a1) and female of Indpur block (a2), and their hemoglobin 
concentration (b) (sample sizes-n are as follows; male ≤15 years = 31, 16-30 years = 78, 31-45 years = 153, ≥46 years = 94 
and female 68, 111, 165, 128 respectively. Data represented in the fi gure are the mean ± SEM. Signifi cantly different from 
corresponding control. +P<0.05, *P<0.001   

In Figure 5a, nicotine or ethanol alone or in combination increased MDA production in rat lung (p<0.05 and 
p<0.01).Nicotine signifi cantly decreased NPSH content in lung (Figure 5b). Nicotine or nicotine +ethanol treatment 
signifi cantly increased SOD activity by 79% (Figure 5c) whereas, catalase activity decreased in all three treatment 
groups (Figure 5d).

Figure 5. Effects of drug on concentrations of a) thiobarbituric acid (TBA) reactive substance- malondialdehyde (MDA) 
production, b) non-protein soluble thiol (NPSH), c) super oxide dismutage (SOD) and d) catalase activity  in lung tissues of 
male Wister rats. (Sample size for any group n= 6). ‘Con’ stands for control, similarly ‘nic’ for nicotine and ‘eth’ for ethanol. Data 
represented in the fi gure are the mean ± SEM. Signifi cantly different from corresponding control. +P<0.05, #P<0.01, *P<0.001.
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DISCUSSIONS

A proportionate increase in the number of male 
and female patients was observed in participants of 
different age groups in Indpur. In Kamarhati, the male 
patients of all the age groups showed a similar rate 
of occurrences (29-39%). But in female, the highest, 
57.1% diagnosed belong to 16-30 year age group. 
Present results suggest that the disease sensitivity 
is in increasing order with increasing age in Indpur.24 
Possibly, decline in immuno-potency due to nutritional 
lacking augments age sensitivity.25 The greater 
incidence of death in highest age group plausibly 
minimizes the number of sensitive individuals in this 
group. But, Kamarhati, an urban area shows similar 
type disease sensitivity. A certain part of Kamarhati 
belongs to Greater Calcutta (KMDA) which is highly 
populated condensed with several industries and 
large number of automobiles.11 The age dependant 
disease sensitivity as found in Indpur is absent in 
Kamarhati. 

The highest AFB scores from all age groups of Indpur 
are 1.88 in male and 1.39 in female (Figure 2a). 
This suggests that males are more sensitive. Sex 
dimorphic nature of this disease sensitivity has been 
reported earlier.26 Results from the Figure 2 reveal 
that the lowest age group of both sex of Kamarhati 
is more affected than the corresponding groups of 
Indpur (1.43/1.79 Vs 0.94/0.96 for male and female 
respectively). Present results satisfy the Figure 1 data 
and indicate that possible environmental pollution 
could be the important factors for this.27 In the 2001 
census, Indpur had 51.4% males, 41.6% schedule 
caste and 9.5% schedule tribes.28 Decadal growths 
for this period were 10.15% for Indpur, against 
13.79% in Bankura district and which 40.13% was in 
West Bengal state.28 On the other hand, Kamarhati 
had a 54% of male. It has an average literacy rate 
of 77%, higher than the national average of 59.5%, 
male literacy is 81%, and female literacy is 72%. 
The city has several industries of manufacturing of 
textiles, paints, articles of rubber, and products of jute. 
28 In spite of the advantageous demographic profi le 
and socioeconomic standard, lower age groups of 
Kamarhati are more affected than Indpur. 29 So, it may 
be hypothesized that man made unplanned changes 
in socio-demographic nature of an area may be more 
devastating than the natural adversity associated 
inchoate character of an area.

The economic status may be regarded as an important 
parameter of an individual’s life style and health 
status.6,30 India is an over-populated country with 
diversifi ed economic strength, literacy and health/ 
nutritional awareness.31 Results from the present 
investigation suggest that the individuals of lower 
income groups are more vulnerable to TB (Figure 
3a). Toxic effects of nicotine and alcohol on immune 
mechanisms and antioxidant systems have been 
reported earlier.32-34 Our recent clinical data suggest 
that both drugs impart a devastating effect on TB 
which is additive in nature (Figure 3b). Interestingly, 
‘No addiction’ group of Kamarhati showed 20% greater 
severity than the similar group of Indpur. This fi nding 
is also supported by the results of Figure1 and Figure 
2. Ironically, a better socioeconomic condition was not 
able to restrict disease severity in urban area (Figure 
3a). Nutritional and health inequity is predominant in 
some of the parts of rural India.35-36 Present data from 
Indpur show the impairment of hemoglobin content 
and WBC count in young undiagnosed female. 

Present outcome of rat experiment indicates that 
nicotine is more toxic in terms of MDA production 
and NPSH depletion (Figure 5a and 5b) and MDA 
production is even greater at a co-treatment with 
ethanol. These results support the present clinical 
data showing the greater disease severity in drug 
addicted human individuals. Rat antioxidant enzymes 
have also been shown interfered after drug treatment. 
34 Impairment of antioxidant profi le consequences 
free radical mediated lung cell damage which may be 
associated with present clinical outcome.

In conclusion, the males are more sensitive which 
is furthered with drug usage especially in lower 
economic groups. In Indian context, drug addiction is 
not predominant in female but health and nutritional 
inequity is dominant as found in their lower immune 
and nutritional status.35-36 There is no doubt that the 
demographic profi le of Kamarhati is advantageous than 
Indpur. But unplanned urbanization with inadequate 
exhaust management may be more detrimental 
to disease sensitivity. In the present investigation, 
ethical norms on handling human subjects/ samples 
were maintained to our best possibilities. This is also 
important to mention the limitations of the present 
work is that, the specifi c differences in environmental, 
climatic and geographical nature of two areas and the 
possibilities of some individuals of having some other 
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preexisting disease conditions were not taken into 
account at the time of comparing the TB vulnerable. 
Though the present rat experiment was conducted 
in standard laboratory condition, still its results may 
suggest that damage in antioxidant systems might 
increase TB sensitivity. We strongly hope that our 
present fi ndings could be helpful for further evaluation 
of infl uences of specifi c factors on the course of TB 
progression and its nature of severity.
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