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Abstract 

 
During pulmonary inflammation increased amounts of reactive oxygen species (ROS) are 
produced as a consequence of a phagocytic respiratory burst. One of the manifestations of 
these free radical mediated processes is lipid peroxidation. Study was under taken to evalu-
ate the level of lipid peroxidation product malondialdehyde (MDA) and levels of antioxi-
dants like vitamin C, vitamin E with total antioxidant status in patients with active pulmo-
nary tuberculosis (PTB). Fifty patients with positive sputum for acid fast bacilli (Ziehl Neel-
sen (ZN) staining) were divided into two group and 25 healthy controls without any disease 
were included for this study. 25 patients with active pulmonary TB were treated with Anti 
tuberculosis therapy (ATT) and remaining 25 cases were treated with antioxidants as an ad-
juvant therapy along with ATT. Serum levels of MDA, Vit.C, Vit.E and total antioxidant 
status were measured .Our results showed significantly decreased level of MDA and in-
creased levels of Vit.C, Vit.E and total antioxidant status after six month follow up of anti-
oxidants supplementation along with ATT. This study concludes that antioxidants (micro-
nutrients) supplementation as an adjuvant therapy helps in reduction of oxidative stress 
and promotes recovery of patients. 
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Introduction 
 
Tuberculosis (TB) is a global public health problem and it 
is second to HIV/AIDS as the leading infectious cause of 
death of adults worldwide [1]. Tuberculosis or TB is an 
infectious disease caused by acid fast bacillus, Mycobac-
terium tuberculosis (MTB) in humans [2].Tuberculosis 
most commonly affects the lungs, where it is called pul-
monary tuberculosis (PTB). In lungs, it forms a localized 
infection after inhalation of bacilli [3]. It can also affect 
extra pulmonary organs like lymph nodes, bones, joints, 
subcutaneous tissue, meninges, eyes, kidneys and gastro-
intestinal tract, where it causes an insidious disease that 
develops without striking clinical evidence [4].  

 
World Health Organization declared TB to be a global 
emergency in the year 1993 [5]. India is the highest TB 
burden country accounting for one fifth of the global inci-
dence. Global annual incidence estimate is 9.1 million 
cases out of which it is estimated that 1.9 million cases 

are from India. India is 17th among 22 High Burden 
Countries (HBC) in terms of TB incidence rate [6]. 
 
MTB is a recognized facultative intracellular bacteria that 
replicates and persists within macrophages [7]. MTB can 
induce reactive oxygen species (ROS) production by acti-
vation of macrophages [8-10], which is an important part 
of host defense against mycobacterium. But generation of 
ROS may promote tissue injury and inflammation in af-
fected individual. This further contributes to immunosu-
pression [11,12], particularly in those with impaired anti-
oxidant capacity. 
 
Due to poor dietary intake of micronutrients, malabsorp-
tion, poor immunity and altered metabolism, an increased 
free radical generation is observed in patients with TB. 
Combined effect of these  causes oxidative stress which is 
also responsible for pathogenesis of tuberculosis. It is not 
known that antioxidants supplementation along with anti-
tuberculosis therapy is useful to reduce oxidative stress in 
patients with tuberculosis. Hence, this study was under-
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taken to evaluate the effect of antioxidants supplementa-
tion along with ATT on oxidative stress and antioxidants 
level in patients with PTB.  
Material and Methods 
 
Fifty outpatients with newly diagnosed active PTB in the 
age group of 15-60 years and 25 age and sex matched 
healthy control individuals were selected from Dr. V. M. 
Govt. Medical College and Chatrapati Shivaji Maharaj 
Sarvopchar Rugnalaya, Solapur and Terna hospital and 
research center, Nerul, Navi Mumbai. Present study was 
approved by institutional ethical committee and selected 
subjects were informed about this research project and 
included in the study with their consent and without any 
economical burden to them.  
 
All the patients were sputum smear positive for acid fast 
bacilli (AFB) by direct microscopy based on Ziehl Neel-
sen (ZN) staining, microbiological culture and radiology 
confirmed pulmonary infection.  

 
Patients with renal diseases , endocrine dysfunction, he-
patic diseases, diabetes mellitus, extra pulmonary TB, 
drug resistance at the baseline or during the follow up 
study, PTB with HIV/AIDS infection, non tuberculous 
pulmonary infection, pregnancy, previous history of 
treatment of tuberculosis, viral or bacterial infections, 
hypertension, chronic alcoholic etc were excluded from 
the study. Patients who did not take their medication 
regularly were also dropped from the study. 

 
Subjects were grouped as follows:        
       
Group I      : control group included 25 healthy subjects     
      
Group II     : Included 25 pulmonary tuberculosis patients 
receiving ATT regimen only.  
      
Group III    : Included 25 Pulmonary tuberculosis patients 
receiving ATT regimen and one tablet of antioxidant A-Z 
(Alkem Lab Ltd) daily.            

          
Antituberculous treatment was given as per the guideline 
of Revised National Tuberculosis Control Programme 
(RNTCP) and DOTS strategy and doses were adjusted as 
per body weight of patients.  

 
Composition of A-Z antioxidant tablet: 
 
Vitamin C-100mg, Niacinamide -50mg, Vitamin E ace-
tate-25mg, Calcium pantothenate-12.5mg,Thiamine mo-
nonitrate-10mg, Riboflavin-10mg, Pyridoxine HCl-3mg, 
Vitamin A acetate-5000IU, Folic acid-1mg, Cyanoco-
balamin-5μg, Zinc oxide -15mg, Cupric oxide-2.5mg, 

Magnesium chloride-1.4mg, Chromium chloride-65μg, 
Sodium selenate-60μg.  
 
Under all aseptic precautions, 5 ml fasting venous blood 
sample was collected in plain bulb from all the control 
and PTB patients at baseline i.e. before starting anti tu-
berculosis treatment and after 7th day, 1st , 2nd  ,3rd and 6th 
months of ATT. Blood samples were centrifuged at 5000 
rpm for 10 min and serum was separated after clot retrac-
tion. The serum was analyzed at the earliest for levels of 
Malondialdehyde (MDA) [13], Vitamin C [14], Vitamin 
E [15] and Total Antioxidant Status (TAS) [16] on the 
same day.  
 

 
The results were compiled and the statistical analysis was 
done by using ‘T’ test. Values were expressed as mean ± 
standard deviation (SD). 

                 
Results 
 
As shown in table, serum level of MDA were signifi-
cantly elevated (p<0.001) in group II and group III in all 
newly diagnosed pulmonary tuberculosis patients as com-
pared to control group. Level of MDA gradually de-
creased in group II after six months of ATT as compared 
to baseline level (t= -21.05, p<0.001). Level of MDA also 
decreased in group III after six months of ATT and anti-
oxidant supplementation as compared to baseline level (t=  
-34.01, p<0.001). But better improvement was found in 
group III as compared group II (t= -2.32 and p<0.05) after 
six months of treatment. Serum levels of vitamin C, vita-
min E and TAS were significantly low (P<0.001) before 
starting the treatment in group II and group III as com-
pared to control group. Levels of vitamin C (t= 19.91, 
p<0.001), vitamin E (t=21.65, p<0.001) and TAS 
(t=18.09, p<0.001) gradually increased in group II follow-
ing ATT treatment after six months as compared to base-
line levels. Also, Levels of vitamin C (t= 28.38, p<0.001), 
vitamin E (t=20.58, p<0.001) and TAS (t=26.19, 
p<0.001) gradually increased in group III following ATT 
and antioxidant supplementation after six months as com-
pared to baseline levels.  
 
But levels of vitamin C (t=5.24 and p<0.05), vitamin E 
(t=3.29 and p<0.05) and total antioxidant status (t=11.28 
and p<0.05) of group III were slightly higher than group 
II after six months of treatment.  

 
Above results show better improvement in group III 
(ATT + antioxidant supplementation) as compared to 
group II ( ATT only) after six months of treatment. This 
helps in outcome of patients and reduction in oxidative 
stress.         
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Table 1.  Values of MDA, Vitamin C, vitamin E and TAS in serum of controls & Pulmonary    
tuberculosis patients during and after treatment. 
 

Values are expressed as Mean ± SD,                              

 
                                    After treatment             

 
 
Parameters 
 
 

 
  
Control 
(Group I) 
 

 
 
  
Group 
 

 
 
Baseline 7th Day 1st 

Month 
2nd 
Month 

3rd month 6th  
Month 

 
II 
 

 
8.39*±1.03 

 
8.30±1.03 

 
8.06±1.01 

 
6.67±0.78 

 
5.87±0.64 

 
4.51¤ 
±0.66 

 
 
 
 
MDA 
(μmol/l) 

 
 
 
3.76±0.79 
 
  

III 
 
8.37*±1.02 

 
8.26±0.99 

 
7.82±1.07 

 
6.35 
± 
0.95 

 
5.03±0.92 

 
4.09#¤ 
±0.66 

 
II 
 

 
7.83*±1.33 

 
7.91±1.26 

 
8.86±1.20 

 
10.80 
± 
1.06 

 
12.09±0.81 

 
12.86¤ 
±0.67 

 
 
 
Vitamin C 
(Mg/l) 

 
 
 
 
14.54±0.77 
 
 

 
III 

 
7.84*±1.13 

 
7.97±1.20 

 
9.12±1.19 

 
11.32 
± 
1.19 

 
12.80±0.70 

 
14.02#¤ 
±0.89 

 
II 
 

 
7.71*±1.48 

 
7.82±1.44 

 
8.74±1.37 

 
10.76 
± 
1.13 

 
12.18±0.94 

 
12.97¤ 
±0.77 

 
Vitamin E 
(Mg/l) 
 

 
13.62±0.74 
 
 

 
III 

 
7.91*±1.4 

 
8.18±1.04 

 
9.30±0.88 

 
11.84 
± 
0.84 

 
13.01±0.48 

 
13.53#¤ 
±0.33 

 
II 
 

 
1189.86*±11
9.88 

 
1190.22 
±119.70 

 
1192.55 
± 
119.68 

 
1200.85 
± 
118.83 

 
1212.78± 
101.90 

 
1403.14¤ 
±99.65 

 
TAS 
(μmol/l) 

 
1719.76± 
99.62 
 
 
 

 
III 

 
1187.19* 
± 
104.41 

 
1190.68 
± 
104.40 

 
1227.92 
± 
92.21 

 
1261.79 
± 
82.08 

 
1360.63 
± 
93.75 

 
1666.62#¤ 
± 
60.90 

*Indicates p<0.001 as compared to control 
¤ Indicate p<0.001compared to baseline 
# Indicate p<0.05 as compared to Gr.II after six month of treatment       
  

  
and alpha tocopherol act as potent and probably the most 
important hydrophilic and lipophilic antioxidants respec-
tively. Reduced levels of vitamin C and E are associated 
with an impaired immune response [18].  

Discussion 
 
Tuberculous bacilli induce oxidative substances such as 
reactive oxygen species (ROS) derived from free radicals, 
which in turn can promote tissue injury and inflammation. 
ROS are highly toxic to all types of cells, but especially to 
lipids (fat cells) causing peroxidation.This results in dam-
age to cell membrane which promotes lung fibrosis and  

  
In many studies, concentration of MDA, product of lipid 
peroxidation was found to be significantly Higher [19, 20] 
and vitamin C [20-22], E [20-22] and TAS [23, 24] sig-
nificantly lower in newly diagnosed tuberculosis patients 
than healthy controls and associated with clinical severity. 
There is inverse correlation between MDA and Vitamin C 

dysfunction in pulmonary TB [17]. Antioxidants scavenge 
free radicals and suppress the actions of ROS and thus 
protect the host from tissue inflammation. Ascorbic acid  
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and E levels. These results show an imbalance between 
free radicals and antioxidants in tuberculosis patients. Our 
findings are also same as above. 
 
Vijayamalini M et al. [17] reported significantly increased 
level of thiobarbituric acid reactive substance (TBARS), a 
marker of lipid peroxidation in 30 newly diagnosed and 
untreated pulmonary tuberculosis patients as compared 
with healthy matched controls, while plasma levels of non 
enzymatic antioxidants vitamin C and E were signifi-
cantly decreased. Higher level of malondialdehyde in tu-
berculosis patients indicates oxidative stress and more 
lipid peroxidation and lower levels of antioxidants. This is 
responsible for pathogenesis and severity of tuberculosis. 
         
Janiszewska et al. showed that plasma MDA concentra-
tion in patients with pulmonary tuberculosis were signifi-
cantly higher before and after 1 month and 2 months of 
treatment with antituberculosis drugs in comparison to the 
control group [25]. 
 
Lamsal et al. [26] observed serum MDA and nitrite levels 
were significantly higher (p=0.0001) and plasma levels of 
vitamin C and E were significantly lower (p==0.001) be-
fore commencement of ATT in sputum smear positive 
cases of pulmonary tuberculosis than controls. But serum 
MDA and nitrite levels decreased significantly and 
plasma level of vitamim C significantly increased after 2 
months of ATT as compared to before ATT. No change 
was observed in plasma vitamin E before and after ATT. 
He suggested elevated levels of MDA and nitrite with 
concomitant depressed vitamin C and E levels before 
commencement of ATT indicative of lipid peroxidation 
and oxidative stress. But our results show serum level of 
Vitamin C as well as E significantly increased and level 
of MDA decreased significantly after six months of anti-
oxidants supplementation. This helps in the outcome of 
tuberculosis patients. The response of immune system to 
tuberculosis infection depends critically on interaction 
between monocytes, macrophages, T cell lymphocytes 
and various cytokines released by them. Micronutrients 
(A-Z tablet) may improve T-cell mediated immune re-
sponse in the body. This is accomplished by increased 
production of interleukin-2 (IL-2) leading to increased 
proliferation of T- cells. This also reduces production of 
Prostaglandin-2, T-cell suppressive factor. Micronutrients 
protect cells from deleterious effects of free radicals gen-
erated during disease conditions or natural body metabo-
lism. In pulmonary TB patients micronutrients increase 
effectiveness of ATT which helps in reducing lesion area 
in lung and improves the outcome of patients. 
                
Kowalski L et al. found decrease in plasma antioxidative 
activity in patients with tuberculosis as compared to the 
controls before as well as after therapy with tubercu-
lostatic drugs. He observed patients taking vitamins C and 

E (after 1-month tuberculostatic therapy) showed increase 
in plasma antioxidant activity [24].                           
 
Total antioxidant status (TAS) of an individual is a func-
tion of dietary, enzymatic and other systemic antioxidants 
and is therefore an indicator of the free radical load. Some 
researchers observed that total antioxidant status in tuber-
culosis patients was lowered significantly as compared to 
control and level rises during and after ATT [23, 24]. 
Reddy et al. [27] reported that the serum level of TAS 
was significantly low in untreated and under treatment 
patients of tuberculosis in comparison to normal healthy 
volunteers. Level of TAS gradually increases following 
ATT. However, our result shows better improvement after 
antioxidants supplementation as an adjuvant therapy.  
                 
This study showed increased level of MDA and decreased 
levels of non enzymatic antioxidants i.e. vitamin C (water 
soluble) and E (lipid soluble) and TAS in tuberculosis 
patients as compared with controls .This indicates oxida-
tive stress in TB patients. However, antioxidants supple-
mentation for six months as an adjuvant therapy increases 
the levels of vitamin C and E as well as TAS and lowers 
the MDA level. This suggests that antioxidants supple-
mentation reduces oxidative stress, effectiveness of ATT 
and helps in outcome of tuberculosis patients. 
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