
 

 

Introduction  

Mycobacterium can induce reactive oxygen species 
production by activating phagocytes (May and 
Spagnuolo, 1987; Attwood et al., 1996) and although an 
important part of the host defense against 
mycobacteria, enhanced reactive oxygen species 
generation may promote tissue injury and 
inflammation. This further contributes to 
immunosuppression (Jack et al., 1994, Grimble, 1994). 
Moreover the malnutrition that commonly occurred in 
patients with tuberculosis may further contribute to the 
impaired antioxidant capacity in these patients. Severe 
oxidative stress has been reported in tuberculosis 
patients because of malnutrition and poor immunity 
(Reddy et al., 2004). The prospective study was under 
taken to evaluate the role of oxidative stress in pleural 
fluid of tuberculosis patients. 
 

Materials and Methods 

The research protocol was approved by the ethical 
committee constituted by University College of 
Pharmaceutical Sciences, Kakatiya University, 
Warangal, India and patients consent was taken prior 

to the study. The subjects for this study comprised of 
TB patients including untreated (TB1), under treatment 
(TB2).  TB patients participated in this study were from 
Government Chest Diseases and TB Hospital, 
Warangal, Andhra Pradesh. Initial evaluation of a 
patient with effusion consists of history, physical 
examination, laboratory investigations and 
roentgenographic studies. Prior to aspiration analgesic 
or sedative (I.V. midazolam) was administered if 
patient shows excessive anxiety. 1% xylocaine was 
infiltrated intradermally, subcutaneously and into 
muscles and parietal pleura and continued till the fluid 
is aspirated.  A 20 or 22 gauge needle is passed along 
the line of anesthesia, while aspirating 30 mL of fluid.   

The amount of lipid peroxidation products present in 
the pleural fluid was estimated by the thiobarbituric 
acid reactive substances (TBARS) method (Carbonneau 
et al., 1991), which measures the malondialdehyde 
reactive products by using high performance liquid 
chromatography (HPLC, Shimadzu LC-8A solvent 
delivery module, SPD-10AVP UV-Visible 
spectrophotometer detector, Class CR-10 data 
processor). Using Altec C18 column (25 cm length, 4.6 
mm diameter, 5 µ m size) and developed with a mobile 
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Abstract 
The pleural fluid was aspirated from the tuberculous patients both untreated 
and under treatment with three months anti-tuberculosis therapy.  The amount 
of malondialdehyde, lactate dehydrogenase, and total protein content in pleural 
fluid of untreated tuberculous patients were found to be significantly higher 
when compared with under treatment group. The pleural fluid total antioxi-
dant levels were significantly lower in untreated cases in comparison to under 
treatment.  Decrease in the total antioxidant status was more pronounced in 
untreated cases, established that antioxidants were nearly completely utilized 
to scavenge the free radicals.  Our findings further support the importance of 
antioxidants in the treatment of tuberculous patient. 

 

This work is licensed under a Creative Commons Attribution 3.0 License. You are free to copy, distribute and perform the work. You must attribute 
the work in the manner specified by the author or licensor  

 



 

 

phase of methanol: water (70: 100) containing 550 mL of 
H3PO4 with 80 nM of NaOH and 20 mL sample was 
injected. 

Catalase measurement was done based on the ability of 
catalase to oxidize hydrogen peroxide (Beers and Sizer, 
1952). The change in absorbance was measured for was 
measured at 240 nm for 3 min. The results were 
expressed in terms of IU/mL of pleural fluid.  For the 
estimation of total antioxidant status, we used a stable 
free radical α,α-diphenyl-β-picryl hydrazyl (DPPH), at 
the concentration of 0.2 mM in methanol (Blios, 1958; 
Kalpana et al., 2001), ascorbic acid was used as a 
reference standard. The standard graph was plotted 
using different concentrations of ascorbic acid and the 
antioxidant status values were expressed in terms of 
nM of ascorbic acid. Lactate dehydrogenase is zinc 
containing intracellular enzyme concerned with 
reversible oxidation of pyruvate to lactate, involves in 
glycolytic cycle. The reaction velocity is determined by 
a decrease in absorbance at 340 nm resulting from 
oxidation of NADH (Varley et al., 1980). Pleural fluid 
total protein content was estimated by the method of 
Lowry et al., 1951.  Proteins form chromophoric 
complex with phenol reagent, which was measured at 
610 nm using UV-VIS spectrophotometer (Elico, SL-
150). The protein content was calculated from standard 
curve prepared with bovine serum albumin and 
expressed in terms of g%. Statistical evaluation was 
done using student t-test. 

 
Results 

Lipid peroxidation product and malondialdehyde level 
estimated in the pleural fluid of tuberculous patients 
(Table I) was significantly decreased (p<0.001) in under 
treated cases when compared with untreated cases. The 
levels were decreased with clinical improvement with 
anti-tuberculosis therapy. The pleural fluid lipid 
peroxide levels were found to be significantly high 
(p<0.001) in untreated cases in comparison with under 
treated cases of all three categories used different 
treatment regimens, the lipid peroxidation levels were 
more in category 2.   

In the present study catalase level in pleural fluid of the 
both untreated and under treated cases it was found 
that the difference was not statistically significant and 
the catalase level was low even after completion of anti-
tuberculosis therapy. The antioxidant levels were 
increased significantly (p<0.01) in under treated cases 
in comparison with untreated cases. The pleural fluid 
antioxidant status in under treatment patients with 
different treatment regimen,  in category 1 and 3 was 
significantly increased (p<0.01) in comparison with 
untreated patients, there was no significant variation in 
category 2 (Table II). Lactate dehydrogenase level was 

decreased significantly (p<0.01) in under treated cases 
in comparison with untreated cases. In tuberculous 
patients based on treatment regimen, the pleural fluid 
lactate dehydrogenase levels were decreased 

TABLE I: Levels of malondialdehyde, catalase, total antioxidant 
status, lactate dehydrogenase and total protein level in pleural 
fluid untreated and under treated patients of tuberculosis  

Parameters  
 

Untreated 
group 

Under treated 
group 

p value 

Malondialdehyde 
(nM/mL) 

6.41 ± 1.35 4.88 ± 0.82 <0.001 

Catalase (IU/mL) 43.94 ± 4.71  44.31 ± 6.77  ns 

Total antioxidant status 
(nM/mL) 

44.33 ± 7.26 53.80 ± 7.51 <0.01 

Lactate dehydrogenase  
(IU/L) 

148.65 ± 23.82 132.21 ± 13.22 <0.01 

Total protein content 
(g%) 

3.31 ± 0.61 2.56 ± 0.32 <0.01 

Data are mean ± SD; TB1 (n=50) and TB2 (n=25); ns= Not significant 

TABLE II: Comparison of various parameters before and during 
treatment with various dosage regimen of anti-tubercular therapy  

Parameters   Category 1 Category 2 Category 3 

               n=7 (in each 
group) 

n=6 (in each 
group) 

n=6 (in each 
group) 

Malondialdehyde 
(nM/mL) 

TB1 6.05 ±  0.91 8.24 ±  1.08 6.08 ±  0.69 

 TB2 4.16 ±  0.69 5.06 ±  0.84 4.83 ±  0.31 

  p<0.001 p<0.001 p<0.01 

Catalase (IU/mL) TB1 43.38 ±  3.17 41.71 ±  6.20 46.96 ±  3.27 

 TB2 46.00 ±  8.13 40.47 ±  5.73 46.58 ±  3.23 

  ns ns ns 

Total antioxidant 
status (nM/mL) 

TB1 43.51 ±   5.34 45.00 ±  7.51 41.83 ±  5.98 

 TB2 55.36 ±  6.61 47.00 ±  4.47 59.03 ±  6.17 

  p<0.01 ns p<0.01 

Lactate dehydro-
genase  (IU/L) 

TB1 157.39 ±  
20.47 

166.23 ±  
9.73 

179.64 ±  
16.15 

 TB2 126.48 ±  
13.64 

142.98 ±  
4.23 

120.96 ±  
12.41 

  p<0.01 p<0.001 p<0.001 

Total protein 
levels (g %) 

TB1 3.00 ±  0.61 3.56 ±  0.65 3.18 ±  0.36 

 TB2 2.55 ±  0.34 2.34 ±  0.37 2.59 ±  0.27 

  ns p<0.01 p<0.01 

Data are mean ± SD; ns= Not significant; TB1 = Untreated; TB2 = Under treat-
ment; Category 1: Isoniazid (H) + Ethambutol (E) + Rifampicin (R) + Pyrazina-
mide (Z) daily for 2 months; followed by H and R for 4 months (2 EHRZ + 4RH); 
Category 2: Streptomycin (S) + H + R + Z + E daily for 3 months; followed by E + 
H + R + Z for 2 months; followed by R + H + E daily for 6 months (3 SHRZE + 2 
EHRZ + 6 RHE); Category 3: R + H + E daily for 2 months, followed by R + H for 
4 months (2 RHE + 4 RH) 
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significantly (p<0.01) in all the under treated cases in 
comparison with untreated cases. The total protein 
content of pleural fluid was decreased in under treated 
cases in comparison with untreated cases. There was no 
significant (p>0.05) variation in the levels of lipid 
peroxide, catalase, lactate dehydrogenase, total protein 
found among all the categories receiving different 
dosage regimen.  

 

Discussion 

In this study, we have demonstrated oxidative stress in 
the pleural fluid at different stages i.e. before treatment 
(untreated) and under treatment in tuberculous 
patients with anti-tuberculosis therapy. Reactive 
oxygen species generated as a result of ischemic-
reperfusion associated with hemorrhage has been 
proposed to contribute to the progress of acute lung 
injury (Sen and Packer, 1996).  Superoxide is one of the 
ROS that mediate lung injury (Chan and Goldkorn, 
2000). Our finding documents the oxidative stress in 
tuberculosis patients as the pleural fluid lipid 
peroxidation product, malondialdehyde level was 
significantly increased in untreated cases when 
compared with under treated cases, the 
malondialdehyde level was gradually decreased with 
anti-tuberculosis therapy.  

In present investigation both untreated and TB2 patients 
showed that there was no significant variation in 
estimated catalase (antioxidant enzyme) levels in 
pleural fluid. And our results suggest that anti-
tuberculosis therapy not induced any biochemical 
changes in catalase level.  

Previous papers illustrated that reduced concentrations 
of vitamin A, C and E in patients with tuberculosis (Plit 
et al., 1998; Rwangabwoba et al., 1998; Dubey et al., 
1985). Several factors such as low food intake, nutrient 
malabsorption, insufficient nutrient release from the 
liver, acute phase response and an inadequate 
availability of carrier molecules may influence 
circulating antioxidant concentrations (Rock et al., 1996; 
Siez and Stahl, 1995; Das et al., 1996).  Low vitamin C 
intake may increase the susceptibility to various 
infections and lower vitamin C concentration in plasma 
was associated with substantially higher incidence of 
tuberculosis (Awotedu et al., 1984). Our present results 
shows the total antioxidant status in the pleural fluid of 
untreated patients was significantly decreased in 
comparison with under treatment, indicating that there 
was an oxidative stress in pleural fluid of tuberculous 
patients, may lead to increased levels of reactive 
oxygen species, which may be responsible for 
pulmonary damage and lung fibrosis.   

Tuberculosis is the chronic infectious disease affecting 
many organs. Organ injury results in the release of 

lactate dehydrogenase into blood; elevated serum level 
of lactate dehydrogenase is a useful indicator of organ 
injury (La Due et al., 1954). In the present study, 
estimated lactate dehydrogenase levels were high in 
untreated cases when compared with under treatment 
cases, the levels were gradually decreased with clinical 
improvement with anti-tuberculosis therapy. The 
results were indicating that there was a continuous 
pulmonary damage due to the release of lactate 
dehydrogenase and reactive oxygen species .   

In the present findings it was demonstrated that the 
total protein content of pleural fluid was significantly 
high in untreated tuberculous patients, when compared 
with under treatment, the protein level was decreased 
with therapeutic improvement under anti-tuberculosis 
therapy. The increased levels of total proteins in pleural 
fluid of tuberculous patients could be the reason for 
damage of lungs by superoxide, one of the reactive 
oxygen species that mediate lung injury (Chan and 
Goldkorn, 2000). Another factor may be the leakage of 
lactate dehydrogenase from cell membranes into the 
pleural fluid indicates that there is a definite amount of 
cellular damage that could be mediated through free 
radicals (Murray et al., 1990).  

These findings further support a link between oxidative 
stress and tuberculosis. Nutrition supplementation may 
signify a novel approach for fast recuperation. Hence 
for the therapeutic benefit of the exogenously 
administered antioxidants like vitamin C, tocopherols 
etc. are to be assessed under carefully controlled clinical 
system.  
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