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ABSTRACT 
In this present study, we try to investigate the hepatotoxicity effect of RIF and INH vis chlorinative stress pathway in vitro, 

by measured catalase (CAT) kinetic parameters and Advanced Oxidation Protein Products (AOPPs) level. In this 

experiment, a liver sample was taken from male rats (Rattus novergicus). Sample the homogenized and divided into three 

groups with; T0 served as control which contains liver, T1 which contains liver homogenate + 450 mg Rifampicin (RIF); 

and T2 which contains liver + 300 mg Isoniazid (INH). For CAT kinetic parameters analysis (Km, Vmax, and kcat), in 

each solution was added hydrogen peroxide (H2O2) with different concentrations. Solutions then incubated at 37oC for 1 

hours and then was prepared for kinetic parameter analysis. The AOPPs level was analysed using spectrophotometric 

methods. The results showed that both RIF and INH treatments could decrease the affinity of H2O2-CAT complex and 

increase the turnover rate of the reaction which expressed by the higher Km, Vmax, and kcat values. Also, the results 

showed that both RIF and INH significantly increased the level of AOPPs in liver homogenate. From this results, it can be 

concluded that both RIF and INH-induced hepatotoxicity via chlorinative stress pathway by disrupting the CAT activity 

and increased the AOPPs level.  
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INTRODUCTION 

Tuberculosis (TB) is an infectious disease of epidemic 

proportions caused by the bacillus Mycobacterium 

tuberculosis1. Each year, TB killing nearly 1.6 million 

people, mostly in developing countries including 

Indonesia2-3. According to the World Health Organization 

(WHO), there are about 450,000 (95% confidence interval, 

370,000 to 540,000) newly diagnosed TB patients each 

year in Indonesia4. Current treatment of TB is a 

combination therapy consisting isoniazid (INH), 

rifampicin (RIF), pyrazinamide (PYZ), and ethambutol 

(ETM)5. These drugs have a potential adverse effect 

including hepatotoxicity, especially for INH and RIF6. The 

frequency of hepatotoxicity varies from 2 to 28% in 

different populations and occurs even when the drug has 

been given at the recommended doses5. The exact 

mechanism responsible for liver injury caused by INH dan 

RIF is not clear. Several studies indicated that oxidative 

stress may involve in INH and RIF induce liver damaged6. 

Oxidative stress is a shift in the balance between oxidants, 

such as radical superoxide, hydrogen peroxide, hydroxyl 

radical, etc., and antioxidants, such as superoxide 

dismutase (SOD), peroxidases, and catalase (CAT)7,8. 

Results of Thalla et al study suggest that RIF and INH 

could decrease the activity of several enzymatic 

antioxidants including CAT. As a consequence of CAT 

decreasing activity, the level of hydrogen peroxide is 

increased9. It is well known that hydrogen peroxide is a 

substrate for myeloperoxidase (MPO). The presence of 

hydrogen peroxide can activated MPO which could 

promote further reaction resulting in the formation of 

hypochlorous acid (HOCl)10. HOCl is a powerful oxidizing 

agent which is known to cause a condition known as 

chlorinative stress11,12. The pathological consequence of 

chlorinative stress is damage to macromolecules such as 

protein13. Proteins are elective targets of chlorinative 

stress, leading to cross-linking and aggregation products 

known as Advanced Oxidation Protein Products (AOPPs). 

AOPPs are dityrosine-containing and cross-linking protein 

products formed mainly by exposure of protein to HOCl14-

15. AOPPs has known related to markers of monocyte 

activation, and may serve as mediators of inflammation16- 
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17. To the best of our knowledge, in the literature survey, 

there is no scientific study on evaluation of INH and RIF 

induced hepatotoxicity via chlorinative stress pathway. 

Therefore, the present study was focused on evaluating the 

hepatoxicity effect of INH and RIF via chlorinative stress 

pathway by assessing kinetic parameters of CAT and 

AOPP level in liver homogenate.   

 

MATERIAL AND METHODS 

Samples collection: The liver samples were collected from 

24 old male rats (Rattus novergicus) with 2-3-month-old 

and weighing 200-250 g. The rats were purchased from the 

Abadi Jaya farm at Yogyakarta, Indonesia, in healthy 

condition. Animals were the acclimatized to the laboratory 

conditions before samples collection. The rats were caged 

in quite temperature controlled room and had free access 

to water and standard rat diet. After the acclimatization 

period, the liver samples were taken by surgical procedure 

with ether as an anesthesia. Then the liver fixed in 

phosphate buffer at pH 7.0. The liver was ground to form 

a liquid. Subsequently, the solution was taken and 

centrifuged at 3500 rpm for 10 min and the top layer was 

taken and stored until it uses. All animals used and care 

was in compliance of the Ethics Commission of the 

Faculty of Medicine, University of Lambung Mangkurat, 

Banjarbaru, South Kalimantan, Indonesia. 

Experimental models 

Samples were divided into 3 groups (1 control group (T0) 

and 2 treatments groups (T1, and T2). Group 1: T0: liver 

homogenate only; Group 2: T1: liver homogenate + 450 

mg of RIF; and Group 3: T2: liver homogenate + 300 mg 

of INH. Then, each of solutions was incubated at 37°C for 

1 hour and undergo to catalase kinetic parameters and 

AOPP level analysis 

Catalase kinetic parameter measurements 

kinetic parameters were determined by using 4 different 

concentrations of the H2O2 as a substrate for catalase. The 

H2O2 concentrations were 50, 25, 12.5, and 6.25 mmol L-

1. The kinetic parameters Vmax and Km were determined 

using the Lineweaver-Burk version of the Michaelis-

Menten equation18, as follows: 

 

where V is the reaction velocity, Vmax is the maximum 

reaction velocity, Km is the Michaelis constant (the 

substrate concentration at half-maximal reaction velocity) 

and [S] is the substrate concentration. Using the Km and 

Vmax results that generated in the Michaelis-Menten 

equation, the catalytic constant or turnover number (k cat) 

was computed from Vmax using 118054.25 daltons (or g 

mole-1) as the molecular weight of the enzyme. 

AOPP level measurements 

AOPP measurement were made by spectrophotometric 

methods as describe by Witko-Sarsat et al., with slight  

 
Figure 1: The Lineweaver-Burke plot for liver CAT in different groups of treatment. T0 represent the control group; 

T1 represent the RIF treatment group; and T2 represent the INH treatment group 

 
Figure 2:  AOPPs level in different groups of treatment. T0 represent the control group; T1 represent the RIF 

treatment group; and T2 represent the INH treatment group. Values are mean±SEM. Statistically significant 

differences are indicated by * p<0,05 vs.control, ** p<0,05 vs. T1, # p<0,05 vs. T2 group. 
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modification. Briefly, AOPP were measured by 

spectrophotometry on a microplate reader and were 

calibrated with chloramine-T solutions that in the presence 

of potassium iodide at 340 nm. In test wells, 200 ml of 

plasma diluted 1/5 in phosphate buffer solution were 

placed on a 96-well microtiter plate and 20 ml of acetic 

acid was added. In standard wells, 10 ml of 1.16 mol 

kalium iodide was added to 200 ml of chloramine-T 

solution (0–100 mmol/l) followed by 20 ml of acetic acid. 

The absorbance of the reaction mixture is immediately 

read at 340 nm on the microplate reader against a blank 

containing 200 ml of phosphate buffer solution, 10 ml of 

potassium iodide, and 20 ml of acetic acid. The 

chloramine-T absorbance at 340 nm being linear within the 

range of 0 to 100 mmol/l. AOPP concentrations were 

expressed as mol L-1 of chloramine-T equivalents19. 

Statistical analyses 

Data are represented as mean±SEM. For comparing 

AOPPs level between group of treatments, one-way 

ANOVA followed by post hoc Tukey’s Honestly 

Significant Difference (HSD) test was used. Statistical 

significance was set at p<0.05. The software used for the 

analysis of the data was the Statistical Package for the 

Social Sciences (SPSS) version 17.0 and Microsoft Excell 

2007 for Windows Vista. 

 

RESULTS AND DISCUSSION 

This present study which was undertaken to assess the 

effects of RIF, and INH on the kinetics parameters of CAT 

and AOPP level in liver homogenate. Kinetic parameters 

of liver CAT were determined from Lineweaver-Burke 

plot. This plot, along with the equation of the linear 

regression line and the correlation index of r2 from each 

group of treatment can be seen in figure 1. From this plot, 

the values of Km, Vmax, and kcat for each group of 

treatment can be calculated. From the Lineweaver-Burke 

plot, the Vmax of the liver CAT in different group of 

treatments ranges from 0.507-6.451 sec-1 H2O2, while the 

Km values are within the range of 21.611-64.185 

mol/sec, and Kcat values are within the range of 2.072-

13.433 (table 1). The  

highest Vmax, Km, and Kcat values were found in the T0 

group while the lowest was found in the T2 group. Table 1 

also showed that the Vmax, Km and Kcat values are lower 

in all treatments groups (T1, and T2) compared to control. 

Results from the figure and table 1 suggest that RIF and 

INH applications decrease the values of Vmax, and Km, 

and increase the values of kcat. Vmax reflects the catalytic 

ability of an enzyme, Km reflects the affinity between 

enzyme and substrate, and kcat reflects the turnover rate of 

the reaction. Results of this present study indicated that 

both RIF and INH decrease the catalytic ability of CAT, 

the affinity between H2O2 and CAT and increase the 

turnover rate of the reaction. Results of this present study 

suggest that both RIF and INH could decrease the affinity 

between H2O2-CAT complex. It means the binding 

between H2O2 and CAT might be weak by the presence of 

both RIF and INH. The results also suggest that INH has a 

greater effect of decreasing the affinity than RIF. The 

increasing of  kcat value also indicated that the turnover 

rate of the reaction was increased with the presence of both 

RIF and INH. Also, INH has a greater effect to increase the 

turnover rate of the reaction. The decreasing of affinity 

between H2O2-CAT complex and the increasing of the 

turnover rate will lead to increasing the concentration of 

H2O2 as a substrate and decrease the concentration of H2O 

and O2 as a product. From this point of view, both RIF and 

INH could increase the level of H2O2 and decreased te 

activity of CAT. Catalase was the first antioxidant enzyme 

to be discovered and characterized20. The main function of 

CAT is the removal of H2O2
21. There are over 300 forms 

of catalase and the enzyme is found almost in all 

aerobically respiring organisms22. The highest 

concentrations in mammals are found in erythrocytes, liver 

and occasionally in the kidney and saliva23. Loss of CAT 

activity is associated with increased susceptibility to 

oxidative stress while overexpression studies suggest a 

role for the enzyme in longevity22. The results of this study 

clearly indicated that both RIF and INH-induced liver cell 

damaged, via oxidative pathway. The results also indicated 

that INH has a greater risk to induce liver damaged than 

RIF. The present study is in agreement with the earlier 

reports that RIF and INH-induced liver cell damaged via 

oxidative pathway24,25. Drug-induced liver damaged is the 

most commonly reported adverse reaction of RIF and 

INH26. RIF is a potent inducer of cytochrome P450 

isoenzymes which mediates generation of toxic 

metabolites of drugs and their covalent binding to hepatic 

macromolecules while INH is believed to mediate 

hepatotoxicity through the production of toxic 

metabolites6,26. Those two basic mechanisms will increase 

the ROS formation such as H2O2 and inhibit the enzymatic 

antioxidants such as CAT27. The increasing of an H2O2 

level and the decreasing of CAT activity by RIF and INH 

in liver homogenate could activate myeloperoxidase 

(MPO). MPO is a human peroxidase enzyme and a 

lysosomal protein stored in azurophilic granules of the 

neutrophil28. Using H2O2, MPO generates a wide array of 

reactive intermediates, such as HOCl29. The HOCl can 

react with plasma protein to form AOPPs. It can be seen 

from the results of this present study. The AOPPs level 

increase with the presence of both RIF and INH in liver 

homogenate (figure 2). Statistical analysis test results show 

that all groups of treatment significantly (p<0.05) increase 

Table 1: Kinetic parameters and coefficient correlation for liver catalase in different group of treatments 

Group 
Parameters 

Vmax (sec-1) Km (sec-1) k cat (mol L-1 sec-1) R 

T0 0.507 21.611 2.072 0.937 

T1 2.695 31.205 7.100 0.980 

T2 6.451 64.185 13.443 0.980 

T0: Control; T1: RIF; T2: INH 
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liver AOPPs concentration compare to control. The level 

of AOPPs in liver homogenate also significantly different 

between the group of treatments. Results of this present 

study indicated both RIF and INH induced the formation 

of AOPPs, with INH have a greater effect than RIF. 

Advanced oxidation protein products (AOPPs) were 

described by Witko-Sarsat et al17,30. AOPPs formed during 

oxidative (chlorinative) stress by reaction of plasma 

proteins with chlorinated oxidants31. AOPPs could be 

determined routinely using a simple protocol to investigate 

myeloperoxidase-induced protein modifications via 

chlorinative pathway30,32. In conclusion, the present study 

demonstrated that RIF and INH applications will disrupt 

the kinetic parameters (Km, Vmax, and kcat) of liver CAT. 

It seems both RIF and INH, increase the Km, Vmax, and 

kcat value of liver CAT. This indicated treatment with RIF 

and INH decreased the affinity between H2O2-CAT 

complex and increase the turnover number rate of the 

reaction. Also, the results of this present study indicated 

that treatment with RIF and INH increased the level of 

AOPPs in liver homogenate. Together these observations 

lead us to conclude that both RIF and INH could induce 

liver damaged via chlorinative stress pathway by inhibit 

the CAT activity and increased the level of AOPPs.    
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