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ABSTRACT

Introduction: Rifampicin (RIF) and tenofovir (TDF) may be 
associated with oxidative kidney damage; hence co-therapy 
with tenofovir-rifampicin in human immunodeficiency virus 
and tuberculosis co-infection may be characterized by syner-
gistic oxidative kidney damage. This study, therefore evaluat-
ed the toxicological effect of co-treatment with tenofovir-ri-
fampicin on kidney oxidative stress markers of male albino 
rats. 
Materials and Methods: Adult male rats used for this study 
were divided into five groups A-E of sixteen animals (16) each. 
Animals in group A (placebo control) were orally treated with 
water, while animals in group B (solvent control) were orally 
treated with arachis oil. Animals in groups C-D were orally 
treated with 80 mg/kg of rifampicin, 32 mg/kg of tenofovir 
and tenofovir-rifampicin for 1-8 weeks respectively. At the 
end of drug therapy animals were sacrificed kidney collected 
and analyzed for superoxide dismutase, catalase, glutathione, 
glutathione-s-transferase, and malondialdehyde. 
Results: Co-treatment with tenofovir-rifampicin insignifi-
cantly (p>0.05) decreased superoxide dismutase, catalase, 
glutathione, and glutathione-s-transferase levels with increase 
in malondialdehyde level when compared to treatments using 
individual doses of rifampicin and tenofovir. 
Conclusion: This study shows co-therapy with tenofovir-ri-
fampicin may not be associated with synergistic oxidative 
kidney damage.
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Rats

INTRODUCTION

The kidney performs several excretory and regulatory func-
tions including blood pressure control, maintenance of ex-
tracellular environment and drug excretion.1 The kidney 
is highly vulnerable to injury due to constant exposure to 
chemical agents which may lead to accumulation in the kid-
ney causing damage to the architecture of the kidney. Drugs 
are known to precipitate mitochondrial damage in the kidney 
which could result in the overproduction of reactive oxygen 
species (ROS) and reactive nitrogen species (RNS), leading 
to oxidative and nitrosative damage to the lipids, proteins 
and DNA in the kidney.2

Renal toxicity is a dose limiting toxicological effect of ten-
ofovir, one of the first line antiretroviral drugs. About 3% 
of patients on tenofovir containing antiretroviral drugs may 

suffer drugs related renal damage.3 Several human and ani-
mal studies have reported tenofovir induced damage to prox-
imal tubules, resulting in Fanconi syndrome, characterized 
by bicarbonate wasting, phosphaturia, amino aciduria, gly-
cosuria, acidosis, and hypophosphatemia.4,5 Also, increases 
in serum creatinine, urea and uric acid levels are frequent 
features in patients on tenofovir containing antiretroviral 
regimens.6 Tenofovir renal toxicity has been associated with 
various degrees of histopathological damage characterized 
by proximal tubular injury, tubular necrosis, tubulointer-
stitial scarring and mitochondria damage.7 Tenofovir renal 
toxicity was also reported to be associated with reduction in 
the activities of proximal tubular glutathione, catalase, and 
superoxide dismutase.8 These antioxidants are integral part 
of kidney defense system; hence depletion will predispose 
the kidney to oxidative injury.
Rifampicin is used in combination with other anti-tubercu-
losis drugs in the treatment of tuberculosis. It has bactericid-
al activity against organisms that are dividing rapidly and 
against semi-dormant bacterial populations, thus accounting 
for its sterilizing activity.9 Its mechanism of action involves 
binding to β subunit of bacterial DNA-dependent RNA pol-
ymerase in prokaryotic, but not in eukaryotic cells thereby 
inhibiting RNA synthesis.10 The use of rifampicin has con-
tributed to decrease in morbidity and mortality rate due to tu-
berculosis, but its use has been associated with renal toxicity 
characterized by acute renal failure.11 Rifampin renal toxic-
ity may be associated with increases in serum levels of cre-
atinine, urea and uric acid. Also, histopathological changes 
characterized by tubulointerstitial nephritis, tubular necrosis, 
papillary necrosis and acute cortical necrosis are common 
features of rifampicin induced kidney damage.12 Rifampicin 
induced kidney damage has been characterized by depletion 
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of kidney antioxidants (glutathione peroxidase, catalase, su-
peroxide dismutase) and increase in malondialdehyde level 
which may increase the vulnerability of kidney to oxidative 
injury.13

Rifampicin containing anti-tuberculosis regimes and tenofo-
vir containing antiretroviral regimens are used as co-therapy 
for the management of human immunodeficiency virus and 
tuberculosis co-infection.14 Because rifampicin and tenofo-
vir are individually associated with kidney damage charac-
terized by decrease in kidney antioxidants. Co-therapy with 
these drugs may synergistically deplete kidney antioxidants 
which may be of grave consequence. This study, therefore 
evaluated the toxicological effect of co-treatment with teno-
fovir- rifampicin on kidney oxidative stress markers of male 
albino rats.

MATERIALS AND METHODS

Drug
Rifampicin used for this study was manufactured by Man-
care Pharmaceuticals, India while pure sample of tenofovir 
disoproxilfumarate was purchased from Shijiazhuang Aop-
harm Import & Export Trading Co., Ltd. Shijiazhuang, Chi-
na. All other chemicals used for this study were of analytical 
grade.

Animals
Eighty (80) adult male albino rats of average weight 330 ±5 
g were used for this study. The animals were obtained from 
the animal house of the Department of Pharmacology and 
Toxicology, Madonna University, Elele, Rivers State. The 
animals were allowed to acclimatize for 14 days and had free 
access to food and water ad libitum.

Dose Selection and Drug Preparation
The doses of rifampicin and tenofovir disoproxil fumarate 
used for this study were 80mg/kg and 32mg/kg respectively 
and were higher than the clinically recommended doses.15,16 
Rifampicin and tenofovir disoproxil fumarate powder were 
suspended in arachis oil17,18

Grouping of Animals and Drug Administration
Animals were divided into five groups A – E of 16 animals 
per group. Animals in each group were further sub divided 
into four groups of four animals each. Animals in group A 
(placebo control) were orally treated with water while ani-
mals in group B (solvent control) were orally treated with 
arachis oil. Animals in groups C-E were orally treated with 
80 mg/kg of RIF, 32 mg/kg of TDF and TDF- RIF combina-
tion for 1-8 weeks respectively.

Collection of Sample for Analysis
At 1, 2, 4 and 8 weeks, after overnight fast, animals were 
dissected under diethyl ether anesthesia; kidney collected 
and washed in an ice cold 1.15% KCL solution. Kidney was 

then homogenized with 0.1M phosphate buffer (pH 7.2). The 
resulting homogenate was centrifuge at 2500rmp speed for 
15minutes then it was removed from the centrifuge and the 
supernatant was decanted and stored at -20°C until analysis.

Evaluation of Kidney Oxidative Stress Markers
Kidney malondialdehyde, superoxide dismutase, glutathione, 
catalase, and glutathione- S- transferase levels were evaluat-
ed using methods reported by Ahmed and Hassainein, 201319

STATISTICAL ANALYSIS

Results are presented as mean± SEM. Statistical significance 
and differences from control and test values were evaluated 
using one way Analysis of Variance (ANOVA). Statistical 
probability of p<0.05 was considered to be significant.

RESULTS

Treatment with TDF for 1-8 weeks produced time-depend-
ent decreases in kidney GSH levels with significant (p<0.05) 
decreases observed at weeks 6 and 8 when compared to the 
control. Also, treatment with rifampicin produced time-de-
pendent decreases in GSH levels with significant (p<0.05) 
decrease observed at week 8 with respect to the control. 
But effects produced by individual doses of these agents on 
GSH levels were insignificant (p>0.05) when compared to 
effects produced by their combined doses (Table 1). Also, 
kidney SOD levels were time-dependently decreased in an-
imals treated with individual doses of TDF and RIF with 
significant (p<0.05) difference from the control observed at 
weeks 6 and 8. These observed decreases were insignificant 
(p>0.05) when compared to decreases produced by com-
bined doses of TDF and RIF (Table 2). The following kidney 
CAT values 40.8±0.20, 35.1±0.22, 25.2±0.20 and 20.5±0.24 
U/mgprotein were obtained in TDF treated animals for 1-8 
weeks respectively .These values represent time-dependent 
decreases in kidney CAT levels with significant (p<0.05) 
difference from the control observed at weeks 6 and 8. Fur-
thermore, co-treatment with TDF-RIF produced time- de-
pendent decreases in kidney CAT levels but, these decreases 
were insignificant (p>0.05) when compared to treatments 
using individual doses of TDF and RIF (Table 3). This study 
also noticed time-dependent decreases in GST levels in an-
imals treated with individual doses of TDF and RIF. These 
dose-dependent decreases were observed to be significant 
(p<0.05) at weeks 6 and 8 in TDF treated animals while sig-
nificant (p<0.05) difference was observed at week 8 in RIF 
treated animals when compared to the control. But, these 
dose-dependent decreases were insignificant (p>0.05) when 
compared to decreases produced by their combined doses 
(Table 4). Furthermore, kidney MDA levels were time- de-
pendently increased in animals treated with individual doses 
of TDF and RIF. Increases were observed to be significant 
(p<0.05) at weeks 6 and 8 in TDF treated animals while sig-
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icals induced damage.20 These antioxidants are usually de-
pleted in drugs induced oxidative kidney injury and addi-
tive or synergistic deletion of antioxidants can occur with 
concurrent use of drugs.21 This study, therefore evaluated the 
toxicological effect of co-treatment with tenofovir-rifampic-
in on kidney glutathione, super oxide dismutase, catalase, 
glutathione-s- transferase and malondialdehyde levels. In 
this present study, time-dependent increases in malondial-
dehyde levels with decreases in superoxide dismutase, glu-
tathione, catalase and glutathione -s- transferase levels were 

nificant (p<0.05) increase was observed at week 8 in RIF 
treated animals when compared to the control. Increases in 
MDA levels were insignificant (p>0.05) in animals treated 
with a combination of TDF-RIF when compared to increases 
observed in animals treated with individual doses of TDF 
and RIF (Table5).

DISCUSSIONS

Kidney has cellular antioxidants that protect it from chem-

Dose WK1 WK2 WK4 WK8
Control (A) 5.21±0.05 5.29±0.01 5.20±0.02 5.24±0.05
TDF 32mg/kg 5.17±0.04 4.32±0.03 3.02±0.04* 2.26±0.07*
RIF 80mg/kg 5.10±0.06 4.91±0.05 4.32±0.02 3.10±0.03*
TDF/RIF 4.07±0.03 4.23±0.03 3.01±0.08* 2.02±0.08*
TDF: Tenofovir. RIF: Rifampicin GSH: Glutathione (u/mgprotein). Results are expressed as mean ± SEM, the superscript (*) means 
significant difference with respect to the control at p<0.05(ANOVA).

Table-1: Effect of treatment with tenofovir and rifampicin on kidney glutathione of male albino rats

Dose WK1 WK2 WK4 WK8
Control (A) 6.50±0.01 6.47±0.01 6.49±0.05 6.51±0.06
TDF 32mg/kg 6.32±0.05 5.21±0.03 3.82±0.08* 3.47±0.02*
RIF 80mg/kg 6.35±0.05 6.09±0.01 5.43±0.01 3.87±0.03*
RIF/TDF 5.60±0.01 5.10±0.06 3.61±0.08* 3.13±0.05*
TDF: Tenofovir, RIF: Rifampicin, SOD: Superoxide Dismutase (u/mgprotein). Results are expressed as mean ± SEM, the superscript 
* means significant difference with respect to the control at p<0.05(ANOVA).

Table-2: Effect of treatment with tenofovir, and rifampicin on kidney superoxide dismutase of male albino rats

Dose WK1 WK2 WK4 WK8
Control (A) 43.0±0.12 42.9±0.26 43.1±0.13 42.7±0.15
TDF 32mg/kg 40.8±0.20 35.1±0.22 25.2±0.20* 20.5±0.24*
RIF 80mg/kg 42.3±0.03 38.75±0.15 35.5±0.31 24.7±1.21*
TDF/RIF 38.2±0.05 34.0±0.22* 23.1±0.18* 18.3±0.42*
TDF: Tenofovir. RIF: Rifampicin CAT: Catalase (u/mgprotein). Results are expressed as mean ± SEM, the superscript * means signif-
icant difference with respect to the control at p<0.05(ANOVA).

Table-3: Effect of treatment with tenofovir and rifampicin on kidney catalase of male albino rats

Dose WK1 WK2 WK4 WK8
Control (A) 8.70±0.07 8.77±0.09 8.69±0.05 8.71±0.01
TDF 32mg/kg 7.90±0.03 7.30±0.04 5.10±0.01* 4.73±0.07*
RIF 80mg/kg 8.13±0.07 7.42±0.08 6.97±0.07 5.12±0.02*
RIF/TDF 7.90±0.06 7.20±0.05 5.01±0.08* 4.60±0.07*
TDF: Tenofovir, RIF: Rifampicin, GST: Glutathione-S- Transferase (μmol/min mg protein), Results are expressed as mean ± SEM, 
the superscript * means significant difference with respect to the control at p<0.05(ANOVA).

Table-4: Effect of treatment with tenofovir, and rifampicin on kidney glutathione-s-transferase of male albino rats

Dose WK1 WK2 WK4 WK8
Control (A) 1.52±0.01 1.60±0.01 1.53±0.04 1.49±0.05
TDF 32mg/kg 1.71±0.02 2.03±0.01 3.21±0.07* 4.10±0.04*
RIF 80mg/kg 1.62±0.03 1.85±0.05 2.13±0.01* 3.21±0.04*
 TDF/RIF 1.80±0.02 1.90±0.06 3.5±0.03* 4.4±0.02*
TDF: Tenofovir. RIF: Rifampicin. MDA: malondialdehyde (nmole/mgprotein) . Results are expressed as mean ± SEM, the superscript 
* means significant difference with respect to the control at p<0.05(ANOVA).

Table-5: Effect of treatment with tenofovir and rifampicin on kidney malondialdehyde of male albino rats
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observed in animals treated with individual doses of tenofo-
vir and rifampicin. These effects on oxidative stress markers 
were not synergistic in animals co-treated with tenofovir and 
rifampicin. Considering observations in this study co-treat-
ment with tenofovir-rifampicin in human immunodeficiency 
virus and tuberculosis co-infection may not be associated 
with synergistic oxidative kidney damage.
In this study, observed time-dependent decreases in superox-
ide dismutase, glutathione, catalase, glutathione peroxidase 
and glutathione transferase with increase in malondialdehyde 
level in tenofovir treated animals is a sign of oxidative kid-
ney damage. This is consistent with the work of Adaramoye 
and colleagues who reported increase in malondialdehyde 
level and decreases in antioxidants in animals treated with 
50mg/kg/day of tenofovir for 4 weeks.22 Also, time- depend-
ent increases in malondialdehyde levels with decreases in 
superoxide dismutase, catalase, glutathione, and glutathione 
transferase levels observed in rifampicin treated animals 
suggest signs of oxidative kidney damage.22 
Malondialdehyde is the major oxidative product of the per-
oxidation of polyunsaturated fatty acids by oxida tive radi-
cals.23 This makes increase in malondialdehyde level ob-
served in this study a sign of lipid per oxidation induced by 
these agents. Glutathione whose active and oxidized form 
is glutathione disulfide detoxifies xenobiotic and scavenges 
oxidative radicals; decrease in glutathione level observed in 
this study could stimulate accumulation of oxidative radicals 
leading to oxidative kidney damage.24 Catalase is a cytosolic 
enzyme that protects biological system against oxidative rad-
icals, and catalyzes the dismutation of superoxide anion radi-
cals to hydrogen peroxide which is degraded into a molecule 
of oxygen and water. Decrease in its level could stimulate 
accumulation of superoxide anion radicals leading to kidney 
damage.25 Super oxide dismutase is a vital scavenger of su-
peroxide anions, decrease in its level could instigate super-
oxide accumulation which may inactivate several mitochon-
drial enzymes, and stimulate pro inflammatory processes.26 
Inactivation of superoxide dismutase could also result in the 
accumulation of toxic superoxide anion which could further 
react with nitric oxide to form peroxynitrite. Peroxynitrite 
is a potent nitrosating agent that can cause direct damage to 
proteins, lipids, and DNA. Glutathione-s- transferase cata-
lyzes the Conjugation of xenobiotic electrophilic substanc-
es with GSH to form the corresponding GSH-S-conjugate. 
Glutathione reductase utilizes NADPH and maintains GSH 
in a reduced form.27 Decreases in glutathione-s- transferase 
and glutathione reductase observed in this study will further 
expose the kidney to oxidative injury. Observed decreases 
in antioxidants in the kidney of animals treated with these 
agents may be due to oxidative stress through the generation 
of free radical.28 This observation is supported by the fact 
that oxidative stress is one of the mechanisms reported to be 
associated with tenofovir and rifampicin induced renal tox-
icity.29 In addition, studies suggest that rifampicin induced 
kidney damage is either a type II or type III hypersensitivi-

ty reaction induced by rifampicin antigens in which anti-ri-
fampin antibodies form immune complexes are deposited in 
renal vessels, glomerular endothelium, and interstitial area.30

CONCLUSION

Observation in this study shows co-therapy with tenofo-
vir-rifampicin in the management of tuberculosis and human 
immunodeficiency may not be associated with synergistic 
oxidative kidney damage.

ACKNOWLEDGEMENT

We appreciate the technical assistance of Mr Charles Okei-
buno and MrEze Iheukwumere of the Faculty of Pharmacy 
Madonna University, Elele, Rivers State.

REFERENCES

1. M. A.Ferguson, and S.S.Walkar. Established and 
Emerging Markers of Renal Function. Clin. Chem 
2012; 58;4:680-689. 

2. H. A.El-Beshbishy, S. A.Bahashwan, H. A.Aly, H. A. 
Fakher. Abrogation of cisplatin-induced nephrotoxicity 
in mice by alpha lipoic acid through ameliorating oxida-
tive stress and enhancing gene expression of antioxidant 
enzymes. Eur J Pharmacol 2011; 668: 278-284. 

3. A.Karras, M. Lafaurie, A. Furco et al. Tenofovir-related 
nephrotoxicity in human immunodeficiency virus-in-
fected patients,three cases of renal failure, Fanconi syn-
drome, andnephrogenic diabetes insipidus. Clin Infect 
Dis 2003; 36:1070-1073. 

4. S. Coca, M. A.Perazella. Acute renal failure associated 
with tenofovirevidence of drug-induced nephrotoxicity. 
Am J Med Sci 2002;324:342-4.

5. G.Gaspar, A. Monereo, A. Garcia-Reyne. Fanconi syn-
drome and acute renal failure in apatient treated with 
tenofovir; a call for caution. AIDS 2004;18:351-2.

6. A. E. Zimmermann, T. Pizzoferrato, J. Bedford, A. Mor-
ris, R. Hoffman and G. Braden. Tenofovir-Associated 
Acute and Chronic Kidney Disease. A Case of Multiple 
Drug Interactions,Clin Infect Dis 2006;42: 283-290.

7. J. J.Kohler, S. H.Hosseini, A.Hoying-Brandt, E.Green, 
D. M. Johnson, R.Russ, D. Tran, C. M. Raper, R.San-
toianni, W.Lewis. Tenofovir renal toxicity targets mi-
tochondria of renal proximal tubules. Lab Invest 2009; 
89:513-519. 

8. E.Adikwu, I.Ogbuehi,N. J.Edikpo, D.Oputiri, P. G.Oru-
Bo. Tenofovir Renal Toxicity Evaluation of Cohorts 
and Clinical StudiesPart 2. Pharmacology & Pharmacy 
2014; 5: 97-111.

9. V.Somaraja. Drugs used in the management of tubercu-
losis IV chemotherapy. 49: 557-566. 

10. F.B.Geo, C.C.Karen, J.S.Butel, S.A.Morse, &A.M.Tim-
othy. Melnick and Alderberg’s medical microbiology. 
McGrawhill 2010

11. Managing Drug Interactions in the Treatment of 



Adikwu et al. Risk Assessment of Co-treatment with Tenofovir and Rifampicin

International Journal of Contemporary Medical Research  
Volume 3 | Issue 1 | January 2016  ISSN (Online): 2393-915X; (Print): 2454-7379

140

HIV-Related Tuberculosis National Center for HIV/
AIDS, Viral Hepatitis, STD, and TB Prevention Divi-
sion of Tuberculosis elimination

12. C. Schubert, W. D Bates, M. R. Moosa. Acute tubuloin-
terstitial nephritis related to antituberculous drug thera-
py. ClinNephrol 2010; 73:413- 419.

13. V. D. Sapakal, A. B. Deore, R. S. Adnaik, T.Shikalgar, 
N. S.Naikwade. Additive hepatoprotection of ranitidine 
with vitamin E in rifampicin induced hepatotoxicity in 
rats. Pharmacologyonline 2011;3: 20-33.

14. A. L.Pozniak, K. M. Coyne, R. F. Miller, M. C. I.Lip-
man, A. F. Freedman, L. P. Ormerod, et al. HIV British 
HIV Association guidelines for the treatment of TB/
HIV coinfection. Medicine 2011; 12: 517-524.

15. Centers for Disease Control and Prevention. Treatment 
of Tuberculosis, American Thoracic Society, CDC, 
and Infectious Diseases Society of America.MMWR 
2003;52:No.RR-11.

16. Viread [tenofovir disoproxilfumarate] package insert. 
Foster City, CA: Gilead Sciences, 2001 revissed 2013.

17. R. Bhabagahi., J. Jyotironoyee., S. Satyajit, R. Bandana. 
Reproductive profile of artemisinins in Albino rats; ino-
lan Journal. Phamacology 2010;42: 193 – 194, 

18. F. JR. Palm Garhen, R. R. De calvalbo., CAM Souza., R. 
Madi., I. Chahoudi, Study of the effect of B – myrcene 
in fertility & general reproductive performance; Brazil 
J. Med & Biol. Res 1998;31:955 – 965. 

19. A. M. Ahmed, and K. M. A.Hassanein. Cardioprotec-
tive effects of Nigella sativa oil on lead induced cardio 
toxicity anti-inflammatory and antioxidant mechanism. 
Jour Physio and Patho 2013; 24: 72-80.

20. M. L. Circu, T. Y. Aw. Reactive oxygen species, cellu-
lar redox systems, andapoptosis. Free RadicBiol Med 
2010; 48:749-62.

21. Sies H, Glutathione and its cellular functions.Free 
RadicBiol Med 1999; 27: 916-21.

22. O. A. Adaramoye, O. M. Adewumi, O. A.Adesanoye, 
O. O. Faokunla,E. O.Farombi. Effect of tenofovir, an 
antiretroviral drug, on hepatic and renal functional indi-
ces of Wistar rats. protective role of vitamin E. J Basic 
ClinPhysiolPharmacol 2012;23:69-75.

23. D. Oputiri, and E. Adikwu. Impact of Co-administered 
Lopinavir/Ritonavir and Sulfamethoxazole/Trimeth-
oprim on Reproductive Indices of Male Albino Rats. 
American Journal of Pharmacological Sciences 2014; 
2: 93-99.

24. J. L.Plummer, B. R. Smith,H. Sies and J. R.Bend Chem-
ical depletion of glutathione in vivo. Meth. Enzymol 
1981; 77: 50-59. 

25. I. Fridovich. Superoxide radical and superoxide dismu-
tases. Annu Rev Biochem 1995; 64:97-112.

26. R. A. Zini, A. Berdeaux, D. Morin. The differential ef-
fects of superoxide anion, hydrogen peroxide and hy-
droxyl radical on cardiac mitochondrial oxidative phos-
phorylation. Free Radic Res 2007;41:1159-1166.

27. A. Amin, A.A. Hamza, S. Daoud, W. Hamsa. Spiruli-
na protects against cadmium induced hepatotoxicity in 

rats. American Journal of Pharmacology and Toxicolo-
gy 2006; 1:21–25.

28. E. Casalino, C. Calzaterri, C. Sblano. Landriscina Mo-
lecular inhibitory mechanisms of antioxidant enzymes 
in rat liver and kidney by cadmium. Toxicology 2002; 
179:37–50.

29. P. Abraham, H. Ramamoorthy, and B. Isaac. Depletion 
of the cellular antioxidant system contributes to tenofo-
vir disoproxilfumarate-induced mitochondrial damage 
and increased oxido-nitrosative stress in the kidney. 
Journal of Biomedical Science 2013; 20:61: 3-15. 

30. A. S. De Vriese, D. L. Robbrecht, R. C. Vanholder,D. P. 
Vogelaers, N. H. Lameir. Rifampicin associated acute 
renal failure, pathophysiologic, immunologic and clini-
cal features. Am J Kidney Dis 1998; 31:108-15.

Source of Support: Nil; Conflict of Interest: None

Submitted: 25-11-2015; Published online: 10-12-2015


