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Abstract 

Background: Tenofovir disoproxil fumarate (TDF), a nucleotide reverse transcriptase inhibitor used for 

the treatment of hepatitis B virus (HBV) and human immunodeficiency virus (HIV) infections, is now 

one of the most widely used antiretroviral drug. This is largely due to its high antiretroviral activity, 

relatively good metabolic profile and more importantly good compliance as it has a once-daily dosing. 

However, tenofovir disoproxil fumarate can induce renal toxicity which can be attributed to the 

accumulation of such drug in the proximal renal tubular cells, leading to mitochondrial toxicity, and 

subsequent renal tubular acidosis leading to acute kidney injury. Objective: This study was designed to 

investigate whether hydrochlorthiazide has renoprotective effects on tenofovir disoproxil fumarate -

induced nephrotoxicity in rats. Methods: Twenty eight healthy adult male albino rats weighing 180-200g 

were utilized in this study. Rats were randomly divided into four groups (7animals each). Group I: 

Negative control (given distilled water) orally by gavage tube for 5 weeks; Group II: Rats orally received 

600 mg/kg/day tenofovir disoproxil fumarate by gavage tube for 5 weeks; Group III: Rats administered 

hydrochlorothiazide alone at a dose (10 mg/kg/day) by gavage tube for 5 weeks and Group IV: Rats 

administered hydrochlorothiazide at a dose (10 mg/kg/day) plus tenofovir disoproxil fumarate 600 

mg/kg/day by gavage tube for 5 weeks. Results: Administration of hydrochlorothiazide plus tenofovir 

disoproxil fumarate to rats for 5 weeks produced significant elevation (P<0.05) of MDA content and a 

significant reduction (P<0.05) in the total antioxidant level in renal homogenate compared to the 

corresponding levels of negative control animals. Conclusion: treatment with hydrochlorothiazide plus 

tenofovir disoproxil fumarate in an attempt to prevent the renal toxicity-induced by tenofovir disoproxil 

fumarate is not effective for inhibiting oxidative stress process.  

Introduction  

Tenofovir disoproxil fumarate (TDF) is a 

prodrug of tenofovir (TFV) and it is a 

nucleoside reverse transcriptase inhibitor 

(NRTI) which was approved by Food and 

Drug Administration (FDA) in 2001 for the 

treatment of hepatitis B virus (HBV) and 

human immunodeficiency virus (HIV) 

infections. TDF is considered as an attractive 

antiviral agent; however, nephrotoxicity is a 

challenging issue regarding the use of such 

prodrug in the clinical practice.  

Tenofovir's nephrotoxicity is unclear but it 

may be attributed to the interaction between 

such drug and the organic anion transporters 

(hOAT1, and to a lesser extent, OAT3), which 

are the major transporters in the basolateral 

membrane of kidney proximal tubules [1]. 

After oral administration, TDF can be 

metabolized to TFV, which in turn, can 

intracellularly be phosphorylated to the 

active moiety, tenofovir diphosphate (TFV-

DP). However, higher circulating plasma 

levels of TFV have been associated with both 

renal and bone adverse effects of the prodrug 

(TFD) [2, 3].The most common renal defects 

of TDF were reported such as Fanconi 

syndrome, progressive decline in renal 

function, nephrogenic diabetes insipidus 

(NDI) because of distal tubular dysfunction 

(≤0.1 %) [4], reduced bone mineral density 

and osteomalasia (0.1 %) [5] and/or acute 

tubular necrosis [6], and developing chronic 

kidney disease (CKD) [7]. 

http://www.jgpt.co.in/
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Numbers of agents have been reported by 

Yang, Y. et al at 2016 that including some 

clinical drugs may possess renoprotective 

effects in acute kidney injury (AKI) models 

[8].  

Thiazide diuretics have high to intermediate 

potency of inhibition of OAT1s and OAT3 [9]. 

Methods 

Drugs 

Tenofovir disoproxil fumarate (TDF) tablet 

(300 mg) was purchased from Cipla, India. 

Hydrochlorthiazide tablet (25 mg) was 

purchased from T and D Pharma GmbH, 

Germany. 

Animals  

Twenty eight healthy adult male albino rats 

weighing 180-200g were utilized in this 

study; they were obtained from and 

maintained in the Animal House of the 

College of Pharmacy, Baghdad University, 

under conditions of controlled temperature. 

Animals were fed commercial pellets and tap 

water ad libitum throughout the experiment 

period. The study was approved by the 

Scientific and the Ethical Committees of the 

College of Pharmacy/University of Baghdad. 

Experimental Protocol  

Healthy rats were randomly divided into four 

groups (7 animals/ group) as follows: 

Group I 

Rats orally administered distilled water by 

gavage tube for 5 weeks. This group served 

as negative control. 

Group II 

Rats orally administered 600 mg/kg/day of 

tenofovir disoproxil fumarate by gavage tube 

for 5 weeks. 

Group III 

Rats orally administered hydrochlorothiazide 

alone at a dose of 10 mg/kg/day by gavage 

tube for 5 weeks. 

Group IV 

Rats orally administered hydrochlorothiazide 

at a dose of 10 mg/kg/day plus tenofovir 

disoproxil fumarate 600 mg/kg/day by gavage 

tube for 5 weeks. 

Twenty-four hour after the end of the 

treatment duration (i.e. at day 36), each 

animal was euthanized by diethyl ether. 

Preparation of renal tissue homogenate 

involved that renal tissues were minced to 

small pieces and rinsed in ice-cold phosphate 

buffer saline (PBS) (0.01M, pH=7.4) to 

remove excess blood thoroughly. Tissue 

pieces should be weighed and then 

homogenized in PBS (tissue weight (g): PBS 

volume (mL) = 1:9) with a glass homogenizer 

on ice.  

To further break the cells, it was subject to 

freeze-thaw cycles. Homogenates were then 

centrifuged for 5 min at 5000×g to get the 

supernatant, which was used for the 

determination of malondialdehyde (MDA) 

content, which was measured according to 

the method of Buege JA and Aust, SD., 1978 

[10]; and total antioxidant capacity (TAOC) 

level by a method of Apak R, GU ¨ C¸ LU ¨ R 

et al. 2005 [11]. 

Statistical Analysis  

Data were expressed as mean±standard error 

of the mean (SEM). The statistical 

significance of the differences among various 

groups was determined by one-way analysis 

of variance (ANOVA). Differences were 

considered statistically significant for P<0.05.  

Results  

Table 1 and Figure 1 summarize the effect of 

different treatments on malondialdehyde 

(MDA) content in renal tissue homogenate of 

rats' groups. Malondialdehyde was 

significantly elevated (P<0.05) in renal tissue 

homogenate of rats orally administered TDF 

for 5 weeks compared to negative control 

group; the mean ± SEM values were 1.54 ± 

0.11 μmol/g, and 0.23± 0.01 μmol/g, 

respectively.  

Furthermore, there was a significant 

elevation (P<0.05) in MDA content in both 

hydrochlorthiazide-treated group, the 

mean±SEM value was (2.23± 0.18 μmol/g)]; 

moreover, the group treated with 

hydrochlorthiazide plus TDF, the mean± 

SEM value was (3.59± 0.23 μmol/g) compared 

with control group (0.23± 0.01).  

Besides, table 1 and figure 1 showed that 

there were significant elevation (P<0.05) in 

MDA contents in renal tissue homogenate of 

rats group administered hydrochlorothiazide 

(10mg/Kg) alone (group III) or 
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hydrochlorothiazide (10 mg/kg) plus TDF 

(600 mg/kg) compared to the corresponding 

contents in TDF-treated rats.  

 

Table 1: Effect of different treatments on malondialdehyde (MDA) content in renal tissue homogenate of rats' groups 

Group / Treatment MDA content in renal tissue homogenate (μmol/g) 

Group I/ negative control (distilled water) 0.23± 0.01 

Group II/ TDF (600 mg/kg) 1.54 ± 0.11* A 

Group III/ hydrochlorthiazide (10 mg/kg) 2.23± 0.18 * B 

Group IV/ hydrochlorthiazide (10 mg/kg) plus TDF (600 

mg/kg) 

3.59± 0.23 * C 

Data expressed as mean± Standard error of mean (SEM). 

*: P<0.05: Significant difference compared to negative control group. 

Values with non-identical capital letters (A, B, and C) are considered significantly different (P<0.05).   

TDF, tenofovir disoproxil fumarate 

 

 
Figure 1: Effect of different treatments on malondialdehyde content in renal tissue homogenate of rats' group 

(*):-Indicate a significant difference (P<0.05) compared to negative control group 

(#):- Indicate a significant difference (P<0.05) compared to tenofovir disoproxil fumarate-treated group 

 

Table 2 and figure 2 summarize the effect of 

different treatments on total antioxidant 

capacity (TAOC) level in renal tissue 

homogenate of rats' groups. There was 

significant reduction (P<0.05) in TAOC level 

in renal tissue homogenate of TDF-treated 

group (group II) [the mean±SEM value was 

(5.07 ± 0.19 μmol/g)], hydrochlorothiazide-

treated group (group III) [mean±SEM value 

was (5.18± 0.17 μmol/g)], and in group of rats 

administered hydrochlorothiazide plus TDF 

(group IV) [mean±SEM value was (4.24 ±0.14 

μmol/g)] compared to the corresponding 

levels in negative control group [mean±SEM 

value was (6.65± 0.3)].Furthermore, table 2 

and figure 2 showed that there was 

significant reduction (P<0.05) of TAOC level 

in renal tissue homogenate among rats of 

group II, III, and IV.  

 

Table 2: Effect of different treatments on total antioxidant capacity (TAOC) level in renal tissue homogenate of rats' 

groups 

Group / Treatment TAOC level in renal tissue homogenate (μmol/g) 

Group I/ negative control (distilled water) 6.65± 0.3 

Group II/ TDF (600 mg/kg) 5.07 ± 0.19 *A 

Group III/ hydrochlorthiazide (10 mg/kg) 5.18± 0.17* A 

Group IV/ hydrochlorthiazide (10 mg/kg) plus TDF (600 4.24 ±0.14* B 
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mg/kg) 

Data expressed as mean± Standard error of mean (SEM). 

*: P<0.05: Significant difference compared to negative control group. 

Values with non-identical capital letters (A and B) are considered significantly different (P<0.05).   

TDF, tenofovir disoproxil fumarate 

 
Figure 2: Effect of different treatments on total antioxidant level in renal tissue homogenate of rats' group 

 (*):-Indicate a significant difference (P<0.05) compared to negative control group. 

(#):- Indicate a significant difference (P<0.05) compared to tenofovir disoproxil fumarate-treated group. 

 

Discussion   

Tenofovir disoproxil fumarate (TDF) is an 

orally bioavailable pro-drug of TFV [12].  The 

renal proximal tubule (PT) is the main target 

of TFV toxicity [13]. The relationship of 

counter-balancing transport processes on 

intracellular accumulation of TFV and 

toxicity has been in vitro illustrated; where, 

authors showed that overexpression of OAT1 

and OAT3 can increase cytotoxicity while co-

transfection of multidrug resistance protein 

type 4 (MRP-4) may cause an incremental 

reduction in the unwanted effects of TDF 

[14], favoring intracellular accumulation in 

renal proximal tubule cells and this may lead 

to ultra-structural mitochondrial 

abnormalities and decreased mtDNA levels 

which could stimulate reactive oxygen 

species (ROS) production, depletion of 

antioxidants and antioxidant enzymes [1].  

Animal studies have revealed that TFV can 

cause PT damage in mice [15], rats [16, 17], 

and non-human primates [18]; furthermore, 

numerous case reports and case series 

illustrated that FS or AKI in HIV-infected 

patients was produced by TFV [19, 20]. 

Authors reported that injurious oxidative 

stress (OS) can be one of the causative factors 

that may lead to the development of proximal 

tubular toxicity through formation of reactive 

oxygen species (ROS) [21, 22]. Moreover, long 

term administration of TDF to rats resulted 

in tubular damage and glomerular damage. 

This was accompanied by elevation of ROS 

and depletion of antioxidant enzymes in the 

kidney [23].  

The inductions of the process of OS by TDF 

in the kidneys were observed and this may be 

due to the overproduction of ROS with the 

depletion of cellular antioxidant system [24]. 

The sources of ROS may be produced by 

damaged mitochondria [25, 26]. 

Malondialdehyde (MDA) is a substance 

produced during polyunsaturated fatty acid 

peroxidation [27]. MDA is known to have 
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toxic influence on cell membrane structure. It 

can modulate signal transduction as well as 

modify proteins and DNA [28].  

Ramamoorthy, H. et al at 2011 showed that 

the MDA was increased in the kidneys of 

TDF treated rats as compared with the 

control, but the increase was not statistically 

significant [23].  

A report in 2012 showed that lipid 

peroxidation and OS considered as main 

cause of TDF toxic effect on proximal tubules 

[29]. The previous findings coincide with the 

results of the present study; where, there is 

significant elevation in MDA content of renal 

tissue homogenate of TDF-treated rats group 

was observed compared to negative controls.  

Moreover, results of the current study 

showed that there was a significant increase 

in MDA content in the renal tissue 

homogenate of rats treated with 

hydrochlorthiazide (HCTZ) compared to those 

levels in negative controls, and TDF-treated 

group. Such results are coincide with those of  

Ribeiro, M.C et al. at 2013 who showed that 

HCTZ administered to rats caused a 

significant increase in hepatic and renal lipid 

peroxidation [30].  

Also results of the present study showed that 

there was significant increase in MDA 

content in the renal homogenate of rats 

administered hydrochlorthiazide (10 mg/kg/ 

day) plus tenofovir disoproxil fumarate 

(group IV) compared to the corresponding 

content of negative control (group I), and 

TDF treated group (group II); this may be 

due to the aggravation of peroxidation on 

renal lipid. Furthermore, results of the 

current study are coincide with the results of 

others concerning TAOC level; where, there 

were significant reduction (P<0.05) in TAOC 

level in renal tissue homogenate of TDF-

treated rats group (600 mg/kg/day) compared 

to the corresponding levels in negative 

control group. Authors reported that TFV can 

be taken up into PT cells via basolateral 

membrane organic anion transporters (OAT1 

and OAT3) [31]; and in OAT1 knock-out 

mice, protection from TFV toxicity was 

observed [32].  

Moreover, it has been reported that thiazide 

diuretics may have high to intermediate 

potency of inhibiting OAT1s and OAT3 [33, 

34]. Meanwhile, a study by Ribeiro, M.C et al. 

2013 also showed that treatment with HCTZ 

alone caused a significant decrease in renal 

SOD activity [30]. Besides, in the present 

study treatment of rats with 

hydrochlorthiazide (10 mg/kg/ day) plus 

tenofovir disoproxil fumarate (group IV), 

produced a significant decrease in TAOC 

level in renal tissue homogenate as compared 

with both group I and group II rats, this 

could be due to lots of free radical generation 

that may overcome the antioxidant capacity 

of tubular cells with consequent tubular cells 

damage. 

Conclusion  

According to the results obtained from this 

study, it could be concluded that treatment 

with hydrochlorthiazide plus tenofovir 

disoproxil fumarate in an attempt to prevent 

the renal toxicity-induced by tenofovir 

disoproxil fumarate is not effective for 

inhibiting oxidative stress process.  

References 

1. Adikwu, E et al (2014) Tenofovir Renal 

Toxicity: Evaluation of Cohorts and 

Clinical Studies-Part 2. Pharmacology & 

Pharmacy, 5: 97-111. 

2. Schafer JJ, Manlangit K, Squires KE 

(2013) Bone health and human 

immunodeficiency virus infection. 

Pharmacotherapy, 33: 665-82. 

3. Van Rompay KK, Durand-Gasselin L, 

Brignolo LL, et al (2008) Chronic 

administration of tenofovir to rhesus 

macaques from infancy through adulthood 

and pregnancy: summary of 

pharmacokinetics and biological and 

virological effects. Antimicrob Agents 

Chemother, 52: 3144-60. 

4. Harmouche H, Le Bras P, Bignani O, 

Delfraissy JF, Goujard C (2005) Acute 

renal failure, Fanconi syndrome and 

insipidus diabetes in a HIV-infected 

patient treated with Tenofovir. Rev. Med. 

Interne., 26(6):522-523. 

5. Gomez Martinez MV, Gallardo FG, 

Pirogova T, Garcia-Samaniego J (2014) 

Bone scintigraphy and secondary 

osteomalacia due to nephrotoxicity in a 

chronic hepatitis B patient treated with 



Iman Ghanim Al-Rakhat et. al. | Journal of Global Pharma Technology|2019| Vol. 11| Issue 05 (Suppl.) |100-106 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                          105 
                                                                                                                                 

tenofovir. Rev. Esp. Med. Nucl. Imagen. 

Mol., 33(2):103-105. 

6. Peyriere H, Reynes J, Rouanet I, Daniel N, 

de Boever CM, Mauboussin JM et al 

(2004) Renal tubular dysfunction 

associated with tenofovir therapy: report 

of 7 cases. J. Acquir. Immune Defic. 

Syndr., 35(3):269-273. 

7. Scherzer R, Estrella M, Li Y, et al (2012) 

Association of tenofovir exposure with 

kidney disease risk in HIV infection. 

AIDS, 26:867-75. 

8. Yang Y, et al (2016) Renoprotective 

approaches and strategies in acute kidney 

injury, Pharmacology & Therapeutics. 

9. Arian E et al (2012) Organic Anion 

Transporters and Their Implications in 

Pharmacotherapy by The American 

Society for Pharmacology and 

Experimental Therapeutics, 64: 3. 

10. Buege JA, Aust SD (1978) [30] Microsomal 

lipid peroxidation. InMethods in 

enzymology, 1 (52): 302-310). Academic 

press. 

11. Apak R GU, LU C R et al (2005) Total 

antioxidant capacity assay of human 

serum using copper (II) neocuproine as 

chromogenic oxidant: The CUPRAC 

method. J. Free Radical. Research, 39: 

949-961. 

12. Hall A M (2013) Update on tenofovir 

toxicity in the kidney. Pediatr. Nephrol., 

28:1011-1023. 

13. Izzedine H, et al (2003) Drug-induced 

Fanconi’s syndrome. Am J. Kidney Dis., 

41: 292-309. 

14. Adrian S, et al (2016) Tenofovir 

alafenamide: A novel prodrug of tenofovir 

for the treatment of Human 

Immunodeficiency Virus. Antiviral 

Research, 125: 63-70. 

15. Kohler JJ, Hosseini SH, Hoying-Brandt A, 

Green E, Johnson DM, Russ R, Tran D, 

Raper CM, Santoianni R, Lewis W (2009) 

Tenofovir renal toxicity targets 

mitochondria of renal proximal tubules. 

Lab. Invest, 89:513-519. 

16. Liborio AB, Andrade L, Pereira LV, 

Sanches TR, Shimizu MH, Seguro AC 

(2008) Rosiglitazone reverses tenofovir-

induced nephrotoxicity. Kidney Int., 

74:910-918. 

17. Lebrecht D, Venhoff AC, Kirschner J, 

Wiech T, Venhoff N, Walker UA (2009) 

Mitochondrial tubulopathy in tenofovir 

disoproxil fumarate-treated rats. J. 

Acquir. Immune Defic. Syndr., 51:258-263. 

18. Van Rompay KK, Brignolo LL, Meyer DJ, 

Jerome C, Tarara R, Spinner A, Hamilton 

M, Hirst LL, Bennett DR, Canfield DR, 

Dearman TG, Von MW, Allen PC, 

Valverde C, Castillo AB, Martin RB, Samii 

VF, Bendele R, Desjardins J, Marthas ML, 

Pedersen NC, Bischofberger N (2004) 

Biological effects of shortterm or prolonged 

administration of 9-[2-

(phosphonomethoxy)- propyl]adenine 

(tenofovir) to newborn and infant rhesus 

macaques. Antimicrob Agents Chemother, 

48: 1469-1487. 

19. De la Prada FJ, Prados AM, Tugores A, 

Uriol M, Saus C, Morey A (2006) Acute 

renal failure and proximal renal tubular 

dysfunction in a patient with acquired 

immunodeficiency syndrome treated with 

tenofovir. Nefrologia, 26: 626-630. 

20. Herlitz LC, Mohan S, Stokes MB, 

Radhakrishnan J, D’Agati VD, Markowitz 

GS (2010) Tenofovir nephrotoxicity: acute 

tubular necrosis with distinctive clinical, 

pathological, and mitochondrial 

abnormalities. Kidney Int., 78: 1171-1177. 

21. Arany I, Safirstein RL (2003) Cisplatin 

nephrotoxicity. Semin. Nephrol., 23: 460-

464. [Cross Ref] 

22.  Siddik ZH (2003) Cisplatin: Mode of 

cytotoxic action and molecular basis of 

resistance. Oncogene, 22: 7265-7279. 

[CrossRef] [PubMed]. 

23. Ramamoorthy H, et al (2011) Oxidative 

stress, decreased activities of anti-oxidant 

enzymes, and neutrophil infiltration 

contribute to Tenofovir disoproxil 

fumarate induced renal damage in rats, 

1(10): 259-270. 

24. Krambovitis E, Porichis F, Spandidos DA 

(2005) HIV entry inhibitors: a new 

generation of antiretroviral drugs Acta 

Pharmacol. Sin., 26(10):1165-73. 

25. Kohler JJ, Hosseini SH, Hoying-Brandt A, 

Green E, Johnson DM, Russ R, Tran D, 

Raper CM, Santoianni R, Lewis W (2009) 

Tenofovir renal toxicity targets 

mitochondria of renal proximal tubules. 

Lab Invest, 89:513-9. 



Iman Ghanim Al-Rakhat et. al. | Journal of Global Pharma Technology|2019| Vol. 11| Issue 05 (Suppl.) |100-106 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                          106 
                                                                                                                                 

26. Lebrecht D, Venhoff AC, Kirschner J, 

Wiech T, Venhoff N, Walker UA (2009) 

Mitochondrial tubulopathy in tenofovir 

disoproxil fumaratetreated rats. J. Acquir. 

Immune Defic. Syndr., 51: 258-63. 

27. Kamper M, Tsimpoukidi O, 

Chatzigeorgiou A, Lymberi M, Kamper EF 

(2010) The antioxidant effect of 

angiotensin II receptor blocker, losartan, 

in streptozotocin-induced diabetic rats. 

Transl. Res, 156(1):26-36. Epub 

2010/07/14. 

28. Parvizi MR, et al (2014) Protective effect of 

magnesium on renal function in STZ-

induced diabetic rats Journal of Diabetes 

& Metabolic Disorders, 13: 84. 

29. Adaramoye OA, Adewumi OM, Adesanoye 

OA, Faokunla OO, Farombi EO (2012) 

Effect of tenofovir, an antiretroviral drug, 

on hepatic and renal functional indices of 

Wistar rats: protective role of vitamin E. J 

Basic Clin Physiol. Pharmacol., 23(2):69-

75. 

30. Ribeiro MC et al (2013) Diphenyl 

diselenide supplementation reduces 

biochemical alterations associated with 

oxidative stress in rats fed with fructose 

and hydrochlorothiazide. Chemico-

Biological Interactions, 204: 191-199. 

31. Cihlar T, Ho ES, Lin DC, Mulato AS 

(2001) Human renal organic anion 

transporter 1 (hOAT1) and its role in the 

nephrotoxicity of antiviral nucleotide 

analogs. Nucleosides Nucleotides Nucleic 

Acids, 20: 641-648. 

32. Kohler JJ, Hosseini SH, Green E, Abuin A, 

Ludaway T, Russ R, Santoianni R, Lewis 

W (2011) Tenofovir renal proximal tubular 

toxicity is regulated by OAT1 and MRP4 

transporters. Lab Invest 91:852–858. 

33. Hagos Y, Bahn A, Vormfelde SV, 

Brockmo¨ller J, and Burckhardt G (2007a) 

Torasemide transport by organic anion 

transporters contributes to hyperuricemia. 

J. Am Soc. Nephrol., 18: 3101-3109. 

34. Hagos Y, Braun IM, Krick W, Burckhardt 

G, Bahn A (2005) Functional expression of 

pig renal organic anion transporter 3 

(pOAT3). Biochimie 87: 421-424. 

 

 

 


