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ABSTRACT  

Hydro-alcoholic extract (70% methanol extract) of stems of Caralluma 

umbellata Haw was subjected to preliminary phytochemical screening 

by qualitative tests and nephroprotective activity was assessed in 

gentamicin and cisplatin induced renal damage in wistar rats (150-200 

g) by standard methods. The protective property of 70% methanol 

extract was assessed by measuring the levels of body weight, blood 

urea nitrogen, serum creatinine and total protein in administered doses. 

The extract significantly reduced the renal damage caused by cisplatin 

and gentamicin at a dose of 500 mg/kg. 

 

KEYWORDS: Caralluma umbellate Haw, Blood urea nitrogen, 

Creatinine, Cisplatin, Gentamicin, renal damage. 

INTRODUCTION 

The term renal failure primarily denotes failure of the excretory function of kidney, leading to 

retention of nitrogenous waste products of metabolism in the blood. In addition, there is 

failure in regulation of fluid and electrolyte balance along with endocrine dysfunction. The 

renal failure is fundamentally categorized into acute and chronic renal failure (1, 2). 

 

Chronic Renal Failure (CRF) is an irreversible deterioration in the renal function, which 

classically develops over a period of years, leading to loss of excretory metabolic and 

endocrine functions. Various causes of renal failure has been attributed to hypertension, 

diabetes mellitus, antineoplastic agents like cyclophosphamide, vincristin and cisplatin (3). 

Acute Renal Failure (ARF) refers to the sudden and usually reversible loss of renal function, 
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which develops over a period of days or weeks. There are many causes of acute renal failure, 

which could be prerenal (55%), renal (40%), or post renal (5%). Among the renal causes of 

acute renal failure, acute tubular necrosis is more common accounting for 85% of incidence. 

Acute tubular necrosis occurs either due to ischemia or due to toxins. The toxin can be either 

exogenous or endogenous. The exogenous agents are radiocontrast agents, cyclosporine, 

antibiotics, chemotherapeutic agents, organic solvents, acetaminophen and illegal 

abortifacients (1, 4). 

 

Cisplatin (cis‐diaminedichloroplatinum II) has become one of the most effective and widely 

used anticancer agent against various forms of solid tumours of the testes, bladder, ovary, 

lungs, head and neck. However, its usage has been plagued with many side effects, chiefly 

nephrotoxicity and testicular damage [5‐7] which limits the dosage that can be administered. 

Several strategies have been explored to reduce the side effects of cisplatin therapy including 

aggressive hydration with saline, the use of less intensive treatment/or analogues and often 

with mannitol dilution. However, all have shown limited success. The understanding of the 

mechanism(s) for this side effect should allow clinicians to prevent/or treat this problem 

better as well as allow higher doses of cisplatin to be administered for better curative 

treatments. Based on these findings and others, this work investigates the effect of 

administration of Caralluma umbellate Haw extract on cisplatin‐induced renal toxicity in 

Wistar-Albino rats. 

 

Caralluma umbellata Haw grows wild in dry and arid regions and several Districts of Andhra 

Pradesh in India. It is a thick, erect, leafless, branching, and succulent a perennial herb [8]. It 

is medicinally important and rich in pregnane glycosides, which may possess different 

biological activities [9] including anti-inflammatory activity [8, 10]. A significant analgesic 

was exhibited by Carumbelloside-I, isolated from C. umbellata [11]. 

 

 Previously, the tribal people of Chittoor District, Andhra Pradesh, India used Caralluma 

umbellata Haw stem juice warmed and mixed with turmeric powder for alleviation of 

stomach disorder and abdominal pains [12-14]. In this present context, the in 

vivo nephroprotective activity of the Hydro-alcoholic extract (70% methanol extract) of stems 

of Caralluma umbellate Haw stem was evaluated in albino male rats (Wistar strain). 
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MATERIALSAND METHODS 

Chemicals and Standards 

Urea estimation kit, Creatinine estimation kit, Protein estimation kit and Albumin estimation 

kit were obtained from Span Diagnostics Ltd. Cisplatin injection was procured from Celon 

laboratories Ltd. Gentamicin was procured from Ranbaxy Laboratories Ltd. Sodium carboxy 

methylcellulose was obtained from Biochem pharmaceutical laboratories Ltd. All other 

chemicals and reagents used were of analytical grade. 

 

Plant samples 

Fresh stems of the plant Caralluma umbellata were collected from Araku Valley, near 

Visakhapatnam (District), Andhra Pradesh (State), India in the month of November 2013. 

The plant was taxonomically identified and authenticated by Dr. P. Venkaiah, Professor of 

the Department of Botany, Andhra University, Visakhapatnam, Andhra Pradesh, India. 

Voucher specimens (GVSK/KLB/11/2013) have been kept in the laboratory for future 

reference. 

 

Preparation of Hydro-alcoholic extract of Caralluma umbellata Haw 

Freshly collected plant material was dried under shade and the dried material was milled to 

obtain a coarse powder. To the coarse powder (500gms) in maceration chamber, 2.5 liters of 

alcohol (70% v/v Methanol) was added and macerated for 5 days at room temperature. The 

macerated extract was obtained and concentrated under vacuum at a temperature of 45
0
C by 

using rotary evaporator, dried completely, weighed and stored in a desiccator. 

 

Preliminary phytochemical analysis 

Screening tests were carried out for the hydro-alcoholic crude extract of Caralluma umbellata 

Haw stem using standard procedures to identify the constituents by methods described by 

Trease [15] and Evans and Harbone [16]. Preliminary phytochemical analysis on plant 

extracts was performed using the following chemicals and reagents: flavonoids (Mg metal 

and HCl), phenolics (FeCl3), protein and amino acid (Millon’s and Ninhydrin reagent), 

alkaloids (Mayer and Dragendorff’s reagent), saponins (Foam test), phytosterols, 

triterpenoids (Liebermann- Burchard Test) and carbohydrates (Fehling’s solution A and B) 

[17 - 19]. 
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Experimental Design 

Animals 

Healthy adult Wister albino rats (weighing between 130-250g, aged 60-120 days) of either 

sex were housed in standard polypropylene cages at a constant temperature 25±20 c in a 12 

hour light and dark cycle. They were fed with standard diet i.e. regular grain chow (Rayans 

biotechnologies Pvt. Ltd., Hyd.) with water adlibitum throughout the experiment. All 

experimental protocols were approved by the institutional animal ethical committee (IAEC) 

Reg.no:516/01A/CPCSEA under the regulation of committee for the purpose of control and 

supervision of experiments on animals (CPCSEA), New Delhi. 

 

Acute toxicity study 

Acute toxicity study was conducted for hydro-alcoholic crude extract of Caralluma 

umbellata Haw stem as per OECD guidelines 420 (OECD.2001). Albino mice of single sex 

weighing between 20 to 25g were selected and divided into 2 groups each consisting of 6 

animals. They were maintained under standard conditions (temperature at 22±3
0
C, 12hrs 

light/dark) and allowed free access to water along with standard pellet diet for one week 

before the experiment. The animals were subjected for acute toxicity study using each extract 

at a dose of 2000mg/kg orally in 2 groups and observed at regular intervals of 1, 2, 4, 8, 12 

and 24 hrs for skin changes, morbidity,  aggressiveness, increased oral secretions, sensitivity 

to sound and pain as well as respiratory movements and mortality. The selected plant extract 

showed neither visible sign of toxicity nor mortality. The results clearly indicated non-

toxicity of the extract at a dose of 2000mg/kg. 

 

Evaluation of Nephroprotective activity against Cisplatin induced [20] nephrotoxocity 

Four groups of animals were used for the experiment. First group (Group I served as Control) 

animals were treated with 1% Sodium CMC suspension orally for 10 days. Second group 

(Group II served as Negative Control) animals were treated with 1% Sodium CMC 

suspension orally for 10 days and cisplatin (5 mg/kg, i.p) on 11
th

 day. The animals in third 

group (G III - extract treatment) were treated with hydro-alcoholic crude extract of 

Caralluma umbellata Haw at a dose of 250 mg/kg, p.o for 10 days and cisplatin (5 mg/kg, i.p) 

on 11
th

 day . Animals of fourth group were (G IV - extract treatment) were treated with 

hydro-alcoholic crude extract of Caralluma umbellata Haw at a dose of 500 mg/kg, p.o for 10 

days and cisplatin (5 mg/kg, i.p) on 11
th

 day. Kidney tissues and blood samples were 

collected on 16
th

 day to assess renal function, blood urea [21, 22] levels, serum creatinine 
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[23], serum albumin and total protein.  The animals were sacrificed under mild ether 

anaesthesia and spinal dislocation. 

 

Evaluation of Nephroprotective activity against Gentamicin induced [24] nephrotoxocity 

Four groups of animals were used for the experiment. First group (Group I served as Control) 

animals were treated with 1% Sodium CMC suspension orally for 8 days. Second group 

(Group II served as Negative Control) animals were treated with 1% Sodium CMC 

suspension orally for 10 days and after 2hrs Gentamicin (80 mg/kg, i.p) was administered 

intraperitoneally for 8 days. The animals in third group (G III - extract treatment) were 

treated with hydro-alcoholic crude extract of Caralluma umbellata Haw at a dose of 

250 mg/kg, p.o for 10 days and after 2hrs Gentamicin (80 mg/kg, i.p) was administered 

intraperitoneally for 8 days. Animals of fourth group were (G IV - extract treatment) were 

treated with hydro-alcoholic crude extract of Caralluma umbellata Haw at a dose of 

500 mg/kg, p.o for 10 days and after 2hrs Gentamicin (80 mg/kg, i.p) was administered 

intraperitoneally for 8 days. Blood samples were withdrawn on 9
th

 day to assess renal 

function, blood urea [21, 22] levels, serum creatinine [23], serum albumin and total protein. 

 

Statistical analysis 

Results were expressed as mean ± SEM. Statistical analysis was performed with one way 

analysis of variance (ANOVA). P value less than 0.05 and 0.01 was considered to be 

statistically significant. 

 

RESULTS 

Preliminary phytochemical analysis 

Results of preliminary phytochemical analysis of hydro-alcoholic crude extract of Caralluma 

umbellata Haw stem are presented in (Table1). Phenols, flavanoids, alkaloids, steroids, 

terpenoids and glycosides were observed in qualitative analysis. 

 

Effect of hydro-alcoholic extract of Caralluma umbellata in Cisplatin induced 

hepatotoxicity in rats 

Effect on Serum creatinine and Blood urea nitrogen (BUN) 

Rats treated with Cisplatin (G II) developed a significant renal damage observed as elevetaed 

serum levels of creatinine and blood urea nitrogen when compared to normal control (G I). 

Pretreatment of hydro-alcoholic extract (HAE) of Caralluma umbellata Haw stem along with 
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cisplatin at doses 250 mg/kg and 500 mg/kg (G III & G IV) produced significant (p<0.01) 

reduction in serum levels of creatinine and BUN as compared to Cisplatin treated group 

(Graphs 1 & 2). 

 

The % protection against rise in serum creatinine levels by the extract at doses of 250 mg/kg 

and 500 mg/kg was found to be 66.42% and 73.88% respectively (Table 2). 

The % protection against rise in blood urea levels by the extract at doses of 250 mg/kg and 

500 mg/kg was found to be 54.43% and 68.54% respectively (Table 2). 

 

Effect on Serum albumin and total protein 

Rats treated with Cisplatin (G II) developed a significant renal damage observed as elevetaed 

serum levels of albumin and total protein when compared to normal control (G I). 

Pretreatment of hydro-alcoholic extract (HAE) of Caralluma umbellata Haw stem along with 

cisplatin at doses 250 mg/kg and 500 mg/kg (G III & G IV) produced significant (p<0.01) 

reduction in serum levels of albumin and total protein as compared to Cisplatin treated group 

(Graphs 3 & 4). 

 

The % protection against rise in serum albumin levels by the extract at doses of 250 mg/kg 

and 500 mg/kg was found to be 34.32% and 70.88% respectively (Table 2). 

The % protection against rise in total protein levels by the extract at doses of 250 mg/kg and 

500 mg/kg was found to be 37.80% and 62.99% respectively (Table 2). 

 

Effect of hydro-alcoholic extract of Caralluma umbellata in Gentamicin induced 

hepatotoxicity in rats 

Effect on Serum creatinine and Blood urea nitrogen (BUN) 

Rats treated with Gentamicin (G II) developed a significant renal damage observed as 

elevetaed serum levels of creatinine and blood urea nitrogen when compared to normal 

control (G I). Pretreatment of hydro-alcoholic extract (HAE) of Caralluma umbellata Haw 

stem along with cisplatin at doses 250 mg/kg and 500 mg/kg (G III & G IV) produced 

significant (p<0.01) reduction in serum levels of creatinine and BUN as compared to 

Gentamicin treated group (Graphs 5 & 6). 

 

The % protection against rise in serum creatinine levels by the extract at doses of 250 mg/kg 

and 500 mg/kg was found to be 49.14% and 77.71% respectively (Table 3). 
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The % protection against rise in blood urea levels by the extract at doses of 250 mg/kg and 

500 mg/kg was found to be 43.51% and 73.74% respectively (Table 3). 

 

Effect on Serum albumin and total protein 

Rats treated with Gentamicin (G II) developed a significant renal damage observed as 

elevetaed serum levels of albumin and total protein when compared to normal control (G I). 

Pretreatment of hydro-alcoholic extract (HAE) of Caralluma umbellata Haw stem along with 

cisplatin at doses 250 mg/kg and 500 mg/kg (G III & G IV) produced significant (p<0.01) 

reduction in serum levels of albumin and total protein as compared to Gentamicin treated 

group (Graphs 7 & 8). 

 

The % protection against rise in serum albumin levels by the extract at doses of 250 mg/kg 

and 500 mg/kg was found to be 66.82% and 79.77% respectively (Table 3). 

The % protection against rise in total protein levels by the extract at doses of 250 mg/kg and 

500 mg/kg was found to be 62.69% and 78.24% respectively (Table 3). 

 

Table no.1: Preliminary phytochemical analysis of hydro-alcoholic extract of Caralluma 

umbellata haw. 

S. No Phytoconstituents Present/Absent 

1 Carbohydrates - 

2 Glycosides + 

3 Saponins - 

4 Tannins - 

5 Phytosterols & Terpenoids + 

6 Flavonoids + 

7 Alkaloids + 

8 Quinones - 

 

Table no.2: % Protection of hydro-alcoholic extract of Caralluma umbellata haw on 

Cisplatin induced nephrotoxicity 

Groups 

 
Treatment 

Serum Biochemical Parameters 

Creatinine 

(Mg/Dl) 
Bun (Mg/Dl) 

Albumin 

(G/Dl) 

Total Protein 

(G/Dl) 

I 

(Normal 

control) 

Vehicle (1%) 

 
0.85±0.01 21.17±0.32 4.57±0.11 6.13±0.11 

II 

(Negative 

control) 

Cisplatin 

(5mg/kg i.p.) 
1.52±0.04 32.15±0.61 3.45±0.10 4.86±0.12 
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III 

(Prophylactic 

effect) 

HAE + 

Cisplatin 

(250mg/kg + 

5mg/kg) 

1.07±0.02** 

(66.42%) 

26.17±0.32** 

(54.43%) 

3.83±0.06** 

(34.32%) 

5.34±0.03** 

(37.80%) 

IV 

(Prophylactic 

effect) 

HAE + 

Cisplatin 

(500mg/kg + 

5mg/kg) 

1.02±0.04* 

(73.88%) 

24.62±0.40** 

(68.54%) 

4.24±0.03** 

(70.88%) 

5.66±0.10** 

(62.99%) 

Values are expressed as Mean SEM, Results were significant at *p<0.05 and **p<0.01 when 

compared to negative control (G II) 

 

Table no.3: % Protection of hydro-alcoholic extract of Caralluma umbellata haw on 

Gentamicin induced nephrotoxicity 

Groups Treatment 

Serum Biochemical Parameters 

Creatinine 

(Mg/Dl) 
Bun (Mg/Dl) 

Albumin 

(G/Dl) 

Total Protein 

(G/Dl) 

I 

(Normal control) 

Vehicle (1%) 

 
0.85±0.01 21.17±0.32 4.57±0.11 6.13±0.11 

II 

(Negativecontrol) 

Gentamicin 

(80mg/kg i.p.) 
1.72±0.03 36.22±0.49 3.10±0.03 4.20±0.04 

III 

(Prophylactic 

effect) 

HAE + 

Gentamicin 

(250mg/kg + 

80mg/kg) 

1.29±0.02** 

(49.14%) 

29.67±0.37** 

(43.51%) 

4.08±0.04** 

(66.82%) 

5.41±0.07** 

(62.69%) 

IV 

(Prophylactic 

effect) 

HAE + 

Gentamicin 

(500mg/kg + 

80mg/kg) 

1.04±0.02** 

(77.71%) 

25.12±0.29** 

(73.74%) 

4.27±0.02** 

(79.77%) 

5.71±0.07** 

(78.24%) 

Values are expressed as Mean SEM, Results were significant at **p<0.01 when compared to 

negative control (G II) 
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Graph 1: Effect of HAE on Serum creatinine levels in rats (Cisplatin induced 

Nephrotoxicity) 
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Graph 2: Effect of HAE on BUN levels in rats (Cisplatin induced Nephrotoxicity) 
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Graph 3: Effect of HAE on Serum albumin levels in rats (Cisplatin induced 

Nephrotoxicity) 
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Graph 4: Effect of HAE on Total Protein levels in rats (Cisplatin induced 

Nephrotoxicity) 
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Graph 5: Effect of HAE on Serum creatinine levels in rats (Gentamicin induced 

Nephrotoxicity) 
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Graph 6: Effect of HAE on BUN levels in rats (Gentamicin induced Nephrotoxicity) 
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Graph 7: Effect of HAE on Serum albumin levels in rats (Gentamicin induced 

Nephrotoxicity) 
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Graph 8: Effect of HAE on Total Protein levels in rats (Gentamicin induced 

Nephrotoxicity) 

 

DISCUSSION 

Cisplatin nephroroxocoty was caused by decreased glomerular filtration rate that results in 

biotransformation of Cisplatin to mono chloro aqua di-amineplatin or diaquodi-amineplatin. 

These agents alkylate the purine and pyramidine bases of nuclear material and results in 

nephrotoxicity. Other proposed explanation of the nephrotoxicity of Cisplatin is that it 

induces renal damage by free radical generation. By the estimation of serum marker enzymes 

it was observed that 10 days administration of HAE of Caralluma umbellate at doses of 250 

mg/kg and 500 mg/kg prior to Cisplatin (5 mg/kg, single dose) in the prophylactic regimen, 

effectively prevented the Cisplatin induced renal injury as evidenced by decreased BUN and 

serum creatinine levels and by increased albumin and total protein levels. 

 

Gentamicin induced nephrotoxocity is multi-factorial [25], generation of free radicals may be 

a major factor in its nephrotoxicity [26]. Gentamicin nephrotoxicity causes increase in 

hydrogen peroxide production by renal cortical mitochondria [27]. By the estimation of 

serum marker enzymes it was observed that 10 days administration of HAE of Caralluma 

umbellate at doses of 250 mg/kg and 500 mg/kg prior to Gentamicin (80 mg/kg, single dose) 

in the prophylactic regimen, effectively prevented the Cisplatin induced renal injury as 

evidenced by decreased BUN and serum creatinine levels and by increased albumin and total 

protein levels. 

 

As free radicals formation is one of the mechanisms of nephrotoxicity induced by Cisplatin 

and Gentamicin models of nephrotoxicity. Hence antioxidants and free radical scavengers of 
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natural and synthetic origin might provide nephroprotection in Cisplatin and Gentamicin 

induced renal injury. A relationship between oxidative stress and nephrotoxicity has been 

well-demonstrated in many experimental models. Thus it was assumed that nephroprotective 

effect might be attributed by antioxidant property of Caralluma umbellate. It is therefore 

worth study further to isolate the pure molecules responsible for nephroprotective activity and 

establishes the mechanism of action of Caralluma umbellate as nephroprotective agent. 

 

REFERENCES 

1. Barry MB, Floyd CR. The Kidney (Vol I) Philadelphia: W.B. Saunders; 2000.  

2. Helms RA, Quan DJ, Herfindal ET, Gourley DR. Textbook of Therapeutic: Drug and 

Disease Management. 7th ed. USA: Lippincott Williams & Wilkins; 2000.  

3. Rang HP, Dale MM, Ritter JM, Moore PK. Pharmacology. 5th ed. Edinburgh: Churchill 

Living Stone; 2003.  

4. Munson PL, Mueller RA, Breese GR. Principles of Pharmacology: Basic Concepts and 

Clinical Applications. Chapman and Hall; 1996.  

5. Aminsharifi AR, Talaei T, Kumar V, Sabayan B, Samani S, Mohamadhoseini E. A 

postulated role of testosterone for prevention of cisplatin gonadal toxicity. Epub. 2007;  

525‐7. 

6. Cepada V, Fuertis MA, Castilla J, Alonso C, Quevedo C, Perez JM. Biochemical 

mechanisms of cisplatin toxicity. Anticancer Agents in Medicinal Chemistry 2007; 

7:3‐18. 

7. Amin A, Hamza AA, Kambal A, Daoud S. Herbal extracts counteract cisplatin‐mediated 

cell death in rat testis. Asian J Androl 2008; 10:291‐7. 

8. Qiu SY, Cordell GA, Ravi Kumar B, Nageswara Rao Y, Ramesh M, Kokate C, et al. 

Bisdesmosidic Pregnane glycosides from Caralluma Lasiantha. Phytochem. 1999; 

50:485-91. 

9. Anitha K, Jayalakshmi G, Siva Rambabu S, Kiranmayee P. Antibacterial effect of 

Caralluma 1610ttenuate Wt. on Gram positive and Gram negative bacteria. Int 

Cong Chem Environ Sci. 2005; 546-547. 

10. Ray S, Nagaiah K, Khan NF. Antiinflammatory activity of Carumbelloside-III, isolated 

from Caralluma umbellata. NSHM J Pham Health Mgt. 2011; 2:83-8. 

11. Sawant BM, Sayad TD. NPentatriacontane from Caralluma fimbriata. J Shivaji Univ Sci. 

1978; 18:87-91. 



www.wjpr.net                       Vol 3, Issue 4, 2014.     

                          

   

 

1313 

 

Sampath et al.                                                     World Journal of Pharmaceutical Research 

12. Vedavathy S, Mridula V, Sudhakar A. Tribal Medicine of Chittoor District of Andhra 

Pradesh, India, I edition, Herbal Folklore Research Centre; Tirupati; 1997. 

13. Pullaiah T. Encyclopedia of world medicinal plants. Regency Publications New Delhi 

India. 2006; 2:437-9. 

14. Basavaraju R, Vennel Raj J, Bhiravamurthy PV, Medicinal Plant Resources of Puttaparthi 

Mandal, Taxonomic Overview and Need for Conservation. Ethnobotanical Leaflets. 

2009; 13:1382-1400.  

15. Harborne,J.B, Phytochemical Methods. London: Chapman and Hall Ltd, 1973, 49-188. 

16. Trease GE, Evans WC, Phamacognos 13thEd, Balliere- Tindal: London, 1989, 176-190. 

17. Harborne JB. Phytochemical methods: A guide to modern technique of plant analysis. 

London: Chapman & Hill; 1998. 

18. Harbone, J.B., Turner, B.L. Plant chemosystematics. Academic press, London. 1984: P: 

61-62. 

19. Gibbs, R.D. Chemotaxonomy of flowering plants. MC Gill Queens University press, 

Montreal and London. 1974. 

20. Corcostegui R, Labeaga L, Arteche JK, Orjales A. Protective effect of hidrosmin against 

cisplatin induced acute nephrotoxicity in rats. Pharm Pharmacol Commun.1998;4(9):465–

467. 

21. Tietz N. Fundamentals of Clinical Chemistry. Philadelphia: W.B. Saunders; 1968. 

22. Tiftany TO, Jansen J, Burtis CA, Overton JB, Scott CD. Enzymatic kinetic rateand end-

point analyses of substrate by use of a GeMSAEC fast analyzer. Clin Chem. 1972; 

18:829–840.  

23. Davidson I, Henry JB. Todd-Sanford Clinical Diagnosis and Management by Laboratory 

Method. 15th ed. Philadelphia: WB Saunders; 1974. 

24.  Vijay KK, Naidu MUR, Shifow AA, Ratnakar KS. Probucol protects against gentamicin 

induced nephrotoxicity in rats. Indian J Pharmacol. 2000; 32:108–113. 

25. Mingeot-lectlerce L.P., Laurent G., Kishor B.K., Tulkens P.M., 1991. “Aminoglycosides 

nephrotoxicity”, Biochem (life sci adv), 10, pp.113-141. 

26. Baliga R., Ueda N., Walokerp.D, Shah, 1999. “Oxidative mechanisms in gentamicin 

nephrotoxicity”, Renal failure, 21:433-442. 

27. Walker P.D.,Shah S.V., 1987 “Gentamicin enhanced production of hydrogen peroxide by 

renal mitochondria”, Am.J.Physio, 253, pp.c495-c499. 


