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ABSTRACT 

Objective: To evaluate histopathological changes of gentamicin induced nephrotoxicity in rabbits receiving 
the combination of ciprofloxacin and gentamicin compared with rabbits receiving gentamicin alone. 

Study Design: Laboratory based Randomized controlled trial. 

Place and Duration of Study: Study was conducted in the department of Histopathology with the 
collaboration of the department of Pharmacology, Army Medical College Rawalpindi and National University 
of Sciences and Technology (NUST) Islamabad. 

Material and Methods: Eighteen rabbits were used in this study. They were divided randomly into three 
groups. Each group contained six rabbits. Group 1 (control) was injected subcutaneously with 0.9% NaCl. The 
second group of animals was injected with gentamicin. The third group of animals was injected with the same 
dose of gentamicin and additionally ciprofloxacin. The findings were entered and analyzed with the help of 
histopathological (HP) score calculated by summing up the histological parameters through Microsoft excel 
and Graph pad Instat 3. 

Results: Necrosis, congestion and inflammatory infiltrate were graded as absent, mild, moderate and severe. 
The score assigned was from 0 to 4 accordingly. Highest tubular necrosis grade (grade 3) and maximum 
inflammatory changes (moderate grade) were observed in 50% of rabbits of group 3, receiving combination of 
gentamicin and ciprofloxacin. p-values were significant <0.01. 

Conclusion: Combined administration of ciprofloxacin along with gentamicin in rabbits enhances adverse 
histopathological effects of gentamicin induced nephrotoxicity. 
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INTRODUCTION 

Aminoglycoside antibiotics, including 
gentamicin, are widely used in the treatment of 
gram-negative infections. However, their 
efficacy is counterbalanced by significant 
toxicity especially nephrotoxicity, which causes 
kidney damage by a direct dose dependent 
mechanism1,2. Despite rigorous patient 
monitoring, nephrotoxicity appears in 10–
25% of therapeutic courses3. 

Accumulation of aminoglycosides within 
the renal cortex is known to be related 
intimately to the pathogenesis of 
nephrotoxicity. Although the mechanism of 
gentamicin-induced cell injury and cell death is 
still unclear, interactions with the cell 
membrane, mitochondria, lysosomes and 
microsomes are likely to be involved4. 

Histopathological findings are characterized 
mainly by tubular necrosis particularly 
proximal tubules, basal membrane disruption, 
apoptosis, intracellular edema, glomerular 
narrowing of Bowman’s capsule5,6. Gentamicin 
also induces a reduction in renal blood flow 
(RBF)7. Despite the fact that gentamicin does 
not generate significant morphological changes 
in the glomeruli, in high-dose treatment, a 
slight increase in size, alteration of their round 
shape and density, and a diffuse swelling of the 
filtration barrier associated with neutrophil 
infiltration have been detected8.  

Ciprofloxacin is acommonly used 
fluoroquinolone either alone or in combination 
with other drugs including aminoglycosides 
like gentamicin. Combination of gentamicin 
and anti-pseudomonal fluoroquinolone (like 
ciprofloxacin) is in clinical use for treatment of 
Pseudomonas aeruginosa infections. This 
combination is not the first choice but used 
clinically only in resistant cases9. However, 
effects of ciprofloxacin on kidney when used in 
combination with gentamicin have not been 
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very well established or documented in either 
experimental animals or human study. 

Thus there is need to explore the 
histomorphological effects of this drug alone 
and in combination withother drugs. To 
address this issue, the present study was 
designed to evaluate the histopathological(HP) 
nephrotoxic effects induced by gentamicin 
alone or when administered in combination 
with a fluoroquinolone like Ciprofloxacin. 

MATERIALAND METHODS 

This laboratory based randomized control 
trial was carried out in the department of 
histopathology and animal house of Army 
Medical College Rawalpindi, National 
University of Sciences and Technology 
Islamabad. A total of 18 rabbits was included in 
this study. They were divided randomly into 
three groups. Each group contained six rabbits. 
Rabbits had free access to water and food 
during the fourteen days time period in the 
metabolic cages. Group 1 (control) was injected 
subcutaneously with 0.9% NaCl, for a period of 
14 days10. The second group of animals was 
injected with gentamicin at a dose of 20 
mg/kg/12 hour intramuscularly for 14 days11. 
The third group of animals was injected with 
the same dose of gentamicin and additionally 
ciprofloxacin (80mg/kg/day) for 14 days 
intraperitoneally12. Ciprofloxacin only group is 
not considered in this study as it has a 
protective effect in gentamicin nephrotoxicity10. 
At the end of 14th day, all the animals were 
sacrificed. Kidneys were taken out, sectioned, 
processed and stained for histopathological 
analysis. The histopathological changes were 
subdivided intotubular, interstitialand 
glomerular changes. The parameters assessed in 

renal tubules were tubular basement membrane 
separation due to necrosis, hyaline cast 
formation, interstitial edema, apoptosis and 

narrowing of tubular lumen due to sloughed off 
cells. Interstitial changes consist of interstitial 
inflammatory infiltrate around the necrotic 
tubules and congestion. Glomerular 
changeswere glomerular hypercellularity, 
glomerular basement membrane thickening. 
Necrosis, congestion and inflammatory 
infiltrate were graded as absent, mild, moderate 
and severe. Score assigned was from 0 to 4 
accordingly. 

Statistical Analysis 

All the parameters were evaluated by 
the criteria defined by Houghton13.All data 
were collected through specifically designed 
proforma. The findings were entered and 
analyzed with the help of histopathological 
score calculated by summing up the parameters 
through Microsoft excel and Graph pad Instat3. 
Men with standard deviation and median were 
also calculated. One way Analysis of Variance 
(ANOVA) followed by Dunnet's multiple 
comparison test was applied to compare 
different groups. The experimental findings 
were considered statistically significant if p 
value was <0.05. 

RESULTS 

Group 1 was controlled and given normal 
saline. There were no histopathological 
nephrotoxic changes seen on light microscopy.  
Histopathological score (HP score) was 0 for 
this group. In group 2 rabbits were given only 
gentamicin. The total HP score for this group 
was 64. In group 3 where gentamicin and 
ciprofloxacin was administered in combination. 
The total HP score was 74. Minimum, mean, 
median, maximum HP score and standard 
deviation (SD) are given in table 1. P values 

were significant i.e.<0.01 (table 2). Highest 
tubular necrosis grade (grade 3) and maximum 
inflammatory changes (moderate grade) were 

Table-1: Groups based on histopathological (HP) score. 

Group title Group 1 C(n=6) Group 2 G(n=6) Group 3 G+C80(n=6) 

Mean HP score 0 10.66 12.33 

Standard deviation (SD)  0.81 1.21 

Standard error of mean 
(SEM) 

 0.33 0.49 

C= Control, G=Gentamicin, C=Ciprofloxacin, 
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observed in 50% of rabbits of group 3, receiving 
combination of gentamicin and ciprofloxacin 
(table 3). 

DISCUSSION 

Conventionally, aminoglycoside 
nephrotoxicity has been considered to result 
mainly from tubular damage. Both lethal and 
sub-lethal alterations in tubular cells handicap 
reabsorption and, in severe cases, may lead to a 
significant tubular obstruction14. 
Aminoglycosides throughout the endocytic 
pathway are taken up into the epithelial cells of 
the renal proximal tubules and stay there for a 
long time, which leads to nephrotoxicity. Acidic 
phospholipids, broadly distributed in the 
plasma membranes in various tissues, were 
considered to be the binding site of 
aminoglycosides in brush-border membrane of 
proximal tubular cells15,16. 

The present study was designed to observe 
the histopathological changes in gentamicin 

induced nephrotoxicity and document any 
possible protective or aggravating effects of 

fluoroquinolone (ciprofloxacin) when Co 
administered with gentamicin.  

Regarding nephrotoxic effects of 
gentamicin, data of present study shows 
significant p value (< 0.01) in the group given 
gentamicin alone when compared with a 
control group which was given a normal saline 
only. These results are in concordance with 
another study where treatment with gentamicin 
for five days induced moderate to severe 
histological damage (p<0.001) with dominant 
tubular necrosis extended to distal parts of 
proximal tubules and epithelial cell dissociation 
with cast formation, loss of brush border in 
large parts of proximal tubules and tubular 
obstruction17. 

To assess the histopathological changes 
were combination of drugs was used, the group 
that received only gentamicin was taken as 
control group and group 3 was compared with 
it. In comparison with this control, marked 

histopathological changes i.e. higher grades of 
tubular necrosis were seen in groups with 

Table-2: Comparison of all groups by ANOVA. 

Comparison Mean difference Q p-value 

Control vs Gentamicin -10.66 24.54 **  p<0.01 

Control vs Gentamicin + Cipro 80 -12.33 28.37 **  p<0.01 

Gentamicin vs Gentamicin+ Cipro 80 -1.667 3.835 ** p<0.01 

**significant Dunnett Multiple Comparisons Test 
Q = degree of confidence 

 
Table 3: Grades and severity of histopathological parameters in groups. 

Necrosis 
 

Group 1(C) Group 2(G) Group 3 (G+C80) p-value 

Grade 0 6 (100%) 0 0 p<0.01 

Grade 1 0 3(50%) 0 p<0.01 

Grade 2 0 3(50%) 3(50%) p<0.01 

Grade 3 0 0 3(50%) p<0.01 

Grade 4 0 0 0  

Congestion 

Mild 0 5 (83.3%) 4 (66.7%) p<0.01 

Moderate 0 1(16.7%) 2(33.3%) p<0.01 

Severe 0 0 0  

Inflammatory infiltrate 

Mild 0 6 (100%) 3(50%) p<0.01 

Moderate 0 0 3(50%) p<0.01 

Severe 0 0 0  

 

 



 
Gentamicin Induced Nephrotoxicity                      Pak Armed Forces Med J 2013; 63 (2): 162-165 

165 
 

ciprofloxacin, gentamicin combination and 
having significant p-values of <0.01. Although 
gentamicin alone administration for fourteen 
days also resulted in a significant increase in 
histopathological changes but when 
ciprofloxacin was concurrently administered 
with gentamicin, there was further aggravation 
of tissue damage.  

The present study recognized the fact that 
combination of ciprofloxacin with gentamicin 
does not attenuate the gentamicin induced 
nephrotoxicity rather enhances it. There are 
many studies carried out to document the 
possible nephrotoxic effects of fluoroquinolones 
alone and demonstrated that acute renal failure 
developed in patients within a few days of 
starting ciprofloxacin hydrochloride 
therapy18. However, renal function improved 
shortly after withdrawal of the drug in all the 
patients. Because ciprofloxacin is used 
extensively by the urological community, it is 
important to be aware of this potential 
complication of therapy by ciprofloxacin19. 

While studying the histopathological 
changes like necrosis, desquamation of tubular 
epithelial cells in renal cortex, congestion, 
presence of inflammatory infiltrate, casts, 
basement membrane thickening and other 
degenerative changes in renal glomeruli and 
tubules one can precisely determine the renal 
parenchymal changes inflicted by various 
drugs. Evaluating through comparison, the 
attenuation and aggravation of these 
histopathological changes by combining 
various drugs or compounds with gentamicin, 
we hope to find an ideal combination of drugs 
which can be combined safely with gentamicin. 

CONCLUSION 

Combined administration of ciprofloxacin 
and gentamicin in rabbits enhances adverse 
histopathological effects of gentamicin induced 
nephrotoxicity. Ciprofloxacin in combination 
with gentamicin revealed relatively higher 
grades of tubular cell necrosis and glomerular 
changes histopathologically. 

RECOMMENDATIONS  

Patients on gentamicin therapy may 
require a renal biopsy to evaluate histological 

deleterious effects of gentamicin and 
ciprofloxacin. It is recommended in those cases 
only where there is ambiguity regarding the 
cause of renal failure. 

It is advisable that the physician must 
exercise caution while prescribing a 
combination of aminoglycosides and 
ciprofloxacin, as this is not a safe arrangement 
with reference to the enhancement of 
nephrotoxicity.  

REFERENCES 
1. Khoory B J, Fanos V, Dall A A, Cataldi L. Aminoglycosides, risk factors 

and neonatal kidney. Pediatr Med Chir1996; 18: 495-9. 

2. Rougier F, Claude D, Maurin M, Marie P. Aminoglycoside 
Nephrotoxicity Curr Drug Targets infect Disord2004;4: 153 -62. 

3. Lopez-Novoa J M, Yaremi Quiros Y, Vicente Y, Morales A I, Lopez-
Hernandez F J. New insights into the mechanism of aminoglycoside 
nephrotoxicity: an integrative point of view. Kidney 
International2011; 79: 33–45. 

4. Cronin RE,  Henrich WL. Toxic nephropathy. In Brenner BM, Rector 
FC, Eds. The kidney. W.B. Saunders, Philadelphia1996; Vol II: 1680- 
1711. 

5. Martínez-Salgado C, López-Hernández FJ, López-Novoa, JM. 
Glomerular nephrotoxicity of aminoglycosides. Toxicol Appl 
Pharmacol 2007;223: 86–98.  

6. SouzaVB, OliveiriaREL, FerreiraAAA, AraujoJr RE. Alteracoes renais 
por aminoglicosideos. Arq Med 2008; 22(4-5):131-5. 

7. Morales AI, Buitrago JM, Santiago JM. Protective effect of 
transresveratrol of gentamicin-induced nephrotoxicity. Antioxid Redox 
Signal 2002;4: 893-8.  

8. StojiljkovicN, Veljkovic S, Mihalovic D, Stojiljkovic M, Radovanovic D 
Randelovic P. The effect of calcium channel blocker verapamil 
ongentamicin nephrotoxicity in rats. Bosn J Basic Med Sci 2008;8(2): 
170-176.  

9. MandellLA, WunderinkRG, AnzuetoRG. Infectious Diseases Society 
ofAmerica/American thoracic society consensus guidelines on 
themanagement of community acquired pneumonia in adults. Clin 
Infect Dis 2007; 44(2): S27. 

10. Beauchamp D, Laurent G, Grenier L, Gourde P, Zanen J, Bergeron MG. 
Attenuation of aminoglycoside induced nephrotoxicity in rats by 
Fleroxacin. Antimicrob Agents Chemother1997; 41(6): 1237-45. 

11. YasinKF, SabirM, SherwaniMK, ZafarM, YasminS, AlamMI. 
Amelioration of gentamicin induced nephrotoxicity by vitamin B6 (a 
general andhistochemical profile). Pakistan J Med Res2003; 42(2). 

12. Bayer AS, Norman DC, BlomquistIK. Comparative efficacy 
ofciprofloxacin and ceftriaxone in experimental arthritis caused by E 
coli. Antimicrob Agents Chemother 1986; 30(1): 184-6. 

13. HoughtonDC, PlumpCE, DefehrJM, BennettWM, PorterG, GilbertD. 

Gentamicin and tobramycin nephrotoxicity: a morphological and 
functionalcomparison in the rat. Am J Pathol 1978; 93: 137-51. 

14. Lopez-Novoa J M, Yaremi Quiros Y, Vicente Y, Morales A I,  Lopez-
Hernandez F J. New insights into the mechanism of aminoglycoside 
nephrotoxicity: an integrative point of view. Kidney International 
2011; 79: 33–45.  

15. Nagai J. Molecular mechanisms underlying renal accumulation of 
aminoglycoside antibiotics and mechanism-based approach for 
developing nonnephrotoxic aminoglycoside therapy. Yakugaku 
Zasshi2006; 126: 327-35.   

16. Nagai J, Takano M. Molecular aspects of renal handling of 
aminoglycosides and strategies for preventing the nephrotoxicity. 
Drug MetabPharmacokinet2004; 19: 159-170. 

17. Ajami M, Eghtesadi S, Pazoki-Toroudi H, HabibeyR,  Ebrahimi SA. 
Effect of crocus sativus on gentamicin induced nephrotoxicity Biol. Res 
2010; 43 (1).  

18. Allon M, Lopez EJ, Min KW. Acute renal failure due to 
ciprofloxacin Arch Intern MED 1990;150 (10): 2187-9. 

19. Connor JP, CurryJM, Selby TL, PerlmutterAD. Acute renal failure 
secondary to ciprofloxacin use. J Urol1994; Apr 151(4): 975-6.

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Allon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=2222106
http://www.ncbi.nlm.nih.gov/pubmed?term=Lopez%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=2222106
http://www.ncbi.nlm.nih.gov/pubmed?term=Min%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=2222106
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Connor%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Curry%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Selby%20TL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Perlmutter%20AD%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Urol.');

