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INTRODUCTION
Nephrotoxicity is defined as an abnormal renal function that may be  
resulted from using some drugs like analgesics, antidepressants, amino-
glycosides, lithium and other medication. The effect of these medications 
may vary from acute or chronic interstitial nephritis, rhabdomyolysis, 
Tubular cell toxicity as well as glomerulonephritis.1,2 Gentamicin is one 
member of aminoglycoside antibiotics that causes nephrotoxicity and 
used in many studies as a nephrotoxic model agent.3-5 The toxic effects 
are centered on the proximal convoluted tubules cells, which show many 
pathological changes including the generalized formation of numerous  
lysosomal cytosegresomes and myeloid bodies, together with focal  
cellular necrosis.6 However, valsartan is a novel and orally potent  
angiotensin AT1-receptor blockers (ARB) that dose-dependent lowering  
blood pressure sold either alone or in combination with other anti-
hypertensive agents. It is soluble in the neutral pH range. It classified as  
low permeability and high solubility drug. Valsartan is soluble in  
acetonitrile and methanol. The drug is rapidly absorbed orally and has a  
low volume of distribution with extensive bound to plasma proteins.  
non-renal routes mainly excrete Valsartan. Valsartan is effective in the 
treatment of patients with mild to moderate hypertension.7 It was found  
that valsartan has a renoprotective effect particularly in the diabetic  
patient with nephropathy in terms of reducing albuminuria. 8 Additionally, 
amlodipine is a calcium channel blocker member that inhibits calcium  
ion influx across cell membranes selectively. It belongs to dihydro-
pyridine derivatives that have more vascular selectivity and beneficial  
vasodilation with a low negative inotropic effect.9 After an oral  
administration of therapeutic doses, absorption produces peak plasma  

concentrations between 6 and 12 hr. It is extensively converted to  
inactive metabolites via hepatic metabolism, and its elimination from 
the plasma is biphasic with a terminal elimination half-life of about 
30-50 hours.10 This study aims to investigate the renoprotective effects 
of two famous antihypertensive drugs valsartan and amlodipine in the 
nephrotoxic animal model.

METHODS
Drugs
Amlodipine supplied as tablets each contains 5 mg amlodipine besylate,  
valsartan, and Gentamicin sulfate was purchased from Alpha Aleppo 
Pharmaceutical Ind. Respectively. 

Experimental animals
Twenty-four male New Zealand White Rabbits with a weight range  
from 1.5-1.8 kg were supplied from the Department of Biology-Sana’a 
University. They were left to acclimatize for one week with free accesses of  
water and fresh green grass and housed in stainless steel cages (2500 cm2 
with a height of 35 cm) away from direct sunlight. The approval of the  
University Ethical Committee was obtained before the experiment  
commencing [EAC/UST185].

Study design
Rabbits were divided randomly into four groups, each of six animals. 
The first group was kept as the normal control group. Second, third and 
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fourth groups were kept as a nephrotoxic model by giving gentamicin  
(80mg/kg IP) for 7 days.11 Third and fourth groups were treated daily  
at 8-10 a.m. for 7 days with valsartan (10 mg/kg/d) and amlodipine  
(5 mg/kg/d) by oral gavage procedure. 
According to the 24 hours urine volume, urinary creatinine and serum 
creatinine concentration, creatinine clearance was calculated by applying  
the following formula:12

Creatine clearance ml ay
mg creatine dl urine ml urine

( min )/ /d
/

=
× 24 hhr

mg creatinine dl serum/ ×400

At day 8, that was the end of the duration of the study, the animals  
were sacrificed by decapitation using light anesthesia with diethyl ether 
inhalation in anesthetic desiccator following the International animal 
guideline. After the maintenance anesthesia and the animals became  
calm, the blood samples were collected from the heart of rabbits to  
investigate the kidney biomarkers including serum creatinine, BUN,  
Crcl, uric acid, and potassium level. Urine collection was done to  
measure pH, volume as well as urine creatinine. Bodyweight was  
measured before and after treatment, furthermore, the weights of the 
heart and kidneys were done at the end of the study.

RESULTS
The urine parameters particularly urine pH and urine creatinine were 
elevated significantly in the nephrotoxic-induced group compared with  
the control group when given for 7 days as shown in Table 1 of the present  
study outcomes. Contradictory, the urine volume was significantly  
reduced in the nephrotoxic-induced group compared with the control 
group. Valsartan showed significant improvement in the urine volume 
compared with the nephrotoxic-induce group.
Concerning the kidney’s biomarkers were elevated significantly in the 
nephrotoxic-induced group compared with the control group. Treated  
groups showed significant improvement especially in creatinine clearance  
compared with the nephrotoxic-induced group as shown in Table 2.
Additionally, the weights of the organs as heart and kidneys were reduced  
in the nephrotoxic-induced group compared with the control and treated  
groups but statistically insignificant. Bodyweight showed no change 
before and after given gentamicin or compared with control. Valsartan 
and amlodipine treated groups showed a significant reduction in body 
weight, as shown in Table 3.

Table 1: Effect of valsartan and amlodipine on (mean± SE) kidney  
biomarkers in experimental animals (n=6) for 8 days.

Parameters Control Gentamicin Valsartan Amlodipine 

Urine pH
P-value 

8.14±0.04 10.13±0.099a
0.031

8.97±0.14b
0.001

8.79±0.134 b
0.001

Urine volume 
(ml)

P-value

56.0±0.187 24.0±3.94 a
0.001

43.6±2.87 b
0.004

31.8±6.94
0.33

U. creatinine 
P-value

16.39±5.33 44.8±14.1 a
0.03

44.5±5.3
0.99

42.1±17.0
0.89

a significant as compared  with control at p<0.05, b significant as compared  with 
gentamicin-induced nephrotoxicity at p<0.05

Table 2: Effect of valsartan and amlodipine on (mean± SE) kidney bio-
markers in experimental animals (n=6) for 8days.

Parameters Control Gentamicin Valsartan Amlodipine 

S. creatinin(mg/dl)
P-value

1.03±.08 1.48±0.31a
0.033

1.49±0.50
0.105

1.29±0.20
0.283

BUN(mg/dl)
P-value 

22.8±1.35 48.3±16.3a
0.04

31.0±4.37
0.88

41.2±17.3
0.74

CrCl (ml/min)
 P-value

0.81±0.26 1.78±0.28 a
0.04

0.79±0.17 b
0.02

0.82±0.25 b
0.03

Uric acid(mmol/L)
 P-value

0.383±.087 0.216±.030a
0.003

0.440±.315b
0.029

0.425±.143b
0.013

K+ (mEq/L)
P-value

4.25±.0.232 3.966±.095
0.27

5.24±.566b
0.002

4.92±0.396
0.12

a significant as compared  with control at p<0.05, b significant as compared  with 
gentamicin-induced nephrotoxicity at p<0.05

Table 3: Effect of valsartan and amlodipine on (mean± SE) body weight, heart and kidney weights in experimental animals (n=6) for 8days.

Parameters Control Gentamicin Valsartan Amlodipine

Before After Before After Before After Before After

Body weight (kg)
p-value  

1.6±0.10 1.81±0.09
0.04 c

1.69±0.07 1.49±0.09
0.02 a

1.74±1.54
0.35

1.61±0.75c
0.04
0.07

1.75±0.03 1.63±0.04
0.1

0.04b

Weight of the heart (g) - 6.0±0.57 - 4.0±0.58 - 5.1±0.72 - 5.2±0.44

The relative weight of the Heart - 0.3 - 0.25
0.04 a

- 0.32 - 0.31

Weight of kidneys (g) - 11.6±1.2 - 8.0±0.57
0.03 a

- 10.3±0.88 - 9.3±1.2

The relative weight of the kidneys - 0.58 - 0.60 - 0.63 - 0.57

(a) Significant as compared  with control (before) at p<0.05, (b) significant as compared  with gentamicin-induced nephrotoxicity at p<0.05, (c) significant compared 
with initial weight at p<0.05

DISCUSSION
Calcium channel blockers and angiotensin AT1 receptor blockers are  
the most efficacious antihypertensive groups that have satisfaction effects 
as renoprotective agents for patients suffering from kidney disease.13  
Outcomes of the current study showed that gentamicin induced nephro-
toxicity significantly through elevation of the kidney biomarkers including  
BUN, serum creatinine and creatinine clearance compared with the  
control group. Gentamicin is one member of aminoglycoside antibiotics 
and the nephrotoxic side effect is the major limitation of the therapeutic  
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use especially for gentamicin.14 This referred to the alkaline pH of  
gentamicin according to the pharmacokinetics of this medication, which 
also showed in the present work.15 It causes a deleterious effect on the 
kidney especially for those proximal tubules cells due to long persisting 
in the tubules which cause may direct injury or indirectly through the 
difference in osmolality.16 This effect has explained the reduction in the 
weight of the kidney as well as in the urine volume in the gentamicin  
group compared with the control group.17 Abdelrahman, 2018 agreed 
with this finding as he found that gentamicin when used for one week it 
ended with a significant reduction in total body weight and increase in 
the renal somatic index (RSI)18

Amlodipine is a one member of calcium channel blockers (CCBs) that  
exerts its antihypertensive action through inhibiting calcium ion influx 
across cell membranes selectively, with a greater effect on vascular  
smooth muscle cells than on cardiac muscle cells.19 Additionally, valsartan  
inhibits Angiotensin II Receptor Type 1 selectively, which reduces  
elevated blood pressure.20 It was found there was a disparate pattern  
of intrarenal hemodynamics with the calcium channel blocker that  
amlodipine increased GFR (hyperinfiltration) compared with valsartan 
that maintain GFR at a constant level as well as an increase infiltration 
fraction in a study conducted on participants for 4 weeks.21 Additionally,  
another study conducted by Gjorgjievska et al. 2014 found that amlodipine 
showed a beneficial effect in reducing blood pressure in salt loaded rats  
but the effects on renal parameters mostly proteinuria were more  
evident in the group of animals treated with valsartan. Since both treatment  
groups have a different mechanism of action, combination therapy may 
be beneficial in improving renal function in spontaneously hypertensive 
rats 9. All these findings agreed with the outcomes of the present study as 
it found both investigated medications ameliorated gentamicin-induced 
nephrotoxicity through improving the elevation of kidney biomarkers 
especially BUN and creatinine clearance with pronounced improvement 
effect of valsartan on urine volume than amoldipine.

Limitations and strengths
This is the first study conducted on the two widely used as first-line  
regimen antihypertensive agents around the world and compared between  
them regarding their protective effect on the renal system by measuring 
different related parameters.  The histopathology of the kidney should be 
considered in the future study, as it did not carry out in this work.

CONCLUSION
From the outcomes of the present, study it suggested that both mediations  
might have protective effects against gentamicin-induced nephrotoxicity.  
They improve some kidney biomarkers as well as bodyweight additionally  
they improve the reduction of the heart and kidneys caused by gentamicin.  
All these findings interpret the clinical use of these medications in  
comorbid hypertensive patients. 
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