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Abstract 

The present study was conducted to throw light on the adverse effect of Ezapril and the protective effect of vit. E and to 

show the result of the combination between Ezapril and Vit.E on nephrotoxicity and hepatotoxicity induced by Ezapril in 

rats. 

Experimental design: After one week of acclimatization, eighty albino rats randomly allocated into 4 equal groups, each of 

20 rats. First group (control): rats werte in this group not medicated and served as a control and received normal saline. 

Second group (Ezapril): rats in this group received oral doses of Ezapril (0.36 mg/kg, P.O. once daily) for successive 21 

days. Third group (Vit E): rats in this group received oral doses of Vit.E (1mg/kg, P.O. once daily) for successive21 days as 

standard anti oxidant. Fourth group (Vit.E +E): rats in this group received acombination of Vit.E (1mg /kg, P.O. once 

daily) with Ezapril (0.36 mg/kg, P.O. once daily for successive 21 days. 

At the end of the experiment, all rats were sacrificed, liver and kidney samples were taken and blood was taken and 

centrifuged to gain serum for liver parameters, kidney parameters and antioxidant enzymes investigations. The result 

was summarized as follow: 1.Effect of Ezapril, Vit.E and their combination on liver parameters (ALT, AST, ALP, total 

proteins and serum albumin). Oral administration of Ezapril (0.36 mg/kg, P.O. once daily for successive 21 days ) and 

administration of Vit.E (1mg /kg, P.O. once daily for successive 21 days showed non significant change in ALT, AST, 

ALP,Serum albumin but serum proteins showed asignificant decrease. 2. Effect of Ezapril, Vit.E and their combination on 

kidney parameters (urea and creatinine ). Oral administration of Ezapril (0.36 mg/kg, P.O. once daily for successive 21 

days) showed asignificant increase in creatinine and urea level compared with control group. Administration of Vit.E 

(1mg/kg, P.O. once daily for successive 21 days showed a decrease in creatinine and urea compared with Ezapril group. 3. 

Effect of Ezapril and Vit.E on antioxidant enzyme activities. 

Oral administration of Ezapril (0.36 mg/kg, P.O. once daily for successive 21 days) produced asignificant decrease in CAT, 

SOD and GPX activity compared with control group. Administration of Vit.E (1mg/kg, P.O. once daily for successive 21 

days showed a significant increase in CAT, SOD and GPX activity compared with Ezapril group. b) Lipid perioxidation 

(MDA) Oral Oral administration of Ezapril (0.36 mg/kg, P.O. once daily for successive 21 days) produced asignificant 

increase in MDA activity compared with control group. Administration of Vit.E (1mg/kg, P.O. once daily for successive 21 
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days showed a significant decrease in MDA activity compared with Ezapril group. 5. Histopathological findings Regarding 

to the liver, oral administration of Ezapril Ezapril (0.36 mg/kg, P.O. once daily for successive 21 days ) produced hydropic 

degeneration in amoderate number of hepatocytes, in the second week,showed degenerative changes in amoderate 

number of hepatocytes and in third week, showed apparently normal hepatocytes. Connecting to the kidney, Oral Oral 

administration of Ezapril (0.36 mg/kg, P.O. once daily for successive 21 days) in the first week, showed congestion of the 

glomerular tufts and mild degenerative changes in the proximal and distal convoluted tubular epithelium and cloudy 

swelling. In the second week, cystic dilatation of renal tubules and focal interstitial round cell aggregation. In the third 

week, there was interstitial nephritis. Administration of Vit.E (1mg/kg, P.O. once daily for successive 21 days) and its 

combination with Ezapril (0.36 mg/kg, P.O. once daily for successive 21 days) on liver showed Most of the hepatocytes 

were apparently normal a few cells showed degenerative changes mainly cloudy swelling in the first week. As regarded to 

the kidney, Mild to moderate congestion of renal blood vessles with perivascular edema could be detected cystic 

dilatation of a moderate number of renal tubules, particularly in the medulla with atrophy of the lining epithelium was 

observed in the first week. 

 

Keywords: Ezapril; Vitamin E; Antioxidant Activity; Histopathology 

 

Abbreviations: ACE: Angiotensin-Converting Enzyme; 
SOD: Superoxidase Dismutase; GPX: Glutathione 
Peroxidase; AST: Aspatateaminotrasferase  
 

Introduction 

Enalapril: A New Angiotensin Converting 
Enzyme Inhibitor 

Enalapril maleate is a new angiotensin converting 
enzyme inhibitor marketed in the U.S. by Merck Sharp and 
Dohme. It has been demonstrated to actively interfere 
with the renin-angiotensin-aldosterone system. This is 
reflected by both hemodynamic (decreased blood 
pressure) and humoral (increased plasma renin, 
angiotensin I, and decreased angiotensin II) responses 
to enalapril therapy. Activity in the kallikrein-bradykinin 
system is still controversial. Enalapril maleate is a 
prodrug which is quickly absorbed, hydrolyzed by the 
liver to the active metabolite enalaprilic acid, and 
excreted 33 percent in the bile and 61 percent in the 
urine. The therapeutic dosage range is 10-40 mg/d, 
maximum of 40 mg, given once or twice daily. The onset 
and duration of action are dose related. Vertigo and 
headache have been the most commonly reported 
side effects. Clinical comparison of enalapril to 
hydrochlorothiazide, beta-adrenergic blockers, and 
captopril find it efficacious in the treatment of essential 
hypertension. Efficacy in treating congestive heart failure 

and hypertension secondary to renal artery stenosis has 
also been demonstrated for both angiotensin converting 
enzyme inhibitors. The overall efficacy and safety 
of enalapril and captopril appear equivalent when used at 
low doses in patients with uncomplicated hypertension 
[1]. The chemistry, pharmacology, pharmacokinetics, 
clinical efficacy, adverse effects, and dosage 
of enalapril maleate, a nonsulfhydryl angiotensin-
converting enzyme (ACE) inhibitor, are 
reviewed. Enalapril is rapidly converted by ester 
hydrolysis to enalaprilat, a potent ACE 
inhibitor; enalapril itself is only a weak ACE 
inhibitor. Enalapril lowers peripheral vascular resistance 
without causing an increase in heart rate. In patients with 
congestive heart failure, enalapril has beneficial 
hemodynamic effects based on reduction of both cardiac 
preload and afterload. Approximately 60% of a dose 
of enalapril is absorbed after oral administration. 
Excretion of enalaprilat is primarily renal. Accumulation 
of enalaprilat occurs in patients with creatinine 
clearances less than 30 mL/min. Enalapril 10-40 mg per 
day orally has shown efficacy comparable to that of 
captopril in treating patients with mild, moderate, and 
severe hypertension, hypertension caused by renal-artery 
stenosis, and in congestive heart failure resistant to 
digitalis and diuretics. When given alone for 
hypertension, enalapril has efficacy comparable to that of 
thiazide diuretics and beta blockers. Side effects observed 
with enalapril have generally been minor. Captopril-
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associated side effects such as skin rash, loss of taste, and 
proteinuria have been observed in a small number of 
patients receiving enalaprilto date; neutropenia less than 
300/mm3 has been noted with captopril but 
not enalapril. The incidence of these side effects has been 
noted to be greatly decreased in patients on low doses of 
captopril. Enalapril appears to be similar in efficacy to 
captopril for treating hypertension and congestive heart 
failure. Whether enalapril is safer than low-dose captopril 
in patients at high risk for captopril-associated side 
effects will require further investigation [2]. 
 

Aim of Work 

The present study was designed to clarify the adverse 
effectofezapril and to clarify protective effect of 
antioxidant vitamin E and its combination against 
oxidative damage and nephrotoxict and hepatotoxicity 
induced in rats by using Ezapril through investigation of: 
1- Oxidant status in kidney and liver through measuring; 
a- Catalase (CAT), b- Superoxidase dismutase (SOD), c- 
Glutathione peroxidase (GPX), Malondialdehyde (MDA) 
(marker of lipid peroxident), 1- Biochemical Constituents 
in sera such as; a-serum creatinine and urea levels. b- 
serum alanine aminotrasferase (ALT), 
aspatateaminotrasferase (AST), alkaline phosphatase 
(ALP), total proteins, albumin, total bilirubin,1- 
Histopathology of liver and kidne. 
 

Material and Methods 

Material 

A- Drug: VASOTEC® (Enalapril Maleate) is the maleate 
salt of enalapril, the ethyl ester of a long-acting 
angiotensin converting enzyme inhibitor, enalaprilat. 
Enalapril maleate is chemically described as (S)-1 [N-[1-
(ethoxycarbonyl)-3-phenylpropyl]-L-alanyl]-L-proline, 
(Z)-2-butenedioate salt (1:1).  
Its chemical formula is C20H28N2O5•C4H4O4, 
  
Structural formula: 
 

 
The recommended dose is 20 mg/kg body weight for 21 
successive days (Paget and Barnes). 
 
2-Vitamin E (Vitamin E capsule): It was supplied by 
PHARCO pharmaceutical CO., Alex., Egypt. This product 

was supplied as capsules (each capsule, 1000 mg vitamin 
E). Vitamin E dose: 100 mg / kg b. wtintraperitoneally (ip) 
according to dissolved in corn oil according to Bayad it 
was administered for successive 13 days.  
 

Structure Formula [3]: 

 
Chemical structure: C29H50O2 

 
B-Experimental animals: The present study was carried 
on 80 adult female albino rats weight 150-200 g, obtained 
from laporatory Animal Farm, Faculty of Veterinary 
Medicine, Zagazig University. All animals were kept under 
observation for two weeks for acclimation to the 
laboratory environment before starting the experiments. 
The animals were kept under hygienic condition in metal 
cages and fed on barely and milk all over the experimental 
time and water was provided.  
 

Methods 

Experimental Design: All animals were quarantined for 
aperiod of two weeks to ensure stabilization before use. 
Eighty Albino rats 6 to 8 months of age (150-200) weight 
range) were used in the experiment. All rats were housed 
in polypropylene cages with wood –chip bedding for the 
duration of the experiments and were maintained on a 12 
h light /dark schedule in a temperature –and humidity –
controlled room. With the exception of those placed on 
food restriction, all animals were given acces to food and 
water. All experimental procedures were approved by the 
animal studies committee of the Washinton University 
School of Medicine.The test room temperature was 23±2º 
C, and with artificial fluorescent light (10-14 hrs of light 
and dark, respectively). The rats were allocated into four 
groups and each group contains 20 rats. The 1st group:
  Rats in this group were not medicated and received 
normal saline as control. The 2nd group (M): Rats in this 
group oral dose of ezapril (0.36mg/kg b.wt) P.O. once 
daily for successive 21 days as standard. The 3rd group 
(VE): Rats in this group were administrated oral dose of 
vitamin E (1mg/kg b. wt) P.O. once daily for successive 21 
days as standard antioxidant. The4th group (VE+M): Rats 
in this group were received (VE) 1 mg/kg. b.wt, P.O. once 
daily) with Ezapril (0.36 mg /kgb.wt, PO. once daily) for 
successive 21 days. A -Collection of Samples: At the end of 
experiment (12 hrs after the last dose), rats were sacrified 
and the following samples were collected: 1-Blood was 
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collected and allowed to clot and serum was separated by 
centrifugation at 3000 rpm for 15 minutes for 
determination of liver and kidney function test. 2-Kidneys 
and liver samples from all groups were immediately 
removed and kept in 10% neutral formalin for 
histopathological examination. 3-Antioxidant enzyme 
activities: a- Determination of Catalase activity: Catalase 
activity was determined colorimetrically in tissue 
homogenate according the method described by Aebi [4]. 
B-Determination of superoxide dismutase activity: 
Superoxide dismutase activity was determined in tissue 
homogenate according to the method described by 
Nishikimi. C-Determination of glutathione peroxidase 
activity: Glutathione peroxidase activity in tissue 
homogenate was determined according the method 
adapted by Paglia & Valentine [5]. d- Determination of 
malondialdehyde (MDA) activity Malondialdehyde 
activities were determined according the method adapted 
by Satoh [6]. 2-Kidney function tests: A-Determination of 
serum creatinine: Serum creatinine was determined 
according to henry, et al. [7]. B-Determination of serum 
urea: Serum urea was determined according to Artiss [8]. 
 
3-Liver Function Tests: A- Alanine Aminotransferase 
(ALT): Principles of Reaction: The serum activity of 

alanine aminotransferase (ALT) was determined 
colorimetrically according to the method described by 
Tietz [9]. B-ASpartate aminotransferase (AST): Principle 
of reaction: The serum activity of aspartate 
aminotransferase (AST) was determined calorimetrically 
according to the method described by Tietz [9]. C-
Determination of Alkaline phosphatase activity (ALP): 
Principles of reaction: Colerimetric determination of 
alkaline phosphatase activity according to Belfield & 
Goldberg [10]. D-Determination of serum total proteins 
and albumin: Serum total proteins and albumin were 
determined according to Gassbaro, et al. [11]. e) 
Determination of serum bilirubin (T.B): It is determined 
in the presence of caffeine, which releases albumin bound 
bilirubin, by the reaction which diazotized suiphanilic 
acid Jendrassilk & Grof [12]. 
 

Statistical analysis The data were analyzed using 
prism version 6.Statistical evaluation of the results, except 
those of histopathology scoring, were carried out by 
means of one way and two-way analysis of variance 
(ANOVA) followed by Duncan’s test P< 0.05 was 
considered statistically significant according to Tamhane 
& Dunlop [13]. C- Histopathological examination (Table 
1). 

 

Groups 
 Parameters 

 Treatments 
ALT (U/L) 

1day 7 days 14 days 21 days 
Gp.I Control 14.66a±1.76 11.67a±1.20 15.09a±1.15 18.67a±1.85 
Gp.II Vitamin E 13.33a±1.45 12.66a±1.22 15.10a±2.08 18.66a±0.88 
Gp.III Ezapril 12.00a±1.52 14.00a±0.57 15.04a±1.15 20.00a±1.52 
Gp.IV Vitamin E + Ezapril 14.00a±1.52 13.33a±2.40 14.33a±1.76 21.33a±1.76 
F test NS NS NS NS 

Table 1: Serum ALT of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05. 
 

According to Table 1 the result administration of 
Ezapril, Vit.E and their combination showed non-

significant difference when compared with control group 
at all experimental period in first, second and third group. 

 

Groups 
 Parameters 

 Treatments 
AST (U/L) 

1day 7 days 14 days 21 days 
Gp.I Control 20.00a±1.15 23.33a±1.76 25.00a±1.16 29.33a±1.76 
Gp.II Vitamin E 19.66a±1.45 22.00a±1.52 24.00a±1.15 31.30a±1.45 
Gp.III Ezapril 20.66a±2.96 22.66a±2.02 25.33a±1.45 29.23a±1.85 
Gp.IV Vitamin E + Ezapril 21.33a±2.18 22.00a±2.08 25.00a±0.57 31.00a±1.15 

F test NS NS NS NS 
Table 2: Serum AST of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
 

According to the result administration of Ezapril, Vit. E 
and their combination showed non-significant difference 

when compared with control group at all experimental 
period in first, second and third group. 
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Groups 
 Parameters 

 Treatments 
ALP (IU/L) 

1day 7 days 14 days 21 days 
Gp.I Control 142.00a±1.52 150.33a±1.45 155.67a±4.09 154.33a±2.02 
Gp.II Vitamin E 141.33a±4.48 151.00a±4.72 156.00a±5.56 153.30a±3.52 
Gp.III Ezapril 143.67a±3.84 150.33a±9.83 155.00a±6.50 157.67a±3.28 
Gp.IV Vitamin E + Ezapril 144.00a±4.61 152.67a±4.66 154.17a±4.25 152.00a±1.52 

F test NS NS NS NS 
Table 3: Serum ALP of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE.  
- All data having different letters are differ significantly at p < 0.05. 
According to the result administration of Ezapril, Vit.E and their combination showed non-significant difference when 
compared with control group at all experimental period in first, second and third group. 
All data having different letters are differing significantly at p < 0.05.  
- ** : Highly significant at 0.01 probability. –* : Significant at 0.01 probability.  
 
The effect of Ezapril (0.36 mg/kg, P.O. once daily) on 
successive 21 days  

There was decrease in level of total serum proteins 
was observed compared with control group 
 
Treatment with Ezapril (0.36mg/kg, P.O. once daily)  

In first week, resulted in a significant decrease in total 
protein activity (7.25±0.15g/ dl) compared with (8.00 
±0.05g/ dl) for the control group. In the second week, 

resulted in a significant decrease in total protein activity 
(7.72±014g/ dl) compared with (8.18±0.10g/ dl) for the 
control group group. In the third week, resulted in 
significant decrease in total protein activity (8.00±0.15g/ 
dl) compared with for the control group (8.30±0.03g/ dl). 
 
Administration of Vit. E (1 mg /kg, P.O. once daily) In 
the first, second and third week showed non-significant 
difference at all experimental period. 

 

Groups 
 Parameters 

 Treatments 
Total proteins (g/dl) 

1day 7 days 14 days 21 days 
Gp.I Control 7.80a±0.11 8.00a±0.05 8.18a±0.10 8.30a±0.03 
Gp.II Vitamin E 7.85a±0.05 7.93a±0.02 8.20a±0.13 8.36a±0.02 
Gp.III Ezapril 5.08c±0.33 7.25b±0.15 7.72b±0.14 8.00b±0.15 
Gp.IV Vitamin E + Ezapril 6.89b±0.05 7.58ab±0.22 7.95ab±0.07 8.21a±0.05 

F test ** * * * 
Table 4 : Serum total proteins of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE).  

The combination between Ezapril and Vit.E. 
 

The result showed marked improvement at level of 
serum total protein after first, second and third week of 

withdrawal comparing with Ezapril group and completely 
return to the normal level at the third week.  

  

Groups 
 Parameters 

 Treatments 
Albumin (g/dl) 

1day 7 days 14 days 21 days 
Gp.I Control 5.31a±0.07 5.44a±0.02 5.53a±0.02 5.47a±0.01 
Gp.II Vitamin E 5.33a±0.04 5.47a±0.02 5.49a±0.05 5.43a±0.06 
Gp.III Ezapril 2.26c±0.23 4.16c±0.08 5.05b±0.07 5.26a±0.03 
Gp.IV Vitamin E + Ezapril 4.16b±0.12 5.13b±0.43 5.31a±0.12 5.35a±0.02 

F test ** ** * NS 

Table 5: Serum albumin of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE.  
- All data having different letters are differ significantly at p < 0.05.  
- **: Highly significant at 0.01 probability. - *: Significant at 0.01 probability. –NS:Non-significant difference.  
 
The effect of Ezapril (0.36 mg/kg, P.O. once daily) on 
successive 21 days  

There was highly significant decrease in level of serum 
albumin was observed in the first week (4.16±0.08 g/ dl 
mg/ dl and second week (5.05±0.07g/ dl) compared with 
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non-significant difference in the third week (5.26±0.03 g/ 
dl). 
 
Treatment with Ezapril (0.36 mg /kg, P.O. once daily) 

In first week, resulted in decrease albumin activity 
(4.16±0.08g/ dl) compared with (5.44±0.02 g/ dl) for the 
control group. In the second week, resulted in decrease in 
albumin activity (5.05±0.07 g/ dl) compared with 
(5.53±0.02g/ dl) for the control group group. In the third 
week, resulted in non significant difference in albumin 
activity (5.26 ±0.03g/ dl) compared with for the control 
group (5.47±0.01g/ dl).  
 
Administration of Vit. E (1 mg /kg, P.O. once daily) 
In the first, second and third week resulted in Vit.E 
administration restored albumin activity to almost 
normal level as as no significant variation were detected 

(5.43±0.06g/ dl) compared with (5.47 ±0.01g/ dl) for the 
cotrol group. 
 
The combiation between Ezapril and Vit.E 

In the first week, resulted in an increase in albumin 
activity (5.13±0.43g/ dl) compared with (4.06±0.08g/ dl) 
for Ezapril group.  

 

In the second week, resulted in an increase in albumin 
activity (5.31 ±0.12g/ dl) compared with (5.05 ±0.07g/ 
dl) for Ezapril group.  

 

In the third week, resulted in non significant 
difference in albumin activity (5.35±0.02g/ dl) compared 
with (5.26 ±0.03g/ dl) for Ezapril group. 

 
According to the results, in the third week, Ezapril not 

effect on albumin activity. 
 

Groups 
 Parameters 

 Treatments 
Total globulins (g/dl) 

1day 7 days 14 days 21 days 
Gp.I Control 2.48a±0.04 2.56a±0.08 2.64a±0.13 2.83a±0.02 
Gp.II Vitamin E 2.51a±0.01 2.46a±0.04 2.71a±0.12 2.93a±0.08 
Gp.III Ezapril 2.81a±0.24 2.79a±0.39 2.67a±0.15 2.73a±0.14 
Gp.IV Vitamin E + Ezapril 2.72a±0.16 2.45a±0.25 2.63a±0.18 2.86a±0.08 

F test NS NS NS NS 

Table 6: Serum total globulins of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
 

According to the result administration of Ezapril,Vit.E 
and their combination showed non-significant difference 

when compared with control group at all experimental 
period in first,second and third group. 

 

Groups 
 Parameters 

 Treatments 
Urea (mg/dl) 

1day 7 days 14 days 21 days 
Gp.I Control 23.08c±1.25 25.76c±0.63 26.43b±2.84 27.86a±0.74 
Gp.II Vitamin E 24.06c±1.16 25.45c±1.05 26.69b±1.87 27.22a±0.67 
Gp.III Ezapril 74.67a±7.14 55.46a±2.91 40.94a±2.47 32.32a±1.59 
Gp.IV Vitamin E + Ezapril 51.35b±2.98 41.90b±5.67 30.79b±2.92 27.19a±1.50 

F test ** ** * NS 

Table 7: Serum urea of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
- ** : Highly significant at 0.01 probability. - * : Significant at 0.01 probability. –NS:Non-significant difference.  
 
The effect of Ezapril (0.36 mg/kg, P.O. once daily) on 
successive 21 days  

There was highly significant increase in level of serum 
urea was observed in the first week(55.46±2.91 mg/ dl) 
and second week (40.94±2.47 mg/ dl) compared with the 
third week (32.32±1.59 mg/ dl). 
 
 

Treatment with Ezapril (0.36 mg /kg, P.O. once daily) 
In first week, resulted in highly significant increase in 

urea activity (55.46±2.91 mg/ dl) compared with 
(25.76±0.63 mg/ dl) for the control group. In the second 
week, resulted in asignificant increase in urea activity 
(40.94±2.47 mg/ dl) compared with (26.43±2.84mg/ dl) 
for the control group group. In the third week, resulted in 
non significant difference in urea activity (32.32 
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±1.59mg/ dl) compared with for the control group 
(27.86±0.74mg/ dl).  
 
Administration of Vit. E (1 mg /kg, P.O. once daily ) 

In the first, second and third week resulted in Vit.E 
administration restored urea activity to almost normal 
level as as no significant variation were detected 
(27.22±0.67mg/ dl) compared with (27.86 ±0.74mg/ dl) 
for the cotrol group. 
 

The combination between Ezapril and Vit.E  
In the first week, resulted in decrease in urea level 

(41.90±5.67 mg/ dl) compared with(55.46±0. mg/ dl) for 

Ezapril group. In the second week, resulted in decrease in 
urea level (30.79 ±2.92 mg/ dl) compared with(40.94 
±2.47 mg/ dl) for Ezapril group. In the third week, 
resulted in non significant difference in urea level 
(27.19±1.50 mg/ dl) compared with (32.32 ±1.59 mg/ dl) 
for Ezapril group. 
 

According to the results, the combination between 
Ezapril and Vit.E was more effective on decrease urea 
while Ezapril increased it. 
 

 

Groups 
 Parameters 

 Treatments 
Creatinine (mg/dl) 

1day 7 days 14 days 21 days 
Gp.I Control 0.80b±0.03 0.84b±0.03 0.86c±0.04 0.89b±0.02 
Gp.II Vitamin E 0.81b±0.02 0.85b±0.02 0.90c±0.02 0.92b±0.08 
Gp.III Ezapril 2.58a±0.44 2.36a±0.17 1.75a±0.04 1.35a±0.07 
Gp.IV Vitamin E + Ezapril 2.16a±0.44 1.63a±0.23 1.20b±0.15 1.02ab±0.03 

F test * * ** * 

Table 8: Serum creatinine of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
- ** :Highly significant at 0.01 probability. - * : Significant at 0.01 probability. 
 
The effect of Ezapril (0.36 mg/kg, P.O. once daily) on 
successive 21 days  
There was an increase in level of serum creatinine was 
observed compared with control group 
Treatment with Ezapril (0.36mg/kg, P.O. once daily)  
In first week, resulted in an increase in creatinine activity 
(2.36±0.17 mg/ dl) compared with (0.84 ±0.03 mg/ dl) 
for the control group. In the second week, resulted in a 
significant increase in creatinine activity (1.75±0.04 mg/ 
dl) compared with (0.86±0.04mg/ dl) for the control 
group group. In the third week, resulted in an increase in 
creatinine activity (1.35 ±0.04mg/ dl) compared with for 
the control group (0.89±0.04mg/ dl). 
Administration of Vit. E (1 mg /kg, P.O. once daily) In 
the first, second and third week resulted in Vit.E 

administration restored creatinine activity to almost 
normal level as no significant variation were detected 
(0.92 ±0.08mg/ dl) compared with (0.89 ±0.02mg/ dl) for 
the cotrol group. 
The combination between Ezapril and Vit.E In the first 
week, resulted in decrease in creatinine level (1.63 ±0.23 
mg/ dl) compared with (2.36 ±0.17 mg/ dl) for Ezapril 
group. In the second week, resulted in decrease in 
creatinine level (1.20 ±0.15 mg/ dl) compared with (1.75 
±0.04 mg/ dl) for Ezapril group. In the third week, 
resulted in decrease in creatinine level (1.02±0.23 mg/ dl) 
compared with (1.35 ±0.17 mg/ dl) for Ezapril group. 

According to the results, the combination between 
Ezapril and Vit.E was more effective on decrease 
creatinine while Ezapril increased it. 

 

Groups 
 Parameters 

 Treatments 
CAT (U/L)  

1day 7 days 14 days 21 days 
Gp.I Control 268.01a±4.25 276.18a±12.61 275.25a±8.11 276.41a±5.04 
Gp.II Vitamin E 269.53a±6.76 266.90a±9.55 265.48a±2.60 279.01a±4.06 
Gp.III Ezapril 172.36b±0.13 194.20c±4.54 207.19c±3.34 238.61b±4.68 
Gp.IV Vitamin E + Ezapril 195.45b±10.02 227.67b±2.15 244.26b±2.47 261.65a±4.82 

F test ** ** * * 
Table 9: Serum catalase (CAT) of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
- ** :Highly significant at 0.01 probability. - * :Significant at 0.01 probability. 



Advances in Pharmacology and Clinical Trials 

 

Alsadek HB, et al. Adverse Effects of Ezapril in Rats. Adv Pharmacol Clin Trials 
2019, 4(3): 000165. 

  Copyright© Alsadek HB, et al. 
 

 

8 

The effect of Ezapril (0.36 mg/kg, P.O. once daily) on 
successive 21 days  
 There was decrease in level of serum catalase was 
observed compared with control group 
 
 Treatment with Ezapril (0.36mg/kg, P.O. once daily)  

In first week, resulted in highly significant decrease in 
catalase activity (194.20±4.54 mg/ dl) compared with 
(276.18 ±0.03 mg/ dl) for the control group. In the second 
week, resulted in highly significant decrease in catalase 
activity (207.19±3.34 mg/ dl) compared with 
(275.25±8.11mg/ dl) for the control group group. In the 
third week, resulted in significant decrease in catalase 
activity (238.61±4.681mg/ dl) compared with for the 
control group (276.41±5.04mg/ dl).  
 
Administration of Vit. E (1 mg /kg, P.O. once daily ) 
 In the first, resulted in adecrease in catalase activity 
(266.90±9.55mg/ dl) compared with (276.18 ±12.61mg/ 
dl) for the cotrol group. In the second week, resulted in a 

decrease in catalase activity (265.48±2.60mg/ dl) 
compared with (275.25 ±8.11mg/ dl) for the cotrol group. 
In the third week, resulted in an increase in catalase 
activity (279.01±4.06mg/ dl) compared with (276.41 
±5.04mg/ dl) for the cotrol group.  
 
The combination between Ezapril and Vit.E 

 In the first week, resulted in an increase in catalase 
level (227.67±2.15 mg/ dl) compared with 
(194.20±4.54mg/ dl) for Ezapril group. In the second 
week, resulted in an increase in catalaselevel (244.26 
±2.47mg/ dl) compared with (207.19 ±3.34mg/ dl) for 
Ezapril group. In the third week, resulted in an increase in 
catalase level (261.65±4.82 mg/ dl) compared with 
(238.61±4.68 mg/ dl ) for Ezapril group. 
 

According to the results, the combination between 
Ezapril and Vit.E was more effective on increase catalase 
activity while Ezapril decreased it. 

 

Groups 
 Parameters 

 Treatments 
SOD (U/ml) 

1day 7 days 14 days 21 days 
Gp.I Control 21.99a±1.72 25.65a±5.11 24.15a±2.14 24.58a±0.70 
Gp.II Vitamin E 22.85a±0.57 28.12a±1.37 23.87a±2.14 24.43a±2.09 
Gp.III Ezapril 7.24c±0.32 12.99b±2.29 16.80a±1.06 19.74a±1.43 
Gp.IV Vitamin E + Ezapril 13.48b±1.46 16.73b±2.02 22.66a±4.94 23.63a±2.43 

F test ** * NS NS 

Table 10: Serum superoxide dismutase (SOD) of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 
5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
- ** :Highly significant at 0.01 probability. - * : Significant at 0.01 probability. –NS:Non-significant difference.  
 
The effect of Ezapril (0.36 mg/kg, P.O. once daily) on 
successive 21 days  
There was decrease in level of SOD was observed 
compared with control group 
 
Treatment with Ezapril (0.36mg/kg, P.O. once daily)  
In first week, resulted in significant decrease in SOD 
activity (12.99±2.29 mg/ dl) compared with (25.65 
±5.11mg/ dl) for the control group. In the second week, 
resulted in asignificant decrease in SOD activity 
(16.80±1.06mg/ dl) compared with (24.15±2.14mg/ dl) 
for the control group group. In the third week, resulted in 
decrease in SOD activity (19.74 ±1.43mg/ dl) compared 
with for the control group (24.58±0.70mg/ dl). 
 
Administration of Vit. E (1 mg /kg, P.O. once daily ) 
In the first, second and third week resulted in Vit.E 
administration restored creatinine activity to almost 

normal level as as no significant variation were detected 
(0.92 ±0.08mg/ dl) compared with (0.89 ±0.02mg/ dl) for 
the cotrol group. 
 
The combination between Ezapril and Vit.E 
 In the first week, resulted in an icrease in SOD level 
(16.73 ±2.02 mg/ dl) compared with(12.99 ±2.29 mg/ dl) 
for Ezapril group. In the second week, resulted in an 
increase in SOD level (22.66 ±4.94 mg/ dl) compared with 
(16.80 ±1.06 mg/ dl) for Ezapril group. In the third week, 
resulted in an increase in SOD level (23.63±2.43 mg/ dl) 
compared with (19.74 ±1.43mg/ dl) for Ezapril group. 
 
According to the results, the combination between Ezapril 
and Vit.E was more effective on increase SOD while 
Ezapril decreased it. 
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Groups 
               Parameters 

  Treatments 
GPX (U/L)  

1day 7 days 14 days 21 days 
Gp.I Control 121.03a±1.38 116.66a±3.51 119.13a±6.03 123.82a±1.50 
Gp.II Vitamin E 123.36a±3.97 115.73a±2.03 121.93a±9.96 125.13a±2.66 
Gp.III Ezapril 69.09c±5.27 85.94c±3.63 100.76a±3.21 114.86a±3.06 
Gp.IV Vitamin E + Ezapril 90.20b±5.21 101.55b±3.64 108.61a±3.08 121.49a±2.83 

F test ** * NS NS 

Table11: Serum glutathione peroxidase (GPx) of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 
5, mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
- ** : Highly significant at 0.01 probability. - * : Significant at 0.01 probability. –NS:Non-significant difference.  
 

The effect of Ezapril (0.36 mg/kg, P.O. once daily) on 
successive 21 days There was adecrease in level of GPX 
was observed but asignificant decrease was showing 
when compared first week result (85.94 ±3.63 U/ml) with 
the third week (114.86±3.06 U/ml ). 
 
Treatment with Ezapril (0.36mg/kg, P.O. once daily) 
In first week, there is adecrease in GPX activity (85.94 
±3.63 U/ml) compared with (116.66 ±3.51 U/ml) for the 
control group. In the second week, resulted in asignificant 
decrease in GPX activity (100.76±3.21 U/ml) compared 
with (119.13±6.03U/ml) for the control group group. In 
the third week, resulted in asignificant decrease in GPX 
activity (114.86 ±3.06U/mll) compared with for the 
control group (132.82±1.50U/ml). 
 
Administration of Vit. E (1 mg /kg, P.O. once daily) In 
the first week, there is non-significant difference when 

compared with the control group.In the second 
week,resulted in an increase in GPX activity (121.93 
±9.96U/ml) compared with (119.13 ±6.03U/ml) for the 
control group and In the third week resulted in an 
increase in GPX activity (125.13 ±2.66U/ml) compared 
with (123.82 ±1.50U/mll) for the cotrol group. 
 
The combination between Ezapril and Vit.E In the first 
week, resulted in an increase in GPX activity (101.55 
±3.64U/ml) compared with(85.94 ±3.63U/ml) for Ezapril 
group. In the second week, resulted in an increase in GPX 
activity (108.61±3.08U/ml) compared with (100.76 
±3.21U/ml) for Ezapril group. In the third week, resulted 
in an increase in GPX activity (121.49±2.83U/ml) 
compared with (114.86 ±3.06U/ml) for Ezapril group. 
According to the results, the combination between Ezapril 
and Vit.E was more effective on increasing GPX activity 
while Ezapril decreased it. 

 

Groups 
                         Parameters 

   Treatments 

MDA 
(nmol/ml) 

1day 7 days 14 days 21 days 
Gp.I Control 6.07c±0.23 6.22c±0.45 5.03b±0.92 6.04a±0.81 
Gp.II Vitamin E 5.43c±1.27 5.98c±0.18 5.30b±0.56 6.10a±0.15 
Gp.III Ezapril 24.46a±2.37 17.46a±0.66 12.42a±1.71 8.49a±1.22 
Gp.IV Vitamin E + Ezapril 18.36b±0.87 10.14b±0.67 8.06b±0.58 6.92a±0.56 
F test ** ** * NS 

Table 12: Serum malonaldehyde (MDA) of rats in groups (I-IV) after 1, 7, 14, and 21 days of drugs withdrawal (n= 5, 
mean ± SE).  
- All data having different letters are differ significantly at p < 0.05.  
- **: Highly significant at 0.01 probability. - *: Significant at 0.01 probability. –NS:Non-significant difference 
 
The effect of Ezapril (0.36mg/kg, P.O. once daily) on 
successive 21 days There was gradual significant 
decrease in level of MDA was observed 
(17.46±0.66mm/l), (12.42±1.71mm/l) and 
(8.49±1.22mm/l)  
 

Treatment with Ezapril (0.36mg/kg, P.O. once daily) 
In first week, resulted in an increase in MDA activity 
(17.46±0.66mm/l) compared with (6.22 ±0.45mm/l) for 
the control group. In the second week, resulted in 
asignificant increase in MDA activity (12.42±1.71mm/l) 
compared with (5.03±0.92mm/l) for the control group 
group. In the third week, resulted in an increase in MDA 



Advances in Pharmacology and Clinical Trials 

 

Alsadek HB, et al. Adverse Effects of Ezapril in Rats. Adv Pharmacol Clin Trials 
2019, 4(3): 000165. 

  Copyright© Alsadek HB, et al. 
 

 

10 

activity (8.49 ±1.22mm/l) compared with for the control 
group (6.04±0.81mm/l). 
 
Administration of Vit. E (1 mg /kg, P.O. once daily ) In 
the first, second and third week resulted in Vit.E 
administration restored MDA activity to almost normal 
level as as no significant variation were detected (6.10 
±0.15mm/l) compared with (6.04 ±0.81mm/l) for the 
cotrol group. 
 
The combination between Ezapril and Vit.E In the first 
week, resulted in decrease in MDA activity (10.14 
±0.67mm/l) compared with (17.46 ±0.66mm/l) for 
Ezapril group. In the second week, resulted in decrease in 
MDA activity (8.06±0.58mm/l) compared with (12.42 
±1.71mm/l) for Ezapril group. In the third week, resulted 
in decrease in MDA activity (6.92±0.56mm/l) compared 
with (8.49 ±1.22mm/l) for Ezapril group. 
 

 According to the results, the combination between 
Ezapril and Vit.E was more effective on decreasing MDA 
activity while Ezapril increased it. 
 

Histopathological Results 

Ezapril 7 days (Figure 1)  
Liver: Examined sections showed hydropic degeneration 
in a moderate number of hepatocytes and apoptotic 
changes in a few cells (0.25 -0.5%). Periportal round cell 
aggregation was seen. The hepatic sinusoids were 
completely or partially obliterated. 
 
Kidney: Mild congestion of the glomerular tufts and mild 
degenerative changes in the proximal and distal 
convoluted tubular epithelium, mostly cloudy swelling 
and hydropic degeneration were seen. Hypertrophy of the 
glomerular mesangial cells could also be detected. 

 

 

Figure 1: Photomicrograph of Liver (A &B) showing hydropic degeneration in a moderate number of hepatocytes 
(arrow), apoptotic changes in afew cells (arrow head), periportal round cell aggregation (star) and obliterated hepatic 
sinusoids (curved arrow). Kidney (C &D) showing mild congestion of the glomerular tufts (arrow) and mild 
degenerative changes in the proximal and distal convoluted tubular epithelium (arrow heads) beside hypertrophy of 
the glomerular mesangial cells (curved arrow). H&E X 400. 

 
 
Vit E: + Ezpril: 7 days (Figure 2) 
Liver: Examined sections revealed mildly congested 
hepatic sinusoids. Most of the hepatocytes were 
apparently normal. a few cells showed degenerative 
changes mainly cloudy swelling. Some sinusoids showed 
increased number ofcirculating lymphocytes. 
Kidney: Mild to moderate congestion of renal blood 
vessles with perivascular edema could be detected.cystic 

dilatation of a moderate number of renal tubules; 
particularly in the medulla with atrophy of the lining 
epithelium was observed. Moderate number of the 
tubular epithelium especially in the cortex showed 
degenerative changes mostly cloudy swelling and 
hydropic degeneration. 
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Figure 2: photomicrograph of Liver (A &B) showingapparently normal hepatocytes (A), mildly congested hepatic 
sinusoids (star) with some circulating lymphocytes (curved arrow) and degenerative changes in some hepatocytes 
(arrow). Kidney (C) showing cystic dilatation of of some renal tubules with), atrophy of the lining epithelium (arrow 
head). (D) Showing congestion of renal blood vessles (stars) with perivascular edema (curved arrow), moderate 
number of the tubular epithelium showing degenerative changes (arrow). 
Vit E. 7 days: (Figure 3). 

 

 
liver: Examined sections revealed apparently normal 
hepatic parenchyma with active healthy hepatocytes 
showing large nuclei and nucleolus, some were double 
nucleated, however, focal dilatation of some hepatic 
sinusoids was seen. 
 

Kidney: Apparently normal renal functional units and 
normal stroma with preserved tubular epithelium, 
glomerular structures and intertubular vascular 
tributaries were seen. A few renal tubules showed 
degenerative changes mostly cloudy swelling. (Plate 5). 

 

 

Figure 3: Photomicrograph of liver (A) showing apparently normal hepatic parenchyma with double nuclei of 
hepatocytes (arrow) and focal dilatation of some hepatic sinusoids (curved arrow). (B): Kidney showing apparently 
normal nephron units and stroma with a few degenerative changes in some renal tubules (arrow head). H&E X 400 

 

Discussion 

This present study was designed to clarify the toxic 
effect of Ezapril and protective effects of antioxidant Vit.E 
against nephrotoxicity and hepatotoxicity induced in rats 

by Ezapril. In this study, Ezapril is used in adose 
(0.36mg/kg,P.O.) once daily for successive 21 days Paget 
& Barnes [14] to induce oxidative stress in rat liver and 
kidneys, as evidenced by ahigh significant decline in 
antioxidant enzyme activities CAT, SOD, GPX and ahigh 
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significant rise in MDA production. Ezapril significantly 
produced nephrotoxicity as evidenced by the increase in 
the kidney parameters like urea and creatinine as 
compared with control group. The results show non-
significant effect on liver as non-significant difference 
occur in the activities of ALT,AST and ALP. In addition, 
our histopathological results in the first week showed 
congetion of the glomerular tufts and mild degenerative 
changes in the proximal and distal convoluted tubular 
epithelium, cloudy swelling and hydrpic degeneration, 
Hypertrophy of the glomerular mesangial cells. In the 
second week, the results showed cystic dilatation of some 
renal tubules. Focal interstitial round cells aggregation 
with atrophy of the surrounding tubular epithelium.In the 
third week, cystic dilatation of renal tubules, atrophy of 
lining epithelium cogetion of renal blood vessels with 
perivascular edema. These results coincided with those 
obtained by Sidorenkov & Navis [15]. Who found that 
Renal impairment is a significant potential adverse effect 
of rats administered Ezapril. Drugs and some chemical 
agents are known to induce hepatotoxicity in humans. 
Chemical agents are screened daily for their 
hepatoprotective and nephroprotective properties, for 
example, Vit.E. It is one of the most important antioxidant 
drugs due to its hepato-nephroprotective properties as 
reported by researchers Pryor, et al. [16]. This study 
demonstrated the hepato-nephroprotective effect of Vit.E. 
Vit.E has hepatoprotective effect of as it expresses 
important functions in the membranes: preventing ROS 
damage in polyunsaturated fatty acids as alipid soluble 
antioxidant and acting against damage caused to 
phospholipids as amembrane stabilizing agent. 
Additionally, Vit.E is known to act by breaking the 
antioxidant chain that prevents ROS- produced by cell 
membrane. It decreases lipid peroxidation and protects 
against liver injury. It decreases liver fibrosis, tumor 
necrosis factors, inflammation and hepatic porphyrin 
[17]. The previous observations explained the 
hepatoprotective effects of Vit.E observed in the present 
study. 

 
Vit.E normalized levels of alanine aminotransferase, 

aspartate aminotransferase, alkaline phosphatase, serum 
bilirubin, glutathione superoxide dismutase, 
malondialdehyde and improved histopathological 
changes in the liver induced by chemical agents in the 
control group. The possible pathway can be explained 
through the structure of Vit.E, the side chain in the 2-
position facilitates the incorporation and retention of 
Vit.E in bio membranes so that the 6-position is optimal 
for scavenging free radicals and terminating lipid 
peroxidation. Furthermore, its antioxidant activity is 
exhibited through protection of poly unsaturated fatty 

acid from oxidation by reactive oxygen species, 
stabilization of membrane and breaking of antioxidant 
chains that prevent reactive oxygen species damage to 
membranes. In the present study, Vit.E used in adose (1 
mg/kg, p.o. once daily for 21 days) to clarify the hepatic-
nephroprotective effect on rats. We noticed that there is 
an increase in the activities of antioxidant enzymes (GPX, 
CAT, and SOD) and asignificant decrease MDA activity. 
The administration of Vit.E with Ezapril showed 
asignificant decline in activities of serum ALT, AST, and 
ALP when compared with Ezapril group. Sanchez-Valle, et 
al. [18] reported the antioxidative therapy, mainly using 
natural and synthetic antioxidants, represents 
areasonable therapeutic approach for the prevention and 
treatment of liver diseases due to the role of oxidative 
stress in contributing to intiation and progression of 
hepatic damage. Beytut, et al. [19] reported that the 
increased level of antioxidant enzymes, SOD, CAT, GPX 
resulted from the treatment with vit E might normalize 
the lipid peroxidation reaction and related biochemical 
changes which in turn protects the cells from the 
increased risk of peroxidative damage as a result of 
administration of cytotoxic drugs [20-23]. 
 

Conclusion  

It could be concluded that the combination of Vit. E. 
and Ezapril showed better results than Ezapril alone. So, 
Ezapril should be used with caution in people with kidney 
disorders.  
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