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Abstract: The present study has been designed to evaluate the possible hepatotoxicity of the angiotensin converting 
enzyme inhibitor, captopril on liver of adult of albino mice. The study included the effect of oral administration of 
captopril for two months in adult mice. The dose used in the present study represents the dose equivalent to the 
therapeutic daily dose taken by human. Ninety adult albino mice weighing (25±20) g were used in this study. They 
were divided into three main groups(n=30 each).Control group (G1),.Group (G2)&group (G3) treated with captopril 
(0.01mg& o.o2mg daily for two months ).Light and electron microscopic examination of liver revealed pathological 
lesions in group.(G2) and group(G3).The liver of group(G2)showed necrosis and dilatation of sinusoids, necrosis of 
stage of karyolysis which remarkable changes appeared in the hepatocytes in group (G3)as compared with those in 
group(G2) . Ultrastructural examination of the liver of the treated group (G2) revealed the hepatocytes contain the 
distorted cytoplasmic organelles, the nucleus possessed condensed chromatin and dentate nuclear membrane .The 
sinusoidal lining revealed fragmented endothelial cell and distorted kupffer cell. The group (G3)revealed the 
hepatocytes contain the degenerated cytoplasmic organelles, with indented and fragmented nuclear membrane, 
clumped the chromatin .The hepatocytes showed cytoplasmic degeneration ,with scattered apoptotic bodies and 
distorted blood cells and hypertrophy kupffer cell in sinusoid. 
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1. Introduction 

Stroke is a major cause of mortality and 
disability worldwide. The main cause of stroke is 
atherosclerosis, and the most common risk factor 
for atherosclerosis is hypertension. Therefore, 
antihypertensive treatments are recommended for 
the prevention of stroke¹. 

Angiotensin-converting enzyme (ACE) 
inhibitors are considered to be effective clinical 
therapy for hypertension and heart failure. It has 
become obvious that ACE inhibitors reduce ischemic 
myocardial injury ².  

Captopril is an angiotensin-converting enzyme 
(ACE) inhibitor is widely used in the treatment of 
hypertension and congestive heart failure. It contains 
a sulphydryl (-SH) group. This sulphydryl group may 
have the ability to scavenge cytotoxic oxygen-derived 
free radicals, which play an important role in post 
ischemic contractile dysfunction ³. It contains active 
sulphydryl group and shares other structural feature 
with cysteine, the main substrate of glutathione ⁴. 

Captopril can also improve the severity of 
inflammation through the following pathways. First, 
it inhibits endothelial derived growth factor 
(EDGF)/nitric oxide (NO) degradation through 
eliminating oxygen free radicals, and reinforced 
EDGF/NO functions ⁵. Secondly, it improves 
microcirculatory disturbance through promoting the 
synthesis of vascular endothelial cell and the release 
of prostacyclin ⁶. Thirdly, it reduces endothelin 

release to attenuate tissue injury ⁷. Finally, it reduces 
intracellular Ca2+ levels by decreasing Ca2+ passage 
and inhibiting the activity of Ca2+ in passing through 
cell membrane to avoid intracellular Ca2+ 
overloading, thus attenuating cell injury ⁸. 

Angiotensin converting enzyme (ACE) 
inhibitors are standard therapy for cardiovascular 
diseases including congestive heart failure and 
hypertension. ACE inhibitors have been used 
worldwide and have been reported to cause relatively 
few side effects. The antihypertensive effects of these 
drugs are related to their ability to block the 
conversion of the decapeptide, angiotensin I, to the 
potent pressor octapeptide , angiotensin II. Thus 
cause vasodilatation and lowering of blood pressure⁹. 

Captopril (CP) is an angiotensin-converting 
enzyme inhibitor whose metabolism involves 
endogenous thiols which may be depleted at high 
doses of CP. Following intraperitoneal administration 
of CP (50-300 mg/kg), dose-dependent depletion of 
hepatic glutathione, increased serum transaminase 
(SGPT) levels and hepatic necrosis were observed. 
The hepatic necrosis observed was either subcapsular 
or parenchymal in distribution. Both types of necrosis 
showed a dose-dependent increase in severity but 
with a large inter-animal variation. Oral CP (300 
mg/kg) caused parenchymal necrosis in only one 
animal. It is suggested that subcapsular necrosis may 
be due to the direct effect of i.p. captopril whereas 
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parenchymal necrosis may be a consequence of 
hepatic GSH depletion. ¹⁰. 

Angiotensin-converting enzyme (ACE) 
inhibitors have been widely used to control 
hypertension, but their use during gestation may 
result in fetal death, intra-uterine growth retardation, 
oligoamnium sequence, hypotension, acute renal 
failure and ductus arteriosus patency in the newborn. 
The aim of this case report is to highlight the risks of 
using this drug during gestation. The authors present 
a case of captopril use during pregnancy, whose 
newborn developed acute renal failure and ductus- 
arteriosus patency early in the newborn period.¹¹ 

Use of angiotensin-converting–enzyme (ACE) 
inhibitors during the second and third trimesters of 
pregnancy is contraindicated because of their 
association with an increased risk of fetopathy. In 
contrast, first-trimester use of ACE inhibitors has not 
been linked to adverse fetal outcomes. We conducted 
a study to assess the association between exposure to 
ACE inhibitors during the first trimester of pregnancy 
only and the risk of congenital malformations¹². 

ACE inhibitors can induce angioedema. ACE 
inhibitors block the enzyme ACE so it can no longer 
degrade bradykinin; thus, bradykinin accumulates 
and causes angioedema ¹³. Angioedema is a well-
recognized side effect of angiotensin-converting 
enzyme (ACE) inhibitor therapy. Angioedema can 
also be seen with angiotensin receptor blocker 
therapy but much less frequently than is the case with 
ACE inhibitors. For unclear reasons, ACE inhibitor-
related angioedema occurs more commonly in black 
patients. Angioedema can be life threatening ¹⁴. 

This study was designed to investigate the effect 
of captopril, on liver of mice. 
 
2. Material and Methods 

A total of 90 adult albino mice weighing 
(25±20) g were used in this study. They were divided 
into three main groups (n=30 each),. Captopril is 
commonly marketed by Bristol-Myers Squibb under 
the trade name Capoten in the form of tablets 25mg, 
50mg.Captopril was used in daily oral dose which 
represents the equivalent of the daily human 
therapeutic dose Captopril was administered by oral 
gavage at a dose calculated according to Paget and 
Barnes ¹⁵.  

The experimental groups were divided into three 
groups: 
Group (G1): control group 
Group (G2): mice were treated with captopril 
(0.01mg, daily for two months. 
Group (G3):mice were treated with captopril 
(0.02mg,daily for two months. 

The mice were maintained on distilled water 
and a standard mice diet for 14 days and kept in a 

well-ventilated room with a 12-hour dark=light cycle 
before the study. The mice were housed in individual 
metal wire metabolic cages with constant temperature 
(25 °C). A specific air ventilation system assured an 
efficient flow within the room to keep the level of 
humidity within the animals' immediate environment 
at an acceptable level; thus, the relative humidity was 
within the range of 50±5 %. The mice were exposed 
to a 12: 12-h light-dark cycle, were fed ad libitum 
with a standard diet and allowed free access of water 
and were acclimatized for at least one week under 
these conditions before the start of the study. 

At the end of the experimental period, mice 
were sacrificed, the liver specimens were obtained 
and immediately processed for histopathological and 
ultrastructural studies. 
Light microscopic (L/M) study:  

The liver sections were fixed in a 10% solution 
of formaldehyde in 0.1 mol/L phosphate-buffered 
saline(pH 7.4), and embedded in paraffin. Five-
micrometer slides were prepared. Heamtoxylin and 
eosin staining was used. ¹⁶. 
Transmission electron microscopic (TEM) study: For 
ultrastructural examination, the liver samples were 
cut into small pieces of about 1-mm3 in size and 
immediately. fixed infixed in 2.5% glutaraldehyde 
and 0.25 M sodium cacodylate, post fixed in 1% 
osmium tetroxide and embedded in Spurr's epoxy. 
Ultrathin sections were picked up on nickel grids, 
stained with uranyl acetate/lead citrate¹⁷. 
 
3. Results 
Control group (G1) 
Light microscopic (L/M) results: 

At the light microscope level, H&E-stained 
sections and toluidine blue semithin sections of liver 
of the control mice is showing the hepatic lobules 
possess distinct outlines, a small central vein in the 
center of a hepatic lobule .The blood sinusoids, 
which run between plates of hepatocytes(Fig. 
1a).The plates of hepatocytes are appearing 
polyhedral cells with round central nuclei(Fig. .1b). 

 Transmission electron microscopic (TEM) 
results: 

Ultrastructural examination of the liver of the 
control group revealed normal structure of the 
hepatocytes contain the normal cytoplasmic 
organelles, including mitochondria, Golgi apparatus, 
rough and smooth endoplasmic reticula, few 
lysosomes. The nuclus is large prominent, spherical 
in shape and centrally located(Fig.1c).A specialized 
stellate macrophage (Kupffer ) cell and fenestrated 
endothelial cell within the sinusoid lining(Fig. 1d).A 
bile canaliculus between the cells of the hepatocytes 
plates in the hepatic lobule (Fig. 1e). 
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           Fig 1 a 

 
                        Fig 1 b  

                             Fig 1 c 

 

 
Fig 1d 

 
                                Fig 1e 

 
Figs.1 a: A photomicrograph of a control mice liver group (G1) showing hepatic lobule, central vein (Cv), (H&E  X100).  
1b: A photomicrograph of semithin section of liver of the control mice is showing the polyhedral hepatocytes with round central 
nuclei.  (Toluidine blue  x400) 
1c: TEMof the liver of the control group showing mitochondria, Golgi apparatus, rough and smooth endoplasmic reticula, few 
lysosomes. The nuclus is prominent, spherical in shape and centrally located (x8000) 
1d: TEM of the liver of the control group showing stellate (Kupffer ) cell and endothelial cell within the sinusoid lining (x8000) 
1e: TEM of the liver of the control group showing bile canaliculus between hepatocytes (x25000) 
 
Treated group (G2) 
Light microscopic (L/M) results: 

At the light microscope level, H&E-stained 
sections and toluidine blue semithin sections of liver 
of the treated mice with captopril group (G2) induced 
an obvious pathological changes in liver, including 
hydropic degeneration and necrosis and dilatation of 
sinusoids(Figs 2 a,b.). 
Transmission electron microscopic (TEM) results: 

Ultrastructural examination of the liver of the 
treated group (G2)revealed the hepatocytes contain 
the distorted cytoplasmic organelles, including 
mitochondria, which exhibited different signs of 

damage; some were condensed, others were irregular 
in shape with damaged cristae The nuclus possessed 
condensed chromatin and dentate nuclear membrane 
(Fig. 2. c.).The sinusoidal lining revealed fragmented 
endothelial cell and distorted kupffer cell (Fig. 2 d). 
Treated group (G3) 
Light microscopic (L/M) results: 

At the light microscope level, H&E-stained 
sections and toluidine blue semithin sections of liver 
of the treated mice with captopril group (G3) induced 
an obvious damage in liver, including necrosis of 
stage of karyolysis which remarkable changes 
appeared in the hepatocytes in this group as 
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compared with those in group(G2) (Figs.3 a,b). 
Transmission electron microscopic (TEM) results: 

Ultrastructural examination of the liver of the 
treated group (G3)revealed the hepatocytes contain 
the degenerated cytoplasmic organelles, with 
indented and fragmented nuclear membrane, clumped 

the chromatin (Fig.3 c).The hepatocytes showed 
cytoplasmic degeneration ,with scattered apoptotic 
bodies and glycogen granules, also showed narrowed 
bile canaliculi and distorted blood cells and kupffer 
cell in sinusoid (Fig.3d). 

 

                           
Fig 2a Fig 2b 

                    
Fig 2 C                                              Fig 2 d 

  
Figs.2 a:A photomicrograph of treated liver group (G2) showing including hydropic degeneration and necrosis and dilatation of 
sinusoids (H&E  X100).  
2b: A photomicrograph of semithin section of treated liver group (G2) showing cytoplasmic degeneration and necrotic nuclei.  
(Toluidine blue  x400) 
2c:TEMof the liver of group(G2) showing dentate nucleus ,distorted organelles ,mitochondria lost cristae (x8000) 
2d: TEM of the liver of group(G2) showing fragmentd endotheial cell and hypertrophy distorted  (Kupffer ) cell (x8000) 
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Fig 3a                                                   Fig 3b 

     

 
Fig 3c                                                  Fig 3d 

Figs.3 a:A photomicrograph of treated liver group (G3) showing conspicuous degeneration and necrosis of 
hepatocytes (H&E  X400).  
3b: A photomicrograph of semithin section of treated liver group (G3) showing cytoplasmic degeneration and 
necrotic nuclei.( Toluidine blue  x400) 
3c:TEMof the liver of group(G3) showing degenerated cytoplasmic organelles, with indented and fragmented 
nuclear membrane, clumped the chromatin (x15000) 
3d: TEM of the liver of group(G3) showing cytoplasmic degeneration ,with scattered apoptotic bodies, narrowed 
bile caniliculus and distorted blood cells and kupffer cell (x6000) 
 
4.Discusion 

Captopril is an angiotensin-converting 
enzyme (ACE) inhibitor is widely used in the 
treatment of hypertension and congestive heart 
failure⁴. 

The study finds obvious pathological 
changes in liver, including hydropic degeneration and 
necrosis and dilatation of sinusoids, necrosis of stage 
of karyolysis which remarkable changes appeared in 

the hepatocytes in group (G3)as compared with those 
in group(G2) . Ultrastructural examination of the 
liver of the treated group (G2) revealed the 
hepatocytes contain the distorted cytoplasmic 
organelles, including mitochondria, which exhibited 
different signs of damage; some were condensed, 
others were irregular in shape with damaged cristae 
The nuclus possessed condensed chromatin and 
dentate nuclear membrane .The sinusoidal lining 
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revealed fragmented endothelial cell and distorted 
kupffer cell.The group (G3) revealed the hepatocytes 
contain the degenerated cytoplasmic organelles, with 
indented and fragmented nuclear membrane, clumped 
the chromatin .The hepatocytes showed cytoplasmic 
degeneration ,with scattered apoptotic bodies and 
glycogen granules, also showed narrowed bile 
canaliculi and distorted blood cells and kupffer cell in 
sinusoid. These findings are in general agreement 
with the observations in ballooning (feathery) 
degeneration. Swelling of hepatocytes with increased 
and pale cytoplasm, In centrilobular necrosis, 
necrotic hepatocytes around central vein, usually due 
to ischemia, drugs or toxins¹⁸.  

A 50-year-old black female developed 
hepatic dysfunction secondary to captopril therapy, 
25 mg tid for one month. Liver biopsy showed 
primarily cholestasis, with secondary hepatocellular 
elements. Symptoms consisted of jaundice, pruritus, 
anorexia and weight loss, hepatomegaly, and 
abdominal tenderness. Total bilirubin, alkaline 
phosphatase, lactate dehydrogenase (LDH), and 
serum glutamic-oxaloacetic transaminase (SGOT), 
reached highs of 506 mumol/L, 737 U/L, 319 U/L, 
and 100 U/L, respectively¹⁹. 

Captopril, the competitive inhibitor of 
angiotensin-converting enzyme, is of considerable 
benefit in difficult-to-manage forms of hypertension. 
Its use has been associated with various untoward 
effects, but hepatic injury has not been widely 
reported. We treated a patient with captopril-
associated cholestatic jaundice; a review of cases 
reported to the drug manufacturer and a review of the 
literature showed 13 additional cases of hepatic 
injury associated with captopril. In 9 of these the 
jaundice was categorized as cholestatic, and in 4 of 
the remaining 5 as mixed cholestatic-hepatocellular. 
These findings show that jaundice may be an 
idiosyncratic side effect of captopril, and that 
captopril-associated jaundice characteristically has 
strongly cholestatic features²⁰. 

Captopril, like other ACE inhibitors, has 
been associated with a low rate of serum 
aminotransferase elevations (<2%), The cause of the 
minor serum aminotransferase associated with 
captopril is not known. The clinically apparent acute 
liver injury from captopril is likely an idiosyncratic 
reaction to a metabolite. Captopril is hydrolyzed by 
the liver to its active metabolite captoprilat and has 
little further hepatic metabolism²¹.Captopril has 
attained widespread use as an effective agent in the 
treatment of heart failure and hypertension. 
Dermatological, renal and haematological toxicity 
associated with its use has been widely described and 
is usually well recognized. There have been 
comparatively few reports implicating it as causing 

hepatic drug reactions. Most descriptions have 
emphasized strongly cholestatic features, although a 
mixed hepatocellular cholestatic picture and 
predominant hepatocellular reactions have been 
reportedCaptopril-induced liver disease, the jaundice 
may persist for many weeks after drug 
withdrawal²².The liver lobule is formed by 
parenchymal cells, i.e., hepatocytes and 
nonparenchymal cells. In contrast to hepatocytes that 
occupy almost 80% of the total liver volume and 
perform the majority of numerous liver functions, 
nonparenchymal liver cells, which contribute only 
6.5% to the liver volume, but 40% to the total number 
of liver cells, are localized in the sinusoidal 
compartment of the tissue. The walls of hepatic 
sinusoid are lined by three different cell types: 
sinusoidal endothelial cells (SEC), Kupffer cells 
(KC), and hepatic stellate cells (HSC, formerly 
known as fat-storing cells, Ito cells, lipocytes, 
perisinusoidal cells, Kupffer cells are 
intrasinusoidally located tissue macrophages with a 
pronounced endocytic and phagocytic capacity. They 
are in constant contact with gut-derived particulate 
materials and soluble bacterial products so that a 
subthreshold level of their activation in the normal 
liver may be anticipated. Hepatic macrophages 
secrete potent mediators of the inflammatory 
response (reactive oxygen species, eicosanoids, nitric 
oxide, carbon monoxide, TNF-alpha, and other 
cytokines), and thus control the early phase of liver 
inflammation, playing an important part in innate 
immune defense. High exposure of Kupffer cells to 
bacterial products, especially endotoxin 
(lipopolysaccharide, LPS), can lead to the intensive 
production of inflammatory mediators, and ultimately 
to liver injury. Besides typical macrophage activities, 
Kupffer cells play an important role in the clearance 
of senescent and damaged erythrocytes²³. 
Disturbances in RNA and protein synthesis, 
mitochondrial function, or release of lysosomal 
enzymes do not play a primary causative role in cell 
death. Many previous studies have tended to 
implicate the plasma membrane and its presumed role 
in maintaining the proper Ca2+ balance as the 
primary site of the development of irreversible 
hepatocyte damage. These studies have generally 
faced a major difficulty in determining if the 
observed changes are the cause or an effect of cell 
death²⁴. 
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