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Abstract 
Orlistat is a safe and effective drug to treat obesity by acting as a pancreatic and 
gastric lipase inhibitor, resulting in reduction in fat absorption. There is also 
concern that it may be linked with an increased threat of serious hepatic inci-
dents. The present work was carried out to study the effect of orlistat on the 
histological, immunohistochemical and electron microscopic structure of the 
liver in the adult male albino rats and the possible protective role of β-carotene 
administration. Forty adult albino rats were subjected to experiment for two 
weeks as follows: group 1 (control), group II, each animal received 0.52 mg/kg 
bw/day β-Carotene, group III, each animal received orlistat 32 mg/kg/day, 
and group IV received β-Carotene, 1hour before the administration of orlistat 
at same dose of group II & III. The liver from each animal was dissected out 
and processed for histological, (light and electron microscopic study). The 
result of Hep-Par1 for immunohistochemistry was statistically analyzed. The 
results showed that orlistat treated group displayed variable disturbance of 
liver architecture, from dilatation, congested central and portal veins, 
branching of bile ductules, mononuclear cellular infiltration, areas of he-
morrhages, cytoplasmic vacuolation and pyknotic nuclei. The most obvious 
changes were that degenerative changes in hepatocytes led to depletion of 
glycogen content of hepatocytes. Hep Par-1 revealed a wide area of negative 
immune expression around the central vein and in some hepatocytes. Other 
hepatocytes expressed weak reaction. Ultrastructure examination displayed 
hepatocytes with swollen mitochondria and others with an electron-dense 
matrix. The combined treatment of β-Carotene and orlistat led to a marked 
improvement in most of the previously mentioned changes. It was concluded 
that orlistat-induced hepatic toxicity. Thus, clinicians should cautiously monitor 
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their patients for signs of hepatic dysfunction. Using an antioxidant such as 
β-Carotene decreased the toxicity of orlistat. 
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1. Introduction 

Obesity has been involved in many chronic conditions, comprising cardiovascu-
lar disease, diabetes mellitus, hypertension, obstructive sleep apnoea, hyperlipi-
daemia, fatty liver disease and malignancy [1]. Orlistat was official by the Food 
and Drug Administration (FDA) in 1998 for weight loss. Crucially, orlistat is the 
first gastrointestinal lipase inhibitor for the management of obesity [2]. Orlistat 
is a dominant inhibitor of gastrointestinal lipase. Following oral administration, 
orlistat is excreted nearly completely in the feces within three to five days, un-
dergoes slight systemic absorption and displayed no accumulation [3] [4]. Orlis-
tat deactivated gastrointestinal lipase, decreasing the absorption of dietary fat 
[5]. Significantly, orlistat diminished fat absorption by binding covalently to the 
serine residue of the active site of gastric and pancreatic lipases. It was suggested 
that orlistat administration with fat comprising foods partly prevented the hy-
drolysis of triglycerides, hence decreasing the consequent absorption of monog-
lycerides and free fatty acids [6]. The XENDOS study, which compared orlistat 
to placebo in over 3000 patients, showed statistically significant and sustained 
weight loss at the end of a 4-year study [7]. Orlistat, 120 mg in combination with 
diet has been shown to reduce liver fat in patients with type 2 diabetes [8] and 
reduce inflammation and fibrosis in non-alcoholic steatohepatitis [9]. Signifi-
cantly, orlistat improved blood pressure, insulin resistance and serum lipid levels 
[10]. Moreover, orlistat has also been shown to decrease total cholesterol and 
low-density lipoprotein levels independent of weight loss [11]. Recent investiga-
tions recommended that orlistat was more effective in dropping weight and lipid 
profile than metformin [12]. However, the most commonly gastrointestinal ad-
verse effects of orlistat include diarrhea, flatulence, bloating, abdominal pain and 
dyspepsia [10]. Orlistat is metabolized in the gastrointestinal tract and its direct 
damaging effect is publicized in intestinal villi of animal models [13]. Pancreati-
tis associated with the use of orlistat was also recorded by several investigators 
[14] [15]. The effect of orlistat on the liver is still a matter of controversy. More-
over, the mechanism of orlistat-induced hepatotoxicity remains indistinct. 

The daily multivitamins with orlistat are co-prescribed to inhibit fat-soluble 
vitamin deficits [16]. At present, the hepatoprotective drugs are insufficient, 
even though the recently developed drugs have been used often have adverse ef-
fects. Therefore, a special interest has been directed to the use antioxidants in the 
treatment and may have an important role in maintaining health [17]. 
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β-Carotene is considered a carotenoid which performed as a vitamin A pre-
cursor, and it is the most abundant form of vitamin A in fruits and vegetables 
[17]. It has antioxidant capability by scavenging free radicals and quenching 
singlet oxygen [18]. Animals are unable to synthesize carotenoids de novo, and 
they are dependent on the diet as a source of these compounds [19]. Van Poppel 
suggested that diet fruits and vegetables rich in β-Carotene or high blood levels 
of β-Carotene are linked with a reduced risk of cancer at lung and stomach [20]. 
Previous investigation demonstrated that β-carotene has not been revealed to 
precipitate vitamin A toxicity [21]. 

The Hepatocyte Paraffin antigen-1 (HepPar-1) is a mitochondrial urea cycle 
antigen. Several reports have been increasingly used Hep-Par1 as a positive bio-
marker for hepatic distinction [22].  

Taken together, the incidence of obesity has been markedly increased world-
wide, and many people are interested to decrease their weight by the administra-
tion of orlistat. The current work aimed to study the histological, immunohisto-
chemical and electron microscopic changes that may occur in the liver of adult 
male albino rats after treatment with orlistat and to evaluate the possibility of 
protection of β-carotene. 

2. Materials and Methods 
2.1. Animals 

This study was carried out on forty adult male albino rats. They were weighed 
between 150 - 200 g each. Rats were housed in separate well-ventilated cages, 
under standard conditions, with free access to standard diet and water ad libi-
tum. Rats were kept at a controlled temperature of 25˚C ± 1˚C and under a 12 h. 
light: 12 h. dark schedule. Rats were left for two week before the start of experi-
ments for acclimatization. Rats used in this study bought from the Central Ani-
mal House, Faculty of Medicine, Assiut University. All animal procedures were 
in agreement with the principles guidelines for the carefulness and use of expe-
rimental animals by the Committee for the Purpose of Supervision of Experi-
ments on Animals. Furthermore, all animals processes were in accordance to the 
National Institute of Health (NIH) protocol and they agreed by the Institutional 
Ethics Committee of Assiut University.  

2.2. Drugs and Chemicals 

Orlistat was purchased as a capsule with a trade name (REGIMAX) Produced by 
Global Napi Pharmaceuticals (GNP), Penta Pharma, Egypt. 

2.3. Experimental Design 

The animals were divided into four equal groups (10 rats each). Rats were sub-
jected to experiment for two weeks as follows: 

1) Group I (Control group): Rats received 1 ml of fish oil, the vehicle for or-
listat, orally by a gastric tube once daily.  

https://doi.org/10.4236/fmar.2018.62003


S. Youssef 
 

 

DOI: 10.4236/fmar.2018.62003 23 Forensic Medicine and Anatomy Research 
 

2) Group II (β-carotene group): Rats received β-carotene supplementation at 
0.52 mg/kg body weight (BW)/day [23]. 

3) Group III (Orlistat treated group): Rats received orlistat dissolved in fish oil 
orally by a gastric tube at a dose of 32 mg/kg/day [24]. The orlistat dose was cal-
culated according to the interspecies dose conversion scheme by Paget and 
Branes [25]. 

4) Group IV (Orlistat & β-carotene group): Rats received β-carotene supple-
mentation at 0.52 mg/kg bw/day, one hour before the administration of orlistat 
dose of 32 mg/kg/day. Both orlistat and β-carotene were administered orally. 

2.4. Histological Study 

The liver specimens was dissected out and divided into two halves by longitu-
dinal section. One half was processed for light microscopic investigation, whe-
reas the other was processed for electron microscopic investigation. The liver 
specimens were fixed in a 10% formalin solution and they were processed and 
embedded in paraffin wax by routine protocol. 3 - 4 μm thick sections were ob-
tained and stained with Haematoxylin and Eosin to study the general structure 
[26]. Periodic acid Schiff's reaction (PAS) technique was used for the study of 
mucopolysaccharides and polysaccharides [27].  

2.5. Immunohistochemical Study 

For the immunohistochemical study, 4 μm paraffin sections were mounted on 
charged slides coated on polylysine. The immunohistochemical stain were per-
formed for localization of hepatocyte mitochondrial membrane antigen using 
hepatocyte paraffin-1 (Hep Par-1). The liver sections were deparaffinized in xy-
lene, rehydrated in descending grades of alcohol. The antigen retrieval was car-
ried out by treating the liver sections with 0.1 mol/L, citrate buffer at pH 6.0 for 
ten minutes in a microwave at 100˚C for twenty minutes, and subsequently left 
to cool at room temperature for another twenty minutes. To block the endo-
genous peroxidase, the slides were incubated in hydrogen peroxide, 3% for five 
minutes. Then, they were washed twice in PBS for five minutes each. Sections 
were incubated with the primary antibody, anti-HepPar-1 mouse monoclonal 
antibody (Lab vision, USA). The primary antibody was diluted at 1:100 over-
night at room temperature [28]. After rinsing in PBS, the liver tissues were in-
cubated with a biotin bound to secondary antibody (DAKO-EnVision Plus Sys-
tem-HRP). The peroxidase reaction was visualized using diaminobenzidine 
(DAB). The sections were counterstained with Mayer’s hematoxylin before ex-
amination under microscope followed by dehydration, clearing and then 
mounting. Normal liver tissues were used as the positive controls, however, the 
negative control liver slides were achieved by omitting the primary antibody and 
subsequently, no immunostaining was occurred. Finally, the Hep Par-1 positivi-
ty appeared as coarsely granular brown cytoplasmic staining. The investigation 
and photography were conducted at the Mycology and Biotechnology Unit, 
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Al-Azhar University, Cairo, Egypt. 

2.6. Morphometric Study 

Quantitative morphometric measurements were done by using the image ana-
lyser Leica Qwin standard, 500c, England. The image analyser was calibrated 
automatically to transform the measurement units, the pixels formed by the im-
age analyser program into real micrometer units. Using the measuring field 
menu, the area % and standard measuring frame were chosen from the parame-
ters. The area percentage for HepPar-1 immunoreaction in hepatocytes was 
measured using the objective lens of magnification 40, total magnification, ×400. 
Ten readings were achieved in each specimen and the mean values were done. 

2.7. Statistical Analysis 

The data obtained were subjected to statistical analysis using SPSS statistical 
software (SPSS for Windows, version 13.0). Comparison between groups was 
made using ANOVA. All data were expressed as mean (±) SD. The Results were 
considered significant when the P value less than 0.05 (P < 0.05). 

2.8. Electron Microscopy Study 

Liver Specimens for electron microscopy were immediately fixed in 2.5% glute-
raldehyde for 24 hours. Then liver specimens were washed in 3 - 4 changes of 
cacodylate buffer (pH 7.2) for 20 minutes each. The postfixation was done in 
cold 1% osmium tetroxide for 2 hours and they were washed in four changes of 
cacodylate buffer for twenty minutes each. The specimens were dehydrated by 
using ascending grades of alcohol and clearing were carried out in propylene 
oxide. Embedding was carried out in Epon 812 using gelatin capsules. For poly-
merization, the embedded samples were kept in an incubator at 35˚C for one 
day, incubator at 45˚C for another day, and finally incubator at 60˚C for three 
days. The semi-thin sections of 1-μm thickness were cut and they stained with 
toluidine blue. Ultrathin sections (500 - 800) from selected areas of trimmed 
blocks were collected on copper grids. The ultrathin sections were then con-
trasted in uranyl acetate for ten minutes and in lead acetate for five minutes. 
Sections were examined by a transmission electron microscope and JEOL 100 
CX, (Japan) and photographed at 80 kV at the Assiut University, Electron Mi-
croscopy Unit. 

3. Results 
3.1. Histological Results 

The liver sections stained with H&E of the control group (group I) showed the 
normal histological architecture. The cells appeared as cords radiating from cen-
tral veins. The hepatic cells appeared polygonal in shape with rounded vesicular 
nuclei and a granular acidophilic cytoplasm. The cords were separated from each 
other by blood sinusoids. The hepatic sinusoids appeared as narrow spaces 
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between the hepatic plates which lined by flat endothelial cells (Figure 1(A)).  
The liver sections stained with H&E of the β-Carotene-treated group (group 

II) showed a normal hepatic structure. The hepatocytes were arranged in the 
form of plates radiating from the central vein (Figure 1(B)). The hepatocytes 
were polyhedral with acidophilic granular cytoplasm. They had large rounded 
central vesicular nuclei (Figure 1(B)).  
 

 
Figure 1. Photomicrographs of liver sections. (A) Control liver section showed radially 
arranged hepatocyte forming cords around the central vein (CV) and separated by blood 
sinusoid (arrows). H&E, ×400. (B) β-carotene liver section showed cords of polyhedral 
hepatocytes radiating from central vein (CV). Note, the hepatocytes with acidophilic 
granular cytoplasm (curved arrow) and central rounded vesicular nuclei (straight arrow). 
H&E, ×400. (C) Orlistat liver section showed a large area of cellular infiltrations (arrows) 
extend to portal tract (PT). H&E, ×100. (D) Orlistat liver section showed dilated and 
congested central vein (CV). The cytoplasm of hepatocytes is vacuolated (arrows). H&E, 
×400. (E) Orlistat liver section showed dilated congested portal vein (PV) and cellular in-
filtration (straight arrows) and proliferation of bile duct (stars). Some of hepatocytes 
showed pyknotic nuclei (curved arrow). H&E, ×400. (F) Orlistat and β-carotene liver sec-
tion showed restoration of liver structure. Note, some hepatocyte with vacuolated cytop-
lasm (straight arrow). The binucleated hepatocytes (curved arrow) can be seen. H&E, 
×400. 
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The liver sections stained with H&E of the orlistat treated group (group III) 
showed extensive mononuclear cellular infilteration. The cellular infilteration 
extend to portal tract (Figure 1(C)). The liver sections showed dilated and con-
gested central veins (Figure 1(D)). The hepatocytes displayed loss of normal 
hepatic architecture with vacuolated cytoplasm (Figure 1(D)). The dilatation 
and congested portal veins was also detected. Proliferation of bile ducts, 
branching of bile ductules, and periportal mononuclear cellular infiltration were 
also observed. Some hepatocyte nuclei were shrunken and deeply stained 
(Figure 1(E)). 

The liver sections stained with H&E of the orlistat and β-Carotene -treated 
group displayed an apparent improvement in the hepatocytes compared with 
those treated with orlistat. The hepatocytes appeared normal but some cells still 
revealed vacuolated cytoplasm. The blood sinusoids were still dilated (Figure 
1(F)). Binucleated hepatocytes were detected (Figure 1(F)). 

3.2. Histochemical Results 

The control liver section stained with PAS revealed a substantial amount of po-
lysaccharides granules in the ground cytoplasm of hepatocytes (Figure 2(A)).  
 

 
Figure 2. Photomicrographs of liver sections of different studied groups. (A) Control 
Liver section showed normal extensive amount of glycogen deposition in the ground cy-
toplasm of hepatocytes (arrows). (B) β-carotene liver section showed normal glycogen 
deposition in hepatocytes (arrows). (C) Orlistat liver section showed Large area with neg-
ative PAS reaction (curved arrows). Other hepatocytes with substantial amount of PAS 
positive reaction (straight arrows). (D) Orlistat and β-carotene liver section showed he-
terogeneous intensity of PAS reaction. Some hepatocytes revealed a strong PAS positive 
reaction (straight arrows). Others displayed a moderate PAS reaction (curved arrow). 
(A)-(D) PAS reaction, ×400. 
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The β-Carotene liver section stained with PAS showed normal glycogen dis-
tribution in the cytoplasm of hepatocytes (Figure 2(B)). 

The orlistat liver section stained with PAS revealed areas with negative PAS 
reaction (Figure 2(C)). Reduction of polysaccharide content in many hepato-
cytes was observed, however, few hepatocytes still exhibited extensive amount of 
polysaccharides (Figure 2(C)).  

The orlistat and β-Carotene liver section stained with PAS displayed hetero-
geneous intensity of PAS reaction. Some hepatocytes revealed a strong PAS reac-
tion (Figure 2(D)). While other hepatocytes exhibited a moderate PAS reaction 
(Figure 2(D)). 

3.3. Immunohistochemical Results 

Immunohistochemical results for Hep Par-1 in the control liver section showed 
strong positive Hep Par-1 immunoreaction in the form of coarsely scattered 
granules throughout the hepatocytes cytoplasm with narrow negative immuno-
reaction around the central vein (Figure 3(A)). 
 

 
Figure 3. Photomicrographs for the immunohistochemical detection of hepatocyte 
marker (Hep-par1) in liver sections in different studied groups. (A) Control liver section 
showed strong brown granular cytoplasmic expression of Hepatocytes (arrows) with nar-
row negative immunoreaction zone around central vein (CV). (B) β-carotene liver section 
showed strong granular immunoreactivity in the cytoplasm of hepatocytes (arrows). (C) 
Orlistat liver section showed a wide area of negative immune expression around the cen-
tral vein (CV) and in some hepatocytes (curved arrows). Other hepatocytes express weak 
reaction (straight arrows). (D) Orlistat and β-carotene liver section showed variable he-
terogenous immunoreactivity. Some hepatocytes revealed strong granular cytoplasmic 
expression (straight arrows), other express weak reaction (double arrow). Note, moderate 
area of negative immune reaction (curved arrow) around the central vein (cv) can be 
seen. (A)-(D) Hep-Par1immunohistochemical, ×400. 
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The β-Carotene liver section for Hep Par-1 displayed strong expression of 
Hep Par-1 in the form of granular cytoplasmic immunoreaction of hepatocytes 
with negative immunoreaction around in the portal tract (Figure 3(B)).  

The orlistat liver section for Hep Par-1 revealed a wide area of negative im-
mune expression around the central vein and in some hepatocyte was observed 
(Figure 3(C)). Other hepatocytes expressed weak reaction (Figure 3(C)).  

The Orlistat and β-Carotene liver section for Hep-Par1 exhibited patchy posi-
tive immunoreactivity for Hep Par-1. Some hepatocytes revealed strong granular 
cytoplasmic expression (Figure 3(D)). Other hepatocytes expressed weak immune 
reaction for Hep Par1. In addition, moderate area of negative immune reaction 
around the central vein can be seen (Figure 3(D)). 

3.4. Electron Microscopy Results 

The ultrastructure of the control group showed normal hepatic cell with rounded 
or oval euchromatic nucleus and prominent nucleolus. The well-developed nuc-
lear membrane was detected. The cytoplasm was crowded with cell organelles, 
the most numerous, the mitochondria and the rough endoplasmic reticulum. 
The organelles were situated around the nucleus (Figure 4(A)).  

The ultrastructure of β-Carotene group showed hepatocytes with euochro-
matic rounded nuclei. The cytoplasm contained many mitochondria and rough 
endoplasmic reticulum (Figure 4(B)). 

The ultrastructure of orlistat group showed some of the hepatocytes appeared 
with small darkly stained nuclei (Figure 4(C), Figure 4(D) and Figure 5(C)). 
Crucially, the mitochondria were numerous, large or giant that they are clearly 
observed (Figure 5(A), Figure 5(B)). Obviously, some of them had elec-
tron-dense matrix as well as dense granules (Figure 5(A), Figure 5(B)). The cy-
toplasm showed dilated proliferated endoplasmic reticulum (Figure 4(C)), some 
vacuoles (Figure 4(C), Figure 4(D) and Figure 5(C)) and lipid droplets were 
also detected (Figure 4(C)).  

The ultrastructure of Orlistat and β-Carotene group revealed most of the he-
patocytes appeared more or less normal with rounded nucleus (Figure 5(D)). 
The numerous mitochondria and slightly dilated rough endoplasmic reticulum 
were detected (Figure 5(D)). 

3.5. Mean Area % of Hep-Par 1 Immunoreactivity 

Morphometric analysis of β-Carotene group (Group II) showed that the mean 
area percentage of Hep-Par 1 revealed almost normal value which was statisti-
cally insignificant compared with group I (P > 0.05). Expressively, marked de-
crease in the mean area percentage of Hep-Par 1in the group III of orlistat 
treated group (Table 1 and Figure 6) which was statistically significant com-
pared with the mean value of the control group (Group I). Crucially, manifest 
increase in group IV which was statistically significant as compared with the or-
listat group (Table 1 and Figure 6). 
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Figure 4. An electron photomicrographs of ultrathin sections in liver of rat. (A) Control 
group showed normal hepatocytes with large rounded euchromatic nucleus (N). Note, 
the well-developed nuclear membrane (arrow). The cytoplasm contains profuse amount 
of rough endoplasmic reticulum (rER) and many mitochondria (M). EM ×5800. (B) 
β-carotene group showed the hepatocyte with oval nucleus (N) and regular nuclear 
membrane (arrow). The cytoplasm contains many mitochondria (M) and rough endop-
lasmic reticulum (rER). EM ×5800. (C) Orlistat group showed hepatocyte with small 
electron dense nucleus (N). Note, the nucleus with chromatin condensation (arrow). The 
cytoplasm contains numerous swollen mitochondria (M), lipid droplet (L), dilated rough 
endoplasmic reticulum (rER), and few vacuolations (V). EM ×5800. (D) Orlistat group 
showed binuclear hepatocytes. Note, they were not identical in size, one of them appeared 
small with peripheral heterochromatic condensation. Note, variable size of mitochondria 
(M) and few of vacuolations (V) can be seen. EM ×5800. 

4. Discussion 

In the present study, the administration of orlistat induced alterations in the 
light and electron microscopic structures of the rat liver. The light microscopic 
structure orlistat group displayed congested portal and central veins. Crucially, 
the divergent blood vessel dilatation could recommend metabolic disturbances 
in the liver, thus signifying a potential harm effect of orlistat on the liver. Signif-
icantly, an increase in mononuclear cellular infiltration was also detected in the 
periportal areas. This result has been described by some researchers [29]. The 
inflammatory cellular infiltration observed in the orlistat treated group were in 
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Figure 5. An electron photomicrographs of ultrathin sections in liver of rat. (A) Orlistat 
group showed rounded nucleus (N), giant mitochondria (M). Note, the swollen mito-
chondria with electron dense matrix (straight arrow) and blood (curved arrow) are ob-
served. EM ×5800. (B) Orlistat group showed the higher magnification of Figure 5(A) to 
show part of nucleus (N) and the swollen mitochondria (M) and increased electron dense 
matrix (arrow). EM ×14,000. (C) Orlistat group showed hepatocyte with small electron 
dense nucleus (N). Note, the nucleus (arrow) with chromatin condensation. The cytop-
lasm contains numerous swollen mitochondria (M) and few vacuolations (V). EM ×5800. 
(D) Orlistat and β-carotene showed two adjacent hepatocytes. Notice the presence of 
numerous Mitochondria (M) and slightly dilated rough endoplasmic reticulum (rER). 
EM ×7200. 
 
agreement with investigators who proposed that reactive oxygen species with li-
pid peroxidation products may cause mitochondrial dysfunction, which can lead 
to apoptosis and necrosis, activating a cascade leading to fibrosis and collagen 
deposition [30]. Previous investigators explained that the inflammatory media-
tors made in hepatocytes, such as TNF-α, are most expected to act in a paracrine 
manner to favor liver injury and hence mononuclear cellular infiltration [31].  

In the current study, orlistat group showed liver damage in the form of hepa-
tocellular necrosis as manifested by enlargement of the hepatocytes with cytop-
lasmic vacuolations and pyknotic nuclei. The present results are in agreement 
with previous reports that suggested that orlistat treatment were associated with 
limited cases of severe hepatic adversative effects such as cholelithiasis, cholostatic 
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Table 1. Comparison of the mean area percentage of Hep-Par1 between experimental 
groups. 

Groups 

Mean ± SD (%) 

Control group β-Carotene Orlistat group β-Carotene & 
Orlistat 

Area % 77.65 ± 3.66 77.47 ± 3.75 58.85 ± 7.95* 70.75 ± 5.23** 

The values are expressed as mean ± SD. Non-significant between group I & group II. *Test of significance 
between control rats and orlistat treated rats at p < 0.001. **Test of significance between orlistat treated rats 
and β-Carotene & Orlistat treated rats at p < 0.001. 

 

 
Figure 6. Showing the mean value of area percentage of Hep-Par1 immunoreactivity 
among studied groups. 
 
hepatitis and subacute liver failures [14]. Importantly, FDA received thirty two 
cases reports of serious liver injury in patients using orlistat, including 6 cases of 
liver failure from 1999 to 2008 [32]. In contrast, Orlistat 120 mg in combination 
with diet has been shown to reduce liver fat in patients with type 2 diabetes [8] 
and non-alcoholic steatohepatitis, and reduce inflammation and fibrosis in 
non-alcoholic steatohepatitis [9]. Clinically, orlistat was linked with pancreatitis 
in some cases. Orlistat was connected with acute pancreatitis with no sign of bi-
liary disease in several cases [14]. Crucially, the most obvious associations be-
tween orlistat and pancreatitis appeared to be due to cholelithiasis and increased 
alcohol consumption by obese participant.  

In the present study, bile ductules proliferation observed in the orlistat treated 
rats. Some researchers recommended that the ductular reactions that happen in 
response to various liver damages [33].  

In the present research, improvement of orlistat was well demonstrated in rats 
treated with β-carotene. The liver tissues had preserved in the orlistat and 
β-carotene group. The hepatocytes were relatively normal, with vesicular nuclei. 
The portal areas were not apparently infiltrated with inflammatory cells. In 
agreement with present assumption, a previous study reported that two thirds of 
a supplemental dose of β-carotene will be absorbed during orlistat treatment; 
this may be sufficient to achieve physiologic levels of β-carotene. It has been 
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shown to prevent the oxidant-mediated activation of inflammatory signaling. 
β-carotene removed superoxide radicals and it played an important role in de-
fending cells from these radicals [34].  

In the current work, PAS-stained sections of the control group showed nor-
mal content of glycogen granules evidenced by a strong PAS reaction. In con-
trast, the orlistat treated group showed focal weak PAS positive reaction indi-
cating depletion of glycogen. Sakr and his colleague suggested that the reduction 
in carbohydrate contents could be due to increased stress on the liver, leading to 
the consumption of high energy in an attempt to diminish or balance the pres-
sure exerted on it [35]. Other researchers suggested that damages carbohydrate 
metabolism might be due to the inhibition of the intestinal absorption of nu-
trients and inhibition of hepatic gluconeogenesis [36].  

In the present study, all the studied groups of Hep-Par1 sections showed a 
negative immunoreactive zone around the central veins which were narrow in 
the control and and β-carotene group. In contrast, very wide negative immuno-
reactive area in the orlistat group. Previous investigators recommended that the 
comparative cellular hypoxia that disturbed mitochondrial metabolic pathways 
in the level of hepatocytes nearby to the central vein might clarify the negative 
immunoreactive of this area [37].  

In this study, the electron microscopic investigations of orlistat group dis-
played obvious ultrastructure changes confirmed the light microscopic results. 
Some cells showed the nuclei often appeared with irregular shapes and chroma-
tin condensation. Other damaged cells seemed with pyknotic nuclei and vacuo-
lated cytoplasm. Moreover, the most obvious degenerative changes appeared in 
the form of dilated rough endoplasmic reticulum. Definitely, the endoplasmic 
reticulum was especially liable to the free radical attack, because it is considered 
as a site of radical production. In addition, its membrane is rich in polyunsatu-
rated fatty acids which are vulnerable to free radical attack. Therefore, the dege-
nerative changes in the endoplasmic reticulum might be due to increased oxida-
tive stress [38].  

In the present work, the ultrastructure study of orlistat treated rat showed the 
electron density of the mitochondrial matrix and swollen mitochondria. The ul-
trastructure of the mitochondria and its function were definitely impaired. In 
accordance with present study, other researchers documented that the electron 
density of the mitochondrial matrix has been attributed to oxidative stress. Then 
the active substance initially in the mitochondria correlated to apoptosis, in-
cluding cytochrome c was released into the cytoplasm [39]. The swollen mito-
chondria are the major morphological changes in the mitochondrial injury [40]. 
In addition, Johar & coworker suggested that apoptosis could be followed by 
mitochondrial swelling, endoplasmic reticulum dilatation and lysosomal rupture 
before reduction and termination of nuclei [41]. Other study, in diabetic rat 
stated that, swelling mitochondria by about 28% as compensation of reduced 
mitochondrial ATP production and membranes injured by hydroxyl radicals [42].  
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The present work proved that co-administration of β-carotene was effective in 
decreasing the harmful effect of orlistat in the liver of male adult albino rats. 
This was detected by both light and electron microscopic studies. This perfection 
might be secondary to the antioxidant ability of β-carotene, which attacks reac-
tive oxygen species (ROS) and thus neutralizes their detrimental effects on the 
tissues. Fukuzawa and coworker reported that β-Carotene acts as an antioxidant 
by scavenging free radicals and quenching singlet oxygen [18]. It was found that 
β-Carotene could have a radical scavenging effect prevented ethanol-induced 
liver damage and it increased the reduced glutathione (GSH) concentration in 
rats [43]. Recent report suggested that β-carotene had distinguished ameliorative 
effect against arsenic prompted toxicity in albino mice intervened by its antioxi-
dant and antigenotoxic properties [44]. The effective role of β-carotene supple-
mentation was studied previously and it was reported that the ethanol-induced 
hepatic depletion of vitamin A can be corrected by β-carotene supplementation 
per day [45]. 

5. Conclusion 

Clinicians should be aware and carefully monitor their patients on orlistat me-
dication for signs of hepatic dysfunction. The administration of β-carotene 
might protect against liver damage produced by orlistat. 
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