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L pesacT

Background: Orlistat is one of the common medicines in treating overweight, and
its use may cause several side effects. Curcumin, a yellow phenolic compound
isolated from Curcuma longa's rhizome, possesses several pharmaceutical effects
due to its antioxidant and anti-inflammatory properties. Aim: This work aimed to
test the possible protective effect of curcumin against orlistat-induced hepatorenal
and cerebellar toxicities in obese albino rats. Material and Methods: Forty adult
male albino rats were equally separated into four groups; Group I: the control group.
Group II: curcumin group; Group llI: orlistat group. Group 1V, rats were given orlistat

((32mg/kg/day)) then curcumin (200mg/kg body weight three times per week for
six weeks). Results: In the liver of rats treated with orlistat, the hepatic cells
appeared with degenerated cytoplasm containing many vacuoles and darkly stained
nuclei. similarly, some glomeruli in the kidney were atrophic or fractured, the
cerebellar cortex is spongiosis, and the Purkinje cells, granule, and molecular cells
were degenerated. When rats were treated with orlistat and curcumin, the liver,
kidney, and cerebellar the histopathological changes were relatively recovered to
the control ones. The number of Kupffer cells, glomerular diameter, Bowman’s
space width, and the dimensions of the renal tubules significantly decreased, and
the epithelial height retrains normal as compared to orlistat treated rats. The levels
of MDA, dopamine, and glutamate significantly decreased, and the activity of SOD
significantly increased. The rising in PCNA and Bcl2 expression after orlistat is
significantly decreased in the studied organs after curcumin treatment. Conclusion:
This study concluded that curcumin may have a potential role in improving
hepatorenal and cerebellar toxicities after orlistat treatment.
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INTRODUCTION

The term overweight describes excessive fat
storage, which may cause health problems
(WHO, 2000). Obesity and overweight are
considered food-related chronic diseases. It
may cause type 2 diabetes, hypertension, and
cardiovascular disease, which increased the
chance of early mortality to the emergence of
serious chronic conditions (Flegal et al., 2002).
As a consequence of the harmful side effects of
obesity, much research has been done on
weight control, including studies on nutrition,
exercise, surgery, and using pharmaceutical
plants. Medication is the standard and most
accessible approach to losing weight, and
prescriptions for anti-obesity treatments have

increased  significantly over the years
(Mohamed et al., 2014).

Orlistat is an anti-obesity medication that
inhibits lipase so, lowering the intake of dietary
fat, and causing caloric shortage which has a
positive influence on weight regulation
(Ballinger and Peikin, 2002; Johansso et al.,
2010). However, orlistat causes many
gastrointestinal side effects such as diarrhea,
flatulence, bloating, stomach discomfort, and
dyspepsia (Siebenhofer et al., 2013). In animal
studies, orlistat caused direct damage to the
intestinal villi (Caner et al.,, 2005), and
hepatotoxicity (Filippatos et al., 2008; Youssef,
2018). Also, orlistat has been connected to the
development of neurodegenerative disorders
(Sriram et al., 2002).
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Orlistat exerted damaging effects on tongue
mucosa (Ezzat and Labah, 2017; Kassab et al.,
2020) and colonic mucosa of rats (Nairooz et al.,
2010), acute pancreatitis (Abdelwahab et al.,
2017). Also, fat-soluble vitamin deficiencies (D
and E) (McDuffie et al., 2002), in addition to
severe kidney damage Ilimit the patient
compliance for orlistat (Tousson et al., 2018).

Medicinal plants are a dependable source for
developing new medications and fighting
ailments due to their easy usage, fewer side
effect, and many pharmaceutical properties.

Curcumin is the principal yellow phenolic
compound isolated from Curcuma longa's
rhizome. It has specific physical, chemical, and
biological features. The curcumin chemical
formula is 1,7-bis (4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione, a
feruloyl methane molecule, consists of two
ferulic acid residues connected by a methylene
bridge. It has an aromatic o-methoxy phenolic
group, a, B-unsaturated - B diketo moiety, and
a seven-carbon linker as its three main
functional groups (Indira Priyadarsini, 2013). It
is used as a food additive to give flavor and
color, as well as for cosmetics and pharmaceutic
purposes (Pedraza-Chaverri et al., 2004).

Additionally, it is widely recognized as a
panacea in herbal therapy, having a wide variety
of pharmacological acidities since it has anti-
inflammatory (Kalpana et al., 2007),
anticarcinogenic  (Strofer et al, 2011),
antioxidant (Venkatesan et al., 2000), wound
healing, and blood cholesterol-lowering
properties (Jain et al., 2006).

Moreover, Aggarwal and Harikumar (2009)
found that it possesses anti-carcinogenic
properties and helps treat renal, myocardial,
and nervous tissue damage (Duvoix et al., 2005).
Curcumin's antioxidant and anti-inflammatory
properties have been shown to protect the liver
(Khudhair et al., 2022) and kidney (Abubakar et
al., 2020), testis (Mira, 2017), and heart
(Elshama et al., 2016) in response to toxicity.

So, this study was conducted to evaluate the
potential of curcumin against orlistat
hepatorenal and cerebellar toxicities.

MATERIAL AND METHODS
Orlistat

Orlistat (Xenical), hard gelatin capsules, was
acquired from Hoffmann-La Roche
Pharmaceuticals. Each capsule contained 120
mg of activated ingredients. The contents of the
capsules were properly emptied and dissolved
in distilled water. The therapeutic dose of
orlistat (32 mg/kg/day) was administered orally
through gastric gavage for six weeks. The
dosage was estimated using a method for
comparing human and animal doses (Paget and
Bernes, 1973).

Curcumin

Curcumin was bought from Sigma Chemical Co.
in powder form, USA. It was dissolved in saline
solution, and 200 mg/ Kg was given to rats orally
via oral tube, day after day, for six weeks (Yu,
2012).

Animals

Forty adult male albino rats weighing 220-240 g
were purchased from the Helwan farm in Cairo,
Egypt's Ministry of Health. Under normal
conditions, they were kept in discrete, well-
ventilated cadges with unrestricted water and
food supply. The rats underwent a 10-day
acclimation period before the investigation
started. The Menoufia University Faculty of
Science Ethics Committee approved (Approved
No. MUF/F/HI/6/21) the study's protocol
following the National Institutes of Health's
guide for the care and use of laboratory animals
(NIH publication No. 8023, received 1978).

Experimental Design

Four rat sets of equal size (8 rats each) were
treated for six weeks as follows:

e Group | (served as a control) take saline
solution daily.

e Group Il (curcumin group): rats were
administered curcumin (200 mg/kg body
weight) by stomach tube three times per
week for six weeks.

e Group Il (orlistat group): rats orally
received orlistat (32 mg/kg/day).

e Group IV (orlistat and curcumin): rats
were given orlistat with the same doses
as group lll and then, two hours later,
curcumin in the same doses as group Il.
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After the sixth week ended, rats fasted
overnight following the final treatment; then
the next day, the animals were anesthetized by
halosan and sacrificed. Each animal's blood
sample was taken, from the portal vein, into a
sterile tube and kept at room temperature to
coagulate to separate serum to determine the
neurotransmitters dopamine and glutamate. In
addition, each animal's liver, kidney, and
cerebellum were rapidly removed and
processed for histological, immune-
histochemical, and biochemical studies.

Biochemical Examination

According to Beauchamp and Fridovich (1971)
and Ruiz-Larea et al. (1994), malondialdehyde
(MDA) levels and superoxide dismutase (SOD)
activity, respectively, were assessed and
estimated in the tissue of the liver and kidney.
Dopamine was determined by using dopamine
ELISA Kit Catalog Number KA1887 96 assays
Version: 13 and glutamate by using glutamate
assay Kit WST, technical manual.

Histological Study

The liver, kidney, and cerebellum were chopped
into tiny pieces and fixed for 24 hours in neutral
formalin (10%); tissues were dehydrated using
ethyl alcohol, cleared in xylene, and embedded
in paraffin wax (mp. 54-56 °C). Using a rotary
microtome, sections with a thickness of 4
microns were cut, then adhered to clean slides,
stained with Ehrlich's hematoxylin, and counter-
stained with eosin. The Olympus microscope
was used to inspect and photograph falls (BX41
TF, Olympus Corporation, Shinjuku City, Tokyo,
Japan).

Morphometric Measurements

The number of Kupffer cells in the liver was
counted by using 20X perl10 sections. An ocular
stage micrometer was used to measure the
glomerular diameters, Bowman’s space width,
and the length and width of both the proximal
and distal convoluted tubules. Measurements
were done by using 20X per10 sections.

Immunohistochemical Investigations

According to Hsu et al. (1981), the 4-micron
section from the liver, kidney, and cerebellum
was processed to assess the immune-
histochemical expression of proliferating cell

nuclear antigen (PCNA) and B-cell lymphoma
(Bcl,). The software image j was used to
determine the intensity of both PCNA and Bcl,
expressions in the liver, kidney, and cerebellum
sections were measured.

Statistical Assessment

The obtained data were expressed as mean +
standard deviation (Mean * SD). The statistical
package for social science (SPSS) program,
version 20, was used to do the statistical
analysis (Inc., Chicago, USA). To compare the
results, one-way analysis of variance (ANOVA)
test was used. At P < 0.05, the values were
deemed significant.

Results

Effect of different treatments on MDA levels
and SOD activity

Comparing animals treated with curcumin to
the control group, no observable changes in
MDA levels and SOD activity in the liver or
kidney tissues were recorded. As opposed to
control rats, the MDA levels significantly
increased, and SOD activity significantly
decreased (P<0.05) in animals treated with
orlistat. Compared to the orlistat group, rats
treated with both orlistat and curcumin
recorded a significant decrease in MDA levels
(P<0.05) and a significant increase in SOD
activity (P<0.05) (Table 1).

Effect of different treatments on serum
dopamine and glutamate levels

Table 1 shows different experimental groups'
alterations in serum dopamine and glutamate
levels. Both animals in the control and curcumin
group have the same levels (at P<0.05) of
dopamine and glutamate. Rats treated with
orlistat exhibited a significant increase (P<0.05)
in  dopamine and glutamate levels in
comparison with the control group. Treatment
with orlistat and curcumin significantly
decreased (P<0.05) the elevated levels of
dopamine and glutamate compared to the
orlistat group.

Histological Observations
The liver

The present study examined liver sections
obtained from both the control and curcumin
groups revealing normal histological structure

IJCBR Vol. 6(4): 13-30
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organization. The hepatocytes are organized in
cords extending from the central veins. The
polygonal hepatocytes had a centrally rounded
pale stained nucleus and a granular acidophilic
cytoplasm. Between the hepatic cell cords,
there are narrow spaces of the hepatic blood
sinusoids lined with flat endothelial cells and
contained Kupffer cells which showed normal
count in both control and curcumin-treated rat
(26.0+0.55 and 24.0 + 0.18, respectively (Figure
1A, Figures. 2A, B).

Examination of liver sections from the orlistat-
treated group revealed many degenerative and
necrotic features. The hepatic lobules lacked
standard architecture and the hepatic cells
appeared with degenerated cytoplasm
containing many vacuoles and shrunk irregular
or darkly stained nuclei. The central veins were
dilated and congested. As well as mononuclear
cellular infiltration was also seen. Moreover, the
blood sinusoids were dilated and the Kupffer
cells became activated and significantly
increased in number (26.0+0.55 and 38.0+0.85,
respectively, Figure 1A) when compared with
control (Figures 2C-E). Animals treated with
both orlistat and curcumin showed an obvious
improvement. Most of the hepatocytes seemed
normal and the dilated central veins nearly
disappeared. But some blood sinusoids
remained dilated (Figure 2F). Moreover, the
number of Kupffer cells was significantly
decreased when compared to the orlistat group
(38.0+0.85 and 29.0+0.48, respectively (Figure
1A).

The kidney

The normal architecture of the renal cortex was
seen in kidneys obtained from both control rats
and animals treated with curcumin. The kidney
is consisting of two main parts the outer one,
the cortex which is covered externally with a
fibrous coat, and the inner part, the medulla.
Anatomically, the kidney consists of a large
number of nephrons that are responsible for its
filtration function. The nephron is composed of
Malpighian corpuscles, tubules that are twisted
to form proximal and distal convoluted tubules
which open in the collecting tubules. The
Malpighian corpuscle is made up of Bowman's
capsule which is a double-layer cup structure,
and the glomeruli which are composed of

clusters of blood capillaries. The urinary space
exists between the two layers of Bowman's
capsule. The proximal section of the renal
tubule has a narrow lumen. Its lining cuboidal
epithelia has acidophilic cytoplasm and
centrally rounded euchromatic nuclei and has a
prominent brush border. While the distal
section of the renal tubules is lined with small
and flat cuboidal epithelial cells with apical
round nuclei and less acidophilic cytoplasm. The
lumen of these tubules is larger than that of the
proximal ones and is provided with short
microvilli (Figures 3A, B). The glomerular
diameters, Bowman's space, and the length and
width of the proximal and distal convoluted
tubules did not show any significant difference
between the curcumin-treated animals and the
control ones (P<0.05) (Table 1).

Animals given orlistat exhibited extensive tissue
abnormalities. The size of Malpighian
corpuscles varies; some glomeruli were
atrophic, shrunken, or fractured with a
widening Bowman’s space while others had
reduced cellularity. When contrasted to the
control group, the orlistat group showed a
significant increase in glomerular width and
Bowman’s space (P<0.05) (Table 1). The
degenerated tubular epithelial cells had
vacuolated cytoplasm and darkly stained
(pyknotic) or karyorrhexis nuclei. The lumens of
the degenerated tubules appeared dilated and
had a hyaline cast. Also, hemorrhage and
leukocytosis were seen (Figures 3C-E). The
length and width of the proximal and the distal
tubules were significantly increased in
comparison to the control group (Table 1).

A notable improvement in kidney architecture
appeared in rats given orlistat and curcumin.
The glomeruli seemed almost identical to the
control ones in size and structure. Additionally,
this group revealed a significant decrease
(P<0.05) in the glomerular diameter and
Bowman’s space width when compared with
rats treated with orlistat alone. Furthermore,
cuboidal cells lined the renal tubules also
exhibited normal nuclei and homogeneous
cytoplasm, except for a few deteriorated ones
(Figure 3F). Furthermore, the dimensions of the
renal tubules significantly decreased (P<0.05)
although the epithelial height significantly
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Table 1. Changes in MDA, SOD, dopamine, glutamate levels, the glomerular diameter, Bowman'’s space width (um), and the
proximal convoluted tubules' dimensions (um) in all the experimental groups.

Groups
Control Curcumin Orlistat Orlistat + curcumin
Parameters
Liver-MDA (nmol/ml) 7.210.54 8.3+0.25 28.0+2.55* 18.4+1.89*%
Liver-SOD (nmol/ml) 70.0£3.80 66.0+£2.14 31.04£1.55* 51.0+1.70#
kidney-MDA (nmol/ml) 8.0+0.80 7.2+0.33 40.0£2.59* 17.0+1.99%
kidney-SOD (nmol/ml) 60.0+£2.98 66.0+£2.17 22.0+£1.47* 39.0+1.87#
Dopamine (nmol/L) 89.0+2.84 91.0+2.16 210.0+4.65* 125.0+2.25#
Glutamate (umol/l.) 49.0+1.59 46+.01.36 137.0+¢3.54* | 87.0+1.66*
Glomerular diameter (um) 55.69+1.09 = 56.58+1.55 | 30.56+1.30* 52.23+1.84*
Bowman’s space width (um) 4.50£0.40 3.68+0.80 15.60+0.60* 6.22+0.55#
Length of proximal convoluted tubules (um) 10.59+1.14 11.23+1.25 20.0+1.65* 14.18+1.48*
Width of proximal convoluted tubules (um) 6.60£0.25 7.12+0.57 15.87+£0.91* 10.24+0.88#
The data were expressed as meant standard deviation; (n=8).
* P<0.05 significant difference when compared to the control group.
# P<0.05 significant difference when compared to the orlistat group
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increased (P<0.05) after treatment with orlistat
and curcumin (Table 1).

The cerebellum

The control and curcumin groups' cerebellar
cortex displayed its well-known architecture
under light microscopy. The cerebellum consists
of outer grey matter and inner white one. The
outer layer is found mainly in the covering
surface and is known as the cerebellum's cortex.
While the white matter is located in the central
part and is known as the medulla of the
cerebellum. The molecular layer (outer),
Purkinje cells layer (middle), and granule cells
layer (inner); make up the three layers of grey
matter in the cerebellum. The molecular layer,
the outer one, is primarily made up of fibers,
with a few tiny stellate cells and basket cells. At
the intersection of the molecular and granule
layers, the Purkinje cell layer revealed giant cells
shaped like a flask grouped in one row. These
cells had central rounded open-face nuclei with
a conspicuous nucleolus surrounded by
cytoplasm has Nissl's granules. Each has a slew
of dendrites that branch out in the molecular
layer. Additionally, the granule neurons were
tightly packed together in the granule layer and
had minimal cytoplasm and darkly stained
nuclei (Figures 4A-C).

The rats treated with orlistat revealed
disorganization and structural changes in their
cerebellar cortex. The molecular layer was
characterized by a prominent spongiosis in the
form of numerous vacuolated regions. Purkinje
cells displayed a prominent disorganized of the
typical linear structure, with some cells pushed
higher in the molecular layer and others moved
to the granule layer. Also, the degenerated
Purkinje cells looked pyknotic, irregular,
distorted, and shrunk; they were enclosed in
empty spaces. The granule layer is depleted
with clumps of pyknotic cells with intercellular
eosinophilic areas (necrosis). Moreover, the sub
meningeal blood vessels were congested
(Figures 4D-E).

Treating animals with curcumin and orlistat
showed a remarkable improvement in the
structure of the cerebellar tissue. The granule
cells appeared mostly with standard features;
the cytoplasm and the nuclei were improved.
The Purkinje cells were arranged in one layer,

but a few of them still seemed degenerated. The
congestion in the sub meningeal blood was
decreased, and the spongiosis in the molecular
layer nearly disappeared (Figure 4F). Effect of
different treatments on Bcl, and PCNA
expressions in liver, kidney and cerebellum

Immunohistochemical expression of Bcl,
appeared negative in the cytoplasm of the liver
cells of the control animals and the curcumin-
treated ones (Figures 5A, B). At the same time,
PCNA expression appeared in a few nuclei of the
hepatic cells in both the control and the
curcumin group (Figures 5E, F). There was a
non-significant difference (1.430 + 0.085 & 1.12
+ 0.014 and 0.00 & 0.00, respectively) in the
percentage area of PCNA and Bcl, expressions,
respectively, in the curcumin and the control
group. In rats treated with orlistat, a great
number of hepatic cells expressed Bcl, and
PCNA as a brown color in their cytoplasm and
their nuclei, respectively, (Figures 5C, G). A
significant rising (1.43 + 0.085 & 8.63 + 0.79, and
0.00 & 45.79 * 3.45, respectively) appeared in
the percentage area of PCNA and Bcl
expressions, respectively, (P<0.05) (Figure 1B).
On the contrary, animals given orlistat, and
curcumin showed a reduction in the number of
hepatic cells expressed PCNA (in their nuclei)
and Bcl; (in their cytoplasm) (Figures 5D, H). The
percentage area of PCNA and Bcl, expressions
(8.63 + 0.79 & 2.11 + 0.23, respectively, and
45.79 + 3.45 & 5.89 + 0.74, respectively) were
significantly decreased in the same group when
compared to the orlistat group (Figure 1B).

Figures 8 to 10 showed changes in the
immunohistochemical expressions of PCNA and
Bcl, of kidneys in the different experimental
groups. The expression of Bcl, was negative in
the cytoplasm of glomeruli and renal tubular
cells in the control and the curcumin group
(Figures 6A, B). In contrast, the expression of
PCNA appeared (as a brown color) in a few
numbers of the glomeruli and the renal tubular
cell nuclei in both the control and curcumin
groups (Figures 6E, F). There wasn't any
significant change in the expressions of both
PCNA and Bcl, between the curcumin and the
control group (% area was 2.14 +0.19 & 2.39 +
0.93, respectively and 00.00 & 00.00,
respectively, Figure 1C). Sections obtained from
rats treated with orlistat showed expressions of
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Figure 2. Photomicrographs of sections from the liver. A): control rat showing normal hepatocytes (H), Kupffer cell
(K), central vein (CV), and blood sinusoids (S). B): rat treated with curcumin showing standard liver structure. C-E):
rats received orlistat C): dilation in the blood sinusoids (S), the central vein (CV), and leucocytic infiltration (Li). D):
hepatocytes with shrunk and densely stained nuclei (arrows), a large number of activated Kuffer cells (arrowheads),
and dilated sinusoids (S). E): hepatocytes with vacuolated cytoplasm (arrows) and congested blood vessels (CBV).
F): rat received orlistat and curcumin, showing approximately normal hepatocytes (H), central vein (CV), and blood
sinusoids (S).
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Figure 3. Photomicrographs of the kidney sections. A): control, B): rat received curcumin showing normal
glomeruli (G), distal and proximal convoluted tubule (DCT and PCT, respectively). C-E): rats treated with orlistat C):
atrophic, fractured glomeruli (G), widened Bowman'’s space (arrowhead), dilated renal tubules (+), hyaline cast
(arrows), leucocytic infiltration (LI), and hemorrhage (H). D): degenerated tubules () with vacuolated cells
(arrowheads). E): pyknotic nuclei (arrowheads). F): rat treated with orlistat and curcumin showing approximately
normal glomeruli (G), distal and proximal convoluted tubules (DCT and PCT, respectively).

20
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Figure 4. Photomicrographs obtained from the cerebellum. A, B): control rats, C): rat received curcumin showing
ordinary white matter (WM), granule cells layer (GL), molecular layer (ML), and Purkinje cell layer (PCL). D, E): rats
treated with orlistat D): depleted granule layer (arrowhead), spongy molecular layer (*), disarrangement of the
degenerated Purkinje cells (arrows). E): degenerated pyknotic Purkinje cells, irregular and enclosed in empty
spaces (arrows), pyknotic granule cells with intercellular eosinophilic areas (*), and congested blood vessels (CBV).
F): rats treated with orlistat and curcumin showing approximately normal molecular layer (ML), Purkinje cell layer
(PCL), granule cells layer (GL), and some congested blood vessels (CBV) still appeared.

IJCBR Vol. 6(4): 13-30
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Figure 5. Photomicrographs of sections from liver sections showing Bcl, expression. A): control rat. B): animal
treated with curcumin showing negative Bcl, expression. C): animal treated with orlistat showing positive
expression of Bcl, in the cytoplasm of numerous hepatocytes (arrows). D): animal treated with orlistat and
curcumin showing positive Bcl,-expression in the cytoplasm of a few hepatocytes (arrows). Photomicrographs
from E to H of liver section showing PCNA expression E): control rat, F): animal treated with curcumin showing
few hepatic cells expressed PCNA as a brown color in their nuclei (arrows). G): animal treated with orlistat showing
a large number of hepatic cells expressed PCNA in their nuclei (arrows). H): animal treated with orlistat and
curcumin showing few hepatic cells expressed PCNA in their nuclei (arrows).

22 IJCBR Vol. 6(4): 13-30
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Figure 6. Photomicrographs of sections from renal cortex showing Bcl, expression. A): control animal and B):
animal treated with curcumin showed negative expression of Bcl,. C): Animals treated with orlistat showed many
glomerular and tubular cells expressing Bcl, in their cytoplasm (arrows). D): Animals treated with orlistat and
curcumin showed few glomerular and tubular cells expressed Bcl, in their cytoplasm (arrows). Photomicrographs
from E to H of renal cortex showing PCNA expression E): control rat, F): animal treated with curcumin showed few
renal tubular cells expressed PCNA in their nuclei (arrows). G): Animals treated with orlistat showed many
glomerular PCNA in their nuclei (arrows). H): Animals treated with orlistat and curcumin showed few glomerular
and tubular cells expressed PCNA in their nuclei (arrows).
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Bcl, and PCNA in the cytoplasm and nuclei,
respectively, of the glomeruli and the renal
tubular cells (as a brown color) (Figures 6C, G),
which record a significant increase (2.14 + 0.19
& 15.62 + 2.45, respectively and 0 & 20.36 *
1.75, respectively) in the percentage area of
PCNA and Bcl, expressions in comparison with
the control group (Figure 1C). When orlistat was
combined with curcumin the expressions of Bcl,
and PCNA in the cytoplasm and the nuclei,
respectively, of the glomeruli and the renal
tubular cells was decreased (Figures 6D, H). The
percentage area of nuclear PCNA and
cytoplasmic Bcl, expression was significantly
reduced (15.62 + 245 & 3.93 + 0.32,
respectively, and 20.36 £+ 1.75 & 4.46 + 1.06,
respectively) when compared with the orlistat
group (Figure 1C).

The cerebellar immunohistochemical
expressions of both PCNA and Bcl, in the various
experimental groups were illustrated in figure 7.
The animal in the control and the curcumin
group expressed Bcl; in a few Purkinje cells
(their cytoplasm) as a brown color. There is no
expression of Bcl, in the cells of the molecular
and the granular layer (Figures 7 A, B). In
contrast, PCNA expression was negative in the
nuclei of Purkinje and granule cells (Figures 7E,
F). The percentage area of PCNA (00.00 & 00.00,
respectively) and Bcl, (0.62 + 0.006 & 0.64 +
0.009, respectively) showed a non-significant
difference between the curcumin and the
control group (Figure 1D). Rats received orlistat
showed rising in Bcl, expression which appeared
in many Purkinje cells, molecular neurons and
granule cells (in their cytoplasm) as a brown
color (Figure 7C). Moreover, the expression of
PCNA appeared in the nuclei of Purkinje cells,
molecular neurons and granule cell layer as
brown color (Figure 7G). In this group, the
percentage area of PCNA (00.00& 27.44 + 5.96)
and Bcl>(0.62 + 0.006 & 5.77 + 0.39) expressions
recorded a significant rising in comparison to
the control group. On the contrary to that,
animals received orlistat and curcumin showed
the Bcl, and PCNA expressions in the cytoplasm
and the nuclei, respectively, of a few Purkinje
cells and granule cells (Figures 7D, H,
respectively) and showed a significant decrease
in the percentage area of PCNA and Bcl, (27.44

+5.96 & 4.69+0.57, respectively, and 5.77+0.39
& 0.053, respectively) expressions when
compared with orlistat group (Figure 1D).

DISCUSSION

Obesity is a medical disorder in which a person's
body fat accumulation has reached a point
where it may be harmful, decreasing their
lifespan and contributing to additional health
problems. In this study, rats that received
orlistat had severe pathological changes in the
liver tissue which may happen because it caused
oxidative stress, which affects the function of
mitochondria, the production of adenosine
triphosphate, and the integrity of the cell
membrane. In this concern, Chvanov et al.
(2005) reported that when free radicals were
produced, the cell damage increased by
creating lesions in the cell membrane
cytoskeleton and DNA damage. In agreement
with our results, Filippatos et al. (2008) and
Youssef (2018) found similar pathological
changes and reported that the usage of orlistat
was linked to adverse hepatic consequences like
cholestatic  hepatitis, cholelithiasis, and
subacute liver failures.

The inflammatory cellular infiltration seen in
the current research after orlistat treatment
may be due to enhancing the production of
inflammatory mediators. Moreover, the blood
vessel congestion and dilation that appeared in
this study may be due to the excess nitric oxide
(NO) production caused by orlistat. Similarly,
Panek and Zasada (2007) confirmed this
suggestion and reported that inducible NO
synthase led to local homodynamic
disturbances. McDuffie et al. (2002) attributed
the pathogenesis of the orlistat to its ability to
cause deficiency of fat-soluble vitamins E and D.
AbdelWahab et al. (2017) also found rising in
the tumor necrosis factor a (TNF a) expression
in tissue macrophages after orlistat treatment
for eight consecutive weeks. Tumor necrosis
factor a can stimulate cell death through
necrosis and apoptosis. Similarly, Bu et al.
(2005) reported that TNF a and other
infammatory  mediators  produced by
hepatocytes promote liver damage and
leukocytic infiltration.
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Figure 7. Photomicrographs of sections from the cerebellar cortex showing Bcl, expression. A): control rat, B):
animal treated with curcumin showing expression of Bcl; in the cytoplasm of Purkinje cells as a brown color (arrows).
C): animal treated with orlistat showing positive expression of Bcl, in Purkinje cells, molecular neurons, and granule
cells cytoplasm (arrows). D): animal treated with orlistat and curcumin showing Bcl, expression in a few Purkinje
cells, granule, and molecular cells cytoplasm (arrows). Photomicrographs from E to H showing PCNA expression in
cerebellar cortex from E): control rat, F): animal treated with curcumin showing negative expression of PCNA in
Purkinje and granule cells nuclei. G): animal treated with orlistat showing positive PCNA expression in Purkinje,
molecular neurons, and granule cells nuclei (arrows). H): animal treated with orlistat and curcumin showing PCNA
expression in the nuclei of a few Purkinje, molecular, and granule cells (arrows).
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In the present work, the renal cortex of animals
treated with orlistat exhibited extensive tissue
abnormalities includes the glomeruli, proximal
and distal convoluted tubules. These changes
may be related to a rise of unabsorbed fat in the
small intestine, increased oxalate absorption,
and excretion after orlistat treatment. Hence,
the renal tubules become stressful, increasing
the risk of acute kidney damage. Macedo et al.
(2003) and Ahmed (2010) found that orlistat
treatment caused enteric hyperoxaluria, which
is caused by intestinal fat absorption problems
and results in the development of calcium soaps
and a decrease in the free enteric calcium so the
renal tubules become supersaturated and
calcium oxalate crystals form, increasing the risk
of acute kidney damage.

The present results revealed that rats treated
with orlistat showed disorganization and
structural changes in the cerebellar cortex. This
could be because of an increase in the
production of free radicals initiated by orlistat
which rapidly affects the central nervous
system. Moreover, orlistat has been linked to a
higher incidence of neurological abnormalities
(Sriram et al., 2002). Calderon Guzman et al.
(2011) showed that orlistat endogenous
metabolism initiates ROS production caused
oxidative stress in the brain and make damage.

The immunohistochemical results of this study
revealed a significant increase in PCNA
expression after orlistat treatment. This effect
may be attributed to a deficiency of fat-soluble
vitamins A and D after orlistat treatment.
Vitamin A is crucial for controlling cells'
development and differentiation. Additionally,
vitamin D stimulates the proliferation and
migration of epithelial cells (Sun and Kawaguchi,
2011; Nazzal et al., 2016). In the present study,
Bcl, expression increased after orlistat
treatment, possibly due to inducible NO
activation. The NO caused apoptosis by
suppressing p53 protein, damaging
mitochondrial, alternating the Bcl, expression,
activating the caspase cascade, and causing
DNA fragmentation (Umansky and
Schirrmacher, 2001). Moreover, Atiq et al.
(2009) found that apoptosis happened due to
mitochondrial malfunction that results from
ROS and lipid peroxidation products. Moreover,
Youssef (2018) reported that the moderately

positive cytoplasmic and nuclear caspase-3
immune reactions in the orlistat-treated group
clarified that apoptosis is one of the causes of
histopathological and biochemical changes
detected after orlistat treatment. The author
added that orlistat caused swelling to the
mitochondria and impaired their function. This
disturbance happened due to oxidative stress
that released active cytochrome C from
mitochondria into the cytoplasm to elevate the
apoptosis cascade (Aliev et al., 2010).

Based on the biochemical results of this study,
orlistat treatment significantly increased MDA
levels and significantly decreased SOD activity.
Moreover, there was a significant increase in
dopamine and glutamate levels compared with
the control group. The biochemical disturbance
after orlistat may be related to histological
destructions resulting from oxidative stress. In
line with our findings, Chvanov et al. (2005)
found that when an injury happened, ROS was
increased and caused a reduction in the
intercellular protein function and lower
antioxidant levels.

In the present study, animals treated with
curcumin only did not show any pathological,
biochemical and immunohistochemical changes
in all investigated tissues, which confirmed its
recommendation to use as a food supplement
for human health as previously reported by
(Khudhair et al., 2022; Al-Attar, 2022; Hu et al.,
2022).

Due to the antioxidant characteristics of
curcumin, rats treated with orlistat and
curcumin recorded a significant lowering in the
level of MDA and a significant rising in the
activity of SOD. Because of its dual antioxidant
properties, curcumin has phenolic groups in its
structure that allow it to
react with reactive species, directly and
indirectly, stimulating the production of
cytoprotective and antioxidant proteins,
including SOD and catalase (Al-Attar, 2022;
Dinkova-Kostova and Talalay, 2008).
Curcuminoids work as an antioxidant; it
contains the phenolic hydroxyl groups which
are involved in stopping ROS production, lipid
peroxidation, and getting rid of free radicals, as
well as it can boost phase Il antioxidant enzymes
by activating the nuclear factor erythroid 2, p45,
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nuclear-related factor-2, antioxidant response
element axis (Calabrese et al., 2008).

According to Khudhair et al. (2022), curcumin
treatment resulted in rising SOD activity,
glutathione levels in liver tissue, and a
significant drop in MDA levels. Curcumin was
also reported to prevent induced kidney
damage by upregulating antioxidant genes
(CAT, SOD1, and GCLM) (Wang et al., 2022). This
improving effect may be retained in the
antioxidant properties, which inhibited the
induced oxidative stress. Curcumin decreased
brain MDA levels while increasing SOD activity
and glutathione levels (Alhusaini et al., 2022).
Hasan et al. (2020) reported that curcumin
protected brain cells by raising SOD, and
catalase activities, reducing lipid nitric oxide and
peroxidation levels.

Rats treated with orlistat and curcumin
recorded a significant increase in dopamine and
glutamate levels compared with rats who
received orlistat alone, which could be
attributed to curcumin’s anti-inflammatory
properties and the improvement in cerebellar
architecture that was revealed in the current
study. Curcumin and its derivatives have anti-
inflammatory properties because hydroxyl and
phenol groups are present in its chemical
structure, which is required to inhibit
prostaglandins and leukotriene (Claeson et al.,
1993; Claeson et al., 1996).

Treating rats with orlistat and curcumin
improves the histological picture in the liver,
kidney, and cerebellum. This improvement may
be due to the ability of curcumin to interact with
reactive oxygen species to lessen the oxidative
damage induced by orlistat. According to Hu et
al. (2022), curcumin had a hepatoprotective
effect in sepsis by inhibiting inflammatory
responses and  suppressing  hepatocyte
apoptosis by up-regulating  peroxisome
proliferator-activated receptors. Its activations
block the transcription of the NF-kB gene,
thereby blocking the secretion and activation of
NF-kB and inflammatory factors, decreasing
tissue damage.

Ghosh et al. (2012) reported that curcumin’s
reno-protective effect impacts by decreasing
inflammation via inhibiting the inflammatory
mediators such as TNF-A and interleukin 1B,

which are overexpressed, and increasing the
production of other cytokines by leukocytes and
vascular endothelial cells. This is accomplished
by activating phospholipase two and
cyclooxygenase 2, essential regulators of
inflammation and oxidative stress inductors.
Additionally, Abubakar et al. (2020) discovered
that curcumin prevents the generated
hepatorenal damage by inhibiting oxidative
stress and acting as a chelator.

Hasan et al. (2020) found that curcumin
improved the induced histopathological effect,
including Purkinje cells and perineuronal
vacuolation, due to its capacity to regulate
oxidative stress via scavenging ROS. Alhusaini et
al. (2022) reported that curcumin is a potent
antioxidant that can modulate all the altered
histopathological alterations in the brain after
lead acetate toxicity. Curcumin was proven to
be a powerful antioxidant due to H-atom found
in the free hydroxyl group, which has a free
radical scavenging activity (DPPHe, ABTSe+, 02
¢, and DMPDe+), hydrogen peroxide scavenging
activity, and reactive radicals scavenging
activity (HOe, ROOe). The neuroprotective
action of curcumin has activity against the
dysfunction in rat brain, probably explained by
reducing alteration in proapoptotic and anti-
apoptotic proteins (Srivastava et al.,, 2014;
Srivastava et al., 2018).

Compared to the orlistat group rats treated with
curcumin and orlistat showed significant
reduction in PCNA and Bcl2 expressions. This
could be related to curcumin's antiapoptotic
effects. Curcumin's anti-apoptotic
characteristics are demonstrated by its ability to
boost caspase-activated DNase and Bcl2
expression while decreasing apoptotic cell
percentage, Bax expression, cleaved-Caspase-3,
and Caspase-9 expression in the kidney (Wang
et al., 2022).

CONCLUSIONS

This study concluded that orlistat caused an
apparent injury in the liver, kidney, and
cerebellum of obese rats. Having curcumin with
orlistat may minimize these toxic effects due to
its anti-inflammatory and antioxidant activities.
More research is still needed to clarify orlistat

IJCBR Vol. 6(4): 13-30
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toxicity and confirm the potential role of
curcumin in its treatment.

ABBREVIATIONS

malondialdehyde (MDA), superoxide dismutase
(SOD), Proliferating cell nuclear antigen (PCNA)
and B-cell lymphoma 2 (Bcl2), statistical
package for social science (SPSS), nitric oxide
(NO), nuclear factor-B (NF-B) tumor necrosis
factor a (TNF a), reactive oxygen species (ROS).
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