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Abstract: Background: Diets containing high amount of fats or cholesterol lead to both hyper-cholesterolemia and
hyper-triglyceridemia which mostly induces oxidative stress is now believed to be an important factor in the
development of nonalcoholic fatty liver disease. Nonalcoholic fatty liver diseases the most common liver disorder in
the world which caused by obesity, its incidence reaches 70-90%. The disease is characterized by the accumulation
of triacylglycerols inside liver cells and the condition can progress into more serious liver disease, such as non-
alcoholic steato-hepatitis, liver fibrosis, cirrhosisand more rarely, liver carcinoma. Hypercholesterolemia is widely
known as a dominant risk factor for the development of cardiovascular diseases, particularly coronary heart disease
which is a leading cause of death in developing and developed countries. Aim of the Work: The aim of this study is
to evaluate the hypolipidemic effect of curcumin extract (50 mg/kg/day) on the hepatic changes induced by obesity
in albino rats that treated by intra-peritoneal injection of Triton (250 mg/kg) to induce obesity. Materials and
Methods: This study was carried out at the Faculty of Veterinary Medicine, Alexandria University. 80 male albino
rats weighing 120 + 5 grams and aged 4-5 weeks were used throughout this study. The rats were housed in clean
metallic cages with a metallic mish cover and dimension of 120 X 60X 60 cm. Each cage contained 10 rats. The
animals were fed normal laboratory diet and with liberal supply of water. All animals were housed under the
mentioned environmental condition and the basal diet for one week before experiment for acclimatization to ensure
normal growth and behavior. Weight of animals was recorded every week. This study was carried out at the Faculty
of Veterinary Medicine, Alexandria University. The experiment lasted for eight weeks. A total of 80 male albino
rats (weighing 120 + 5 gram body weights) were allocated in eight cages (10 rats/cage) and divided into four groups.
Group I (Control group), group II (Obese group), group III (Curcumin group), group IV (Recovery group). Results:
During period of triron WR 1339 injection rats were calm, easy to handle without injuries or deaths. Appetite was
increased in obese group more than in control group, this indicated by increased amount of food needed for each
group (about 20 grams/ rat/ day for obese group and 14 grrams/ rat/ day for control group). Appetite was lower in
curcumin-treated group (about 13 grams/ rat/ day) than recovery group (about 17 grams/ rat/ day). The rats stool in
curcumin group was greasy in comparison with recovery group. No changes occurred in the skin or hair. Obese
group increased in weight by (up to 70 grams per week) while control group showd lower rate of weight gain (about
30 grams per week). At the end of the fourth week rats were weighed and we found a significant increase in body
weight in obese group compared to control group. Conclusion: There are several stages of NAFLD natural history,
ranging from simple steatosis to steatohepatitis (NASH), liver cirrhosis, and finally carcinoma of the liver. The first
stage, which is steatosis, is characterized by the presence of lipid inclusion in the liver. In NASH, steatosis is
accompanied by inflammatory cells, ballooning of the hepatocytes, and often elevation of liver enzymes. Fibrosis is
present when cirrhosis develops and is due to liver cells death.
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1. Introduction alcoholic steato-hepatitis, liver fibrosis, cirrhosisand
Diets containing high amount of fats or more rarely, liver carcinoma .

cholesterol lead to both hyper-cholesterolemia and Hypercholesterolemia is widely known as a

hyper-triglyceridemia which mostly induces oxidative dominant risk factor for the development of

stress is now believed to be an important factor in the cardiovascular diseases, particularly coronary heart

development of nonalcoholic fatty liver disease . disease which is a leading cause of death in
Nonalcoholic fatty liver diseases the most developing and developed countries .

common liver disorder in the world which caused by Today, oxidative stress is one of the major

obesity, its incidence reaches 70-90% ®. The disease threats to our survival; it became the nutritional and

is  characterized by the accumulation of medical buzzle for the 21 century ©.

triacylglycerols inside liver cells and the condition can Treatment of obesity needs diet control, exercise

progress into more serious liver disease, such as non- and using lipid-lowering compounds as fibrates, bile
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acid sequestrates and statins. However, they have side
effects and affect liver functions ©.

Nowadays, there is increased interest for using
natural dietary products to manage obesity and related
B)ealth problems due to their safety, efficacy and cost

Therefore, search for natural compounds with
lipid-lowering properties especially medicinal plants
is warranted because of less toxicity, easy availability
and easy absorption in the body that may be better
treatment than currently used drugs. Plants that were
once considered of no value are now being
investigated, evaluated and developed in to drugs with
no side effects ®.

One of these compounds is curcumin which is
derived from the rhizomatous herb, turmeric
(Curcuma longa), a member of the Zingiberaceae
(ginger) family. Extensive scientific researches on
curcuma have demonstrated a wide spectrum of
therapeutic effects such as anti-inflammatory,
antibacterial, antiviral, antifungal. It also has potent

anti-oxidant, anti-carcinogenic and hypoglycemic
)

properties * .
Curcumin attenuates high fat diet-induced
hepatic steatosis by regulating hepatic lipid

metabolism via AMP-activated protein kinase
activation, suggesting its use as a therapeutic for
hepatic steatosis .

Curcumin at a dosage higher than 50 mg/kg/day
can improve obesity-induced cardiac remodeling via
anti-oxidative stress and anti-inflammatory
mechanisms in mice 7.

Aim of the Work:

The aim of this study is to evaluate the
hypolipidemic effect of curcumin extract (50
mg/kg/day) on the hepatic changes induced by obesity
in albino rats that treated by intra-peritoneal injection
of Triton (250 mg/kg) to induce obesity.

2. Material and Methods

This study was carried out at the Faculty of
Veterinary Medicine, Alexandria University. 80 male
albino rats weighing 120 + 5 grams and aged 4-5
weeks were used throughout this study.

The rats were housed in clean metallic cages
with a metallic mish cover and dimension of 120 X
60X 60 cm. Each cage contained 10 rats. The animals
were fed normal laboratory diet and with liberal
supply of water.

All animals were housed under the mentioned
environmental condition and the basal diet for one
week before experiment for acclimatization to ensure
normal growth and behavior. Weight of animals was
recorded every week.

Intra-peritoneal injection (IP) is the most
frequently used parenteral route of administration in

&3

rats. The large surface area of the abdominal cavity
and its abundant blood supply facilitate rapid
absorption. Absorption from this route is usually one-
half to one-quarter as rapid as that from the
intravenous route.

Histological stains were purchased from EI-
gomhria company for chemicals, Mansoura, Egypt.
They include Haematoxylin and eosin stain, PAS stain
and Mallory trichrome stain.

Kits for liver function tests as (ALP, ALT, AST
and GGT) were purchased from Vitro Scient
Company.

This study was carried out at the Faculty of
Veterinary Medicine, Alexandria University. The
experiment lasted for eight weeks. A total of 80 male
albino rats (weighing 120 + 5 gram body weights)
were allocated in eight cages (10 rats/cage) and
divided into four groups (20 rats per each group) as
the followings:

Group I (Control group): 20 rats will be fed
normal laboratory diet for 4 weeks then sacrificed.
This group was used as a negative control group.

Group II (Obese group): 20 rats will be treated
by intra-peritoneal injection of Triton 250 mg/kg to
induce obesity according to Walaa and Saad "® and
fed normal laboratory diet for 4 weeks then sacrificed.
This group was used as a positive control group.

Group III (Curcumin group): 20 rats similar to
the second group but treated with Curcumin 50
mg/kg/day according to Yuanyuan et al. ™ for
another 4 weeks then sacrificed.

Group IV (Recovery group): 20 rats similar to
the obese group but left without treatment for another
4 weeks (for spontaneous recovery) then sacrificed.

Rats of all groups were eviscerated after
decapitated under di-ethyl ether anesthesia, liver was
removed and washed by normal saline to remove the
blood and then fixed in 10% formol saline.

After putting the tissues in the fixative (10%
formol saline) for 24 hours, the fixed tissues is washed
in running tap water to remove the fixative from them,
dehydration was done gradually in ascending grades
of alcohol by putting the tissues in 50% alcohol then
in 70% alcohol and finally in 100% alcohol. Clearing
of the tissues was done to remove alcohol and to allow
the fixed tissues to be miscible with xylol.

Statistical analysis:

All analyses were run using SPSS software (IBM
SPSS Statistics for Windows, Version 22.0. Armonk,
NY: IBM Corp.) A probability value of 0.05 was
considered significant.

3. Results
The results observed in Table (1) cleared that
there is a significant increase in the body weight and
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liver weight of rats in obese group when compared to

the control one.

Table (1): Comparison between means, standard errors and P value of body weight and liver weight in varous

groups.

Group Body weight (grams) Liver weight (grams)
Control 242 £ 04.37 04.54+0.14 ¢
Obesity 358 £10.70* 11.90+0.21°
Curcumin 260 +05.81° 05.38+0.22 €
Recovery 318 +08.15° 07.04+0.13°

Means with different superscript differ significantly (P<0.05).

The results observed in (Table 2) cleared that there is a significant reduction of collagen area in recovery group
compared to obese group but the decrease of collagen area was more in curcumin group than recovery group.

Table (2): Comparison between median, inter-quartile range and P value of collagen area and optical density of
hepatocytes in varous groups.

Group Collagen area % Optical density (um)

Median IQR Median IQR
Control 1.802 ¢ 2.726 0.241° 0.057
Obesity 2.356° 3.834 0.138 ¢ 0.021
Curcumin 1.813 ¢ 3.130 0.217°° 0.052
Recovery 2.052° 2.864 0.179 ¢ 0.018

Groups with different superscript differ significantly (P<0.05). Analysis and comparisons based on non-parametric methods.

The results observed in table (3) and cleared that, there is a significant increase in liver enzymes (ALT, AST
and GGT) in obese group when compared with control group.

Table (3): Comparison between means, standard errors and P value of liver enzymes in different groups.

Group ALT (U/) AST (U/) GGT (UN)

Control 19.96 +1.38 030.00+1.23° 05.85+0.59
Obesity 84.76 £3.56 ° 172.10£9.22°¢ 25.60+1.55°
Curcumin 2497+1.52°¢ 042.90+£5.19° 08.64 + 0.47
Recovery 42.10+2.55° 072.70 £4.70° 13.00 £ 0.70 °

Means with different superscript differ
aminotransferase; GGT = Gamma glutamyl transferase

Histological Results

Figure (1): Photomicrograph of liver sections from control
group showing. Normal liver architecture. A classic hepatic
lobule containing central vein (c¢) and radiating cords of
hepatocytes with blood sinusoids in between (arrow). Portal
tract at the periphery of a classic hepatic lobule revealing a

significantly (P<0.05); ALT = Alanine aminotransferase; AST = Aspartate

portal venule, a hepatic arteriole and abile ductile (head

arrow) (H & E X200).
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Figure (2): A photomicrograph of liver sections from
control group showing collagen fibers with normal
distribution of collagen fibers. Notice fin collagen bundles
supporting the central vein (arrow) (Mallory's trichrome
stain X 400 )
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Figure (3): A photomicrograph of liver section from obese
group showing disturbed liver architecture with apparently
dilated vein. Notice vacuolation of most of hepatocytes
(arrow), lymphocytic infiltration (head arrow) around the
distorted central vein (C) (H & E X200).

Figure (4): A Photomicrograph of liver section from obese
group showing increased collagen fiber in all most of liver
tissue (arrow), around dilated central vein (double arrow)
and extending in between the cords of hepatocytes as well as
between hepatic lobules (head arrow) (Mallory's trichrome
stain X 400).

Figure (5): A Photomicrograph of liver section from obese
group showing hepatocytes depleted from glycogen with
highly reduced stain in the portal (p), central areas (c) and in
endothelia lining of the central vein (arrow) (PAS stain X
200).
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Figure (6): A Photomicrograph of liver section obtained
from Curcumin group showing fine collagen fibers around
central vein (head arrow) and some fat vacuole (arrow)
(Mallory's trichrome stain X 400).
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Figure (7): A Photomicrograph of liver section obtained
from Curcumin group showing nearly normal glycogen
content in hepatocytes of central and portal areas of hepatic
lobule with dilated two central veins (arrow) (PAS X 200).
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Figure (8): A Photomicrograph of liver section obtained
from recovery group showing Moderate stain affinity of
glycogen in hepatocytes with marked reduce stain affinity of
glycogen around center vein (arrow) (PASX 400).
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Figure (9): Electron micrograph of liver ultrathin section
obtained from obese group showing hepatocytes with many
lipid droplets variable in size and shape within nucleus and
cytoplasm of hepatocytes (arrow). Some of mitochondria are
engulfed by vacuole (head arrow). Nuclei of many
hepatocytes show condensed chromatin, with widening of
the perinuclear space (N).
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Figure (10): Electron micrograph of liver ultrathin section
obtained from Curcumin group showing normal hexagonal
shape of hepatocyte, large oval nucleus (N), primary and
secondary lysosomes (arrow) and normal space of disse
(head arrow).

4. Discussion

Obesity is a disorder characterized by a chronic
energy imbalance, whereby energy expenditure is
consistently lower than energy intake, necessitating
the expansion of adipose tissue to allow the storage of
excess energy 4.
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Obesity is increasing in prevalence at a fast rate
due to the rapidly increasing adoption of diets rich in
saturated fats and simple carbohydrates, in
combination with a sedentary lifestyle .

Obesity is associated with a spectrum of liver
abnormalities, known as nonalcoholic fatty liver
disease (NAFLD), characterized by an increase in
intrahepatic triglyceride (IHTG) content (i.e. steatosis)
with or without inflammation and fibrosis (i.e.
steatohepatitis). NAFLD has become an important
public health problem because of its high prevalence,
potential progression to severe liver disease, and
association with serious metabolic abnormalities,
including type 2 diabetes mellitus (T2DM), the
metabolic syndrome and coronary heart disease
(CHD) 19,

In addition, the presence of NAFLD is associated
with high risk of developing T2DM, dyslipidemia
(high plasma TG and/or low plasma HDLc
concentrations), and hypertension 17,

The pathogenesis of NAFLD and nonalcoholic
steato-hepatitis (NASH) is not fully understood. It was
explained as prolonged over-nutrition that leads to
accumulation of free fatty acids and triglycerides
within the liver (Steatosis) and progression of NAFLD
to NASH that is associated with other factors such as
oxidant stress, mitochondrial injury, fatty acids
lipotoxicity, innate immunity and inflammatory
cytokines. Steatosis is a characteristic histological
feature of NAFLD results from increased fatty acid
influx or impaired fatty acid utilization in the
hepatocytes ¥,

Why Rat Models in this study: NAFLD takes
years and results from an interplay of several risk
factors like over nutrition and/or an inappropriate
dietary pattern (e.g., high fat and/or high sugar intake)
as well as inadequate energy expenditure due to a
sedentary lifestyle and probably genetic susceptibility,
all leading to multiple molecular alterations in the
human organism.

However as human behavior and biology are
rather complex, it should be kept in mind when
selecting an animal model to study NAFLD, and also
when interpreting that data obtained in these models
that other factors like physical activity, social
environment, psychological stress factors and genetics
may also be important contributors to the
development of NAFLD in humans "?.

Accordingly, rat models used to study the onset
of, but also progression of NAFLD to later stages of
the disease like NASH or even fibrosis and cirrhosis,
should incorporate the following criteria (I) the
pathological patterns and histological alterations
found in the different stages of the disease in humans
and (ii)) the general physiological alterations
associated with the disease development in humans
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(e.g., weight gain, insulin resistance but also impaired
intestinal barrier function and adipocytokine release
from adipose tissue) @?.

Also our results revealed that decreasing in the
liver weight and the body weight in Curcumin group
compared with obese group and recovery group due to
ability of Curcumin to inhibit lipid synthesis and
accumulation fat droplet in the liver or other area in
the body.

Our results of the effect of Curcumin on
histological structure of liver in induced rat's
obesity showed by light microscope: cleared that
many pathological changes in the liver tissue in obese
group and recovery group.

This presented study was agreed with those of
Vizzutti et al. ®" where they reported that.
Histologically, Curcumin has been demonstrated to
mitigate steatosis, necrosis and inflammation in the
hepatic tissues. In conclusion Curcumin effectively
mitigates nonalcoholic fatty liver diseases via its
antioxidant and anti-inflammatory actions.

But signs of improvement of liver tissue
presented in curcumin group which showed decrease
collagen fibers in walls of blood vessels, hepatocytes
and sinusoidal spaces nearly too normal.

Also our presented study showed highly
decreased PAS stain affinity in liver tissue of obese
group and recovery group.

But the results which indicated to the signs of
improvement in liver tissue of Curcumin group were
accompanied by restored glycogen content in the liver
tissue.

These results are in parallel with those recorded
by Han et al. ® that highly affected glycogen content
observed in this study in liver of rats treated with fats
may be due to altered insulin levels and insulin
sensitivity or insulin resistance due to obesity.

Our results were agreed with those of Tiniakos
and Kittas *¥ where they reported that. Macro-
vesicular steatosis is explained as abnormalities in the
delivery, metabolism, synthesis and export of lipids.
However, microvesicular steatosis which is the
hallmark of liver diseases is associated with defective
beta-oxidation of fatty acids, including mitochondrial
abnormality.

Furthermore, cytoplasmic vacuolation were
attributed to lipid per-oxidation because of oxidative
stress that damage cell membrane as well as
membranes of cell organelles leading to increase in
their permeability and disturbance of the ions
concentrations in the cytoplasm and cell organelles
@9 Ballooned hepatocytes can be attributed to
microtubular disruption and severe cell injury .

In the present study, the mitochondria in obese
group showed morphological disruption where the
sizes were increased, the cristae were disrupted, and
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the matrixes were hypodense compared to Control
group, all these changes were consistent with the
mitochondria dysfunction which was due to
accumulation of lipid vacuoles in the hepatocyte
cytoplasm.

Also, the antioxidant ability of curcumin was
outlined that the phenolic hydroxyl groups allow
curcumin to scavenge free radicals. This ability was
observed in both microsomes and chemical testing
that curcumin was able to inhibit lipid peroxidation
ranged from 82% to 97%.

In additional to anti-obesity effects of curcumin
are directly linked with the inhibition of inflammatory
and angiogenic biomarkers such as COX-2 and
vascular  endothelial growth  factor (VEGF)
(Yoysungnoen et al., 2006).

Conclusion

There are several stages of NAFLD natural
history, ranging from simple steatosis to
steatohepatitis (NASH), liver cirrhosis, and finally
carcinoma of the liver. The first stage, which is
steatosis, is characterized by the presence of lipid
inclusion in the liver. In NASH, steatosis is
accompanied by inflammatory cells, ballooning of the
hepatocytes, and often elevation of liver enzymes.
Fibrosis is present when cirrhosis develops and is due
to liver cells death. The present study concluded that
curcumin has effective role against developing
nonalcoholic fatty liver, improving liver enzymes and
low body weight. Therefore, administration of
curcumin may be beneficial for obese persons having
risk factors of developing fatty liver or disturbed liver
function.
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