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Abstract

of these histopathological changes.

The present study was designed to investigate the possible prophylactic and therapeutic effect of cannabinoid
receptors type1 (CB1) antagonist (AM251) on fructose-induced metabolic syndrome in rats, through administration of
high fructose diet for 12 weeks. Prophylactic treatment by CB1-antagonist (AM251) significantly returned triglyceride,
inflammatory, oxidative stress parameters and liver enzymes to the normal values while it significantly improved blood
pressure, glucose, insulin, and IR and lipid profile but not significantly returned to the normal values. Interestingly,
it significantly decreased body weight to values less than corresponding normal group. Histopathological findings
confirmed that CB1-antagonist (AM251) in both prophylactic and therapeutic group improved histopathological
changes of the liver and aorta induced by high fructose (60%) diet, with no drug had the upper hand of improvement
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Introduction

The metabolic syndrome (MetS), defined as the clustering of
multiple metabolic abnormalities, including abdominal obesity,
dyslipidemia (elevated serum triglyceride and depressed serum high-
density lipoprotein cholesterol), dysglycemia and hypertension [1].
Metabolic syndrome (MetS) is associated with glucose intolerance,
obesity, ageing, elevated blood pressure and dyslipidemia, all of
which are risk factors of highly cardiovascular morbidity and
mortality [2]. The prevalence of MetS is increasing continuously to
provide challenges for medical research beyond its clinical and public
health importance. The pathophysiology of MetS seems to be largely
attributable to insulin resistance with the implication of excessive
flux of fatty acids [3] but also to a pro-inflammatory state resulting
from the production of cytokines from adipocytes and macrophages
[4]. Thus, increased inflammatory factors and reactive oxygen species
(ROS) are associated with detrimental cardiovascular alterations
linked to MetS [5].

Marijuana and its derivatives have been used in medicine for
centuries; however, it was not until the isolation of the psychoactive
component of Cannabis sativa, 9-tetrahydrocannabinol; (THC) and
the subsequent discovery of the endogenous cannabinoids signaling
system [6]. Endocannabinoids are lipid mediators of the same
cannabinoid (CB) receptors that mediate the effects of marijuana.
The endocannabinoid system (ECS) consists of CB receptors,
endocannabinoids, and the enzymes involved in their biosynthesis
and degradation, and it is present in both brain and peripheral tissues,
including the liver [7].

The cannabinoids exert their pharmacologic action through the
interaction with the specific receptors CB1 and CB2, which were
described in the late 1980s and later were cloned [8]. The CBI receptors
are primarily distributed to the brain and adipose tissue, but are also
found in the myocardium, vascular endothelium, and sympathetic
nerve terminals. The CB2 receptors are primarily located in the
lymphoid tissue and peripheral macrophages. Both receptors function
as trans membrane G-proteins [9,10].

Existence of CB3 receptors has been postulated, but the receptor
itself has not yet been cloned [11]. Cannabinoid receptors have affinity
for at least two endogenous ligands which are small lipid molecules
arachidonylethanolamide (anandamide) and 2-arachidonoylglycerol
(2-AG). Under normal conditions, the endocannabinoid system is not
tonically active; rather endocannabinoids are produced on demand, act
locally, and are rapidly inactivated via cellular uptake and enzymatic
hydrolysis. Cannabinoid antagonists were developed; of which
rimonabant has been the most extensively studied. It has a high affinity
for the central CB1 receptors [12]. There is increasing evidence showing
that the endocannabinoid system plays a central role in regulating
metabolism and body composition by enhancing the central orexigenic
drive and increasing peripheral lipogenesis [13]. Control of food intake
and body composition is the result of a series of complex interactions
between the adipocytes, the mesolimbic system, the hypothalamus,
and the gastrointestinal tract [14]. Leptin, an endogenous hormone,
can reduce the food intake. Serum concentration of leptin is directly
proportional to the degree of adiposity, but obese individuals have lower
sensitivity to leptin. An adipose tissue-specific protein, adiponectin,
stimulates fatty acid oxidation and a decrease in body weight. Its levels
are reduced in obesity [15].

EC system over-activity may result from increased EC synthesis,
CB (mainly CBI) receptor overexpression, and/or decreased EC
degradation. Conversely, pharmacological modulation to correct
over-activity of the EC system may theoretically involve reduction
of EC production, blockade of cannabinoid (CB) receptors, and/
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or enhancement of EC degradation [16]. The most advanced
pharmacological approach targets CB1 receptors [17]. There are
different possible mechanisms by which CB1 receptor antagonists
produce their effects on the CB1 receptor. The ligands can be pure
competitive antagonists of CB1 receptor activation by endogenously
released ECs (neutral antagonists), or they can act as inverse agonists
modulating constitutive CB1 receptor activity by shifting it from an
active ‘on’ to an inactive ‘off’ state [18].

Material and Methods
Materials
Drugs:
AM251 is a CB, receptor antagonist: C,H, CLIN O Mw 555.24. It

was received from TOCRIS, in the form ofzierilvials, each vial contain
10 mg white solid powder, each vial was dissolved in absolute ethanol
to form stock solution, the stock solution was diluted immediately
before administration, the dilution was as follow, 18:1:1 normal saline,
tween-80 and absolute ethanol respectively. It was given by a dose of (1

mg/kg/day) intraperitoneally [19].
Normal saline: Produced by El-Nasr pharmaceutical company.

Heparin: (MW=12000-15000 g/mol) in the form of ampoule
(Amoun pharmaceutical company, Egypt).

Urethan: White crystals dissolved in normal saline (Sigma-Aldrich,
USA).

Chemicals:
« Ethanol, clear colorless liquid (Guangdong, China)
o Tween-80, aqueous solution of polyethylene sorbitol ester

+ Fructose, CH O, Molecular weight: 180.16, white crystallized
powder (Sigma-Aldrich, USA)

Kits:

1. Kits for measurement of lipid profile (Diamond Diagnostic
Company, Egypt).

2. Kits for measurement of serum glucose (biodiagnostic, Giza,
Egypt).
3. Kits for measurement of serum insulin, rat insulin ELISA kit

(biodiagnostic, Giza, Egypt)

4. Kits for measurement of serum tumor necrosis factor alpha
(TNF-a), ELISA kits derived from (Immunotech, France).

5. Kits for measurement of serum nitric oxide (NO),

(biodiagnostic, Giza, Egypt)

6. Kits for measurement of serum malondialdhyde (MDA)
(biodiagnostic, Giza, Egypt).

7. Kits for measurement of serum glutathione, (biodiagnostic,
Giza, Egypt).

8. Kits for measurement of serum catalase, (biodiagnostic, Giza,
Egypt).

9. Kits for measurement of serum super oxide dismutase (SOD)
(biodiagnostic, Giza, Egypt).

10. Kits for measurement of liver enzymes (ALT&AST), (Diamond
Diagnostic Company, Egypt).
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Apparatus:
o Spectrophotometer (Spectro UV-V is RS Model UV-2500,
USA)

o ELISA analyzer (Bioscience Company, USA)

o Oscillograph (D-Channel Modular Universal Oscillograph,
Curvilinear, 115 VAC, 60 Hz, A Harvard Bioscience Company,
USA)

e A Pressure transducer
International)

(PX81-5V, Omega Engineering

« Light microscope (XSZ-107BN, China)
+ Nikon digital camera (DXM 1200, Japan)
« Digital scale (China weighing scale)

Animals: 130 Male albino rats initially weighing 150-170 g were
used for the experiments. Rats were bred in the animal house of
pharmacology department of AL-Azhar University; the animals were
handled according to the guide lines of local ethical committee which
comply with the international laws for use and care of laboratory
animals. Each 5 rats werehoused in a separate cage, at room temperature,
exposed to natural daily light-dark cycles and had access to tap water
ad libitum throughout the experiments. The standard chow diet was
composed of 50% starch, 21% protein, 4% fat, 4.5% cellulose, standard
vitamins and mineral mix. The high fructose diet (for induction of
metabolic syndrome) was composed of 60% fructose, 21% protein, 5%
fat, 8% cellulose, and standard vitamins and mineral mix.

Method

Experimental protocol: After resting and observation period of 1
week, rats were divided into three main groups.

Control (C) group: This group received a standard rat chow diet
and the vehicle of the tested drugs for 12 weeks, (n=30).

Prophylactic (P) groups: Consists of 10 rats, received a high
fructose diet and tested drugs or its vehicle for 8 weeks, rats were fed a
high fructose diet and received CB1 antagonist (AM251) (1 mg/kg/day)
intraperitoneally for 8 weeks.

Therapeutic (T) groups: Consists of 50 rats, received a high fructose
diet for 12 weeks and received the tested drugs or its vehicle for 4 weeks
started at the end of 8" week till the end of 12 week, this group was
divided into 5 subgroups, each subgroup consists of 10 rats were fed a
high fructose diet for 12% weeks and CB1 antagonist (AM251) (1 mg/
kg/day) from the end of 8" week till the end of 12" week of fructose
administration.

The first day of fructose feeding was recognized as day 1.

Body weight: It was measured at the start, at the end of 8" week
and at the end of 12" week of the study for all studied groups.

Collection of blood samples: Collection of blood samples were
done at the start (for 10 rats of normal control group), at the end of
8" week (for 10 rats of normal control group & prophylactic groups)
and at the end of 12 week (for 10 rats of normal control group &
therapeutic groups). Blood samples were collected from the retro-
orbital venous plexus of rat eye by using heparinized capillary tubes.
The collected blood samples were then centrifuged (Cooling centrifuge,
sigma 2 k 15) at 300 round/minute for 30 minutes. Then the serum
was transferred into clean vials and stored at -18°C for biochemical
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parameters determination [20]. All biochemical measurements were
done in department of biochemistry, faculty of medicine, Cairo
University.

Biochemical analysis:

Measurement of serum glucose, triglyceride (TG), HDL-
cholesterol, LDL-cholesterol and total cholesterol (TC): Kits for
measurement of lipid profile, (Diamond Diagnostic Company, Egypt).

Measurement of insulin and insulin resistance (HOMA-IR): Kits
for measurement of serum insulin, rat insulin ELISA kit (biodiagnostic,
Giza, Egypt).

Measurement of serum total glutathione (GSH): Kits for
measurement of serum glutathione, (biodiagnostic, Giza, Egypt).

Measurement of plasma malondialdhyde (MDA): Kits for
measurement of serum malondialdhyde (MDA) (biodiagnostic, Giza,

Egypt).

Measurement of plasma nitric oxide (NO): Kits for measurement
of serum nitric oxide (NO) (biodiagnostic, Giza, Egypt).

Measurement of serum tumor necrosis factor alpha (TNF-x):
Kits for measurement of serum tumor necrosis factor alpha (TNF-a),
ELISA Kkits derived from (Immunotech, France).

Determination of serum catalase: Kits for measurement of serum
catalase, (Biodiagnostic, Giza, Egypt).

Determination of serum superoxide dismutase (SOD): Kits for
measurement of serum super oxide dismutase (SOD) (biodiagnostic,
Giza, Egypt).

Determination of serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST): Kits for measurement of liver
enzymes (ALT&AST), (Diamond Diagnostic) Company, Egypt).

Measurement of systolic and diastolic blood pressure (Vascular
histological analysis): After collection of blood samples, rats were
sacrificed and the Aorta specimens were taken, fixation of vessel
(Aorta) samples obtained from control and other groups were
made in 10% formaldehyde. After that, paraffin sections at 4 micron
thickness obtained from routine pathological processes were stained
with hematoxylin-eosin and examined by light microscopy for
lymphatic infiltration in place, hypertrophy of smooth muscles and sub
endothelial edema [21].

Histological examination of the liver: After collection of blood
samples, rats were sacrificed and liver specimens were taken, fixed in
10% formalin immediately after removal, then processed and embedded
in paraffin, fragments of liver tissue were cut, being kept for 24 hours
in a solution of 10% buffered formaldehyde. Shortly thereafter, this
solution was replaced with 70% alcohol. After this step, the livers were
immersed in paraffin and then cut with a thickness of 4 mm and stained
with hematoxylin-eosin, in order to semi-quantitatively assess hepatic
steatosis, which was classified into hydropic change, microvascular,
macrovascular and mixed micro-macro vascular steatosis, according
to Yerian L [22].

Statistical analysis: All values are expressed as Mean + SEM. Data
were statistically analyzed using independent samples student (t) test
for comparison between two groups. Significance was set at p < 0.05.
Data were computed for statistical analysis by using statistical package
for social science (SPSS), version 16 (SPSS Inc, USA), running on IBM
compatible computer.

Results

Effect of prophylactic treatment with CB1 antagonist
(AM251) (1 mg/kg/day) intraperitoneally for 8 weeks on
body weight, serum glucose, insulin, IR, blood pressure, lipid
profile, inflammatory cytokines, oxidative stress and liver
enzymes of fructose enriched diet group

Administration of CBI antagonist (AM251) (1 mg/kg/day)
intraperitoneally with fructose enriched diet for 8 weeks produced the
following effects-

Effect of fructose (60%) enriched diet plus CBI antagonist
(AM251) (1 mg/kg/day) intraperitoneally for 8 weeks on serum
glucose, insulin and insulin resistance: Administration of CB1
antagonist (AM251) (1 mg/kg/day) intraperitoneally with fructose
enriched diet for 8 weeks, the mean serum glucose, insulin and insulin
resistance were 6.93 + 0.13 mmol/L, 11.77 + 0.30 wU/L and 3.63 + 0.13
respectively.

There was significant (P<0.05) decrease in serum glucose, insulin
and insulin resistance in fructose plus CB1 antagonist (AM251) (1
mg/kg/day) intraperitoneally group in comparison to high fructose
diet group at the end of 8" week. The mean serum glucose, insulin and
insulin resistance values did not return to the normal values in high
fructose diet plus ALA group, at the end of 8" week as shown in Table
1 and Figure 1.

Effect of fructose (60%) enriched diet plus CB1 antagonist
(AM251) (1 mg/kg/day) intraperitoneally for 8 weeks on body weight
and blood pressure: Administration of CB1 antagonist (AM251) (1
mg/kg/day) intraperitoneally with fructose enriched diet for 8 weeks;
the mean body weight was 201.50 + 1.79 g at the end of 8 week. There
was significant decrease in body weight between high fructose diet plus
CB1 antagonist (AM251) group when compared to either normal or
high fructose diet groups at the end of 8" week, as shown in Table 2
and Figure 2.

Administration of CB1 antagonist (AM251) (1 mg/kg/day)
intraperitoneally with fructose enriched diet for 8 weeks, the mean SBP
& DBP were 137.50 + 1.11 mmHg & 86.50 + 1.24 mmHg, respectively

Normal at 8 Fructose plus CB1- Fructose 8
weeks antagonist at 8 weeks weeks

Mean * S.E Mean * S.E Mean * S.E

(c;:”m?"slj 5.92+0.08 6.93 +0.13% 8.05+0.15
Insulin (IU/L) 7.99 +0.09 11.77 £ 0.30** 14.27 + 0.36

IR 2.10+0.05 3.63 £ 0.13* 5.12+0.21
Cholesterol 1,4 77, 140 159.01 + 3.67* 166.86 + 5.92

(mg/dl)

TG (mg/dl) 73.82+0.76 78.62 + 1.74% 145.01 £4.34
HDL (mg/dl) 47.05+1.37 41.31 £ 1.11* 33.43+1.56
LDL (mg/dl) 68.17 £ 1.69 102.44 + 2.59* 104.81 £ 8.65
ALT (U/L) 22.80 £ 0.67 26.6 £ 1.95* 49.20+1.48
AST (U/L) 12.30 £ 0.63 16.00 + 1.84* 23.90 + 0.69

Table 1: Effect of fructose (60%) diet plus CB1 antagonist (AM251) (1 mg/kg/day)
intraperitoneally for 8 weeks, on serum glucose, insulin, IR, lipid profile and liver
enzymes at the end of 8" week.

Each value represents the Mean + S.E of 10 readings (P<0.05; n=10)
*=significant fructose plus CB1 antagonist for 8 week when compared to normal
at 8 weeks.

#=significant fructose plus CB1 antagonist for 8 weeks when compared to fructose
at 8 weeks.
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Figure 1: Effect of fructose (60%) diet plus CB1 antagonist (1 mg/kg/day) intraperitoneally for 8 weeks, on serum NO (nmol/L), MDA (nmol/L), SOD (U/ml), glucose

(mmol/L), insulin (uU/L) and IR (index).
Each value represents the Mean + S.E of 10 readings. (P<0.05; n=10)

*=significant fructose plus CB1 antagonist for 8 week when compared to normal at 8 weeks.
#=significant fructose plus CB1 antagonist for 8 weeks when compared to fructose at 8 weeks.

Eﬂ'._

mn--—l

150 +H - - .E_ '_- -

sa 1] 111 4 M | e —
A0 m LR LE Nl e

FES

R
4 .

[@Mormal at 8 weeks o CB1-antagonist at B weeks O Fructose B weeks |

Figure 2: Effect of fructose (60%) diet plus CB1 antagonist (1 mg/kg/day) intraperitoneally for 8 weeks, on body weight (gm), blood pressure (mmHg), TNF-a
(pg/mg), Catalase (pU/L), GSH (nmol/gPtn), SOD (U/ml) lipid profile (mg/dl) and liver enzymes (U/ml).

Each value represents the Mean + S.E of 10 readings. (P<0.05; n=10)

*=significant fructose plus CB1 antagonist for 8 week when compared to normal at 8 weeks
#=significant fructose plus CB1 antagonist for 8 weeks when compared to fructose at 8 weeks

at the end of 8" week. There was significant decrease in both SBP &
DBP in high fructose diet plus CB1 antagonist (AM251) group in
comparison to high fructose diet group at the end of 8" week. The
mean SBP & DBP values were not returned to the normal values in
high fructose diet plus CB1 antagonist (AM251), at the end of 8" week
as shown in Table 2 and Figure 2.

Effect of fructose (60%) enriched diet plus CB1 antagonist
(AM251) (1 mg/kg/day) intraperitoneally for 8 weeks on lipid
profile: Administration of CB1 antagonist (AM251) (1 mg/kg /day)
with fructose enriched diet for 8 weeks, the mean total cholesterol,
triglyceride, HDL and LDL were 159.01 + 3.67 mg/dl, 78.62 + 1.74 mg/
dl, 41.31 £ 1.11 mg/dl and 102.44 + 2.59 mg/dl respectively as shown in
Table 1 (Figures 1 and 2).

There was significant (p<0.05) decrease in serum, triglyceride and
significant increase in serum HDL cholesterol, while there was no
significant (p<0.05) difference of total cholesterol & LDL cholesterol in
fructose enriched diet plus CB1 antagonist (AM251) (1 mg/kg /day) in

comparison to high fructose diet group at the end of 8" week. The mean
serum triglyceride and HDL cholesterol did not return to the normal
in high fructose diet CB1 antagonist (AM251), at the end of 8" week as
shown in Table 1 and Figure 2.

Effect of fructose enriched diet plus CB1-antagonist (1 mg/kg/
day) intraperitoneally for 8 weeks on inflammatory factors (TNF-a
& NO): Administration of CB1 antagonist (AM251) (1 mg/kg/day)
intraperitoneally with fructose enriched diet for 8 weeks, the mean
TNF & NO were 31.19 + 1.18 pg/mg & 1.91 + 0.15 nmol/L respectively
at the end of 8" week.

There was significant decrease in serum TNF&NO in fructose
enriched diet plus CB1 antagonist (AM251) group in comparison to
high fructose diet group at the end of 8" week. The mean serum TNF &
NO were returned to the normal values in high fructose diet plus CB1
antagonist (AM251) group, at the end of 8" week as shown in Table 2
(Figures 1 and 2).
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Fructose plus CB1-

Normal at 8 antagonist at 8 Fructose 8
weeks weeks weeks

Mean = S.E Mean * S.E Mean = S.E
Weight (g) 223.00 + 2.03 201.50 + 1.79** 225.50 + 1.89
SBP (mmHg) 107.00 £+ 1.49 137.50 £ 1.11* 145.00 + 1.49
DBP (mmHg) 77.50 £ 1.30 86.00 * 1.24** 90.50 + 1.74
TNF (pg/mg) 31.81+1.35 31.19 £ 1.18* 110.29 + 8.18

NO (nmol/L) 2.23+0.19 1.91 +£0.15* 5.46 + 0.22

MDA (nmol/L) 0.21 £ 0.02 0.21 £ 0.01* 2.87 £0.44
Catalase (pU/L) 123.83 £2.12 122.101.89% 81.49+5.78
GSH (nmol/gPtn) 41.91+£0.95 40.96 + 0.82% 32.16 £ 1.68

SOD (U/ml) 2.45 £ 0.09 2.34 + 0.06" 1.36 £0.13

Each value represents the Mean + S.E of 10 readings (P<0.05; n=10)
*=significant fructose plus CB1 antagonist for 8 week when compared to normal
at 8 weeks.

#=significant fructose plus CB1 antagonist for 8 weeks when compared to fructose
at 8 weeks.

Table 2: Effect of fructose (60%) diet plus CB1 antagonist (AM251) (1 mg/kg/
day) intraperitoneally for 8 weeks, on body weight, blood pressure, TNF, NO and
oxidative stress parameters at the end of 8" week.

Effect of fructose enriched diet plus CB1 antagonist (AM251)
(1 mg/kg/kg) intraperitoneally for 8 weeks on oxidative stress
parameters (MDA, Catalase, GSH and SOD): Administration of CB1
antagonist (AM251) (1 mg/kg/day) intraperitoneally with fructose
enriched diet for 8 weeks, the mean serum MDA, Catalase, GSH &
SOD were 0.21 + 0.01.nmol/L, 122.10 + 1.89 pU/L, 40.96 + 0.82 nmol/
gPtn & 2.34 + 0.06 U/ml respectively at the end of 8" week.

There was significant (p<0.05) decrease in serum MDA and
significant increase (p<0.05) in catalase, GSH & SOD in fructose
enriched diet plus Telmisartan group in comparison to High fructose
diet group at the end of 8" week, as shown in Table 2, Figures 1 and
2. The mean serum MDA, Catalase, GSH & SOD were returned to
the normal values in high fructose diet plus CB1 antagonist (AM251)
group at the end of 8" week.

Effect of fructose enriched diet plus CB1 antagonist (AM251)
(1 mg/kg/day) intraperitoneally for 8 weeks on liver enzymes
(ALT & AST): Administration of CB1 antagonist (AM251) (1 mg/
kg/day) intraperitoneally with fructose enriched diet for 8 weeks, the
mean serum ALT & AST were 26.60 + 1.95 U/L & 16.00 + 1.84 U/L
respectively at the end of 8" week.

There was significant (p<0.05) decrease in ALT & AST in fructose
enriched diet plus CB1 antagonist (AM251) group in comparison to
high fructose diet group at the end of 8" week. The mean serum ALT &
AST were returned to the normal values in high fructose diet plus CB1
antagonist (AM251) group, at the end of 8" week as shown in Table 1
and Figure 2.

Histopathological results at the end of 8" week after fructose
(60%) diet administration for 8 weeks

Effect of fructose enriched diet for 8 weeks on liver structure:
In the liver of normal rats, there was normal hepatic lobules, normal
central hepatic vein with radiating normal hepatocytes with no
evidence of hydropic or fatty changes as shown in Figures 3 and 4, after
administration of high fructose diet for 8 weeks, there was pathological
changes of liver structure in the form of marked congestion of central
hepatic vein with marked hydropic changes and prominent micro
vascular fatty changes of liver hepatocytes as shown in Figure 5.

Effect of fructose (60%) enriched diet for 8 weeks on structure
of aorta: In the aorta of normal rats, the intima were intact, normal
vascular smooth muscle fiber, with no evidence of hypertrophy or
inflammation, as shown in Figure 6 after administration of high
fructose diet for 8 weeks, there was hypertrophy of vascular smooth
muscle fiber with marked subendothelial edema, as shown in Figure 7.

Effect of fructose enriched diet plus CB1 antagonist (AM251)
(1 mg/kg/day) intraperitoneally for 8 weeks on liver structure:
Administration of high fructose diet plus CB1 antagonist (1 mg/kg/
day) intraperitoneally for 8 weeks, the normal hepatic architecture was
preserved with minimal hydropic changes as shown in Figures 8 and 9.

Effect of fructose enriched diet plus CB1 antagonist (AM251)
(1 mg/kg/day) intraperitoneally for 8 weeks on structure of aorta:
Administration of high fructose plus CB1 antagonist (1 mg/kg/day)
intrapretonialy for 8 weeks, there was preservation of normal structure
of aorta, as shown in Figure 10.

Histopathological results at the end of 8" week

Histopathological results at the end of 8" week after fructose (60%)
diet administration for 8 weeks (control and normal).

Normal at 12 | CB1 antagonist at  Fructose at 12

weeks 12 weeks weeks

Mean = S.E Mean = S.E Mean + S.E
Weight (g) 247.00 £ 1.63 214.00 £ 3.027% 250.00 + 2.80
SBP (mmHg) 115.00 £ 1.49 141.50 £ 2.24* 162.50 + 2.38
DBP (mmHg) 76.50 + 1.67 87.00 + 1.63% 99.50 + 1.74
TNF (pg/mg) 29.29 +1.36 88.85 + 5.56™ 140.71 £5.72

NO (nmol/L) 211+0.16 5.69 + 0.44" 8.95+0.44

MDA (nmol/L) 0.27 £ 0.01 1.95+0.427 3.63+0.43
Catalase (pU/L) 128.99 £ 0.91 94.55 +2.64" 49.95 + 2.68
GSH (nmol/gPtn) 39.52 + 0.56 32.02 +£1.20% 24.00 + 1.22

SOD (U/ml) 2.30 £ 0.06 1.32+0.06% 0.77 £ 0.04

Table 3: Effect of fructose (60%) plus CB1 antagonist (AM251) (1 mg/kg/day)
intraperitoneally, for the last 4 weeks, of fructose 12 weeks administration on body
weight, blood pressure, TNF-a, NO & oxidative stress.

Each value represents the Mean + S.E of 10 readings (p<0.05; n=10)
*=significant CB1 antagonist when compared to normal at the end of 12" week.
#=significant CB1 antagonist when compared to fructose 12 weeks at the end Of
12" week.

Normal at12 CB1-antagonist at Fructose at 12

weeks 12 weeks weeks
Mean + S.E Mean * S.E Mean + S.E
Glucose 6.07 £0.12 9.51 £ 0.14" 10.45 + 0.14
(mmol/L)

Insulin (IU/L) 7144013 13.57 + 0.28" 15.67 + 0.23

IR 1.93+0.07 5.74 +0.18" 7.28£0.19
Ch°'es§’];°' mal 45808+ 145 186.75 £ 2.59" 188.55 + 2.51
TG (mgl/dI) 68.27 + 0.49 146.95 + 6.88"* 172.19 £ 6.29
HDL (mg/dl) 44.82 £ 0.86 33.69 £ 0.60" 28.49 £ 0.52
LDL (mg/dI) 67.71+ 1.64 123.67 £ 5.59" 125.6 + 5.28
ALT (UIL) 23.50 + 0.95 31.02 £ 4.35% 63.70 £ 3.69
AST (UIL) 14.10 £ 0.73 22.50 + 0.83" 30.40 £ 0.88

Table 4: Effect of fructose (60%) plus CB 1 antagonist (1 mg/kg/day) intraperitoneally,
for the last 4 weeks, of fructose 12 weeks administration on serum glucose, insulin,
IR, lipid profile and liver enzymes.

Each value represents the Mean + S.E of 10 readings (p<0.05; n=10)
*=significant CB1 antagonist when compared to normal at the end of 12" week.
#=significant CB1 antagonist when compared to fructose 12 weeks at the end of
12" week.
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Effect of fructose enriched diet for 8 weeks on liver structure:
In the liver of normal rats, there was normal hepatic lobules, normal
central hepatic vein with radiating normal hepatocytes with no
evidence of hydropic or fatty changes as shown in Figures 3 and 4 after
administration of high fructose diet for 8 weeks, there was pathological
changes of liver structure in the form of marked congestion of central
hepatic vein with marked hydropic changes and prominent micro
vascular fatty changes of liver hepatocytes as shown in Figure 5.

Effect of fructose (60%) enriched diet for 8 weeks on structure
of aorta: In the aorta of normal rats, the intima were intact, normal
vascular smooth muscle fiber, with no evidence of hypertrophy or
inflammation, as shown in Figure 6, after administration of high
fructose diet for 8 weeks, there was hypertrophy of vascular smooth
muscle fiber with marked subendothelial edema, as shown in Figure 7.

Effect of fructose enriched diet plus CB1 antagonist (AM251)
(1 mg/kg/day) intraperitoneally for 8 weeks on liver structure:
Administration of high fructose diet plus CB1 antagonist (1 mg/kg/
day) intraperitoneally for 8 weeks, the normal hepatic architecture was
preserved with minimal hydropic changes as shown in Figures 8 and 9.

Effect of fructose enriched diet plus CB1 antagonist (AM251)
(1 mg/kg/day) intraperitoneally for 8 weeks on structure of aorta:
Administration of high fructose plus CB1 antagonist (1 mg/kg/day)
intrapretonialy for 8 weeks, there was preservation of normal structure
of aorta, as shown in Figure 10 and 11.

Histopathological results at the end of 12" week after
administration of high fructose diet (Therapeutic)

Effect of fructose enriched diet for 12 weeks on liver structure
(Normal and Control): In the liver of normal rats, there was
normal hepatic lobules, normal central hepatic vein with radiating
normal hepatocytes with no evidence of hydropic or fatty changes
as shown in Figures 12 and 13 after administration of high fructose
diet for 12 weeks, there was changes in liver structure in the form of,
marked congestion of central hepatic vein with marked hydropic,
micro and macrovascular fatty changes of liver hepatocytes as
shown in Figure 14.

Effect of fructose enriched diet for 12 weeks on structure of
aorta (Normal and Control): In the aorta of normal rats, the intima
were intact, normal vascular smooth muscle fiber, with no evidence
of hypertrophy or inflammation, as shown in Figures 15 and 16, after
administration of high fructose diet for 12 weeks, there was hypertrophy
of vascular smooth muscle fiber with marked sub endothelial edema,
and lymphocytic infiltration of vascular smooth muscle as shown in
Figures 17 and 18.

Effect of CB1 antagonist (1 mg/kg/day) intraperitoneally,
for the last 4 weeks, of fructose 12 weeks administrations on liver
structure: Administration of high fructose diet for 12 weeks plus CB1
antagonist (1 mg/kg/day) intraperitoneally, for 4 weeks, started at the
end of 8" week till the end of 12 week, produced preservation of the
normal hepatic architectures with minimal hydropic changes of liver
hepatocytes as shown in Figures 19 and 20.

Effect of CB1 antagonist (1 mg/kg/day) intraperitoneally, for
the last 4 weeks, of fructose 12 weeks administrations on structure
of aorta: Administration of high fructose diet for 12 weeks plus CB1
antagonist (1 mg/kg/day) intraperitoneally for 4 weeks, started at the
end of 8" week till the end of 12™ week, produced preservation of

Figure 3: Section of the liver of normal rat showing normal liver architecture,
with normal hepatocytes, no hydropic or fatty changes (H/E X200).

Figure 4: Section of the liver of normal rat showing normal liver architecture,

with normal hepatocytes, no hydropic or fatty changes (H/E X400).

normal structure of aorta with minimal perivascular edema, as shown
in Figures 21 and 22.

Results at the end of 12t week after fructose administration

Effect of therapeutic treatment with CB1 antagonist (AM251)
(1 mg/kg/day) intraperitoneally for 4 weeks, started at the end of
8" week till the end of 12" week, on body weight, serum glucose,
insulin, IR, blood pressure, lipid profile, inflammatory cytokines,
oxidative stress and liver enzymes of fructose enriched diet group at
12" week: Administration of CB1 antagonist (AM251) (1 mg/kg/day)
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