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Abstract

Background: Metabolic syndrome (MetS) is increasing worldwide and correlates with serum uric
acid and high fat combined with high fructose diet (HFFD). Fat raises triglycerides. Fructose
increases uric acid. We hypothesized that HFFD in menopause may have a pathogenic role in
MetS and using febuxostat may improve it by attenuating oxidative stress and vascular
inflammation.

Objectives: This study aimed to assess effects of ovariectomy and HFFD diet on causing MetS for
rats and effects of febuxostat on MetS of ovariectomized rats.

Materials and methods: The study was carried on 50 female white albino rats, aged 3 months and
weighted 170 to 300 gm. 50 rats were divided into: sham control, ovariectomized controL, HFFD
non-ovariectomized, HFFD ovariectomized and febuxostat HFFD ovariectomized group. HFFD
was composed of 45% fat and 30% fructose for 12 weeks. The latter group received febuxostat for
8 weeks.

Results: HFFD was associated with significant increased adiposity index (5.92+0.41), serum
triglycerides (109.7£32.39 mg/dl), HOMA-IR (4.03+1.62) and serum uric acid (5.99 +0.528
mg/dl). Ovariectomy has a synergistic effect with HFFD. HFFD with ovariectomy was also
associated with significant increased adiposity index (11.49+1.5),serum triglycerides (223.2+67.6
mg/dl), HOMA-IR (11.48+2.01) and serum uric acid (7.64+1.615mg/dl). Febuxostat was able to
reverse these effects significantly in adiposity index (7.94+0.489), serum triglycerides (121.7+17.6
mg/dl) and serum uric acid (1.96+0.64mg/dl) but insignificant effect on HOMA-IR.

Conclusions: Fructose and fat in menopause may have a major role in incidence of MetS.
Febuxostat prevent pathological condition of MetS by different mechanisms of action.
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Introduction Patterns of food and diet changed
during the last decades in both developing and
industrialized  countries  together  with
sedentary lifestyle resulting in dramatic
increases of obesity, MetS, non-alcoholic fatty
liver disease and type 2 diabetes (Taskinen et
al., 2019). MetS are becoming more common
at a younger age due to increased consumption
of sugar-rich and fatty-products. Fructose is
used as a sweetening replaced of sucrose or
glucose in the preparation of candy and
carbonated beverages (Lozano et al., 2016).

MetS is insulin resistance (IR)
syndrome. It is defined as IR in inclusion to
two of risk factors: obesity,
hypertriglyceridemia, low high-density
lipoprotein (HDL) cholesterol, hypertension,
or microalbuminuria (Rochlani et al., 2017). It
is about three times more common than
diabetes; the global prevalence is around one
quarter of the world population. Above a
billion people were affected with MetS in 2018
in the world (Saklayen, 2018).
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Menopause is the constant stopping of
menses for 12 months. It is a normal
physiological process that often occurs in
women at an average age of 50 years. It is a
risk factor for cardiometabolic diseases, MetS,
type 2 diabetes and cardiovascular diseases. It
is due to loss of the role of estrogens as
protection and increased circulating androgens
(Stefanska et al., 2015).

Uric acid is the final product of purine
metabolism. Hyperuricemia isthe level of
serum uric acid exceeds the normal range.
Gout is induced by hyperuricemia. It also
plays important role in MetS(Wang et al.,
2018).

Non purine-like xanthine oxidase
inhibitoris febuxostat used in the therapy of
hyperuricemia.lt leads to decreasing serum
uric acid in humans not responding to
allopurinol by decreasing xanthine
oxidase(X0O). XO produce uric acid from
hypoxanthine. = Febuxostathas  antioxidant
effect and decreases reactive oxygen species
(ROS) and oxidative stress,which is the main
reason of inflammation of vessels in
hyperlipidemia (Heikal et al., 2019).

In this study, we used febuxostat for
treatment of albino rats model with
postmenopausal MetS induced by ovariectomy
and a high fat combined with high-fructose
diet (HFFD). HFFD was used to induce MetS
in rats, which closely mimics the natural
pathogenic process of MS in human. There is a
relationship between hyperuricemia induced
by HFFD and MetS.

Materials and methods
Chemicals and drugs

Febuxostat was purchased from Hikma
Pharma S.A.E., 6th of October City-Egypt.
Fructose was purchased from Al-Gomhoria
Pharmaceutical Co. (Cairo, Egypt).

Animals

This study is occurred in the animal
house of Faculty of Medicine, Assiut
University, Egypt. Fifty adult female white
albino rats at first weighing from 170 to 300
grams and aged 3 months were gained from
the animal house of Faculty of Medicine,
Assiut University, Egypt. Rats were lived in
clean stainless-steel cages (42 x 21 x 20),

SVU-LIMS, 4(2):99-107

natural light/dark cycle in a room infused with
air and supplied with free entrance to food and
water. All rats were adapted for one week
before the experimental study was started. All
procedures described in the present study were
managed in correspondence with the Guide for
the Care and Use of Laboratory Animals
(Bayne, 1996) and were approved by the
Ethical Committee for Scientific Research at
the Faculty of Medicine, Assiut University,
Assiut, Egypt.
Experimental Design

Rats were randomly divided into five
groups (10 rats for each); group 1 (Sham
group): adult rats subjected to laparotomy
without removal of the ovaries, group 2
(control ovariectomized group): rats were
anesthetized and bilaterally
ovariectomized(small transverse skin incision
of 2 cm wasmade with surgical scalpel blade
on the middle part of the abdomen slightly
towards right, just near to the second right
nipple of the rat. The skin retracted to remove
each ovary from the same skin incision. Then
2cm peritoneal incision was made. After
peritoneal cavity was accessed, the adipose
tissue was pulled away until the right uterine
tube and the ovary with its surrounding fat
were identified. The ovary and associated fat
were easily located and exteriorized by gentle
retraction. The procedure was repeated for the
left ovary through the same incision
(Khajuriaet al., 2012)), group 3 HFFD non-
ovariectomized group), group 4 (HFFD -
ovariectomized group), group 5 (Febuxostat,
HFFD - ovariectomized group). HFFD was
composed of 45% fat (ram tail fat) and 30%
fructose for 12 weeks (Feillet-Coudray et al.,
2019). Rats received Febuxostat 3 mg/kg/day
orally via an orogastric tube for 8weeks after
taking HFFD for 12 weeks in group 5 (Omizo
et al.,, 2020). The test drug febuxostat was
dissolved in drinking water ad libitum at a
concentration of 0.03 mg/L(Shirakura,2016).
Blood glucose determination and sample
collection

At the termination of the study, rats
were fasted overnight, and fasting blood
glucose was determined with an automatic
blood glucose meter (GlucoStar2 test strip,
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Japan) using blood samples from the tail vein.
Rats were anesthetized with thiopental sodium
(50 mg/kg) (Suckow et al., 2005) and
sacrificed by decapitation at the end of the
study. Samples of blood were collected by a
cardiac puncture, centrifuged at 2000 rpm for
15 min within 30 min of collection and stored
at —80°C until assayed.

ELISA for insulin

At the termination of the study, serum
insulin was determined by using a rat insulin
ultrasensitive an ELISA kit (Abnova, Jhongli,
Taiwan) according to the manufacturer’s
instructions.

Calculation of IR

Homeostatic model assessment for IR
(HOMA-IR) was determined IR by using this
formula:

HOMA-IR index = [fasting glucose
(mmol/l) x fasting insulin (uU/ml)}/22 (Er et
al., 2016).

Calculation of Adiposity index

Body weight was measured with a top loader
weighing balance (Model D0030, A & D
Company Limited, USA). The adipose tissue
was dissected and then weighed. Total body
fat was measured as sum of retroperitoneal fat
+ visceral fat+parametrial fat.

The adiposity index was calculated as (total
body fat/final BW) x 100. The adiposity index
was used a tool for measure of obesity
(Pimenta et al., 2019).

Biochemical assays

Serum uric acid and  Serum
triglycerides were determined at the end of the
study, by  Egyptian  Company  for
Biotechnology (S.A.E) kits.

Histopathological Examination

The left lateral, the right medial, the
caudate lobes of liver were used for
histological examination. Samples were fixed
in 10% Formalin, processed to paraffin,
imbedded and cut in 5 pm sections. Steatosis
was evaluated in all slides with Mayer’s
Haematoxylin and Eosin (H&E). Fibrosis and
inflammation were evaluated based on the
morphology on the H&E stain. Examination
was performed by using Olympus CX21
binuclar microscope.

Statistical Analysis
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Statistical analysis was done suing the
SPSS version 25. Testing for normality of
distribution of the data was done using
Shaprio-Wilk the test. The data was illustrated
in the form of mean SD and median with the
25th and 75th quartiles. To compare among all
the 5 groups, Kruskal Wallis test was used and
to compare between two groups, Mann-
Whitney test was used. A P-value of less than
0.05 was considered significantly different.

RESULTS
i.Effect of HFFD alone in induction of
features of MetS

Oral administration of HFFD for 12
weeks in HFFD non-ovariectomized group
resulted in development of features of MetS
manifested by significant increase (p < 0.05) in
adiposity index, serum triglycerides, HOMA -
IR and serum uric acid with mean values of
5.92 £0.41, 109.7 £32.39 mg/dl, 4.03 £1.62
and 5.99 =#0.528 mg/dl respectively as
compared with sham group fed a control diet
with mean values of 4.36 +0.37, 60 +9.09
mg/dl, 0.49 +£0.303 and 2.31 +0.822 mg/dl
respectively see figure 1,2,3 and 4.
ii.Effect of HFFD and ovariectomy in
induction of features of MetS

Oral administration of HFFD for 12
weeks in HFFD ovariectomized group resulted
in development of features of MetS manifested
by significant increase (p < 0.05) in adiposity
index, serum triglycerides, HOMA-IR and
serum uric acid with mean values of 11.49
+1.5, 223.2 £67.6 mg/dl, 11.48 +2.0land 7.64
+1.615mg/dl respectively as compared with
control ovariectomized group fed a control diet
with mean values of 4.29 +0.414, 61.8 +8.76
mg/dl, 0.51 #0.277and 2.12 +0.827 mg/dl
respectively see figure 1,2,3 and 4.
iii.Effect of febuxostat features of MetS

Oral administration of febuxostat for 8
additional weeks in febuxostat HFFD
ovariectomized group resulted in development
of features of MetS manifested by significant
decrease (p < 0.05) in adiposity index, serum
uric acid and serum triglycerides with mean
values of7.94 +0.489,1.96+0.64mg/dl
and121.7 *17.6 mg/dl respectively as
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compared with HFFD non-ovariectomized significantly compared with HFFD
group and HFFD ovariectomized group. On ovariectomized group: 10.96 +0.412 vs. 11.48
the other hand, HOMA-IR of febuxostat HFFD +2.01 respectively see figure 1,2,3 and 4.
ovariectomized group did not differ
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Figure 1. Mean adiposity index of experimental groups. Results are mean + SD
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Figure 2. Mean serum triglycerides (mg/dl) of experimental groups. Results are mean + SD
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D)HFFD+Ovariectomy

E)Treated group

Figure 5: Hematoxylin and eosin staining of liver tissue sections of adult rats at different
groups. The image (A) of a control group shows normal hepatic tissue. The image (B) of a sham
control shows normal appearance of hepatic tissue. The image (C) of HFFD fed group shows mainly
microvesicular steatosis and macrovesicular steatosis at the periportal area. The image (D) of HFFD
ovariectomised group shows macrovesicular and microvesicular steatosis at the periportal area and
zone2. The image (E) of treated group (received febuxostat for 8week) show microvesicular steatosis

in few hepatocytes at the periportal area.

iv.Histopathological results

Hematoxylin and eosin staining of liver
tissue sections of adult rats at different groups.
A control group shows normal hepatic tissue in
figure 5SA. A sham control shows normal
appearance of hepatic tissue in figure 5B.
HFFD non- ovariectomized group shows
mainly microvesicular steatosis and
macrovesicular steatosis at the periportal area
in figure 5C. HFFD ovariectomized group
shows macrovesicular and microvesicular
steatosis at the periportal area and zone2 in
figure 5D. Feboxostat HFFD ovariectomized
group for 12 weeks and then received
febuxostat for 8 weeks) show microvesicular
steatosis in few hepatocytes at the periportal
area in figure SE.

DISCUSSION

We have succeeded in inducing MetS
in experimental rats by administering 45% fat
(ram tail fat) and 30% fructose for 12 weeks in
the diet. Features of the syndrome were in the
form of obesity, hypertriglyceridemia,
hyperinsulinemia and hyperuricemia. Also,
liver steatosis or fatty liver is a hepatic
manifestation of MetS (Cai et al., 2018). This
method more closely imitates the pathogenesis
happened in human MetS (Zhuhua et al.,
2015).

In an attempt to know the effectiveness
of febuxostat on attenuating features of MetS,
febuxostat showed a significantly reducing
obesity, hypertriglyceridemia and
hyperuricemia and improving fatty liver only
microvesicular steatosis in few hepatocytes at
the periportal area in histological examination
(the cytoplasm of hepatocytes is filled with
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tiny triglyceride droplets and nucleus is central
in the cell). This could be attributed to the
effect of febuxostat in attenuating oxidative
stress and vascular inflammation that resulted
from HFFD diet. Over-accumulation of lipids
in hepatic cells causes oxidative stress. It
increases expression of inducible nitric oxide
synthase (INOS) and elevation of NO
production (Heikal et al., 2019). Also,
Febuxostat had a significantly reducing
hyperuricemia by inhibiting both the oxidized
and reduced forms of XO. Febuxostat inhibits
XO by binding to a long narrow channel that
leads to the molybdenumpterin active site of
the enzyme (Luna et al., 2019). On the other
hand, and according to our study, it was found
that febuxostat had insignificantly reducing
hyperinsulinemia because high-sensitivity C-
reactive protein, tumor necrosis factor alpha or
interleukin 6 is not decreased and then not
effect on IR if duration of treatment of
febuxostat less than 12 weeks (Drabsch et al.,
2018). Febuxostat treatments for 12 and 24
weeks leads to a significant reduction in the
levels of insulin and HOMA-IR by reduction
of high-sensitivity C-reactive protein because
there is relation between inflammation and IR
(Meng et al., 2017).

In our study, HFFD had a significantly
increased obesity, hypertriglyceridemia and
hyperuricemia and showing fatty liver as
microvesicular steatosis and macrovesicular
steatosis (cytoplasm of hepatocytes is filled
with tiny triglyceride droplets or one large
droplet and nucleus is peripheral in the cell) at
the periportal area in histological examination.
Fructose is phosphorylated into fructose 1-
phosphate by fructokinase in the liver during
metabolism. This reaction leads to decreased
levels of intracellular phosphate and ATP.
After that, the enzyme fructose-1-p aldolase
breaks fructose 1-phosphate into
dihydroxyacetone phosphate and d-
glyceraldehyde. At a high intake of fructose,
phosphorylation into fructose 1-phosphate is
fast, but reaction with aldolase is slow so
fructose  1-phosphate  accumulates  and
intracellular ~ phosphate  decreases.  This
decrease stimulates AMP deaminase, which
catalyzes the degradation of AMP to inosine
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monophosphate, increasing the rate of purine
degradation. The purine degradation produces
uric acid and mitochondrial oxidants.
Mitochondrial  oxidative  stress  inhibits
aconitase in the Krebscycle, so it leads to
accumulation of citrate and stimulation of ATP
citrate lyase and fatty acid synthase leading to
de novo lipogenesis (Caliceti et al.,
2017).Also, we found that HFFD
ovariectomized group had a significantly
increasing obesity, hypertriglyceridemia and
hyperuricemia and showing more fatty liver
macrovesicular and microvesicular steatosis at
the periportal area and zone2 in histological
examination when comparing with HFFD non-
ovariectomized group. In the postmenopausal
status, female metabolism is disturbed leading
to an increase in the propagation of
hyperuricemia and MetS due to estrogen
deficiency. Estrogen increases the renal
excretion of urate (Techatraisak &
Kongkaew, 2017). Incidence of MeS is high
in postmenopausal women. Estrogen prevents
the conversion of angiotensin I to angiotensin
II and decreases the sensitivity of angiotensin
receptors. Renin activity, sympathetic activity
and sensitivity to dietary sodium intake are
increased in postmenopausal women. Estrogen
acts on nitric oxide (NO) synthesis to promote
vasodilatation by induction of endothelial
nitric oxide synthase (eNOS) and stimulates
calcium channel opening in smooth muscle
cells (Das, 2016). The low sex hormone
binding globulin levels is an important factor
contributing to IR  development in
postmenopausal women. There are also low
serum  adiponectin  levels causes IR.
Adiponectin, an adipokine produced by fat,
increases insulin sensitivity by promoting fat
oxidation distally in liver and muscle
(KozakowskKi et al., 2017).

There is a relationship between uric
acid and MetS. Uric acid is an antioxidant in
low concentration, while in high conc it is a
pro-oxidant. It induces  mitochondrial
translocation of the nicotinamide adenine
dinucleotide phosphate oxidase 4 so leading to
increased mitochondrial oxidative stress,
mitochondrial dysfunction and citrate release
to the cytosol for de novo lipogenesis and
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triglyceride  synthesis.  Conversion  of
hypoxanthine/xanthine to uric acid by xanthine
oxidase is associated with the generation of
oxidants as hydrogen peroxide. Uric acid can
form alkylating species by interacting with
peroxynitrite. Soluble and crystallized uric
acid decreases AMP-Kinase leading to
decreased ability for fatty acid oxidation and
triglyceride accumulation (Kuwabara et al.,
2018). Hyperuricemia increases reactive
oxygen species (ROS). ROS increase insulin
receptor substrate phosphorylation at a serine
residue and decreases its phosphorylation at a
tyrosine residue so two reactions block the
phosphorylation of protein kinase B at a serine
residue. Hyperuricemia decreases endothelial
NO production which leads to decrease blood
flow and glucose uptake by cells (Wang et al.,
2018).
Conclusions

From the observations of the study
performed, it could be predicted that fructose
sweetened beverages and fats in our diet is
shared occurrence of MetS. Menopause is
aggravating MetS. Febuxostat can prevent
pathological condition of MetS by different
mechanisms of action and depends on duration
of treatments.
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