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INTRODUCTION

ABSTRACT Metabolic syndrome (MBS) is a widespread disease that has strongly
related to unhealthy diet and low physical activity, which initiate more serious condi-
tions such as obesity, cardiovascular diseases and type 2 diabetes mellitus. This study
aimed to examine the therapeutic effects of morin, as one of the flavonoids con-
stituents, which widely exists in many herbs and fruits, against some metabolic and
hepatic manifestations observed in MBS rats and the feasible related mechanisms.
MBS was induced in rats by high fructose diet feeding for 12 weeks. Morin (30 mg/
kg) was administered orally to both normal and MBS rats for 4 weeks. Liver tissues
were used for determination of liver index, hepatic expression of glucose transporter
2 (GLUT2) as well as both inflammatory and fibrotic markers. The fat/muscle ratio,
metabolic parameters, systolic blood pressure, and oxidative stress markers were also
determined. Our data confirmed that the administration of morin in fructose diet
rats significantly reduced the elevated systolic blood pressure. The altered levels of
metabolic parameters such as blood glucose, serum insulin, serum lipid profile, and
oxidative stress markers were also reversed approximately to the normal values. In
addition, morin treatment decreased liver index, serum liver enzyme activities, and
fat/muscle ratio. Furthermore, morin relatively up-regulated GLUT2 expression, how-
ever, down-regulated NF-xB, TNF-a, and TGF-3 expressions in the hepatic tissues.
Here, we revealed that morin has an exquisite effect against metabolic disorders in
the experimental model through, at least in part, antioxidant, anti-inflammatory, and
anti-fibrotic mechanisms.

pathogenesis [4], like type 2 diabetes mellitus (T2DM) and car-
diovascular morbidities [5].

The over consumption of unbalanced diet is considered one of
the major health problems in the modern societies, leading to a
high prevalence of metabolic syndrome (MBS) associated with
immoderate abdominal obesity, insulin resistance, hypertension
and dyslipidemia [1-3]. These components of MBS participate in
excessive reactive oxygen species (ROS) generation and impair-
ment of antioxidant defense mechanisms in our bodies. Eventu-
ally, these conditions certainly increase the incidence of MBS

Plant flavonoids can restore metabolic disorders related to the
development of some diseases such as obesity and T2DM [6] via
their antioxidant, anti-inflammatory, cardioprotective and anti-
cancer activities [7-9]. Thus, recently, bioactive compounds from
dietary plants and fruits have been gaining a growing interest to
encounter many fatal consequences of chronic diseases without
noticeable side effects. For example, apigenin is one of the ac-
tive ingredients in Chinese medicinal herbs caused apoptosis in
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prostatic cancer by alternating the Bax/Bcl-2 ratio in favor of cell
apoptosis [10]. Also, polyphenols such as quercetin are widely
distributed in plant could regulate blood pressure by activating
Na'-K'-2CI cotransporter 1 (NKCC1), leading to elevation of the
cytosolic CI” concentration ([CI'],) which down-regulates gene
expression of epithelial Na' channels (ENaC) [11].

Morin (2',3,4',5,7-pentahydroxyflavone) is a C15 flavonoid
structure, containing three phenolic rings, which was first iso-
lated in the year 1830 [12]. Morin is a yellowish pigment, exists in
a mill, fig, guava leaves, onion, apple and other Moraceae, which
has been used in folk medicine [13]. In earlier studies, the low
cytotoxicity of morin has been reported on cellular cultures and
animal models and treatment with morin orally at chronic doses
did not exhibit any toxicity [14]. Tests in vivo have emphasized
that the plasma concentration of morin does notexceed 1% after
oral administration of high doses (200 mg/kg) Since it has low
bioavailability and well tolerated natural antioxidant [15].

Moreover, it was indicated that morin possesses protective
properties of many human cell types [16] such as antioxidant,
anti-inflammatory, antinociceptive, antihyperglycemic, and anti-
angiogenic effects [17].

We previously provided strong evidence for the hepatopro-
tective and anti-fibrotic activities of morin by attenuating the
expression of NF-xB and pro-inflammatory cytokines [18]. In
this study, we confirm that the administration of morin could
recover the clinical and biochemical features of MBS complica-
tions. Thus, our current study was aimed to examine the possible
beneficial effects of morin in fructose induced metabolic syn-
dromes in an experimental model and to indicate the underlying
its mechanisms.

METHODS
Drugs and chemicals

Morin was purchased from Sigma-Aldrich Chemical Co. (St
Louis, MO, USA). Fructose powder was purchased from Safety
Masr, Cairo, Egypt. Polyclonal rabbit/anti-rat antibodies against
tumor necrosis factor-o. (TNF-a) and transforming growth
factor-B (TGF-p) were purchased from Santa Cruz Biotechnology
Inc. (Dallas, TX, USA). All other chemicals and solvents were of
the highest grade commercially available. Morin was freshly pre-
pared in a 0.5% aqueous solution of carboxymethyl cellulose.

Animals and experimental design

The study was conducted in accordance with the Basic & Clini-
cal Pharmacology & Toxicology (BCPT) policy for experimental
and clinical studies [19]. Adult male Wistar rats (8 weeks of age)
weighing 180-200 g were obtained from the animal house, Facul-
ty of Agriculture, Minia University. Rats were housed in stainless
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steel cages with free access to water and standard laboratory food
(El-Nasr Company, Abou-Zaabal, Cairo, Egypt), and left to ac-
climatize for a week before the study under controlled laboratory
conditions of normal light/dark cycle and temperature. The study
protocol was approved by the Pharmacology and Toxicology De-
partment, Faculty of Pharmacy, Minia University, Egypt 44/2019.

The animals cared according to the principles and guidelines
of the Canadian Council on Animal Care (Vol. 1, 2nd ed., 1993,
and Vol. 2, 1984 available from the Canadian Council on Animal
Care, Constitution Square, Tower 2, Suite 315, 350 Albert Street,
Ottawa, ON K1R1B1, Canada, or on their Web site at www.ccac.ca).

Rats were randomly assigned in four groups of eight animals
each. The first group was fed standard chow diet and served as
a control group. Animals in the second group were fed a nor-
mal diet throughout the study and received morin (30 mg/kg/
day, orally) in the last four weeks, and served as a control morin
group.

Animals in the third and fourth groups were fed high fructose
diet, then started administration of morin in for four weeks as
tirst and second groups. For the fructose diet, we used an adapted
diet standardized by Botezelli et al. [20] composed of 60% fruc-
tose (W/W) in diet for 12 weeks. The control group received the
vehicle (0.5% aqueous solution of carboxymethyl cellulose). The
last group was given morin (30 mg/kg/day, orally) [21].

Measurement of blood pressure by non-invasive
method

Systolic blood pressure (SBP) was determined at the start of
the study and every 2 weeks during the induction of MBS and
then, weekly during morin treatment by a tail-cuff method with
an automatic sphygmomanometer (LE 5001 Pressure METERS;
PanLab Harvard Apparatus, Barcelona, Spain).

Blood and tissue samples

Rats were exposed to light anesthesia by diethyl ether and
blood samples were collected from retro-orbital sinus veins via
glass capillaries before (0 time) and at 30, 60, 90, and 120 min
after oral glucose loading (2 g/kg). Glucose concentration was
determined with an automatic blood glucose meter (Super Gluco-
card, Kyoto, Japan) for the determination of oral glucose tolerance
test (OGTT).

On the second day, rats were weighed, and then overnight
fasted rats were sacrificed, then blood samples were collected
from neck vessels by decapitation. Clear sera were separated and
kept at -80°C until an assessment of various parameters. The
liver was rapidly dissected out, blotted dry, weighed, and then the
liver index was calculated according to the formula: (weight/body
weight) x 100. Liver tissues were divided into two parts. The first
part was put in 10% formalin for histopathology examination,
while the second part was kept at —-80°C for biochemical analysis.
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The visceral fat pads and the gastrocnemius muscles were ex-
cised, blotted dry and weighed and the ratio of visceral fat to the
gastrocnemius muscle (g/g) was considered as an index of body/
muscle ratio [22].

Biochemical measurements

Serum alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) activities were determined by using available
commercial kits (Bio-diagnostic, Cairo, Egypt). Fasting blood
glucose level was measured using an automatic blood glucose me-
ter (Super Glucocard) and fasting serum insulin was determined
using ultrasensitive rat insulin ELISA kit (Bio-Source, Europe
S.A., Nivelles, Belgium). Insulin resistance was determined using
the homeostasis model assessment index for insulin resistance
(HOMA-IR) utilizing the following formula: HOMA-IR index =
[fasting glucose (mg/dl) x fasting insulin (uU/ml)/405] according
to Matthews et al. [23]. Serum total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C) and triglycerides (TG) were
determined using commercially available colorimetric kits (Bio-
diagnostic, Cairo, Egypt). Serum level of low density lipoprotein
cholesterol (LDL-C) was calculated using the formula that was
reported by Friedewald et al. [24].

Assessment of hepatic oxidative stress parameters

Hepatic lipid peroxidation was determined as malondialdehyde
(MDA) by the reaction with thiobarbituric acid according to the
method of Ohkawa et al. [25]. Nitric oxide (NO) level was mea-
sured as total nitrite/nitrate that is the end degradation products
of NO through the reduction of nitrate into nitrite using cop-
pered cadmium, followed by color development with the Griess
reagent in acidic medium [26]. Reduced glutathione (GSH) was
determined according to the method described by Beutler et al.
[27]. Catalase (CAT) activity was determined by commercially
available kits according to the manufacturer’s guidelines (Biodi-
agnostic).

Reverse transcription polymerase chain reaction (RT-
PCR)

Total RNA was extracted from liver samples using the RNA
extraction kit according to the manufacturer’s instructions
(Qiagen, Tokyo, Japan). RNA (5 ug) was then transcribed us-
ing Revert Aid First Strand cDNA Synthesis kit (Ferments Life
Science, Fort Collins, CO, USA). The cDNA products were
amplified by PCR in a total volume of 50 ul containing 2.5 U
Taq DNA polymerase plus 10 pmol of the upstream and down-
stream primers for nuclear factor kappa-B (NF-«B) (Forward:
5-GTCATCAGGAAGAGGTTTGGCT-3; Reverse: 5-TGATA-
AGCTTAGCCCTTGCAGC-3"), glucose transporter-2 (GLUT?2)
(Forward: 5-GGAAATAGAAAGTTGACTGGCCC-3’; Reverse:
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5-TGATAAGCTTAGCCCTTGCAGC-3’). As an internal con-
trol, we also estimated the expression of B-actin mRNA using
the sequences of the following primers: Forward: 5“-TCACCCT-
GAAGTACCCCATGG AG-3'; Reverse: 5-TTGGCCTTGGGG
TTCAGGGGG-3". Amplified products (5 ul) were loaded into
1.5% agarose gels previously stained with 0.5 pg/ml ethidium
bromide, electrophoresed at 100 V for 30 min and then exam-
ined under a UVP gel imaging system (UVP Co., Upland, CA,
USA). Images were analyzed with the Gel-Pro Analyzer Version
3.0, and the semi-quantitative measure of mRNA expression was
expressed as the ratio of the optical density (OD) of NF-«B or
GLUT? to that of B-actin.

Western blot analysis

TNF-q and TGF-p protein expressions in the liver tissues were
determined by the Western blot method. Liver tissue samples
were homogenized in lysis buffer (20 mM Tris-HCI pH 7.5, 50
mM 2-mercaptoethanol, 5 mM EGTA, 2 mM EDTA, 1% NP40,
0.1% SDS, 0.5% deoxycholic acid, 10 mM NaF, 1 mM PMSEF, 25
mg/ml leupeptin, 2 mg/ml aprotinin), then protein concentra-
tions were determined. For direct immune-blotting, aliquots
of lysate were mixed with loading buffer containing 2-mercap-
toethanol and then kept at 100°C for 10 min before loading on
10% SDS-PAGE. Following SDS-PAGE separation, proteins were
transferred to PVDF membrane. Membranes were blocked in
TBST containing 5% (w/v) non-fat milk and dried for 1 h at room
temperature. Membrane strips were incubated with primary anti-
bodies (1:1,000 for TNF-o, TGF-B, and B-actin) overnight at 4°C.
Following extensive washing, membrane strips were incubated
with anti-rabbit IgG (1:5,000; Cell Signaling Technology Inc.,
Beverly, MA, USA) conjugated to horseradish peroxidase for 1 h.
Protein bands were detected by a standard enhanced chemilu-
minescence method and densitometry measurements were made
using Image J software (freeware; rsbweb.nih.gov/ij).

Histopathology examination

Liver specimens were fixed in 10% formalin and processed for
paraffin sections of 4 um thickness. Sections were stained with
hematoxylin and eosin for routine histopathological examination.
All histological examinations were performed by an experienced
pathologist who was blinded to the experimental groups.

Statistical analysis

Results were expressed as means * standard error of the mean
(SEM) and were analyzed for statistically significant differences
using one-way analysis of variance (ANOVA) followed by the
Tukey-Kramer post-analysis test to compare all groups. For SBP,
two-way ANOVA followed by Bonferroni post-analysis test was
used. P-values less than 0.05 were considered significant. Graph-
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Pad Prism was used for statistical calculations (Version 5.00 for
Windows; GraphPad Software, San Diego, CA, USA).

RESULTS

Effect of morin on fat/muscle ratio, liver index and
liver enzyme activities

The results in Table 1 revealed a significant (p < 0.05) eleva-
tion in the fat/muscle ratio, liver index and liver enzyme activi-
ties (ALT and AST) in the MBS group compared to the control
group. On the other hand, the above-mentioned parameters were
significantly (p < 0.05) reduced after the treatment with morin
when compared to non-treated MBS group. These results indicate
that morin improves hepatic steatosis through reversing of liver
enzyme levels. Typically the range for normal AST is reported
between 10 to 40 U/L and ALT between 7 to 56 U/L.

Effect of morin on blood glucose level, serum insulin,
insulin resistance, OGTT and lipid profile

The administration of morin significant (p < 0.05) reduced
insulin resistance parameters to nearly control values (Table 2).
Regarding OGTT, by feeding the fructose diet for 12 weeks in the
MBS group the area under the curve (AUC) value was signifi-
cantly raised as compared to the control group (Fig. 1).

Nevertheless, the AUC value in the group treated with morin
was significantly declined as compared to the control group. As

shown in Table 2, fructose diet induced a major disturbance in
lipid profile in the MBS group as indicated via the significant (p
< 0.05) elevation in serum TC, TG, and LDL-C levels, while the
serum HDL-C level showed a significant (p < 0.05) reduction.
These data suggested that oral administration of morin might at-
tenuate the fructose diet-induced dyslipidemia in the MBS group
(Table 2).

For the majority of healthy individuals, normal blood glucose
levels (72-99 mg/dl when fasting) were increased up to 140 mg/dl
2 h after meal.

Fasting insulin was between 3-8 uIU/ml. Glucose/insulin as
HOMA-IR is near 1 (0.5-1.5). TC was less than 200 mg/dl. Fast-
ing TG was less than 150 mg/d]. HDL level was 60 mg/dl and LDL
level was 100-129 mg/dl.

Effect of morin on hepatic oxidative stress markers

In the MBS rats, hepatic levels of MDA and NO were signifi-
cantly (p < 0.05) increased. In the same line, the decrease in GSH
level and catalase activity were significantly (p < 0.05) observed as
compared to the control group. The treatment with morin could
reduce oxidative stress marker values significantly as compared
to the control group (p < 0.05).

The results elucidated that the antioxidant capacity of morin
may be contributed to the protective effects against metabolic
dysfunction (Table 3).

Table 1. Effect of morin on body/muscle ratio, liver index, serum ALT and serum AST in fructose-induced metabolic syndrome in rats

Groups Body/muscle ratio (g/g) Liver index (%) ALT (IU/L) AST (IU/L)
Control 2.66 £0.23 2.72 +£0.22 33.2 £3.11 64 +3.20
MOR 2.63 +0.24 2.41 +0.11 33.5£1.33 60.6 £ 5.03
MBS 5.22 +0.41° 4.46 + 0.41° 75.2 + 4.13° 126 + 2.53°
MBS + MOR 416 + 025" 3.15+0.16" 53.3 +2.48" 83.1 £6.51*"

Data are represented as mean + SEM (n = 8 rats). ALT, alanine aminotransferase; AST, aspartate aminotransferase; MBS, metabolic
syndrome; MOR, morin. *"Significantly different from normal control and MBS groups, respectively at p < 0.05.

Table 2. Effect of morin on metabolic parameters in fructose-induced metabolic syndrome in rats

Groups g?:‘zgfe ﬁiﬂ HOMA-IR TC TG HDL-C LDL-C
(mg/d) (ulU/ml) index (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 94 +5.3 10.3 £0.42 2.3 +0.16 82 +4.4 103 £3.4 42 +£2.2 23+2.4
MOR 92 +4.6 11.1 £ 0.80 2.4 +0.19 81 +3.5 101 £ 2.1 48+1.5 21+£1.9
MBS 162 + 6.2° 17.0 + 0.64° 6.8 + 0.48" 152 £ 5.1° 215 +8.2° 24 £ 1.4° 85 +3.7°
MBS + MOR 134 +2.8*° 122 £0.73*® 4.7 +£034* 107 £4.5* 161 £ 7.9*° 43 1+2.8° 33£1.9

Data are represented as mean = SEM (n = 8 rats). MBS, metabolic syndrome; MOR, morin; TC, total cholesterol; TG, triglycerides;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol. **Significantly different from normal control
and MBS groups, respectively at p < 0.05. Homeostasis Model Assessment-Insulin Resistance (HOMA-IR) = [fasting glucose (mg/dl) x
fasting insulin (ulU/ml)]/405.
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Effect of morin on systolic blood pressure (SBP)
changes

At the beginning of our experiment, the SBP value was similar
in all groups (119-124 mmHg). Oral ingestion of fructose diet for
12 weeks elevated the SBP value significantly (p < 0.05) in com-
parison to the control group. On the other hand, morin intake
significantly (p < 0.05) reduced the SBP value as compared to the
MBS group (Fig. 2). Such a result assessed the antihypertensive
effect of morin.
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Fig. 1. Effect of morin on OGTT (A) and AUC of OGTT (B) in fructose-
fed rats. Values are presented as mean + SEM (n = 8 rats). OGTT, oral
glucose tolerance test; AUC, area under the curve; FRC, fructose; MOR,
morin; MBS, metabolic syndrome. *'”Significantly different from normal
control and MBS groups, respectively at p < 0.05.

Effect of morin on hepatic expressions of metabolic,
inflammatory and fibrotic markers

Hepatic expression of some inflammatory and fibrotic markers
was performed in different groups and Western blotting methods.
In Fig. 3, RT-PCR showed that the fructose diet for 12 weeks were
down-regulated significantly (p < 0.05) both NF-xB and GLUT2
mRNA expression levels. One the other hand, Fig. 4 produced a
significant (p < 0.05) up-regulating in protein expression levels
of TNF-q and TGF-B after induction of MBS as compared to the
control group. In contrast, oral administration of morin signifi-
cantly (p < 0.05) reversed the above mentioned altered expression
levels as compared to the MBS group. Remarkably, these favor-
able effects of morin on pro-inflammatory cytokines are leading
to relieve the metabolic disorder complications.

Effect of morin on hepatic histopathology

The light microscopic examination of liver sections of the nor-
mal control (Fig. 5A) and control morin (Fig. 5B) groups elicited
normal histological structure of the central vein (cv) and hepato-
cytes (h) as shown in Fig. 5 and Table 4. Hepatic sections of the
fructose diet group (Fig. 5, C1) showed remarkable fatty changes
(f) diffusely all over the hepatocytes in association with infiltra-
tion of inflammatory cells and a few fibrosis in the portal area (pa).
Controversy, liver tissue of fructose-fed rats after morin treatment
(Fig. 5, D1) exhibited a low inflammatory cells infiltration in the
portal area incorporated with mild fatty changes in some hepato-
cytes (Fig. 5 and Table 4).

DISCUSSION

Prolonged consumption of fructose-rich diet is hazardous for
human beings, as well as animals [20,28]. In the present study,
fructose diet has been used for the induction of MBS which is a
fundamental reason for the development of numerous chronic
diseases. For example; hypertension, hepatic disorders and type 2
diabetes mellitus [2,3]. Flavonoids are phytochemical substances
existing in morin that possess potent therapeutic effects in exper-

Table 3. Effect of morin on hepatic MDA, NO and reduced GSH levels, as well as CAT activity in fructose-induced metabolic syndrome in

rats
Groups MDA GSH Catalase
P (nmol/g tissue) (nmol/g tissue) (mmol/g tissue) (U/g tissue)
Control 177 £ 8.6 221 +£13.5 3117 460 = 16.6
MOR 178 £9.5 215 +£18.7 3221 428 + 36.2
MBS 392 +17.3° 381 +25.3° 16 +1.8° 257 £22.4°
MBS + MOR 279 +10.9" 273 +14.8"° 33+1.1° 463 +31.8

Data are represented as mean + SEM (n = 8 rats). MDA, malondialdehyde; NO, nitric oxide; GSH, glutathione; CAT, catalase; MBS,
metabolic syndrome; MOR, morin. **Significantly different from normal control and MBS groups, respectively at p < 0.05.
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imental models [29]. Interestingly, the medical benefits of flavo-
noids are most probably related to their potential antioxidant and
free radical scavenging activities observed in vivo and in vitro
studies [30].

Oxidative stress has been revealed as a causative factor results
from MBS and strongly linked to in the development of insulin
resistance, hyperinsulinemia and the progression of fatal chronic
diseases [31,32].

Therefore, we further investigated the protective and antioxi-
dant roles of morin on the pathogenesis of MBS in vivo. There
are many hypotheses that could explain the powerful effect of
morin against oxidative stress [33,34]. Prior research stated that
the notion of morin being an efficient curative radical scavenger
was also intensified by our observation that it scavenges peroxyl

220+
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Fig. 2. Effect of morin on systolic blood pressure in MBS rats. Values
are presented as mean * SEM (n = 8 rats). FRC, fructose; MOR, morin;
MBS, metabolic syndrome. **Statistically significant from normal con-
trol and FRC groups, respectively at p < 0.05 at each time point (week)
by using two-way analysis of variance (ANOVA) followed by Bonferroni
post analysis test.

radicals better than other antioxidant for example vitamin C and
mannitol because of the hydroxyl group in position 2' of B ring,
exclusively present in morin, seems to be related to its more ef-
fective antiradical activity. In previous studies, it also had been
reported that the existence of morin boost the level of intracel-
lular cAMP which in turn activate protein kinase A (PKA) in
mammalian cells [35] that activation of the cAMP/PKA signaling
pathway in endothelial cells plays an crucial role in the stimula-
tion of autophagy [36].

The liver injury produces out flowing of liver enzymes to the
blood stream as well as deposition of extracellular matrix [37].
Our data showed that the fructose diet promotes the occurrence
of the hepatic steatosis, which is mainly manifested by the altera-
tion in the body/muscle ratio, liver index, liver enzyme values and
histopathological findings. However, with morin intervention, re-
lieving in liver steatosis, this was confirmed through biochemical
parameter and histopathology. It had been reported previously
the morin as a natural supplement showed a hepatoprotective
property against liver fibrosis induced by diethylnitrosamine in
rats via suppressing Wnt/B-catenin signaling [38].

Uchiyama and his colleagues [39] reported that oxidative stress
stimulates a hepatic fat deposition because of presence ROS while,
morin has a positive impact on metabolism-related parameters
in MBS due to its stress eliminating properties. Previous study is
in line with our finding, it confirmed that morin hydrate has a
possible potential defensive mechanism against renal and hepatic
tissue injury induced by cisplatin [40]. MBS had contributed to
the increase in the serum level of blood glucose, insulin and SBP.
It also elevated TC, TG and LDL-C serum levels, but reduced
HDL-C serum level. While, in the morin group the imbalance
serum levels of TG, TC, LDL-C, and HDL-C were approximately
restored. The hypolipidemic effect of morin could be attributed to
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its strength to reduce cholesterol and TG levels alone or in combi-
nation with other antioxidants or hypolipidemic drugs [41].

Our data show that morin has a remarkable role in the im-
provement of insulin resistance and hyperinsulinemia. The ef-
fect of morin on the blood glucose level and insulin sensitivity
is mediated through the regulation of carbohydrate metabolism
enzyme activities which was previously proven by Abuohashish et
al. [30] and Vanitha et al. [42]. Besides, another study determined
the capability of morin to increase the phosphorylation of insulin
receptor, inhibit gluconeogenesis and enhance glycogen synthesis
which leads to improve glucose tolerance and insulin sensitivity
[43]. Moreover, a prior study documented that morin was among
five flavonoids that tested to eliminating glycated LDL-C level in
a dose dependent manner in nitrite due to its antioxidant activity
[44]. Morin also induced glycogen storage and down-regulated
phosphoenol pyruvate carboxykinase and glucose-6-phosphatase
protein expression [45]. Previous results demonstrated that mo-
rin limits ox-LDL-mediated injury by inducing autophagy via
activating AMPK signalling in human umbilical vein endothelial
cells [46].

Morin has advantageous effects on blood pressure by inten-
sifying insulin sensitivity in the fructose-fed rats. Previous data
indicated a strong connection between hyperinsulinemia and
hypertension in the fructose diet induced MBS model [2,47].
Nevertheless, the mechanisms underlying fructose induced hy-
pertension are not completely clarified. It had been proposed that
the elevation of blood pressure due to the fructose diet in rats is
secondary to the development of insulin resistance and hyper-
insulinemia. That is compensatory hyperinsulinemia has been
thought to be a cause of hypertension because insulin could cause
sodium retention, activation of sympathetic nerve and prolifera-
tion of vascular smooth muscle cells [47,48]. In harmony with our
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data, prior reports suggested that morin acts as an antihyperten-
sive and antioxidant agent against deoxycorticosterone acetate
salt induced hypertension. The authors demonstrated that oral
administration of morin entirely restores the kidney function due
to its free radical scavenging activity [49,50].

In the view of the results obtained, morin significantly attenu-
ated oxidative stress and reversed both CAT and GSH activities
close to their normal levels. It had been stated that the hydroxyl
groups present at the C-3 and C-5, besides at C-4 are indicated to
be responsible for its antioxidant activity via quenching free radi-
cals generated during oxidative stress conditions [30,51]. Morin
restores redox hemostasis via sustaining superoxide neutralized
property, boosting the activity of glutathione peroxidase and
maintaining the concentration of GSH [49].

Our findings showed that morin supplementation eliminated
lipid peroxidation which is in agreement with previous research
results showed the ability of morin to prevent the adverse effect
of oxidative damage [41,50]. In the present study, the inflamma-
tory markers, NF-kB and TNF-q, were down-regulated however,
GLUT?2 was up-regulated after the treatment with morin. Re-
cently, GLUT2 has drawn attentions as a transporter that could
be included in the pathogenesis of diabetes mellitus because it is
responsible for glucose transportation into the B-cells [52]. Ear-
lier literature reported that flavonoids protect human hepatoma
cell line functionality in high glucose concentration by reversing
GLUT?2 expression level and modulating glucose production and
uptake [53,54]. The massive generation of ROS could certainly al-
ternate gene expressions and activate several transcription factors
such as NF-«B and then induces transcription of various pro-
inflammatory genes [55]. The present study reveals that treatment
with morin significantly reduced the expression of NF-xB and
inhibited the inflammatory cascade by decreasing the hepatic
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Fig. 5. Light microscopic examination of liver sections of normal control (A) and control morin (B) groups showing no histopathological al-
teration and normal histological structure of the central vein (cv) and surrounding hepatocytes (h) (H&E x40). Hepatic section of MBS group (C1)
shows fatty changes (f) in a diffuse manner all over the hepatocytes (arrow) associated with inflammatory cells infiltration in between and few fibrosis
in the portal area (pa) (arrow head) (H&E x40); (C2) magnification of the same section at x80. Hepatic section of morin-treated group (D1) showing few
inflammatory cells infiltration in the portal are associated with fatty change (arrow) in some of the hepatocytes and congestion in the central vein and
sinusoids (H&E x40); (D2) magnification of the same section at x80.

Table 4. Scoring of the histopathological changes associated with MBS feeding for 12 weeks and it’s alteration by morin treatment

Inflammatory Inflammatory cells

Groups Steatosis cells infiltration infiltration in between Congestion in Fibrosis n
in the portal area hepatocytes portal vein portal vein
Control - _ ) i )
MOR ) ] ) ] _
MBS 4+ R —+ i .
MBS + MOR ++ + - - -

Score level - was considered no changes. Scores +, ++ and +++ are mild, moderate and severe levels, revealing less than 25, 50, and
75% histopathological alterations of total fields examined, respectively. Score represents values obtained from tissue sections of 8
animals of each group, 5 fields/section. MBS, metabolic syndrome; MOR, morin.

expression of TNF-q, and TGF-f. It has been reported that an Previous studies showed that morin suppressed the production
improvement in one of gastrointestinal tract inflammatory dis- and expression of several inflammatory and fibrotic mediators
orders such as colitis in experimental animal treated with morin including inducible nitric oxide synthase (iNOS), TNF-¢ and NF-
[30]. kB [18,56]. In addition, it was confirmed that morin could effec-
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tively protect the liver from damage induced by carbon tetrachlo-
ride in rats by suppressing iNOS expressions and decreasing the
production of inflammatory cytokines [57,58]. In agreement with
our result, previous study showed that morin could be modulated
oxidative stress-induced NF-kB pathway through the antioxidant
defense mechanism and as satisfactory anti-inflammatory effect
[59]. Furthermore, the protective role of morin in liver fibrosis
presumably, at least in part, via reducing oxidative stress, inflam-
matory response, macrophage infiltration and consequently
reduction of TGF-f expression in the fructose diet induced MBS
[56]. Also, it was recently reported that morin treatment inhibited
liver fibrosis through stimulating apoptosis pathway, then lower-
ing canonical NF-kB signaling in the activated hepatic stellate
cells [38].

In conclusion, the present study provides evidence of the po-
tential protective effect of morin against chronic diseases such as
hypertension, diabetes mellitus and hepatic disorders produced
by MBS. These effects could be attributed to the ability of morin
to up-regulate GLUT?2 expression and ameliorate oxidative stress,
inflammatory and fibrotic markers through down-regulation of
NF-«B, TNF-q, and TGF-f expressions.
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