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ABSTRACT

Vascular endothelial dysfunction is caused by dyslipidemia, hypertension, and deficiency of antioxidant
systems. In this study, the protective effect of a flavonol, morin was investigated in high-fat diet (HFD)-
induced dyslipidemia and vascular endothelium dysfunction. The dose-dependent attenuating effect of
morin was tested at doses of 50 and 100 mg/kg/day in an in-vivo model of HFD-induced dyslipidemia
using rats whereas vascular endothelial reactivity was assessed in isolated rat aorta using ex-vivo organ
bath setup. Morin administration in HFD-induced dyslipidemic rats for three weeks, resulted in a signif-
icant decrease in the body weight, LW/BW ratio as compared to rats treated with HFD only where the
increase in body weight was observed. Significant reduction in the waist, BMI and lee index was also
observed after morin treatment in HFD-induced dyslipidemic rats. In the lipid profile studies, HFD group
showed a significant increase in the total cholesterol, triglyceride, LDL, and VLDL levels while HDL levels
were decreased significantly, whereas morin treatment reversed all these parameters which were com-
parable to standard diet (SD) group. In the ex-vivo isolated aorta studies, HFD-induced endothelium dys-
function was observed, whereas it was reversed in the aorta of animals treated with morin at doses of 50
and 100 mg/kg/day, comparable to SD group. Morin treatment produced dose-dependent improvement
in lipid profile and vascular endothelium protection, thus rationalizing its medicinal use in dyslipidemia
and cardiovascular-related endothelial disorders.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

in human vascular homeostasis via controlling the balance in the
production of vasodilator factors, e.g., nitric oxide, endothelial-

Obesity is a chronic disease with steadily increasing prevalence
worldwide, including Saudi Arabia. The changes in the lifestyle
among Saudis that have resulted from the country’s economic
development over the last four decades lead to an increase in
national obesity rates (Al-Nozha et al., 2005). The wave of urban-
ization, as well as the increase in affluence and physical inactivity
has resulted in these changes in lifestyle, contributing ultimately to
obesity (Al-Nozha et al., 2007). Consequently, the frequency of
obesity-related ailments is also increasing very fast, among them
a risk for type-2 diabetes mellitus and cardiovascular diseases
are very common (Bray, 2004). The endothelium plays pivotal roles
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derived hyperpolarizing factor (EDHF) and vasoconstrictor, e.g.,
angiotensin-II (Liischer, 1990; Epstein, et al., 1990; Vallance,
1989). Accordingly, endothelial dysfunction (ED) can be simply
defined as a disturbance in the balance between endothelium-
dependent vasodilators and vasoconstrictors. Endothelial dysfunc-
tion is currently regarded as one of the key elements in the
development of cardiovascular diseases such as atherosclerosis
(Ross, 1999; Heitzer et al., 2001). Several human and experimental
studies have linked ED to obesity and obesity-associated cardio-
vascular diseases (Steinberg et al., 1996; Vita et al., 2002). Previ-
ously, it has been reported that a high-fat diet (HFD) plays an
imperative role in the development of vascular lesions by inducing
oxidative stress and systemic inflammation (Napoli et al., 2003).
Furthermore, HFD reduced the production of nitric oxide (NO) in
the vascular endothelium (Yang et al., 2007). Berg and his col-
leagues indicated that the increase in adipose tissue mass in obese
animals induce systemic inflammation via actions of secreted pro-
inflammatory factors, including tumor necrosis factor-alpha (TNF-
o) and interleukin-6 (IL-6) (Berg et al., 2005). Obesity disease
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exhibited a correlation with elevated markers of oxidative stress
such as Glutathione (GSH), superoxide dismutase (SOD). However,
oxidative stress and inflammation associated with obesity repre-
sent a crucial early event in the development of obesity-related
endothelial dysfunction (Kobayasi et al., 2010). There is firm evi-
dence that HFD induces central obesity, which is the accumulation
of fat in visceral and abdominal areas that are closely linked to
endothelial dysfunction (Costa et al., 2011). On the other hand,
studies have demonstrated that weight loss interventions success-
fully reversed endothelial function abnormalities in subjects with
obesity-associated endothelial dysfunction (Bigornia et al., 2010).

Growing evidence has linked oxidative stress to obesity-related
endothelial dysfunction in which the increase in the production of
oxidative stress species and the reduction of antioxidant scav-
engers, e.g., SOD, GPx catalase and vitamin C result in the dimin-
ished nitric oxide bioavailability (Ting et al., 1997). Studies also
established that hypercholesterolemia in humans is associated
with ED as a consequence of the detrimental effects of oxidative
stress (Perticone et al., 2001).

Morin (3,5,7,2,4-pentahydroxy flavone, Fig. 1) found in several
natural products such as almond (prunus dutcis), guava leaves
(psidium guajava), figs (chlorophora tinctoria) and some other Mar-
aceae family plants (Xie et al. 2006; Caselli et al., 2016). Several
studies reported a variety of beneficial pharmacological effects of
morin and other natural products, including antioxidant, anti-
inflammatory, antinociceptive, antihyperglycemic, and antiangio-
genic effects (Jung et al., 2009; Kapoor and Kakkar, 2012; Wu
et al, 1993, Rehman et al.,, 2013, Ahmed et al., 2018, Rehman
et al., 2018). Previously, morin was reported to have beneficial
effect in reducing the blood pressure (Prahalathan et al., 2012),
improve endothelial dysfunction in diabetic animals (Taguchi
et al., 2015), reduces blood glucose, serum lipid and liver triglyc-
erides (TG) levels (Vanitha et al., 2014; Naowaboot et al., 2016),
shows the same effect as of insulin (Paoli et al., 2013) and inhibit
enzyme fatty acid synthase (FAS) (Tian, 2006). In earlier studies,
the low cytotoxicity of morin has been reported on cellular cul-
tures and animal models. In one of the studies (in vitro),
Sergediene et al., (1999) reported weak cytotoxic effects (IC50 =
250 * 40 uM) of morin on human promyelocytic leukemia cells.
Moreover, in vivo studies revealed no toxic effects of Morin on
F344 rats. The reported LD50 dose of morin is 555 mg/kg intraperi-
toneal and treatment with morin orally at high doses (from about
300 to 2400 mg/Kg b.w.) in rats for 13 weeks did not show any tox-
icity, only a modest alteration of liver functionality or a moderate
increase in liver or kidney weight was reported. Moreover, no-
observed toxicity level of Morin was reported at 300 mg/Kg of body
weight per day (Cho et al., 2006), hence it’s safe to use 50 and
100 mg/kg oral doses of morin in our study. It has been reported
that neurodegeneration, inflammation in cardiovascular disease,
and cancer protected by the process of autophagy, which occurring
in all cells to maintain mammalian homeostasis (Mizushima et al.,
2002; White et al.,, 2010). Moreover, autophagy has also been
reported to play a crucial role in preventing the risk of atheroscle-
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Fig. 1. Morin Chemical Structure.

rosis by removing misfolded proteins in endothelial cells. In previ-
ous studies, it also has been reported that the presence of morin
increases the level of intracellular cAMP (Degenhardt et al.,
2006), which is known to activate protein kinases (PKA) in mam-
malian cells (Summanen et al., 2001; Canalli et al., 2007). Liang
et al. (2007) reported that activation of the cAMP/PKA signaling
pathway in endothelial cells plays an essential role in the induction
of autophagy.

However, the curative effects of morin on endothelial dysfunc-
tion in the obesity model have not investigated yet. Therefore, in
the present study, we aimed to examine the possible beneficial
effects of morin on endothelial dysfunction in HFD-induced obesity
rats.

2. Material and methods
2.1. Reagents and chemicals

Acetylcholine chloride (Ach), phenylephrine (PE), and diagnos-
tic kits for the total serum cholesterol (TC), TG, and high-density
lipoproteins (HDL) estimations were purchased from Sigma Aldrich
Chemical Co (St Louis, MO, USA). The salts for physiological Krebs
solution; calcium chloride, glucose, magnesium chloride, magne-
sium sulfate, potassium dihydrogen phosphate, sodium bicarbon-
ate, sodium chloride, and sodium dihydrogen phosphate were
purchased from E. Merck KGaA (Darmstadt, Germany). Krebs solu-
tion was prepared fresh in distilled water on the day of the exper-
iment, whereas all other drugs were prepared as stock, and only
dilutions were made on the day of the experiment.

2.2. Animals

Twenty-four adult Wistar albino rats (150-180 g) of either sex
were used in the present study. All rats were in healthy condition
according to the history and a thorough physical examination per-
formed by the investigators. The study protocol fulfilled require-
ments and approved by the Institutional Animal Ethics
Committee of the College of Pharmacy, Prince Sattam Bin Abdu-
laziz University, Kingdom of Saudi Arabia (BERC-001-10-18). Ani-
mals were acclimatized for a week before treatment and kept
under standard laboratory conditions, in a ventilated room at
25 = 2 °C, with food and water ad libitum, under a 12 h
light/12 h dark cycle, during the study.

2.3. Preparation of high-fat diet

HFD was prepared as described by Jakobsdottir and his col-
leagues (Jakobsdottir et al., 2013) with some modifications. Briefly,
normal pellet diet i.e., standard diet (SD, 73%) was ground and
mixed thoroughly with cholesterol powder (1% w/w), tallow (10%
w/w), egg yolk powder (10% w/w), milk powder [(6% w/w; with
21% carbohydrate, 40% fat, 15% protein and 25.9 kJ/g)]. Tallow
was used to induce obesity in HFD, as shown in Table 1. The resul-
tant mixture was mixed with water and made into pellets, which
were then oven-baked for proper drying to avoid fungal
contamination.

Table 1
Composition of high-fat diet (HFD).

Ingredients Percentage of total content
Powdered Normal Pellet Diet (NPD) 73%

Cholesterol 1%

Tallow 10%

Egg Yolk Powder 10%

Milk Powder 6%
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2.4. Experimental design

Animals were randomly divided into four experimental groups
(n = 6). Group I: standard diet (SD) fed rats. Group II: high-fat diet
(HFD) fed rats. Group III and IV rats administered with HFD plus
oral administration of two increasing doses of morin at 50 and
100 mg/kg/day, respectively (Fig. 2).

2.5. Evaluation of morin effect on body and organ weight

To investigate the effect of morin on body weight (BW), and
liver weight (LW), two doses of morin (50 and 100 mg/kg/day)
were given orally for three weeks to HFD fed animals (9 weeks
on HFD prior to morin administration).

2.6. Evaluation of morin effect on waist, Lee index and BMI

Waist, Lee index, and BMI of the rats fed with SD, HFD, and
HFD + morin (50 and 100 mg/kg/day) were determined according
to the previously reported method (Bernardis, 1970).

2.7. Evaluation of morin effect on food intake

The average daily feed intake of all the animals was determined
according to the method followed by Diniz et al (2005). Food intake
was measured every day by weighing the amount of food put into
the feeders and that remaining in them.

2.8. Evaluation of morin effect on lipid profile

Blood samples, collected in suitable centrifuge tubes from orbi-
tal sinus under light ether anesthesia by glass capillary, were cen-
trifuged (3,000 rpm) at 4 °C for 20 min, and separated serum
samples were stored at —80 °C for lipid profiling studies. Finally,
serum concentrations of TC, TG, and HDL were analyzed using
diagnostic kits as described in the instructions of the manufacturer
(Sigma-Aldrich Chemical Co., USA). VLDL and LDL were calculated
by the given formula (Ansari and Bhandari, 2008):

VLDL = TGs/5

LDL = TC - (VLDL + HDL)

2.9. Measurement of vascular endothelial dysfunction

At the end of the experiment, all animals, SD, HFD, and morin
(50 and 100 mg/kg/day) were fasted for 16 h and sacrificed by a
blow on the head. After opening the abdomen and thoracic cage,
their aortae were carefully isolated and kept in physiological Krebs
solution with the following composition in mM: NaCl: 118.4, KClI:
4.7, CaCl2: 2.5, KH2P04: 1.2, MgS04: 1.2, NaHCOs: 25 and glucose:
11) aerated with oxygen. After cleaning and transverse cutting
rings of 2-3 mm length, the tissues were further studied for
endothelial reactivity using isolated organ bath filled with Krebs
solution (37 °C), bubbled with atmospheric oxygen and connected

1-9 weeks

to a force transducer attached with emkaBath2 data acquisition
system and a computer running the Chart software (I0X2) for mea-
suring isometric tension. The experimental protocol was followed
as previously described by Furchgott and Zawadski (1980) with
slight modifications. Aortic rings were allowed to equilibrate in
an organ bath for 45-60 min, at a resting tension of 2 g with the
replacement of fresh Krebs solution every 15 min. After the stabi-
lization of the isometric tension, inhibitory concentration-re-
sponse curves (CRCs) of ACh (1 x 10°-1 x 10° M) were
prepared against induced contractions with a submaximal dose
of PE (1 x 10°® M).

2.10. Aorta histological examination

At the end of the experiment, thoracic aortae were isolated and
fixed in 4% formaldehyde and processed routinely for paraffin
embedding. Aortae fixed tissue slices of 5 pm thickness were
obtained with a rotary microtome. Connective tissue fibers are col-
lagen, elastic, and reticular fibers. The main histological structure
of aorta wall is elastic fibers, which are correlated with the func-
tion of aorta i.e., elasticity to allow blood flow out of the heart.
Thus, the general structure of the aortae of all group of animals
were investigated using hematoxylin and eosin (H&E) stain, colla-
gen fibers using van Gieson stain and elastic fibers using Verhoeff's
stain. Stained sections were examined under a light microscope
(Hund Wetzlar H600/12, Germany, fitted with a digital camera,
Canon EOS 550D).

2.11. Statistical analysis

Results are expressed as mean * standard error of the mean
(SEM) and considered to be significant at P-value of <0.05. To eval-
uate the variability, data were analyzed using a one-way analysis
of variance (ANOVA) followed by Dunnett’s post hoc test using
GraphPad Prism 7.0 (GraphPad Software, Inc., USA). For all compar-
isons, statistical significance was defined as *P < 0.05, **P < 0.01,
P < 0.001 and ****P < 0.0001.

3. Results
3.1. Effect of morin on body and organ weight

The results were shown in Fig. 3. Animals feed with HFD have
significantly increased in body weight, and LW/BW ratio compared
with rats fed with a standard diet (SD) (P < 0.001). However, body
weight, and LW/BW ratio were found to be significantly decreased
in HFD-induced obese rats treated with morin doses, in a dose-
dependent manner.

3.2. Effect of morin on the waist, Lee index, and BMI

Results of the effect of morin on Waist, Lee index, and BMI of
rats were shown in Fig. 4 and found to be significantly increased
after nine weeks of HFD treatment compared to SD fed rats,

irrespective of sex. However, after morin administration to the

10-12 weeks
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Fig. 2. Experimental protocol of the present study.
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HFD-induced obese rats for three weeks at both doses (50 and
100 mg/kg/day), waist, Lee index, and BMI were found to be signif-
icantly reduced.

3.3. Effect of morin on food intake

The average daily feed intake of all rats was found to be the
same at the beginning of the experiment; however, HFD treatment
for nine weeks resulted in a minor increase in food intake (Fig. 5) as
compared to SD rats. Both Morin treatments for three weeks in
HFD fed rats significantly decreased food intake compared to the
HFD fed rats.

3.4. Effect of morin on lipid profile

As depicted in Table 2, rats fed with HFD for nine weeks have
shown a significant increase in the levels of TC, TG, LDL-C
(P < 0.001), VLDL-C, and a significant decreased in levels of HDL-
C (P < 0.001) when compared to SD feed rats. However, morin
treatment for three weeks in HFD-fed rats significantly reversed
the hyperlipidemic effect produced by HFD (P < 0.001) in a dose-
dependent manner.

3.5. Effect of morin on endothelial dysfunction

When the aortae of the morin treated animals were tested for
possible endothelium protection, acetylcholine failed to produce

relaxation against PE (1 pM)-induced contractions in HFD group
with maximum relaxation of 17% (p > 0.05), while SD group
showed a significant vasodilatation with EC50 values of 76.12
uM (58.26-92.12; n = 4). Similar to SD group, aorta of the animals
treated with morin at higher dose (100 mg/kg/day) also showed
endothelium-dependent vasodilatation with EC50 values of 88.62
uM (62.34-102.26; n = 4), whereas morin at 50 mg/kg/day dose
showed less relaxation compared to higher dose of morin but sig-
nificantly higher when compared with HFD with EC50 values of
918.32 uM (866.86-1022.42; n = 5) as shown in Fig. 6.

3.6. Effect of morin on histopathological changes

Photomicrographs of the aorta of HFD-induced obese rats
showed the presence of fat accumulation in the form of adipocytes,
weakness of elastic fibers layers compared to both normal and
treated groups. Increased collagen elastic ratio indicated by the
increased collagen layer. Morin treatment at the dose of 100 mg/
kg/day resulted in better improvement, and photomicrographs
showed the almost normal architecture of aorta regarding all
aspects of general features, elastic collagen ratio, and elastic fibers
status (Fig. 7).

4. Discussion

Obesity is a chronic disease and well known significant risk fac-
tor for various associated pathological disorders, morbidity, and
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mortality. It is confirmed and reported in earlier studies that obe-
sity is associated with cardiovascular disorders, even though there

is no effective treatment available for obesity and related vascular
diseases. Therefore, the present study was aimed to investigate the
medicinal use of morin in obesity-induced dyslipidemia and vascu-
lar endothelial dysfunction.

The induction of obesity in animals by feeding with HFD has
been reported in several studies and considered as the most popu-
lar and reliable model for studying obesity because the usual route
of obesity episodes in human are pronounced similar (Buettner
et al., 2007).

In this present study, the medicinal use of morin was investi-
gated at two doses of 50 and 100 mg/kg/day for three weeks
against HFD-induced dyslipidemia and related disorders such as
vascular endothelial dysfunction. HFD used in this study induced
significant differences in adiposity as compared with SD groups,
confirming our experimental model. Previous studies have shown
and confirmed that excess fat intake is associated with increased
body weight, which can further lead to a risk of obesity and several
other metabolic disorders related complications (Costa et al.,
2011). This study corroborated with the previous findings and con-
firmed that rats fed with HFD for 12 weeks cause a significant
increase of body weight, LW/BW, waist, Lee index, BMI, and food
intake when compared with SD only fed rats. Whereas, morin
treatment at both doses for three weeks in HFD-induced obese rats
produced a significant decrease in body weight, LW/BW, waist, Lee
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Table 2
Effect of morin on lipid profile.

Groups Cholesterol (mg/dL) Triglycerides (mg/dL) HDL-C (mg/dL) VLDL-C (mg/dL) LDL-C (mg/dL)

SD 152.95 + 10.45 2291 +2.72 83.98 + 3.84 4.76 £ 0.41 64.20 £ 9.55

HFD 375.26 + 16.30%# 85.41 + 5.99%## 47.91 £ 1.28%## 17.08 £ 1.19%## 310.27 + 17.46%##
HFD + Morin 50 254.84 +8.83 68.52 * 6.28 ns 53.38 £ 2.80 ns 13.70 + 1.25 ns 187.75 £ 5.95

HFD + Morin 100 215.05 +10.54" 61.80 * 4.45*

62.76 + 0.87 ns 12.36 + 0.89* 13993 £ 11.64

### p < 0.001, compared with SD (Student t test), "p > 0.05,
" p<0.05,
" p<0.001 compared with HFD (One-way ANOVA followed by post Tukey’s test).

100 1
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Fig. 6. Effect of Morin on vascular endothelium. B Normal (SD), O Diseased
(HFD),® HFD + Morin (low dose), & HFD + Morin (high dose). Values are presented
as mean + S.EM. (n = 6).

index, BMI, and also decreased the amount of food consumed daily
by rats when compared with HFD group. Therefore, it evidenced
the weight-reducing potential of morin. The administration of
morin to the HFD-fed rats at both the doses significantly sup-
presses the increased body weight accompanied by the significant
decreases in average food intake comparative to rats fed with SD.

It has been reported earlier that HFD-induced dyslipidemia
resulted in a significant increase in serum TC, TG, LDL, and
decreased HDL levels by improving the intestinal absorption and
secretion, and decreasing cholesterol metabolism (Mariee et al.,
2012). In the present study also, HFD treatment resulted in a signif-
icant increase of TC, TG, VLDL, and LDL levels while decreased HDL
levels whereas, rats treated with morin at both tested doses signif-
icantly decreased the TC, TG, VLDL, and LDL levels while increased
HDL levels similar to animals fed with SD. Morin administration
significantly improves the lipid profile in HFD treated rats, as ear-
lier Koshy and Vijayalakshmi (2001) reported that flavonoids
exerted hypolipidaemic activity in rats. It has been reported earlier
that flavonoids lower the LDL levels and increases the HDL concen-

Collagen fibers (Van

Elastic fibers

NS
SD
HF
Morin
50 ]
Morin
100 7
L Ao :f';':..}a: y

Fig. 7. Effect of Morin on histology of isolated rat aorta. Histological sections of the aortae of all animals were stained with hematoxylin and eosin (H & E) to study their
general structures, whereas to investigate collagen and elastic fibers sections, van Gieson and Verhgeff's stains, respectively, were used (x30).
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trations in hypercholesteremic animals (Daniel et a., 2003). HFD
also resulted in the induction of oxidative stress in rats and caused
increased oxidation of LDL, which plays a vital role in atherosclero-
sis. Therefore, antioxidants are the best option in preventing cellu-
lar damage caused by oxidative stress (Vijayakumar et al., 2004).
Previous literature reported that flavonoids offer further benefits
against oxidative stress caused by hypercholesterolemia (Mariee
et al.,, 2012).

Obesity is also associated with vascular endothelial dysfunction
probably because of several metabolic disorders, including
atherosclerosis, hypertension, hyperglycemia, and dyslipidemia,
which are accompanying vascular oxidative stress (Carvalho et al.,
2015). Many scientific reports confirmed the relation of hyperc-
holesterolemia with impaired endothelium-dependent relaxation
in atherosclerotic coronary arteries and angiographically smooth
coronary arteries (Hayashi et al., 1991; Seiler et al., 1993). Various
vasoactive substances are synthesized and released by the endothe-
lium to regulate peripheral vascular resistance. Also, vascular
endothelial dysfunction induced by HFD has been suggested to be
caused by various factors, such as increased blood pressure,
increased serum triglyceride levels, the overproduction of oxidants
and insufficiency of antioxidant systems (Vanhoutte and
Boulanger, 1995; Akpaffiong and Taylor, 1998; Bartus et al., 2005).
In the present study, HFD-induced dyslipidemic rats, treated with
morin dose-dependently reversed the endothelial dysfunction (con-
firmed by increased Acetylcholine-induced vasorelaxation) compa-
rable to SD group, whereas HFD rat’s aorta did not show significant
vasodilatation. This shows that morin treatment protected vascular
endothelium from the harmful effects of HFD. Endothelial dysfunc-
tion provides a reasonable explanation of pathophysiologic mecha-
nisms for the various harmful risk factors on coronary artery disease.

Obesity can also lead to blood vessel disorders through the
changes in vascular histology. In this study, the aorta of HFD fed
rats showed the presence of fat accumulation in the form of adipo-
cytes, weakness of elastic fibers layers, increased elastic collagen
ratio indicated by increased collagen layer compared to the aorta
of SD fed rats. Previous literature reported that increased body
mass index is usually accompanying by hardening and thickening
of the arterial wall (Martinez-Martinez et al., 2014). These alter-
ations found in this study corroborates with the previous findings
as a significant predictors of increased cardiovascular mortality.
However, morin treatment at the dose of 100 mg/kg/day signifi-
cantly restores the integrity of aorta and resulted in better
improvement as showed by the almost normal architecture of
aorta regarding all aspects of general features, elastic collagen
ratio, and elastic fibers status. These findings suggest that treat-
ment with morin restores vascular structural and functional integ-
rity and histopathological alterations in obesity and other
pathological conditions.

5. Conclusion

Antidyslipidemic and endothelial protecting effects of morin
were found dose-dependent, as evident by improvement in the
lipid profile and vascular endothelial function. Thus, this present
study validates the medicinal use of morin in dyslipidemia and
related cardiovascular disorders. However, there is still a need for
further detailed studies to explore its mechanistic approach that
helps in obesity and related disorders management.
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