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ABSTRACT

Vitexin, a flavone is known for its anti-oxidative and anti-inflammatory activities. The aim of this study
was to investigate the effect of vitexin in HFAD induced atherosclerosis risks in rats. Atherosclerosis risks
were induced in Albino Wistar rats by administering HFAD for 45 days. Vitexin (three dose levels) and
pravastatin were administered to HFAD animals for 30 days, starting day 16 onwards. Serum lipids
(TC, LDL, HDL, Atherogenic index- (Al), HDL/TC-ratio-%HTR), adhesion molecules-inflammatory media-
tors (MCP-1, VCAM-1, ICAM-1, IL-1, IL-6, TNF-a), anti-atherogenic markers (PON1 and HT activities) aor-
tic nitrative-oxidative stress (nitrotyrosine, SOD, GPx, CAT), liver HMG-CoA-reductase activity and
endothelial function (using thoracic aorta in organ chamber) were assessed. Administration of Vitexin
and pravastatin (selective HMG-CoA reductase inhibitor) both alone and in-combination have corrected
HFAD-induced increase in serum TC, LDL, Al, MCP-1, VCAM-1, ICAM-1, IL-18, IL-6, TNF-a, aortic nitro tyr-
osine and liver HMG-CoA-reductase activity. Vitexin and pravastatin have also amended HFAD-induced
reduction in serum HDL, %HTR, PON1, HT, aortic SOD, GPx, CAT and endothelial function. Vitexin and
pravastatin may be considered as a possible anti-atherogenic agents, which may reduce the risk of
atherosclerosis and its associated conditions, like ischemic-cerebrovascular disease, coronary Heart
Disease and peripheral vascular disease.
© 2020 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

constituting the most common cause for stroke in middle aged
population (Verde and De Pietro, 2019). Adaptive and innate orig-

Atherosclerosis, characterized by lipid deposition, immune cell
infiltration and plaque formation is a gradual process responsible
for ischemic stroke and several heart conditions. Atherosclerosis
majorly stems through chronic inflammation of the arterial wall,
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SOD, total superoxide dismutase; PON 1, paraoxonase 1; GPx, glutathione perox-
idase; HFAD, high fat atherogenic diet; HT, homocysteine thiolactonase; CAT,
catalase; HMG-CoA reductase, 3-hydroxy-3-methylglutaryl-coenzyme A; MCP-1,
monocyte chemoattractant protein-1; IL-6, interleukin-6; IL-1B, interleukin-18;
TNF-o, tissue necrotic factor; VCAM-1, vascular cell adhesion protein 1; ICAM-1,
intercellular adhesion molecules-1; Al, atherogenic index; TC, total cholesterol.
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inated immune cell infiltrates are observed in the arteries during
the development of this disease. Moreover, in the adventitia artery,
tertiary lymphoid organs could be observed as the disease
advances (Hu et al., 2016). Change in the lifestyle and social envi-
ronment are accompanying the rise in the incident rates of meta-
bolic disorders and also an increase in the rate of cardiovascular
disease due to progressing atherosclerosis. Progression and onset
of atherosclerosis is closely related with dyslipidemia indicated
by hypertriglyceridemia, hypocholesterolemia and hypo alpha
lipoproteinemia (Hirayama, 2016).

Cholesterols’ such as low-density lipoprotein (LDL), high-
density lipoprotein (HDL) and value of total cholesterol (TC) have
been widely used as quantitative markers of lipids to evaluate car-
diovascular risks (Hirayama, 2016). Induction of regression and
limiting progression in atherosclerosis, with the aid of medical
therapy has been associated extensively with marginalizing the
risk of a cardiovascular events (Raggi et al., 2016). Development
of insulin resistance, cardiovascular disease and atherosclerosis,
can be attributed to hyperlipidemia (Li et al, 2016a,b). The
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progression of atherogenesis is followed majorly by the lipoperox-
idation induced oxidative damage, therefore, in the atherosclerosis
development, oxidized LDL is a major causative agent (Choi et al.,
1862).

Flavonoids are a main class of phenolic compounds and sec-
ondary plant metabolites, having a wide array of reported pharma-
cological activities (Harborne and Williams, 2000). Vitexin
(apigenin-8-C-glucoside), also known as ‘Mujingsu’ in China, is a
c-glycosylated flavone found in various Chinese medicinal plants
such as, hawthorn, pigeon pea, bamboo, chasteberry in seeds,
fruits, flowers, etc. Vitexin has received greater attention, due to
its wide spectrum of pharmacological interventions. Vitexin has
been reported to downregulate lipogenesis and up regulate fatty
acid oxidation and lipolysis in NAFLD (Non-alcoholic fatty liver dis-
ease) mice (Inamdar et al., 2019). Inhibition of the lipogenic genes
were observed with vitexin administration in the diabetic mice
(Kang et al., 2015a,b). Vitexin has also been reported in reducing
the acetyl CoA carboxylase gene expression in adipose tissue of
HFAD fed mice (Peng et al., 2019). Hepatoprotective effect of
vitexin has been observed in colitis- induced liver injury by inhibit-
ing the activation of NFkB (Duan et al., 2020). Vitexin prevents
oxidative stress and improves histopathological structures in
CCl4 induced liver damage (Manikya et al., 2012). Vitexin pharma-
cological interventions further includes its anti-cancer, anti-
inflammatory, anti-oxidant, anti-Alzheimer’s, anti-nociceptive,
anti-hypertensive, anti-hypoxia and ischemia injury, anti-
depressant-like actions and anti-viral, activities (He et al., 2016;
Peng et al., 2019)

In the present work, effect of vitexin (in three different doses) as
well as pravastatin (a selective 3-hydroxy-3-methylglutaryl-coen
zyme A (HMG-CoA) reductase inhibitor) administration both in
combination and alone on lipid profile, Al, endothelial function,
anti-atherogenic markers (paraoxonase 1 (PON1) and homocys-
teine thiolactonase (HT) activities), aortic nitrative-oxidative
stress, adhesion molecules- inflammatory markers, liver HMG-
CoA reductase activity, in high fat atherogenic diet fed (HFAD)ani-
mals, were studied.

2. Materials and methods
2.1. Drugs and chemicals

Vitexin was obtained from Shaanxi Green Bio-Engineering Co.,
Ltd., Shaanxi, China. Pravastatin was obtained from Hubei Ocean
Biotechnology, China. The colorimetric assay kits for serum TC,
LDL, VLDL, HDL, were purchased from Innovita Biological Technol-
ogy Co., Ltd. China. The ELISA kits for checking the serum inflam-
matory markers like interleukin-1p (IL-1B), interleukin-6 (IL-6),
tissue necrotic factor-oo (TNF-a) along with ELISA kits for serum
vascular cell adhesion protein (VCAM-1), intercellular adhesion
molecule (ICAM-1), monocyte chemoattractant protein (MCP-1),
PON 1, total superoxide dismutase (TSOD), HT, Aortic nitrotyrosine
level, glutathione peroxidase (GPx), catalase activity and liver
HMG-CoA reductase activity were purchased from Shanghai Tran-
shold Tech. Dev. Co. Ltd., Shanghai, China. All other chemicals were
purchased from Sigma-Aldrich, Hong Kong, China. The Chemicals
used were highly pure with AR grade and were prepared freshly
just before use.

2.2. Animals

Male Wistar rats (weight 150-180 g) were obtained from ani-
mal house of Medical College of Panzhihua University, Panzhihua
City, Sichuan Province, 617000, China. All animals were handled
and treated as per the guidelines mentioned for the Care and Use

of Laboratory Animals, approved by the Research Review and
Ethics board of Medical College of Panzhihua University, Panzhihua
City, Sichuan Province, 617000, China. All the animals were housed
at temperature 23 °C, relative humidity 60%, and 12:00 h light/dark
cycles. Water and foods (normal-fat diet or high fat atherogenic
diet) were free available to the animals.

2.3. Induction of atherosclerosis risks using high fat atherogenic diet
(HFAD)

Standard laboratory chow diet was purchased from Hunan AHL
Food Co., Ltd., Yuhua District, Hunan, China. HFAD was prepared by
mixing lard (28%), casein (25%), sucrose (20%), corn starch
(13.12%), L-cysteine (0.38%), soybean oil (2%), cellulose (5%),
cholesterol (1.3%), cholic acid (0.5%), vitamin mix (1%), mineral
mix (3.5%), tert-butylhydroquinone (0.006%), choline bitartrate
(0.25%), in the equal amount of standard laboratory chow diet
(Matsuzaka et al., 2012). Male Wistar rats were allowed to con-
sume HFAD freely for 45 days. In the treatment groups, respective
treatments were also administered for total 30 days, starting from
day 16 to till the end of study, i.e. day 45.

2.4. Experimental protocol

In total seven groups were employed in this study where 10
animals were present in each group (n=10).

Group I- (Normal Control): Animals were orally administered
(10 mL/kg) vehicle (5% DMSO, 90% saline, 5% Tween-80) daily for
45 days and standard laboratory chow diet (Normal fat diet) was
available to the animals throughout the study.

Group II- (HFAD): Animals were provided with HFAD for
45 days, 10 mL/kg, p.o., vehicle (5% DMSO, 90% saline, 5% Tween-
80) was also administered to HFAD animals. HFAD was available
to the animals throughout the study (45 days).

Group III- (HFAD + Vitexin 5: HFAD): Animals, were adminis-
tered orally with vitexin 5 mg/kg dissolved in its vehicle (5%
DMSO, 90% saline, 5% Tween-80), daily for 30 days (from day 16
to day 45). HFAD was available to the animals throughout the
study (45 days).

Group IV- (HFAD + Vitexin 10): HFAD animals, were adminis-
tered orally with vitexin 10 mg/kg daily for 30 days (from day 16
to day 45). HFAD was available to the animals throughout the
study (45 days).

Group V- (HFAD + Vitexin 20): HFAD animals, were adminis-
tered orally with vitexin 20 mg/kg, daily for 30 days (from day 16
to day 45). HFAD was available to the animals throughout the
study (45 days).

Group VI- (HFAD + Pravastatin): HFAD animals were orally
administered with pravastatin 10 mg/kg, daily for 30 days (starting
from day 16 to day 45). HFAD was available to the animals
throughout the study (45 days).

Group VII- (HFAD + vitexin 20 + Pravastatin): HFAD animals
were orally administered with vitexin 20 mg/kg, p.o. and pravas-
tatin 10 mg/kg, p.o., daily for 30 days (starting from day 16 to
day 45). HFAD was available to the animals throughout the study
(45 days).

2.5. Collection of biological samples

2.5.1. Blood samples

Samples of Blood were collected on day 0, 15 and 30 from retro-
orbital plexus of the eye of 12 h fasted rats. Overnight fasted ani-
mals were euthanized on day 45th (at the end of the study) under
anesthesia (pentobarbital sodium, 30 mg/kg, i.p.) and blood was
collected via cardiac puncture. Collected blood was then allowed
to clot for 1 h at room temperature, and then later centrifuged
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(Medical Analytical Instrument Factory, Shanghai, China) for
10 min at 3,000 rpm. Serum formed was then separated and col-
lected in Eppendorf tubes, stored at —20°C for biochemical
analyses.

2.5.2. Liver samples

After the blood collection on day 45, livers of animals were iso-
lated and were kept in liquid nitrogen. After which it was stored at
a temperature of —80 °C for further analysis of HMG-CoA reductase
activity.

2.5.3. Aortic samples

Thoracic aorta was excised out after blood collection on day 45.
It was then cleaned from the adhering tissues and then carefully
cut into rings (3-4 mm). Aortic rings were then utilized for the
assessments of endothelial function in organ chamber and for aor-
tic biochemical assessments.

2.6. Assessment of serum lipid profiles

Serum total cholesterol, HDL and LDL levels were assessed
enzymatically on days 0, 15, 30 and 45, using commercially avail-
able assay kits, in accordance with the manufacturer’s instructions.
The Al and HTR% were calculated for all four time points. Where Al
= (TC-HDL)/HDL and % HTR = (HDL/TC) x 100

2.7. Assessment of serum adhesion molecules, chemokines and
cytokines

Also, Atherosclerosis depicts chronic inflammation from the ini-
tiation to the progression (Libby et al., 2002). Serum MCP-1, VCAM-
1, ICAM-1, IL-1B, IL6 and TNF alpha levels were evaluated using
commercially available ELISA kits as per the manufacturer’s
instruction.

2.8. Assessment of serum anti-atherogenic markers

Serum PON1 and HT activities were evaluated using commer-
cially available ELISA kits as per the manufacturer’s instruction.

2.9. Assessment of aortic nitrative-oxidative stress

Aortic nitrotyrosine level, GPx levels, T-SOD, and catalase activ-
ity were determined using commercially available ELISA kits as per
the manufacturer’s instruction.

2.10. Assessment of endothelial function using organ chamber studies

Organ chamber study was performed as described in previous
papers (Li et al., 2016a,b). The contractile response was elicited
by the addition of phenylephrine (1 puM) and when the plateau of
contraction was reached, Ach or SNP was added to the organ bath
for inducing endothelium-dependent or -independent relaxation.

2.11. Assessment of liver HMG-CoA reductase activity

Liver portion weighing 0.5 g was homogenized and centrifuged
in PBS (0.25 g/mL) at pH 7.2 at 4000 rpm for 10 min, at 4 °C. The
supernatant was then collected, 1 mL of which was extracted with
10 mL of 95% ethanol for each mouse at 60 °C, on three occasions.
This was followed by vacuum filtration. The residues formed were
dissolved in PBS to adjust the solution at certain concentration.
These liver homogenate samples were then used to measure its
HMG-CoA reductase activity using its assay kit as mentioned in
the manufacturers’ instruction.

2.12. Histopathological studies

After the end of the study, day 45, histopathlogical studies were
conducted as described in previous papers (Lee et al., 2015). Mor-
phological alterations were recognized in the HFAD rats using
high-power microscope (Nikon ELWD 0.3/0OD 75; Japan) and pho-
tographs (400x ) were taken and compared with the control group
and treatment group

2.13. Statistical analysis

The results are expressed in the form of mean + standard devi-
ation. The statistical analysis of the experimental data was done
using one-way analysis of variance (ANOVA) followed by Tukey’s
post hoc test. Data for endothelial function was analyzed by New-
man-Keuls test. P values <0.05 were accepted as statistically
significant.

3. Results
3.1. Effect on body weight

All the animals have shown gradual increase in body weight. As
compared to normal-fat diet animals, the rats fed on HFAD for
45 days have not shown any significant difference in body weight
(data not shown).

3.2. Effect on serum lipid profiles, Al and ¥HTR

As compared to normal control animals, the rats fed on HFAD
for 45 days have showed significant increase in serum total choles-
terol, LDL and Al along with reduction in serum HDL and %HTR.
This was significantly corrected by the administration of vitexin
(10 and 20 mg/kg) and pravastatin (10 mg/kg). Combination of
vitexin (20 mg/kg) and pravastatin (10 mg/kg) have shown better
effect on serum lipid profiles, Al and % HTR as compared to both
the treatments when administered alone. The effect of vitexin
(5 mg/kg) on lipid profile of the animals was insignificant (Table 1).

3.3. Effect on serum adhesion molecules, chemokines and cytokines

As compared to normal control animals, the rats fed on HFAD
for 45 days have showed significant increase in serum MCP-1,
VCAM-1, ICAM-1, IL-1B, IL6 and TNF alpha. This increase in serum
MCP-1, VCAM-1, ICAM-1 IL-1B, IL6 and TNF alpha of HFAD animals
was significantly corrected by the administration of vitexin (10 and
20 mg/kg) and pravastatin (10 mg/ kg). Combination of vitexin
(20 mg/kg) and pravastatin (10 mg/kg) have shown better effect
on adhesion molecules chemokines and cytokines as compared to
both the treatments when administered alone. Except the serum
levels of IL-6 and TNF alpha, effect of vitexin 5 mg/kg was insignif-
icant on MCP-1, ICAM-1, VCAM-1, IL-1B (Table 2).

3.4. Effect on serum anti-atherogenic markers

As compared to normal control animals, the rats fed on HFAD
for 45 days have showed significant reduction in serum PON1
and homocysteine thiolactonase (HT) activities. This reduction
was significantly corrected by the administration of vitexin (10
and 20 mg/kg) and pravastatin (10 mg/ kg). Combination of vitexin
(20 mg/kg) and pravastatin (10 mg/kg) have shown better effect on
serum PON1 and HT as compared to both the treatments when
administered alone. The effect of vitexin 5 mg/kg on serum PON1
and HT of the HFAD animals was insignificant (Table 2).
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Effect on serum lipid profiles.
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Normal HFAD HFAD +Vitexin ~ HFAD + Vitexin ~ HFAD + Vitexin ~ HFAD HFAD + Vitexin 20
Control 5 10 20 + Prava + Prava
Serum total cholesterol ~ Day 0 90+10.8 94 +6.58 91 +5.46 93+7.44 89+5.34 95 +4.75 92 +3.68
(mg/dl) Day 15 95+114 380+266%  379%227° 3704296 ° 37542257 382+19.1%  378+15.1°?
Day30 99%11.8 350+£245°  353%21.1° 300 £ 24° 250+ 15° 255 +12.7° 180+7.25 ¢
Day45 105%12.6 330+23.12 320+£19.22 250 +20° 200+ 12° 180 £9° 129+5.16™ ¢
Serum LDL (mg/dI) Day 0 30+3.6 28+1.96 25+1.5 324256 34+2.04 33+1.65 29+1.16
Day 15 40+48 280+£19.6°  285%17.1° 289+23.1° 278+16.6° 290+145°  288%115°
Day 30 43 +5.16 250+17.5%  246+14.7° 210+ 16.8° 180 £10.8° 160 + 8P 140 +5.6™ ¢
Day 45 50+6 260+18.2°? 250+15°2 170 £13.6° 145 +8.7° 90 + 4.5" 65+2.6" ¢
Serum HDL (mg/dl) Day 0 60+7.2 58 +4.06 57 +3.42 61+4.88 62+3.72 594295 63 +2.52
Day 15 63%7.56 33+231°2 32+1.92°2 30242 31+1.86°? 32+16° 33+1.32°
Day 30 62+7.44 3212247 31+1.86°? 39+3.12° 44 +2.64° 45 +2.25° 502" ¢
Day 45 65%7.8 3542452 33+1.98°? 44 +352° 53+3.18° 54+2.7° 65+2.6>°¢
Atherogenic Index (Al) Day 0 0.5 +0.06 0.62 £ 0.04 0.59 +0.03 0.52 +0.04 0.43 £0.02 0.61£0.03 0.46 +0.01
Day 15  0.50+0.06 105+0.73% 10.8+0.65% 11.3£0.90°? 11.0 £ 0.66 * 109+054%  104+0412
Day 30  0.59 +0.07 993+0.69° 103+0.62° 6.69 +0.53" 4,68 +0.28° 466+023"  26+0.10>°
Day 45  0.61+0.07 842+059% 869+052% 4.68+0.37° 2.77 +£0.16° 2.33+0.11° 0.98 £0.03> ©
HDL/TC ratio (%HTR) Day 0 66.6+8 61.7 £4.31 62.6+3.75 65.5+5.24 69.6 +4.17 62.1£3.10 68.4+2.73
Day 15 663+7.95° 868+0.60° 8.44+050° 8.10+0.64 ? 8.26+0.49 ? 8.37+041°% 8.73+034°
Day 30 62.6+751 9.14+0.64° 8.78%052° 13 £1.04° 17.6 +1.05° 17.6 +0.88° 27.7 111> ¢
Day 45 61.9%7.42 10.6+0.74% 1030612 17.6 +1.40° 26.5 +1.59° 30+1.5° 50.3 £2.01% ¢

Results are expressed as mean * S.D; ? p < 0.05 vs Normal control group; ® p < 0.05 vs HFAD group; © p < 0.05 vs HFAD + treatment groups (Vitexin 10 or Vitexin 20 or Prava).

HFAD-high fat atherogenic diet; Vitexin 10- Vitexin 10 mg/kg; Vitexin 20-Vitexin 20 mg/kg; Prava-Pravastatin 10 mg/kg.

Table 2
Effect on serum biochemical parameters.

Normal HFAD HFAD +Vitexin ~ HFAD + Vitexin ~ HFAD + Vitexin =~ HFAD HFAD + Vitexin 20
Control 5 10 20 +Prava + Prava

Serum MCP-1 (pg/mL) 101 +3.03 139+4.17° 137+4.11° 125 +3.75° 116 +3.48° 114 +3.42° 104 £3.12> ¢
Serum ICAM-1 (pg/mL) 52+0.15 7940237 7.8+023° 7.2+021° 6.3+0.18" 6.4 +0.19° 5.5+0.16" ¢
Serum VCAM-1 (ng/mL) 40+1.2 54+162°? 53+1.59 2 49 +1.47° 47 +1.41° 46 +1.38° 42+1.26> ¢
Serum IL-1B (pg/mL) 97 +2.91 186 £5.58 2 178+5.34 2 152 + 4.56" 132 +3.96° 135 + 4.05° 107 £3.21> ¢
Serum IL-6 (pg/mL) 50+ 1.5 145+4352 132+3.96° 120 +3.6° 103 +3.09° 98 +2.94° 75+2.25> ¢
Serum TNF-o. (pg/mL) 724021 43+129° 32+0.96" 26 +0.78" 18 £0.54° 19+0.57° 10+0.3%¢

Serum PON1 activity (nm/mL/min) 145+ 4.35 69 +2.07 ° 66 +1.98" 89 +2.67° 99 +2.97° 101 +3.03° 120 £3.6™ ¢
Serum HTLase activity (nm/mL/ 24072 155 +£4.65 2 152 + 4.56° 180 +5.4° 201+ 6.03° 199+597°  215+6.45™ ¢

min)

Results are expressed as mean + S.D; ? p < 0.05 vs Normal control group; ® p < 0.05 vs HFAD group; © p < 0.05 vs HFAD + treatment groups (Vitexin 10 or Vitexin 20 or Prava).
HFAD-high fat atherogenic diet; Vitexin 10- Vitexin 10 mg/kg; Vitexin 20-Vitexin 20 mg/kg; Prava-Pravastatin 10 mg/kg.

3.5. Effect on aortic nitrosative-oxidative stress

As compared to normal control animals, the rats fed on HFAD
for 45 days have showed significant increase in aortic nitro tyro-
sine level and significant decrease in T-SOD, GPx and CAT activities.
This impairment was significantly corrected by the administration
of vitexin (10 and 20 mg/kg) and pravastatin (10 mg/kg). Combina-
tion of vitexin (20 mg/kg) and pravastatin (10 mg/kg) have shown
better effect on HFAD induced aortic nitrosative-oxidative stress as
compared to both the treatments when administered alone. How-
ever, the effect of vitexin 5 mg/kg on aortic nitrosative-oxidative
stress of HFAD animals was insignificant (Fig. 1a-d).

3.6. Effect on endothelial function

The HFAD rats have showed significant inhibition of
acetylcholine-induced relaxation in thoracic aorta. The administra-
tion of vitexin (10 and 20 mg/kg) and pravastatin (10 mg/ kg) in
combination or alone, significantly and dose dependently cor-
rected the HFAD induced endothelial dysfunction induced in HFAD
animals. There was no effect of any of the treatment on endothelial
independent relaxation in aortic tissue (Fig. 2a and b).

3.7. Effect on liver HMG-CoA reductase activity

As compared to normal-fat diet animals, the rats fed on HFAD
for 45 days have showed significant increase in liver HMG-CoA

reductase activities. This increase was significantly corrected by
the administration of vitexin (10 and 20 mg/kg) and pravastatin
(10 mg/kg). Combination of vitexin (20 mg/kg) and pravastatin
(10 mg/kg) have shown better effect on HFAD increased liver
HMG-CoA reductase activities as compared to both the treatments
when administered alone. The effect of vitexin 5 mg/kg on liver
HMG-CoA reductase activities of HFAD animals was insignificant

(Fig. 3).

3.8. Histopathological results

H &E staining in the induction group showed microvascular
depots of fat, with morphological alterations showing undefined
contours, congestion and necrotic changes. Cell evidenced cellular
ballooning were observed in the livers of high fat diet group with
vitexin (5 mg/kg). Morphological alterations also showed alter-
ations of peripheral nuclei, fragmented cells and characteristic of
cellular necrosis. Treatment with vitexin (5, 10, 20 mg/kg) and
pravastatin (10 mg/kg) have shown better effect in prevention of
the morphological alterations caused by the HFAD (Fig. 4).

4. Discussion

The results of this study showed that HFAD administration for
45 days has resulted in significant increase in serum TC, TG, LDL,
Al, %HTR, MCP-1, VCAM-1, ICAM-1, IL-1B, IL6, TNF alpha, aortic
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Fig. 1. Effect on aortic nitrative-oxidative stress. a. Nitrotyrosine; b. Superoxide dismutase (SOD); c. Glutathione peroxidase (GPx); d. Catalase (CAT). Results are expressed as
mean + S.D.  p < 0.05 vs Normal control group; ® p < 0.05 vs HFAD group; € p < 0.05 vs HFAD + treatment groups (Vitexin 10 or Vitexin 20 or Prava). HFAD-high fat atherogenic
diet; Vitexin 10- Vitexin 10 mg/kg; Vitexin 20-Vitexin 20 mg/kg; Prava-Pravastatin 10 mg/kg.

nitro-tyrosine level and liver HMG-CoA reductase activity along
with significant reduction in serum PONT1, HT, aortic T-SOD, GPx,
CAT activity and endothelial function. The results of the present
study are in parallel to previously published reports
(Blankenberg et al., 2003; Cho et al., 2012; Farid et al., 2010; Gu
et al., 2015; Kosaka et al., 2005; Kruzliak et al., 2015; Li et al,
2016a,b; Misra et al, 2019; Paudel et al., 2016; Subramanian
et al., 2009; Varatharajalu et al., 2010; Yang et al., 2015)
Exacerbation of obesity related conditions like endothelial dys-
function and atherosclerosis can be linked with increased fat in the
diet, significantly altering cellular metabolism, leading to insulin
resistance, dyslipidemia, increased cytokine expression and secre-
tion from skeletal muscle and adipose tissue (Farid et al., 2010;
Misra et al., 2019). Elevated serum cholesterol in itself is a develop-
mental cause of atherosclerosis. Adhesion molecules and chemoki-
nes, including ICAM-1, VCAM-1 and MCP-1, are important
atherosclerotic pathogenic marker, upregulated in smooth muscle
cells, macrophages and endothelial cells during atherosclerosis.
High fat diet is reported to increase macrophage accumulation in
adipose tissue which produces cytokines causing inflammatory

changes in the liver, blood vessels and other parts of the body,
which play a role in formation of atherogenesis (Subramanian
and Chait, 2009).

PONT1 is an enzyme with potent antioxidant properties. It pre-
vents LDL oxidation and detoxifies homocysteine thio-lactone,
known as causative agents of atherosclerosis. Serum PON and HT
activity decreases in atherosclerotic diseases and higher activities
may provide an indication for anti-atherogenic effect
(Varatharajalu et al., 2010). The HDL associated PON-1 enzyme
protects serum lipids from oxidation (Farid et al., 2010). Activity
of paraoxonase, lactonase protects against homocysteinylation,
thus it is considered a potential contributing factor to prevent
atherosclerosis (Locsey et al., 2013).

Peroxynitrite, a highly potent oxidant formed during the reac-
tion of NO and superoxide anion, reacts with protein to form nitro
tyrosine. Nitro tyrosine is used as a marker in in-vivo peroxynitrite
mediated oxidative/nitrate stress and superoxide anion mediated
NO inactivation. Excessive release of oxygen radicals, if not con-
trolled by the body’s own defense anti-oxidant SOD, GPx and cata-
lase enzymes, can lead to oxidant stress. Aortic nitrative and
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Fig. 2. Effect on endothelial function using organ chamber studies. a. Endothelium-dependent relaxation; b. Endothelium-independent relaxation. Results are expressed as
mean + S.D. ? p < 0.05 vs Normal control group; ° p < 0.05 vs HFAD group; € p < 0.05 vs HFAD + treatment groups (Vitexin 10 or Vitexin 20 or Prava); HFAD-high fat atherogenic
diet; Vitexin 10- Vitexin 10 mg/kg; Vitexin 20-Vitexin 20 mg/kg; Prava-Pravastatin 10 mg/kg; ACh- acetylcholine; SNP- sodium nitro prusside.

(=)}
)

200

o
-
"

HFAD

HMG-CoA reductase (U/L)
ot —
h > h
) ) S -4

Prava

Normal Control

HFAD+ Vitexin 20+

Fig. 3. Effect on liver p-Hydroxy B-methylglutaryl-CoA (HMG-CoA) Reductase
Activity. Results are expressed as mean +S.D. ? p < 0.05 vs Normal control group; ®
p<0.05 vs HFAD group; € p<0.05 vs HFAD + treatment groups (Vitexin 10 or
Vitexin 20 or Prava). HFAD-high fat atherogenic diet; Vitexin 10- Vitexin 10 mg/kg;
Vitexin 20-Vitexin 20 mg/kg; Prava-Pravastatin 10 mg/kg.

oxidative stress has been implicated and considered as an impor-
tant risk factor in atherosclerosis (Misra et al., 2019; Wang et al.,
2016)

At the onset of atherosclerosis, the damage to the endothelium
leads to deposition of harmful cholesterol in the artery wall, thus
compromising endothelial function. Thus, endothelial function is
considered as an onset marker of atherosclerosis (Yang et al.,

2015). As progressive damage to the endothelial system continues,
it eventually leads to endothelial dysfunction. Genetic factors, fac-
tors involving diet such as high fat diet and high meat consump-
tion, along with lifestyle factors such as tobacco use and
increased oxidative stress are all implicated as promoters of
atherosclerosis (Li et al., 2016a,b).

The main enzyme involved in the metabolism of TC is HMG-CoA
reductase. Cholesterol synthesis is facilitated by HMG-CoA reduc-
tase by catalyzing mevalonate synthesis from HMG-CoA and fur-
ther by generating TC from squalene. An overall decrease in the
HMG-CoA can reduce generation of TC effectively (Gu et al.,
2015). Inhibitors of HMG-CoA reductase like pravastatin are in
main stay for the management of early risks and late life symptoms
of atherosclerosis.

Administration of vitexin and pravastatin both alone and in
combination, has significantly corrected HFAD induced impair-
ments in levels of serum lipids, Al, adhesion molecules,
chemoattractant-inflammatory mediators, anti-atherogenic mark-
ers, aortic nitroso-oxidative stress, endothelial function and liver
HMG-CoA reductase activity. A very recent study has reported
vitexin (10 mg/kg) have significant effect on serum lipids (TC, TG,
LDL, HDL) and many other parameters of high fat diet induce obese
mice (Tuso et al., 2015). In our study vitexin on two different doses
(10 mg/kg and 20 mg/kg) have resulted into significant correction
of serum lipids, and the effect of 20 mg/kg dose were almost sim-
ilar to those observed by pravastatin 10 mg/kg. Further, adminis-
tration of vitexin (20 mg/kg) in combination of pravastatin
resulted in to highest lipid lowering effect.

Zhang colleagues (2017) has reported pre-treatment with
vitexin may be responsible for inhibition of the ox-LDL-induced
overexpression of IL-1, IL-6, TNF-a, E-selectin, ICAM1 and VCAM1
in HUVECs. Vitexin has been shown to protect rat chondrocytes in
ER stress-induced increase in the expression of inflammatory
cytokines, IL-6 and TNF-o (Kang et al., 2015a,b). Vitexin promoted
the expression of SOD, while reducing the ox-LDL-induced oxida-
tive stress, along with inhibition of ROS and MDA (Xie et al,,
2018). The harmful effects of HF diet on hepatic MDA, GSH, GPx,
glutathione reductase and SOD activity were found to be reduced
by the beta vulgaris L. extract rich in vitexin (Zhang et al., 2017).
Also, vitexin administration alleviated oxidative stress and inflam-
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Fig. 4. Effect on liver structure (H & E staining) 400x. a: Control group showing normal morphological characteristics. b: high fat atherogenic diet group animals showing
microvascular depots of fat with morphological alterations of undefined contours along with congestion and necrotic changes. c: HFAD + vitexin (5 mg/kg) treated animal
groups showing reduced fat depots with reduced congestion. d: HFAD + vitexin (10 mg/kg) treated animal groups, showing, reduction in the cytoplasmic ballooning and
fragmented cells. e: HFAD + vitexin (20 mg/kg) treated animal group showing, largely reduced morphological alterations of peripheral nuclei, undefined contours, cellular
ballooning and reduction in the fat depots. f: HFAD + vitexin(20 mg/kg) + pravastatin (10 mg/kg) treated animal groups showing near normal cells with reduction in

morphological alterations induced by HFAD.

matory parameters in brain and lungs’ insult (Bustos et al., 2018;
Jiang et al., 2018; Lu et al.,, 2018). Vitexin exerted significant
increase in endothelium dependent relaxations due to acetyl-
choline on isolated rat thoracic aortic ring preparation in chronic
myocardial ischemia/reperfusion injury rats (Che et al., 2016). It
is important to note here that, no previous study has been found
which has studied the role of vitexin on the levels of serum anti-
atherogenic factors (PON1, HT), aortic nitrative-oxidative stress,
HMG-CoA reductase activity. Overall this is the first study which
formally assess the effect of vitexin on serum lipid profile, Al,
atherogenic markers, adhesion-inflammatory cytokines, chemoki-
nes, endothelial dysfunction, aortic nitrative-oxidative stress
markers in HFAD rats.

Pravastatin has been used as positive control in the present
study. Pravastatin, an HMG-CoA reductase inhibitor is already
known for anti-atherosclerotic properties. Serum total cholesterol,
low density lipoprotein-cholesterol, triglyceride in abdominal
aorta were decreased. A 10 mg/kg dose of pravastatin was admin-
istered which has provided benefits on all the parameters studied
in the present study (Wu et al., 2013). When given in combination,
Vitexin has significantly enhanced the beneficial effect of pravas-
tatin in all the parameters studied, may be due to HMG-CoA reduc-
tase inhibitory activity of vitexin, as observed in our study.

This study suggests that vitexin may be considered as poten-
tially efficacious agent in HFAD induced risk of atherosclerosis
due to its anti-hyperlipidemic, anti-atherogenic, anti-
inflammatory, endothelium protectant and HMG-CoA reductase
inhibitory activity.

5. Conclusion

Vitexin and pravastatin administration both alone and in com-
bination has significantly prevented HFAD induced impairments in
levels of serum lipids, Al, adhesion molecules, chemoattractant-

inflammatory mediators, anti-atherogenic markers, aortic
nitroso-oxidative stress, endothelial function and liver HMG-CoA
reductase activity. This suggests that vitexin may be considered
as a possible anti-atherogenic agent to minimize atherosclerosis
risks, Thus, vitexin may be found useful in atherosclerosis and
atherosclerosis associated conditions, such as Coronary Heart Dis-
ease, ischemic cerebrovascular disease and peripheral vascular dis-
ease. Further research is mandated to find the complete potential
of vitexin in atherosclerosis condition.
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