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ABSTRACT. A coronary heart disease leads to increase in obesity and metabolic dysfunction.
Protocatechuic acid (PCA), due to its antioxidant, anti-inflammatory, neuro protective activities
was found efficient as cardio-protective in coronary heart disease. Our study investigated
hypolipidemic and cardioprotective effects of protocatechuic acid in the coronary artery disease
induced by high fat and fructose diet (HFD) rat models. A diet rich in fat and fructose was fed

to male Wistar rats prior to the start of experimental procedures. Serum lipid levels and hepatic
triglycerides (TG) and total cholesterol (TC) levels were examined and analyzed. Both in vitro an
in vivo pancreatic lipase activity was determined as well. Histopathological examination was
performed and their results were noted. Noteworthy reduction of serum lipid levels and hepatic
1. Vet. Med. Sci. TG and TC levels was seen in groups treated with simvastatin (SIM; 20 mg/kg) and PCA (50 and
82(9): 1387-1394, 2020 100 mg/kg) in comparison to HFD groups. Pancreatic lipase activity was reduced in the SIM group
) o and the group treated with doses of PCA (50 and 100 mg/kg). A marked increase in gain in body
doi: 10.1292/jvms.20-0245 weight per week (P<0.05) was achieved in HFD group. Coronary risk index (CRI) and Atherogenic
index of plasma (AIP) showed decreased index values after treatments with SIM and PCA (50
and 100 mg/kg), respectively. Our findings confirmed the efficacious cardio-protective and
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Atherosclerosis and other disorders related to it, such as coronary artery disease (CAD), ischemic peripheral and peripheral
vascular diseases show hyperlipidemic condition due to increased levels of lipids in the blood which also include fatty acids and
fats, cholesterol, esters, triglycerides which are also responsible for the formation of plaques in atherosclerosis [12]. Various studies
report the association of a hypercaloric diet with the occurrence of CAD which increases the percent of annual death due to cardiac
diseases in obese people by 40 times more than non-obese people [8, 22, 31]. A study [35] reported that increased intake of a high-
fat or fructose diet which usual contain cholesterol and fat causing hyperlipidemia, the lipids accumulation in the hepatic region,
peroxidation of lipids, hepatotoxicity leads to increase in weight, obesity and eventually metabolic syndrome [7, 30]. Studies also
report that such diets cause metabolic disorders due to cardiac alterations which are marked by significant increase in weight,
hyperlipidemia leading to atherosclerosis [14].

Protocatechuic acid (PCA) is present in more than 450 plants as a chemical constituent that imparts various pharmacological
properties mainly due to anti-oxidative activity. Many studies were conducted to identify plants or plant parts such as leaves, bark,
stem, extracts, etc. that are generally used as cultural medicine which show various antioxidant, anti-inflammatory, anti-diabetic
properties to prevent or treat obesity. PCA was found to show antioxidant and anti-radical property [28] upon careful study of its
molecular structure. Esters of PCA showed greater antioxidant activity when compared to PCA as they contain high lipophilic
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character that is responsible for the inhibition of lipoperoxidation [25]. Various study models have depicted the neuroprotective
property of PCA in Parkinsonism [34], murine cerebral cortex and hippocampal region by enhancing the endogenous antioxidant
system to maintain the anti-oxidative homeostasis [29]. PCA shows its anti-inflammatory activity by targeting inflammatory
regulators [2], cytokine production [1], inhibiting the generation NO [32], inhibiting TNFa-induced activation of NF-xB [16] and
so on. PCA also shows anti-hyperglycaemic activity [27], pro-apoptotic activity specifically in cancer cells [13] and anti-microbial
activity [20].

Therefore, our aim was to assess the potentiality of PCA by reducing the serum lipid concentrations in rat allowed to feed upon
a diet rich in fat and fructose together with the anti-obesity property of PCA by decreasing the atherogenic index thereby offering
protection to cardiac vascular system.

MATERIALS AND METHODS

Chemicals and drugs

Simvastatin and protocatechuic acid (98% purity) was procured from Sigma Aldrich (Beijing, China). The assay kits and
reagents for biochemical estimations were obtained from Sigma Aldrich. Analytical grade chemicals and reagents were used for all
practical purposes.

Animals and experimental design

Our study was conducted on male Wistar rats (110 to 150 g) obtained from Animal Research Centre, China. These rats were
housed under controlled temperature (25°C) allowing access to food and water ad libitum. Prior to the animal experimentation, the
study approval (IAEC/CA/PCA/0012/19_09) was obtained according to Animal Ethical guidelines for laboratory animals.

Rats were allowed to feed on regular diet for a week prior to the start of any treatment. Later they were grouped into six
divisions with six rats in every group (n=6) namely Group-I-control; Group-II-HFD (High fat and fructose diet) group; Group-III-
HFD + SIM (simvastatin) (20 mg/kg) group; Group-IV-HFD + PCA (50 mg/kg) and Group-V-HFD + PCA (100 mg/kg). The rats
were daily checked for their weight until the end of the experiment.

Once experimentation was completed (10 weeks later), the rat models were weighed before sacrifice. Blood was obtained
from the various groups of rats to separate serum through centrifugation (2,000 g, 4°C) for 20 min using pre-coated EDTA tubes.
To perform biochemical estimation, the supernatants and organ such as liver were stored at —80°C. Liver tissue samples were
homogenized and centrifuged for 20 min at 10,000 rpm. The supernatants were stored for biochemical analyses.

Estimation of biomarkers (serum and liver)

Estimation of serum lipid levels: The enzymatic colorimetric method was employed to estimate serum total cholesterol (TC) and
triglycerides (TG) concentrations and high density lipoprotein cholesterol (HDL-c) using the colorimetric kits; Shandong Bio &
Media Laboratories Co., Ltd. Shandong, China. Glycerol kinase and cholesterol oxidase assays were performed to measure serum
TG and serum TC, respectively. Coloration intensities were evaluated at 505 nm and represented in terms of mmol//. To calculate
fractions of LDL-cholesterol and VLDL-cholesterol the below mentioned formula was used:

Low density lipoproteins = TC — HDL-c — (TG/2.2) [21].

Very low density lipoproteins = TG/2.2 [23].

To detect the presence of atherosclerosis or any cardiovascular dysfunction, the following formulae for Coronary risk index
(CRI); Atherogenic index (Al) and Atherogenic index of plasma (AIP) were used:

CRI = TC/HDL [20].

Atherogenic index = Low density-c/High density lipoproteins-c [21].

Atherogenic Index of plasma = Log (Triglycerides/High density lipoproteins-c) [6].

Liver TC and TG levels

The colorimetric kits; Shandong Bio & Media Laboratories Co., Ltd., were used to determine the liver TG and TC
concentrations. The findings were represented as umol/g of hepatic tissue.

Evaluation of serum pancreatic lipase activity

The kinetic method was performed to determine the pancreatic lipase activity, using imported lipase assay kit (DLPS-100);
Bioassay Systems (Hayward, CA, USA). Coloration intensities were evaluated at 550 nm and the result was represented as U/I.
The following formula was used to calculate the serum lipase activity:

Lipase activity = (Aabs/min) Calicrator — (Aabs/min) Blank / (Aabs/min) Assay — (Aabs/min) Blank
where, (Aabs/min) Assay = Rate of change/min (sample)

(Aabs/min) Blank = Rate of charge/min (blank)

(Aabs/min) Calibrator = Rate of change/min for Lipase color calibrator.

Evaluation of in-vitro pancreatic lipase activity
The in-vitro modified procedure for pancreatic lipase activity was used to measure the inhibition activity of pancreatic lipase
involving 4-methyl-umbelliferyl oleate as a substrate. Fifty u/ of 4-methyl-umbelliferly oleate solution (0.1 mM) previously
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dissolved in a buffer (pH 8.2) solution containing 100 mM sodium chloride, 1.5 mM calcium chlori de and 15 mM Tris-HCI and
added to 25 ul of sample solution in water. The mixture is stirred well on a microtiter plate. To this mixture, 30 u/ lipase solution
(0.75 mg/m/) was added to begin the enzymatic reaction at 37°C incubated for 10 min. The quantity of 4-methyl-umbelliferone
released by the action of lipase was determined by fluorometric microplate reader at excitation (360 nm) and emission (470 nm)
wavelength, respectively. Based on our preliminary laboratory studies, standard (simvastatin, 20 mg/kg) and PCA-50 mg/kg and
100 mg/kg test concentrations ranged from 0.25-0.75 mg/m/ and 0.5-3 mg/m/, respectively (Table 3) for percent inhibition of

in vitro pancreatic lipase activity were chosen. The plot of log of the standard and test concentrations was constructed against the
percent activity (%) of pancreatic lipase to obtain standard and sample ICs, from the least-squares regression line.

Histopathological examination

Liver tissue samples from various groups were firstly dissolved in Bouin solution for 24 hr, later in10% formalin solution and
fixed in paraffin. These samples were sliced and stained using hematoxylin and eosin. These stained slices of liver tissues were
used to investigate and assess the histological changes using a light microscope at 100 X (Olympus).

Statistical analysis
The results were expressed as mean + SEM and analyzed using Graphpad Prism 8.0 version. One-way analysis of variance
(ANOVA) followed by Dunnet’s ¢-test was employed to test the significance at P<0.05.

RESULTS

Protocatechuic acid (PCA) effects on serum lipid profiles

PCA effects on triglycerides (TG) levels: The levels of triglycerides (Table 1) were increased significantly by 96.95% in HFD
group upon comparison to the control group. A remarkable reduction in the levels of triglycerides were noticed in treatment groups
of HFD + SIM (20 mg/kg), HFD + PCAsj e and HFD + PCA g gy by 45.90%, 21.36% and 26.5% (P<0.05), respectively
upon comparison to HFD group alone.

PCA effects on total cholesterol (TC) levels: The levels of total cholesterol (Table 1) were increased significantly by 108.32%
in HFD group upon comparison to the control group. The levels of total cholesterol were reduced markedly by 48.43%, 17.36%,
30.08% (P<0.05), respectively in HFD + SIM, HFD + PCAs 01 and HFD + PCA g /1o Upon comparison to HFD group alone.

PCA effects on high-density lipoprotein cholesterol (HDL-c) levels: There were no significant (Table 1) changes were observed
in HDL-c levels between HFD and control groups. However, the levels of high-density lipoprotein cholesterol were increased
considerably (P<0.05) in treatment groups HFD + SIM (70.87%), HFD + PCAsg png/kq (29.14%) and HFD + PCA g gk (41.72%)
when upon comparison to HFD group alone.

PCA effects on low density lipoprotein cholesterol level (LDL-c): The levels of low-density lipoprotein cholesterol (Table 1) were
increased significantly in HFD group by 93.13% upon comparison to the control group. The considerable decrease in the levels of
low-density lipoprotein cholesterol were observed in treatment groups of HFD + SIM, HFD + PCAg g, and HFD + PCA 9 mgike
by 76.20%, 40.32% and 78.22% (P<0.05), respectively upon comparison to HFD group alone.

PCA effects on VLDL levels: The levels of very low density lipoproteins (VLDL; Table 1) were increased significantly by
96.70% in HFD group upon comparison to the control group. VLDL levels were decreased remarkably by 46.15%, 21.74%,
26.42% (P<0.05), respectively in HFD + SIM (20 mg/kg), HFD + PCAs g/, and HFD + PCA g g/ upon comparison to HFD
group alone.

PCA effects on atherogenic index (Al)
The levels of Al (Table 1) were increased considerably (P<0.05) by 52.7% in HFD group upon comparison to the control group.

Table 1. Serum lipid profile in control and experimental groups of rats

Control HFD P(I;ODII;/S;;\;[ HFD + PCAso g HFD + PCA 100 myig
Triglycerides 1.11£0.10 220+0.18%  1.19£0.039 1.73£0.059 1.61£0.059
Total cholesterol 1.11£0.03 23240.109  1.20£0.04 1.92+0.05" 1.62+0.05
High density lipoprotein cholesterol (HDL-c)  0.55+0.03 0.50 £ 0.04 0.86+.0179 0.65+0.039 0.71 £0.02
LDL-c 0.05+0.02 0.82+0.14® 0.196+0.07» 0.49+0.019 0.18+£0.039
VLDL-c 0.50 +0.04 0.99+0.08%  0.53+0.01» 0.78 £0.02 0.73+0.029
AIP 0.30 £ 0.07 0.64+0.07®  0.14+0.009 » 0.42+0.01 0.35+0.007 ®
Al 0.10+0.04 1.62+0239  0.22+0.08" 0.76 £ 0.05 0.25+0.059
CRI 1.65+0.55 4.66+0.30%  1.39+£0.079 2.96 +0.08 » 2.27+0.079

Values are expressed as mean + SEM (mean of six determinations). PCA: protocatechuic acid. Control group; HFD represents the group fed with high fat
and fructose diet; SIM represents simvastatin; PCAsg ok, Tepresents protocatechuic acid at 50 mg/kg and PCA gy g/, Tepresents protocatechuic acid at
100 mg/kg; LDL-c: low-densitylipoprotein cholesterol; VLDL-c: very low-density lipoprotein cholesterol; Al: atherogenic index; AIP: atherogenic index
of plasma; CRI: coronary artery risk index. a) and b) indicate significant differences compared to the values of Control and HFD groups, respectively at
P<0.05.
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The levels of atherogenic index (AI) were reduced remarkably in HFD + SIM (86.44%), HFD + PCAsj g/ (53.17%) and HFD +
PCA g9 mgikg (84.59%) upon comparison to HFD group.

PCA effects on atherogenic index of plasma (AIP)

The significant increase in levels of AIP (Table 1) was noticed in HFD group by 93.42% upon comparison to the control group.
The marked reduction (P<0.05) in the levels of atherogenic index of plasma (AIP) were observed in treatment groups of HFD +
SIM (20 mg/kg), HFD + PCAs) /e and HFD + PCA g gk by 78.01%, 33.43%, 44.48% respectively upon comparison to HFD
group alone.

PCA effects on Coronary risk index (CRI)

The levels of CRI (Table 1) were increased significantly by 64.46% in HFD group upon comparison to the control group. The
CRI levels were decreased considerably in treatment groups of HFD + SIM (70.19%), HFD + PCAsg gk (36.37%) and HFD +
PCA g9 mgig (51.16%) upon comparison to HFD group alone.

PCA effects on hepatic biomarkers

PCA effects on hepatic triglycerides (TG): The significant increase in levels of hepatic lipid profile (triglycerides; Table 2) was
observed in HFD group by 78.48% upon comparison to the control group. A marked (P<0.05) reduction in the levels of hepatic
triglycerides were noticed in treatment groups of HFD + SIM (20 mg/kg), HFD + PCAsg gk and HFD + PCA g pgie by 78.48%,
28.52%, 36.39% upon comparison to HFD group alone.

PCA effects on hepatic total cholesterol (TC): The levels of hepatic lipid profile (total cholesterol; Table 2) were increased
significantly by 59.86% in HFD group upon comparison to the control group. A hepatic total cholesterol levels were reduced
considerably (P<0.05) by 51.92%, 23.27%, 30.84% in HFD + SIM, HFD + PCAs gy and HFD + PCA 4 gk UpOn comparison
to HFD group alone.

PCA effects on in-vivo and in vitro pancreatic lipase activity
The significant increase in levels of serum pancreatic lipase activity was observed in HFD group by 66.18% upon comparison
to the control group. The levels of pancreatic lipase activity were reduced markedly (P<0.05) in treatment groups of HFD + SIM

Table 2. Hepatic lipid profile in control and experimental groups of rats
HFD + SIM

Control HFD Qomgkg  HFD*PCAssngie HFD +PCAiongrg
Hepatic triglycerides 4.243+0.58 7570239  4.02+0429 541+0409 481029
Hepatic total cholesterol 6.57+0.69 1637+0.559  7.87+0.68" 1256 1.2 11.32+0.49

Values are expressed as mean + SEM (mean of six determinations). PCA: protocatechuic acid. Control group; HFD represents the group
fed with high fat and fructose diet; SIM represents simvastatin; PCAsg g, Tepresents protocatechuic acid at 50 mg/kg and PCA g me/ie
represents protocatechuic acid at 100 mg/kg. a) and b) indicate significant differences compared to the values of Control and HFD groups,
respectively at P<0.05.

Table 3. In vitro pancreatic lipase inhibition rate inhibitory concentrations (ICs,) of Simvastatin
and protocatechuic acid (PCA)-50 and 100 mg/kg

Inhibitor Concentration (mg/m/) Pancreatic lipase inhibition (%) ICsy (mg/ml)

Simvastatin 0.25 2577 £3.23 0.45
0.5 62.13+3.83
0.75 80.92 +4.04

PCA (50 mg/kg) 0.5 31+£3.04 1.51
1 41.86 +£2.68
2 76.16 £3.22
3 100.1 +£4.32

PCA (100 mg/kg) 0.5 26.08 +3.24 1.18
1 35.81+2.59
2 64.78 +3.03
3 80.7 £2.69

Values are expressed as mean + SEM (mean of three determinations). Simvastatin in vivo dose was 20 mg/kg
whilst in vitro concentrations varied from 0.25 to 0.75 mg/m/. PCAsg gy, and PCA g pg/iq T€prESents in vivo
dose of protocatechuic acid tested at various concentrations in vitro between 0.5-3 mg/m/. The ICs, against
the pancreatic lipase activity of PCAsg g and PCA g i Were 1.51 mg/m/ and 1.18 mg/m/, respectively.
The IC5, of PCA at both doses were higher than the simvastatin (IC5,=0.45 mg/m/)
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(28.56%), HFD + PCAs( g (20.16%) and HFD + PCA (g pg/iq (20.73%) upon comparison to HFD group alone.

Our in vitro pancreatic lipase activity results illustrated that PCA showed dose dependent and significant reduction in the lipase
activity at 50 and 100 mg/kg respectively (Table 3). The ICs, values of PCA at 50 and 100 mg/kg for inhibiting pancreatic lipase
activity were found to be 1.51 and 1.18 mg/m/ respectively. The inhibitory concentrations (ICs,) of PCA at both doses were higher
than the simvastatin (IC5,=0.45 mg/m/) in agreement with in vivo studies at different doses of simvastatin (20 mg/kg) and PCA (50
and 100 mg/kg), respectively.

PCA effects on final body weight (gram/rat)

A profound increase in the final body weight (Table 4) was noticed in HFD group by 24.31% upon comparison to the control
group. The final body weight had decreased significantly by 20.05% in HFD + SIM group, 17.67% in HFD + PCAs( g, group
and 11.75% in HFD + PCA ¢y mgie group upon comparison to HFD group alone.

PCA effects on body weight gain per week (gram/rat)

The percentage of body weight gain per week (Table 4) had increased significantly in HFD group by 74.43% when comparison
to the control group. The percent of body weight gain per week were reduced significantly in treatment groups of HFD + SIM
(49.39%), HFD + PCAs) gk (29.62%) and HFD + PCA 4 pgjkg> (40.63%) upon comparison to HFD group alone.

Histological examination

The biochemical findings observed were further demonstrated by histopathological studies. It was observed that an accumulation
of lipids was observed in the hepatocytes of liver tissues as vacuoles as shown in Fig. 2B as compared to control group (Fig. 2A),
where no such vacuoles are found expect the normal architecture of the liver tissues with sinusoids with intact arteries. Upon
treatment with simvastatin (20 mg/kg) and PCAsg e and PCA oo mgjig Tespectively, significant changes in the liver architecture

Table 4. Effects of different treatments on body weight gain

HFD +SIM
Control HFD (20 mg/kg) HFD + PCA50 mg/kg HFD + PCAIOO mg/kg
Initial body weight (g/rat) 1483+441  1467+352 1557+ 4.05 150.7 +3.18 152.7 +2.90
Final body weight (¢/rat) 233+375 2773638 22174491 2283 +8.19 244.7 + 6.69
Body weight gain (¢/rat/per week)  10.68+ 1.14 18631439  9427+0.14Y  13.11+0.56" 11.06 = 1.10

Values are expressed as mean + SEM (mean of six determinations). PCA: protocatechuic acid. Control group; HFD represents the group fed with high
fat and fructose diet; SIM represents simvastatin; PCAs y,x, represents protocatechuic acid at 50 mg/kg and PCA g9 g represents protocatechuic
acid at 100 mg/kg. a) and b) indicate significant differences compared to the values of Control and HFD groups respectively at P<0.05.

4001 —\ =

W

(=

(=]
1

200+

Pancreatic lipase activity (U//)

(=
(=]
h

Control HFD HFD+SIM HFD+PCA HFD+PCA
-50 mg/kg -100 mg/kg

Fig. 1. Levels of pancreatic lipase activity (U//) in control and experimental groups of rats. Control group; HFD represents the group fed
with high fat and fructose diet; SIM represents simvastatin; PCAsg /s represents protocatechuic acid (PCA) at 50 mg/kg and PCA g mgike
represents protocatechuic acid at 100 mg/kg, respectively. Data are expressed at mean + SEM of six rats in each group. *P<0.05; **P<0.01
indicate significant differences compared to the values of control and HED, respectively.
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Scale bar =100 pm

Fig. 2. Histopathology of liver tissue (x100) of control and experimental animals. A represents control; B = HFD represents group fed with
high fat and fructose diet; C=represents simvastatin; D=represents HFD+PCAs g, and E=represents HFD+PCA 9 mg/kg-

was noticed, thus restoring to normal with decrease number of lipid filled vacuoles (Fig. 2C—E). These reductions in the lipid filled
vacuoles were observed as dose dependent with PCAsg g1, and 100 mg/kg, respectively.

These findings suggested that PCA was able to inhibit the infiltration of lipids vacuoles into the liver sinusoids, thus reducing the
development of lipid filled droplets.

DISCUSSION

PCA has been found to depict its effective role against the peroxidation of lipids and oxidative stress [5, 9] by increasing the
superoxide dismutase activity [21]. Many studies support the effect of PCA against anti-obesity due to its strong anti-microbial
activity [6, 20, 23]. Hence, application of PCA represents a potential strategy in counteracting obesity and its related pathological
conditions namely coronary artery disease.

This study was conducted on rats treated with a diet rich in fat and fructose (HFD). After 10 weeks the HFD group rats showed
increase in their body weight, lipase activity in the pancreas, hepatic lipid profiles on comparison to the rats fed a regular diet
i.e. control group. These HFD group rats also showed marked rise in the serum levels of TG and TC, hepatic TG and TC profiles
and elevated levels of coronary risk index (CRI), depicting that hyperlipidemic model was successfully developed mimicking
the coronary artery disease. The HFD rats showed significant reduction in their body weight, pancreatic lipase activity, hepatic
lipid profiles, serum TG and TC levels, hepatic TG and TC profile and elevated levels of coronary risk index (CRI) when treated
with either PCAsg mgig 0r PCA g e OF simvastatin. Thus, suggesting role of PCA in the reduction of these serum and hepatic
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biomarkers associated to coronary artery disease.

Our results showed that the serum and hepatic triglycerides (TG) and total cholesterol (TC) levels were markedly (P<0.01)
reduced in the HFD + PCAs /g OF PCA|gg mg/ke» Tespectively and SIM groups when compared to the control group. This showed
that PCA exhibited the capability of reducing the lipids in a dose dependent manner in both serum and hepatic tissue with intake
of diet rich in fat and fructose for a longer period of time. These findings further support that PCA play an effective role as a
cardio-protectant similar to that of simvastatin. High density lipoprotein cholesterol levels increased significantly when treated with
SIM and PCA- 50 and 100 mg/kg in agreement with few other studies [17, 18]. These increased levels of high-density lipoprotein
cholesterol are required for the transfer of cholesterol into the liver from serum for its breakdown and excretion to decrease the
coronary artery disease risk [33]. In addition, LDL-c and VLDL levels were reduced significantly in the SIM and PCAsg yg OF
PCA 00 mgig group when compared HFD group. Our findings support that the LDL-cholesterol receptors are decreased in the HFD
rats due to a rise in their LDL-cholesterol level by the fats provided in their diet leading to hyperlipidemic condition [24].

To detect the presence of atherosclerosis, as an indicator for coronary artery disease, the indices namely Al and AIP were
calculated. Our findings showed that HFD + PCAs ngjig 0F PCA g9 mgie and SIM treated groups decreased indices values
suggesting the presence of atherosclerosis induced in rats fed with diet rich in fat and fructose and was lowered significantly after
treatments with simvastatin and PCA in dose-dependent manner. Consequently, it was observed that the risk of coronary artery
disease was least observed after treatments with SIM (20 mg/kg) and PCAsg 1 OF PCA|gg gk treated groups as they were able
to lower values of coronary risk index (CRI).

Pancreatic lipase inhibitors are considered as potential agents to treat hyperlipidemia and atherosclerosis. To absorb triglycerides
from the gastrointestinal tract [15], pancreatic lipase plays an essential role as it hydrolyses the fats present in the diet [3].
Simvastatin and PCA-50 and 100 mg/kg groups showed remarkable decline in the activity of pancreatic lipase on comparison to
the HFD group (Fig. 1).

We also studied in vitro pancreatic lipase activity, which indicated that PCA exhibited dose-dependent lipase activity at 50 mg
and 100 mg/kg doses. Our findings agree with various other studies as well [7, 18], indicating that PCA exhibits hypolipidemic and
lipid absorption inhibiting properties which help in the prevention of coronary artery disease [4].

In support to our findings other than pancreatic lipase inhibition, a study [10] found that PCA present in the preparation of
onions improved enzymatic activity through antioxidant mechanism in ceacal and faecal microbiota. PCA showed a strong
antioxidant effect, increasing through serum anticardiolipin (P=0.033), and decreasing hepatic glutathione disulfide (P=0.070).

In another study in a randomized clinical trial, PCA found that the intake of virgin olive oil containing polyphenols enhanced the
cardioprotective effect corroborating the theory of the function of gut microbiota with substantially increased populations of gut
bifidobacteria and associated microbial metabolite [22].

In another research [11], phenolic compounds such as PCA have been shown to restore reduced antioxidant enzymatic
defense systems (glutathione peroxidase, superoxide dismutase catalase) in HFD rat models and elevated levels of oxidative
stress biomarkers such as lipid peroxides, reduced glutathione, protein fragmentation and oxidation in high fructose diet-induced
metabolic syndrome.

Authors of a study [19] stated that in rats fed with a Trans Fatty Acid Diet (TFA), the aggregation of lipids in the liver along
with the activities and mRNA expressions of lipogenic factors had decreased following PCA therapy. It was also found that with
PCA treatment the elevated levels of pro-inflammatory cytokines in the liver as a consequence of TFA were reduced dramatically.

On the other hand, PCA was shown to combat the atherogenic action of oxLDL in murine macrophages [26] by its antiapoptotic
action, thereby preventing damage to arterial walls by stimulating p53-dependent apoptosis. It prevents apotosis by counteracting
oxidant distress and activation of caspase. Such findings have significant consequences for managing atherosclerosis by affecting
macrophages in lesioned vessels in order to prevent the initiation and emergence of atherosclerotic plague.

In conclusion, we evaluated the properties of PCA in the reduction of weight gain representing its role as anti-hyperlipidemic
agent, decrease in the levels of cholesterol, serum and hepatic tissue lipid levels in the rats fed with a diet rich in fat and fructose.
This suggests the role of PCA a strong cardioprotective agent in the prevention of atherosclerosis and coronary artery disease
related to hyperlipidemia.
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