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Background: Premna integrifolia Linn. is a medicinal plant of an Ayurvedic importance and proved to have
an anti-inflammatory, anti-diabetic, anti-microbial and hypo-lipidemic activity. Glutathione (GSH) redox
status is an important parameter to assess the antioxidant activity of any neutraceuticals.
Objective: In order to assess the anti-oxidant potential of hydro alcoholic extract (HAE) of P. integrifolia,
this study was aimed to evaluate the GSH redox status in high fat diet induced experimental
atherosclerosis.
Materials and methods: The present study comprises sixty Wistar rats and they were divided into six
groups: the first group served as control, the second group was fed with high fat diet and the third,
fourth and fifth groups were fed with high fat diet along with various concentrations of HAE of 200, 400
and 500 g/kg.b.wt respectively and the sixth group was administered high fat diet along with 10 mg/kg
b.wt of atorvastatin for 30 days. GSH-dependent enzymes like GSH-peroxidase (GPx), GSH-reductase
(GR) and glucose 6-phosphate dehydrogenase (G6PD) were estimated in hemolysate, kidney, heart
and liver of experimental rats.
Results: Analysis of GSH levels showed a significant decrease in hemolysate, heart and kidney (p < 0.05)
and liver (p < 0.01) in high fat-fed rats when compared to control. Activities of GPx, GR and G6PD in
hemolysate and heart (p < 0.001), liver and kidney (p < 0.05) in high fat-fed rats when compared to
control. Dose-dependent increase was observed in rats treated with various concentrations of HAE.
Conclusion: The HAE of root bark of P. integrifolia is proved to have a protective role on antioxidant
defense in high fat diet induced atherosclerosis model. As a whole P. integrifolia increases the GSH
content in a dose-dependent manner and in turn altered the redox cycle.
© 2018 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Atherosclerosis is characterized by an accumulation of choles-
terol deposits in macrophages in large- and medium-sized arteries,
the cholesterol deposition leads to the proliferation of certain cell
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types within the arterial wall that gradually impinge on the vessel
lumen and impede blood flow. The World Health Organization
predicts that global economic prosperity could lead to an epidemic
of atherosclerosis as developing countries acquire Western habits
[1]. Familial hypercholesterolemia is an autosomal dominant
disorder that affects approximately 1 in 500 persons of the general
population [2]. An excessive oxidative stress is characterized by
lipid and protein oxidation in the vascular wall leads to athero-
sclerosis. Oxidation of low density lipoprotein (LDL) is an earlier
event in the process of atherogenesis and it has potentially
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pro-atherogenic activity [3]. The production of reactive oxygen and
nitrogen species by vascular cells, as well as oxidative changes
contributing to important clinical manifestations of coronary artery
disease such as endothelial dysfunction and plaque disruption. A
pathophysiologically important cause for atherosclerosis is oxida-
tive modification which includes poor performance of antioxidant
strategies limiting to atherosclerosis. Oxidative stress is considered
to be a secondary process in the development of atherosclerosis [4].

GSH-redox cycle play an important role in alleviating the free
radical generation during oxidative stress in pathological condition.
The red blood corpuscle (RBCs) are intrinsically prone to oxidative
stress because they are exposed to high oxygen tension, and have a
characteristic structural composition with poly unsaturated fatty
acids in the membrane and antioxidant metal iron in hemoglobin
[5]. However, membrane and cytoplasmic compartments of RBC
have an efficient antioxidant mechanism that maintains their
integrity. GSH play a key role in protecting cells against free radicals
might be due to the nucleophilicity of thiols (-SH) with free radicals
[6]. GSH levels are maintained enzymatically via GR, G6PD, GPx,
glutathione S-transferase (GST) and gamma glutamyl transferase (g-
GT). GSH is converted into oxidized GSH (GSSG) by trans-
hydrogenation and reduction of GSSG is mediated by GSSG reduc-
tase which uses a co-factor, NADPH which is recycled by G6PD via
Pentose phosphate pathway. GPx is responsible for most of lipid
peroxide decomposition in cells and this enzyme protects the cells
from peroxidative damage. Lipooxygenase-induced lipid peroxida-
tion causes suicidal inactivation and further produces oxidation
products which may initiate free radical-mediated secondary re-
actions [7]. Under oxidative stress, the microsomal GST in the cell
can be activated through direct hydroperoxide-mediated S-thio-
lation with GSH and thiol exchange-mediated dethiolation are
imposed by the intracellular GSH redox state [8]. Free radicals are
involved in normal biochemical processes like oxidative reduction
and cellular metabolism; however, they also mediate disease pro-
cesses [9]. Hydrogen peroxide (H2O2) is metabolized by catalase
(CAT) and cellular peroxidases [10]. The contribution of mitochon-
drial oxidants and DNA damage to the progression of atherosclerotic
lesions in human arterial wall and in atherosclerosis-prone mice
[11]. The maintenance of G6PD, phosphoglucose isomerase, and 6-
phosphogluconate dehydrogenase which are generated from
ribose-5-phosphate and the reduction of NADPþ via hexose mono-
phosphate shunt [12]. A plant, P. integrifolia belongs to Verbinaceae
family are rich in flavonoids and bioflavonoids are known for their
antioxidant activities. Methanolic extract of this plant roots showed
in-vitro antioxidant activities such as anti-radical, superoxide scav-
enging, anti lipid peroxidation, hydroxyl radical and nitric oxide
scavenging properties. P. integrifolia is a potential source of natural
antioxidant and its aqueous extract showed a significant antioxidant
activity [13]. Chloroform: methanol (1:1) extract of P. integrifolia
roots showed its beneficial effect on human leucocytes and eryth-
rocytes against H2O2 induced oxidative damage [14]. Hence the
present study was aimed to focus on anti-oxidant mediated activity
of HAE in high fat diet-induced atherosclerosis via GSH redox
system.

2. Materials and methods

2.1. Preparation of plant extract from root bark

The root bark of P. integrifoliawas procured from Indian Medical
Practitioners Co-operative Pharmacy and Stores (IMPCOPS), Chen-
nai, Tamil Nadu, India and authenticated by Shri. C. Arunachalam,
Research Officer (Botany), Captain Srinivasa Murthy Regional Ay-
urveda Drug Development Institute, Chennai and the voucher
specimen (00641/2014) was deposited in the Botany Department.
The coarse powder of root bark of 500 g was soaked in 5L of hydro
alcohol (60:40, v/v; water: ethanol) for 72 h with intermittent
shaking at room temperature. The extract was filtered through
Whatmann No.1 filter paper; the filtrate was evaporated to dryness
and stored in an air-tight container. The percentage yield was
higher (7.6%) at 60:40 (v/v) than that at 50:50 (v/v) and 70:30 (v/v).
Therefore, the ratio of 60:40 was chosen for the following study.

2.2. Animals

Wistar rats of 6e8 weeks of age were purchased from King's
Institute of Preventive Medicine, Guindy, Chennai-600032, India.
Experiment was conducted in 60 rats (30 males þ 30 females), 10
rats (5M þ 5F) in each group. The rats were maintained in insti-
tutional animal house facility with 12 h light/dark cycles. Temper-
ature was maintained at 25 ± 3 �C and feeding schedule consisted
of rat pellet diet and water ad libitum. HAE, atorvastatin and vehicle
(0.5% SCMC) were administered orally for 30 days using gavage and
SCMC was served as a solvent. The proposal was duly approved by
the Institutional Animal Ethical Committee as per CPCSEA guide-
lines (Registration No. IAEC/CSMDRIAS/10/2014) prior to initiation
of experiments.

Group I- Control group (Rats fed with 0.5% SCMC).
Group II- High fat-fed rats.
Group III- High fat-fed rats treated with 200 mg HAE/kg b.wt.
Group IV- High fat-fed rats treated with 400 mg HAE/kg b.wt.
GroupV- High fat-fed rats treated with 500 mg HAE/kg b.wt.
Group VI- High fat-fed rats treated with 10 mg of Atorvastatin/

kg b.wt.

2.3. Atherosclerosis model

Rats were fed with atherogenic diet consisting of 2.0 g of
cholesterol, 8.0 g of saturated fat and 0.1 g of calcium were mixed
thoroughly with 90 g of powdered standard commercial pellet
diet. The rats were fed with high fat diet along with weekly
challenge of oral vitamin D (3,00,000 IU) through per oral route
[15]. Feed was prepared daily and intake was recorded. Acute
toxicity study was performed based on the OECD guideline 423.
No toxicity was found at the maximum dose level and the ther-
apeutic dose was calculated.

2.4. Biochemical analysis

At the end of experimental period (i.e.31st day) 4 mL of blood
sample was collected in an EDTA-K2 tube from retro-orbital plexus
under mild ether anesthesia. Plasma was separated using cooling
centrifuge (Remi C-24) at 3000 rpm for 10 min at 4 �C, the bottom
portion of red blood cells were washed with ice cold phosphate
buffered saline (0.1 M; pH 7.4) in a high speed cooling centrifuge
and this procedure was repeated till the red cell pellet changed to
pale red color. The pellet obtained was suitably diluted with
phosphate buffered saline and used for the estimations. Tissues
such as liver, heart and kidney were removed and homogenized
using Teflon homogenizer samples were kept on crushed ice until
analysis. Biochemical parameters like GSH [16], GPx [17], GR [18],
G6PD [19] and total protein [20] were estimated in the liver, heart
and kidney by standard procedures using UV-Visible Spectropho-
tometer (PerkineElmer Lambda EZ-201).

2.5. Statistical analysis

Statistical analysis was carried out using graph pad prism
software, version 5. All the values were expressed as mean ± SD
(n ¼ 10). Analysis of variance (ANOVA) was used for multiple
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comparison of treatment groups with the vehicle control and
disease control followed by Dunnett's test. p < 0.05 was considered
to be statistically significant.
3. Results

3.1. P. integrifolia extract increases the GSH levels

Levels of GSH in hemolysate, liver, heart and kidney are depicted
in Fig. 1. The level of GSH in hemolysate was significantly decreased
in high fat-fed rats (p< 0.05) when compared to control. The levels of
GSH was significantly reduced in liver (p < 0.01), heart and kidney
(p < 0.05) of high fat-fed rats than that of control and significant
increasewas noticed in high fat-fed rats treatedwith 500mg/kg.b.wt
(p < 0.05) of heart and liver than that of high fat-fed rats.
3.2. P. integrifolia extract increases the GPx activity

Activity of GPx in hemolysate, liver, heart and kidney are shown
in Fig. 2. The activity of GPx in hemolysate was significantly
decreased in high fat-fed rats (p < 0.001), high fat-fed rats treated
with atorvastatin (p < 0.01) than that of control and significantly
increased (p < 0.05) in high fat-fed rats treated with 200, 400 and
500mg/kg b.wt of HAE than that of rats fedwith high fat-diet alone.
The activity was significantly decreased in liver (p < 0.05) and heart
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Fig. 1. Analysis of GSH levels in hemolysate, liver, heart and kidney. Values are compared wit
G-II: Atherosclerosis induced rats; G-III: Atherosclerosis induced rats treated with 200mg H
Atherosclerosis induced rats treated with 200mg HAE/kg b.wt; G-VI: Atherosclerosis induced ra
of high fat-fed rats (p < 0.001) and heart of high fat-fed rats treated
with atorvastatin (p < 0.05) than that of control. The enzyme
activity was significantly increased (p < 0.05) in high fat-fed rats
treatedwith 200mg, 400 and 500mg/kg.b.wt of HAE of hemolysate
and 500 mg/kg.b.wt of HAE in heart than that of rats fed with high
fat-fed diet alone.
3.3. P. integrifolia extract increases the GR activity

Activity of GR in hemolysate, liver, heart and kidney are depicted
in Fig. 3. The activity of GR in hemolysate (p < 0.001), heart
(p < 0.01), liver and kidney (p < 0.05) was significantly reduced in
high fat-fed rats and high fat-fed rats treated with 200 mg/kg.b.wt
HAE (p < 0.01) than that of control. The activity of GR was signifi-
cantly increased in high fat-fed rats treated with 500 mg (p < 0.01)
of hemolysate than that of high fat-fed rats. Dose-dependent
increase was observed in group high fat-fed rats treated with
500mg/kg.b.wt (p < 0.05) than that of high fat-fed rats treatedwith
200 mg/kg.b.wt HAE.
3.4. P. integrifolia extract increases theG6PD activity

Activities of G6PD in hemolysate, liver, heart and kidney are
shown in Fig. 4. Activities of G6PD was decreased in hemolysate
(p < 0.001), liver (p < 0.05), heart (p < 0.01) of high fat-fed
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rats when compared to control. The activity was significantly
increased in high fat-fed rats treated with 200, 400 and 500 mg/
k.b.wt (p < 0.01) and high fat-fed rats treated with atorvastatin
(p < 0.05) in hemolysate and heart of high fat-fed rats treated
with 500 mg/kg.b.wt (p < 0.05) when compared rats fed with
high fat diet alone.

4. Discussion

Reactive oxygen species (ROS) are key mediators of signaling
pathways that underlie vascular inflammation in atherogenesis,
starting from the initiation of fatty streak development, through
lesion progression, to ultimate plaque rupture. The pathophysio-
logical consequences of GSH depletion promote generation of
reactive oxygen species and oxidative stress with the subsequent
cascade effects affecting the functional and structural integrity of
cell [21]. In the present study, GSH levels in hemolysate, liver, heart
and kidney were decreased in high fat-fed rats. GSH acts as a
substrate for GPx, catalase, GST and GR. Catalase and GPx catalyze
the conversion of H2O2 to water [22]. During the reduction of H2O2,
GSH is converted into GSSG, thus reverted back by GR [23]. H2O2
produced may further metabolized by catalase mediated mecha-
nism [24]. GR is also essential for the maintenance of GSH level
in vivo [25]. An association between oxidative stress and the
development of a pro-inflammatory state may demand the utili-
zation of intracellular GSH [26,27]. GSH-dependent antioxidant
system is impaired in atherosclerotic vessels were reported [28].
The respiratory epithelium regulates enzymes involved in
maintaining redox equilibrium [29]. Lipid peroxidation and
atherogenesis is preceded by the depletion of GSH in the atheroma-
prone aortic arch, further supporting a critical role of GSH-
dependent antioxidant system in protecting the vasculature
against atherosclerosis [30]. GSH is required to counteract the
deleterious effects of oxidative stress induced during atherogen-
esis. Supportive evidence showed that an important role of free
radicals in ischemic injuries and tissue injury and hence the present
study is in agreement with other findings.

The decomposition of lipid peroxides causes deleterious effects
in cells and GPx may protect the cell from those effects. It was
observed that a significant decrease in the level of GPx in athero-
sclerosis induced rats of the present study may be due to the
deficiency of the GSH-dependent GPx does not appear to increase
the severity of atherosclerosis [31]. The disruption of antioxidant
system in atherosclerotic vasculature may occur at an initial stage
in GSH homeostasis or the GSH redox state. Selenium-dependent
GPx and GR activity was dramatically reduced in human athero-
sclerotic plaques than in the normal arteries [32]. Oxygen free
radicals have been implicated in the development of hyper-
lipedimic atherosclerosis. The present study did not show any
significant change in quenching of free radicals by atorvastatin
during the ingestion of high fat diet fed rats. The activity of GPx of
our present study coincides well with the above findings.

High fat diet is accompanied by an increase oxidative stress in
tissues which is characterized by a reduction in antioxidant enzyme
activities and GSH levels, correlate with the increased MDA levels in
most tissues [33]. Same observations were noticed in the present
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study (un published data). In addition, NADPH-dependent GR has
the main role in repairing the cell from oxidative stress induced
damage [34]. An imbalance between oxidants and antioxidants
within the cell are due to some pathological conditions of the body
[35]. The dysregulation of the GSH redox system is likely to impact
any cell functions that rely on thiol redox-sensitive signaling path-
ways [36]. The formation of atherosclerotic lesions is associated
with increased production of reactive oxygen species (ROS) and the
accumulation of lipid and protein oxidation products-processes
suggesting that oxidative stress plays a central role in atherogen-
esis [37]. The role of the GSH-dependent antioxidant system and
GSH/GSSG redox ratio as a causative factor in the development of
atherosclerotic lesions. This fundamental mechanism includes GSH
synthesis and export, and the regeneration of GSH by GR [38,39].
Present study showed a significant reduction in the GR activity
in tissues and blood indicates GR also play an emerging role in
alleviating the oxidative stress induced during atherosclerosis.

G6PD activity is rapidly upregulated in response to the initial
stage of oxidative stress, presumably tomaintain GSH in its reduced
form [40e42]. Acute oxidative stress is often accompanied by
depletion of GSH and induction of G6PD activity. In such cases
inhibiting G6PD may limit GR activity which regenerates GSH via
mechanisms by which GSH levels are maintained [43]. GSH syn-
thesis is induced by oxidized-LDL in macrophages and known to be
upregulated by oxidative stress [29] hence increased GSH levels are
compensated by increased de novo synthesis. G6PD deficiency
contributes to high blood pressure and lower serum high density
lipoprotein cholesterol which leads to cardiovascular mortality
associated with atherosclerosis [44]. Emerging evidence suggests
that the GSH redox state of the vasculature plays a crucial role in
the development of atherosclerosis. These data suggest that
improving GSH homeostasis and strengthening the GSH redox state
protects against cardiovascular disease.

Treatment with HAE of P. integrifolia increases the GSH content,
which in turn protects the cellular proteins against oxidation
through GSH redox cycle and also directly detoxifies the reactive
oxygen species generation on high fat diet. Simultaneous treatment
with HAE brought these levels to near normalcy. GR activity is
directly proportional to the concentration of the drug was clearly
noticed and the higher doses of drug treatment showed a better
prognosis in atherosclerotic conditions. P. integrifolia roots are the
potential source of natural antioxidants which would be helpful in
treating and preventing many free radical mediated diseases [45].
GSH is required to counteract the deleterious effects of oxidative
stress. This may be the reason for the non-significant reduction of
GSH levels at low dose (200 mg/kg) of HAE treatment. It is clearly
depicted that the HAE treated rats showed increased activities of
GSH-dependent enzymes when compared to high fat diet induced
rats. Hence HAE of P. integrifolia protects liver from the free radical
damage at the higher dose level (400, 500 mg/kg). This could be
due to P. integrifolia inhibited the free radicals mediated lipid per-
oxidation and preserved the antioxidant enzyme status. This
ameliorative effect of drug on tissue lipid peroxidation may be used
as a therapeutic tool in the management of various pathological
complications in which induction of oxidative stress is the major
contributing mechanism [46]. The HAE of root bark of P. integrefolia
individually maintains the lipids, lipoproteins through metabolic
and cardioprotective key enzymes [47,48]. LDL oxidation may be
prevented by HAE of this plant inturn protects the GSH-dependent
enzymes via GSH redox cycle.
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5. Conclusion

The present study showed a significant decrease in the GSH-
dependent enzyme activities in high fat fed rats and the activities
were improved on the treatment of HAE of P. integrifolia L. A dose
dependent increase in the activities of GSH-dependant enzymes
were noticed in rats treated with HAE. Further study on activity-
guided fractionation of P. integrifolia L. will be helpful in finding
the exact component involved in the maintenance of GSH-redox
status in atherosclerosis induced rats.
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