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Background: Entada phaseoloides is a well-known medicinal plant traditionally used in Ayurvedic med-
icine for centuries.
Objective: To evaluate the anti-stress activity of seeds of E. phaseoloides in endoplasmic reticulum stress
during chronic restrain stress in mice, based on our preliminary screening.
Materials and Methods: Mice (n ¼ 6/group) were restrained daily for 6 h in 50 ml polystyrene tubes for
28 days. Methanolic extract of E. phaseoloides (MEEP) (100 and 200 mg/kg, p.o.) and standard drug,
imipramine (10 mg/kg i.p.) were administered daily 45 min prior to restrain from day 22e28. Then,
forced swim test (FST) was performed to assess despair behavior. Lipid peroxidation (LPO) and antiox-
idant enzymes Reduced glutathione (GSH), Superoxide dismutase (SOD) were measured in the hippo-
campus of mice. 78 kDa Glucose-regulated Protein, 94 kDa Glucose-regulated Protein, C/EBP homologous
protein, Caspase-12 expression were quantified by Real Time PCR.
Results: MEEP significantly reduced the immobility time in FST (P < 0.001). Significant reduction of LPO
(P < 0.05) level and restored antioxidant enzymes viz. GSH (P < 0.001) and SOD towards vehicle control
group were observed. Down-regulation of genes GRP 78, GRP 94 (P < 0.001), CHOP and Caspase-12
(P < 0.001) as compared to the chronic restrain stress group was evident, which were upregulated
following treatment. Isolation of the active components of the seeds revealed the presence of Oleic acid
(1), Entadamide A (2), Entadamide A-beta-D-glucopyranoside (3) and 1-O-protocatechuoyl-b-D-glucose.
Conclusion: MEEP altered endoplasmic reticulum stress in chronic restrain stressed mice; however, as an
antidepressant it showed a weaker response.
© 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

Depression is a prevalent psychiatric dysfunction that is man-
ifested by various symptoms including depressed mood, loss of
interest, feelings of guilt, disturbance of sleep and appetite, low power
andpoor centralization, interferingwith normal function in day to day
life [1]. According to the World Health Organization (WHO), depres-
sion will become the second factor contributing to the disability of
ary University, Bangalore.

lore and World Ayurveda Foundat
es/by-nc-nd/4.0/).
disease in 2020 [2]. One of the most important factors for the
depressive-like behaviour leading to various disorders is oxidative
stress [3].

The Endoplasmic Reticulum (ER) organelle contained in the
eukaryotic cell serves as the main site for synthesis of steroids,
cholesterol and other lipids and also facilitates protein folding and
maturation. Homeostasis in the ER is regulated through a syn-
chronized adaptive programme, known as unfolded protein
response (UPR) [4e6]. Disturbances in ER homeostasis affect the
protein folding and can lead to the ER stress and elicit apoptotic
signals. ER stress has been implicated in the pathogenesis of dia-
betes, ischemic and neurodegenerative disorders like Parkinson's
and Alzheimer's disease [7].
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Chronic restrain stress can lead to depressive-like behavior by
causing cell death, neuro-inflammation and neurotoxicity, involves
multiple factors such as Pro-inflammatory cytokines (IL-1b, IL-6,
TNF-a, IFN-g), Ca2þ ion release and generation of Reactive
Oxygen Species. These events cause subsequent involvement of the
activation of ER-resident caspase-12, caspase-3 [8,9].

African dream herb, Entada rheedii, shares its medicinal prop-
erties with Entada phaseoloides [10]. However scientific validation
is not reported so far. The plant produces, varying quantities,
saponins, fatty oils and other potentially psychoactive alkaloids
[10]. Moreover, this herb is believed to have magico-religious be-
liefs [11]. This forms the basis of our study.

E. phaseoloides (Linn.) Merr. (Family: Fabaceae) is a well-
known traditional medicinal plant distributed throughout the
sub-Himalayan tract, in the monsoon forest of Western and
Eastern Ghats and also in Andaman & Nicobar islands. The use of
E. phaseoloides as folk lore/traditional remedy for various disease
conditions and multifarious medicinal properties has been re-
ported from time to time. Almost all of the parts this plant is used
in indigenous systems of medicine, the people in tropical and
sub-tropical regions of countries made preparations for the
treatment of a wide variety of illnesses, including haemorrhoids,
stomach ache, toothache, spasm, gastritis, and lymphadenitis
[12]. Investigations on the chemical constituents of this plant
have yielded saponins, flavonoids, and terpenoids [13e16].
Dawane et al., 2012 [17] studied the effect of two formulations of
E. phaseoloides seeds after topical application in ‘mono-
iodoacetate-induced osteoarthritis in rats, since arthritis is a very
common clinical condition affecting both sexes and all ages. It is
rich in protein, minerals [18], which is higher than FAO
recommendation.
2. Materials and methods

2.1. Drugs

Imipramine hydrochloride was procured from SigmaeAldrich
Corp., (St Louis, USA). The drug was prepared fresh on the day of
the experiment. All other chemicals used were of analytical grade.
2.2. Animals

Healthymale Swiss albinomiceweighing between 30.0 ± 5.0 gm
were obtained from the animal facility of the Department of Phar-
macology & Toxicology, College of Veterinary Science, Khanapara,
Assam. The experimental protocol was approved by the Institutional
Animal Ethics Committee (IAEC) of College of Veterinary Sciences,
Assam Agricultural University, Khanapara (no.770/ac/CPCSEA/FVSc,
AAU/IAEC/15-16/367). All the animals were kept in polypropylene
cages andhad free access to standard balanced ration, clean drinking
water ad libitum in standard laboratory conditions (12:12 h light/
dark cycle at ambient temperature (22e25 �C)). The animals were
acclimatized for two weeks prior to the commencement of the
experiment.
2.3. Plant collection and identification

The dried seeds of E. phaseoloides were collected from local
market during the month of AprileMay, 2016 and identified by
taxonomist Dr. Iswar Chandra Barua, Principal Scientist, Depart-
ment of Agronomy, Assam Agricultural University, Jorhat, Assam; a
voucher specimen (AAU-NW-EVM-3) was deposited and kept at
the herbarium of the Department of Agronomy, Assam Agricultural
University, Jorhat-785013, Assam.

2.4. Preparation of methanolic extract

After removing the kernel from the seeds, they were shade dried,
powdered mechanically, weighed and stored in airtight container.
Then, 250 gm of powderedmaterial was soaked in 1000ml methanol
for 72 h in a beaker and mixture was stirred every 18 h using a sterile
glass rod. The Filtrate was obtained three times with the help of
Whatman filter paper no.1 and the solvent was removed by a rotary
evaporator (BUCHI, R-210, Labortechnik AG, Meierseggstrasse
Switzerland) under reduced pressure, leaving a dark brown residue
(MEEP). It was stored in airtight container at 4 �C until use. The re-
covery percentagewith respect to dry powderwas found to be 26.52%
w/w.

2.5. Drug treatments and experimental design

2.5.1. Acute toxicity studies
The acute toxicity studies of methanolic extract of

E. phaseoloides were performed according to the Organization of
Economic Corporation Development (OECD) Guidelines No.423 by
using female albino mice (20e30 g). The extracts were adminis-
tered orally at 2000 mg/kg to a group of mice (n ¼ 3) and the
percentage mortality, if any, was recorded. The animals were kept
under observation for the next 14 days for mortality or gross ab-
normality with the given doses. Based on the acute toxicity study,
100 and 200 mg/kg oral dose were selected for the present study.

2.5.2. Treatment schedule
Animals were divided into five groups (n ¼ 6 per group) and

were restrained for 6 h up to 28th days with the help of 50 ml
polystyrene tubes. Groups were namely, vehicle control, Restrain,
Standard group imipramine (10 mg/kg, i.p.), MEEP (100 and
200 mg/kg, p.o.). Dosing of the extract was started on 22nd day of
restrain and continued up to 28th day. The drugs were administered
daily 45 min before stress regimen, for 7 consecutive days.

2.6. Behavioural studies

Forced swim test (FST) was performed after 24 h of last restrain
to assess the despair behavior of the rodents [19e21]. Each animal
was placed in an inescapable cylinder of diameter 10 cm, filled with
water (25 �C) up to 15 cm for the total time period of 6 min, starting
2minwere considered as acclimatization period and observation of
last 4 min was taken into account to assess stressful behavior. After
every single animal enactment, the water of the cylinder was
changed. The activities of animals were videotaped and time of
immobility was recorded (Any Maze software, Stoelting Co., USA).
The body weight of the animals was taken on the first day of the
experiment and on the last day of the experiment. The animals
were sacrificed with a high dose of anaesthesia. The brains were
immediately removed; hippocampus was dissected out, homoge-
nized with ice-cold phosphate buffer solution (PBS) (pH 8). The
homogenates (10% w/v) were centrifuged at 10,000 rpm for 15 min
and the supernatant was used for the biochemical estimations.

2.7. Enzyme assays

2.7.1. Assessment of oxidative stress marker and antioxidant status
Lipid peroxidation in the brain homogenate was estimated

colorimetrically by thiobarbituric acid reactive substances (TBARS)
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[22]. The optical density was measured spectrophotometrically at
532 nm (MULTISCAN GO, Themo fisher Scientific). The values were
expressed as nM of Malondialdehyde (MDA)/mg of protein. The
total protein was estimated by the method of Bradford et al. [23].
Reduced glutathione (GSH) was estimated by Moron et al. [24]. The
concentration of GSH was expressed as mg of glutathione/mg pro-
tein. SOD was estimated by the method of Marklund and Marklund
[25]. The enzyme was expressed in terms of units/mg of protein.

2.8. Quantitative Real Time PCR

The mRNA expression levels of the genes encoding 78 kDa
Glucose-regulated protein, 94 kDa Glucose-regulated protein, C/
EBP Homologous protein and Caspase-12 in the hippocampus were
measured by Real time PCR (7500 Real Time PCR system, Applied
Biosystems). The total RNA was isolated from the hippocampus
using TRIzol (Ambion) and 1 mg of total RNA was reverse tran-
scribed using Revert Aid First Strand cDNA synthesis kit (Thermo
Scientific). Real time PCR was performed using the SYBR Green PCR
Master Mix (Thermo Scientific) and amplification was performed
using a standard protocol with the Real time PCR system. The
Primers adopted from National Centre for Biotechnology Informa-
tion (NCBI) by Primer BLAST (ILS primers, India) used for amplifi-
cation were: (Table 1).

The thermal cycler conditions were as follows: 2 min at 50 �C
and then 10 min at 95 �C followed by two-step PCR for 40 cycles
consisting of 95 �C for 15s and then 60 �C for 1min. All the reactions
were performed in duplicate. The results were expressed relative to
b-actin as internal control.

2.9. Statistical analysis

Results are expressed as mean ± SEM. Statistical analysis was
performed by One way analysis of variance (ANOVA) followed by
post hoc Tukey's multiple range tests, using Graph Pad Prism
software version 5.0 (San Diego, CA, USA). Results were considered
statistically significant when p < 0.05.

2.10. Isolation of compounds from Entada phaseoloides

The methanolic extract (10 gm) was subjected to column
chromatography (silica gel, 100e200 mesh, eluting with hexane/
EtOAc mixture of increasing polarity) to give 40 column fractions.
Column fractions were analyzed by TLC (silica gel 60 F254, hex-
ane: EtOAc, 60:40), and fractions with similar TLC patterns were
combined to give five major fractions (F1, F2, F3, F4, F5). Fractions
F4 was subjected to repeated column chromatography eluting
with EtOAc: hexane (19:81) to yield compound 1. Fraction F3 was
subjected to Column chromatography (CC) on silica gel (100e200
mesh) using a hexane-EtOAc (10:0-6:4) to yield sub fractions B1
and Compound 2. Subfraction B1 was then purified by preparative
Table 1
List of Oligonucleotide primer sequences for target genes used in Real Time PCR.

SL No Gene of interest Primer sequences

1. GRP 78 Forward 50- GTTTGCTGAGGAAGACA
50- CACTTCCATAGAGTTTGCTGATAA

2. GRP 94 Forward 50- TGGGTCAAGCAGAAAGG
Reverse 50- TCTCTGTTGCTTCCCGACT

3. CHOP Forward 50- GGAGCTGGAAGCCTGGT
Reverse 50- TCCCTGGTCAGGCGCTCG

4. Caspase-12 Forward 50- GAAGGAATCTGTGGGGT
Reverse 50- TCAGCAGTGGCTATCCCT

5. b-actin Forward 50- AGCCATGTACGTAGCCA
Reverse 50- CTCTCAGCTGTGGTGGTG
TLC with CHCl3: MeOH (90:10) to get compound 3. Repeated
purification of fraction F4 on silica gel (230e400 mesh) using
CHCl3: MeOH (yu90:10) followed by Preparative HPLC, yielded
compound 4.

Oleic acid (1): Light yellow oil, 1H-NMR (500 MHz, CDCl3) d:
5.35 (2H, m), 2.33(4H, m), 2.01 (4H, m), 1.64 (4H, m),1.37e1.22(H,
m), 0.88 (3H, t, J¼ 7.1&6.2 Hz). 13C NMR (CDCl3, 75MHz) d:180.55,
129.93, 129.63, 34.11, 31.91, 29.76, 29.66, 29.60, 29.53, 29.37, 29.32,
29.14, 29.05, 27.20, 27.13, 24.64, 22.67. HR-ESI-MS m/z: 305.2456
(Calcd for C18H24O2Na: 305.2451).

Entadamide A (2): White amorphous powder, 1H-NMR
(500 MHz, CDCl3) d: 7.62 (1H, d, J ¼ 14.5 Hz), 6.44(1H, br s),
5.69(1H, d, J ¼ 14.6 Hz), 3.71(2H,m), 3.46 (2H, m), 2.32 (3H,s). 13C
NMR (CDCl3, 75 MHz) d:165.80, 143.67, 115.31, 62.46,42.49, 14.60.
HR-ESI-MS m/z: 162.0589 (Calcd for C6H12NO2S: 162.0583).

Entadamide A-beta-D-glucopyranoside (3): White amorphous
powder, 1H-NMR (500 MHz, CD3OD) d: 2.33 (3H, s), 3.27 (1H, m),
3.29 (1H, m,), 3.35 (1H, m), 3.37 (1H, m), 3.46 (1H, m), 3.72 (2H, m),
3.90(1H, m), 3.96 (1H, m), 3.99 (1H, m,), 4.29 (1H, d, J¼ 7.9 Hz), 5.85
(1H, d, J ¼ 14.58 Hz), 7.59 (1H, d, J ¼ 14.58 Hz). 13C NMR (75 MHz,
CD3OD): d 165.58, 142.31, 114.83, 102.39, 75.8, 75.67, 72.97, 69.36,
68.23, 60.74, 38.92, 13.4. HR-ESI-MS m/z: 346.0946 (Calcd for
C12H21NO7S: 346.0931).

1-O-protocatechuoyl-b-D-glucose (4): Colour less gummy, 1H-
NMR (500 MHz, DMSO-d6) d:6.91(1H, d, J ¼ 8.68 Hz), 6.59(1H, brs),
6.48 (1H, dd, J¼ 8.6& 2.5), 4.47(1H, d, J¼ 6.8), 3.69(1H,m), 3.47(1H,
m), 3.37(1H, m), 3.18(3H, m). 13C NMR (75 MHz, CD3OD) d:174.56,
152.15, 148.65, 129.14, 117.64, 117.12, 112.84, 103.74, 76.96, 76.45,
73.43, 69.74, 60.88.

3. Results

3.1. Chemistry

The fractionation and purification led to the isolation of 4
compounds in the crude methanolic extract from the seeds of
E. phaseoloides. The structures of isolates were established using IR,
MS, 1D and 2D NMR spectroscopic techniques. After comparing
their spectral data with those reported in the literature [26] they
were identified as known compounds (Fig. 1) and confirmed as
Oleic acid (1), Entadamide A (2), Entadamide A-b-D-glucopyrano-
side (3) and 1-O-protocatechuoyl-b-D-glucose (4).

3.2. Effect on immobility time in the forced swim test

Chronic restrain group showed a behavioral despair revealed by
significant (128 ± 2.66 s, p < 0.001) increase in immobility time in
FST as compared to vehicle control group (48.30 ± 1.708 s). Pre-
treatment with MEEP 100 and 200 mg/kg reduced stress-induced
increase in immobility duration (115.7 ± 4.046 s, p < 0.05 and
101.7 ± 2.414 s, p < 0.001). The result is presented in Fig. 2.
Accession No Product size (bp)

AAAAGCTC-30 Reverse
TTG-30

NC_000068 331

AG-30

T-30
NM_011631 212

ATGAGG-30

ATTTCC-30
NM_007837 150

GAA-30

TT-30
NM_009808 194

TC-30

A-30
NM_007393 228



Fig. 1. The structures of the most active compounds identified by NMR as followed:
Oleic acid (1), Entadamide A (2), Entadamide A-b-D-glucopyranoside (3), 1-O-proto-
catechuoyl-b-D-glucose (4).

Fig. 3. Effect of methanolic extract of Entada phaseoloides (MEEP 100 and 200 mg/kg)
and of imipramine (10 mg/kg i.p.) pre-treatment on body weight of mice in ER stress.
Values represent the Mean ± SEM. of six animals for each group. ###p < 0.001,
##p < 0.01, #p < 0.05 compared with vehicle control. *p < 0.05; **p < 0.01; ***p < 0.001
compared with chronic restrain group.
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3.3. Effect of change in body weight

A significant loss in body weight (�3.503 ± 0.495 gm, p < 0.001)
was observed in the restrain group when compared with the
vehicle control group (2.380 ± 0.465 gm). The standard drug
treated group, Imipramine significantly (0.457 ± 0.264 gm,
p < 0.001) increased body weight when compared to the chronic
restrain group, however, MEEP failed to show positive effect
on weight gain at both the doses (MEEP 100 and 200 mg/kg
(�3.453 ± 0.583 gm; �2.463 ± 0.22 gm)), signifying weaker
activity. The result was presented in Fig. 3.
3.4. Oxidative stress markers

3.4.1. Effect of MEEP on lipid peroxidation
There was significant increase in MDA level (7.68 ± 0.61 nM/mg

protein, p < 0.01) in the hippocampus of chronic restrain group
when compared to vehicle control group (3.99 ± 0.52 nM/mg
protein). Imipramine showed significant (4.25 ± 0.38 nM/mg
protein, p < 0.01) decrease in MDA level. MEEP 100 and 200 mg/kg
Fig. 2. Effect of methanolic extract of Entada phaseoloides (MEEP 100 and 200 mg/kg)
and imipramine pre-treatment on force swimming test in mice in ER stress model.
Values represent the Mean ± SEM. of six animals for each group. ###p < 0.001,
##p < 0.01, #p < 0.05 compared with vehicle control. *p < 0.05; **p < 0.01; ***p < 0.001
compared with chronic restrain group.
significantly reduced the MDA level (5.712 ± 0.135 nM/mg protein,
p < 0.05; 4.95 ± 0.05 nM/mg protein, p < 0.001) when compared to
the chronic restrain group. The result is presented in the Fig. 4a.

3.5. Antioxidant enzymes

3.5.1. Effect of MEEP on reduced glutathione
There was significant depletion (1.14 ± 0.1 mg/mg protein,

p< 0.001) in the level of reduced glutathione in the hippocampus of
chronic restrain stress group when compared to vehicle control
group (3.20 ± 0.22 mg/mg protein). Imipramine (2.80 ± 0.25 mg/mg
protein, p < 0.001) and MEEP 100 and 200 mg/kg, significantly
increased (1.646 ± 0.08 mg/mg protein and 1.878 ± 0.1 mg/mg pro-
tein, p < 0.05) GSH level when compared to the chronic restrain
stress group. The result is presented in the Fig. 4b.

3.5.2. Effect of MEEP on super oxide dismutase
The level of super oxide dismutase was decreased significantly

(1.09 ± 0.08 U/mg protein, p < 0.01) in the hippocampus of stress
group when compared to vehicle control (3.210 ± 0.61 U/mg pro-
tein). Imipramine (2.95 ± 0.36 U/mg protein, p < 0.01) as well as
MEEP (100 and 200 mg/kg) showed elevation (2.06 ± 0.06 U/mg
protein and 2.25 ± 0.11 U/mg protein) of SOD level than the stress
group. The result is presented in the Fig. 4c.

3.6. Quantitative Real Time PCR

3.6.1. Effects of MEEP on GRP 78, GRP 94, CHOP, Caspase-12 gene
expression by Real Time PCR

The Quantitative Real Time PCR analysis of GRP 78, GRP 94,
CHOP, Caspase-12 gene expression is presented in the Fig. 5(aed).
The Restrain group significantly upregulated the hippocampal gene
expressions of the GRP 78 (p < 0.01), GRP 94 (p < 0.001), CHOP
(p < 0.001), and Caspase-12 mRNA (p < 0.001) compared with the
vehicle control group. However, pre-treatment with MEEP down
regulates the mRNA expression of GRP 94 (MEEP 100 mg/kg
p < 0.05 and 200 mg/kg; 1.657 ± 0.06 to 1.533 ± 0.06 fold change
p < 0.01) and Caspase-12 (MEEP 100 mg/kg; p < 0.001 and 200 mg/
kg; 1.423 ± 0.04 to 1.373 ± 0.04 fold change p < 0.001) genes in the
hippocampal tissues of mice, similar to that of standard drug
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Imipramine as compared to the Restrain mice. It also down regu-
lates GRP 78 (1.370 ± 0.05 to 1.327 ± 0.05 fold change) and CHOP
(1.643 ± 0.05 to 1.54 ± 0.03 fold change) mRNA expression more
significantly in Imipramine treated group rather than MEEP treated
groups.

4. Discussion

Several clinical reports suggest that prolonged exposure to
stressful states, which is a common risk factor, could provoke the
development of major depression [27e29]. The progressive hypo-
thalamic pituitary adrenal (HPA) abnormalities caused by traumatic
stress or chronic stress trigger behaviors and emotions related to
depression and anxiety, which might result in prolonged cortisol
hypersecretion resulting neuronal death and hippocampal atrophy
observed in depressed individuals [30,31].

Several studies have demonstrated that different kinds of stress,
including restraint stress, cause impairment in the antioxidant
status in the brain [32e35] which could be prevented by antide-
pressant drugs available commercially; but they generate severe
side effects and thus it becomes necessary to develop new drugs
with minimum adverse effects and better effectiveness.

In our phytochemical study, 4 compounds have been isolated
and identified in the active compound. Oleic acid isolated from the
seeds of E. phaseoloides has many positive effects on health. Few
reported its usefulness for proper brain function [36,37]. A study
reported 6.2% decline in oleic acid in the postmortem brains of
patients who had been suffering from major depressive disorder
when compared to normal brain [36]. Another study reported that
a diet rich in oleic acid reduces age-related changes in the brain's
mitochondria. This might prove that the cytoplasmic concentration
of oleic acid will not have any other possible side effects [37].
Consumption of oleic acid replaces other omega fatty acids in the
cell membrane as it is less susceptible to oxidation damage. Oleic
acid protects the cell membrane from free radical and other
oxidative stressors [38]. E. phaseoloides could exert its effect due to
its oleic acid component.

Chronic restrain stress-induced depression model is a reliable
model for studying depression and has been widely utilized in
probing the pathological mechanism of depression and screening
of anti-depressant drugs. The present study was carried out to
investigate the role of ER stress in depression and to study the effect
of imipramine and MEEP (100 and 200 mg/kg, p.o.) on chronic
restrain induced depression. The forced swim test is a behavioral
despair test which has been used extensively to evaluate
depression-like behavior in rodents after exposure to stress. Our
investigation showed that mice subjected to chronic stress
exhibited significant prolongation of immobility time in this
behavioral model. MEEP (100 and 200 mg/kg, p.o.) administration
significantly decreased the duration of immobility time in mice in
FST indicating anti-depressive like effect.

Body weight of the chronic restrain group also decreased than
the vehicle control group; this could be due to an aversion to food
and water intake. The standard drug treated group, (Imipramine)
significantly increased body weight, but our compound failed to
show positive effect on weight gain. Chronic restrain stress stim-
ulates ROS (Reactive oxygen species) which results in the genera-
tion of free radicals. Anti-oxidant enzymes are the powerful
scavengers of free radicals and act as an inhibitor of oxidative
Fig. 4. (aec). Effect of MEEP (100 and 200 mg/kg, p.o.) and Imipramine (10 mg/kg, i.p.)
pre-treatment on LPO, GSH and SOD in mice of chronic restrain stress group. Values
represent the Mean ± SEM. of six animals for each group. ###p < 0.001, ##p < 0.01,
#p < 0.05 compared with vehicle control. *p < 0.05; **p < 0.01; ***p < 0.001 compared
with chronic restrain group.



Fig. 5. (aed). Quantitative expression of a) GRP 78, b) GRP 94, c) CHOP and d) Caspase-12 genes by Real time PCR in different treatment groups viz. vehicle control, restrain,
imipramine, MEEP (100 mg/kg) and MEEP (200 mg/kg) in mice hippocampus with restrain stress. Gene expression was normalized to that of b actin. Values are expressed as fold
change represented as Mean ± SEM (n ¼ 3). Statistical significance was determined by one-way ANOVA followed by Tukey's post hoc test ###p < 0.001 when compared to vehicle
control; ***p < 0.001 when compared to restrain group.
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damage. Several studies have demonstrated that the restrained
stress significantly elevated lipid peroxidation level in the hippo-
campus of mice [39]. In context to this, our results showed that the
restrain stress procedure caused a significant elevation of lipid
peroxidation, as evidenced by the increased amount of TBARS
levels in restrain stress mice, which was averted by MEEP and
imipramine treatment. Thus, the beneficial effects of MEEP on
depressive behavior could be associatedwith its capacity to prevent
the lipid per oxidative damage caused by immobilization stress.

GSH acts as both a nucleophile scavenger of toxic compounds
and as a substrate in the Glutathione Peroxidase (GPx)-mediated
destruction of hydroperoxides [40]. The depletion of GSHwould be
expected to compromise this pathway and may thereby allow
H2O2 to accumulate to toxic levels. The increase in excitotoxicity-
induced free radical load observed under MEEP treatment
contributed to a decline in GPx activity and an increase in GSH
content in the hippocampus. This decline in GPx activity and
elevated GSH content might represent an index of cellular damage
prior to the neuronal death. Altogether, these results indicate a
potential relationship among several oxidative stress-related pa-
rameters in the hippocampus of animals subjected to restrain
stress. Restrain stress reduced the SOD activity in the brain; SOD is
the only enzyme that uses the superoxide anions as the substrate
and produces hydrogen peroxide as a metabolite. Superoxide
anion is more toxic than hydrogen peroxide and has to be
removed. Pre-treatment with MEEP significantly prevented the
reduction of SOD activity in the brain.

GRP 78, CHOP, GRP 94 and Caspase-12 are the classical markers
for stress. The C/EBP homologous protein (CHOP, also known as
GADD153) is a transcription factor that is activated at multiple
levels during ER. CHOP protein is post-translationally activated by
the p38 kinase [41]. Deregulated CHOP activity compromises cell
viability [42] and cells lacking CHOP are significantly protected
from the lethal consequences of ER stress [43,44]. GRP 78 is an ER
chaperone protein regarded as a classical marker of Unfolded
Protein Response (UPR) activation. Overexpression of GRP 78
inhibited the upregulation of CHOP, which plays a key role in
regulating cell growth and implicated in apoptosis.

Caspase-12 exhibits resistance to ER Stress which plays a role in
the process of cell death. Nakagawa et al., (2000) [9] demonstrated
that caspase-12 mediated apoptosis was a specific apoptotic
pathway of ER and m-calpain, might be responsible for cleaving
procaspase-12 [45]. GRP 94, a ubiquitously expressed chaperone,
its increased expression indicates ER-stressed cell priming for
inflammatory interactions, which is quite relevant in our study in
restrain group. Our study depicted that the MEEP can suppress
expression of GRP 94 and Caspase-12 genes by recuperating
Endoplasmic reticulum stress in chronic restrain stress model in
mice. In another study by Jangra et al. (2016), it was reported that
Honokiol treatment reverts endoplasmic reticulum stress in mice
by down regulating GRP78 and CHOP [21]. Hence mechanism of
reverting endoplasmic reticulum stress by MEEP could be different
from Honokiol.

We have observed weaker antidepressant-like property in
lipopolysaccharide induced depressive behavior in mice. However,
memory enhancing activity of the extract showed promising effect.
E. phaseoloides, having many Ayurvedic, folk lore and traditional
medicinal properties, reverted endoplasmic reticulum stress
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possibly due to its antioxidant property and down regulating GRP
94 and Caspase-12 genes.
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