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ABSTRACT

According to the report of World Health Organization, it is expected that depression will be one of the major causes for disability
and disease in the world, by 2030. Currently used drugs will not be effective to the depressive patients, due to their lower efficiency
with side effects. Hence, there is a need to concentrate on natural products to overcome therapeutic hassles. Morin, a bioflavonoid
found in fruits, vegetables, some herbs and wine is reported to have an antidepressant-like effect against acute stress conditions. It
is reported to possess various pharmacological properties such as antioxidant, anti-diabetic, hepatoprotective, anti-cancer and antiinflammatory activities. To understand the antidepressant effect of morin against unpredicted chronic mild stress (UCMS), rats were
divided into normal, UCMS alone, UCMS and morin (30 & 60 mg/kg) and morin alone (60 mg/kg) groups. Serum corticosterone
levels, expression of brain derived neurotrophic factor (BDNF), apoptotic and endoplasmic reticulum (ER) stress related indices
were compared among the groups. UCMS alone exposed rats showed less crossings with diminished activities in open field test
(OFT), increased serum corticosterone levels and enhanced expression of BDNF signaling and ER stress related markers associated
with apoptosis as compared to control. In contrast, morin (60 mg/kg b.w.) cotreatment attenuated UCMS induced abnormalities as
compared to UCMS alone exposed animals. The present results indicated the antidepressant-like actions of morin against UCMS in
rats were partially due to its anti-apoptotic effects by regulating BDNF/Trk-B and ER stress related markers. Moreover the results
of the present study indicated that the morin may act as therapeutic agent for the management of depression alone or with other
currently used antidepressants.

KEY WORDS: Brain derived neurotrophic Factor, Chronic mild
stress, Corticosterone, Endoplasmic reticulum stress, Morin.
INTRODUCTION
Stress is the unavoidable condition affecting the quality
of human life in which the system can acclimatize or fail
to acclimatize day-today hassles, abuse or diseased state
(Sakr et al. 2015). The failure of adaptation or exposure
to prolonged stress leads to development of depression,
ultimately leads to various diseases including Alzheimer's,
Parkinson’s and cardiovascular diseases, diabetes mellitus
and rheumatoid arthritis due to the disturbance in brain
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functions and body physiology (Chakravarty et al. 2013).
The World Health Organization predicted that depression
will be the second most contributing source of disability
and disease in the world by (2030) (Albert and Fiori 2014;
Sheng et al. 2021).
Chronic stress exposure induces numerous reactions inside
the body via activating HPA axis, thereby stimulating
hypothalamic-derived corticotropin-releasing factor (CRF)
secretion. CRF enhances the adrenocorticotropic hormone
secretion from the pituitary gland, which in turn activates
adrenal cortex to release cortisol (Charney 2003; Sheng
et al. 2021). Protein folding and secretion is one of the
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main functions of endoplasmic reticulum. Under various
pathological state such as oxidative stress, a high fat diet,
hypoxia, hypoglycemia, calcium depletion and stress could
impair the protein folding and results in their accumulation,
a condition called as ER stress (Hetz and Papa 2018). It is
shown that both the chronic social defeat stress and UCMS
triggers ER stress and depressive behaviors in rodents (Zhao
et al. 2013; Tan et al. 2015). ER stress and apoptosis are the
key features underlying in the pathology of depression, as
the functions of ER are vigorously impaired under stress
conditions, apoptotic events are stimulated (Hetz et al.
2015). BDNF is the most studied neurotrophin in depressed
conditions, reported to maintain the homeostasis of neuronal
proliferation and death that acts via the activation of two
receptors, (i) tyrosine kinase receptor-B (Trk-B, and (ii)
p75 (Peng et al. 2020).
Unpredictable chronic mild stress (UCMS) exposure to
rats mimics the similar behavioural and neuroendocrine
changes as that of depressive patients (Lee et al. 2015)
and hence used to analyze stress pathology. Hippocampus,
an important brain region, reported to play a key role in
cognitive function that is mainly affected by depression
and anxiety (Biala and Kruk 2009). Incomplete knowledge
about the etiology and progression of depression leads to
unsuccessful treatment. Currently used drug could not used
successfully to the depressive patients, due to their lower
efficiency with side effects (Bschor et al. 2012). Hence,
there is a need to focus on natural products to overcome
therapeutic hassles (Munir et al. 2020).
Morin, a ubiquitous bioflavonoid possesses antioxidant,
anti-diabetic, cardioprotective, nephroprotective,
hepatoprotective, anti-cancer and anti-inflammatory
properties (Rajput et al. 2021). Further, morin exhibited
its neuroprotective effect against amyloid, acrylamide,
haloperidol, glutamate and 1-methyl-4-phenylpyridinium
ion induced toxicity in rodents (Khamchai et al. 2020;
Singaravelu et al., 2021). Previous experiment from our
lab demonstrated that the oral administration of morin
attenuated the UCMS induced behavioural impairments and
oxidative stress by its potent antioxidant activity (Kiruthika
et al. 2021). However to elucidate further molecular
mechanism and confirm its neuroprotective effect, the
antiapoptotic role of morin via ER stress and BDNF/TrkB
mediated pathways were evaluated in this study.

Material and Methods
Male Albino wistar rats (200–225 g) were obtained and
kept in standard conditions at Central Animal House,
Rajah Muthiah Medical College & Hospital, Annamalai
University with food and water ad libitum. The Institutional
Animal Ethics Committee (Reg. No. 160/1999/CPCSEA,
Ethical Clearance No. AU-IAEC/1212/4/18) approved
the protocols of the work. Morin and other chemicals of
analytical grade used in this study were procured from
Sigma-Aldrich, Bangalore, India. Primary antibodies
against glucose-regulated protein 78 (GRP78), spliced
X-box-binding protein-1 (XBP-1), CCAAT/enhancer
binding protein homologous protein (CHOP), cytochome
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c, cleaved caspases 3and 12, bax, BDNF, TrkB, p-TrkB,
p75, β-actin and secondary antibodies were purchased
from Cell Signaling Technology Inc (Beverly, MA, USA).
After the acclimatization phase of one week, thirty rats
were randomized into five groups (n = 6). Group I animals
were kept without disturbance for 42 days under standard
condition. Group II rats were subjected to UCMS for 6
weeks (Lucca et al. 2009; Yang et al. 2017).
Group III and IV rats were exposed to UCMS and oral
administration of morin (30 and 60 mg/kg) (Ola et al.
2014) for 42 days. Group V rats were administered with
morin (60 mg/kg) alone as group IV for 42 days. After
performing the open field test (Rajasankar et al. 2009)
animals were decapitated and blood was collected and
centrifuged for serum separation. It was stored in frozen
condition until biochemical assay was carried out.
Circulatory corticosterone level was quantified by enzyme
immunoassay using a commercial kit procured from
Assay Designs, Inc., Ann Arbor, USA. Hippocampus was
procured, ground in an ice-cold RIPA buffer and centrifuged
to collect the supernatant. Levels of protein were quantified
by Lowry et al. (1951) method. Cellular proteins (50 µg)
were separated using SDS–PAGE. It was blotted to PVDF
membrane, which were developed with blocking buffer
and incubated with primary immunoglobulins of cyto c,
caspases 3 and 12, bax, BDNF, TrkB, p-TrkB, GRP78,
XBP-1, CHOP and p75 with shaking overnight.
The membranes were then incubated with secondary
antibodies for 2 h at 37˚C and washed. Protein bands were
quantified by using chemiluminescence’s method and
obtained bands were scanned and estimated by gel image
analysis program. Data were expressed as mean ± Standard
Error (SEM) of six rats for behavioural and biochemical
studies and of three rats for western blot analysis. The
statistical significance was calculated by one-way analysis
of variance (ANOVA) using SPSS version 15.0 using
Duncan’s Multiple Range Test (DMRT). A value of p<
0.0.5 was considered as a significant difference between
groups and the values not sharing common alphabet differ
significantly with each other.

Results and Discussion
The protective effect of morin on UCMS induced behavioral
despair was assessed by the OFT (Figure 1). In OFT, there
was a significant reduction in the number of peripheral and
central lines crossed, grooming and rearing actions in the
rats subjected to UCMS as compared to control animals.
However, more crossings with enhanced grooming and
rearing activities were exhibited by UCMS and morin (30
and 60 mg/kg) co-treated groups as compared to UCMS
alone rats. Liu et al. (2009) indicated that the rats exposed
to UCMS for 42 days showed depressive behavioral indices
like reduced locomotion and activity. The open field test
is used to measure the deleterious effect of UCMS. The
enhanced score in OFT represents the increased movement,
grooming and rearing activities and lowered state of anxiety
(Duan et al. 2008). In our study, diminished locomotion
and activities were found in the UCMS exposed and morin
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co-administrated rats as compared to UCMS alone exposed
animals, which is corroborated with previous studies (BenAzu et al. 2019; Hassan et al. 2020).
Figure 1: Effect of morin on movements (A, B) and activities
(C) of rats exposed to UCMS.

Checkley (1996) suggested that the enhanced level of
glucocorticoid is one of the main causes of depression in
animal models. Prolonged glucocorticoid administration
induced alterations in both the morphology and functions in
the brain regions thereby inducing depressive like behaviors
(Gregus et al. 2005). Moreover neuronal atrophy stimulated
by glucocorticoids resembles the same as that of depressed
patients (Sapolsky 2000). Successful antidepressant
therapies are connected with the normalization of HPA
axis dysfunction by the reducing serum cortisol levels and
enhancing monoamine levels in UCMS rats (Parker et al.
2003; Nandam et al.2020).
Figure 2: Effect of morin on the levels of circulatory
corticosterone in rats exposed to UCMS.

Figure 3: A. Effect of morin on the expression of apoptotic
markers in rats exposed to UCMS. B. Immunoblot data are
quantified by using β-actin as an internal.

The protective effect of morin on UCMS persuaded
dysfunctions in feedback mechanism regulating endocrine
secretion was indicated by estimating serum corticosterone
levels (Figure 2). UCMS rats showed an increase in the
serum corticosterone levels than the non-stressed control
rats. Morin (30 and 60 mg/kg) administration to UCMS rats
significantly depleted the levels of serum corticosterone as
compared to UCMS exposed rats. Hyperactivation of the
HPA axis causes more secretion of corticosteroids from
the adrenal cortex. Hence corticosterone is considered as
an important marker of the HPA axis hyperactivation that
plays a vital function in the determination of therapeutic
efficacy of antidepressant drugs (Dean and Keshavan 2017;
Nandam et al.2020).
The UCMS induced enhancement of corticosterone levels
were observed in this study is consistent with previous
results having deleterious effect on health as suggested
by Teague et al. (2007). Pariante and Miller (2001) shown
that an increased levels of glucocorticoid is found in
cerebrospinal fluid, plasma and urine of depressive patients.
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To investigate the antiapoptotic effect of morin on UCMS
exposed rats, the expression of apoptotic (bax, caspase
3, cyto c), neurotrophin (BDNF, TrkB, p-TrkB and p75)
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and ER stress (GRP78, spliced XBP-1, CHOP, cleaved
caspase 12) related markers were studied. The protein
expression studies indicated that the elevated expression
of bax, cleaved caspases 3 and 12, cyto c, GRP78, spliced
XBP-1, CHOP and p75, diminished expression of BDNF
and p-TrkB with un-altered expression of total TrkB were
found in the UCMS-exposed rats (p < 0.05). Administration
of morin attenuated UCMS induced alterations in the
expression of apoptotic, neurotrophin and ER stress related
markers (Figure 3, 4, 5).

Figure 5: A. Effect of morin on the expression of ER stress
related markers in rats exposed to UCMS. B. Immunoblot
data are quantified by using β-actin as an internal.

Figure 4: A. Effect of morin on the expression of BDNF,
pTrkB and P75 in rats exposed to UCMS. B. Immunoblot
data are quantified by using β-actin as an internal.

Levels of BDNF in brain were found to be diminished in
experimental models of depression and postmortem samples
of patients with depression, while the administration of
antidepressants enhanced BDNF expression in hippocampus
and cortex (Song et al. 2020). Kimpton (2012) indicated
that the reduced expression of BDNF in stressed animals
results in diminished neurogenesis and development of
depressive and impaired cognitive symptoms, which is
corroborated with our present results. BDNF exert pivotal
effect through activation of TrkB receptor (facilitating
viability, differentiation and synaptogenesis of neurons)
and p75 (leading to apoptosis) receptors. The diminished
expression of TrkB receptors and enhanced expression of
p75 found in UCMS rats thus favored apoptosis, whereas
oral treatment of morin ameliorated these alterations by its
neuroprotective function (Celik et al. 2020).
Previous studies indicated that neurological disorders
like depression, Parkinson’s and Alzheimer’s disease
occurred due to the progression of excessive apoptosis. We
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found that the increased bax, cytosolic cytochrome c and
caspase 3 expression indicating the enhanced apoptosis of
hippocampal neurons in CUMS rats. Activation/inactivation
of apoptosis is primarily regulated by the Bcl-2 family
proteins (Elmore 2007). The activation of proapoptotic
factor Bax, enhances mitochondrial membrane permeability
after their entry into mitochondria from cytosol, thereby
resulted in mitochondrial cytochrome c release and
activation of caspases 3. This eventually leads to apoptotic
cell death (Eskes et al. 1998; Lidsky and Schneider 2003).
Previous studies demonstrated that morin has been showed
to offer the neuroprotective effects against several metabolic
disorders and neurodegenerative diseases through its antiapoptotic effect (Komirishetty et al. 2016; Sharma et al.
2020).
During UCMS exposure, increased expression of GRP78
is reported and considered as the hall mark of ER stress
because of its translocation from the membrane receptors
and stimulate the unfolded protein response (UPR)
(defensive process) in neurons (Zhang and Zhang 2010).
The UPR induced apoptosis occurred by the activation of
CHOP and caspase-12. CHOP is classified in the C/EBP
family which maintains the homeostasis of pro-apoptotic
BCl2 proteins to induce apoptosis (McCullough et al. 2001).
Similar to GRP78, the upregulated CHOP expression is a
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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key symbol of ER stress-induced apoptosis and its inhibition
is considered as the restoration of ER function (Nishitoh
2012). The caspase-12, a sole member of caspase family
found in ER membrane, and its down regulation was
shown to prevent ER stress-induced cell death (Ferri and
Kroemer 2001). Lee et al. (2003) indicated that the genes
of spliced XBP-1, play a key role in the restoration of ER
function by regulating the transcription factors involved in
protein folding and degradation. Morin attenuated various
toxins induced ER stress related indices in several in vivo
and in vitro studies, which is corroborated with our results
(Sharma et al. 2020).

Conclusion
The findings of the present experiment indicated that
morin offered neuroprotective effects on UCMS-induced
apoptosis in rat model of depression. The above said
antiapoptotic role of morin is seems due to the regulation
of BDNF pathway and ER stress. The obtained molecular
results were supported by the biochemical and behavioral
studies. Hence, morin may act as therapeutic agent for
the management of depression with other currently used
antidepressants. However further studies are needed for
exploring its clinical efficacy and safety.
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