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Abstract

Purpose: To investigate the neuroprotective effects of Lycium barbarum polysaccharide (LBP) against
concomitant cognitive dysfunction and changes in hippocampal CREB-BDNF signaling pathway in
chronically unpredictable stressed mice.

Methods: The mice were subjected to different unpredictable stressors for a period of 4 weeks.
Behavioral tests, including open field (OFT) and Morris water maze (MWMT) tests were used to
evaluate pharmacological effects. Serum corticosterone levels, protein expression level of BDNF and
PCREB/CREB in hippocampus were assessed by ELISA, Western blot and immunohistochemistry
methods, respectively. Morphological changes in pyramidal neurons in the hippocampus were studied
by Nissl staining.

Results: LBP improved mice performance in MWMT, indicating that it reversed chronic unpredictable
stress (CUS)-induced cognitive deficits. LBP treatment reduced serum corticosterone levels and
prevented neuron loss in the hippocampus. It maintained expression levels of BDNF and
phosphorylation of CREB in hippocampus during CUS procedure.

Conclusion: Lycium barbarum polysaccharide protects CREB-BDNF signaling pathway in
hippocampus and relieves CUS-induced cognitive deficits. These results suggest that Lycium barbarum
polysaccharides is potentialy an alternative neuro-protective agent against stress-induced
psychopathological dysfunction.
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INTRODUCTION acid, neutral sugars, arabinose, galactose,

rhamnose, xylose, glucuronic acid, mannose and
Lycium barbarum (wolfberries, Solanaceae) is glucose [1]. In recent years, many
used in traditional Chinese medicine for treating pharmacological effects of LBP have been
diminished visual acuity, dry cough, abdominal reported. @ LBP has hypoglycemic and

pain, headache, infertility, and fatigue [1]. Lycium
barbarum polysaccharides (LBP), the
polysaccharide extract from Lycium barbarum
fruit, contains protein, antioxidants, galacturonic

hypolipidemic effects, and it could be used for
treating type 2 diabetes [2] and cancer [3]. LBP
improves sexual behavior and increases
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neurogenesis [4], as well as Alzheimer's disease
(AD), caolitis, fatigue, glaucoma and stroke [5].

Pre-clinical and clinical studies on stress have
demonstrated a wide range of neurochemical
and morphological alterations that could
contribute to psychopathological derangements
such as cognitive disorders [6,7]. Chronic
unpredictable stress (CUS), which is one of the
extensive used rodent models in stress related
mental disorders such as anxiety and depression
[8]. Exposure to CUS has been shown to induce
cognitive deficits [7], reduce neurotrophic factors,
increase corticosterone levels and even
decrease the number of neurons and glia in
hippocampus and other cerebral regions [6].

Brain-derived neurotrophic factor (BDNF), the
widely spread neurotrophic factor in the brain,
has extensively been attributed to stress and
cognitive deficits related synaptic plasticity in
several brain regions [9]. Calcium/cyclic-AMP
responsive binding protein (CREB), the upstream
molecule of BDNF, plays an important role in
research on memory system and adult
hippocampal neurogenesis [10]. Studies have
shown that dysregulation of the CREB-BDNF
cascade is involved in mental dysfunction in
stress procedure, and that potentiation of the
CREB-BDNF signaling pathway could be a
specific marker of restoration in stress-induced
cognitive deficits [9].

Behavioral and morphological alterations induced
by CUS can be reversed by treatment with most
current anti-depressants such as fluoxetine [11].
Fluoxetine treatment can stop the long-term
stress induced depression and spatial cognitive
dysfunction [12]. In addition, a single injection of
fluoxetine can reverse stress-induced damage in
LTP at synapses from the hippocampus to
prefrontal cortex in rats [13,14] However,
current antidepressants are associated with
adverse reactions. The use of complementary
and alternative medicine for management of
stress-induced psychopathological dysfunction
has continued to receive serious attention. New
healing approachs and different measures to
succeed the impact of chronic stress are
necessitated, and analysis of selected functional
foods can provide important leads.

The goal of the current study was to investigate
whether LBP can produce beneficial effects
against concomitant cognitive dysfunction in
chronically stressed mice, and the role of LBP in
protection of hippocampal neurons from damage.
The role of LPB in regulation of serum
corticosterone levels, and up-regulating effect of

CREB-BDNF signaling pathway in hippocampus
during CUS were also investigated.

EXPERIMENTAL
Materials

Lycium barbarum polysaccharide (LBP) was
purchased from Wolfberry Co. Ltd (Ningxia,
China, batch no. 64WFBR140301P). Fluoxetine
was purchased from Eli Lilly & Co (Indianapolis,
USA).

Animal handling and treatment schedules

All the animal procedures were performed in
compliance with the Institute of Animal Care and
Use Committees of Ningxia Medical University. A
total of 90 adult male ICR mice weighing 20 + 2
g, were provided by Experimental Animal Center
of Ningxia Medical University (no. SCXY 2005-
0001). The mice were accommodated 5 per cage
and acclimatized for 3 days in a room with
12h:12h light: dark cycle; temperature of 22 + 2
°C and 40 £ 10 % relative humidity.

After acclimatization, the mice were randomly
assigned to six groups with 15 mice per
propylene cage: Normal group (served as
negative control with no stressor and normal
feeding in a separate room); Vehicle group
(served as CUS depression model group):
stressor plus 0.9 % NaCl); LBP groups (stressor
plus separate LBP administration at a doses of
40, 125 and 400 mg/kg)[15] and fluoxetine group
(acted as positive control): stressor plus 10
mg/kg fluoxetine). The stress-exposed groups
were subjected to repeated drug treatment once
daily between 13:00 and 14:00pm by intragastric
administration 1h before stress exposure. In this
experiment, 24 mice died during the CUS
procedure, leaving about 10 mice in each group.
The flow chart of the experiment is shown in
Figure 1 (a). This research was supported by the
Animal Ethical Committee of Ningxia Medical
University (approval no. 2016010) according to
"Principles of Laboratory Animal Care" (NIH
publication no. 85-23, revised 1985) [16].

Chronic unpredictable stress procedures

During the experiment, mice in the normal group
were left undisturbed (except regular cage
cleaning and feeding) in a separate room. The
mice in the other groups exposed to CUS were
housed individually. The CUS procedure was
carried out according to the method as described
previously [17,18], but with slight modifications
as outlined in Supplementary Information.
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Behavioral analysis

Open-field test and Morris water maze test were
carried out as previously described [18,19] and
the details are provided in Supplementary
Information.

Measurement of serum corticosterone level

Blood samples were collected then centrifuged
and stored at -80 °C until analysis. Plasma
corticosterone was measured by ELISA kit
(Abcam, Cambridge, UK) and Multiskan Go
(Thermo Fisher scientific, Vantaa, Finland).

Histochemical analysis via Nissl staining

The procedure used is described in
Supplementary Information. The number of
stained cells in each field was counted at x400
magnification (BX-51, Olympus, Japan), and
presented as percentage of normal group per
high-power field.

Immunohistochemical studies of p-CREB and
BDNF

Sections were stained with BDNF (polyclone,
1:100, Abcam); phospho-CREB (p-CREB,
Ser133, monoclonal, 1:800, Cell Signaling). The
images were acquired at x400 magnification
(BX-51, Olympus, Japan). Quantitative
histological evaluations of related protein
expression mean density in hippocampus were
performed by Image-Pro plus 6.0 software
(Media Cybernetics Inc. MD, USA).

Western blotting analysis

Western blot was carried out using assay kits in
line with the procedure described in
Supplementary Information. Image acquisition
was processed by Super Signal West Pico
Chemiluminescent  Substrate Kit (Thermo
Scientific, MA, USA) and ChemiDoc XRS +
imaging system (BIO-RAD, CA, USA). The Mean
Gray Value of bands was determined by Image J
software (National Institute of Health, MD, USA).

Statistical analysis

All analyses were performed by GraphPad InStat
3.0 and GraphPad Prism 5.0 software
(GraphPad Software Inc., USA). Data are
presented as mean + SEM. Differences between
mean values were evaluated by one-way
analysis of variance (ANOVA). P < 0.05 was
considered statistically significant.

RESULTS

Chronic LBP treatment enhanced exploration
of new environment by mice

The OFT results are shown in Figure 1 (b). CUS
significantly decreased the number of squares
entered by mice (n = 10, p < 0.01, vs. normal),
indicating that CUS procedure decreased interest
of mice in exploring new environment. Post hoc
analysis revealed that this deficit was relieved by
LBP treatment at the doses of 40 mg/kg (n = 10,
p < 0.05, vs. vehicle), 400 mg/kg (nh = 10, p <
0.01, vs. vehicle) and 10mg/kg doses of
fluoxetine (n = 10, p < 0.01 vs. vehicle).These
data confirm that CUS modeling was successful
and indicate that LBP treatment enhanced the
interest of the mice in exploring new
environment.

LBP treatment reversed CUS-induced spatial
learning and memory damage in mice

As shown in Figure 2 (b-d), CUS induced
significant damage in spatial learning of mice
(escape latency, n = 8, p < 0.05, vs. normal) and
memory (percentage of distance in target
quarter; n = 8, p<0.01, vs. normal; percentage of
time spent in target quarter; n = 8, p < 0.01, vs.
normal). Furthermore, the locus diagram shown
in Figure 2 (a) indicates that the swimming route
of mice in the vehicle group was completely
random. Figure 2 (b) shows that LBP reversed
the spatial learning damage induced by CUS at
the dose of 400 mg/kg by significantly decreasing
escape latency. Results of Probe Trials are
shown in Figure 2 (c) and Figure 2 (d). LBP
reversed the memory damage induced by CUS
at a dose of 400 mg/kg by significantly increasing
the percentage of distance traveled in target
quarter (n = 8, p < 0.01 vs. vehicle); and the
percentage of time in target quarter (n = 8, p <
0.01, vs. vehicle). These results demonstrate
LBP restored CUS-induced spatial learning and
memory damage, and suggest that the cognitive
deficit induced by CUS could be reversed by LBP
treatment.

Chronic LBP treatment reduced
corticosterone levels in CUS mice

serum

As shown in Figure 1 (c), the level of serum
corticosterone was  significantly  higher in
stressed mice than normal mice (Figure 1 (c). n =
10, p < 0.01). Post hoc analysis showed that 400
mg/kg treated LBP had significantly decreased
the serum corticosterone levels (n = 10, p <
0.01). These results demonstrate LBP reversed
the impairment of feedback regulation of the HPA
axis induced by CUS.
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Figure 1: Effect of LBP relieve serum corticosterone level.
Note: In addition of Normal control group, Mice were exposed to CUS for 4 weeks and received a daily gavage
(i.g) of saline (vehicle), Fluoxetine (FIx; 10 mg/kg) or LBP (40, 125, 400 mg/kg) during this 4 weeks. The success
of CUS modeling was confirmed by OFT which were conducted 1h after the gavage in the 35th day. (a) The flow
chart of the experiment. (b) LBP increased the line crossing in the OFT. (c) LBP relieves the CUS-induced serum
corticosterone increased. The data are expressed as means + SEM (n = 10); *p < 0.05, **p < 0.01, significantly
different from Vehicle; *p < 0.01, significantly different from Normal; one-way ANOVA followed by Dunnett test
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Figure 2: LBSP treatment reversed CUS-induced spatial learning and memory damage in MWMT.

NOTE: (a) The probe tracks of Probe Trials. (b) LBP decreased the escape latency in learning procedure. (c)
LBP increase the percentage of time spent in target quarter in Probe Trials. (d) LBP increased the percentage of
traveled distance in target quarter in Probe Trials. These data are represented as means + SEM (n = 8). *p <
0.05, **p < 0.01, significantly different from vehicle; #p < 0.05, ##p < 0.01, significantly different from normal; one-
way ANOVA followed by Dunnett test.
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relieved CUS-induced
changes in the

LBP treatment
histomorphological
hippocampus

Compared with normal pyramidal cells, as shown
in Figure 3(a) and Figure 3(b), the CUS-induced
morphological damage in the hippocampal
neurons was obvious in the CA1 region (n =6, p
< 0.05, vs. normal). But, the post hoc analysis
confirmed that the neuropathological deficits in
CAl region were significantly ameliorated by
LBP (125 and 400 mg/kg) and Fluoxetine (n = 6,
p < 0.01, vs. vehicle). These results demonstrate
CUS causes severe loss of pyramidal neurons in
the hippocampus, and that LBP treatment could
relieve these neuronal losses.

LBP treatment restored BDNF signaling
pathway in hippocampus of CUS mice

As shown in Figure 4 (a) and Figure 4 (b),
unpredictable stress significantly attenuated the
expression of hippocampal BDNF protein levels
(n = 6, p < 0.05 vs. normal) in Western blotting
studies, but this effect was reversed by fluoxetine
(n =6, p<0.01vs. vehicle) and LBP at a dose of
400 mg/kg (n = 6, p < 0.01 vs. vehicle).
Moreover, similar results were seen in
immunohistochemical studies as shown in Figure
5 (e) and Figure 5 (f).

Cell count (% of Nurmal)

The levels of total CREB protein and p-CREB
were not significantly changed (n = 6, p > 0.05
vs. normal) in the CUS mice as shown in Figure
4(c) and Figure 4(d). Similarly, p-CREB/CREB
ratio was not significantly decreased in the
hippocampus of vehicle group (n = 6, p > 0.05
vs. normal) as shown in Figure 4(e), but it was
significantly increased by fluoxetine (n = 6, p <
0.05 vs. vehicle) and LBP at the dose of 400
mg/kg (n = 6, p < 0.05, vs. vehicle). Significant
increases in p-CREB level were seen (n = 6, p <
0.05, vs. vehicle) in the hippocampus of CUS
mice as shown in Figure 4(d).

Analogous results from immunohistochemical
studies are shown in Figure 5(f). The levels of p-
CREB were significantly decreased by CUS in
CAl, CA3 and DG (n =6, p < 0.05, p<0.01 vs.
normal), but this effect was reversed by
fluoxetine (n = 6, p < 0.01 vs. vehicle). LBP
treatment at doses of 40 and 400 mg/kg
significantly reversed-CREB expressions in CAL,
CA3 and DG regions (n = 6, p < 0.01 vs. vehicle).
On the other hand, LBP at the dose of 125 mg/kg
significantly increased p-CREB level in CA1l
region (n = 6, p < 0.05 vs. vehicle). Thus, LBP
enhanced the levels of p-CREB in CUS mice.
Since LBP also up-regulated BDNF levels, these
results suggest that LBP can reverse CUS-
induced depression-like behavior and cognitive
deficits by upgrading CREB-BDNF signaling
pathway in CUS mice.

Figure 3: LBP treatment relieved CUS-induced histomorphology changes in the CA1 region of hippocampus by
Nissl staining. Note: (a) The representative images of Nissl staining in theCAlregion of hippocampus. Note the
neuronal cell shrinkage of the Vehicle group in CA1 region, as compare to the other groups, and as indicate by
the black arrows. (b) LBP treatment relieves CUS-induced neuronal loss in CA1 region. The scale bar is 50um for
CAl images. These data are represented as means + SEM (n = 6); **p < 0.01, significantly different from vehicle;
#p < 0.05, significantly different from normal; one-way ANOVA followed by Dunnett test
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Figure 4: LBP treatment restores the CUS-induced decrease in the BDNF signaling pathway in the hippocampus
by Western blotting. Note: (a) The Western blotting results. (b) Western blotting results showed that LBP
treatment restores the CUS-induced decrease of BDNF in the hippocampus. (c) The changes of hippocampus
CREB level between CUS and LBP mice were not significant. (d) LBP enhance the p-CREB level of CUS mice.
(e) LBP can restore relative ratio of phosphorylation-CREB in hippocampus. These data are represented as
means + SEM (n =6); *p < 0.05, *p < 0.01, significantly different from Vehicle; #p < 0.05, significantly different

from Normal; one-way ANOVA followed by Dunnett test

DISCUSSION

In the present study, it has been demonstrated
that LBP can produce protective effects against
chronic stress-induced cognitive dysfunction in
mice models by modulating the CREB-BDNF
signaling pathway in the hippocampus.

The use of complementary and alternative
medicine by individuals with stress-induced
psychopathological dysfunction has been on the
increase [20,21]. Complementary medicine offers
new hope to patients on account of its greater
safety and fewer side-effects when compared to
orthodox medicine.

Wolfbery (Lyciumbarbarum L., Solanaceae), as a
type of functional food and folk medicine in China
and East Asia, is now very popular in Western
countries where it is marketed in form of health
food products and anti-aging remedy. As a
popular folk medicine in China, Wolfbery is used
in traditional Chinese medicine [1]. LBP is an
extract from Lyciumbarbarum fruits. It contains
proteins, antioxidants, galacturonic acid, neutral
sugars, arabinose, galactose, rhamnose, xylose,
glucuronic acid, mannose and glucose [1].

The CUS model is the most adopted animal

model for use in stress-related mental disorder
research [6-8].
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Figure 5: LBP treatment restores the CUS-induced deficit in the BDNF signaling pathway in the
hippocampus as shown by immunohistochemical staining.

Note: (a) The synopsis immunohistochemistry picture of hippocampus. (b) — (d): The synopsis
immunohistochemistry picture of CAl, CA3 and DG region. (e) LBP restores the CUS-induced
decrease of BDNF in the hippocampus. (f) LBP restores the CUS-induced decrease of p-CREB in the
hippocampus. The scale bar is 750 um for hippocampal images (a) and 75um for CA1, CA3 and DG
images (b - d) respectively. These data are represented as mean + SEM (n = 6); *p < 0.05, **p < 0.01,
significantly different from vehicle; #p < 0.05, ##p < 0.01, significantly different from Normal; one-way

ANOVA followed by Dunnett test

In an attempt to elucidate the effects of chronic
LBP treatment on stressed animals, a 4-week
design of stress procedure was employed to
evaluate the results in this study[8],and the
effectiveness of CUS procedure was monitored
by mice performance in the OFT [17-19,22,23].
Changes in serum corticosterone levels were
also measured in order to confirm the anticipated
effect LBP treatment in CUS mice [24]. The data
showed that chronic LBP treatment significantly
improved mice performance in behavioral
alterations induced by unpredictable stress
stimulation. Moreover, LBP reversed the
impaired feedback regulation of the HPA axis
induced by CUS procedure.

Cognitive impairment is a core endophenotype of
major  depression [6,7].Pretreatment  with
antidepressants can prevent the cognitive deficit
caused by CUS [7,11]. These results show that
chronic stress can influence the hippocampus in

a highly dynamic manner, such as
spatial learning and memory. Chronic stress can
produce neuronal loss and nuclear shrinkage in
pyramidal neurons [11,25]. Studies have shown
that these neuropathological deficits may be
related to prolonged activation of the HPA axis
and corticosteroid during stress, and can be
reversed by antidepressant treatment [24].

In the present study, 4 weeks of CUS induced
cognitive deficits in the performance of adult
male ICR mice on MWMT was observed, in
addition to remarkable neuronal morphological
damage in CAl region in hippocampus and
elevation of plasma corticosterone levels.
Chronic LBP treatment significantly relieved
impairment of mice spatial learning and memory
retention during CUS procedure, which is
accompanied by relief of neuronal loss and
nuclear shrinkage in pyramidal neurones in the
CAL1 region of the hippocampus.
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From these results, it is evident that LBP
ameliorated the behavioral alterations, such as
cognitive dysfunction, in CUS-treated mice by
attenuating plasma corticosterone levels and
producing neuroprotective effects in the
hippocampus.

BDNF plays an important role in morphological
integrity of adult neurons and the activity of
antidepressants in depressed patients, and in
animal models of stress [9,11-14]. Various stress
can decrease BDNF levels in the hippocampus,

but the decrease can be reversed by
antidepressant treatment. Thus, increases in
BDNF expression might be a common

mechanism of action of antidepressants against
stress.

In this study, it was found that chronic LBP
treatment can reverse the down-regulated
expression of BDNF and ameliorate
neuropathological deficits in hippocampus of the
CUS mice. In order to further confirm the role of
BDNF in the protective effect of LBP in CUS-treat
mice, the effect of LPB on the transcription factor
CREB activity was studied. CREB is an important
regulator of BDNF-induced gene expression
involved in BDNF signaling pathway [9]. The
level of phosphorylated CREB is reduced in
animal models of depression and depressed
patients, and major classes of antidepressants
can potentiate the level and/or function of
phosphorylated CREB in several brain regions
[9,11-14]. Enhancement of the CREB-BDNF
signaling pathway could be a specific marker of
restoration of stress-induced cognitive deficits. In
this study, the results showed that chronic LBP
treatment potentiated the expression of p-CREB
in the hippocampus of stressed mice.

This study shows that LBP can produce
beneficial  effects against  stress-induced
cognitive dysfunction in mice models of stress.
The effect appears to be mediated through the
up-regulation of the CREB-BDNF signaling
pathway in the hippocampus. This newly
discovered effect of LBP provides a new insight
for understanding the beneficial effects of LBP
against  stress-induced psychopathological
dysfunction.

CONCLUSION

In this study, behavioral pharmacology,
immunohistochemistry and biochemical assays
have been employed to demonstrate the neuro-
protective effects of LBP with respect to reversal
of cognitive dysfunction induced by chronic
unpredictable stress (CUS) in mice. The results

suggest that LBP exerts protective effects
against cognitive dysfunction by reducing serum
corticosterone levels and preventing neuronal
morphological damage in the hippocampus, as
well as up-regulating expression of CREB-BDNF
signal pathway in the hippocampus during the
CUS procedure. These results provide a new
vista for exploiting Lycium barbarum as an
alternative neuro-protective agent against stress-
induced psychopathological dysfunction.

DECLARATIONS
Acknowledgement

This work was financially supported by Scientific
Research Project of Ningxia Medical University
(XZ201401).

Conflict of Interest
No conflict of interest associated with this work.
Contribution of Authors

The authors declare that this work was done by
the authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by them.

Open Access

This is an Open Access article that uses a fund-
ing model which does not charge readers or
their institutions for access and distributed
under the terms of the Creative Commons
Attribution License (http://creativecommons.org/
licenses/by/ 4.0) and the Budapest Open
Access Initiative (http://www.budapestopena
ccessinitiative.org/read), which permit
unrestricted use, distribution, and reproduction
in any medium, provided the original work is
properly credited.

REFERENCES

1. Potterat O. Goji (Lycium barbarum and L. chinense):
Phytochemistry, pharmacology and safety in the
perspective of traditional uses and recent popularity.
Planta Med 2010; 76(1): 7-19.

2. CaiH, Liu F, Zuo P, Huang G, Song Z, Wang T, Lu H,
Guo F, Han C, Sun G. Practical Application of
Antidiabetic
Polysaccharide in Patients with Type 2 Diabetes. Med
Chem 2015; 11(4): 383-390.

3. Qian Z, Xiaoling L, Tao W, Qian M, Anguo T, Ying Z, Min
Z. Composition of Lycium barbarum polysaccharides

Efficacy of Lycium barbarum

and their apoptosis-inducing effect on human hepatoma

Trop J Pharm Res, August 2017; 16(8): 1900


http://creativecommons.org/
http://www.budapestopena

10.

11.

12.

13.

Xue et al

SMMC-7721 cells. Food & Nutrition Research 2015;59:
28696-28704.

Lau BW, Lee JC, Li Y, Fung SM, Sang YH, Shen J,
Chang RC, So KF. Polysaccharides from Wolfberry
Prevents Corticosterone-Induced Inhibition of Sexual
Behavior and Increases Neurogenesis. Plos One 2012;
7(4): e33374-33383.

Cheng J, Zhou ZW, Sheng HP, He LJ, Fan XW, He ZX,
Sun T, Zhang X, Zhao RJ, Gu L. An evidence-based
update on the pharmacological activities and possible
molecular targets of Lycium barbarum polysaccharides.
Drug Design Development & Therapy 2014; 9(default):
33-78.

Christoffel DJ, Golden SA, Russo SJ. Structural and
synaptic plasticity in stress-related disorders.
Neurosci 2011; 22(5): 535-549.

Conrad CD. A critical review of chronic stress effects on
spatial Prog
Neuropsychopharmacol Biol Psychiatry 2010; 34(5):
742-755.

Nestler

Rev

learning and memory.

models  of
2010;

EJ, SE. Animal
neuropsychiatric disorders.
13(10): 1161-1169.

Duman RS, Voleti B. Signaling pathways underlying the

pathophysiology and treatment of depression: novel

Hyman
Nature Neurosci

mechanisms for rapid-acting agents. Trends Neurosci
2012; 35(1): 47-56.

Ortegamartinez S. A new perspective on the role of the
CREB family of transcription factors in memory
consolidation via adult hippocampal neurogenesis. Front
Mol Neurosci 2015; 8: 46-58.

Mahar |, Bambico FR, Mechawar N, Nobrega JN. Stress,
serotonin, and hippocampal neurogenesis in relation to
depression and antidepressant
Biobehav Rev 2014; 38: 173-192.

Han H, Dai C, Dong Z. Single fluoxetine treatment before
but not after stress
hippocampal long-term depression and spatial memory
retrieval impairment in rats. Scientific Reports 2015; 5:
12667-12676.

Rocher C, Spedding M, Munoz C, Jay TM. Acute Stress-
induced Changes in Hippocampal/Prefrontal Circuits in

effects. Neurosci

prevents  stress-induced

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Rats: Effects of Antidepressants. Cerebral Cortex 2004;
14(2): 224-229.

Spennato G, Zerbib C, Mondadori C, Garcia R.
Fluoxetine protects hippocampal plasticity during
conditioned fear stress and prevents fear learning
potentiation. Psychopharmacol 2008; 196(4): 583-589.

Shuang B, Xin YU, Ying-Pei DU, Ping Z, Jie Z, Lin Y, Dai
GD.
polysaccharides against NMDA-induced retinal damage
in rats. Chinese Pharmacol Bull 2013; 29(5): 670-674.

Organization WH. Principles of laboratory animal care.
WHO Chron 1985; 39: 51-56.

Losey GS. The validity of
Biol.Behav.1977; 2: 223-238

Fan ZZ, Zhao WH, Guo J, Cheng RF, Zhao JY, Yang
WD, Wang YH, Li W, Peng XD.
activities of flavonoids from Glycyrrhiza uralensis and its

Protective  effect of Ilycium  barbarum

animal  models.

[Antidepressant

neurogenesis protective effect in rats]. Yao xue xue bao
= Acta pharmaceutica Sinica 2012; 47(12): 1612-1617.

Buccafusco JJ. Methods of Behavior Analysis in
Neuroscience. Iran J Environment 2009; 16(6): 1105-
1115.

Ernst BE, Rand JlI,
therapies for depression. Arch Gen Psychiatry. 1998, 55
(11): 1026-103221.

Freeman MP. Complementary and Alternative Medicine
(CAM): considerations for the treatment of major
depressive disorder. J Clin Psychiatry 2009; 70(5): 4-6.

Paré WP. Open field, learned helplessness, conditioned

Stevinson C. Complementary

defensive burying, and forced-swim tests in WKY rats.
Physiol Behavior 1994; 55(3): 433-439.

SK, Dhir
antidepressants in behavioral paradigms of despair.
Psychiatry 2007;

Kulkarni A. Effect of various classes of
ProgressNeuropsychopharmacolBiol
31(6): 1248-1254.

Stetler C, Miller GE. Depression and hypothalamic-
pituitary-adrenal activation: a quantitative summary of
four decades of research. PsychosomaticMed2011;
73(2): 114-126.

Duman RS. Neurobiology of stress, depression, and
rapid acting antidepressants: remodeling synaptic
connections. Depression Anxiety 2014; 31(4): 291-296.

Trop J Pharm Res, August 2017; 16(8): 1901



