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ABSTRACT
The current study was aimed at exploring the effect of β-glucan (a naturally
occurring polysaccharide) on chronic unpredictable mild stress (CUMS) induced
impairment in learning and memory. Briefly, the animal model of CUMS was
generated (28 days) followed by assessment of the efficacy of β-glucan (2.5, 5 or
10 mg/kg) on learning and memory in Morris water maze (MWM). Moreover, the
weight variation during the course of experiment and post-MWM corticosterone
levels was also noted. Our data showed that the β-glucan provided dose dependent
protection against deleterious effects of stress on spatial memory, which became
statistically significant at 10 mg/kg. In similar manner, it has also antagonized the
stress induced weight loss and corticosterone elevation. Taking everything into
account, it can be deduced that β-glucan possesses therapeutic potential against
stress induced cognitive impairment and this effect can be attributed to its
normalizing effect on corticosterone levels.
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INTRODUCTION
Cognition is the dynamic cerebral process that aids to
familiarize, amend and act according to the situation.
Learning and memory are the important components of
cognition. The former helps us in acquiring new information
while the later store this information for potential imminent
use [1]. Spatial memory is a sub-class of episodic memory
which helps in manoeuvre and hoards information in the
spatiotemporal frame. It has been proposed that encoding of
spatial memory has a direct relation with hippocampus, a
brain structure considered as cradle of cognition and
necessary for organizing, encoding, and retrieval of stored
information [2]. Chronic stress is one the most common
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cause of cognitive impairment. This injurious effect has been
reported to be caused by hypercortisolemia-induced
excitotoxicity in the hippocampus because it is heavily
expressed with metabotropic glucocorticoid receptor (mGR).
The chronic stress induced loss of hippocampal volume
underlies the its cognition lowering effect [3, 4]. Thereof, the
stress-cortisol-mGR axis presents itself as promising target
to attain protection against harmful effects of the stress on
cognition. Spatial memory is accountable for encoding and
storing the information about one's milieu and ambiances,
which helps in navigation. Innumerable approaches have
been adopted to evaluate the spatial memory in animals.
This paper is available online at: http://ijpt.iums.ac.ir
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Among all, Morris water maze (MWM), is frequently used
behavioural tool to assess spatial memory in rodents. It is
enormously subtle in assessing impairment in learning and
memory due to deficits in motor, sensory and retrieval
processes [5].
β-Glucan is a polysaccharide (chain of glucose molecule)
found abundantly in the Avena sativa (Oat) which is used
traditionally as neuro-tonic, anti-depressant and for treating
insomnia [6]. β-Glucan has been reported to possess antioxidant, neuroprotective and cognition enhancing potential
[7,8]. Keeping these neurological actions in mind, the
current study was designed to explore the mnemonic effect
of β-glucan in chronic unpredictable mild stress (CUMS)
model.
MATERIALS & METHODS

Animals
Male Sprague-Dawley rats (150–200 g) were obtained
from the Animal Care Facility of the COMSATS Institute of
Information and Technology, Abbottabad and housed under
the standard conditions of temperature (25±2 °C), controlled
light and dark cycle (08:00 till 20:00) and ad libitum supply
of food and water. All procedures adhered to the guidelines
of the ethical committee of COMSAT Institute of
Information and Technology Abbottabad, that follows the
guidelines of Animal’s Scientific Procedure Act 1986 (UK).
Treatment Groups
The rats were divided into 4 groups as follows: i) Vehicle
control (CUMS plus normal saline), ii) CUMS plus β-glucan
2.5 mg/kg iii) CUMS plus β-glucan 5 mg/kg and iv) CUMS
plus β-glucan 10 mg/kg. The test drug and normal saline

Table 1. Describes various types of stressors used in CUMS procedure: A.B, Air blow (hot or cold Air puff) [13,14], A.O, Aversive
odour [15], C.R.I, Cold room isolation [16], D/W Bed, Wet bedding [14], F.D, Food deprivation [16], F & W.D, Food and Water
deprivation [16], G.H, Grouped housing [14], Imm, Immobilization (limited area in the cage) [17], I L/D C, Inverted Light/Dark cycle
[13], L & D, Light & dark transitions [15], L.S, Loud music/ sound [18], Osc, Oscillations (round & to-fro) [13], P.H, Paired housing
[14], Res, Restraining [16], T. Cs, Tilted cages [14,17].
Stressor-1
Stressor-2
Stressor-3
Days/ Week
Normal Saline/ Drug Administration
(S-1)
(S-2)
(S-3)
WEEK 1
10:00am
12:00pm
02:00pm
05:30pm
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DAY 1
DAY 2
DAY 3
DAY 4
DAY 5
DAY 6
DAY 7
WEEK 2
DAY 8
DAY 9
DAY 10
DAY 11
DAY 12
DAY 13
DAY 14
WEEK 3
DAY 15
DAY 16
DAY 17
DAY 18
DAY 19
DAY 20
DAY 21
WEEK 4
DAY 22
DAY 23
DAY 24
DAY 25
DAY 26
DAY 27
DAY 28
DAY 29

C.R.I
Res
D/W Bed
I. L/D C
Res
L.S
D/W Bed
10:30am
T. Cs
L.S
I. L/D C
D/W Bed
C.R.I
F&WD
T. Cs
10:00am
C.R.I
Imm
I. L/D C
Res
Osc
F&WD
D/W Bed
10:30am
F&WD
C.R.I
T. Cs
I. L/D C
D/W Bed
Res
F&WD
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+ Weighed

+ Weighed

12:30pm
+ Weighed

+ Weighed

12:00pm
+ Weighed

+ Weighed

12:30pm
+ Weighed

+ Weighed

F&WD

F & W D (contd.)

C.R.I
T. Cs
I. L/D C
D/W Bed
Res
F&WD
02:30pm
C.R.I
Imm
I. L/D C
Res
Res
F&WD
D/W Bed
02:00pm
N.B
L&D
I. L/D C
G.H + W.B
C.R.I
A.O – F & W
Osc
02:30pm
F & W D (contd.)
Osc,
A.O
I. L/D C
A.B
G.H
A.O – F & W

Osc,
A.O
I. L/D C
A.B
G.H
A.O – F & W
05:30pm
N.B
L&D
I. L/D C
G.H + W.B
N.B + G.H
A.O – F & W
Osc
05:30pm
T. Cs
L.S
I. L/D C
D/W Bed
N.B + G.H
A.O – F & W
T. Cs
05:30pm
C.R.I
Res
L.S
I. L/D C
Res
D/W Bed
L.S

Weighed
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were administered intraperitoneally (i.p.), once a day for 5
weeks (four weeks of CUMS plus one week of MWM).
Body Weight Analysis
All rats were carefully weighed once a week, in order to
assess the weight loss or gain during entire course of
experiment.

platform was removed to assess spatial memory. Each rat
was subjected to pool for 60 s and allowed to locate the
platform. The recorded swim sessions were observed later
for measuring maximum time spent in the target quadrant,
number of entrances into target quadrant and latency to enter
the target quadrant.

Chronic Unpredictable Mild Stress
The procedure of CUMS was performed for 28 days.
Various types of stressors were used as depicted in Table 1.
At least three different stressors (morning, afternoon and
evening) were applied each day with high degree of
variability among days to avoid adaptation.

Serum Corticosterone Measurement
All rats were rapidly decapitated after the probe trial of
MWM and trunk blood was collected to obtain the serum.
The Corticosterone levels were measured by using the
ELISA Kit (AmgenixMicroLISA, CA, USA) as described by
manufacturer.

Morris Water Maze
The water maze consisted of a circular pool (black color
with 180 cm diameter and 50 cm height), equally divided
into 4 quadrants and filled with water (25±1.0 °C). A
removable platform (black color with 10 cm diameter and 20
cm height) was placed into one quadrant of the pool. High
contrast spatial cues were also fixed around the wall of tank
for encoding of spatial data. In familiarization/acquisition
sessions, three trials were conducted for each animal. On
day1st, the rats were allowed to locate the visible platform
i.e. water level 1 cm below the surface of the platform, in 60
sec. If the rat find the platform, it was allowed to stay for 5
sec. If the animal failed to find the platform within 60 s,
then, it was gently guided to the platform and allowed to
remain on it for 30 s (platform acquisition time; PAT). Inter
trial interval (ITI) was 60 s.
The same protocol was adapted for Acquisition training
from day-2nd till day-5th to find hidden platform i.e. platform
was 1 cm below water surface in tank. The escape latency
was measured each day. On 6th day (probe trial), the

Statistics
All results were expressed as mean ± standard error mean
(S.E.M) of n= 6 rats/group. The difference between various
means was evaluated using one-way ANOVA using SPSS.
The criterion for statistical significance was set at p<0.05.
RESULTS & DISCUSSION
Learning & memory are the important cerebral
processes. One of the major threats for these executive
functions is chronic stress, which primarily affect the
hippocampus (the key brain structure involved in mnemonic
functions) through hypercortisolemia [3]. The rationale
behind this selective damage is the major expression of
mGR in the hippocampus, which act as mediator of
excitotoxicity [4, 9]. Hence, the stress-cortisol-mGR axis
presents itself as promising target to attain protection against
harmful effects of the stress on cognition. Keeping this in
view, the purpose of the present study was to explore the
effectiveness of potential lead molecule i.e. β-glucan on
stress induced cognitive impairment and its interaction with

Figure 1. Effect of β- glucan treatment on weight variation in during Chronic Unpredictable Mild Stress (CUMS): The bar chart is
exhibiting weight variation of various treated groups during the five weeks of CUMS. The treated groups include: SN (CUMS + normal
saline; vehicle control), SBG1 (CUMS + β-glucan 2.5 mg/kg), SBG2 (CUMS + β-glucan 5 mg/kg) and SBG3 (CUMS + β-glucan 10
mg/kg). The trend line shows the increasing or decreasing levels of weight in various groups during the whole time. Error bars represent
mean ± SEM (n=6) of animals’ body weight. ** p< 0.01 treatment illustrates significant antagonizing effect of β- glucan (10 mg/kg)
treatment on weight variation.
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stress-glucocorticoid interplay.
Chronic stress has been shown to reduce the weight of
the animals [10]. In similar lines, our data (vehicle control)
exhibited prominent weight loss during the CUMS
procedure (Fig. 1). However, this reduction remained
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unaffected by normal saline treatment, while it was found to
be reversed by β-glucan in dose dependent manner. Thereby,
the data strengthened the probability of its interaction with
glucocorticoid system and suggestive of the protective effect
of β-glucan in the presence of stress.
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Figure 2. The effect of β- glucan treatment on escape latency in various treated groups during acquisition trials in Morris Water Maze
(MWM): A multiple bar chart showing variations in the escape latency of animals throughout the 5 days of acquisition training of
MWM test. The treated groups are: SN (CUMS + normal saline; vehicle control), SBG1 (CUMS + β-glucan 2.5 mg/kg), SBG2
(CUMS + β-glucan 5 mg/kg) and SBG3 (CUMS + β-glucan 10 mg/kg). The trend line shows the increasing or decreasing levels of
escape latency in various groups during the whole time. Error bars represent mean ± SEM (n=6) of stay time in the target quadrant.
*** p< 0.001 treatment illustrates significant reduction in escape latency with β- glucan (10 mg/kg) treatment.

Figure 3. The effect of β- glucan treatment on maximum stay time in target quadrant in Morris Water Maze (MWM) during probe
trials: A simple bar chart depicts the effect of β- glucan on stay time in target quadrant in various treated groups at dose of 2.5, 5 and
10 mg/kg. The groups are: SN (CUMS + normal saline; vehicle control), SBG1 (CUMS + β-glucan 2.5 mg/kg), SBG2 (CUMS + βglucan 5 mg/kg) and SBG3 (CUMS + β-glucan 10 mg/kg). The trend line shows the increasing or decreasing levels of stay time
(n=6). Error bars represent mean ± SEM of stay time in the target quadrant. *** p< 0.001 treatment exhibits significant increase in
stay time as compared to control with β- glucan (10 mg/kg) treatment.
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Figure 4. The β- glucan treatment effect (probe trial) on the latency to enter in the target quadrant in Morris Water Maze (MWM):
The bar chart showing effects of different doses of β-glucan (2.5, 5 and 10 mg/kg) on latency to enter target quadrant using MWM.
The groups are: SN (CUMS + normal saline; vehicle control), SBG1 (CUMS + β-glucan 2.5 mg/kg), SBG2 (CUMS + β-glucan 5
mg/kg) and SBG3 (CUMS + β-glucan 10 mg/kg). The trend line shows the variation in the time of entering into the quadrant. Error
bars represent mean ± SEM of latency to enter in the target quadrant. (n=6). *** p< 0.001 treatment are significantly different as
compared to vehicle control.

Figure 5. The β- glucan treatment effect on the number of entries in the target quadrant in Morris Water Maze (MWM) during probe
trial: The bar chart exhibits the number of times rat crosses through the platform position in various treated groups in MWM. The
groups are: SN (CUMS + normal saline; vehicle control), SBG1 (CUMS + β-glucan 2.5 mg/kg), SBG2 (CUMS + β-glucan 5 mg/kg)
and SBG3 (CUMS + β-glucan 10 mg/kg). The trend line depicts variation number of crossings through platform location. Error bars
represent mean ± SEM of number of crossings through platform position. *** p< 0.001 treatment are significantly different as
compared to vehicle control (n=6).

Morris water maze is the commonly used behavioural
paradigm used to assess the effect of test substances on
spatial memory [11]. Our data of acquisition trials showed
that the performance of chronically stressed rats (S) was
comparably poor as reflected by higher escape latency

Iranian J Pharmacol Ther. 2017 (September);15:1-7.

values, which appeared to be significantly reduced by the
treatment of β-glucan at dose of 10 mg/kg (p< 0.001) as
shown in Fig. 2. In other words, the animals of this group
have learned the specific location of the platform with the
help of spatial cues, which has led to a notable decrease in
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Figure 6. The effect of β- glucan treatment on the serum corticosterone levels (ng/ ml) in various groups: The bar chart illustrates the
serum corticosterone levels in different groups after β- glucan treatment at dose of 2.5, 5 and 10 mg/kg in MWM. The groups are: SN
(CUMS + normal saline; vehicle control), SBG1 (CUMS + β-glucan 2.5 mg/kg), SBG2 (CUMS + β-glucan 5 mg/kg) and SBG3
(CUMS + β-glucan 10 mg/kg). The trend line depicts decrease in the levels of serum corticosterone after β- glucan treatment. Error
bars represent mean ± SEM of number of crossings through platform position. β-glucan treatment at dose of 5 mg/kg (*p< 0.05) and
10 mg/kg treatment (***p< 0.001) are significantly different as compared to vehicle control (n=6). Error bars signify mean ± SEM of
corticosterone levels (n=6).

the time to find the platform in subsequent days. The
aforesaid data suggested that β-glucan has beneficial effects
in stress induced cognitive ailments. This favourable effect
was also confirmed in the probe trial where the β-glucan
treatment was found to reverse the deleterious effect of stress
on various parameters (Stay time in target quadrant, latency
to enter the target quadrant and number of entries in the
target quadrant) observed in MWM as shown in Figs. 3, 4
and 5. β- glucan (10 mg/kg) treatment significantly (p<
0.001) enhanced the stay time in target quadrant, latency to
enter the target quadrant and number of entries in the target
quadrant as compared to control. Our results are also
supported by earlier report, which suggest that carbohydrate
rich dies enhances the cognitive abilities in stress induced
memory impairment [12]. This strengthened our deduction
that the β-glucan is endowed with the potential of
antagonizing harmful effects of stress on learning and
memory.
Stress and the resulting increase in glucocorticoid levels
have been linked with cognitive impairment. It is well
established that cortisol (corticosterone in rats), secreted by
the adrenal cortex after a stressful event, negatively
influence the cognitive performance [9]. Therefore, the
effect of β-glucan on corticosterone levels was also assessed
in animals that underwent aforesaid behavioural analysis. It
is important to note that the β-glucan treatment reduced the
corticosterone levels in dose dependent manner as compared
to normal saline treated animals (Fig. 6) which is significant
at dose of β-glucan 5 mg/ kg (p< 0.01) and 10 mg/kg

Iranian J Pharmacol Ther. 2017 (September);15:1-7.

(p<0.001), which is suggestive of the adaptogenic effect. In
conformity with our results, carbohydrate rich diet was
earlier shown to lower blood cortisol levels [12].
CONCLUSION
The current study revealed that β-glucan can ameliorate
the stress induced memory impairment. This effect can be
linked primarily with its corticosterone lowering potential. In
the light of these findings, β-glucan (found abundantly in
nature) can be considered as a potential candidate molecule
for the alleviation of stress associated memory impairment.
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