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ABSTRACT

Background: Diabetes can impair cognitive performance and lead to dementia. Patients with
type 1 diabetes mellitus (T1DM) are reported with different levels of cognitive dysfunctions in
various cognitive domains ranging from general intellectual testing to specific deficits with
visuospatial abilities, motor speed, writing, attention, reading, and psychomotor efficiency. The
present study aimed to investigate the effect of Citrullus colocynthis on cognitive functions.
Methods: A total of 42 male Wistar rats (3-4 months old and weighing 200-250 g) were tested
in the current study. Rats were randomly allocated into 3 groups of control, Diabetes, and
Diabetes+ Drug. The diabetic rats received Citrullus colocynthis extraction orally. The behavioral
tests included the open field, elevated plus maze (EPM), novel object recognition (NOR), passive
avoidance tests, and Morris Water Maze (MWM) tests. Data were analyzed using student and
paired t-tests via SPSS software version 16.

Results: Our results showed the protective effects of Citrullus colocynthis administration against
cognitive impairments. This is followed by STZ-induced diabetes in the MWM, novel object
recognition, and passive avoidance tasks. Also, it was found that Citrullus colocynthis improved
anxiety in diabetic rats.

Conclusion According to the findings of this study, the administration of 200 mg/kg C. colocynthis
once per day for 40 days can lead to ameliorated cognitive impairments and antidiabetic effects
such as increasing body weight and decreasing FBS.
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Introduction

Diabetes mellitus is a chronic metabolic disorder char-
acterized by widespread complications. It is the world’s
largest endocrine disease associated with increased
morbidity and mortality rates [1]. In Iran, among the
adults’ population (25-64years old), 2 million people
had diabetes, of which 16.8% had also impaired fasting
glycemia [2]. Type 1 diabetes typically is diagnosed in
childhood and currently affects more than 170,000
youth in the United States. Alarmingly, diagnosis rates
are increasing by 3-5% per year [3]. There is accumu-
lating evidence that diabetes may lead to dementia
in both animal models and humans with both type 1
diabetes mellitus (T1DM) and type 2 diabetes mellitus

(T2DM) [4]. TIDM patients are reported to have varying
degrees of cognitive dysfunction in different cognitive
domains, ranging from general intellectual testing to
specific deficits with visuospatial abilities, motor speed,
writing, attention, reading, and psychomotor efficiency
[5]. The most common cognitive deficits identified in
patients with type 1 diabetes are slowing information
processing speed and worsening psychomotor effi-
ciency [6]. Three possible causes of the effects of type
1 diabetes on the brain are described in the literature:
(i) hypoglycemic episodes; (ii) hyperglycemia; and (iii)
deficiencies in C-peptide and/or insulin. Because the
brain cannot synthesize or store glucose, it requires a
continuous supply. Therefore, it is likely that the
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disruption of the glucose supply as a result of hypo-
or hyperglycemia will cause disturbances to cognitive
function [7]. It is estimated that 40 million people are
living with dementia worldwide and this number is
expected to double every 20years to over 110 million
in 2050 [4].

Herbal medicines are the oldest remedies known
to mankind [8]. Phytotherapies and their combinations
demonstrate multiple beneficial anti-diabetic mecha-
nisms, including modulation of carbohydrate metabo-
lism, restoration of beta-cell integrity and function,
insulin-releasing activity, improvements in glucose
uptake/utilization, antioxidant properties, and a reduc-
tion in the risk of diabetic complications [9].

Citrullus colocynthis commonly known as “bitter
apple’, “colocynth”, “vine-of-sodom”, and “Tumba” is an
annual tropical plant [1] common in countries includ-
ing Europe, Asia, and Africa [10]. The whole plant has
many medicinal properties such as anti-inflammatory,
anti-candidal, bacterial, and anti-oxidant, and the fruit
is scientifically proved as antidiabetic [8]. Olatunya
et al. stated that C. colocynthis seeds contain PUFA and
the consumption of large amounts of PUFA is linked
to a lower incidence of depression, a lower risk of
Alzheimer’s disease, and decreased prevalence of
age-related memory loss [10]. PUFAs might have a
positive influence on controlling and developing dia-
betes. This positive influence includes protecting the
pancreatic beta cells from damage, which results from
the production of free radicals in diabetes [11].
Furthermore, C. colocynthis fruit extract has a pain mit-
igatory effect in patients with painful diabetic poly-
neuropathy [12].

In the present study, first, the neurocognitive func-
tions of TIDM rats and healthy rats are compared.
Next, in the T1DM rats, the association between cog-
nitive function and C. colocynthis intake is examined.

Method and material
Preparation of crude extract

Fresh or dry ripe C. colocynthis fruits were collected
from the Saleh Abad region (llam province, western
Iran) in summer, sliced in half, and their seeds were
removed by hand and allowed to dry for 72h. These
seeds have fatty acids such as myristicol, stearic, oleic,
linoleic, and linolenic, making them the best source
of these acids. Nuts contain 54% fat, 28.4% protein,
2.7% fiber, 3.6% ash, and 8.2% carbohydrate.
Furthermore, the seeds are rich in essential amino
acids such as arginine, tryptophan, methionine, vita-
min B2, B1, niacin, and some kinds of minerals like

Ca, Mg, Mn, K, P, Fe, and Zn [13, 14]. About 100g of
seeds were ground with a mixer and added to 1L of
distilled water. Then, it was heated in a water bath to
80°C for 2h. The supernatant was recovered and then
filtered through Whatman No. 1 filter paper. This oper-
ation was repeated several times after each filtration
with the renewal of the solvent. At the end of
extraction, the fractions obtained were collected in a
balloon and lyophilized, yielding the lyophilized aque-
ous extract.

Animals

All experimental protocols and treatments were
approved by the Ethics Committee of the Kerman
University of Medical Sciences. We attempted to min-
imize the discomfort for the animals at all stages of
the study (Ethics code: IR.KMU.REC.1398.127). Male
Wistar rats (3-4 months old and weighing 200-250g)
were tested in the current study. Animals (n=7 in
each group) were caged in groups of four with ad
libitum access to food and water. They were housed
under controlled temperature (23+1°C) and 12-h
light-dark cycle (lights on 07:00-19:00). A total of 42
intact rats were randomly allocated into the following
subgroups: control (healthy rats), Diabetes (The rats
received STZ), and Diabetes+ Drug. Here, the diabetic
rats received Citrullus colocynthis extraction orally.
The rats were split into separate groups for open
field, elevated plus maze (EPM), novel object recog-
nition (NOR), and Morris Water Maze (MWM) tests. It
is noteworthy that these rat groups were different
from the ones that were used for the passive avoid-
ance test. The behavioral tests were performed during
three consecutive days. On day 1, the open field,
EPM, and NOR tests were carried out, in the order of
their appearance. On day 2, the learning phase of
the MWM test was performed. Finally, on day 3, the
probe test of MWM was performed. Additionally, on
day 1, a passive avoidance test was done in dis-
tinct groups.

Induction of diabetes

The model of experimental diabetes was created after
overnight fasting (8h). The severe diabetes was
induced by a single dose of STZ (50mg/kg body
weight), and this group named the “Diabetes” group.
STZ was prepared in sodium citrate buffer at pH 4.5
and injected with insulin syringe intraperitoneally [15].

Four days after injection, symptoms of severe dia-
betes such as frequent urination were observed, but



to ensure if it is diabetes, it is necessary to wait 15days
and then measure fasting blood glucose. The treatment
started on day 15 after the induction of diabetes and
lasted for 40days. The blood glucose level more than
200mg/dl considered as a sign for diabetes induction
in rats.

Drug administration

On day 15 after the STZ injection, the treatment was
started with C. colocynthis. The aqueous extract of C.
colocynthis was taken orally every day for 40days at a
dose of 200 mg/kg [8]. The rats were given glucose (2g/
kg body weight) together with two different doses of
Citrullus-colocynthis aqueous extract (CCAE), namely 100
or 200mg/kg of their body weight. The average blood
glucose was 80-126 mg/kg. The blood glucose was mea-
sured every 30, 60, 90, and 120min using a drop of
blood taken from their tail by a glucometer. However,
the dosage of 200mg/kg was more suitable for correct-
ing the 2-h postprandial blood sugar levels compared
to 100mg/kg. Consequently, it was chosen for the daily
oral treatment of diabetic rats in all the treated groups.

Morris water maze (MWM)

In 1981, the neuroscientist Richard G. Morris designed
the Morris Water Maze (MWM) to assess
hippocampal-dependent learning through acquiring
the spatial learning and long-term spatial memory [16,
17]. The MWM consists of a black circular pool (160cm
diameter and 80cm height) filled with water main-
tained at room temperature to a depth of 40cm. The
pool is divided into four quadrants of equal size, with
starting points designated at each quadrant as N, S,
E, and W. A 10-cm diameter square platform was hid-
den right below (1.5cm) the surface of the water in
the center of the northeast quadrant. The experiments
were carried out in a dimly lit room with various and
fixed extra maze geometric images (e.g. circles, squares,
or triangles) attached to different points on the walls
around the maze. Performances were recorded by a
smart video tracing system (Noldus Ethovision® system,
version 7, Netherland) and animals could be traced
on the screen of a computer. Moreover, the water
temperature was fixed at 25+2°C [18]. To make the
rats accustomed to the experimental technique and
to decrease their stress, they were exposed to a swim-
ming pool without the platform a day before for 2 min.

In a single training protocol, each rat performed
three blocks each separated by a 30-min resting period.
Each block consists of four successive trials with 60s
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duration and about 60s inter-trial intervals. All the
experimental groups were tested under the natural
lights between 9:30 am and 12:30 am. On each trial,
the rats were randomly released into the water from
one of the four quadrants of the maze facing the wall
of the quadrant where it was released. Each rat had 4
different releasing points. During the acquisition step,
the location of the platform remained constant and the
rats were allowed to swim to the hidden escape plat-
form. After the animal found the platform, it was
allowed to remain there for 20-30s and then was placed
in an animal cage to wait for 20-0s before the start of
the next trial. If a rat failed to find the platform in the
60s, the experimenter guided it toward the platform.
After 20-30s of staying on the platform, the rat was
located in an animal cage to wait for 20-30s before the
start of the next trial. The time and distance to find
the hidden platform was collected and analyzed later.
A single probe trial was performed 24h after the last
training trial to test the spatial memory in the water
maze. In this trial, the platform was removed and the
rat was allowed to swim for 60s. The time and distance
spent in the target quadrant (the quadrant 4) were
analyzed as a measure of spatial memory retention [19].

Open field test

The Open Field test was initially developed in 1934 as
a test to measure emotionality in rodents [20, 21]. This
test provides some information about locomotor activ-
ity and anxiety in rodents. Total distance and velocity
are the indices of locomotor activity. Also, Thigmotaxis
or outer zone duration (the time that the subject
remains adjacent to the outer wall of the maze) indi-
cates anxiety-like behavior. The number of fecal pellets
(boli) left in the quadrant is a negatively-related mea-
sure of emotionality in rodents and can be used to
indicate levels of anxiety. Also, the number of rearing
(number of times that a rat reared up on its hindlimbs)
is inversely related to anxiety, whereas the number of
grooming (number of times that an animal preened
its fur or tail with its mouth or forepaws) is directly
related to anxiety [21, 22]. Open fields test was per-
formed to study the effects of Diabetes and Citrullus
colocynthis on locomotion and anxiety-like behavior.
The open field was an opaque Plexiglas arena with
dimensions of 90cm x 90cm X 45cm [H]. The arena
was segmented into 16 small squares and the time
spent in the central or peripheral squares was evalu-
ated using the tracking system. Rat’s behavior was
recorded and analyzed using an automated video
tracking system (Noldus EthovisionV R system, version
7, Netherland) in a 5-min interval. Duration spent in
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the center and periphery of the box, velocity, total
distance moved, and the number of grooming, rearing,
and fecal pellets were recorded and analyzed for each
rat [23, 24].

Novel object recognition test

The object recognition test (ORT), also known as the
novel object recognition test (NOR), is a relatively fast
and efficient means originally described by Ennaceur
and Delacour in 1988 for testing different phases of
learning and memory in rodents [25, 26]. Because
rodents have an innate preference for novelty, a rodent
that remembers the familiar object will spend more
time exploring the novel object [27]. The NOR evaluates
non-spatial learning and objects identity memory, rely-
ing on multiple brain regions except the hippocampus
[28]. All animals were habituated to their environment
with a 10-min habituation session in a plastic cage
(60cm x 60cm x 40cm) , where no object was pre-
sented and the cage was equally illuminated. Thirty
minutes after the habituation period, the animals were
allowed to explore two identical objects. The animals
were always presented at the same position inside the
box, and for a total of 5min (training session). Memory
retention ability was tested during the test session
45 min after the training session. During test sessions
with a duration of 3min, the animals were exposed to
familiar and novel objects at the same position that
the objects had been presented during the training
phase. However, during the test phase, the location of
the new object was pseudo-randomly changed to avoid
the natural preference of animals for one location or
another. All objects (available in duplicate) presented
similar material and size, but distinct shape. Between
each change of animals, box and objects were cleaned
using 70% alcohol and then air-dried. The definition
for the exploration time was the duration of sniffing
or touching the object with the nose quantified by the
camera. Finally, the discrimination ratio (as a recogni-
tion index) is the ratio of time spent for exploring one
of the objects (in the training session) and the novel
object (in the test session) divided by the total time
spent for exploring both objects multiplied by 100 [29].

Passive avoidance test

One of the most well-known tests for assessment of
learning and memory is fear conditioning or passive
avoidance test. This test is performed using a shuttle
box, where animals learn to form associations between
different stimuli [30]. It has been demonstrated that
two neural circuits are involved in fear conditioning;

the hippocampus that deals with the learning and
memory and the amygdala that deals with the emo-
tional aspect. Nevertheless, it has been found that the
amygdala also undergoes some learning during fear
conditioning [31]. The passive avoidance task is a
fear-aggravated test used to evaluate associative learn-
ing and memory in rodents. The animal learns to avoid
an environment in which a prior aversive stimulus has
been delivered. Here, passive avoidance learning was
assessed using an inhibitory passive avoidance para-
digm as described hereafter. Briefly, a shuttle box
device with dimensions of 100cm (L) x 25cm (W) X
25cm (H), consisting of two compartments (light and
dark) separated by a door, was used. In the learning
phase of the test, each animal was first habituated to
the test equipment by placing in the light chamber
(door closed) for 5min before returning to the home
cage. The next day, the animal was returned to the
light compartment, the door was opened, and the
animal was allowed to move to the dark chamber.
After that, the door was closed and upon entering the
Dark compartment (TDC), they were given an electric
shock (0.5 A for 2ms) via wires embedded in the dark
chamber floor. This final part of the process was
repeated up to five times at 1-h intervals until the
animal learned to avoid TDC (remains in the light com-
partment for at least 1205s) and the number of shocks
required for learning was recorded. The assessment
phase of the test was performed 2h after the learning
phase. The animal was placed in the light chamber
(door closed) and, after 30s, the door was opened and
the time, until the animal entered the dark chamber,
was recorded as the step-through latency (STL). The
total time spent in TDC during the 5-min period after
door opening was also recorded [19].

Elevated plus-maze

The elevated plus-maze test is one of the most
well-known experiments of all currently available animal
models of anxiety [32, 33]. The open and closed arms
are considered to evoke the same exploratory drive;
therefore, the open arms’ avoidance is considered to be
a result of the induction of higher levels of fear [34].
The number of head dips (downward movement of
rodents’ head toward the floor from the open arms) and
time spent in the open arm is inversely related to anx-
iety and time spent in the closed arm is directly related
to anxiety in rats [35]. The EPM was used to assay the
anxiety-like behavior of the animals. The maze is com-
posed of wood and has two open arms and two closed
arms (50cm x 50cm x 50cm). Animals were placed in



the middle of the maze and time spent in each arm
and the number of head dips was recorded by a video
camera mounted above the EPM for 5min [36].

Measurement of bodyweight and fasting blood
glucose (FBS)

The body weight and FBS were measured before the
STZ injection, 14days after STZ injection, 20 days after
starting treatment, and 40days after starting treat-
ment. For FBS evaluation, the blood samples were
collected from the tail vein and FBS was determined
by a glucometer.

Data analysis

The time and distance spent to find the hidden plat-
form in the MWM training in the acquisition phase
were analyzed using a two-way analysis of variance
(ANOVA) and a repeated-measures ANOVA to deter-
mine the differences in the learning rates of the groups
(group and block as the factors). All the data collected
from the MWM probe trials swim speed, novel objec-
tive, open field, passive avoidance, and EPM tests were
analyzed by one-way ANOVA. When statistical signifi-
cance was found between the groups, Tukey’s post hoc
multiple comparison test was performed to determine
points of significant difference. The data of body
weight and FBS measured before and after diabetes
induction were analyzed by paired t-test and the data
of body weight and FBS measured after treatment were
analyzed by repeated measurement test. The data were
expressed as means+ SEM and p<0.05 was considered
statistically significant. The normality of data was
checked by the Kolmogorov Smirnov test [19, 37]

Results

The effects of C. colocynthis administration on
spatial learning in diabetic rats

Two-way ANOVA with repeated measures test indicated
that the distance moved and escape latency of the
Diabetes group significantly increased in block 2
(Figure 1A; p<0.01 and Figure 1B; p<0.05) and block
3 (Figure 1A; p<0.01 and Figure 1B; p<0.01) compared
to the control group. The ability of the diabetic rats
to find the hidden platform was significantly improved
through C. colocynthis administration. This was inferred
by the significant reduction in their swimming distance
in block 2 (Figure 1A; p<0.05) and block 3 (Figure 1A;
p<0.05) and a significant reduction in the escape
latency in block 2 (Figure 1B; p<0.05) and block 3
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(Figure 1B; p<0.05) compared to the Diabetes group
in the MWM test. There was no significant difference
in swimming speed among all the groups (Figure 1C).

The effects of C. colocynthis administration on
spatial memory in diabetic rats

The probe test was performed 24h after the acquisi-
tion phase to examine long-term spatial memory
retention. The obtained results included the mean
percentage (%) for a time as well as distance and
number of crossing in the target quadrant. The results
of the probe test demonstrated that the diabetic rats
significantly spent shorter time and distance for cross-
ing in the target quadrant compared to the control
group, suggesting long-term memory impairment
(Figure 1D; p<0.01, Figure 1E; p<0.001, and Figure 1F;
p<0.01). However, this impairment was significantly
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Figure 1. The effects of Diabetes and Citrullus colocynthis
administration on spatial learning & Memory in MWM task.
Diabetes resulted in significant increase of the traveled dis-
tance (A) and Escape latency (B) to find the hidden platform
compared to control group. Administration of Citrullus colo-
cynthis in Diabetes group significantly decreased the distance
and time to find the hidden platform in blocks compared to
Diabetes group. Also, there were no significant difference
between all groups in velocity (C). Diabetes resulted in signif-
icant decreases in the percentage of time spent (E) and dis-
tance traveled (D) in target quadrant and the number of
crossing from the platform region (F) compared to control
group. Animals of Diabetes + Drug group significantly showed
increase in these parameters compared to Diabetes group.
Two-way ANOVA and repeated measure used for analysis of
learning data and One-way ANOVA used for analysis of mem-
ory data. Mean £ SEM, (*) p<0.05 vs control. (**) p<0.01 vs
control. (***) p<0.001 vs control. (#) p<0.05 vs Diabetes. (##)
p<0.01 vs Diabetes. (###) p<0.001 vs Diabetes.
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prevented by 40days administration of C. colocynthis
in the Diabetes+Drug group since they spent more
time and distance and crossing in the target quadrant
than the diabetic rats (Figure 1D; p<0.01, Figure 1E;
p<0.001, and Figure 1F; p<0.01) (one-way ANOVA
followed by Tukey’s test).

The effects of C. colocynthis administration on
anxiety behaviors in open field test in diabetic rats

Rats of the diabetes group had no significant differ-
ence in total distance and velocity compared to those
in the other groups (Figures 2A and 2B). There was a
significant decrease in the time spent in the center of
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Figure 2. The effects of Diabetes and Citrullus colocynthis
administration on the anxiety-like behavior and exploratory
activity in the open field test. Total distance and velocity had
no significant difference among all of groups (Figure 2A, B).
Diabetes increased outerzone duration and decreased innerzone
duration compared to control group and conversely Citrullus
colocynthis administration could increase innerzone duration
and decreased outerzone duration compared to Diabetes group
(Figure 2C, D). Rearing number (Figure 2E) decreased, Grooming
frequency (Figure 2F) increased and Fecal pellets (Figure 2G)
increased in Diabetes group compared to other groups. One-way
ANOVA used for analysis these results. Mean = SEM, (¥) p<0.05
vs control. (**) p<0.01 vs. control. (#) p<0.05 vs Diabetes. (##)
p<0.01 vs Diabetes. (###) p<0.001 vs. Diabetes.

the box or inner zone duration in diabetic rats com-
pared to the control group (Figure 2C; p<0.05).
Moreover, the administration of C. colocynthis could
increase inner zone duration compared to the Diabetes
group significantly (Figure 2C; p<0.05). The time spent
in the periphery of the box or outer zone duration
significantly increased in diabetic rats compared to
control rats (Figure 2D; p<0.05). Besides, the admin-
istration of C. colocynthis could decrease this index
compared to the Diabetes group (Figure 2D; p <0.05).
Rearing numbers significantly decreased in the Diabetes
group compared to the control group (Figure 2E;
p<0.01). However, grooming frequency significantly
increased in the Diabetes group compared to the con-
trol group (Figure 2F; p<0.05). No significant difference
was observed in the rearing numbers between Diabetes
and Diabetes+Drug groups (Figure 2E). C. colocynthis
administration significantly decreased the grooming
frequency in the Diabetes+Drug group compared to
the Diabetes group (Figure 2F; p<0.01). Fecal Pellet
number and amount of defecation were assessed
between groups and found that the number of fecal
pellets in the Diabetes group was significantly more
than that in the control group (Figure 2G; p<0.05).
Furthermore, C. colocynthis administration decreased
this parameter compared to the Diabetes group (Figure
2G; p<0.05) (one-way ANOVA followed by Tukey’s test).

The effects of C. colocynthis administration on
recognition memory in diabetic rats

In the first trial with two novel objects, all the groups
spent a similar amount of time exploring the objects
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Figure 3. The effects of Diabetes and Citrullus colocynthis
administration on novel object recognition test. There was no
significant difference in exploration time in training session
between all of groups. There was a significant decrease in
Exploration time in test session in Diabetes group compared
to control group and administration of Citrullus colocynthis
in Diabetes + Drug group increased exploration time compared
to Diabetes group. One-way ANOVA used for statistical analysis.
Mean £ SEM, (*) p<0.05 vs control. (#) p<0.05 vs Diabetes.



and there was no statistically significant difference
between them (Figure 3, Training Phase). In the sec-
ond trial, object recognition memory was assessed by
replacing the objects of the first trial with a copy of
the original object, and a novel object recognition
memory was reflected in a preference for exploring
the novel object. The new object recognition memory
was significantly disrupted in diabetic rats. The dia-
betic rats failed to spend a greater amount of time
investigating the novel object than the familiar object
and they were not significantly biased toward the
novel object. In these animals, the discrimination ratio
was significantly lower than that in the control group
(Figure 3; p<0.05). C. colocynthis administration ame-
liorated the diabetes-induced impairment of the novel
objective recognition test (Figure 3; p<0.05) (one-way
ANOVA followed by Tukey’s test).
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Figure 4. The effects of Citrullus colocynthis administration
on anxiety like behaviors in Elevated plus maze task in STZ
induced Diabetes rats. STZ increased time spent in closed arm
(B) and decreased time spent in open arm (A) and number
of head dips (C) significantly that these changes demonstrated
increased anxiety due to Diabetes. Citrullus colocynthis in
Diabetes +Drug group significantly reversed the effects of
Diabetes and improved anxiety. One-way ANOVA used for
analysis of these data. MeanSEM, (**) p<0.01 vs. control.
(*) p<0.01 vs control. (***) p<0.001 vs control. (#) p<0.05
Vs Diabetes. (##) p<0.01 vs Diabetes. (###) p<0.001 vs.
Diabetes.
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The effects of C. colocynthis administration on
anxiety-like behaviors in the elevated plus-maze
in diabetic rats

According to EPM data, the rats that received STZ in
the Diabetes group showed a significant decrease in
time spent in open arms (Figure 4A; p<0.01) and an
increase in time spent in closed arms (Fig 4B; p<0.05)
compared to the control group. Conversely, C. colo-
cynthis in the Diabetes+drug group displayed a sig-
nificant increase in time spent in the open arm (Figure
4A; p<0.01) and a decrease in time spent in the closed
arm (Figure 4B; p<0.05). Also, studying the number
of head dips (downward movement of rodents’ head
toward the floor from the open arms) showed that
the number of head dips significantly decreased in
the Diabetes group compared to the control group
(Figure 4C; p<0.001) and C. colocynthis administration
significantly increased head dips in the treatment

E=a Control
Diabetes
1 Diabetes+Drug

Ea Control
Diabetes
3 Diabetes+Drug

Shock Number

Figure 5. The effects of Diabetes and Citrullus colocynthis
administration on learning trial (shock number) (B) and reten-
tion test including time spent in dark compartment (C) and
STL (step through latency) (A)-Diabetes increased shock num-
ber and time spent in dark compartment while decreased STL
compared to control group while Citrullus colocynthis reversed
these changes. One-way ANOVA used for statistical analysis.
Mean £ SEM, (***) p <0.001 vs control. (**) p<0.01 vs control.
(###) p<0.001 vs Diabetes. (#) p <0.05 vs Diabetes. in shuttle
box test.
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group (Figure 4C; p<0.001) (one-way ANOVA followed
by Tukey’s test).

The effects of C. colocynthis administration on
passive avoidance learning and memory in
diabetic rats

The influence of diabetes and C. colocynthis adminis-
tration on passive avoidance learning is shown in
Figure 5B. The one-way ANOVA test followed by Tukey’s
test showed that shock numbers significantly increased
in the Diabetes group compared to the control group
(Figure 5B; p<0.01). Moreover, C. colocynthis admin-
istration significantly decreased shock number in the
Diabetes+ Drug group compared to the Diabetes
group (Figure 5B; p <0.05). Figures 5A and C show the
effect of diabetes and C. colocynthis administration
on passive avoidance memory. Diabetes significantly
increased the time spent in the dark compartment
(Figure 5C; p<0.001) but significantly decreased the
STL (Figure 5A; p<0.001) compared to the control
group. However, C. colocynthis administration signifi-
cantly decreased time spent in the dark compartment
(Figure 5C; p<0.001) but significantly increased the
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2 100 —
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0 ]

Figure 6. The effects of Diabetes and Citrullus colocynthis
administration on Body Weight before and 14days after STZ
injection (A). (Paired T-test used for statistical analysis). Figure
6B shows the effects of Citrullus colocynthis administration
on Body Weight 20 & 40days after Diabetes injection (Repeated
measurement used for statistical analysis). Mean+SEM, (**)
p<0.01 vs Before STZ injection in Figure 6A. (**) p<0.01 vs
Before starting treatment in Figure 6B.

STL (Figure 5A; p<0.001) compared to the

Diabetes group.

The effects of C. colocynthis administration on
body weight in diabetic rats

According to the results of the paired t-test, the body-
weight of rats significantly decreased 14 days after STZ
injection compared to before STZ injection in diabetic
rats in Diabetes and Diabetes+Drug (before starting
treatment) groups (Figure 6A; p<0.01, n=14). Also,
repeated measures analysis of body weight after start-
ing treatment showed that 20 and 40days of C. colo-
cynthis administration significantly increased body
weight compared to before starting treatment in
Diabetes + Drug group (Figure 6B; p<0.01 for 20- and
40-days treatment, n=7). There was no statistically
significant difference between treated and control
groups (Figure 6B).

The effects of C. colocynthis administration on
fasting blood glucose (FBS) in diabetic rats

The paired t-test results showed that the FBS of rats
significantly increased 14days after STZ injection
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Figure 7. The effects of Diabetes and Citrullus colocynthis
administration on FBS before and 14days after STZ injection
(A). (Paired T-test used for statistical analysis). Figure 7B shows
the effects of Citrullus colocynthis administration on FBS 20
& 40days after Diabetes injection (Repeated measurement
used for statistical analysis). Mean+SEM, (***) p<0.001 vs
Before STZ injection in Figure 7A. (**) p<0.01 & (***) p<0.001
vs Before starting treatment in Figure 7B.



compared to before STZ injection in diabetic rats in
Diabetes and Diabetes+ Drug (before starting treat-
ment) groups (Figure 7A; p<0.001, n=14). Also, anal-
ysis of FBS after starting treatment showed that 20
and 40days of C. colocynthis administration signifi-
cantly decreased FBS compared to before starting
treatment in Diabetes+ Drug group (Figure 7B; p<0.01
for 20days treatment and p<0.001 for 40days treat-
ment, n=7). The results of repeated measures analysis
showed no significant difference between treated
groups with each other or with the control group.

Discussion

This is the first report on the importance of Citrullus
colocynthis as a pharmacological interference on learn-
ing and memory impairments and anxiety-like behav-
iors in diabetic rats. Our findings revealed that diabetes
impaired the spatial learning and passive avoidance
learning of the male rats. Diabetes also disrupted the
long-term spatial memory, passive avoidance memory,
and novel object recognition memory of the male rats.
It was revealed that diabetes could change anxiety-like
behaviors in male rats by increasing the anxiety level.
In this study, it was found that Citrullus colocynthis
administration could improve learning and memory
impairment following diabetes.

Many studies showed that diabetes causes weight
loss and increases FBS [38-40]. Consistent with these
findings, we witnessed a weight loss and FBS increase
after the induction of diabetes by STZ. Also, these
results showed that Citrullus colocynthis intensified
weight loss and increased FBS. Ghauri et al. showed
that Citrullus colocynthis hydro-ethanolic pulpy flesh
with seeds extract exerted a substantial
anti-hyperglycemic activity in a diabetic rat model by
lowering blood glucose, cholesterol, and triglyceride
levels [41]. Also, Oryan etal. demonstrated that
Citrullus colocynthis can decrease blood glucose in
alloxan-induced diabetes rats [42]. Probably, a decrease
in the serum concentration of glucose in the treated
animals could be related either to the partial regen-
eration or preservation of the pancreatic pB-cell mass
by Citrullus colocynthis in rats. The histopathologic
sections of the pancreas of the diabetic rats treated
by Citrullus colocynthis showed an increase in the
size of the islets, with hyper-chromic nucleus and
regeneration of the B-cells [42].

It has been evidenced that diabetes leads to cog-
nitive decline and thus dementia in both animal mod-
els and humans with both TIDM and T2DM [4, 43].
Adults with T1DM present a subtle decline in cognitive
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performance compared to age-matched controls, par-
ticularly affecting the cognitive domains of intelli-
gence, psychomotor efficiency, and cognitive flexibility
[44, 45]. The changes in cognition and hippocampal
synaptic plasticity in diabetic rats have been reviewed
in other investigations [46, 47]. The performance of
these animals on relatively simple behavioral tasks,
such as passive avoidance paradigms, is preserved or
even improved [47]. In comparison, performance is
disturbed on more complex tasks, such as a water
maze or a spatial-object learning task [48, 49]. The
development of performance deficits on these tasks
depends on diabetes duration and the severity of
hyperglycemia. Moreover, the deficits can be pre-
vented, but not completely reversed, with intensive
insulin treatment [47]. The negative effects of diabetes
on learning and memory are attributed to the dele-
terious changes in LTP [47, 50], glutamatergic neuro-
transmission [51], neuronal calcium homeostasis [52]
and receptors, including N-Methyl D-aspartate (NMDA),
and a-amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid (AMPA) receptors [53, 54]. Other underlying
mechanisms of post-diabetes cognitive impairments
may be related to increased oxidative stress and
inflammation in hippocampus [55].

The phytosterolin (ipurand), 2 phytosterols, 2 hydro-
carbons, a saponin, an alkaloid, a polysaccharide, or
glycoside, and tannin can be found in these seeds
[56]. In a study, the intensity of hyperglycemia found
after the overnight starvation after a 7-day STZ admin-
istration was minimized by the injection of the crude
aqueous extract of Citrullus colocynthis seeds [57].

In another review, the fatty liver syndrome and the
hyperglycemic state related to hyperinsulinemia (type
2 diabetes) caused by exposure to a high-fat diet were
extensively corrected via the ethanolic extract of
Citrullus colocynthis fruit seeds with its rich content
of pharmacologically active ingredients including tan-
nin, saponin, and flavanoids. However, this function
was dose-dependent [58].

It has been reported that saponins have a hypogly-
cemic function. Also, because of having antioxidant
activity, they can prevent diabetic complications and
adjust the blood glucose level. These compounds have
an extensive range of biological functions such as the
secretion of insulin, which stimulates beta-cell islets
to revive enzymes responsible for using glucose [59].

Few studies have been conducted on the effects of
Citrullus colocynthis on cognition, behavioral, and
brain status. Although we did not find many papers
about this issue, the protective effects of Citrullus colo-
cynthis on diabetes have been well approved. However,
some studies have demonstrated the protective effects
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of Citrullus colocynthis on the central nervous system
under different conditions via different mechanisms
such as anticonvulsant activity by modulating the
GABA and benzodiazepine receptors [60], analgesic
activity by modulating opioid receptors [61], and anti-
depressant and sedative activity by modulating of
GABA receptors [62]. Studies have shown that the
Citrullus colocynthis can have beneficial effects on
improving Alzheimer’s disease through mechanisms
such as antioxidant and anti-inflammatory activity and
cholinesterase inhibition [63-65]. In rodents, Citrullus
colocynthis investigations showed that diabetes can
impaired cognition in behavioral level in some behav-
ioral tasks such as the Morris Water Maze (MWM) [66,
671, Novel object recognition (NOR) [68], passive avoid-
ance [68, 69], Barnes maze [70], T maze [70], and Y
maze [69]. Also, at the synaptic level, diabetes disrupts
long-term potentiation (LTP) and synaptic plasticity
[48, 71] and at the molecular level, diabetes declined
BDNF level [72, 73].

The hippocampus is involved in spatial/relational
memory [74, 75]. In this regard, water maze specifically
tests spatial memory [76]. Our observations revealed
that STZ-induced diabetes impaired spatial learning
and memory in the MWM task. Other studies confirm
our data [77, 78]. Moreover, according to the results
of this study, Citrullus colocynthis administration could
improve this impairment by reducing distance moved
and time spent on finding the hidden platform.

In agreement with some other studies, our results
in NOR showed that STZ-induced diabetes impaired
the ability of the rat in distinguishing novel objects
[79, 80]. Based on our results, this impairment could
be improved by the administration of Citrullus colo-
cynthis as it increases the animal’s inclination toward
a new object.

Our data revealed that STZ-induced diabetes disrupted
passive avoidance learning and memory. Other studies
are consistent with these findings [81, 82]. Administration
of Citrullus colocynthis reversed these disturbances.
Citrullus colocynthis decreased shock number, indicating
the improved learning process. Besides, it increased STL
and decreased time spent in a dark compartment, sug-
gesting the improvement in the memory process.

Our data demonstrated that diabetes increased
anxiety-like behaviors in the open field test and ele-
vated plus-maze. Several studies have analyzed the
relationship between diabetes and anxiety in animal
models and showed that diabetes increases anxiety-like
behaviors in an open field and plus maze [22, 83]
tasks. Our findings demonstrated that the administra-
tion of Citrullus colocynthis could decrease anxiety
behaviors.

Citrullus colocynthis decreased grooming, defeca-
tion, and time spent in the periphery of the box as
an index for high anxiety. Also, it increased rearing
and time spent in the center of the box as an index
for low anxiety in the open field test. Moreover,
Citrullus colocynthis increased the time spent in open
arms and head dips as an index for low anxiety and
decreased the time spent in closed arms as an index
for high anxiety in plus-maze.

In this study, we evaluated the effects of Citrullus
colocynthis on cognition in behavioral levels in diabetic
rats and found that Citrullus colocynthis could amelio-
rate the negative effects of diabetes on behavior in
rats. It is noteworthy that the behavioral tests alone
were not enough to clarify the effects of Citrullus colo-
cynthis on diabetic-associated cognitive impairments.
The possible mechanisms of these effects may be
related to molecular and synaptic levels such as
changes in the BDNF level and its receptor expression
or LTP. Therefore, more electrophysiological and molec-
ular investigations are needed to find possible mech-
anisms for these positive behavioral effects in the future.

Conclusion

In general, our data showed that STZ-induced diabetes
could impair spatial and non-spatial or
hippocampal-dependent and non-hippocampal depen-
dent learning and memory, as well as increasing
anxiety-like behaviors. However, Citrullus colocynthis
administration could ameliorate these cognitive impair-
ments, as well as antidiabetic effects such as increasing
body weight and decreasing FBS.
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