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Abstract

Diabetes mellitus is one of the most common causes of neuropathy. Although antioxidant 
and antidiabetic effects of the aqueous extract of purslane (Portulaca oleracea) (AEOP) have 
been demonstrated before by other researchers, we did not find any study that assessed the 
psychobiological effects of AEOP in diabetes induced animals. Thirty ovariectomized (OVX) 
female Wistar rats were randomly divided into 3 groups of control, Dia and Dia+AEOP. The 
latter group was orally treated by 300 mg/kg of AEOP for 35 days. Dia and Dia+AEOP groups 
were made diabetic by IP injection of 60 mg/kg of streptozotocin (STZ). The psychobiological 
effects of AEOP were assessed by Morris water maze (MWM), elevated plus maze (EPM), 
forced swimming test (FST) and tail pinch stressor (TPS). AEOP significantly decreased 
hyperglycemia (p<0.001). Diabetes significantly decreased their spatial cognitive performance 
at the training trial as well as the total distance traveled at the probe trial in MWM (p<0.05). All 
the diabetes related deficits at training trials were improved by AEOP treatment (p<0.05). AEOP 
treatment not only improved the motor deficit of Dia group in EPM, but also showed anxiolytic 
effects compared to both control and Dia groups (p<0.05). In the FST, no differences were 
observed between any groups (p>0.05). Diabetes significantly increased their non-functional 
masticatory activity in TPS (p≤0.001) while it was improved in Dia+AEOP group. We showed 
that AEOP has significant anxiolytic effects and it can improve spatial cognitive performance, 
locomotor deficit and stress in diabetic OVX rats.
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Introduction

Diabetes mellitus (DM) which is characterized 
by hyperglycemia is a common metabolic 
disorder that happens due to insulin deficiency 
and insulin resistance (1). It is associated with 
central nervous system (CNS) and peripheral 

nervous system (PNS) neurological complication 
(2). DM in Long-term causes a vast range of 
peripheral neuronal deficits including reduced 
motor nerve conduction velocity, axonal 
shrinkage, impaired nerve regeneration, and 
deficient axonal transport (3).

STZ-induced diabetes is a well-defined 
experimental model for DM because the nerve 
damages are similar to the nerve degeneration 
that occurs in human diabetic neuropathy (4(. 
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Different kinds of diabetic neuropathies are some 
of the major complications of DM. It has been 
suggested that diabetes is one of the primary 
risk factors in the creation of senile dementia 
of the Alzheimer᾽s type (SDAT) (5). Although 
the complete mechanisms through which 
diabetes could mediate these effects are not 
fully understood, it seems that hyperglycemia, 
oxidative stress and subsequent free radicals 
generation, lead to increased cell membrane 
damage (lipid peroxidation) and initiates death 
signaling pathways (6, 7).

Portulaca oleracea L. (Portulacaceae) which 
is referred to as Purslane (Khorfeh in Persian) 
has been given the term ‘Global Panacea’  and 
is listed by the World Health Organization as 
one of the most used medicinal plants. Purslane 
is a rich source of antioxidants (vitamins A, C, 
and E, β-carotene, and glutathione) and omega-3 
fatty acids (8). Purslane also contains various 
kinds of flavonoids (9). Other bioactives found 
in purslane are coumarins, alkaloids, saponins, 
polyphenols and anthocyanin 10( . The aqueous 
extract of purslane hasn᾽t shown any cytotoxicity 
or genotoxicity, and has been certified safe for 
daily consumption as a vegetable (11(.  

A wide range of biological effects related 
to purslane has been reported including being 
neuroprotective (12, 13), effective in cognition 
improvement (14), being anxiolytic (15, 16), 
analgesic (17), antidiabetic (18, 19) and having 
antioxidant effects (8-10).

Although there are many different aspects in 
brain᾽s structure, neuroendocrine regulation and 
neurotransmitter systems of males and females 
(20, 21), most of the studies have been focused 
on the neurobehavioral changes which take 
place in male animals following diabetes. On the 
other hand, incidence of diabetes increases after 
menopause (22). Therefore, due to lack of enough 
knowledge concerning the effects of purslane on 
neurobehavioral changes and hyperglycemia that 
happen in female diabetic animals, the present 
study was designed and conducted. We assessed 
the effects of AEOP on ovariectomized (OVX) 
rats. OVX rats not only are well-defined models 
to assess post-menopausal events (23, 24), but 
also they don᾽t get influenced by the effects of 
ovarian steroids which may alter the behavior of 
rats during the estrus cycle.

Experimental

Drugs
STZ was purchased from Enzo, Life 

sciences, Inc. (USA). All the other chemicals 
were of analytical grade and were obtained from 
commercial sources.

Preparation of Aqueous Extract
Purslane which was cultured in Khouzestan, 

Ramin Agriculture and Natural Resources 
University, was obtained as a gift. AEOP was 
prepared by the maceration method. Briefly 1500 
ml of distilled water was added to 300 grams of 
dried purslane powder in a sealed glass container 
and it was set aside for about 72 h. The filtrated 
extract was concentrated in a rotary evaporator 
under reduced pressure at 55 °C and dried in a 
bath of warm water.

Animals
Thirty virgin female Wistar rats (weighing 

190 - 200 g, 12 weeks of age) were obtained 
from the Faculty of Veterinary Medicine of 
Shahid Chamran University (Ahvaz, Iran). They 
were maintained under standard laboratory 
conditions with 12 h light/dark cycle and free 
access to standard laboratory rat food and tap 
water. The used protocol and animal ethics were 
approved by the Research Council of the Faculty 
of Veterinary Medicine of Shahid Chamran 
University of Ahvaz.

OVX rats were randomly divided into three 
groups (10 in each group): normal control 
(control), diabetic (Dia) and AEOP treated 
diabetic (Dia+AEOP) groups. Following 
confirmation of diabetes (Blood sugar>300 mg/
dL), Dia+AEOP group were treated daily by oral 
gavage of 300 mg/kg of AEOP dissolved in 4 
ml of saline (25) for 35 days. Both control and 
Dia groups were treated similarly with the same 
procedure and same volume of the solvent of the 
extract (saline). 

Surgery
All the animals used in this study were OVX. 

Anesthesia was induced by ketamine-xylazine 
mixture (100 mg/kg-10 mg/kg, respectively) 
to remove both of their ovaries. The dorsal 
mid lumbar area was shaved and swabbed 
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with surgical scrub, iodine and alcohol. A 1-2 
cm dorsal midline incision was made halfway 
between the caudal edge of their ribcage and base 
of the tail at both right and left sides. Ovaries 
and oviducts were exteriorized, clamped and 
removed. With 10 days of recovery, the OVX 
rats were randomly introduced to the above 
mentioned groups.

Diabetes induction
Diabetes was induced by intraperitoneal 

(i.p.) injection of freshly prepared STZ (60 mg/
kg, dissolved in 0.1 M citrate buffer, pH 4.5). 
The control rats received the same volume of the 
buffer. Five days after STZ injection, animals 
with blood glucose greater than 300 mg/dL were 
used for the study.

Glucose measurement
Glucose was measured by a glucometer from 

a drop of blood taken from their tail. Glucose 
was measured twice: once 5 days after injection 
of STZ to assess the induction of diabetes and 
again at the last stage of the study to assess 
effects of AEOP on diabetic hyperglycemia.

Morris water maze (MWM)
The spatial learning and memory ability of the 

rats were evaluated using MWM (26). Briefly, 
the system included a circular pool (height: 50 
cm, diameter: 150   cm) which was filled with 
water (22 ± 1 °C) to a depth of 25 cm and a video 
tracking device captured the swimming pathway 
by a video-tracking Software (Borj Sanat Co, 
Tehran, Iran). A hidden square platform (10 × 10 
cm) was  placed in the center of the southwest 
quadrant, submerged 1 cm below the surface of 
the water. The maze was geographically divided 
into four quadrants; northeast  (NE), northwest 
(NW), southeast (SE) and southwest (SW), and 
four starting positions including north (N), south 
(S), east (E) and west (W); which were equally 
spaced around the perimeter of the pool. In the 
training trials, each rat was trained in the maze for 
four consecutive days, which was repeated four 
times per day and the swim path of every rat was 
recorded for 90 seconds. Swim speed, the escape 
latency and the distance traveled to reach the 
hidden platform were recorded by the software. 
In the probe trial which took place 24 h after the 

last training trial, spatial memory of the rats was 
evaluated in the maze without the platform. At 
this point, the activity of the rats was recorded 
for 60 s to compute the total distance traveled, 
the percentage of distance traveled in the target 
quadrant and the percentage of time spent in the 
target quadrant as a measure of retention and 
memory performance of the rats.

Elevated plus maze (EPM)
The EPM was designed according to Pellow 

and File (27). The EPM is comprised of two open 
arms (50 × 10 cm) and two closed arms (50 × 
10 × 40 cm), which are connected by a common 
central square 10 × 10 cm. Rats were placed in 
the central square, facing an open arm and were 
allowed to explore the apparatus for 5 minutes. 
The maze was cleaned with ethanol (70%) after 
each test. A video tracking device captured every 
rat᾽s pathway by a video-tracking Software 
(Borj Sanat Co, Tehran, Iran) and measured: 
a) total time spent in open arms, b) total time 
spent in closed arms, c) number of entries into 
open arms and d) number of entries into closed 
arms. Finally, the following parameters were 
calculated: 1) percentage of time spent in the 
open arms relative to the total time spent in the 
maze 2) percentage of entries into open arms 
relative to the total number of entries into any 
arm.

Forced swimming test (FST)
The FST was performed according to Porsolt 

et al. (28). A vertical plastic cylinder (50 cm in 
height, 20 cm in diameter) was filled with water 
(23-25 °C) to a depth of 30 cm. Each animal 
was placed in the cylinder for 6 min, to measure 
immobility-floating and swimming behaviors 
during the last 4 min. Immobility-floating was 
considered as the rat being passively in the water 
and only making slight movements to keep its 
head above the water line and swimming was 
considered as making active swimming motions, 
more than necessary to merely keep the head 
above the water (i.e., moving around in the 
cylinder).

Tail pinch stressor (TPS)
Rats were subjected  to a mild tail pinch 

according to the method which is described 
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by Go´mez et al. (29, 30(. Rats were placed in 
individual chambers (18 × 26 × 18 cm) which 
one side of them was made of wire-mesh and 
they were allowed to acclimatize for 15 min. A 
softwood biting block was put in each chamber. 
The rat᾽s tail was put through a hole in the center 
of the wire-mesh wall  and at the distance of 8 
cm from its tip a plastic clothes clip was put 
on it for 5 min. The duration of non-functional 
masticatory activity (NFMA) displayed during 
tail pinch exposure was measured by an observer. 
Vigorous gnawing⁄biting of the wooden block 
and/or audible experimental bruxism (chattering 
or scraping of the teeth)  were considered to 
be NFMA. Duration was defined as the total 
time in which NFMA was displayed during the 
observation period which was 5 min; although 
a prerequisite was that rats had to exhibit a 
minimum of 5 consecutive seconds of NFMA 
for it to be considered valid. The reason that 5 
s was decided upon as an appropriate portion of 
time, was to prevent the scoring any intermittent 
masticatory activity which was not significant.

Data analysis
Data were analyzed by the software SPSS, 

version 16 (SPSS; Chicago, IL, USA). All values 
were expressed as mean ± SEM. Repeated 
measures and one way analysis of variance 
(ANOVA) followed by tukey test were used to 
assess treatment differences among the groups. 
P values of <0.05 were accepted as statistically 
significant.

Results

Fasting blood sugar (FBS)
The results of measuring the FBS following 

12 h of fasting  are demonstrated in (Figure 1). 
Diabetes induction significantly increased FBS 
(p<0.001), while it was improved significantly 
in the Dia+AEOP group (p<0.001). 

MWM
Diabetes significantly decreased swim speed 

while increased both the escape latency and the 
distance traveled to reach the hidden platform 
(p<0.001) at the training trials (Figure 2). All 
the three parameters were improved in the 
Dia+AEOP group compared to the Dia group 

(p<0.05). Although there were no significant 
differences in swim speed and the traveled 
distance between the control and Dia+AEOP 
groups, the escape latency to reach the hidden 
platform was longer in the Dia+AEOP (p<0.05).

Data obtained from the probe trial is shown 
in Figures 3 and 4. Total distance traveled were 
significantly lower in Dia group compared to 
the control (P<0.05, Figure 3), but there were 
no significant differences in the percentages of 
target quadrant travel and target quadrant time 
(p>0.05, Figure 4).

EPM
There were no significant differences in the 

percentages of open arm entries and open arm 
spent time between the control and Dia groups 
(P>0.05), but the number of total arm entries 
were significantly lower in Dia group (P<0.05). 
Treatment of diabetic rats with AEOP not 
only improved the number of total arm entries 
(p<0.05), but also increased the percentage of 
open arm entries (p<0.05) and the percentage of 
open arm spent time (p<0.01) compared to both 
the control and Dia groups (Figure 5).

FST 
As shown in Figure 6, there were no 

significant differences between swimming/
immobility times between any groups (P>0.05).

TPS
Total time of stress-induced NFMA was 

severely greater in the Dia group compared to 
the control (p≤0.001, Figure 7).

Discussion

The aim of the present study was to assess 
psychobiological effects of AEOP in diabetes 
induced OVX rats, as a model of postmenopausal 
women. AEOP not only ameliorated 
hyperglycemia, but also improved the diabetes 
related deficits in MWM, as well as motor deficit 
in EPM and NFMA in TPS. Furthermore, it 
showed significant anxiolytic effects. 

Prolonged hyperglycemia, the most important 
cause of most diabetes complications, is thought 
to lead to cognitive impairments in diabetic 
patients (31, 32). Therefore, amelioration of 
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diabetes related neurobehavioral impairment 
by AEOP may be partly related to its ability to 
attenuate hyperglycemia.

The MWM is a commonly used paradigm for 
experimenting on learning abilities and memory 
of rodents (33). Increased escape latency and 
distance traveled to reach the hidden platform 
in Dia group could be related to spatial learning 
impairment, while reduction of swim speed as 
well as the total distance traveled in this group 
are indications of motor impairment. This finding 
in the diabetic group is in accordance with the 
decrease in total arm entries in EPM. In general 
diabetes decreases locomotor activity (34). Since 
swim speed was significantly lower in diabetic 
animals, interpretation of learning and memory 
should be with caution. However, the distance 
traveled to reach the hidden platform may be 
more decisive in this context. All these deficits 
were improved by AEOP treatment. Deficits in 
spatial cognitive tasks have been reported in DM 
animal models, such as the STZ-diabetic rat in 
the MWM (35). The hippocampus and cerebral 
cortex of mammals which play a pivotal role 
in a diverse set of cognitive functions are very 
sensitive to the oxidative damage that occurs 
in STZ-diabetic animals (36). Enhancement 
of lipid peroxidation in these regions leads 
to a significant motor and memory deficit in 
behavioral functions of diabetic animals (37). In 
summary, chronic oral administration of AEOP 
did enhance the memory consolidation and the 
capability to recall stored information and spatial 

memory in diabetic OVX rats.
Many plant ingredients, including 

polyphenols, flavonoids and various plant 
extracts, have antioxidant effects (38). There 
are various antioxidants in purslane including 
anthocyanins, antioxidant vitamins (vit A, C 
and E), melatonin, flavonoids and etc. that have 
antioxidant properties (8-10, 39). 

The EPM is widely used to assess anxiety-
related behaviors in rodents (40). The 
percentages of open arm entries and time spent 
in the open arms which have been approved as a 
measure of anxiety (41), decreased significantly 
in Dia group. Both ovariectomy, via estrogen 
depletion (23, 24), and diabetes (42) increases 
anxiety-like behavior in rodents. AEOP not 
only reversed the diabetes related decrease 
of locomotor activity but also increased the 
percentage of time spent in the open arms and 
the percentage of open arm entries. The anxiety-
like behavior of AEOP-treated group not only 
was lower than diabetic rats, but also was lower 
than the control group. Therefore the anxiolytic 
effect of AEOP was greater than we expected. 
This may be related to higher anxiety of OVX 
rats compared to intact ones (23, 24) or to high 
anxiolytic effects of AEOP. The later assumption 
is supported by the results of the previous 
studies which have indicated the anxiolytic 
effect of AEOP and ethanol extract of purslane 
on normal mice (15, 16). However, we did not 
find any report that indicates the anxiolytic 
effect of AEOP on diabetic or OVX models. 
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Figure 1. Data on the STZ-induced diabetic rats both treated and not treated (Dia) with Purslane (Dia+AEOP, 300 mg/kg) and the control 
indicating FBS. Each bar represents mean ± SEM and is analyzed by ANOVA followed by Tukey test. *: indicates a significant difference 
vs. control group (***: p < 0.001); #: indicates a significant difference vs. Dia group (###: p < 0.001). In all the groups, n = 10.
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Figure 2. Data on the STZ-induced diabetic rats both treated and not treated (Dia) with Purslane (Dia+AEOP, 300 mg/kg) and the control 
demonstrating the swim speed (A), amount of escape latency to reach the hidden platform (B), and the distance traveled to reach it (C) 
in training trials of MWM. Each bar is represented as mean ± SEM and is analyzed by repeated measures. *: indicates the significant 
difference in the area below the curve vs. control group (*: p<0.05, ***: p<0.001). #: indicates the significant difference in the area under 
the curve vs. Dia+AEOP group (#: p<0.05). In all the groups, n = 10.
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Since both the naturally occurring and synthetic 
flavones have been shown to bind to GABAA 
benzodiazepine receptors with high affinity and 
to exert anxiolytic-like effects in rodents, they 
have been suggested as ligands for these binding 
sites (43). Furthermore flavonoids naturally are 
the ligands of benzodiazepine receptors and 
have anxiolytic effects (44). Thus, the anxiolytic 
effects of AEOP may be related to flavonoids.

FST is frequently used to assess 
antidepressant-like activities in rodents (45). In 
the present study, we utilized FST to evaluate the 
effects of AEOP on the depressive behavior of 
diabetic OVX rats. In some studies immobility 

was increased in STZ-induced diabetic rats 
(46, 47). However in our study there were no 
differences in the depressive behavior of normal 
and diabetic rats. This is in accordance with the 
study of Khanam and Pillai (48). AEOP did not 
show any significant effects on FST performance 
of diabetic OVX rats.

Tail pinch is used to stimulate stress-related 
behavioral activities in rats (29, 30). The use 
of a peripheral stressor which is unavoidable 
for the animal, like tail pinch, produces a series 
of behaviors including chewing and gnawing/
biting (29, 30). The total time of stress-induced 
NFMA which was severely increased in the Dia 

Figure 4. Data on the STZ-induced diabetic rats both treated and not treated (Dia) with Purslane (Dia+AEOP, 300 mg/kg) and the control 
indicating the percentage of time spent in target quadrant and percentage of distance traveled in the target quadrant in the probe trial of 
MWM. Each bar is represented as mean ± SEM and is analyzed by ANOVA followed by Tukey test. No significant differences were 
detected. In all the groups, n = 10.

Figure 3. Data on the STZ-induced diabetic rats both treated and not treated (Dia) with Purslane (Dia+AEOP, 300 mg/kg) and the control 
indicating the total distance traveled in the probe trial of MWM. Each bar is represented as mean ± SEM and is analyzed by ANOVA 
followed by Tukey test. *: indicates the significant difference vs. control (*: p<0.05). In all the groups, n = 10.
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Figure 6. Data on the STZ-induced diabetic rats both treated and not treated (Dia) with Purslane (Dia+AEOP, 300 mg/kg) and the control 
indicating immobility and swimming behavior assessed by FST. Each bar is represented as mean ± SEM and is analyzed by ANOVA 
followed by Tukey test. No significant differences were detected. In all the groups, n = 10.

Figure 5. Data on the STZ-induced diabetic rats both treated and not treated (Dia) with Purslane (Dia+AEOP, 300 mg/kg) and the 
control, showing the percentage of time spent in the open arms, percentage of open arm entries (A) and number of total arm entries (B) 
in EPM. Each bar is represented as mean ± SEM and is analyzed by ANOVA followed by Tukey test. *: indicates a significant difference 
vs. Control group (*: p<0.05, **: p<0.01).  #: indicates a significant difference vs. Dia group (#: p<0.05, ##: p<0.01). In all the groups, 
n = 10.
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group, was improved by AEOP-treatment. 
These responses attenuate a variety of stress-
related changes in rats, such as increase in the 
activity of hypothalamo-pituitary-adrenal axis 
and catecholamine utilization in CNS (49). In 
this context, central dopamine is traditionally 
considered related to the etiopathogenesis 
of stereotyped behavior and bruxism (50). 
Rutledge et al. (51) showed that diabetes 
alter the sensitivity of dopaminergic system, 
which leads to modulation of nociception in 
STZ-diabetic rats. They reported that these 
changes are related to endogenous Met-
enkephalinergic system. These changes may 
be related to the mechanism of increase of 
NFMA in diabetic rats. The stress reduction 
effect of AEOP may be correlated with its 
anxiolytic effect. 

Purslane has many valuable compounds, 
it is rich in antioxidants (8-10), and also has 
neuroprotective (12, 13) and antidiabetic effects 
(17, 18). Thus, the positive effects of AEOP 
observed in this study may be attributed to these 
properties.

Conclusion

In the present study we showed anti-stress, 
antidiabetic and spatial memory improving 
effects of AEOP in diabetic OVX rats, as well 
as its anxiolytic effect on both diabetic OVX and 
normal OVX rats for the first time.
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