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Abstract

Cognitive impairment occurs in diabetes mellitus. Sonchus asper has been used in folk medicine to improve mental
performance. Here it is hypothesized that chronic treatment with an extract of Sonchus asper (6, 12 and 25 mg/kg, p.o.)
would have effects on passive avoidance learning (PAL) and memory in control and streptozotocin-induced diabetic rats.
Treatments were begun at the onset of hyperglycaemia. PAL was assessed 30 days later. A retention test was done 24 h
after training. At the end, the animals were weighed and blood samples were drawn for plasma glucose measurement.
Diabetes caused impairment in acquisition and retrieval processes of PAL and memory. Sonchus asper treatment (12 and
25 mg/kg) improved learning and memory in control rats and reversed learning and memory deficits in diabetic rats. A
dose of 6 mg/kg did not affect cognitive function. Sonchus asper administration did not alter the body weight and plasma
glucose levels. These results show that Sonchus asper prevented the deleterious effects of diabetes on PAL and memory.
As Sonchus asper would be free of major side effects compared with other nootropic medications, it may provide a new

potential alternative for demented diabetic patients.
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Introduction adults with diabetes [3]. Cognitive impairment has been
also reported to occur in streptozotocin-induced diabetes

Diabetes mellitus, one of the most serious health as a well-characterized experimental model for type I
problems in the world, is associated with neurological diabetes mellitus [4]. Treatment of diabetes mellitus and
complications in both the peripheral and central nervous its complications in the recent context has focused on the
system [1]. Evidence indicates that diabetes causes usage of plant extracts. The WHO has estimated that
learning and memory deficits [2]. In fact, moderate approximately 80% of the Earth’s inhabitants rely on
impairment of learning and memory has been observed in traditional medicine for their primary health care needs,
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and most of this therapy involves the use of plant extracts
[5]- Sonchus asper (Sa) is one of the most important
medicinal plants that belong to Asteraceae family. It can
be used as a supplementary drug for colds, and tonsil
pain, as well as treating burns, and anemia [6,7]. Also, it
can be used in treating various other diseases as well like
stomach disorders, skin sores and intestine disease [8].
Kidney, liver problems, and impotency are one of the
plants known for its use in treating asthma, digestive
system infections, and heart diseases [9]. There are
phytochemical compounds in the plant, such as
flavonoids, carotenoids, sesquiterpenes, and phenolic
compounds [10]. One of major constituents that exist in
this plant is apigenin-7-glucoside (Ap7G) that belongs to
flavonoids [11,12]. Recently, we are demonstrated the
analgesic activity of Sa in mice [13].

In light of these reports, this study examined whether
doses of Sonchus asper extract could protect against
learning and memory deficits in diabetic rats. Therefore,
the aim of this study was to evaluate the effects of long-
term administration of Sonchus asper (6, 12 and 25
mg/kg, p.o.) on passive avoidance learning (PAL) and
memory performance in healthy and diabetic rats.

Materials and Methods

Animals

Fifty six locally produced male Wistar rats (250-280 g,
3-4 months old) were used in the present experiments.
All animals were maintained at a constant temperature
(22 0.5 C) with 12 h light: 12 h dark cycle. They had free
access to laboratory chow and tap water. Each
experimental group consisted of seven animals that were
chosen randomly from different cages and each was used
only once [14].

Chemicals

Streptozotocin (STZ) was obtained from Pharmacia &
Upjohn (USA) and dissolved in 1 mL normal saline
immediately before use and ketamine HCl was obtained
from Rotexmedica (Trittau, Germany). The extract was
prepared according to the method explained in previously
published studies (Feily and Abbasi, 2009; Khalifa, 2001).
Briefly, the plant (Sonchus asper) was grown in Hamadan
province and was harvested in August. After collection,
overground parts (leaves, flowers and stem) of the plant
were dried at room temperature and their voucher
specimens are kept at the Herbarium of the Faculty of
Pharmacy, Hamadan University. Five grams of
semicrushed plant materials was boiled in distilled water
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for 15 min. Following filtration and removal of water by
lyophilization, dry extracts were obtained. Sonchus asper
extract was dissolved in saline with the help of an
ultrasound vortex and was fed to rats orally in doses of 6,
12 and 25 mg/kg, once a day for 30 consecutive days.

Experimental Design

The animals were divided into eight equal groups (n =
7); four diabetic and four control groups. Diabetes was
induced by a single i.p. injection of STZ (60 mg/kg). Three
days later, fasting blood glucose levels were determined.
Animals were considered diabetic if plasma glucose levels
exceeded 250 mg/dL. As soon as diabetes was confirmed,
the diabetic groups received saline or 6, 12 and 25 mg/kg
of the extract orally using a gavage needle for 30 days.
The control groups received saline or the extract at the
same doses as the diabetic groups orally using a gavage
needle for 30 days. After the treatment period, learning
and memory of the different animal groups were tested
by a standard experimental paradigm of learning and
memory. At the end of the experiment, all rats were
weighed and underwent sampling for plasma glucose
measurement. The operator was unaware of the specific
treatment group to which an animal belonged. All
research and animal care procedures were approved by
the Ethics Committee of Islamic Azad University, Tehran
and were performed in accordance with the National
Institutes of Health Guide for Care and Use of Laboratory
Animals (NIH Publication no. 85-23, revised 1985).

Passive Avoidance Learning (PAL) Test (Step-
Through Test)

The apparatus and procedure was basically the same as
in previous studies [15]. Briefly, the step-through passive
avoidance apparatus consisted of a lighted chamber (20
cm x 20 cm x 30 cm) made of transparent plastic and a
dark chamber whose walls were made of dark opaque
plastic. The floor of both chambers was made of stainless
steel rods (3 mm diameter) spaced 1 cm apart. The floor
of the dark chamber could be electrified using a shock
generator. A rectangular opening (6 cm x 8 cm) was
located between the two chambers and could be closed by
an opaque guillotine door.

Training

First, all experimental groups were given two trials to
habituate them to the apparatus. For these trials, the rats
were placed in a lighted compartment of the apparatus
facing away from the door and 5 s later the guillotine door
was raised. The rat has native preference to the dark
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environment. Upon the rat entering the dark
compartment, the door was closed and after 30 s the rats
were taken from the dark compartment into their home
cage. The habituation trial was repeated after 30 min and
followed after the same interval by the first acquisition
trial. The entrance latency to the dark compartment (step-
through latency, STLa) was recorded when the animal had
placed all four paws in the dark compartment. After the
animal had spontaneously entered the dark compartment,
the guillotine door was lowered and a mild electrical
shock (0.5 mA) was applied for 3 s. After 30 s, the rat was
taken from the dark compartment to the home cage. Then
after 2 min, the procedure was repeated. The rat received
a footshock each time it reentered the dark and had
placed all four paws in the dark compartment. Training
was terminated when the rat remained in the light
compartment for 120 consecutive seconds. The number of
trials (entries into the dark chamber) was recorded.

Retention Test

The retention test was performed 24 h after the PAL
acquisition trial. The rat was placed in the lighted
chamber as in PAL training and 5 s later, the guillotine
door was raised, and the step-through latency (STLr) and
the time spent in the dark compartment (TDC) were
recorded up to 300 s. If the rat did not enter the dark
compartment within 300 s, the retention test was
terminated and a ceiling score of 300 s was assigned.

Measurement of Plasma Glucose Levels

At the end of the experiment, all rats were decapitated
under ketamine HCl anaesthesia (50 mg/kg, i.p.) and
blood samples were drawn. Plasma glucose levels were
measured using the kit (through enzymatic ‘glucose
oxidase’) (Zistshimi,  Tehran, Iran) and a
spectrophotometer (UV3100, Shimadzu, Tokyo, Japan).

Statistical Analysis

All data are expressed as mean SEM. Differences among
groups were statistically tested by one-way analysis of
variance (ANOVA) with Tukey as a post hoc test.
Spearman correlation coeffi- cients were calculated to
explore the relationship between plasma glucose levels
and memory performance in the diabetic and control
groups. Correlation analyses were carried out by SPSS
(Version.11). Probability values less than 0.05 were
considered significant.
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Results

There was no significant difference in the STLa among
the diabetic and control groups in the first acquisition
trial (before receiving the electrical shock) (p > 0.05,
Figure 1A).There was a significant difference (p < 0.001)
in the number of trials to acquisition between the diabetic
group (5.28+0.28) and the control group (2.71+0.2)
(Figure 1B). In the retention test, the diabetic group had a
decreased STLr (45.42+6.53) and an increased TDC
(194+17.27) compared with the control group (99.1 7.7,
135.5+6.36, respectively) (p < 0.001, p < 0.01) (Figures 1C
& 1D).

One-way ANOVA indicated that there was no significant
difference in the STLa of the first acquisition trial between
the groups (p > 0.05, Figure 1A). Sonchus asper (6 mg/kg)
administration to control rats did not have a significant
effect on the number of trials to acquisition, STLr and TDC
(Figures 1B-D).The number of trials to acquisition of 12
and 25 mg/kg Sonchus asper treated control groups was
less than the untreated control group (p < 0.05, p < 0.05,
respectively) (Figure 1B). However, there was no
difference between the acquisition trials of the former
two groups. In the retention test, Sonchus asper (12 and
25 mg/kg) administration to control rats caused an
increased STLr (138.14+11.25, 264.42+14.95,
respectively) compared with the untreated control rats
(99.1£7.7, respectively) (p < 0.05, p < 0.001, respectively)
(Figure 1C). The TDC of 12 and 25 mg/kg extract treated
control groups (66.28 +4.38, 24.5 7.4) was significantly
less than the untreated controls (135.5%£6.36) (p < 0.001,
p < 0.001, respectively) (Figure 1D). In addition, there
was a significant difference in the STLr and TDC between
the 12 and 25 mg/kg Sonchus asper treated control rats (p
< 0.001, p < 0.05, respectively) (Figure 1C, 1D). In the
diabetic groups, administration of Sonchus asper (6
mg/kg) did not significantly alter the number of trials to
acquisition, STLr and TDC compared with the untreated
diabetic group (Figures 1B-D).

However, administration of 12 and 25 mg/kg Sonchus
asper to diabetic animals produced a significant difference
in the number of trials (p < 0.001, p < 0.01, respectively),
STLr (p < 0.05, p < 0.05, respectively) and TDC (p < 0.05, p
< 0.001, respectively) than in the untreated diabetic
animals (Figures 1B-D). There was no significant
difference between the extract treated diabetics and
untreated controls in these parameters (Figures 1B-D).
The Spearman’s correlation analysis was applied to assess
the relationship between the Full-size table blood glucose
levels and STLr. Spearman correlation coefficients in the
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control and diabetic groups are r = 0.064 (p > 0.05) and r
= -0.36 (p < 0.05), respectively. However, there was no
significance difference in correlation coefficients between
the control and diabetic groups (p = 0.113) (Data not
shown). The body weight and blood glucose levels of
different animal groups at the beginning and at the end of
the experiment are shown in Table 1. There was no
significant difference in body weight or plasma glucose
between any groups before the onset of diabetes. Body
weight and plasma glucose level were measured at the
end of behavioral assays (30 days after the onset of
hyperglycemia).

At the end of assays, the body weight of the untreated
(213 +9) and Sonchus asper (6, 12 and 25 mg/kg) treated
diabetic rats (207+3, 210+7, 205+4, respectively) were
significantly (p < 0.001, p < 0.001, p < 0.001, p < 0.001,
respectively) lower than the control rats (311%5).
Furthermore, there was no significant difference in the
body weight of extract (6, 12 and 25 mg/kg) treated and
untreated control animals. Regarding the plasma glucose
level, untreated diabetic animals had significantly (p <
0.001) elevated plasma glucose levels (386.32 14.37
mg/dL) compared with the control animals (82.85+5.54
mg/dL). Although administration of Sonchus asper (6
mg/kg) did not affect the plasma glucose of diabetic rats,
12 and 25 mg/kg doses of Sonchus asper caused a minor,
but not significant, decrease in plasma glucose levels of
diabetic groups (353.9+17 mg/dL, 335.2+18.2 mg/dL,
respectively) compared with the untreated diabetic group
(386.32+14.3 mg/dL). However, there was still a
significant difference in plasma glucose levels between
the 12 and 25 mg/kg extract treated diabetic animals and
untreated control animals (p < 0.001, p < 0.001,
respectively) (Table 1).
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Figure 1: Effects of long-term administration of Sonchus
asper (Sa) extract on the PAL test.
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The effect of long-term oral administration of extract
with doses of 6, 12, and 25 mg/kg on the step-through
latency (STLa) in the first acquisition trial (a), the number
of trials to acquisition (b), step-through latency (STLr) in
the retention test (c) and the time spent in the dark
compartment in the retention test (TDC) (d) between
different control (Cont) and diabetic (Diab) groups (n =
7). *p < 0.05, **p < 0.01 and ***p < 0.001 compared with
the control group. #p < 0.05, ##p < 0.01 and ###p <
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0.001 compared with the diabetic group. Each column and

bar represents mean SEM.

T Body weight Plasma glucose (mg/dL)
Beginning End Beginning End
Control 2724 3116 68.4£3.6 82.8+£5.5
Cont + Sa 6 (mg/kg) 265+2 309+1 78.4+4.5 81.4+6.9
Cont + Sa 12 (mg/kg) 2738 320+2 79.8+6.6 86.7+5.3
Cont + Sa 25 (mg/kg) 267+3 3125 83.2+5.8 83.5+5.8
Diab (mg/kg) 2711 213%32 90+6.2 386.3+14.32
Diab + Sa 6 (mg/kg) 269+5 20782 87.8.4+7.1 403.4+11.82
Diab + Sa 12 (mg/kg) 268+4 210+52 86.8.4+9.1 353.9+172
Diab + Sa 25 (mg/kg) 266+2 20572 70.5+6.1 335.2+18.22

Table 1: Body weight and plasma glucose level of control, control treated Sonchus asper (Sa) (6 mg/kg) (Cont + Sa 6),
control treated Sonchus asper (Sa) (12 mg/kg) (Cont + Sa 12), control treated Sonchus asper (Sa) (25 mg/kg) (Cont + Sa
25), Diabetic (Diab), diabetic treated Sonchus asper (Sa) (6 mg/kg) (Diab + Sa 6), diabetic treated Sonchus asper (Sa) (12
mg/kg) (Diab + Sal2) and diabetic treated Sonchus asper (Sa) (25 mg/kg) (Diab + Sa25) at the beginning and end of the

intervention.

A Significant difference compared with control group (p < 0.001, ANOVA, Tukey’s test for post-hoc comparisons).

Discussion

The principal findings of this study are two-fold. First,
treatment with Sonchus asper (12 and 25 mg/kg) for 30
days improved PAL and memory of control rats. Second,
such treatment for 30 days from the onset of diabetes
alleviated the negative influence of diabetes on learning
and memory. The decrease in the number of trials to
acquisition in the PAL task is evidence of an improvement
in acquisition. The increase in STLr and decrease in TDC
during the retention test demonstrates facilitatory effects
on memory retention (4). Our present result showing a
significant improvement of rat cognition function by
Sonchus asper using the PAL task is consistent with some
previous published studies. For example, Sonchus asper
was previously shown to induce an enhancement of
retrieval memory of a conditioned avoidance response
paradigm in mice and in rats In the retention test, STLr
was decreased and TDC was increased, which represents
memory retention deficits induced by diabetes. Learning
and memory deficits induced by diabetes mellitus have
been reported previously in animals and humans [4,16].
Our current experiments expand on these reports and
demonstrate the potential of Sonchus asper to protect
against memory impairment effects of diabetes. The
results are quite promising. Administration of Sonchus
asper clearly prevented the deficits of cognitive functions
caused by diabetes. Indeed, Sonchus asper administration
(12 and 25 mg/kg) to diabetic animals reversed the
increased number of trials to acquisition, showing the
preventive effect of the treatment on acquisition deficits.
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In the retention trial, the decreased STLr and increased
TDC of diabetic rats were also reversed by Sonchus asper
treatment. Interestingly, it has been reported that low
doses of the Sonchus asper extract (4, 8, 12 and 25 mg/kg,
p.o.) demonstrate antioxidant properties by protecting rat
brain from elevated oxidative status in the model of
scopolamine-induced amnesia [17].

As oxidative stress is thought to play a crucial role in
the development of memory impairment in diabetes
mellitus [18], antioxidant properties of the low doses of
the extract may be responsible for the observed memory
enhancing effects. Furthermore, diminished cholinergic
transmission due to a decrease in central acetylcholine
level may be associated with cognition deficits induced by
streptozotocin in rats [19]. As central cholinergic
pathways play a prominent role in learning and memory
processes, the Sonchus asper-induced increase in cortical
muscarinic acetylcholine receptor capacity [19,20] may
be involved in the nootropic effects of Sonchus asper in
control and diabetic animals. Although Sonchus asper is
one of the most widely used herbal medicines in Western
countries and it has been used for centuries as a
neuroprotective drug [21], there is also evidence of
undesirable effects of this herbal medicine. The clearly
most relevant safety issue with Sonchus asper extracts is
interaction [22]. Furthermore, it has been shown recently
that Sonchus asper extract inhibited adipogenesis and
insulin sensitive glucose uptake in fat cells [17]. These
inhibitory effects can be a causative factor in the
development of insulin resistance [23]. Our recent in vivo
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study showed that the extract treatment for 30 days did
not alter plasma glucose levels of the diabetic rats.
Induction of insulin resistance in fat tissues of treated
diabetic animals may be involved in the observed effects.
Furthermore, there was no significance difference in
correlation coefficients between the control and diabetic
groups. Accordingly, the memory enhancing effect of
Sonchus asper in diabetes may not be related to changing
plasma glucose levels. There have been no reported
effects of Sonchus asper on motor function in doses equal
to or greater than those used in this study [24]. In
addition, as STLa in the first acquisition trial was not
different between the animal groups and no abnormal
motor behavioral responses were observed during the
experiments, the nootropic properties of Sonchus asper
may not be attributed to possible effects on locomotion
[25].

Conclusion

This study demonstrates the potential of Sonchus asper
to protect against memory impairment effects of diabetes
in rats. Therefore, Sonchus asper may be considered as a
new potential alternative for demented diabetic patients
after confirmation with clinical trials.
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