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Abstract

Background and objectives: Astragalus spp., have been used as a pain reliever in traditional medicine;
therefore, in this study, we decided to evaluate the antinociceptive effects of Astragalus ecbatanus
chloroform extract (AECE) in acute and chronic pain in male mice. Methods: The extract was obtained
from aerial parts of A. echatanus with maceration method. The antinociceptive effect of AECE was
determined by tail-flick, hot-plate, formalin, and rotarod tests followed by the oral intake of mice with
AECE at the doses of 200, 400, and 800 mg/kg for 14 days in male Balb/C mice. Results: The results
showed AECE at the concentrations of 400 and 800 mg/kg revealed a mean latency time of 6.4 and 7.2
s, respectively; representing a remarkable (p<0.05) antinociceptive activity compared with the control
group. AECE, especially at the doses of 400 and 800 mg/kg, significantly increased the time until the
occurrence of painful behaviors (licking or jumping) compared to the control group (p<0.001). The
results showed AECE, especially in concentrations of 400 and 800 mg/kg, markedly (p<0.05) reduced
the pain behaviors in the first phase (acute) and the second (chronic) phase of the formalin test compared
to the control group. Conclusion: According to the reducing pain effect of this plant in both pain tests
and in both stages of the formalin test, it can be concluded that Astragalus ecbatanus reduces both acute

pain and chronic pain and can relieve pain both peripherally and centrally.
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Introduction

Pain is an unpleasant sensory experience caused
by acute or potential tissue damage and is
considered as an indicator for identifying diseases.
So far, many effective efforts have been made in
the field of understanding the mechanisms of pain
and treating its types by researchers and doctors
[1]. Currently, pain control is done using opioid
painkillers and non-steroidal anti-inflammatory
drugs. Opioid analgesics, especially morphine, are

highly effective in relieving acute and chronic
pain [1,2]. These drugs exert their effects by
affecting the three opioid receptors located in the
central nervous system, especially the spinal cord
and brain stem, but by inducing tolerance and
physical dependence, as well as increasing
sensitivity to pain or hyper allergy, they cause side
effects [3,4]. Also, milder painkillers such as non-
steroidal anti-inflammatory drugs (NSAIDs) are
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known to exert their effect by preventing the
synthesis of eicosanoids (such as prostaglandins)
by inhibiting the enzyme cyclooxygenase (COX-
oxygenase-Cyclo) and inhibiting pain in its initial
stages in the peripheral part [3].

Their long-term use does not lead to tolerance or
dependence, but by inhibiting COX, they cause
digestive complications such as bleeding in the
digestive system [4]. Considering the adverse side
effects of chemical drugs and paying exorbitant
costs for their preparation, researchers are looking
for new drugs in the field of pain reduction to have
fewer side effects than existing drugs. Medicinal
plants and medicines derived from them have been
known as important sources of treatment by
human since ancient times [5]. Even today, due to
the ease of access to these drugs, there is a lot of
focus on their use and research on their properties.
Herbs of the genus Astragalus include nearly 3000
species of herbs and shrubs, mostly perennials,
with more than 250 taxonomic divisions in the
world [6]. These herbs are widely distributed
throughout the temperate region of the world and
so far about 800 species have been identified in the
pastures and mountainous areas of Iran [7]. Many
species of Astragalus have long been used in
traditional medicine to treat diabetes, nephritis,
stomach ulcers, high blood pressure, and chronic
bronchitis  [8,9]. In  addition, various
pharmacological properties of this genus such as
antioxidants, boosting immunity system immune
system, antihypertensive, antimicrobial and anti-
inflammatory effects have been proven [10,11].
Astragalus ecbatanus Bunge is one of the native
plants in Iran, especially in its western regions,
which has been traditionally used for treating
painful, anti-stress, nervous disorders, and
inflammatory illnesses [10]. In recent years, the
antinociceptive and analgesic effects of some
Astragalus species such as A. hamosus (at doses of
700 and 1000 mg/kg of the hydroalcoholic extract),
aqueous extract of A. arbusculinus gum extract (at
doses of 300 and 1000 mg/kg), and ethanolic
extract A. fasciculifolius (at doses of 400-1200
mg/kg) have been proven in animal models [12-
14]. In this study, we decided to evaluate the
antinociceptive effects of A. ecbatanus chloroform
extract (AECE) in two acute and chronic phases in
male mice.

Material and Methods
Ethical consideration
This study was approved by the ethics committee

of Lorestan University of Medical Sciences,
Khorramabad, Iran, with the ethics number of
IR.LUMS.REC.1401.190.

Chemicals

n-Hexane, chloroform and methanol were
purchase from Merk, Germany. Folin-Ciocalteu,
aluminum chloride, morphine and formaldehyde
were prepared from Sigma-Aldrich, USA.

Plant material

Aerial parts of A. echatanus Bunge were collected
from the rural regions of Nurabad district,
Lorestan province, Western, Iran in June 2021.
After identifying the herbal materials by a botanist,
a voucher specimen was archived at the
Herbarium of Razi Herbal Medicines Research
Center, Khorramabad, Iran (No. LUMS-26354).

Preparing the chloroform extract

Air dried plant material (200 g) was powdered and
defatted with -n hexane. Maceration method with
70% methanol was used for extraction (72 h). The
obtained extract was concentrated by a rotary
evaporator at 50 °C and 100 rpm, under vacuum.
The obtained extract was kept at —20°C until
testing [15].

Phytochemical analysis

The primary phytochemical analysis of the A.
ecbatanus chloroform extract was performed to
confirm the presence of tannins, saponins,
alkaloids, flavonoids, and glycosides, etc based on
the previous investigation [16].

Total phenolics content

In this test, 3 mL of Folin-Ciocalteu solution with
0.3 mL AECE was mixed with 7% sodium
carbonate and the mixture was incubated one hour
at  room temperature. Finally, by a
spectrophotometer, the optical density of the
tested tube was read at 760 nm. The total phenolics
content of AECE was displayed as mg gallic acid
equivalents (GAE) /g dry weight [17].

Total flavonoids content

In brief, 300 uL of AECE was mixed with 2%
aluminum chloride (300 pL) and 150 pL of 3%
aqueous acetic acid. The suspension was then
mixed with 90% ethanol to reach a volume of 5
mL and was incubated at room temperature for 30
min. Finally, by a spectrophotometer, the optical
density of the tested tube was read at 760 nm and
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total flavonoids content was displayed as mg
guercetin equivalent per gram dray weight of plant
(mg QE/ g DW) [18].

Animals

In this study, 152 male Balb/C mice weighing
between 25-30 g were used, which were randomly
placed in groups of 10 mice each. The mice were
kept under suitable laboratory conditions with 12
hours of light and 12 hours of darkness at room
temperature (22 + 1°C). They were placed in
laboratory conditions one hour before testing. In
addition, efforts were made to maintain and work
with animals based on the recommendations of the
laws for the protection of laboratory animals as
well as existing protocols.

Tail flick test

For this test, 40 Balb/C mice in five groups were
orally administrated with various concentrations
of AECE (200, 400, and 800 mg/kg), morphine (1
mg/kg) and normal saline; their thermal pain
threshold was evaluated. In tail flick test, thermal
light with an intensity of 5 is shone on the end of
the animal's tail by the tail flick device, and the tail
flick latency is measured in seconds from the time
the heat radiation starts until the tail is removed.
In order to avoid tissue damage, the maximum
time of irradiating the tail with light is 10 seconds.
For each animal, the tail withdrawal delay was
measured three times, and the average of the three
measurements was reported as the delay time
(TFL). A time interval of 5 minutes was
considered between each measurement [19].

Formalin test

At first, 40 Balb/C mice in five groups were orally
administrated with various concentrations of
AECE (200, 400, and 800 mg/kg), morphine (1
mg/kg) and normal saline. The device related to
this test is a 30 cm x 30 cm x 30 cm glass chamber
with mirror walls. The chamber was cleaned and
disinfected with alcohol after each test. Each
animal was placed in the chamber for 10 min
before injection to get familiar with the
environment. Fifty microliters of 1.5% formalin
solution (with 0.55% formaldehyde) was injected
subcutaneously in the upper lip (near the nose) and
then the time of rubbing the injection area was
recorded by a video camera. (Sometimes the
animal uses both front limbs to rub). Between 0
and third minutes is the primary phase of formalin
injection (acute) and between the 12" and 39"

minutes is considered the secondary (chronic)
phase (the total duration of the experiment will be
min 45) [20].

Hot plate test

For this experiment, 40 Balb/C mice in five groups
were orally administrated with  various
concentrations of AECE (200, 400, and 800
mg/kg), morphine (1 mg/kg) and normal saline.
The apparatus used for this test includeds a plate
with the diameter of 20 cm and a Plexiglas wall
with height of 30 cm (LE710 model, Lsi LETICA,
Spain). The temperature of the plate was
established to 55 + 0.2 °C to assess the pain
sensitivity of tested mice. The interval among the
start of the test and the licking front paw or
jumping was considered as response time to
thermal pain (maximum cutoff was considered
60 s) [21].

Rotarod test

Rotarod experiment was applied to determine the
motor coordination in tested mice. Balb/c mice
were trained to retain for 180 s on a rolling rod
(3 cm diameter) rotating at 8 rpm. Forty Balb/C
mice in five groups were orally administrated with
various concentrations of AECE (200, 400, and
800 mg/kg), morphine (1 mg/kg) and normal
saline, mice were positioned on the rolling rod and
the number of falls experienced by the mice during
the technique (3 min) was recorded [20].

Statistical analysis

SPSS version 17.0 software was used for data
analysis. One-way ANOVA test was used to
compare quantitative variables between groups,
and Tukey test was used if significant. In addition,
the significance level was p<0.05 and confidence
interval (CI) was considered 95%.

Results and Discussion

Based on the results of phytochemical analysis,
the attendance of flavonoids, saponins, terpenoids,
and polysaccharides was displayed in AECE. The
findings of the contents of secondary metabolites
revealed that the total phenolics and flavonoids
content were 0.74 (mg GEA/ g DW) and 2.64 (mg
QE/g DW), respectively.

Figure 1 shows the comparison of the time latency
to the painful stimulus after the oral administration
of various concentration of AECE. The results
showed that AECE at the concentrations of 400
and 800 mg/kg revealed a mean latency time of 6.4
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and 7.2 s, respectively; representing a remarkable
(p<0.05) antinociceptive activity compared with
the control group.
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Figure 1. The effect of oral administration of different doses
(200, 400 and 800 mg/kg) of Astragalus echatanus extract

(AE) on the tail jJump time in the tail flick test; *p<0.01 and
**p<0.001: significant difference compared to the control

group.

Figure 2 shows the effect of oral administration of
AECE at the doses of 200, 400 and 800 mg/kg on
pain behaviors caused by the hot plate test. The
results of the repeated ANOVA test showed that
AECE, especially at the doses of 400 and 800
mg/kg, significantly increased the time until the
occurrence of painful behaviors (licking or

jumping) compared to the control group (p<0.001).

The results also showed that although the extract
of AECE at 800 mg/kg caused a greater increase
in the duration of pain behaviors compared to 1
mg/kg morphine; however, this difference was not
significant (p<0.05).

Figure 3 displays the effect of oral administration
of various concentrations of AECE different on
formalin-induced pain behaviors in tested mice.
The results showed AECE, especially at the
concentrations of 400 and 800 mg/kg, markedly
(p<0.05) reduced the pain behaviors in the first
phase (acute) of formalin test compared with the
control group. The results also showed that AECE,
especially at the concentrations of 800 mg/kg,
significantly (p<0.001) caused a decrease in pain
behaviors in the second (chronic) phase of the
formalin test compared to the control group.
According to the findings of the motor
coordination experiment, there was no significant
(p>0.05) difference in the sensory-motor test
followed by the oral administration of different
doses (200, 400 and 800 mg /kg) AECE.

Astragalus  spp., have shown  various

pharmacological and therapeutic properties in
traditional and modern medicines [8,9].
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Figure 2. The effect of oral administration of different doses
(200, 400 and 800 mg/kg) of Astragalus ecbatanus extract
(AE) on the reaction time of the mice in the hot-plate test;

*p<0.001: significant difference compared to the control

group.
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Figure 3. The effect of oral administration of different doses
(200, 400 and 800 mg/kg) of Astragalus ecbatanus extract
(AE) on pain behaviors caused by formalin injection in the

acute (0-3 minutes) and chronic phase (12-39 minutes);
*p<0.05 and **p<0.001 significant difference compared to
the control group.

The antinociceptive and analgesic effects of some
Astragalus species such as A. hamosus, A.
arbusculinus, and A. fasciculifolius have been
proven in animal models [12-14]. In this study,
we initially tested the analgesic effects of different
extracts and fractions of A. echatanus as a pilot,
but the results of the initial studies showed that
among the tested extracts and fractions,
chloroform extract showed the most analgesic
effectiveness. For this reason, in this study, we
decided to evaluate the antinociceptive effects of
A. ecbatanus in acute and chronic phases in mice.
In tail flick test, we found that AECE at the
concentrations of 400 and 800 mg/kg revealed a
mean latency time of 6.4 and 7.2 s, respectively;
representing a remarkable (p<0.05)
antinociceptive activity compared with the control
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group. Tail flick test is used to investigate the
central analgesic effects of drugs and chemical
compounds. In fact, this test is sensitive to drugs
that act on the central nervous system [22]. The
hot plate test is a model of severe supraspinal pain
and has been used in studies of the properties of
analgesic drugs for more than 50 years. The main
characteristics of this test are the ability to provide
a direct and accurate examination of the animal's
response to treatments. It is also a simple and
widely accepted application [23]. The acute pain
induced by the hot plate test is not related to
pathology; therefore, it is not similar to
inflammatory and neuropathic pain in which
constant symptoms of the disease develop [24].
Our results revealed that AECE, especially at the
doses of 400 and 800 mg/kg, significantly
increased the time until the occurrence of painful
behaviors (licking or jumping) compared to the
control group.

The formalin test is widely used to investigate the
pain-causing mechanism and to study the
analgesic effect of compounds [25]. The first
phase (early phase) starts immediately after
formalin injection and lasts for 3-5 minutes. The
second phase or late phase (late phase) starts
approximately 15-20 minutes after formalin
injection and lasts up to one hour. The first is due
to the direct stimulation of type C sensory fibers.
While the second stage is actually an
inflammatory response [26]. Non-steroidal anti-
inflammatory drugs (aspirin, indomethacin) and
steroidal (hydrocortisone, hexamethasone) relieve
pain in the second stage of the formalin test, but in
the first stage, they either have no effect or have
little effect. Therefore, it seems that inflammatory
processes and substances such as histamine,
serotonin, prostaglandins and bradykinin play a
role in the delayed phase [27]. In addition, it seems
that the delayed phase is caused by changes in the
central nervous system (posterior horn of the
spinal cord), which is also influenced by the neural
activity produced during the first stage of this test
[28]. Our results showed that AECE, especially at
the concentrations of 400 and 800 mg/kg,
markedly (p<0.05) reduced the pain behaviors in
the first phase (acute) of formalin test compared
with the control group. The results also showed
that AECE, especially at concentrations of 800
mg/kg, significantly (p<0.001) caused a decrease
in pain behaviors in the second (chronic) phase of
the formalin test compared to the control group.
The results of the current study show that the

AECE reduces the pain caused by thermal and
chemical stimuli in a dose-dependent manner.
Such an effect on these two types of stimuli is
characteristic of central analgesics such as
morphine, which inhibit both pain caused by
inflammatory processes and pain caused by non-
inflammatory processes [29]. Therefore, this plant
extract has morphine-like effects which indicates
its central analgesic effect.

Previous studies showed that phenolic and
flavonoids compounds are considered as the main
compounds of Astragalus spp. and it has been
proven that phenolic and flavonoid compounds
have a tendency to bind to GABA A receptors [30],
where in relation to chronic pain pathology, it has
been shown that significant analgesia occurs with
GABA A receptor stimulation [31]. Therefore, the
phenols and flavonoids in the extract of this plant
may cause pain relief by stimulating GABA A
receptors.

Conclusion

According to the reducing pain effect of
Astragalus echatanus in both pain tests and in both
stages of the formalin test, it can be concluded that
this plant reduces both acute pain and chronic pain
and both peripherally and centrally.
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