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Abstract Keywords:

Introduction: Ginger has shown anti-nociceptive effects. Here we investigated the Ginggr;

possible involvement of GABA, receptors in anti-nociceptive effect of ginger using M_usumc_;l;

muscimol (GABAa agonist) and picrotoxin (GABAa antagonist) in rats that received Plc.rotoxm.;. )

ginger. The pain sensitivity was evaluated by formalin test. sza'tn SRl g,
a

Methods: Thirty-five male Sprague-Dawley rats were randomly divided into 7 groups
(n=5): sham1l (received distilled water. PO); sham2 (received water + 0.75ul artificial
cerebrospinal fluid by intracerebroventricular (ICV) injection; experimentall (received
ginger at 50 mg/kg/day, PO); experimental2 and 3 (received ginger+ 0.75pl of 250 or
500ng/rat muscimol by ICV injection); experimental4 and 5 (received ginger+ 0.75pl
of 250 and 500ng/rat picrotoxin by ICV injection). On day 16 and 30min after ICV
injections, formalin test was performed on all rats.
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Results: Ginger significantly reduced pain sensitivity in both phases of formalin test
in comparison to shaml and 2. In early and late phase, both doses of muscimol
reduced pain sensitivity as compared to the ginger group. Picrotoxin at 250ng/rat+
ginger reduced pain sensitivity as compared to the group that received ginger, in both
the early and the late phases of the formalin test. Picrotoxin at 500ng/rat+ ginger
increased pain sensitivity in the early phase and late phase of formalin test as
compared to the ginger group.
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Conclusion: Agueous- alcoholic extract of ginger has significant analgesic effects in Email:

late phase of formalin test and GABAAa receptors may be involved in this regard. taherian@shirazu.ac.ir

et al., 2016). Accordingly, the design of therapeutic
interventions to reduce pain is perhaps the
physician’s greatest challenge (Bonakdar and

Introduction

Pain, at all forms including mental, emotional and
physical is one of the most frequent complains of
patients and it is almost always a sign of imbalance in
one or more parts of the body (Vachon-Presseau

Sukiennik, 2016).

Previously, it has been shown that Zingiber officinale
(ginger) owns a number of beneficial effects for
attenuating pain. Ginger is widely used as a spice in
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cooking and in traditional medicine as a treatment for
cold, fever, headache and nausea following
pregnancy and digestive problems. It also induces
sleep and sedation. It has been demonstrated that
ginger may diminish the symptoms of cancer therapy
as well as motion sickness and there is suggestive
evidence that ginger reduces inflammation. It has
also been documented that ginger extract evokes
anti-nociceptive effect and enhances morphine-
induced analgesia and can be an efficacious adjunct
therapy for pain control (Jagetia et al., 2004;
Sepahvand et al., 2010).

The main constituents of ginger are gingerols,
shogaols, paradols and zingeron. These compounds
are known to have properties including antipyretic,
analgesic, anti-apoptotic, anti-tumorigenic, anti-
inflammatory and anti-oxidant effects (Jiang et al.,
2006).

Gamma-aminobutyric acid (GABA) is the most
abundant inhibitory neurotransmitter in the central
nervous system (Chebib and Johnston, 2000; Carter
et al., 2011). GABA produces neuronal inhibition by
acting on two major types of receptors: ionotropic
receptors that are ligand-gated ion channels (GABAA
and GABA: receptors), and metabotropic receptors
that are G-protein coupled receptors (GABAg
receptors) that act via second messengers (Chebib
and Johnston, 2000).

Loss of GABA-mediated inhibition of nociception may
be a key process in the development of inflammatory
and neuropathic pain (Munro et al.,, 2011; Munro et
al., 2013). Microinjection of GABA antagonists into
the ventrolateral periaqueductal gray matter leads to
global activation of neurons and produces anti-
nociceptive effects to noxious stimuli (Morgan et al.,
2008). In the previous study we observed that
intrahippocampal injection of GABA, agonist and
antagonist  respectively had analgesic and
hyperalgesic effects (Taherianfard and Mosavi,

2012).
Ginger supplementation has been associated with an

increased GABA concentration in the hippocampus
as well as cerebral cortex of senile female rats
(Hegazy and Ali, 2011). For determination of ginger
analgesic mechanism, we designed the present study
to test the hypothesis that whether GABAergic
system is directly involved in anti-nociceptive effects
of ginger extract, by evaluating interactive effects of
muscimol (GABA, receptor agonist) and picrotoxin
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(GABA, receptor antagonist) and ginger extract in
formalin test on male rats.

Materials and methods

Preparation of ginger extract

Fresh rhizomes of ginger were purchased from a
local market in Shiraz and authenticated by a botanist
(sample of the rhizome was deposited at the
herbarium of the Shiraz Herbal Medicine Research
Center). Two kilograms of ginger rhizomes thoroughly
washed, sliced, grated and dried in shadow. The
dried rhizome of ginger was then finely ground. The
powder was extracted with equal proportions of 70%
ethyl alcohol (1:1, w:v) for 48 hours. The extract
fitered and the filtrate evaporated to dryness and
then freeze-dried (3 times during 24h). The powder
reconstituted in distilled water at the time of use
(Mirazi and Karami, 2016).

Animals and study design

Thirty-five male Sprague-Dawley rats weighting 220-
280g were housed under standard temperature
20£2°C and 12/12 hours light/dark cycle. After a
week of adaptation, animals were randomly divided
into 7 groups (n=5 each). Shaml: normal rats that
received distilled water orally for 15 days; sham2:
received distilled water for 15 days and 0.75pul
artificial cerebrospinal fluid (ACSF) by
intracerebroventricular (ICV) injection on day 16;
experimentall; received 50 mg/kg/day ginger extract
(Li et al.,, 2012) orally by gavage for 15 days;
experimental2 and 3: received 50 mg/kg/day ginger
extract orally for 15 days and muscimol (Sigma, USA)
at 250 and 500ng/rat in the volume of 0.75ul
(Taherianfard and Mosavi, 2012) by ICV injection on
day 16, respectively; experimental4 and 5: received
50 mg/kg/day ginger extract orally for 15 days and
picrotoxin (Sigma, USA) at 250 and 500 ng/rat in the
volume of 0.75ul (Taherianfard and Mosavi, 2012) by
ICV injection on day 16, respectively. At the end of
the experiment (day 16th), formalin test performed on
all animals 30min after ICV injection of drugs or
ACSF and simultaneously in sham1 group.

Stereotaxic surgery

For ICV injections, stereotaxic surgery performed as
follows. Animals positioned in a rodent stereotaxic
device after anesthetic sedation with a mixture of
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ketamine (100mg/kg) and xylazine (10mg/kg)
(Moazen et al., 2018). The skull adequately exposed
using an electric high-speed drill at the previously
labeled appropriate position. GABA, agonist and
antagonist were administered unilaterally at two
doses of 250 or 500 ng/rat by ICV injection, at the
following coordinates from the bregma; -0.96 mm
anterior (A/P), 1.87 mm lateral, and 3 mm depth from
cerebral cortex and skull thickness was considered
1mm using a 5ul Hamilton syringe. To confirm proper
injection, rats exposed to a lethal concentration of
ether after formalin test. At the end of experiments,
the microinjection site marked by injection of cresyl
violet into the lateral ventricle. Subsequently the brain
removed and placed in 10% formaldehyde solution.
Coronal sections made to check the precision of
injection. When the microinjection site was not
correct, the animal was excluded from the experiment
and replaced.

All procedures used in the present study were
according to institutional research ethics committee
guidelines of Shiraz University for care and use of
laboratory animals in experimental studies (Animal
Ethics Committee approval number= GCU2M1755).

Formalin test

After injection of formalin (50ul, 2.5%) in hind paw,
the rats' behaviors evaluated in blocks of 5 minutes
every 15 seconds, during 60 minutes. The scores

Mean Nociceptive Score
N
L
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were as follows: the injected paw was not favored,
“0”; the injected paw had little or no weight on it, “17;
the injected paw was elevated and was not in contact
with any surfaces, “2”; and the injected paw was
licked, bitten, or shaken, “3”. Two distinct periods of
licking activity were identified, the early response
(neurogenic phase) and the late (inflammatory
phase), which were recorded during 0-15 or 15-45
minutes, respectively (Yosefifard and Hassanpour-
Ezatti, 2014)

Statistical analysis

Statistical procedures performed using SPSS
software (version 22). To analyze data repeated
measures ANOVA and one way-ANOVA followed by
Tukey test as post-hoc used. The data were
presented as mean+SEM and level of significant was
P<0.05.

Results

The effect of ginger extract on pain sensitivity
Figurel shows pain sensitivity scores in shaml1 and
experimentall  groups. Ginger  administration
significantly (P<0.05) decreased pain sensitivity in
both early and late phase of formalin test in
comparison to sham1l and 2 groups.

The interactive effects of ginger extract and
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Fig.1. Nociceptive scores (mean+SE) of rats in shaml, sham2 and ginger 50 mg/kg/day treated groups after formalin test.
*Difference between ginger group in comparison to shaml or sham2 groups; 'P<0.05, "P<0.01, " P<0.001.
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Fig.2. Nociceptive scores (meantSE) of rats in sham2, ginger 50 mg/kg/day and ginger 50 mg/kg/day + muscimol 250 and
500ng/rat treated groups after formalin test. “difference between ginger+muscimol 250 or 500ng/rat in comparison to sham2
group; ‘difference between ginger+muscimol 250 or 500ng/rat in comparison to ginger group; *difference between
ginger+muscimol 250ng/rat in comparison to ginger+muscimol 500ng/rat. ‘P<0.01, ~P<0.001, °P<0.01, ®P<0.001, “P<0.001
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Fig.3. Nociceptive scores (mean+SE) of rats in sham1, sham2, ginger 50 mg/kg/day and ginger 50 mg/kg/day + picrotoxin
250 and 500ng/rat treated groups after formalin test. “difference between ginger+picrotoxin 250 or 500ng/rat in comparison
to sham2 group, ®difference between ginger+picrotoxin 250 or 500ng/rat in comparison to ginger group, *difference between
ginger+picrotoxin 250ng/rat in comparison to ginger-+picrotoxin 500ng/rat. P<0.01, "P<0.001, °P<0.01, ®*P<0.001, “P<0.001

muscimol on pain sensitivity

In the early (0-5 min) phase of formalin test, there
was no significant difference between the muscimol-
treated groups in two doses and sham2, but in the
late phase of formalin test, the group treated with
muscimol in two doses showed significant (P<0.05)

reduction in the pain sensitivity in comparison to
sham2 (Fig. 2). In late phase of formalin test,
250ng/rat reduced pain sensitivity as
compared to the cases that received only ginger
extract (P<0.05, Fig. 2).

muscimol



251 | Physiol Pharmacol 22 (2018) 247-253

The interactive effects of ginger extract and
picrotoxin on pain sensitivity

As observed in Figure3, in the early phase of formalin
test, ginger extract+picrotoxin at 250 ng/rat resulted
in significant (P<0.05) reduction in formalin-induced
pain with respect to the all other groups. Both doses
of picrotoxin showed no significant differences
(P>0.05) in the middle phase of formalin test, but a
significant reduction (P<0.05) on pain sensitivity was
observed in rats treated with ginger extract+picrotoxin
500 ng/rat as compared to the sham2 group in the

late phase of formalin test.
Picrotoxin at 250ng/rat reduced pain sensitivity

significantly as compared to the group that received
ginger, in the late phases of the formalin test
(P<0.05). While picrotoxin at 500ng/rat resulted in
increased pain sensitivity in the late phase when
compared with the ginger group (P<0.05), while
having no significant alteration in the early phase of
formalin test (P>0.05, Fig. 3).

Discussion

The formalin test is the most accepted chemical test
for evaluation of nociception. It requires the injection
of an adequate amount of formalin into the surface of
the hind paw. Formalin test consists of early phase
(0-10 min) and late phase (15-60) in which the animal
shows painful behaviors. These phases are
separated with a quiet phase named interphase, in
which the nociceptive responses are decreased or
completely disappeared (Mohammad-Zadeh et al.,
2014). Unlike reflex tests such as tail flick and
hotplate tests, formalin test is persistent and more
closely related to clinical pain conditions (Abbott et
al., 1999).

Consistent with previous investigations, the present
study shows that oral administration of ginger extract
induces analgesia in both the early and late phases
of the formalin test. It seems that ginger-induced L-
type calcium channel blockage is mainly responsible
for its pharmacological properties, including analgesia
(Khalid et al, 2011). Moreover, it has been
demonstrated that anti-inflammatory effect of ginger
occurs through the NF-kB signalling pathway and
ginger has decreased cytokine gene TNFa and IL-6
expression in vivo (Li et al., 2011).

Flavonoids are present in ginger rhizome and leaves.
In order for flavonoids to enter the brain, they must
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first cross the blood-brain barrier (Ghasemzadeh et
al., 2010). Both in vitro and in vivo studies have
indicated that the flavanones hesperetin, naringenin
and their relevant metabolites, as well as some
dietary anthocyanins, cyanidin-3-rutinoside and
pelargonidin-3-glucoside are able to traverse the
blood-brain barrier (Youdim et al., 2004a; Youdim et
al., 2004b). Experiments with some natural and
synthetic flavones and flavanones have shown that
they can modulate GABA generated chloride currents
(Goutman et al, 2003; Campbell et al., 2004,
Kavvadias et al., 2004). Flavonoids have a range of
activities on GABA, receptors, acting as positive as
well as negative modulators of GABA, receptor
function. Binding studies first demonstrated that
flavones are ligands for benzodiazepine binding sites
on GABA, receptors (Marder and Paladini, 2002).
Therefore, in addition to the peripheral analgesic and
anti-inflammatory effects of ginger, flavonoid content
of the leaves and rhizomes of ginger can pass
through the blood-brain barrier and due to the
different central mechanisms including impact on
GABA, receptor, may control pain centrally
(Ghasemzadeh et al., 2010). In our study, by
considering the fact that the extract exerted
significant inhibition of both phases in the formalin-
induced pain model, it seems that overall anti-
nociceptive effect of the ginger extracts involves
central mechanism.

The conjugated forms of ginger metabolites,
glucuronide in humans and (S)-[6]-gingerol-4-O-h-
glucoronide in rats, are majorly responsible for the
analgesic property of ginger after oral administration
(Jiang et al., 2008). Present investigation showed that
muscimol in the early phase of the formalin test at
both doses in animals which received 50 mg/kg/day
ginger for 15 days, had no significant effect on pain
sensitivity. However, muscimol especially at the dose
of 250ng/rat in the late phase of the formalin test,
significantly decreased pain sensitivity in comparison
to ginger alone. Previous studies have reported that
the stimulation of GABA, receptors, by the
administration of muscimol can cause analgesic
effects (Gilbert and Franklin, 2001; Mahmoudi and
Zarrindast, 2002). Muscimol, as an agonist of GABA,
receptors, can hyperpolarize the neuron's membrane
for hours and open the CI" channels, and in doing so,
exerts its analgesic effects (Reis et al.,, 2007).
Previously it was shown that ICV and
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intrahippocampal injection of muscimol at similar
doses which were used in the present study had
analgesic effects during estrous cycle of rat
(Taherianfard and Mosavi, 2012).

Ginger compounds affect the glutamine-glutamate-
GABA metabolism, reducing the glutamate level and
increase GABA synthesis (Waggas, 2009). Ginger
also increases GABA in the hippocampus and the
frontal cortex. In addition to this, ginger prevents the
suppression of the function of GABA receptors by
inhibiting eicosanoids (Schwartz-Bloom et al., 1996).
As a result, at the beginning, a large amount of GABA
is released following ginger administration and then
muscimol prevents its reabsorption (Schwartz-Bloom
et al., 1996; Waggas, 2009). Therefore, enough
neurotransmitters will not reabsorbed by the glial and
GABAergic cells for the normal functioning of the
glutamine-glutamate-GABA cycle. Despite the severe
release of GABA, the glutamine-glutamate-GABA
cycle is disturbed and after that, GABA release
terminates. This process may be helpful in explaining
the weaker analgesic effect of muscimol at 500ng/rat
compared to 250ng/rat as observed in the present
study.

In the present study, ICV injection of picrotoxin at
250ng/rat in rats that received ginger at 50 mg/kg/day
for 15 days led to analgesia in early and late phase of
formalin test in comparison to ginger alone group. In
a study by Yokoro et al. (2001), sub convulsant doses
of picrotoxin decreased the phenobarbital-induced
hyperalgesic response in different algesimetric
assays. The anti-nociceptive effect of picrotoxin has
also been described by Tatsuo et al. (1997) and may
be related to its action on GABA, receptors present in
the descending inhibitory system.

In our study, picrotoxin at 500ng/rat resulted in pain
sensitivity increase in the early phase of formalin test
while having no significant alteration in the late phase
of formalin test. Previously it was shown that ICV and
intrahippocampal injection of picrotoxin at similar
doses which were used in the present study has
hyperalgesic effect during estrous cycle (Taherianfard
and Mosavi, 2012). In the present study, it seems that
analgesic effect of ginger was dominant which led to
suppression of hyperalgesic effect of picrotoxin.
Finally, it should be mentioned that we performed a
preliminary study and the involvement of GABA,
receptors in anti-nociceptive effect of ginger needs to
be more precisely investigated by complementary
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methods at molecular, physiological, behavioral and
genetic levels.

Conclusion

In conclusion, the results of our study indicate that
oral administration of aqueous alcoholic extract of
ginger has significant analgesic effects in late phase
of formalin test which is regulated by CNS (Tjglsen et
al,, 1992) and the ginger might have a central
interaction with GABA, receptors.
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