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Abstract: Alpinia galangal (A. galanga) is among the oldest traditional medications. A. galangal has
important antioxidant characteristics. In the current research, we investigated the neuroprotective
potential of ethanol extract of rhizomes of A. galanga in middle cerebral artery occlusion (MCAQ)-
induced ischemia in rats. Rats were treated with A. galanga (10 and 20 mg/kg, i.p.) every 24 hours for
3 days after MCAO for 45 minutes. The behavioral impairments in rotarod performance, Angle board,
and Grip test were decreased significantly in A. galanga treated rats compared to the sham-operated
rats. The ischemic rats treated with A. galanga significantly improved neurobehavioral performance
compared to the untreated ischemic rats. Furthermore, A. galangal treatment reduced the contralateral
cortical infarct area in the MCAO rats. Our results indicated the neuroprotective properties of A.
galanga in the rat model of cerebral ischemia.
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1. Introduction

Neurological deficit following vascular-related cerebral damage to the central nervous
system that has an acute onset is called a stroke. As the population age the incidence of stroke
increases [1]. The incidence of stroke is about 17 million cases a year worldwide. In the list of
worldwide leading causes of death, the stroke is placed only after coronary artery diseases [1].
Stroke is either ischemic (85%) or hemorrhagic (15%) [1]. Disruption of cerebral blood supply
for a particular duration results in transient focal cerebral ischemia. The ischemia/reperfusion
(I/R) injuries damage the hemostasis of ionic gradients inside and outside the cells, which
demonstrate itself as calcium and sodium accumulation. Furthermore, the pH level is
decreased; mitochondrial function becomes disrupted; DNA damage occurs due to calcium-
dependent enzymatic reactions; excessive free radicals are generated; lipid peroxidation is
triggered, and ultimately cell apoptosis happens [2,3].

The brain is a vulnerable organ towards free radicals. This vulnerability comes several
factors, including a high amount of polyunsaturated fatty acids, accelerated oxidative metabolic
activity along with a low endogenous antioxidant potential as well as insufficient neuronal cell
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repair capacity [4]. The first step in cerebral ischemia treatment is restoring cerebral blood flow
and cerebral reperfusion. Despite being a critical step in alleviating the ischemic damage of the
brain, during reperfusion, reactive oxygen species (ROS) generate at excessive amounts from
damaged cells results to further cerebral injury [5]. Current treatments for ischemic stroke are
based on recanalization of the occluded artery to restore perfusion to the tissue that remains
salvageable [6]. The recanalization therapies only modulate cerebral blood flow and do not
affect the neurons directly. Currently, there is no therapeutic agent that could directly interact
with neuronal and cellular aspects of the ischemic injury. To this matter, numerous studies have
investigated different agents in different experimental and clinical conditions. Traditional
medicine had been using natural products and herbal extracts as therapeutic and preventive
modalities for diseases since time immemorial [7]. An ongoing growth in the field of herbal
medicine has been started from a few decades ago which commercialized its use in the
developing and developed countries. Recent studies have been performed in search of the ROS
scavengers for a therapeutic strategy for neurological diseases, including stroke. To this end,
several natural agents with antioxidants characteristics had been demonstrating neuronal
protection against cerebral I/R injury [8-11].

Alpinia Galanga (A.galanga) belongs to the family of “Zingiberaceae” and has been
used as a food additive from centuries ago. It is called by several other names, including
Siamese ginger, Thai ginger, and greater galangal. It is a rhizomatous herb, native to Southeast
Asia. The rhizome of A. galanga has been shown to have antimicrobial, hepato-protective, anti-
HIV, immunomodulatory, anti-diabetic, and anti-ulcer properties (extensively reviewed by
[12]). The presence of several constituents, including viz. 1, 8-cineole, 4-allyl phenylacetate,
and B-bisabolene in the essential oil of A. galanga, produce considerable antioxidant and
antimicrobial potential [13].

Previous studies have shown that treatment with A. galanga attenuated cerebral 1/R
injury and oxidative stress in the hippocampus [14]. Here, we examined the neuroprotective
potentials of A.galanga in a transient middle cerebral artery occlusion (MCAO) rat model by
determining and analyzing its effects on the brain infarct volume and behavioral functions.

2. Materials and Methods
2.1. Extract preparation.

Alpinia galanga rhizomes were procured from the local market of Mashhad, Iran, and
authentically identified in the Department of Botony, Ferdowsi University, Mashhad, Iran. The
extract was prepared from dried A. galanga rhizome using 90% ethanol (v/v) in the water at a
solid-to- solvent ratio of 1:10.

2.2. Experimental animals.

Male Wistar rats weighing 250-300g were chosen for this study. The rats were kept in
standard animal house conditions. Standard laboratory chow and water were fed to the animals.
The acclimatization of the animals started before starting the MCAO experiment.

2.3. Induction of ischemia.
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Rats underwent transient ischemia by the method of left MCAO using the intraluminal
filament model. The MCAO procedure was performed based on the method described by
Longa et al. (1989). Animals underwent transient MCAO for 45 minutes, followed by 72-hour
reperfusion.

The same surgical procedure without the middle cerebral artery occlusion was
performed in the sham-operated animals.

2.4. Experimental groups and drug treatment.

The drugs (A. galangal extract or vehicle) were injected intraperitoneally (i.p.) with at
the following times: Oh, 24h, 48h, and 72h after the MCAO.

Animals were divided into 5 groups of 8 rats each. Groups of rats were as follow (Group
1) Sham(5): sham-operated rats receiving A.galanga (5 mg/kg of body weight, i.p.); (Group 2)
Sham(10): sham-operated rats receiving A.galanga (10 mg/kg of body weight, i.p.); (Group 3)
Vehicle: MCAO-operated rats receiving only normal saline (same volume of A. galangal in
treatment groups); (Group 4) A. galanga(5): MCAO-operated rats receiving A.galanga (5
mg/kg of body weight, i.p.); and (Group 5) A. galanga(10): MCAO-operated rats receiving
A.galanga (10 mg/kg of body weight, i.p.).

2.5. Behavioral studies.

Behavioral studies in the vehicle- and A. galanga-treated and sham groups were carried
outat 0, 24, 48, and 72 h after the MCAO. Behavioral assessment was performed by conducting
the rotarod, Angle board, and grip test.

2.6. Rotarod test.

It is used for assessing motor performance in experimental rats and mice. On a rotating
rod, animals keep their balance. The latency to fall from the rod is recorded as the endpoint
measure. The rotation speed of the rod is either constant or accelerated. Here, rats were trained
for being able to remain on the rod for 120 s, in two trials with a rotation speed of 16 rounds
per minute (RPM). At 24, 48, and 72 h after the MCAOQO operation, the rotarod test was
performed with the speed of 16 RPM for 120 s for two trials. To obtain the best results, each
rat went on five separate trials for achieving the most accurate latency to fall.

2.7. Angle board test.

At first, rats were trained to remain on a 60°-angled incline board for 120 s for two
trials. At 24, 48, and 72 h after the MCAO operation, the angle board test was performed on a
60°-angled incline plane for 120 s. To obtain the best results, each rat went on five separate
trials for achieving the most accurate time for standing on the inclined angle board.

2.8. Grip test.

The grip test evaluates the muscular strength of the limbs. For the sake of this test, while
animals grip a grid surface, the duration of their action is measured; also, when they grip a
metal bar, the strength they use is measured as well [15]. Grip test was performed by lifting the
rats by their tails until their front paws were at the same height as the bar. After reaching the
bar by their first pawns, quality of grip strength (i.e., symmetric, tight grip, resistance against
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the investigator pull) was checked visually. To being able to hold their grip on the bar for 60 s
for two trials, the animals were trained as many times as they needed. At 24, 48, and 72 h after
the MCAO operation, the grip test was performed for each rat. Five separate trials were
conducted for each rat to determine the most accurate time of holding on to the bar.

2.9. Measurement of infarct volume.

Seventy-two hours after MCAO, an overdose of chloral hydrate was used to sacrifice
the rats. Removing brains was performed quickly; then, it was chilled in a solution of ice-cold
saline for a total of 5 minutes. After chilling, 8 slices with 2 millimeters thickness were obtained
from coronally sectioned brains. The slicing was done using a brain slicer (brain matrix)
starting from the frontal pole. From the middle of the brain, 6 sections were chosen and stained
for 30 minutes with 2% 2,3,5triphenyltetrazolium chloride (TTC, Merck, Germany) in normal
saline at 37°C. Then, a digital camera (Sony camera, Japan.) interfaced to a computer, was used
for imaging the obtained sections. The images were quantified using an image analyzing
program (UTHSCSA Image Tool 3.00 for Windows software.).

2.10. Statistical analysis.

Values are showed as mean + standard deviation (SD). Graphpad Prism 5.0 (GraphPad
Software, USA) was used for statistical analysis. One-way analysis of variance was used where
appropriate. The post-doc comparison was performed by applying Tukey- Kramer’s Multiple
Comparison Test. The levels of P<0.05 were considered for determining a significant
difference.

3. Results and Discussion
3.1. Behavioral evaluation.
3.1.1. Rotarod performance.

The latency to fall in the rotarod test for the vehicle control group at the first and second
days after the MCAO was significantly decreased compared to the sham group. Treatment with
A. galanga (10 mg/kg) in the MCAO rats significantly increased the latency to fall in
comparison to the vehicle rats at first and second day after occlusion (p<0.01 and p<0.05,
respectively) (Figure 1).
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Figure 1. The rotarod test results over a 3-day post-ischemia period.

3.1.2. Angle board test.
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The duration of stay during the angle board test was decreased in the vehicle control
group compared to the sham group. Treatment with A. galanga (10 mg/kg) in rats with MCAO
caused significant protection in the total period of stay on the angel board at first, the second
and third day after occlusion (p<0.01, p<0.001 and p<0.001, respectively). The 10 mg/kg dose
of A. galanga increased in the period of stay on the inclined plane, which was significantly
higher compared to the low dose of A. galanga (5 mg/kg) (Figure 2).

20 Inclined plane Test
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Figure 2. The angle board test results over a 3-day post-ischemia period.
3.1.3. Grip test.

The duration of remaining on the bar at the first, second, and third days after MCAO in
the vehicle control group was significantly lower compared to the sham groups. In the A.
galanga treated group (10 mg/kg), the duration of remaining on the bar significantly increased
at first, second, and third days after MCAO compared to the vehicle control group. (p < 0.001)
(Figure 3).
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Figure 3. The grip test results over a 3-day post-ischemia period.
3.2. Ischemic damage.

The obtained brain sections extracted 72 h after the MCAOQO, were histologically
examined. The vehicle control rats had demarcated contralateral hemispheric infarction (455
mm?). Interestingly, A. galanga treatment (5 and 10 mg/kg) in rats with MCAO had
contralateral hemispheric infarction volumes of 380 and 190 mm?®, respectively. As expected,
the sham-operated rats showed no ischemic damage in their brain sections (Figure 4).
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Figure 4. Volumes of the ischemic lesion 72 h post-ischemia time.

3.3. Discussion.

In this study, we demonstrated that cerebral ischemia following MCAO for 45 minutes
in the rats resulted in impaired behavioral functions that were significantly improved upon
intraperitoneal administration of A. galangal at doses of 5 and 10 mg/kg. Also, the contralateral
hemispheric infarction volumes were decreased in rats treated with A. galanga compared to the
rats who did not receive treatment. In experimental studies, the most used model for ischemic
stroke is the MCAO model performed in rats [16]. The MCAO model has the advantages of
being reproducible and similar to ischemic injuries found in humans [17]. It has been observed
that as early as 1 h after reperfusion after MCAOQ, the formation of ROS is increased [18]. The
ischemic strokes in humans have the same pattern of ROS’s increase [19]. The MCAO method
of inducing the infarction and its duration successfully generated an experimental cerebral
ischemia condition in this study.

Clinical and experimental studies have shown that global cerebral ischemia subjects
have impaired memory and cognition functions along with pathological damages in different
brain regions [20]. A significant decrease in the locomotor activity after 2 weeks from global
cerebral ischemia has been reported [21]. These effects demonstrated themselves in locomotor
activity tests. Consistent with the previous studies, a decrease in locomotor activity was
observed in our study after 45 minutes of global cerebral ischemia. It worth mentioning that
manifestation of locomotor deficits in the animal model varies from those observed in humans
so, trying to reproduce the exact signs exhibited by patients exactly is not necessarily practical.
To overcome that, selecting useful tests for assessing motor pathways through their related
motor anomalies are more practical [15]. For assessing motor coordination and balance
following cerebral damage, the rotarod test is one of the most used ones. For measuring
sensorimotor impairments in animal models for various neurological diseases, including
amyotrophic lateral sclerosis, cerebellar ataxia, traumatic brain injury, and stroke, the rotarod
test has shown considerable sensitivity [22-25].

As mentioned before, the rod in the rotarod test is either rotate at a constant or an
accelerating speed. A problem with accelerating rod is fatigue that thought to influence the

results, whereas, in constant speed, final results are thought to reflect biological changes
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influencing the motor coordination and balance with more sensitivity. Considering that we used
a rod with constant speed to have a better understanding of ischemic injury effects on the motor
functions. The impaired motor function following I/R cerebral injury demonstrated itself in the
rotarod performance of the MCAO rats in this study. Rats with focal cerebral ischemia have
shown decreased latency to fall in their rotarod test [26].

The A. galangal treated rats indicated an ameliorative performance in the rotarod test,
demonstrating as a significant increase in their latency to fall compared to the vehicle control
group. These differences represent the preventive effects of A. galanga against I/R injury-
induced impairment of locomotor functions.

The angle board and grip test are also a useful test for assessing motor function in

animal models. The I/R injury affected the angle board and grip test performance like the
rotarod test by decreasing the latency time to the endpoint of the test. In this study, the vehicle
control (MCAO rats) showed decreased latency time in both the angle board and grip test. The
neuroprotective effects of A. galanga demonstrated itself through a significant amelioration of
decreased latency time of performance of the angle board and grip tests.
So far, we discussed the gross neuroprotective effects of A. galanga; however, cellular or
molecular levels of A. galanga’s mechanism did not. In normal conditions, endogenous
superoxide dismutase (SOD) inactivates the O2". At the same time, catalase (CAT) and the
glutathione peroxidase (GPx) are busy with decomposing the H202 into water [27,28].
However, during cerebral I/R injury, the activity of SOD, CAT, and GSH are decreased, and
ROS cannot be readily scavenged.

In cerebral ischemia, free radicals, oxygen, and hydroxyl radicals are generated
extensively [29]. Also, it has been established that in the reperfusion phase generation of free
radicals are more enhanced [26]. The high amounts of free radical species generated in the
ischemia and reperfusion phases cause more cerebral injuries [30]. So, either preventing the
oxidative stress or lowering it or both, can serve as a therapeutic strategy for the vicious circle
of cerebral I/R injury. The mentioned antioxidative strategies have been demonstrated in the
natural antioxidants from plants. The attracted attention towards natural antioxidants is mainly
due to their safety and potential nutritional and therapeutic effects. Antioxidant characteristics
of the natural and herbal products make them able to serve as therapeutic agents in managing
cerebral ischemia [29]. The antioxidant activities of A. galanga and its extracts are well
documented. Antioxidant activities of A. galanga have been reported to be stronger in its
essential oil with an ICso value of 550 mg/ml [31]. The dichloromethane (DCM) and methanol
extract of rhizome of A. galanga have shown dose-dependent antioxidant activity. Jitoe and his
co-workers showed that the antioxidant activity of a 1% (w/v) acetone extract of A. galanga in
99.5% ethanol was stronger than that of a-tocopherol [32]. In this study, the ethanolic extract
of A. galanga was used and showed the ability to improve the neurological function in the
MCADO rats.

A therapeutic agent with an efficacious intervention can reduce neurologic deficits of
stroke. Here, the neurological and functional measuring modalities were employed to study the
effects of A. galanga intervention on transient focal cerebral ischemia outcome. Our data
showed that treatment with 5 and 10 mg/kg A. galanga extracts had significant protection
against functional deficits and concomitantly reduced the cerebral infarction after cerebral I/R
injury.
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4. Conclusion

In summary, the data of this study showed that intraperitoneal treatment with the

appropriate doses of A. galanga decreased the ischemic cell damage and neurological function
deficits. Multiple mechanisms of action, including antioxidation, can be linked to beneficial
effects of A. galanga.
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