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Gout is the most common inflammatory arthritis worldwide. Untreated gout causes severe pain and affects the quality
of life. Zingiber zerumbet is a well-known traditional plant with anti-inflammatory and antioxidant properties. This
study was conducted to evaluate the effects of Z. zerumbet extract in gout-induced rats. In this study, 30 male Sprague—
Dawley rats were divided into five groups (six rats in each group): i) normal control group received normal saline
and tween 80, ii) model group injected with monosodium urate (MSU) crystal solution, iii) positive control group
received 10 mg/kg celecoxib drug, iv) Z. zerumbet extract at 200 mg/kg, and v) Z. zerumbet extract at 400 mg/kg. The
extract was orally administered for 14 days. Rats of all groups (except the normal control group) were injected with
MSU crystals (50 pl) into the ankle joint on day 11. The ankle joint was measured before injection 10, 24, 48, and 72
hours after injection. On day 14, all rats were sacrificed. Blood and tissue samples were obtained for the analysis of
inflammatory and oxidative stress biomarkers. In this study, the ankle joint diameter rate was significantly reduced
by Z. zerumbet at 200 and 400 mg/kg (p < 0.05) compared to the model group. The extract prevented inflammation
significantly (p < 0.05) compared to the model group in white blood cell count, C-reactive protein, and erythrocyte
sedimentation rate tests. The two doses of Z. zerumbet also significantly (p <0.05) promoted the activity of superoxide
dismutase and attenuated 8-isoprostane. Thus, this outcome shows that the administration of Z. zerumbet rhizome
ethyl acetate extract may be useful and easy to protect against gouty arthritis and the process is probably mediated
through its anti-inflammatory and antioxidant properties.

INTRODUCTION

Gout is the most common form of inflammatory

presents with symptoms of excruciating pain and swelling of the
joints. In addition, it could lead to a permanent tissue damage

arthritis caused by hyperuricemia. It is suffered by a growing
number of people, and it has been reported that its incidences
have increased over the past 50 years due to certain factors such
as changes in lifestyle, increased prevalence of chronic kidney
disease, aging of the population, and the use of drugs associated
with gout (An ef al., 2010). Hyperuricemia is the key precursor of
gout development that forms monosodium urate (MSU) crystals.
It deposits in joint cavities and soft tissues when the serum uric
acid level exceeds the crystal saturation point (Perez-Ruiz ef al.,
2015). This triggers an acute inflammatory response that usually
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which showed as an irreversible impairment of the joint cartilage,
and this affects negatively on the life quality of gout patients
(Butlin et al., 2012). Several events can set off acute gouty
flares, including a high intake of alcohol, high purine food, and
sweetened beverage, which can increase the serum uric acid level
in the blood (Cronstein and Sunkureddi, 2013).

Allopurinol, corticosteroids, and nonsteroidal anti-
inflammatory drugs are the main current treatments used to
treat gouty arthritis during an acute attack. If it is left untreated
at the early stage, tophi formation could be developed over
time and surgical intervention would be required (Rasid et al.,
2019). Despite the fact that these agents are generally effective
in curing gout, the use of these drugs is limited by their aptitude
to raise undesirable adverse side effects to gout patients with
comorbidities such as cardiovascular, renal, and gastrointestinal
diseases (Wallace, 2013). Therefore, alternative therapies are
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needed to provide protective effects to gout patients that could
prevent the development of gout disease.

Zingiber zerumbet (L.) Smith is known as “wild ginger”
and mainly found in tropical countries. It belongs to Zingiberaceae
family which is widely distributed in the Southeast Asia region and
has been shown to possess various natural medicinal properties
such as anti-inflammatory, anticancer, and antimicrobial (Ruslay
et al., 2007; Sulaiman et al., 2010). Previously, the ethyl acetate
extract of Z. zerumbet has proved to possess a strong antioxidant
activity (Ruslay er al.,, 2007). It has been reported that ethyl
acetate extract of Z. zerumbet has protective effects against
hepatotoxicity in paracetamol-induced rats (Hamid ez al., 2011)
and against paracetamol-induced nephrotoxicity through its
antioxidant activity (Hamid ez «al., 2012). This extract showed
impressive activities in reducing brain cell damage (Hamid et al.,
2018a), promoting open wound healing (Hamid et al., 2018b),
and protecting red blood cells against oxidative stress (Sam et al.,
2019). However, the protective effects of Z. zerumbet rhizome
ethyl acetate crude extract against gout have never been reported
before, and thus, this work is aimed to assess its capability to
protect against gout in MSU-induced rat model.

MATERIALS AND METHODS

Plant material

Fresh rhizomes of Z. zerumbet were purchased from
a herbal farm in Temerloh, Pahang, Malaysia, and deposited at
Universiti Kebangsaan Malaysia (UKM) Herbarium with voucher
specimen number UKMB-29952. The fresh rhizomes were
cleaned from soil and dirt. After that, they were washed, chopped
into small pieces, and air-dried for 5 days. Then, the rhizomes
were grounded into powder form.

Preparation of ethyl acetate extract of Zingiber zerumbet

The rhizomes powder was soaked in n-hexane and ethyl
acetate at room temperature for 72 hours, respectively, and the
mixture was occasionally shaken from day to day. The mixture was
filtered by the Whatman filter paper. The extract was evaporated
to dryness at 37 °C under reduced pressure by a rotary evaporator
instrument for maximum elimination of the solvent. Then, the
extract was transferred into a clean container and stored at 4 °C.
Prior to use, Z. zerumbet ethyl acetate extract was dissolved in
tween 80 and suspended in distilled water.

Preparation of MSU crystals

MSU crystals were prepared as reported previously
(Ortiz-Bravo et al., 1993). A mixture of 1 g uric acid (Sigma,
USA), 6 ml 1 M NaOH, and 194 ml distilled water was heated at
60 °C. After that, the pH of the mixture was measured (10.5), so
it was adjusted and neutralized by adding drops of HCI solution
to make the pH between 7.1 and 7.2. The solution was cooled
slowly by stirring overnight at room temperature. The white-
colored precipitate was collected by centrifuge process at 3000 x
g for 2 minutes and stored at 4 °C until used. Just before injection
into rat ankle joint cavities, the MSU crystals were washed, dried,
and suspended in a sterilized phosphate-buffered saline (PBS).
The length of the needle-shaped crystals was checked under a
polarizing light microscope to be at 12 mm + 2 mm. About 3 mg
of MSU crystals were dissolved in normal saline solution (100

mg/ml) before injecting it into the rats’ ankle joint cavity 1 hour
before the daily extract treatment.

Experimental animals

Eight-week-old male Sprague—Dawley rats were
obtained from UKM animal house. The rats were kept in a
controlled room temperature (25 °C + 1 °C) with a 12-hours light-
dark cycle. Food and water were available ad libitum, and all
animal experiments were strictly performed according to the UKM
Animal Ethical Committee with an approval number: FSK/2017/
ASMAH/24-MAY/851-MAY-2017-DEC.-2017.

Experimental design

The rats were randomly divided into five groups: 1) control
group was administrated orally with tween 80 and distilled water, ii)
model group was injected with 50 ul MSU solution, iii) positive
control group that administered with 10 mg/kg celecoxib drug, iv)
200 mg/kg of ethyl acetate extract of Z. zerumbet, and v) 400 mg/kg
of ethyl acetate extract of Z. zerumbet. For the groups iv and v, the
extract was given orally daily for 14 days. On day 11, all rats (except
the control group) were injected with 50 ul of MSU crystal solution
into the ankle joint cavity, whereas the normal control group was
injected with 50 ul of normal saline only in their ankle joints.

Joint and swelling rate measurement

The development of gouty arthritis was assessed by
measuring the size of the ankle joint using a micrometer thickness
gauge before MSU injection (baseline) and then at 10, 24, 48,
and 72 hours after the injection. The joint swelling rate could be
calculated as follows:

Joint edema rate = (Joint swelling after modeling/Joint
swelling before modeling — 1) x 100.

Collection of blood and tissue samples

On day 14, the experimental rats were anesthetized
by wusing KTX (ketamine, xylazine, and =zoletil) 0.1
ml/250 g BW intraperitoneally. Blood samples were taken
through cardiac puncture and added into three test tubes:
i) Ethylenediaminetetraacetic acid (EDTA) tube for white blood
cells (WBCs) count, ii) sodium citrate tubes for the determination
of erythrocyte sedimentation rate (ESR), and iii) heparin tube for
biochemical assays. The samples in heparin tubes were allowed to
clot for approximately 1 hour before centrifugation at 3,000 rpm
for 10 minutes before plasma samples were taken and stored at
—40 °C until use. Finally, the rats were sacrificed humanely by
decapitation. Liver tissues were immediately collected, excised,
and washed in ice-cold PBS.

Serum C-reactive protein (CRP)

CRP test was carried out by using a Colorimetric Kit
(Elabscience Biotech Co., Ltd., China). Glass test tubes were
divided into a blank tube containing 3 L of distilled water, sample
tube containing 3 pL of serum sample, and standard tube containing
3 uL of standard solution. About 0.2 mol/L of ammonium chloride
buffer and latex particle coated with anti-human CRP antibody
were added into each tube. All tubes were mixed and read at 600
nm before incubated for 5 minutes, and the second absorbance
reading was measured again. The level of CRP could be measured
as follows:
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CRP concentration (mg/L) = (AASample —AA, JAA

- AA x Concentration of standard (25.0 mg/L)

B lank)

Erythrocyte sedimentation rate

The determination of ESR level in blood samples was
done according to the method previously described (Bull et al.,
1993). Blood was collected in vertical citrate test tubes, mixed,
and left vertically for 60 minutes. The length of clear yellowish
plasma fluid was measured through a ruler in millimeters per hour
(mm/hr).

Total WBC count

Total WBCs were counted by following a modified
method of Dacie and Lewis (2006). About 2% of glacial acetic
acid was added to the blood samples with the dilution factor of
1:20 to lyse red blood cells. The diluted blood samples were
loaded into a hemocytometer slide chamber, and the total WBC
was counted under the light microscope.

Serum 8-isoprostane

Serum 8-isoprostane level was measured by using the
enzyme-linked immunosorbent assay (ELISA) kit (Elabscience
Biotech Co., Ltd., China) following the manufacturer’s protocols.
Briefly, biotinylated detection antibody was added into a 96-
well plate and incubated for 45 minutes at 37 °C. The wells were
washed three times, and 100 ul of Horseradish peroxidase (HRP)
conjugate was added following incubation for 30 minutes at 37
°C. After washing five times, the substrate reagent was added and

incubated for 15 minutes at 37 °C. A stop solution was added, and
the samples were read at 450 nm through a microplate reader.

Superoxide dismutase (SOD)

The protein concentration that was required to measure
the SOD level in the liver tissue homogenate samples was measured
by using Bradford assay method (Bradford, 1976). SOD assay was
conducted by following Beyer and Fridovich method (Beyer and
Fridovich, 1987). One unit of SOD is evaluated as the amount of
enzyme that suppresses 50% of nitro blue tetrazolium reduction.

Statistical analysis

All data were expressed as mean + standard error of the
mean. The statistical analysis for all data was analyzed using a
one-way analysis of variance (ANOVA), followed by post hoc
Dunnett’s test. The data of ankle swelling were analyzed using
repeated ANOVA and considered statistically significant at
p<0.05.

RESULTS

Gross examination of ankle joint diameter

A gross examination of the ankle joint changes is shown
in Figure 1. The ankle joint of the model group (Fig. 1B) showed
noticeable swelling and redness around the ankle joint compared
to the normal control group that showed normal joint size and
color (Fig. 1A). The positive control group (Fig. 1C), 200 mg/kg
Z. zerumbet extract (Fig. 1D), and 400 mg/kg (Fig. 1E) Z. zerumbet

Figure 1. Gross examination of ankle joint in different five experimental groups. (A) Normal control group showed normal ankle joint size and no
redness, (B) MSU model group showed redness and joint swelling, (C) positive control group, (D) Z. zerumbet extract at 200 mg/kg dose, and (E)
Z. zerumbet extract at 400 mg/kg demonstrated a reduction in the joint swelling. Arrow indicates swelling of the ankle joint.
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Figure 2. Ankle joint diameter rate of the five different experimental groups. Data are presented as mean +
standard error mean (SEM) for n = 6 rats per group. * indicates p < 0.05 against normal control group and #

indicates p < 0.05 against MSU group.

extract showed an obvious reduction in swelling and redness of
the ankle joint in comparison to the model group.

Ankle joint diameter rate

As shown in Figure 2, the ankle joint diameter rate of the
model group was increased significantly compared to the control
group at 10, 24, 48, and 72 hours after the injection of MSU. The
joint diameter rate of the positive control group was significantly
lower than the model group at 10, 24, 48, and 72 hours after the
MSU injection. The Z. zerumbet extract at 200 and 400 mg/kg
doses significantly reduced the diameter rate compared to the
MSU model group at 10, 24, 48, and 72 hours.

Inflammatory biomarkers

Table 1 shows the effects of Z. zerumbet extract on
inflammatory biomarkers such as WBC count, ESR, and CRP tests.
The model group showed a significant increase (p < 0.05) in all
inflammatory biomarkers compared to the normal control group.
The decreased levels (p < 0.05) of the inflammatory biomarker
levels (compared to the model group) were found in the positive
control group and 200 and 400 mg/kg Z. zerumbet extract groups.

Oxidative stress biomarkers

Gouty arthritis caused an oxidative stress (Table 1) and
showed an increased level of serum 8-isoprostane and decreased
endogenous antioxidant SOD activity in the MSU rats’ liver
compared to the normal control group (Figs. 3 and 4). However,
these conditions were oppositely seen in celecoxib and 200 and
400 mg/kg Z. zerumbet groups compared to the MSU group, as
the level of SOD activity was significantly decreased (p < 0.05)
and significantly attenuated the level of 8-isoprostane (p < 0.05).

DISCUSSION

Gout is the most common inflammatory arthritis
worldwide. It is associated with interactions between MSU crystals

and tissues (Tramontini et al., 2004). Uncontrolled and untreated
gout patients have an increased risk of developing life-threatening
consequences such as cardiovascular diseases, kidney failure, and
other comorbidities. Herbal medicine is one of the most popular
alternative medicines for inflammatory disorders (Miyata, 2007).
In this study, the animal model of acute gout was established by
injecting MSU crystals into the ankle joint cavities. To investigate
the protective effects of Z. zerumbet extract, the rats were given
treatment at 200 and 400 mg/kg for 14 days before inflammatory
and oxidative stress tests were carried out.

MSU crystal injection was successfully developed by
gout formation in the rats’ ankle which was showed by swelling
and redness in the ankle joint part in the model group. The model
group demonstrated a higher ankle joint diameter rate compared
to the normal group resulted from the deposition of MSU crystals
and inflammation in the joint tissue as described in a previous
study (Sabina et al., 2010). The pretreatment of Z. zerumbet (200
and 400 mg/kg doses) showed less swelling of ankle joint diameter
rats compared to the model group. This suggests that the extract
was successfully suppressed the swelling which was stimulated
by MSU crystals deposited in the joint cavity, expressing its
activity against the development of gouty arthritis. Moreover,
Z. zerumbet oral treatment at 400 mg/kg dose after 10 hours of
MSU injection showed the most effective time point and least
joint diameter. This may indicate that Z. zerumbet crude extract
prevented the development of gouty arthritis swelling and implied
that it possesses an anti-inflammatory effect, which could provide
relief for gouty arthritis.

The presence of MSU crystals in the ankle joint cavity
caused an inflammatory response after 72 hours of injection.
MSU crystals interacted and caused inflammation in the joint
cavity through nucleotide-binding oligomerization domain-like
(NOD-like) receptor (NLR) protein inflammasome (Martinon
and Tschopp, 2007). In this study, MSU-induced rats in the
model group showed remarkably higher levels of CRP, ESR,
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Table 1. Inflammatory biochemical parameters of the different five experimental groups. Data are presented as mean + SEM for n = 6 per
group. *p < 0.05 against normal control and ** indicates p < 0.05 versus model group.

200 mg/kg Z. zerumbet + MSU 400 mg/kg Z. zerumbet + MSU

Normal control Model (MSU) Celecoxib + MSU
ESR (mm/h) 2.53+0.116 10.17* £0.234 2.68%* £0.155
WBC (103 = uL) 8.55+0.347 14.47* £0.793 9.28%* £ (.746
CRP (mg/L) 4.77+0.251 15.65* £ 0.411 6.87%* £0.351

6.23%*% £ (.285
10.57** £0.255
12.70%* £ 0.266

4.93%* +£0.245
9.30%* £0.341
8.87** £ 0.400

wn
1

*
#
#
#
3 l
Normal MSU MSU + 200 mg\kg 400 mg\kg

control Celecoxib  Z. zerumbet Z. zerumbet
+ MSU +MSU

8-isoprostane (pg/ml/mg protein)

Figure 3. Serum 8-isoprostane levels of the five different experimental groups.
Data are presented as mean + SEM for n = 6 rats per group. * indicates a
significant difference (p < 0.05) compared to the normal control, and # indicates
a significant difference (p < 0.05) compared to the model group.

and total WBCs count that have been used to diagnose gouty
arthritis compared to the normal control rats. The positive control
group and 200 and 400 mg/kg doses of Z. zerumbet extract group
showed a significant reduction in the inflammatory biomarkers
compared to the model group. This finding is in parallel with a
previous study, as the active compound of Z. zerumbet extract
(zerumbone) successfully inhibited inflammation in rats (Somchit
etal., 2012).

Hyperuricemia is one of the etiologies of gout
development. In the liver, xanthine oxidase enzyme plays an
important role to induce two main reactions such as to produce
uric acid in vivo and conversion of hypoxanthine to xanthine and
finally produce uric acid (Hille, 2005). Uric acid production can
overproduce the reactive oxygen and induce the overproduction of
isoprostane. This will cause oxidative injury in vivo and stimulate
SOD to inhibit the production of reactive oxygen species (Singh
etal.,2017). Z. zerumbet suppressed the production of 8-isoprostane
and promoted the activity of SOD in rats’ liver in these findings
compared to the model group in Figures 3 and 4. This extract
induces total antioxidant activities, attenuates destructive oxygen
free radicals, and protects against oxidative stress harmful damage
(Shaw et al., 2016).

Gout patients and experimental animal model of
gout demonstrated a high inflammatory response and elevated
oxidative stress (Urano et al., 2002). In this study, Z. zerumbet oral
treatment was found to reduce rat’s ankle joint swelling, reduce
joint inflammation, and attenuate oxidative stress caused by gouty
arthritis.

200 4

150

100
50 4
0 -

Super oxide dismutase (SOD) (Umg/protein)

Normal MSU Celecoxib + 200 mg/kg Z. 400 mg/kg Z
control MSU zerumbet +  zerumbet +
MSU MSU

Figure 4. SOD levels in liver tissue homogenate samples of the five different
experimental groups. Data are presented as mean + SEM for n = 6 rats per group.
* indicates a significant difference (»p < 0.05) compared to the normal control,
and # indicates a significant difference (p < 0.05) compared to the model group
(MSU).

CONCLUSION

Oral administration of Z. zerumbet extract effectively
protects against gouty arthritis, and the process is mediated
through its anti-inflammatory and antioxidant properties. Thus,
these findings provide evidence to support the value of Z. zerumbet
supplementation as an alternative protective treatment against
gout.
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