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Zingiber simaoense Y. Y. Qian (family Zingiberaceae) has a long history of use in traditional Thai medicine. The
rhizome of this plant has been traditionally employed to treat gastric disorders. Notably, scientific studies in rats have
documented the anti-gastric ulcer activity of the ethanol extract of Z. simaoense rhizome (ZSE), with its mechanism
of action attributed to increased gastric wall mucus production. To identify ZSE sub-fractions with the most potent
anti-gastric ulcer activity, ZSE was subjected to sequential solvent partitioning using n-hexane, dichloromethane,
ethyl acetate, n-butanol, and water, followed by column chromatography. The anti-gastric ulcer activity of these
sub-fractions was then evaluated using an acidified ethanol (EtOH/HCIl)-induced gastric ulcer model in rats. The
results showed that sub-fraction 1, eluted from the combined n-hexane and dichloromethane fractions, exhibited the
highest anti-gastric ulcer activity. a-Eudesmol and elemol, the most abundant compounds in this sub-fraction 1, may
be responsible for this activity, though further studies are required to confirm their specific roles. Notably, the oral
LD, of sub-fraction 1 in rats exceeded 2,000 mg/kg, providing preliminary evidence of its safety. These findings
highlight the potential of Z. simaoense rhizomes as a source for developing herbal health products with anti-gastric

ulcer activity in the future.

INTRODUCTION

Millions of individuals worldwide suffer from peptic
ulcer disease (PUD), a gastrointestinal ailment, at some point
in their lives [1,2]. It occurs when the effects of defensive
factors such as prostaglandins, gastric mucus and bicarbonate
secretion, and mucosal blood flow are weaker than those of the
aggressive factors such as gastric acid, pepsin, some medicines,
e.g., nonsteroidal anti-inflammatory drugs, and Helicobacter
pylori, which can cause damage to the gastrointestinal mucosa
[1]. Although conventional drugs such as proton pump
inhibitors are effective in treating PUD, they have several
adverse effects and drug interactions, which limit their use. As
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a result, herbal medicines have gained worldwide acceptance
as alternative treatments. Natural products can be valuable,
effective, and safer anti-ulcer agents [3,4]. Early investigations
in animal models of several plant extracts and plant-derived
compounds led to the development of anti-ulcer drugs after
demonstrating promising results in clinical trials. An example
is the development of the anti-ulcer drug carbenoxolone from
the root of licorice (Glycyrrhiza glabra) [4,5].

The Zingiberaceae family is a large group of plants
commonly found in Thailand, and many medicinal plants within
this family are distributed throughout the country. Zingiber is a
moderately large genus of this family includes 100-150 species,
approximately 26 of which are found in Thailand [6]. The
rhizomes of many Zingiber species exhibit anti-ulcer activities [ 7—
11], including Zingiber simaoense (Z. simaoense) [12], which has
been traditionally used in Thai medicine to treat conditions such
as flatulence, bloating, and abdominal pain [13]. A recent study
has shown that the ethanol extract of Z. simaoense rhizome (ZSE)
can protect against gastric ulcers in rats induced by various ulcer-
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inducing agents. One possible mechanism of ZSE is primarily
related to its ability to increase gastric wall mucus production.
Regarding its safety, ZSE has no acute toxicity effect at a 2,000
mg/kg dose in rats [14]. Furthermore, ZSE has also demonstrated
a gastric ulcer healing effect in rats [15]. Therefore, owing to
its potential to prevent and treat gastric ulcers, Z. simaoense
rhizome could be a promising candidate for drug investigation
and development. Exploring the sub-fraction of ZSE with the
most potent anti-gastric ulcer activity is the crucial next step, as
it could lead to the identification of active compounds and the
development of alternative anti-ulcer drugs derived from natural
resources. This study aimed to identify the sub-fraction of ZSE
with the highest anti-gastric ulcer activity using a rat model of
acidified ethanol (EtOH/HCI)-induced gastric ulcer.

MATERIAL AND METHODS

Plant material

The rhizomes of Z. simaoense (family Zingiberaceac)
were cultivated in Chiang Rai, Thailand. The approximate GPS
coordinates of the location are 20°04'13.7"N 99°53'27.7"E,
and the harvesting took place during 1-15 February 2016. The
identified voucher specimen of the plant (no. 145-2) is at Mae
Fah Luang University, Chiang Rai, Thailand.

Extraction and fractionation

A total of 610 g of dried rhizomes from Z. simaoense
were ground before being soaked in 95% ethanol (EtOH) at
room temperature for three nights (3 X 20 I each night). The
resulting extract was filtered and concentrated using vacuum
concentration and lyophilization, resulting in the ethanol
extract of Z. simaoense rhizome (ZSE). The ZSE was identified
through gas chromatography/mass spectrometry (GC/MS). The
remaining ZSE (39.12 g) was then dissolved in 1 I of water
and partitioned with n-hexane, dichloromethane, ethyl acetate,
n-butanol, and water. All fractions were evaporated in vacuo
and lyophilized. The solvents were chosen according to their
increasing polarity index, which allowed for a systematic
fractionation of nonpolar to highly polar constituents. Those
with marked anti-gastric ulcer activity were combined and
subjected to silica gel column chromatography (70-230 mesh,
Merck, Darmstadt, Germany) eluted with stepwise gradient
elution using n-hexane:dichloromethane (100:0 to 0:100, v/v),
dichloromethane:ethyl acetate (100:0 to 0:100, v/v), ethyl
acetate:n-butanol (100:0 to 0:100, v/v), and n-butanol:water
(100:0 to 0:100, v/v). Silica gel pre-coated aluminum plates
(70-230 mesh, Merck, Darmstadt, Germany) were used to
monitor the column through thin layer chromatography (TLC).
TLC dots were analyzed at 254 and 365 nm under UV light.
The fractions with similar TLC spots were pooled and dried
to obtain three promising sub-fractions of increasing polarity
(SbFr-1 to SbFr-3). The sub-fractions were assessed for their
anti-gastric ulcer activity, and the most active sub-fraction was
then subjected to fingerprint analysis using GC/MS.

GC/MS analysis

GC/MS was used for fingerprint analyses of ZSE
as well as for identifying the most active sub-fraction. The

procedures and conditions used in the study were as described
by Baiubon et al. [14]. The analysis was performed using
a GC 7890 System (Agilent Technologies, Inc., Santa Clara,
CA), equipped with a DB-5MS column (30 m X 0.25 mm i.d.,
0.25 pm film thickness). The temperature of the GC oven was
programmed to start at 50°C for 5 minutes. Subsequently, it was
increased to 200°C at a rate of 10°C/minute, then to 250°C at
5°C/minute, and continued at that temperature for 10 minutes.
The injection temperature was set at 250°C. The carrier gas
(helium) flow rate was 1.5 ml/minute with a 1:25 split ratio.
The GC was connected to a mass-selective detector (Agilent
HP 5973). The parameters of the MS operating system were
70 eV of ionization voltage and 230°C ion source temperature.
To determine the components in the eluent, the retention times
and mass spectra were compared with those in the NIST05a.L
Database (Agilent Technologies Inc., Santa Clara, CA).

Experimental animals

The experimental animals in this study were male
(200-250 g) and female (160-180 g) Sprague—Dawley rats
from the National Laboratory Animal Center (Mahidol
University, Salaya, Nakorn Pathom, Thailand). For at least 1
week before starting the experiments, the animals were kept in
a room under controlled conditions (24°C = 1°C, 50% + 10%
relative humidity, and 12-hour light-12-hour dark cycle) with
free access to drinking water and standard pelleted food. The
Animal Ethics Committee of the Faculty of Medicine, Chiang
Mai University, Chiang Mai, Thailand (protocol number
16/2559) approved all protocols involving animals in the study.

Acidified ethanol (EtOH/HCI)-induced gastric ulcer

To explore the sub-fraction of ZSE that exhibited
the most potent anti-gastric ulcer activity, separation of
components of ZSE using solvent partitioning and column
chromatography was performed. Each fraction and sub-
fraction was tested for anti-gastric ulcer activity using the
EtOH/HCl-induced gastric ulcer in a rat model [16] with
slight modifications. Forty-two of the 48-hour-fasted rats with
free access to water, which was withdrawn 1 hour before the
beginning of the experiments, were divided into seven groups.
Each group received one of the following: vehicle (5% Tween
80, control group), standard drug (0.10 mg/kg misoprostol,
reference group), or one of the fractions from solvent
partitioning (240 mg/kg of each fraction), administered 1
hour before gastric ulcer induction. The rats were then orally
administered 1 ml of acidified ethanol solution (60:40 v/v of
absolute EtOH and HCI) to induce gastric ulcers. One hour
later, the rats were sacrificed, and the stomachs were excised
to assess gastric ulcers. The gastric lesions were quantified
by measuring each lesion’s length (in millimeters) under a
dissecting microscope (10x). The ulcer index of each group
was obtained from the combined lesion length of the rats in
that group divided by the total number of rats in that group.
Using the following formula, the percentage of gastric ulcer
inhibition was calculated: % Inhibition = [(Ulcer index of the
control group - Ulcer index of the tested group) x 100]/Ulcer
index of the control group [17]. The statistical comparison of
ulcer indexes among groups in each study was then evaluated.
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Fractions HX-Fr and DC-Fr were selected for further
fractionation by silica gel column chromatography due to their
significant percent inhibition of gastric ulcers. Five groups of
six rats each received vehicle (5% Tween 80, control group),
standard drug (0.10 mg/kg misoprostol, reference group), and
sub-fractions from column chromatography (60 mg/kg of
each sub-fraction). They were then evaluated for anti-gastric
ulcer activity using an EtOH/HCl-induced gastric ulcer in a
rat model, following a procedure similar to the one described
above.

Sub-fraction 1 was selected for further analysis of
the dose-response relationship due to its significant percentage
inhibition of gastric ulcers. Seven groups, each containing six
rats, received vehicle (5% Tween 80, control group), standard
drug (0.10 mg/kg misoprostol, reference group), and sub-
fraction 1 (at 1.88, 3.75, 7.50, 30, or 60 mg/kg) after which
anti-gastric ulcer activity testing was performed using EtOH/
HCl-induced gastric ulcer in a rat model like the one described
above.

Acute toxicity study

The study was conducted following the Organization
of Economic Cooperation and Development guideline for the
testing of chemicals (Test No. 420) with minor modifications
[18]. Ten adult female Sprague Dawley rats (7 weeks, 160—
180 g) were randomly assigned to one of two groups. The rats
in both groups were fasted for 16—18 hours (with access to
water but not food) before receiving the test substances. Rats
in the vehicle control group received 5% Tween 80, while
the test group was administered the most potent sub-fraction
(sub-fraction 1) by oral gavage at a dose of 2,000 mg/kg.

Following this administration, signs, symptoms, and any
changes in the appearance of the eyes, skin, fur, and mucous
membranes were observed and noted at 1, 2, 4, and 6 hours,
then once a day for 14 days. On the 15th day, surviving rats
were sacrificed to identify gross pathological changes in the
internal organs. Any abnormalities in the internal organs
in the experimental group were noted and compared to the
control group.

Statistical analysis

The mean + standard error of the mean (SEM) was
used to express the experiment’s data. One-way analysis of
variance (ANOVA) followed by the post hoc least-significant
difference (LSD) test and the Kruskal-Wallis’s test followed
by Dunn’s test was used for the statistical comparisons
between groups of parametric and nonparametric data,
respectively. The dose-response relationship was modeled
using four-parameter logistic regression (4PL). The
parameters were estimated through nonlinear regression
using a curve-fitting algorithm. The model’s goodness-of-fit
was assessed by calculating the R-squared (R?) value, while
the statistical significance of the fit was evaluated using the
F-test. Significant p values were those with a value of less
than 0.05.

RESULTS

Extraction and fractionation

The 95% EtOH extract of Z. simaoense rhizome
yielded 7.40% (w/w) of dried rhizome powder. A portion
of the ZSE was subjected to fingerprint analysis using GC/

(610.00 g)

Dried rhizome of Z. simaoense

95% EtOH, room temp., overnight for 3 nights
Evap. in vacuo

GC/MS analysis of ZSE >

(39.12 g)

Remained ZSE

Dissolution in water
Extraction with n-hexane, CH,Cl,, EtOAc, n-BuOH, and water
Evap. in vacuo

= ¥
HX-Fr DC-Fr EA-Fr BT-Fr ’ AQ-Fr
(12.85g) (9.48 g) 0.26 g) (0.74 g) (6.36g)

Combined fraction
(21.09g)

Evap. in vacuo

¥ ¥
SbFr-1 SbFr-2 SbFr-3
(2.37g) (3.04g) 0.71g)

Combination (HX-Fr 12.18 g + DC-Fr 8.91 g), evap. in vacuo

Silica gel column chromatography (5 x 60 cm)
Elution with gradient concentrations of n-hexane, CH,Cl,, EtOAc, n-BuOH, and water

Figure 1. Extraction of Z. simaoense rhizomes and fractionation of Z. simaoense ethanol extract (ZSE). Evap. = evaporation, HX-Fr =
hexane fraction, DC-Fr = dichloromethane fraction, EA-Fr = ethyl acetate fraction, BT-Fr = butanol fraction, AQ-Fr = aqueous fraction,
SbFr = sub-fraction.
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Table 1. Chemical constituents of ZSE identified by GC/MS.

Peak Retention time Compounds % of
(minute) Total
1 18.277 Elemol 6.59
2 19.309 B-Cadinene 3.64
3 19.353 B-Gurjunene 0.53
4 19.411 Agarospirol 0.90
5 19.626 a-Eudesmol 17.02
8 21.338 Ambrial 432
10 21.549 2-Naphthalenemethanol, 10.47
1,2,3,4,4a,5,6,7-octahydro-a,a,4a,8-
tetramethyl-, (2R-cis)-
13 22.191 7-Methyl-4-(1-Methylethylidene) 2.46
bicyclo[5.3.1]undec-1-en-8-o0l
15 22.495 Alloaromadendrene 1.30
16 23.208 n-Hexadecanoic acid 8.43
17 23.419 Isolongifolene, 9,10-dehydro- 1.32
18 23.519 Hexadecanoic acid, ethyl ester 0.60
20 23.789 1,4-Epidioxy-2-p-menthene 1.14
23 25.527 9,12-Octadecadienoic acid (Z,Z2)- 2.18
24 25.622 9,17-Octadecadienal, (Z)- 1.09
28 31.745 2,3-Dihydro-1-methyl-10- 3.25

phenylimidazo[1,2-G][1,6]
naphthyridin-5(1H)-one

The results are presented as a percentage of Zingiber simaoense ethanol extract
(ZSE) components in the GC/MS chromatogram.
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MS. The remaining 39.12 g was successively partitioned to
obtain n-hexane (HX-Fr), dichloromethane (DC-Fr), ethyl
acetate (EA-Fr), n-butanol (BT-Fr), and aqueous (AQ-Fr)
fractions, with yields of 32.85%, 24.23%, 0.66%, 1.89%, and
6.36% yield (w/w), respectively. Based on their positive anti-
gastric ulcer activity and the available quantities, the HX-Fr
(12.18 g) and DC-Fr (8.91 g) were combined and subjected to
column chromatography, eluted with gradient concentrations
of n-hexane, ethyl acetate, methanol, and water to yield sub-
fractions 1-3 with 11.24%, 14.41%, and 3.37% yield (w/w),
respectively. The overview of the extraction of Z. simaoense
rhizomes, the fractionation process, and the amounts of all sub-
fractions are shown in Figure 1.

GC/MS analysis

Sixteen of thirty peaks of the GC/MS chromatogram
of ZSE were identified using the National Institute of
Standards and Technology (NIST) Research Library (Table
1). The identified compounds included one monoterpene, ten
sesquiterpenes, four fatty acids, and a 1,6-naphthyridine analog.
The major components of ZSE were a-eudesmol (17.02%),
2-naphthalenemethanol, 1,2,3,4,4a,5,6,7-octahydro-a,a,4a,8-
tetramethyl-, (2R-cis)- (10.47%), n-hexadecanoic acid
(8.43%), and elemol (6.59%) (Fig. 2). In addition, the GC/
MS chromatogram of ZSE sub-fraction 1 displayed 30 peaks,
of which 19 were identified using the NIST library (Table 2).
The identified compounds included ten sesquiterpenes, one
triterpene, six fatty acids, a dicarboxylic phenolic compound,
and a chromene analog. The major components of ZSE sub-
fraction 1 were a-eudesmol (20.64%), (23S)-ethylcholest-
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Figure 2. The GC/MS chromatogram of Zingiber simaoense ethanol extract (ZSE). The major components of ZSE are a-eudesmol (RT 19.626 minutes),

2-naphthalenemethanol, 1,2,3,4,4a,5,6,7-octahydro-o,0,4a,8-tetramethyl-,

elemol (RT 18.277 minutes).

(2R-cis)- (RT 21.549 minutes), n-hexadecanoic acid (RT 23.208 minutes), and



Kunanusorn ef al. / Journal of Applied Pharmaceutical Science 2025;15(07):147-155 151

Table 2. Chemical constituents of ZSE sub-fraction 1 identified by

GC/MS.

Peak Retention Compounds % of

time (minute) Total

1 18.286 Elemol 7.39
2 19.318 B-Cadinene 6.08
3 19.359 Aristol-9-ene 0.73
4 19.416 Agarospirol 091

5 19.639 a-Eudesmol 20.64
6 19.743 a-Selinene 0.74
7 19.890 Campherenone 0.48
8 20.791 o -Cedrene epoxide 0.66
9 21.341 Ambrial 2.58
10 21.479 @-Selinene 1.01
13 23.227 n-Hexadecanoic acid 6.46
14 23.421 Isolongifolene, 9,10-dehydro- 1.07
15 23.521 Hexadecanoic acid, ethyl ester 1.04
17 23.790 Isolongifolene, 9,10-dehydro- 0.98
19 25.579 9,12-Octadecadienoic acid (Z,Z)- 1.61
20 25.655 14-Methyl-8-hexadecyn-1-ol 1.11
21 25.866 9,12-Octadecadienoic acid (Z,Z)-, ethyl ester ~ 0.73
22 25.958 Octadecanoic acid 1.35
24 31.399 1,2-benzenedicarboxylic acid 0.58
28 36.343 5,8-Dimethoxy-2-methyl-4H- 1.52

naphtho[2,3-b]pyran-4,6,9-trione
29 36.610 5,8-Dimethoxy-2-methyl-4H- 1.60
naphtho[2,3-b]pyran-4,6,9-trione
30 37.681 (23S)-Ethylcholest-5-en-3-p-ol 19.13

The results are presented as a percentage of Zingiber simaoense ethanol extract
(ZSE) sub-fraction 1 components in the GC/MS chromatogram.

5-en-3-B-ol (19.13%), elemol (7.39%), n-hexadecanoic acid
(6.46%), and B-cadinene (6.08%).

Investigation of anti-gastric ulcer activity

Figure 3 shows the anti-gastric ulcer activities in
rats of various fractions of ZSE at the same dose of 240 mg/
kg. The ulcer indexes of all fractions (HX-Fr, DC-Fr, EA-Fr,
and BT-Fr groups), with the exception of the AQ-Fr group,
significantly reduced ulcer inhibition compared to the control
group (Table 3).

HX-Fr and DC-Fr exhibited the highest ulcer
inhibition and were therefore combined and subjected to
column chromatography separation, as described in the
plant extraction and fractionation section. The eluents were
pooled into three sub-fractions based on their thin-layer
chromatography profiles. The anti-ulcer activities of these
sub-fractions were evaluated in the rats at a dose of 60 mg/
kg, and the results are shown in Table 4. Misoprostol and sub-
fraction 1 markedly decreased gastric ulcer formation with
comparable efficacy, achieving 96.82% and 96.87% ulcer
inhibition, respectively (Fig. 4). Sub-fraction 1 was further
tested at various doses to evaluate its dose-dependent anti-
ulcer activity. While the lowest dose (1.88 mg/kg) did not
show a significant difference compared to the control group,
the anti-gastric ulceration of this sub-fraction appeared to be
dose-dependent (Table 5 and Fig. 5). The dose-response curve
followed a sigmoidal shape, with the fitted 4PL model yielding
a minimum response (A) of —0.51, a maximum response (B)
of 95.37, an EC, (C) of 3.72 mg/kg, and a Hill slope (D) of
4.31 (Fig. 6). The model demonstrated an excellent fit, with
an R? value of 0.9991. Additionally, the F-test resulted in a
p-value of 0.0458, confirming the statistical significance of
the dose-response relationship.

Control

DC-Fr EA-Fr
(240 mg/kg) (240 mg/kg)

Misoprostol
(0.10 mg/kg)

HX-Fr
(240 mg/kg)

BT-Fr AQ-Fr

(240 mg/kg) (240 mg/kg)

Figure 3. Illustrations of gastric ulcer lesions of rats after gastric ulcer induction with HCI/EtOH in the control
group (received 5% Tween 80), reference drug group (received 0.10 mg/kg of misoprostol), and test groups
(received 240 mg/kg of each fraction from solvent partitioning of ZSE). HX-Fr = n-hexane fraction, DC-Fr
= dichloromethane fraction, EA-Fr = ethyl acetate fraction, BT-Fr = n-butanol fraction, AQ-Fr = aqueous

fraction.
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Acute toxicity study

Throughout the study period, no indication of acute
toxicity was shown in any of the rats administered the control
vehicle and ZSE sub-fraction 1, the fraction with the most
potent anti-gastric ulcer activity, at a dose of 2,000 mg/kg body
weight.

Table 3. Effects of various fractions of ZSE at the dose of 240 mg/kg
on gastric ulcers induced by acidified ethanol in rats.

Ulcer index Inhibition (%)

Group Dose (mg/kg)

(mm)

Control - 95.57+5.35 -
Misoprostol 0.10 1.40 £ 0.50** 98.54
HX-Fr 240 1.25 +£0.44%* 98.69
DC-Fr 240 3.67 £ 1.20%* 96.16
EA-Fr 240 13.08 & 6.03%* 86.31
BT-Fr 240 67.67 £ 17.92* 29.19
AQ-Fr 240 88.37+9.41 7.53

Data are presented as mean £ SEM (n = 6). One-way ANOVA followed by
the post hoc LSD test was used to determine the significant difference (p <
0.05). *Significantly different from the control group, p <0.05. **Significantly
different from the control group, p < 0.01. HX-Fr = n-hexane fraction, DC-Fr
= dichloromethane fraction, EA-Fr = ethyl acetate fraction, BT-Fr = n-butanol
fraction, AQ-Fr = aqueous fraction.

Table 4. Effects of various sub-fractions of ZSE at the dose of 60 mg/
kg on gastric ulcers induced by acidified ethanol in rats.

Ulcer index Inhibition (%)

Group Dose (mg/kg) (mm)
Control - 137.20 £21.94 -
Misoprostol 0.10 4.37+£2.28* 96.82
Sub-fraction 1 60 4.30 £2.99* 96.87
Sub-fraction 2 60 66.30 £ 12.23* 51.68
Sub-fraction 3 60 125.83 +7.70 8.28

Data are presented as mean + SEM (n = 6). One-way ANOVA followed by the
post hoc LSD test was used to determine the significant difference (p < 0.05).
*Significantly different from the control group, p < 0.05.

Misoprostol © SbFr-1
(60 mg/kg)

(0.10 mg/kg)

SbFr-1 SbFr-1
(3.75 mg/kg) (1.88 mg/kg)

Control

SbFr-1
(30 mg/kg)

SbFr-1
(7.5 mg/kg)

Figure 5. Illustrations of gastric ulcer lesions of rats after gastric ulcer induction
with HCI/EtOH in the control group (received 5% Tween 80), reference drug
group (received 0.10 mg/kg of misoprostol), and test groups (received ZSE sub-
fraction 1 at various doses). SbFr = sub-fraction.

S
=iy

Misoprostol
(010 me/kg)

.-

ShFr-2
(60 my/ke

ShFr-3

ShEr-1
(60 mgilkg)

(60 mglke)

Figure 4. Illustrations of gastric ulcer lesions of rats after gastric ulcer induction
with HCI/EtOH in the control group (received 5% Tween 80), reference drug
group (received 0.10 mg/kg of misoprostol), and test groups (received 60 mg/
kg of each sub-fraction from column chromatography of ZSE). SbFr = sub-
fraction.

Table 5. Effects of ZSE sub-fraction 1 at various doses on gastric
ulcers induced by acidified ethanol in rats.

Group Dose (mg/kg)  Ulcer index (mm) Inhibition (%)
Control - 147.43 £ 14.36 -

Misoprostol 0.10 4.37 £2.28%* 97.06
Sub-fraction 1 60 4.30 +£2.99%* 97.10
30 9.48 +3.76** 93.61
7.50 13.50 +2.47%** 90.91
3.75 76.97 + 14.77** 48.15
1.88 141.12 £ 6.98 4.28

Data are presented as mean = SEM (n = 6). One-way ANOVA followed by the
post hoc LSD test was used to determine the significant difference (p < 0.05).
**Significantly different from the control group, p < 0.01.

4PL Dose-Response Curve for ZSE Sub-fraction 1

100
x
x
80
.5 60
=
3
=
=
® a0
20
x Data points
— 4PLfit: A=-0.51, B=95.37, C=3.72, D=4.31
0
0 10 20 30 40 50 60
Dose (mgrkg)

Figure 6. The 4PL dose-response curve for ZSE Sub-fraction 1 demonstrates
the relationship between dose (mg/kg) and % inhibition. The fitted 4PL model
shows a sigmoidal shape, with the following parameters: a (minimum response)
=—0.51, B (maximum response) = 95.37, C (EC,)) = 3.72 mg/kg, and D (Hill
slope) =4.31.
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DISCUSSION

The rhizome of Z. simaoense Y. Y. Qian, a Thai
medicinal material known as “Khing Krang” or “Khing Klang,”
is mentioned in a traditional Thai medicine book titled “The
Book of Osot-phra-na-rai” [13]. Traditionally, the rhizome has
been used similarly to “Khing” (Zingiber officinale) for treating
gastrointestinal disorders such as abdominal pain, flatulence,
and bloating, which are clinical manifestations of gastric
ulcers. Although studies have shown the gastroprotective and
gastric ulcer healing activities of ZSE [14,15], its chemical
standardization for use has yet to be investigated. Bioassay-
guided fractionation is a technique for screening plant extracts
by chromatographically extracting and fractionating them
until almost pure biologically active compounds are obtained.
This approach reduces the time-consuming nature of drug
development and effectively screens out harmful compounds
from crude extracts, enabling chemical standardization and
quality control [19,20].

In this study, the extract was systematically
partitioned into fractions and sub-fractions based on polarity
to isolate the most active sub-fraction. The solvents n-hexane,
dichloromethane, ethyl acetate, n-butanol, and water were
chosen according to their increasing polarity, facilitating the
separation of nonpolar to highly polar constituents. n-Hexane, a
nonpolar solvent, was employed to extract nonpolar compounds
such as hydrocarbons and terpenoids. In contrast, highly polar
solvents like water and n-butanol were used to extract polar
compounds such as glycosides, sugars, and tannins. Solvents
with medium polarity, such as dichloromethane and ethyl
acetate, were utilized to target compounds of intermediate
polarity, including sesquiterpenes, nonpolar phenolics, and
flavonoids [21]. This systematic partitioning is expected to
aid in the future development of health products from Z.
simaoense. The fractions of n-hexane and dichloromethane
from crude ZSE displayed promising activity, whereas the ethyl
acetate, n-butanol, and aqueous fractions were less active. This
finding might suggest that the best anti-ulcer activity from ZSE
came from the nonpolar chemical constituents, which prefer
to penetrate the lipid bilayer sites of action [22]. It may also
account for the diminished anti-ulcer efficacy observed in the
more polar fractions, particularly the aqueous fraction (AQ-Fr),
which possesses the highest polarity.

Upon sub-fractionation by column chromatography,
sub-fraction 1, the most nonpolar of all the sub-fractions,
showed potent dose-dependent anti-gastric ulcer activity,
remaining effective even at a reduced dose of 3.75 mg/kg. This
sub-fraction was mainly produced by eluting the combined
n-hexane and dichloromethane fractions using 100% n-hexane.
The sub-fraction helped to identify the chemical constituents
in ZSE. GC/MS analysis of the components of sub-fraction
1 indicated that terpenoid compounds, including a-eudesmol
and elemol, were the most abundant, accounting for 20.64%
and 7.39% of this sub-fraction, respectively. Similarly, these
two compounds were also found in large proportions (17.02%
and 6.59%, respectively) in ZSE. This finding suggests that
ZSE and ZSE sub-fraction 1 share the same major constituents,
indicating that these compounds are likely responsible for the
key anti-gastric ulcer activity of this plant material.

Elemol, a sesquiterpene, has been reported as to be
an important terpenoid compound with insecticidal and anti-
termite properties [23]. There is only one report that this
bioactive compound, isolated from the leaves of Cryptomeria
Jjaponica, displayed moderate anti-gastric ulcer activity caused
by HCI/EtOH [24]. Eudesmols are sesquiterpenoid alcohols
that occur in many natural products. There are three main
isomers of eudesmol including a-, B-, and y-eudesmol [25].
These isomers have been reported for their biological activities,
such as antihypertensive [26], anticonvulsant [27], antitumor
[28], antimicrobial [29], antimigraine [30], insecticidal [31],
and anti-inflammatory properties [32]. In mice, induction
with atropine, dopamine, and serotonin (5-HT) exhibits some
pharmacological effects of B-eudesmol. The B-eudesmol at the
50 or 100 mg/kg dosage could reverse the inhibitory effects of
gastrointestinal motility induced by atropine, dopamine, and
5-HT [33]. However, despite the lack of supporting data for the
anti-ulcer activity of the specific a-eudesmol, evaluating this
terpenoid in further exploration would be interesting.

Despite the finding that o-eudesmol and elemol
were present in significant proportions in the most active anti-
gastric ulcer sub-fraction, it is premature to conclude that these
terpenoids are solely responsible for the observed activity for
two reasons. First, neither compound was isolated and tested
for anti-gastric ulcer activity. Second, the range of chemicals
scanned by the GC/MS may not encompass all the existing
compounds in the extract or the sub-fractions [34]. It is also
possible that other active secondary metabolites that were
not detected could have contributed to the anti-gastric ulcer
activity. These compounds may exert the anti-gastric ulcer
activity alone or may synergize with those in the active sub-
fraction 1. Therefore, further in-depth studies of the anti-gastric
ulcer activity of these terpenes are necessary. Additionally,
the use of HPLC with standard calibration would improve
the quantification and reproducibility of active compounds in
herbal formulations.

In the acute toxicity evaluation, no signs of toxicity or
mortality were observed in either the control group or the ZSE
sub-fraction 1 group throughout the 2-week experiment. The
oral LD, of ZSE sub-fraction 1 was determined to be greater
than 2,000 mg/kg. This finding, in part, supports the safety of
using this medicinal plant. However, sub-chronic or chronic
toxicity studies are needed to evaluate long-term effects and
potential side effects before conducting pharmaceutical pre-
formulation and clinical studies in humans.

CONCLUSION

The study has shown that sub-fraction 1, eluted
from the combined n-hexane and dichloromethane fractions
of Z. simaoense rhizome ethanol extract, exhibits the highest
anti-gastric ulcer activity. a-Eudesmol and elemol, the most
abundant compounds in sub-fraction 1, may be responsible for
this activity. Further in-depth studies of the anti-gastric ulcer
activity of these terpenes should be conducted. The oral LD,
of sub-fraction 1 in rats is greater than 2,000 mg/kg, which
partially confirms its safety. These findings will be beneficial for
the future development of herbal health products derived from
Z. simaoense rhizomes.
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