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Background: Since antiquity, Zingiber officinale (ginger), pogostemonis herba, and radix aucklandiae
have been used as traditional Chinese medicines to remit gastrointestinal discomfort. Recent
evidences also show the efficacy of the three herbal medicines against nausea and vomiting.
Objective: To optimize the CO, supercritical fluid extraction (SFE-CO,) conditions for ginger and
the ethanol reflux extraction conditions for radix aucklandiae, control the quality of pogostemonis
herba essential oil, and evaluate anti-motion sickness activity of the compound recipes composed
of the three herbal medicine extracts. Materials and Methods: Two orthogonal array designs L9 (3)*
were employed to optimize the SFE-CO, conditions for enhancing yield of 6-gingerol from ginger
and the ethanol reflux extraction conditions for enhancing yield of costunolide and dehydrocostus
lactone from radix aucklandiae; a uniform design U, (5°) was applied for evaluation of anti-motion
sickness activity of the compound recipes. Results: Extraction pressure (P < 0.01), extraction
temperature and extraction time (P < 0.05) have significant effects on the yield of 6-gingerol from
ginger by SFE-CO,; ethanol concentration (P < 0.01) and times of repeating extraction (P < 0.05)
have significant effects on the total yield of costunolide and dehydrocostus lactone from radix
aucklandiae by ethanol reflux extraction; the anti-motion sickness effects of the optimized
compound recipe composed of the three herbal medicine extracts were markedly better than
those of dimenhydrinate. Conclusion: The compound recipe composed of ginger, pogostemonis
herba, and radix aucklandiae could be developed as a promising anti-motion sickness medicine.
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INTRODUCTION

Motion sickness is caused by exposure to unfamiliar
motions such as repetitive angular and linear acceleration
and deceleration. The typical symptom of motion
sickness is gastrointestinal discomfort, including nausea
and vomiting."! Zingiber officinale (ginger, fresh rhizome
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of Z. officinale Roscoe), pogostemonis herba (Pogostenron
cablin |Blanco] Benth.), and radix aucklandiae (Awucklandia
lappa Decne.) are recorded in the Chinese pharmacopoeia
as traditional Chinese medicines that could be used
to treat various diseases efficaciously, especially
gastrointestinal discomfort. Ginger was dubbed “the holy
medicine for anti-vomiting” in Bée #, an authoritative
medicine book in antiquity. Pogostemonis herba was “a
key medicine for regulation of the spleen and stomach
in disorder” described in the Chinese ancient book
Ben Cao Tu Jing. Radix aucklandiae was “an important
medicine for treating vomiting and regurgitation”
described in the Chinese ancient book Shen Nong Ben
Cao Jing. The characteristic chemical constituents in
ginger, pogostemonis herba, and radix aucklandiae
are 6-gingerol, patchouli alcohol, costunolide, and
dehydrocostus lactone, respectively.
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In most studies, active compounds were extracted from
ginger by aqueous-ethanol or some organic solvent
such as methanol, ethanol, ethyl acetate, and hexane.**
Squeezed and pressurized ethanol extraction of ginger
also has been reported.P In addition, ginger oil extracted
by hydro-distillation has been studied.l’! However, few
studies on extracting active compounds from ginger by
CO, supercritical fluid extraction (SFE-CO,) have been
reported except some,!” in which active ingredients of
ginger were extracted by SFE-CO, under a random
condition and without further investigation. In our
previous studies, we compared the yields of extracts from
ginger and the 6-gingerol contents in ginger extracts by
three different extracting technologies (hydro-distillation,
SFE-CO,, and aqueous-ethanol percolation). The results
showed that the content percentages of 6-gingerol
in SFE-CO, extracts were much higher than those
by the other two extracting technologies (SFE-CO,,
11.803-23.164%, ethanol percolation, 6.329-6.874%,
hydro-distillation, 0.796%). However, the content
percentages of 6-gingerol fluctuated widely under
different conditions of ginger SFE-CO,. Thus, in
this article, we optimized the SFE-CO, condition
for enhancing yield of 6-gingerol from ginger using
orthogonal expetimental design L9 (3) *. Meanwhile, the
traditional ethanol reflux extraction has been optimized
for enhancing yield of costunolide and dehydrocostus
lactone from radix aucklandiae by another orthogonal
experimental design L9 (3) .

Recently, evidence also showed that the efficacy of
ginger against nausea and vomiting was as good as
metoclopramide,”®’ and patchouli alcohol could inhibit
intestinal contraction by Ca** antagonism.”’ Remarkable
inhibition activity of radix aucklandiae in gastric ulcer and
possibility for the treatment of irritable bowel syndrome
by radix aucklandiae also has been observed."""?) Our
previous experiments on the screening of Chinese crude
drugs for anti-motion sickness also proved that ginger,
pogostemonis herba, and radix aucklandiae could abate
the symptoms of motion sickness in mice. However, the
anti-motion sickness effects of pogostemonis herba and
radix aucklandiae through controlling gastrointestinal
symptoms have not been studied. In this article, we
first utilized the combination of the three herbal
medicines to control gastrointestinal reaction during
motion sickness. Screening the efficacious compound
recipes for anti-motion sickness has been performed
by the uniform design table U, (5°). Although mice had
no emetic reaction, Yu XH ¢/ 4/. validated the motion
sickness index as an evaluation criteria for motion
sickness in mice."*" The results that the anti-motion
sickness effects of the optimized compound recipe
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of ginger, pogostemonis herba, and radix aucklandiae
were markedly better than those of dimenhydrinate and
other recipes, might provide the first evidence of the
synergism of the three traditional Chinese medicines on
anti-motion sickness.

MATERIALS AND METHODS

Apparatus

The high-performance liquid chromatography (HPLC)
system used consisted of a low-pressure quaternary
pump (model Agilent 1050), an autosampler (model Agilent
1050), and a ultraviolet (UV) visible detector (G79853A),
and it employed an Agilent ZORBAX Eclipse DB
C18 column (250 mm X 4.6 mm, 5 um) (Agilent 1050
ChemStation, USA). The SFE-CO, experiments were
performed using a CL-10-]J-3 SFE-CO, device (He Si
Corp., Beijing, China). Motion sickness was simulated using
a DSL-1 minitype animal centrifuge unit (Peace Medical
Equipment Factory, Beijing, China).

Chemicals and reagents

6-gingerol standard was obtained from Pharmacy
Institution of Zhongxin (Tianjin, China. The 6-gingerol
standard was qualitatively determined by 'hydrogen,
Ycarbon-nuclear magnetic resonance, infra-red, UV, and
mass spectrum [Figure 1], and quantitatively determined
by HPLC, chemical purity > 99%). Costunolide and
dehydrocostus lactone were purchased from the
National Institutes for Food and Drug Control (China).
Ginger and radix aucklandiae were obtained from the
Pharmacy of Beijing Military General Hospital (China)
and authenticated by Prof. Zhang-mei (The director
of Pharmacy of Beijing Military General Hospital,
China). Pogostemonis herba essential oil was obtained
from Shui-nan Pharmaceutical Corp. (Jiangxi, China).
Dimenhydrinate was purchased from Yi-ming
Pharmaceutical Corp. (Beijing, China). Ethanol was
purchased from Beijing Chemical Corp. (China).
HPLC-grade methanol was purchased from Sigma (USA),
and water was double distilled for HPLC. All other
chemicals used were of analytical grade.

Optimization of CO, supercritical fluid extraction
conditions for ginger with orthogonal experimental design
CO, Supercritical fluid extraction of ginger under
the conditions in the orthogonal design

An orthogonal experimental design 1.9(3) * was employed
in which extraction pressure, extraction temperature,
separation pressure, and dynamic extraction time were
considered the four major parameters that affect the
extraction process.'” The three different levels of each
factor are as follows: Level 1, level 2, and level 3 of

Pharmacognosy Magazine | July-September 2015 | Vol 11 | Issue 43



Chen, et al.: Active compounds for anti-motion sickness

i |
i _.__.rk

T

o [N | S—

INGEROL-6 90 (0.908; Scan ES+ 2.90 .
GING! ( ) 3i7.3 1.46e7 28 ]
100
26
24 ]
[e] H 22
/O)i)/\/“\j\/\/\ 20
HO' 18 \
16 \
® A 14 \\
124 \\
\
1.0 J
277.3 314.4 | o8 \
| |318.3
L —
| Il
i li 0.4 |
2s9.3 2783 |319.3 02|
5 227.3 | |1 306.5 |~ 77 _333.2 374.5 . - Al
! S Wit asaas: R v e P Mt MR E s sseta tses ssatt 20! 0.00 i
200 220 240 260 280 300 320 340 360 380 400 200.0 220 240 260 200 300 %0 340 200 50 Pl s
b .

—— 146,400

— 132,632

— 120704

Ll

m ﬁ%l klgl éé% ‘ﬁ Ez:o 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppal
Figure 1: Qualitative identification of the 6-gingerol standard. (a) Infra-red spectrum of the 6-gingerol standard, (b) electrospray ionization-mass
spectrometry of the 6-gingerol standard, (c) ultraviolet spectrum of the 6-gingerol standard, (d) 1hydrogen-nuclear magnetic resonance spectrum

of the 6-gingerol standard, (e) 13carbon-nuclear magnetic resonance spectrum of the 6-gingerol standard. The 6-gingerol standard obtained from
Zhongxin was validated to be 6-gingerol by serial qualitative analysis

2 1 ° ppu

extraction pressure were 15, 20, and 25 MPa, respectively; High-performance liquid chromatography analysis of
extraction temperature, 35, 40, and 45°C; separation  6-gingerol in ginger CO, supercritical fluid extraction
pressute, 4, 6, and 8 MPa; and extraction time, 2.0, 2.5, extracts

and 3.0 h. Nine extractions were carried out under the High-:o_er formance ./iquid chromatography analytical
experimental conditions in 19 (3) . In each extraction, conditions for 6-gingerol

100.0 g of dried ginger (dried thizome of Zingiber officinol, The chromatographic conditions were as follows: Mobile
d from fresh eineer by atmospheric drvin phase, methanol: Water (62:38, v/v); column flow rate,
prepare ging y P ying 1.0 ml/min; column temperature, room temperature;

naturally ugdl shrinking to 100_/ 0 weight) was placed into chromatographic run time, 13.0 min; injection volumes,
the extraction vessel. Separation temperature was 2°C ul; and wavelengths, 280 nm.

higher than extraction temperature. CO, flow rate was 0.3—

0.9 1/min. Finally, the extraction vessel was depressurized, Method validation

the oil was collected from the separation vessel, and the =~ The described method was validated according to the
extract was stored at —4°C. International Conference on Harmonization guidelines by
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determination of the linearity, detection and quantitation
[16]

limits, precision, and recovery test.
Assay of 6-gingerol in ginger CO, supercritical fluid
extraction extracts

Six hundred microgram per milliliter of 6-gingerol was
prepared by dissolving a weighed amount in the mobile
phase. Serial dilutions of the 600 pg/ml standard were
made to produce the 300, 200, 100, 40, and 10 ug/ml
working standards. These working solutions were used
for calibration curves and method validation. 100-200 mg
ginger SFE-CO, extracts were weighed and added to 50 ml
volumetric flasks containing 40 ml of the mobile phase.
The samples were sonicated for 30 min in an ultrasound
bath, and the 50 ml volume was completed with the
mobile phase. After homogenization, samples were filtered
through a 0.45 um cellulose filter and analyzed by the
previously developed HPLC method. The contents of
6-gingerol were calculated from the calibration curve of
standards.

Optimization of ethanol reflux extraction for radix
aucklandiae with orthogonal design

Ethanol reflux extraction of radix aucklandiae under
the conditions in orthogonal design

Another orthogonal experimental design L9 (3)* was
employed to optimize the ethanol reflux extraction
conditions of radix aucklandiae. Ethanol concentration,
liquid-solid ratio, reflux time, and number of times of
re-extraction were considered the four major factors that
affect the extraction efficiency of radix aucklandiae. For
each factor, three different levels were selected as follows:
Level 1, level 2, and level 3 of ethanol concentration were
60%, 40%, and 80%, respectively; liquid-solid ratio, 8:1,
10:1, and 6:1; reflux time, 2, 1, and 3 h; and number of times
of re-extraction, 2, 3, and 1 time. Nine extractions were
carried out under the experimental conditions in 1.9 (3)*
In each extraction, active compounds were extracted from
18.0 g powder of radix aucklandiae by heating in a water
bath at 85°C and reflux. The extract was concentrated,
dried on a vacuum rotaty evaporator, and stored at —4°C.

High-performance liquid chromatography analysis
of costunolide and dehydrocostus lactone in radix
aucklandiae ethanol extracts

High-performance liquid chromatography analytical
conditions for costunolide and dehydrocostus
lactone

The chromatographic conditions were as follows: Mobile
phase, methanol: Water (68:32, v/v); column flow rate,
1.0 ml/min; column temperature, room temperature;
chromatographic run time, 15.0 min, 17.0 min, respectively;
injection volumes, 10 W; and wavelengths, 225 nm.
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Method validation
The described method was validated according to the
International Conference on Harmonization guidelines.!'!

Assay of costunolide and dehydrocostus lactone in
radix aucklandiae ethanol extracts

Three hundred and eighty microgram per millilitre of
costunolide and 480 pg/ml of dehydrocostus lactone wete
prepared, respectively, by dissolving a weighed amountin the
mobile phase. Serial dilutions were made to produce the 152,
76,38, 15.2 and 7.6 ug/ml working standards of costunolide
and 192, 96, 48, 19.2 and 9.6 pug/ml working standards of
dehydrocostus lactone. One gram radix aucklandiae ethanol
extracts were weighed for sample preparation, and the
method of preparation was the same as that of the SFE-CO,
extract sample with the respective mobile phase. Samples
were analyzed by the previously developed HPLC method.
The contents of costunolide and dehydrocostus lactone were
calculated from the calibration curve of standards.

Optimization of the formula of the anti-motion sickness
herbal medicine by uniform design

Experimental design

To enhance the effect of anti-motion sickness, ginger,
pogostemonis herba, and radix aucklandiae were applied
simultaneously to form a compound recipe of traditional
Chinese medicine. Uniform design was applied to
determine the optimum dosage and formula of the
mixture.l”’ According to the Chinese pharmacopoeia and
related literature reported on the dosage and effectiveness
of these herbal medicine,™'® the dosage range of ginger
from 0 to 80 g, pogostemonis herba from 0 to 60 g, and
radix aucklandiae from O to 10 g for human were selected
for investigation by uniform design U, (5). The levels and
factors are listed in Table 1. Mice in the dimenhydrinate
group were given 0.13 mg dimenhydrinate per 20 g weight,

Table 1: Factors and levels of uniform design
U, (5°) and groups for anti-motion sickness
evaluation

Groups Factors and levels
(level, crude drug dosage for human)
Ginger Herba Radix
(9) pogostemonis aucklandiae
(9) (9)
x1 x2 x3
1 1(80) 2 (15) 4 (2.5)
2 2 (60) 4 (45) 3(5)
3 3 (40) 1(0) 2(7.5)
4 4 (20) 3(30) 1(10)
5 5(0) 5 (60) 5(0)
6:Dimenhydrinate 50 mg
7: Control The same
volumes of 0.9%
NaCl saline
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and mice in the control group were given the same volumes
of 0.9% NaCl saline.

Evaluation of anti-motion sickness activity
Administration of drug in mice

Active ingredients were extracted from ginger and radix
aucklandiae respectively, under the optimum conditions
determined by previous experiments. A total of 70 male
mice weighing 18-22 ¢ were purchased from Sino-British
SIPPR/BK Lab Animal I.td (Certificate No.: SCXK (HU)
2007-0003, Shanghai, China). The mice were housed at a
controlled temperature of 22°C £ 2°C, a relative humidity
of 50—-60%, lighting (8:00-20:00), and allowed free access
to standard dry diet and tap water ad /ibitum. Mice were
randomly divided into the seven groups in Table 1 (z =10
for each group). The standard dry diet was removed, and
the tap water remained on the night before the experiment.
In the experiment, the drugs were given to mice at 0.5 h
before rotary stimulus. The dosage given to mice conforms
to this conversion: The dosage given to mice per 20 g
weight was 0.0026 folders of dosage for humans shown
in Table 1, and ginger SFE-CO, extracts, radix aucklandiae
ethanol extracts, and pogostemonis herba essential oil to
which the dosage of crude drug for mice was converted,
respectively, were administered to mice orally.

Motion stimulus execution
Each mouse was enclosed in an individual centrifuge cage.
The device started rotating in the clockwise direction

at a constant angular acceleration of 40°/s®. When the
angular velocity reached 240°/s, it began slowing down at a
constant angular deceleration of 40°/s%"! Without pause,
the device rotated again in the counterclockwise direction
in the same manner. Mice were stimulated by rotating for
40 min. Motion sickness symptoms were observed and
recorded in 2 min after rotation.

Motion sickness index measurement

Evaluation criteria for motion sickness index included the
following: ! Each fecal granule scored 1, none scored 0;
abundant urination scored 2, a little of urination scored 1,
and none scored 0; piloerection scored 0.6, none scored 0;
severe tremor scored 2.4, middle tremor scored 1.2, slight
tremor scored 0.6, none scored 0. Motion sickness index
was calculated by the sum of all the scores.

Statistical analysis

Analysis of variance (ANOVA) and #test of group
differences was performed by standard statistical software
(Statistical Package for the Social Sciences 17.0). A value of
P < 0.05 was considered as statistically significant.

RESULTS AND DISCUSSION

Validation of high-performance liquid chromatography
methodology for 6-gingerol

The linear regression equation between the content of
0-gingerol and the peak area is y = 0.3267x — 5.0920 (x is

Table 2: Orthogonal array design matrix L9 (3)* and experimental results for ginger SFE-CO,

Trial Factors and levels Yield of Content of Yield of
number Extraction Extraction Separation Extraction extract(%)  6-gingerol(%)  6-gingerol (%"%)

pressure (MPa) temperature (°C) pressure (MPa) time (h)

A B C D

1 1 1 1 1.957 13.621 26.655
2 1 2 2 2 1.885 15.969 30.101
3 1 3 3 3 1.497 22.613 33.852
4 2 1 2 3 2.096 19.353 40.560
5 2 2 3 1 1.998 22.827 45.609
6 2 3 1 2 1.896 20.417 38.715
7 3 1 3 2 1.584 19.910 31.540
8 3 2 1 3 2.087 20.549 42.896
9 3 3 2 1 2.091 19.363 40.492
K, 90.6072 98.756 108.267 112.756
K, 124.884 118.606 111.153 100.356
K, 114.929 113.059 111.001 117.308
R 34.277° 19.850 2.734 16.952
SSe 207.281 69.929 1.758 51.314
Df 2 2 2 2
MS¢ 103.640 34.965 0.879 25.657
F 117.874 39.766 (Error) 29.181
P <0.01 <0.05 <0.05

SFE-CO,: CO, supercritical fluid extraction. F
IMS: Mean squares

0.05(2,2) ~19:00; Fom(
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22 =99-00. °K*=99.00, Ftical fluid extrac; bRA=max {K3=min {K}; <SS: Sum of squares of deviation from mean;
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Figure 2: High-performance liquid chromatography (HPLC) analysis of ginger supercritical fluid extraction (SFE-CO,) extracts and radix aucklandiae
ethanol extracts. (a) HPLC chromatogram of 6-gingerol standard. (b) HPLC chromatogram of the ginger SFE-CO, extract sample, the retention
time of 6-gingerol was 13.464 min. (c) HPLC chromatogram of costunolide and dehydrocostus lactone standard. (d) HPLC chromatogram of the
radix aucklandiae ethanol extract sample, the retention time of costunolide and dehydrocostus lactone were 15.434 and 17.535 min, respectively

the content of 6-gingerol (ng), and y is the peak area),
R? = 1. The limit of detection and limit of quantitation
were in the range of 0.01-0.03 pug/ml. The relative standard
deviation (RSD) values of intra-day and inter-day tests were
found to be 1.80, 0.88, 0.72, and 2.29; 1.16, 0.95 (z = 5) for
100, 200, and 300 pg/ml of 6-gingerol standard solutions,
respectively. The average recovery percentage of 6-gingerol
ranged from 97.99 to 102.03%, and RSD values were 1.19%
for 8, 10, and 12 mg added to 6-gingerol standard (# = 9).
The results showed that the established method was reliable
and accurate.
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Optimization of supercritical fluid extraction conditions
for ginger

The assay of 6-gingerol in ginger SFE-CO, extracts
was performed by the HPLC method proposed in
“BExperimental.” The methodology showed a good
separation of 6-gingerol in the samples of ginger SFE-CO,
extracts [Figure 2]. The yield of ginger SFE-CO, extract,
the content percentage of 6-gingerol in ginger SFE-CO,
extract, and the yield of 6-gingerol (the yield of ginger
SFE-CO, extract X the percentage content of 6-gingerol)
in products obtained from L9 (3)* test were quantitatively
analyzed, and the experimental data and the results of the
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ANOVA are shown in Table 2. The yield of 6-gingerol
extracted from 1 g dried ginger was considered the index
for evaluation.

The experimental data in Table 2 reveals how the yield
of 6-gingerol will change when the level of the factor
is changed. The results of ANOVA in Table 2 indicate
that with 95 or 99% confidence, extraction pressure
factor has extremely significant effects on the yield of
6-gingerol extracted by SFE-CO, (P < 0.01), and extraction
temperature and extraction time have significant effects on
the yield of 6-gingerol (P < 0.05), whereas the effects of
separation pressure are small under the range from 4 to 8
MPa. The optimum values of factors for the extraction of
6-gingerol from dried ginger by SFE-CO, were as follows:
Extraction pressure 20 MPa, extraction temperature
40°C, extraction time 3 h, and separation pressure 6 MPa.
Especially, extraction pressure was the most critical factor
for SFE-CO, of ginger.

Quality control of pogostemonis herba essential oil

Pogostemonis herba essential oil is marron liquid that has
special aromatic odor. The relative density was 0.965. The
specific rotation was — 45°. The refractive index was 1.508.
The yield of the oil was 1%. The content of patchouli
alcohol in the oil was 26.12% by GC. All the results meet

the criterion in Chinese pharmacopoeia.l'

Validation of high-performance liquid chromatography
methodology for costunolide and dehydrocostus lactone
The linear regression equation between the content of
costunolide and the peak areais y = 1.1308x — 1.7289 and
the equation is y = 0.9849x — 1.9114 for dehydrocostus
lactone (x is the content of standard [ng], and y is the peak
area), R = 1. The RSD values of intra-day and inter-day
tests were found to be 1.69, 1.15, 0.86, and 2.31; 1.42,
1.07 (n = 5) for 38, 76, and 152 pg/ml of costunolide
standard solutions, respectively; and 1.93, 1.17, 1.04 and
2.47,1.85, and 1.26 (# = 5) for 48, 96, and 192 ug/ml of
dehydrocostus lactone standard solutions, respectively.
The average recovery percentage of costunolide and
dehydrocostus lactone ranged from 96.86 to 103.11%,
96.96 to 102.81%, respectively, and RSD values were
2.26% and 2.03% for 4, 5, and 6 mg, respectively, added to
costunolide and dehydrocostus lactone standards (# = 9).
The results showed that the established method was reliable
and accurate.

Optimization of ethanol reflux extraction conditions
for radix aucklandiae

The contents of costunolide and dehydrocostus lactone in
each product obtained from L9 (3)* test were quantitatively
analyzed by the HPL.C method proposed in “Experimental.”
The methodology showed a good separation of costunolide
and dehydrocostus lactone in the samples of radix
aucklandiae ethanol extracts [Figure 2]. The total yield of

Table 3: Orthogonal array design matrix L9 (3)* and experimental results for ethanol reflux extraction of

radix aucklandiae

Trial Factors and levels Yield

S Ethanol concentration Liquid-solid Reflux Times of Costunolide Dehydrocostus Total
(vollvol) ratio (ml/g) time (h) re-extraction? (mg/g) lactone (mg/g) yield (mg/g)

A B (o] D

1 1 1 1 1 11.446 13.646 25.092

2 1 2 2 2 12.746 14.356 27.102

3 1 3 3 3 7.345 9.183 16.528

4 2 1 2 3 3.416 3.726 7.142

5 2 2 3 1 6.896 9.369 16.265

6 2 3 1 2 6.760 9.035 15.796

7 3 1 3 2 13.485 16.252 29.737

8 3 2 1 3 10.591 12.450 23.041

9 3 3 2 1 12.219 14.175 26.395

K, 68.722 61.971 63.929 67.752

K, 39.203 66.408 60.639 72.635

K, 79.173 58.719 62.530 46.711

R 39.97 7.689 3.29 25.924

SS 286.466 9.931 1.817 126.513

df 2 2 2 2

MS 143.233 4.966 0.909 63.257

F 157.624 5.465 Error 69.612

P <0.01 <0.05

2Number of times to extract radix aucklandiae. For the re-extraction, the residue from the first extraction was filtered, and then re-extracted under the same extracting

condition listed in the individual group
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Table 4: Comparison of motion sickness indexes among seven groups

Groups Motion sickness indexes of mice MeantSD P2
Number Number Number Number Number Number Number Number Number Number
1 2 3 4 5 6 7 8 9 10

1 3.0 2.6 1.6 2.2 3.2 3.6 3.6 3.2 4.2 2.6 3.0+0.8  <0.001
2 1.0 2.0 1.0 0.6 2.2 1.0 1.6 2.2 1.6 2.6 1.6£0.7 <0.001
3 5.4 5.4 3.2 4.2 4.8 4.2 4.8 5.2 4.8 5.4 4.7+0.7 >0.05
4 9.4 6.4 3.8 6.8 9.0 6.8 7.8 7.2 6.8 9.2 7.3x1.7 <0.01
5 5.2 6.4 4.2 4.8 6.8 6.8 5.8 6.8 5.8 8.2 6.1+1.2 >0.05
6 6.2 5.2 3.6 4.8 5.8 5.8 5.8 4.6 5.2 6.4 5.3+0.8

7 8.4 9.4 6.8 8.0 11.0 8.0 10.8 7.8 7.8 9.0 8.7x1.4

2P value is the result of each group compared with group 6 (dimenhydrinate group). SD: Standard deviation

costunolide and dehydrocostus lactone extracted from 1 g
radix aucklandiae was considered the index for evaluation,
and the experimental data and the results of ANOVA are
shown in Table 3.

The results of ANOVA in Table 3 indicate that with 95
or 99% confidence, ethanol concentration for extraction
has extremely significant effects on the total yield of
costunolide and dehydrocostus lactone (P < 0.01), and the
number of times of repeating extraction has significant
effects (P < 0.05), whereas the effects of liquid-solid
ratio and reflux time are small under the range from
6:1 to 10:1 and 1 to 3 h, respectively. The optimum
values of factors for the extraction of costunolide and
dehydrocostus lactone from radix aucklandiae by ethanol
reflux extraction were as follows: Ethanol concentration
80%, number of times of repeating extraction three times,
liquid-solid ratio 10:1, and reflux time 2 h. Especially,
ethanol concentration and times of repeating extraction
were the two most critical factors for ethanol extraction
of radix aucklandiae.

Evaluation of anti-motion sickness effect and
determination of the optimum formulation

The uniform design method was used for preliminary
evaluation of anti-motion sickness effect of the compound
recipes composed of ginger, pogostemonis herba, and radix
aucklandiae, as well as more efficient optimization of the
combination of the three extracts. During rotation, mice
showed a general reduction in spontaneous activity. The
motion sickness indexes of 10 mice in each group were
recorded and shown in Table 4.

The lower the motion sickness index is, the better
the anti-motion sickness effect is. The results in
Table 4 showed that the motion sickness indexes in
group 6 (dimenhydrinate group) were significantly
lower than those in group 7 (0.9% NaCl saline group).
It means that dimenhydrinate has significant effects of
anti-motion sickness. The motion sickness indexes in
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group 1 and group 2 were markedly lower than those
in group 6 (P < 0.001). It indicated that the effects of
anti-motion sickness of groups 1 and 2 were significantly
greater than those of dimenhydrinate. The motion
sickness indexes in group 3 and group 5 were not
significantly different from those in the dimenhydrinate
group (P > 0.05), whereas the motion sickness indexes
in group 4 were higher than those in the dimenhydrinate
group. Thus, the optimum formulation determined by
uniform design U, (5°) for anti-motion sickness was found
to be group 2: ginger 60 g, pogostemonis herba 45 g, and
radix aucklandiae 5 g.

CONCLUSIONS

Gingerols present in ginger would be oxidized easily
under an O, surrounding, and high temperature will
accelerate the oxidization. The SFE-CO, conditions of
ginger applied in this article were low temperature and
CO, surrounding, which were advantageous for keeping
the natural chemical structures and biological activities
of gingerols, and the extracts were pure with no residual
solvent. Moreover, in our previous research, the content
of 6-gingerol in SFE-CO, extracts was found to be two
folders above that in ethanol oleoresin extracts (about
10%). Therefore, SFE-CO, is a suggestive and preferential
method for ginger extractions after optimization. For radix
aucklandiae extraction, the total yields of costunolide
and dehydrocostus lactone from radix aucklandiae by
ethanol reflux extraction were significantly higher than
1.8%, which was the total content of costunolide and
dehydrocostus lactone in radix aucklandiae guided by
Chinese pharmacopoeia. It means that costunolide
and dehydrocostus lactone have been extracted almost
completely after the optimization of extraction in our
research. In conclusion, all the investigations provide a
scientific basis for the development and utilization of the
compound recipe of ginger, pogostemonis herba, and radix
aucklandiae as a promising anti-motion sickness medicine.
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