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TOM TAT

TACH CHIET VA THAM PINH QUY TRINH PINH LUQNG [6]-SHOGAOL
TRONG GUNG (ZINGIBER OFFICINALE) BANG PHUONG PHAP SAC Ki LONG
HIEU NANG CAO (HPLC)

Gung (Zingiber officinale) va céc thanh phan cua chang tir ldu dé cé tdc dung chiza bénh déc diao nhw
chong ung thu, chéng oxy héa, ngan chan goc tw do, khang khudn, khdng viém... Trong s6 céc hop chat
cua ging, [6]-shogaol 1a hep chdt néi bat, c6 kha ndng ngan ngira ung thie day hira hen. Muc dich cua
bai b4o nay la nghién cizu qua trinh chiét xudt, dinh lwong va tham dinh quy trinh dinh lwong hop chdt
[6]-shogaol bang phirong phdp sac ky long hiéu ning cao (HPLC) véi dau do day diot quang (PDA).
Cu gang kho Zingiber officinale sau khi diwoc chiét xudt bang phuwong phdp ngdm dam va qua cac quy
trinh sac ki cgt (CC) thu dwoc hop chat [6]-shogaol (10.5 mg). Két qud tham dinh quy trink dinh hrong
cho thdy quy trinh ¢é @6 dac hiéu cao, dat dé tuyén tinh, dat c&c chi tiéu vé dg lap lai va do chinh xac.
Phurong phdp nay cho thdy dg tin cdy cao va c6 thé trién khai ing dung trong thuc té khi nghién citu
cac ché pham tir ci gamng.

Keywords: [6]-shogaol, (E)-1-(4-hydroxy-3-methoxyphenyl) dec-4-en-3-on, Zingiber officinale,
phenolic, analytical methods, HPLC, photodiode-array detector (PDA).

1. INTRODUCTION compounds [2]. Ginger essential oil contains
Ginger (Zingiber officinale) belongs to family hydrocarbon monoterpenoids, sesquiterpenes.
Zingiberaceae  [1], containing  volatile The main ingredients of the spicy group are
ingredients (zingiberene), non-volatile gingerol, zingeron, shogaol and zingerol [3-6]
ingredients (oleoresin) and some phenolic ... Ginger contains 1.0% to 3.0% volatile oils
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and a number of pungent compounds [7].
Ginger is one of the medicinal species
commonly used to treat diseases such as
rheumatism, sore throat, abdominal pain,
indigestion, vomiting, hypertension, fever,
infectious diseases... [8], with prominent
cytotoxic activity on cancer cells, especially
breast cancer [9], ovarian cancer [10],
pancreatic cancer [11]. After heat treatment,
gingerols can  be  transformed into
corresponding shogaols [12]. Among phenolic
compounds of ginger, [6]-shogaol is the
potential research direction in the development
of a new generation of anticancer drugs.
Analysis the extraction of plant are important
processes for the development, modernization,
and quality control of herbal. Several analytical
methods including HPLC have been employed
for the estimation of [6]-shogaol in ginger with
different methods [13-17]. Due to the attractive
pharmacological properties of [6]-shogaol, it
was evaluated as potential cancer agent
propitious. The PDA detector provides HPLC-
absorbance techniques by identifying the
compounds both by retention time and spectral
behavior. In this paper, HPLC method using
reverse phase column C18 was also
undertaken. The method we used for the
quantification of [6]-shogaol in this study is
simple, the PDA detector is used commonly,
the column temperature is low, the solvent
system is easy to use and the method has high
accuracy. This study set the stage for phenolic
could be reliably used for the standardization
in herbal remedies in the future. Therefore, we
conducted the study "lIsolation and validation
of [6]-shogaol in ginger root extract (Zingiber
officinale) by high performance liquid
chromatography (HPLC)" by extracting and
isolating  the  [6]-shogaol compound,
developing and quantitating a method for the
quantification of isolated compound. The
research results  contribute to  the
standardization of raw materials containing
[6]-shogaol in ginger root for the quality
management of natural product in the market.
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2. RESEARCH
METHODS

2.1. Reagents, chemical and plant materials
Standard [6]-shogaol (> 90%) was supplied by
Sigma-Aldrich  (Germany), lot  number
BCBZ1777. Acetonitrile (MeCN), methanol
(MeQH), phosphoric acid (H3sPO.), distilled
water used for HPLC were supplied by Fisher
Scientific Korea Ltd (Korea). n-hexane, ethyl
acetate (EtOAc), MeOH, ethanol (EtOH) for
analytical grade were provided by Chemsol,
Vietnam.

Thin layer chromatography (TLC) was
performed on silica gel 60 F254 (Merck,
Germany), column chromatography (CC) was
performed on silica gel (40-63 mesh, Merck,
Germany).

Zingiber officinale (code Z0111221) was
collected in Lamdong province, Vietnam on
December 2021. Specimen was identified by
Dr. Nguyen Ngoc Tuan - Institute of Food and
Biotechnology, Industrial University of Ho Chi
Minh City. Fresh gingers (5 kg) were dried at
60°C to yield dried ginger (1 kg). Voucher
specimens were stored in Department of
Pharmaceutical Biochemistry, Institute of
Applied Materials Science, Vietham Academy
of Science and Technology, Ho Chi Minh City,
Vietnam.

2.2. Methods

2.2.1 Extraction and isolation

Dried materials of Zingiber officinale (1 kg)
were extracted in EtOH 90% in 60°C in 3
hours under condition of ultrasound wave. The
ratio of material and solvent was 1:5.
Evaporation of the solvents via distillation
gave a crude extract (170 g). Crude extract was
carried out on CC with the increasing polarity
solvents n-hexane, EtOAc, MeOH,
respectively to obtain n-hexane fraction (24 g),
EtOAc fraction (102 g) and MeOH fraction (20
g), corresponding. The EtOAc extract (102 g)
was further subjected on a silica gel CC with
gradient mixture of n-hexane - EtOAc (50:1 —
0:1, wv/v) elution to vyield 7 fractions.
Continuously, fraction 3 (6 g) was chosen to do
CC in n-hexane - EtOAc (10:1) to obtain light
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yellow oil (10.5 mg). This compound was
clarified structure and identified by comparing
with spectrum data of *H-NMR, *C-NMR and
references.

2.2.2. The qualitative and quantitative process
of [6]-shogaol

Chromatography conditions: VDSpher PUR
100 C18 reversed phase column (25 cm x 4.6
mm, 5 um); mobile phase solvent: MeCN (A):
0.1% H3PO4 (B). The gradient elution was as
follows: 0 min 10% B, 3.5 min 18% B, 4.5 min
35% B, 6 min 40% B, 10 min 20% B; flow rate
1.0 mL/min; time 10 minutes; injection volume
20 pL; column temperature 25°C, detector UV
280 nm. All samples were filtered through a
0.22 pm membrane prior to inject into the
chromatography system.

Preparation of standard solution: Dissolve 10
mg of [6]-shogaol standard in 10 mL MeOH to
obtain a stock solution of 1000 ppm. From the
stock solution, prepare a range of standards
with actual concentrations of 2, 4, 5, 6, 8, 10
ppm. Sample was filtered through a 0.22 pm
membrane.

Preparation of sample solution: Dissolve 2 mg
of sample in a 100 mL MeOH using
volumetric flask. Sample was filtered through a
0.22 um membrane.

The quantitative process validation method
[6]-shogaol:

= The system compatibility

Conduct chromatography 6 times of the
standard sample at a concentration of 8.0 ppm.
Investigate the parameters: Peak area, humber
of theoretical disk, and the tailing factor.

. The specificity

Prepare the blank sample, the test sample ppm,
and the standard sample 10 ppm. Three
samples were chromatographically performed
under the same chromatographic conditions.

" The repeatability

Prepare a 10 ppm test sample. Quantify the
sample 6 times with chromatographic
conditions. The results of the evaluation are
based on the relative standard deviation
(%RSD) of the concentration.

" The linearity

165

From the 1000 ppm stock standard solution,
prepare standard solution samples at
concentrations from 1 ppm to 10 ppm. Conduct
chromatography of 6 standard samples and
determine the correlation curve between the
peak area and the standard concentration to
prepare the regression equation.

= Limit of detection and
quantification

The LOD and LOQ can be determined based
on the slope of the standard curve and the
standard deviation of the measured signal,
according to the following formula:

limit of

LOD = 3,3xSD
a
LOQ =3.3xLOD

With:

- SD: Standard deviation of the signal

- a: slope of the standard curve

" The precision

Add 0.5 mg of sample [6]-shogaol dissolved in
MeOH and dilute to a 100 mL volumetric flask
to obtain solution A with a theoretical
concentration of 5 ppm.

Add 0.4 mg, 0.5 mg, and 0.6 mg standard
samples dissolved in a 10 mL volumetric flask
with MeOH, respectively. Add 1 mL of the
standards with concentrations of 40 ppm, 50
ppm, and 60 ppm, and dilute in a 10 mL
volumetric flask with solution A, obtain a
solution with a concentration of the standard
sample that varies by 80 %, 100 % and 120 %
compared with the test sample.

Carry out the analysis at each concentration
three times under the same chromatographic
conditions. Calculate the content of the
samples to which the standard was added at
each concentration, % recovery (%R) at each
concentration added, and the relative standard
deviation (%RSD).

2.3. Statistical analysis

Statistical analysis was performed using Origin
Pro 8.5 (OriginLab Inc., Northampton, USA).
All experiments were carried out at least three
times, and the data are represented as the mean
+ standard deviation (SD).



3. RESULTS AND DISCUSSION

3.1. Determining the structure of the
isolated compound

'H-NMR (500 MHz, CDsOD) d: 0,89 (3H, t, J
= 6,8 Hz), 1,30 (4H, m), 1,45 (2H, m), 2,19
(2H, g, J = 7,2 Hz), 2,85 (4H, m), 3,87 (3H, s),
6,09 (1H, d, J = 15,6 Hz), 6,69 (1H, d, J=8,0
Hz), 6,71 (1H, brs), 6,82 (2H, m).

BC-NMR (125 MHz, CD30D) éc: 30.4 (C-1),
42.5 (C-2), 200.4 (C-3), 130.9 (C-4), 148.5 (C-
5), 31.9 (C-6), 28.3 (C-7), 32.5 (C-8), 23.0 (C-
9), 145 (C-10), 133.8 (C-17), 111.7 (C-2"),
146.9 (C-3°), 144.4 (C-4), 114.9 (C-5°), 121.4
(C-6"), 55.5 (3°-OCHs).

From the 'H-NMR it was observed that there
are three aryl protons, two olefinic proton,
methoxy groups (dn 3.87), and doublet for H-4
proton (on 6,09). This arrangement of groups is
revealed that the molecular has phenyl and
alkyl group. The *C-NMR and HSQC
spectrum indicate presence of unsaturated alkyl
groups containing 10 carbons. Clarifying the
three quaternary carbon locations in aryl group.
In addition, a carbonyl group liking with alkyl
group at (6c 200.4). In HMBC correlation, two
olefinic proton at dn 6.09 (dc 130.9) and Jn
6.11 (oc 148.5) correlated to each other and to
the ketone carbon at (6c 200.4). Along with
other data was summarized [18], the molecular
structure was figured out. The NMR results
revealed that the isolated compound is (E)-1-
(4-Hydroxy-3-methoxyphenyl)-dec-4-en-3-one
which common name is [6]-shogaol. Structure
of this compound on the basis data presented
above would be as shown in Figure 1.
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Figure 1. Structure of [6]-shogaol

3.2. Validation of the quantitative process
[6]-shogaol in Zingiber officinale by HPLC
method

3.2.1. The qualitative result of [6]-shogaol by
HPLC method

Table 1. The qualitative result of [6] shogaol
by HPLC method

Samples Blank Standard Test
sample sample sample

Retention There is 4,185 4.171

time (tr) no peak 4,188 4.167

Mean = SD 4,178 £ 0.010

3.2.2. Validation of the quantitative process
of [6]-shogaol by HPLC method

= The system compatibility

The [6]-shogaol standard was analyzed six
times with a concentration of 8.0 ppm and was
recorded the chromatograms (Figure 4). The
result of retention time was determined 4.194 +
0.0059 minutes (x = SD, RSD = 0.14%), the
peak area was 1353588.4 + 20946.1 (x + SD,
RSD = 1.547%), RSD value of retention time,
peak area < 2%, tailing factor was 1.01, solvent
system and flow rate did not cause peak
widening. The theoretical disk values > 4000
showed that no peak overlapping at the [6]-
shogaol peak position. The [6]-shogaol peak
signal wasn’t interfered with by other
substances. Conclusion, the process achieved
the system compatibility.

Table 2. The system compatibility of [6]-shogaol

saSmtSies Re'in(trlr(l)ir:];me P?:]I;zi;()ea The tailing factor| The theoretical disk
2 4.200 1321655.4 1.01 4044
1 4.197 1207002.9 1.00 4849
3 4.197 1353625.2 1.03 4382
4 4.192 1361703.8 0.99 5207
5 4.197 1212083.3 1.03 4345
6 4.182 1259268.4 1.00 4702
Mean 4.194 1353588.4 1.01 4588
SD 0.0059 20946.1
RSD (%) 0.14 1.547
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4,197 min 97.45% 1.00

[6]-shogaol

Figure 2. The system compatibility
chromatogram of [6]-shogaol

. The specificity

The [6]-shogaol standard 10 ppm, the test
sample 10 ppm and the blank sample were
simultaneously analyzed under the selected
chromatographic condition. Table 3 showed
the specificity of the method. The results had
the peak appearance of the standard sample
chromatogram, the corresponding peak appears
on the test chromatogram, no
corresponding peak on the blank sample. The
peak of [6]-shogaol on a well-balanced, sharp

sample

sample.
Table 3. The specificity of [6]-shogaol
Retention Peak area
Samples .
time (tr) (mAU)
Blank sample
Standard
4172 3102498.7
sample
4.082 1386073.6
Test sample
4.109 1539096.0
Mean 4,121
" The linearity
[6]-shogaol standard series at

concentrations of 2, 4, 5, 6, 8, 10 ppm were
analyzed under the selected condition. In
the concentration range investigated, there
was a linear relationship between peak area
and concentration of analyzed compound.
The linear regression equation for [6]-
shogaol is y = 166129.76x + 22743.83 with
the correlation coefficient R? = 0.9997

(Figure 3 and 4).
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Table 4. The calibration curve of [6]-shogaol

Samples 1 2 3 4 5 6

Std

conc. 2 4 5 6 8 10
(ppm)

Peak

area [357556684520841332103187213552491680474

(mAU)
The linear regression equation: y = 166129.8x + 22743.8
The correlation coefficient: R? = 0.9997

10 ppm
8ppm
6ppm

S ppm

4 ppm
2ppm

Figure 3. The linear réﬁge chromatogram of

AL

[6]-shogaol
1.8x10°
1.6x10° |
5 1.4x10° | [6]-shogaol
< 1.2x10°t
é 1.0x10° |

y = 166129.76 + 22743.83

©
X 8.0x10° [
] R? =0.9997

2 6.0x10° F

4.0x10° |

2.0x10° . ” . . m
Concentrations (ppm)

Figure 4. The calibration curve of [6]-shogaol
" The precision

Determining the recovery rate with the
standard sample was added to the test sample
at 80%, 100%, and 120% on the test sample 5
ppm, respectively. Each concentration was
carried out 3 times with the same condition, the
results were presented in Table 5.

In all tests, the RSD value were less than 2%,
the average recovery rate reached the limit
from 98% to 102%, so the method had
satisfactory precision.



Table 5. The precision of [6]-shogaol

No.6 Std. addition  Peakarea |Theoretical conc. (ppm)Actual conc. (ppm)Recovery efficiency (%6)Mean (%)RSD %
1 913287.9 410 102.0
2| 80% 879911.3 4 3.90 98.0 99.33 | 1.89
3] 882843.7 392 98.0
4 1045295.3 490 98.0
5] 100% 1052866.8 5 4.90 98.0 98.87 | 1.24
6 | 1068383.5 5.03 100.6
7 1237863.9 6.05 100.8
8| 120% 1215788.8 6 592 98.7 99.72 | 0.89
9| 1224978.6 5.98 99.7
Mean 9930 | 1.34

= The repeatability
Conducted six separate experiments for 6 test
samples with the concentrations of 10 ppm into
the HPLC system at 100% concentration, the
results were presented in Table 6.

Table 6. The repeatability of [6]-shogaol

Samples Peak area Concentration
(mAU) (ppm)
1 254382.6 1.46
2 247883.2 1.42
3 256213.4 1.47
4 254131.6 1.39
5 255960.4 1.46
6 256722.7 1.45
Mean 254215.7 1.44
RSD (%) 1.99

The results of Table 6 showed that the
repeatability was acceptable with RSD =
1.99% (< 2%). The test results were highly
reproducible, the analytical method was less
affected by systematic errors and random
errors. Therefore, the process was applicable to
the analysis of the test sample.

= Limit of detection and limit of
quantification

Lop _ 33 X 209461 041 (ppm)
- T 167761 o \ppm
_ 10 =20926.1 —
Log = leetsn 1.25 (ppm)

The results showed that the limit of detection
and limit of quantification of [6]-shogaol were
0.41 ppm and 1.25 ppm, respectively.
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3.2.3. Quantification of [6]-shogaol by HPLC
method

HPLC analysis was determined that the [6]-
shogaol content in crude extract EtOH was
3.6%, in fraction 3 of EtOAc extract was
15.6% and in the purified was 96.3%.

4. CONCLUSION

The result of the [6]-shogaol content in raw
material sample, fraction 3 and extracted
product are respectively 3.6%, 15.6% and
96.3%. The HPLC method for quantitation of
[6]-shogaol in ginger root extract is suitable for
the validation process in accordance with ICH
guidelines. The validation results show that the
method developed in this study has a wide
linear range, good specificity, repeatability and
recovery rate. Therefore, it is a suitable process
for the quantification of [6]-shogaol in ginger-
derived products.

FUNDING

The study was supported by the Department of
Science and Technology of Ho Chi Minh city

(DOST),  the  contract  number is
“123/2019/HD-QPTKHCN”.

REFERENCES

1. DA. Balladin, O. Headley, I. Chang

Yen, DR. McGaw (1998). High pressure liquid
chromatographic analysis of the main pungent
principles of solar-dried West Indian ginger
(Zingiber officinale Roscoe). Renew Energy,
13, 531-6.

2. M. Wichtl (2004). A handbook for
practice on a scientific basis Herbal drugs and



phytopharmaceuticals. Marburg, Germany:
Medpharm GmbH Scientific Publishers.

3. Nguyén Quéc Binh (2009). Hinh théi
cia ho Gung (Zingiberaceae Lindl) ¢ Viét
Nam va cac dic diém nhan biét nhanh ngoai
thién nhién. Tuyén tdp bao cao Hgi nghi Sinh
thai va Tai nguyén sinh vat lan thir 3, Vién
ST&TNSV-Vién KH&CN Viét Nam.

4. Nguyén Quéc Binh (2011). Nghién
ctu phén loai ho Gung - Zingiberaceae Lindl.
& Viét Nam. Luan an Tién si Sinh hoc, Vién
Sinh thdi va Tai nguyén Sinh vat, Vién
KH&CN, Viét Nam.

5. Phan Thi Suu, Bui Quang Thuéat (2005).
Nghién ctru céng nghé san xuat nhya dau ging
va mot sé gia vi chon loc & Viét Nam (6t, toi),
Pé tai Poc ap cap Nha nieoc.

6. G. Belitz (1999). Food Chem. Second
edition, Springer — Verlag Berlin Heidenberg.
7. S. Chrubasik, MH. Pittler, BD.

Roufogalis (2005). Zingiberis rhizoma: a
comprehensive review on the ginger effect and
efficacy profiles. Phytomedicine, 12, 684-701.
8. BH. Ali, G. Blunden, M.O. Tanira, A.
Nemmar (2008). Some phytochemical,
pharmacological and toxicological properties
of ginger (Zingiber officinale Roscoe): A
review of recent research. Food Chemistry and
Toxicology, 46(2), 409-420.

9. H. Lee, E. Seo, N. Kang, W. Kim
(2008). [6]-Gingerol inhibits metastasis of
MDAMB-231 human breast cancer cells. The
Journal of Nutritional Biochemistry, 19(5),
313-319.

10. J. Rhode, S. Fogoros, S. Zick, H.
Wahl, Griffith, A. Kent, J. Huang, Liu, J.
Rebecca (2007). Ginger inhibits cell growth
and modulates angiogenic factors in ovarian
cancer cells. BMC Complementary and
Alternative Medicine, 7(44).

11. Park, Yon Jung; Wen, Jing; Bang,
Seungmin; Park, Seung Woo; Song, Si Young
(2006). [6]-Gingerol Induces Cell Cycle Arrest
and Cell Death of Mutant p53- expressing
Pancreatic Cancer Cells. Yonsei Medical
Journal, 47(5), 688-697.

169

12. MJ. Ko, HH. Nam, MS. Chung
(2019). Conversion of 6-gingerol to 6-shogaol
in ginger (Zingiber officinale) pulp and peel
during subcritical water extraction. Food
Chem, 270, 149-155.

13. Antony, Benny; Benny, Merina;
Reshma, Mary (2020). Validation of reversed-
phase high-performance liquid
chromatography method for simultaneous
determination of 6-, 8-, 10-gingerols and 6-
shogaol from ginger extracts. International
journal of pharmacy and pharmaceutical
sciences, 67-70.

14, R. Jazokaite, M. Marksa, A.
Zevzikoviene, A.  Zevzikovas  (2019).
Chromatographic analysis of 6-gingerol and 6-
shogaol using TLC and HPLC methods.
Scientific Journal «ScienceRise:
Pharmaceutical Science», 2(18).

15. Mei-Yu, Shen; Jia-Li, Wang; Hai-Pei,
Shi; Hui, Yan; Pei-Dong, Chen; Wei-Feng,
Yao; Bei-Hua, Bao; Li, Zhang (2020).
Alternative processing technology for the
preparation of carbonized Zingiberis Rhizoma
by stir-frying with sand. Pharmaceutical
Biology, 58(1), 131-137.

16. GH. Ding, K. Naora, M. Hayashibara,
Y. Katagiri (1991). Pharmacokinetics of [6]-
gingerol after intravenous administration in
rats. Chemical and Pharmaceutical Bulletin
(Tokyo), 39, 1612-1614.

17. E. Pfeiffer, FF. Heuschmid, S. Kranz,
M. Metzler (2006). Microsomal hydroxylation
and glucuronidation of [6]-gingerol. Journal of
Agricultural and Food Chemistry, 54, 8769-
8774.

18. H. Chen, L. Lv, D. Soroka, R.F.
Warin, T.A. Parks, Y. Hu, Y. Zhu, X. Chen, S.
Sang (2012). Metabolism of [6]-Shogaol in
Mice and in Cancer Cells. Drug Metabolism
and Disposition, 40(4), 742-753 (2012).
Corresponding author: Nguyen Cuu Khoa
Institute of Applied Materials Science, VAST,
TL29, Thanh Loc ward, Dist. 12, HCMC, Vietnam
Email: nckhoavnn@yahoo.com

Tel: 0906866634



