Scientific Journal «ScienceRise: Pharmaceutical Science» Ne2(18) 2019

UDC 613.2
DOI: 10.15587/2519-4852.2019.165655

CHROMATOGRAPHIC ANALYSIS OF 6-GINGEROL AND 6-SHOGAOL USING TLC AND
HPLC METHODS
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B oanuii yac oesxi euou pocaun 8i0omi He MINbKU C80IM CMAKOM i APOMAMOM, de i CBOEN NIKAPCLKOI YiHHIC-
mro. Imoup anmeynuil (cimeticmeo Imoupui) micmums pso 0i0N02IYHO AKMUBHUX (PEeHOTbHUX KOMNOHEHMI8, Ki 6
yucmomy uenadi abo 11020 NOXIOHUX MOXHCYMb OYMu NOMEHYIIHUMU AHMUOKCUOAHMAMU, 8 DITbUOCME 8UNAOKI8
8UeHi BUABIAIOMY O-2blH2epOl | 6-Ul02A0] 8 AKOCTI OCHOBHUX KOMNOHEHMI8 KOpeHesuuy imoupy.

Memoou. /[na ybo2o 00CniONHCeHHA MU 8UOPALU YOMUPU PI3HI Xapuosi 000a8KU, o Micmams iMoup i 0OuH Ha-
POOHUL POCTUHHU JIKAPCbKUll 3aci6. TIpucymHicmes 080X OCHOBHUX CKIAO0BUX IMOUPY 8 Q0CTIONCYBAHUX 00 €K~
max ananizyeanu 3a oonomozoro TLIX ananizy, sikuti euxonysanu 3 eukopucmanuim CAMAG TLC Visualizer,
iHwum memodom 6yna BEPX, ons sxoi nompibna eucokoegekmueHa piOuHHa Xpomamozspagiuna cucmema
Waters 2695 3 pomodioonux demexmopom Waters 966 PDA.

Pesynomamu. Hawi pesyntomamu noxaszyomos, wjo xaposi 000asKku i 1iKapcyKi npenapamu, uwjo MiCmsme M-
oup, micmams 08a OCHOSBHUX KOMNOHEHMU, SKI 3abe3neuyroms 0i0N02iuHO akmugHi eracmueocmi imoupy. Xpo-
mMamoepadiunuil ananiz modce Oymu KOpucHuil 0 OmMpumMaHus iHghopmayii npo axicme KopeHesuuy imoupy i
KOMEPYIUHUX IMOUPHUX NPOOYKMIS.

Bucnoexu. Obpani memoou xpomamozpagii nioxodsams 0 AKICHOI [ KilbKiCHOI OoyiHKu 6-2vineepona i 6-
woaaona 8 Xapuosux 000asKax ma iHuWUx nPoOyKmax

Knrwuosi cnosa: imbup, Zingiber officinale, TILX, mouxowaposa xpomamoepagis, BEPX, sucokoeghexmusna

piounna xpomamoepais, xapuosi 006aeKu, SAKICHUU AHAL3, KIIbKICHUL AHANI3

1. Introduction

Ginger (Zingiber officinale Roscoe) is the most
widely cultivated and used spice around the globe next to
the black pepper.

Ginger has gained considerable attention in de-
veloped countries in recent years, especially for it’s use
in the treatment of conditions such as nausea of motion
sickness, loss of appetite, indigestion, common cold and
other ailments [1, 2].

2. Formulation of the problem

Gingerols and shogaols, pungent principles of
ginger, are biologically active components that make a
significant contribution towards the medicinal applica-
tions of ginger. Quality evaluation of the herbal products
is a fundamental requirement before releasing it into the
market [3, 4].

3. Analysis of recent studies and publications

Over the past years, interest in the research for
new natural antioxidants has grown, because plants are
full of phenolic compounds which have antioxidant po-
tency. The antioxidant activity of Z. officinale R. rhizome
extracts might be due to their phenolic compounds such
as 6-gingerol and 6-shogaol.

These two constituents are mainly found in other
scientific works and scientists strongly believe, that 6-
gingerol and 6-shogaol are responsible for biological
ginger activity.

Ginger also was reported to has not only antioxi-
dant activity, but also antimicrobical, antifungal, anti-
cancer and anti-inflammatory activities [5, 6].
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4. Allocation of unsolved parts of the general
problem

To the best of our knowledge, so far there was
very limited reports on TLC and HPLC analysis of Lith-
uania‘s food supplements, containing ginger. There were
reported some research work from other countries with
commonly used water and ethanol as a solvents for ex-
traction of phenolic compounds of ginger, but not many
analysis were applied using methanol as a solvent. For
comparison in our study we qualitatively and quantita-
tively analyzed two major component of ginger rhizomes
by using methanol as a solvent to prepare test sample‘s
extracts [3, 7].

3. Formulation of goals (tasks) of article

It is very important to apply easy to implement
analytical techniques for the pharmaceutical industry in
order to save time and finance resources during daily
routine laboratory tests. Also, if manufacturers are going
to use ginger rhizome‘s powder or extract in their dietary
supplements or other commercial procucts, the composi-
tion of its major components must be determined and
standardized.

The aim of this research is to analyse the major con-
stituents of ginger using high-performance liquid chroma-
tography (HPLC) and thin-layer chromatography (TLC).

4. Materials and methods

The object of investigation: we have investigated
four different multivariate food supplements from Lithu-
ania‘s community pharmacies (FS 1, FS 2, FS 3,
FS_4), containing ginger as the main component in the
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composition and one traditional herbal medicine contain-
ing ginger rhizome powder and a small amount of addi-

tional substances, which was also on Lithuania‘s medi-
cine‘s market (THM_1). (Table 1)

Table 1
Investigated food supplements

The object of investigation Pharmaceutical form | The amount of ginger Country of origin

FS 1 Tablets 300 mg (in one tablet) Denmark

FS 2 Tablets 300 mg (in one tablet) Denmark

FS 3 Tablets 300 mg (in one tablet) Poland

FS 4 Tablets 50 mg (in one tablet) Lithuania

THM 1 Hard capsules 250 mg (in one capsule) Poland

Reference and test solutions:

For the thin-layer chromatography we prepared
test solutions following European Pharmacopoeia 9.0 and
other author‘s researches, so the routine to all test sam-
ples were the same, we added 5 ml of methanol to 1,0 g
of the powdered tablet or capsule and shaked for
15 minutes, after that we filtered all the samples. For the
high-performance liquid chromatography we prepared
test solutions following other author‘s researches, so all
solutions were prepared by taking 2,5 mg powdered
tablet or capsule substance and 25 ml of methanol was
added to the flask, after that the test solutions were ex-
tracted in ultrasonic bath for 60 min. Reference solutions
of 6-gingerol and 6-shogaol were prepared with methanol
using both substance‘s standards [4, 8].

TLC Methodology: analysis was performed using
TLC Silica Gel 60 F254 glass plates (Sigma-Aldrich,
Germany). Food supplement‘s and standard‘s samples

were applied on the chromatographic plates using semi-
automatic sampling applicator CAMAG Linomat-5.
Retention values of the test solutions were determined
using visualization device CAMAG TLC Visualizer.
Solvent system was hexane:ether (40:60 V/V) and we
used 366 nm and white light for visualization. The plates
were dried in air and spots were detected using a spray
with a 10 g/L solution of vanilin in sulfuric acid, and
examined in daylight while heating at 100-105 °C for
10 minutes [3, 8].

HPLC Methodology: analysis was performed us-
ing The Waters Alliance 2695 Separations Module (a
high performance liquid chromatographic system) with
an auto-injector sampler programmed at 10 pl capacity
per injection. Chromatographic separations were per-
formed on ACE C18 column (250x4,6 mm). The separa-
tion was performed with a mobile phase consisting of
acetonitrile and water (Table 2) [9-11].

Table 2
Mobile phase exchange stages
Time 0 min. 0-8 min. 8-17 min. 17-32 min. 32-43 min.
Acetonitrile 55 % 50 % 35 % 0% 55 %
Water 45 % 50 % 65 % 100 % 45 %
Chromatographic run time was 43 min. The tem- 6-shogaol. Chromatograms for ginger-containing

perature was 25 °C with a flow-rate od 1 ml/min and
after all — chromatograms were monitored at 255 nm.
Data analysis and other operations were controlled using
the Empower2 (Empower Chromatography Data Soft-
ware). [10]

Analysis of food supplements: qualitative and
quantitative analysis was performed under the above
mentioned conditions. For qualitative analysis 20 pl of
each test solution was applied on the chromatographic
plates. For quantitative evaluation calibration curve of 6-
gingerol was obtained using 9 prepared reference solu-
tions, which concentrations were between 0,000883
mg/ml and 0,226 mg/ml. The experiment was carried out
at triplicate. The wvalues were expressed as
MeantStandard deviation. Also, the next calibration
curve of 6-shogaol was obtained using 6 prepared refer-
ence solutions, which concentrations were between
0,0125 mg/ml and 0,4 mg/ml. The data were collected
and analyzed using ,,Microsoft Excel 2010 (Microsoft,
JAV) [1, 10, 11]

5. Results
Thin-layer chromatography (TLC) was used to
identify the principle ginger compunds: 6-gingerol and

commercial products was developed using a mobile
phase hexane:ether (40:60) and the plates were
sprayed with detection reagent. TLC fingerprints de-
veloped for the food supplements and traditional herb-
al medicine showed well-defined zones throughout
and clear definition of the pungent principles charac-
teristic of ginger between R¢ values of 0,73 and 0,91
(Table 3)

Chromatograms of ginger products qualitatively
revealed of the presence of 6-gingerol and 6-shogaol
on TLC Silica plates under CAMAG TLC Scanner
captured at white light (Fig. 1). The fingerprint of the
test solution was similar to test samples prepared from
food supplements (B-E) and traditional herbal medi-
cine (F).

Chromatograms under the same scanner cap-
tured at 366 nm light also qualitatively revealed of
the presence of 6-gingerol and 6-shogaol (Fig. 2). In
this case, we can clearly see that the intensity of the
colors help us to identify the main differences be-
tween samples.

Using the data software system winCATS we cal-
culated retention factor (R¢) and standard deviation (SD)
of all the samples (Table 3).
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Fig. 1. A - [6]-shogaol standard solution, B —FS 1, C -
FD 2,D-FS 3,E-FD_4,F-THM_1, G- [6]-gingerol
standard solution.

Fig. 2. A- [6]-shogaol standard solution, B —
FS 1,C-FD 2,D-FS 3,E-FD_4,F-THM_1, G-
[6]-gingerol standard solution.

Table 3

Investigated objects retention times and standard deviation

Test sam- 6-gingerol Rsaver- 6-gingerol standard devia- 6-shogaol Rsaver- 6-shogaol standard devia-
ple age tion age tion
FS 1 0.75 0.002 0.90 0.001
FS 2 0.75 0.001 0.90 0.001
FS 3 0.74 0.001 0.90 0.002
FS 4 0.73 0.002 0.90 0.002
THM 1 0.76 0.001 0.91 0.001

This method is suitable for the analysis of 6-
gingerol and 6-shogaol composition in a wide variety of
ginger-containing dietary supplements and other com-
mercials products. Nowadays TLC technique has gained
much popularity for standardization of the herbal formu-
lations due to analysis of several samples simultaneously
with small quantity of marker compound and mobile
phase with a very less time [2, 5].

High-performance liquid chromatography (HPLC)
was used to identify 6-gingerol and 6-shogaol qualita-
tively and quantitatively. The 6-gingerol and 6-shogaol
peak identifications were based on the retention times of
the standards and further confirmed by comparing their
photodiode array spectra to those of the individual stand-
ards. (Fig. 3-5).

According to the chromatogram, we can clearly
see that 6-gingerol showed retention time at
10,874 min and 6-shogaol showed retention time at
19,934 min.

The chromatogram shows that 6-gingerol reten-
tion time in the FS_2 sample was 10,871, which is very
similar to FS_1 results and 6-shogaol retention time of
the second food supplement was also resembling the first
food supplement with a meaning of 19,931 min. Also, we
discovered very familiar data of the third food supple-
ment.

The qualitative analysis of the fourth food sup-
plement was productive despite the fact that later quanti-
tative analysis showed the lowest amount of biological
active substances in this sample (Fig. 5, 7).
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Fig. 3. The first food supplement‘s (FS_1) chromatogram
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Fig. 5. The fourth food supplement‘s (FS_4) chromatogram

We found out 6-gingerol retention time at
10,866 min. and 6-shogaol retention time at 19,924 min. For
comparison we investigated traditional herbal medicine‘s
sample, which showed us very similar results (Fig. 6).

By looking at the peaks we can see that 1°st num-
ber is 6-gingerol with a retention time of 10,867 min and

the second number in the chromatogram (2) is 6-shogaol
with a retention time of 19,921 min. These retention
times are very similar to standard‘s and food supple-
ments retention times.

The 6-gingerol and 6-shogaol were quantitated us-
ing external standards (Fig. 7).
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Fig. 6. The chromatogram of traditional herbal medicine (THM_1)

13




Scientific Journal «ScienceRise: Pharmaceutical Science» Ne2(18) 2019

0.6
i 0.498
< 05
E
-
g 04
c
B 0.309
3 — MW 6-gingerol
4 03 0233 0.24 0-254 ging
5 = 02T s 6-shogzol
S 95 | . -shogao
c
=]
o
E 0.1 855 [
£ ~  0.001 0.006
= 0 T T T = T 1

Fs_1 Fs_2 F$_3 Fs_4 THM_1
Test solutions

Fig. 7. 6-gingerol and 6-shogaol composition of various test samples

The 6-shogaol concentration in the FS_1, FS_2
and FS_4 test samples was found to be higher than
that of 6-gingerol. Otherwise, we found that in tradi-
tional herbal drug 6-gingerol concentration was 1.6
times higher than 6-shogaol. Across brands, the con-
centrations of principal constituents varied widely.

On average, the largest amount of active sub-
stances contained FS 2 (0,2154+0,001 mg/ml of 6-
gingerol and 0,25440,002 mg/ml of 6-shogaol) food
supplement and traditional herbal  medicine
(0,498+0,001 mg/ml of 6-gingerol and 0,309+0,001
mg/ml of 6-shogaol) respectively. It is important to
mention that the largest amount of biological active
substances is this research was_found in the test object,
which contained 250 mg ginger rhizomes. This result
might be due to the tandartization and mandatory qual-

ity control of the medicine before releasing it into the
market.

6. Conclusions

1. The developed TLC and HPLC methods was
found to be accurate, reproducible and might be applica-
ble to the analysis of other commercial ginger products
and medicines.

2. 6-gingerol and 6-shogaol were analyzed qualita-
tively and quantitatively in four food supplements and one
traditional herbal medicine. Active components were iden-
tified qualitatively using both TLC and HPLC methods.
For quantity evaluation only HPLC method was chosen.

3. HPLC is a common method of analysis for the
pungent principles of ginger, but TLC is a far economical
technique, considering both time and resources.
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