
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

0 
A

ug
us

t 2
02

1.
 D

ow
nl

oa
de

d 
on

 6
/2

2/
20

25
 6

:4
1:

49
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Preparative sepa
aKey Laboratory for Tibet Plateau Phytoc

Nationalities University, Xining, Qinghai,

Tel: +86-13997239611
bModern Tibetan Medicine Creation Engi

Qinghai Province, China
cCollege of Pharmacy, Qinghai Nationalities

Cite this: RSC Adv., 2021, 11, 27276

Received 26th April 2021
Accepted 15th July 2021

DOI: 10.1039/d1ra03245c

rsc.li/rsc-advances

27276 | RSC Adv., 2021, 11, 27276–27
ration of gallic acid from Fallopia
aubertii using middle-pressure chromatogram
isolated gel coupled with reversed-phase
chromatography with hydrophilic groups

Dijun Ji,abc Qi Wang,abc Huan Wang,abc Qian Ma,abc Min Wangabc

and Yongchang Lu *abc

Fallopia aubertii (L. Henry) Holub is a traditional Tibetan medicine to treat gout, but the research on its

chemical composition is limited, probably due to the complex purification process. In this study, the

chemical constituents of F. aubertii were isolated and identified by medium pressure chromatography

and high-pressure preparative liquid chromatography. The general separation process was as follows:

first, the extraction part of ethyl acetate collected seven components according to the chromatographic

peaks of the sample through the medium pressure chromatographic separation system. Next, the

separation effects of Fr2 on five different preparation columns were compared. A reversed-phase

chromatographic column with hydrophilic groups was selected for separation. Finally, the principal

component compound (gallic acid) in Fr2 was isolated and identified. The results show that the

combination of medium pressure chromatographic separation gel column and reversed phase

chromatographic column with hydrophilic groups is an effective separation method for the separation of

gallic acid from F. aubertii.
Introduction

Fallopia aubertii (L. Henry) Holub, also known as polygonum, is
a traditional Tibetan medicine (TTM) belonging to the genus
Polygonum multiorum of the Polygonaceae family.1 It is
mainly found in hillside grasslands and valley thickets, and
therefore is produced in places such as Inner Mongolia (Helan
Mountain), Shanxi, Henan, Gansu, Qinghai, Sichuan, Yunnan
and Tibet.2 It has also been reported that the herb has good anti-
HIV-1 virus activity, analgesic effect, anti-inammatory effect,
uric acid-lowering effect and anti-gout effect in vitro.3–6However,
these bioactivity reports were based on the study of crude
extracts, while their material basis and pharmacological activ-
ities have not been explored. Therefore, it is of great signicance
to separate and identify the chemical constituents of this herb.

Tibetan medicine generally contains hundreds of different
polarity and structural types of chemical compositions. There-
fore, it has always been an arduous scientic research task to
separate and describe the chemical components of Tibetan
medicine on a global scale. At present, general separation and
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puricationmethods of natural products mainly rely on column
chromatography using traditional silica gel and macroporous
resins.7–10 This method has been widely employed by
researchers because of its simple equipment and large separa-
tion capacity. However, the serious nonspecic adsorption of
llers makes it difficult to be used for the separation of
compounds with low content and similar polarity. What is more
worth mentioning is that they are time-consuming and tedious.

The advent of preparative high-performance liquid chro-
matography (prep-HPLC) provides considerable convenience
for the separation of complex chemical components in TTM
and has become one of the fastest and most effective separation
tools at present.11,12 It has the characteristics of efficient sepa-
ration, on-line detection and a high degree of automation,
particular analytical liquid chromatography, ultra-high perfor-
mance liquid chromatography and liquid chromatography-
mass spectrometry, which are widely used to characterize the
chemical composition of TTM.13–15 When compounds are
separated and puried from TTM by preparative liquid chro-
matography, a lot of useful information can be obtained from
the analysis. Most commercial chromatographic columns can
be used for the separation and purication of TTM, which
enables the wide application of preparative liquid
chromatography.

In general, the reversed-phase chromatography column uses
a non-polar stationary phase that uses silica gel as the matrix to
© 2021 The Author(s). Published by the Royal Society of Chemistry
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View Article Online
bond different groups (such as C18 and C8), which is suitable
for the separation of non-polar or weak polar compounds.16,17

C18 column is the most commonly used and necessary
universal column in every laboratory. The ller is octadecyl
bonded on a silica gel matrix, which has high carbon content
and good hydrophobicity, and therefore, it is suitable for most
compounds, including non-polar, polar small molecules, and
some peptides and proteins. Different types of C18 columns
have different separation effects. For example, compounds with
large polar properties can choose columns containing hydro-
philic groups, which can use 100% aqueous phase (C18-AQ) as
the mobile phase, while columns without hydrophilic groups
cannot use pure water as the mobile phase as it will cause the
column to collapse and lead to low column efficiency.18,19

However, the direct injection of the crude extract will cause
irreparable damage to the preparation column and shorten the
service life of the preparation column; and the separation effect
of the sample will be affected aer multiple injections of the
crude extract. Therefore, it is very necessary to nd a suitable
sample pretreatment method.

Middle chromatogram isolated (MCI) gel, usually combined
with column chromatography, has been widely used in the
purication and enrichment of complex components in
TTM.20–22 Herein, we used a mid-pressure chromatographic
tower containing the MCI gel as the preparation column to
connect with the preparation liquid to construct a medium
pressure preparation chromatographic separation system for
the pretreatment of the crude extract. Next, ve different types
of preparation columns, namely HT-ODS-P, ZORBAX SB-C18,
ZORBAX SB-CN, ZORBAX SB-AQ and Xamide, were selected to
analyze the samples, and nally the ZORBAX SB-AQ column
with the best separation effect was selected for the nal prep-
aration and separation. The peak shape and sample loads for
Fig. 1 Separation mechanism diagram.

© 2021 The Author(s). Published by the Royal Society of Chemistry
the sample were excellent (the specic separation process is
shown in Fig. 1). The large-scale purication of gallic acid from
F. aubertii extracts can be achieved using a middle-pressure
chromatogram isolated gel column coupled with reversed-
phase chromatography with hydrophilic groups that would
facilitate the future study on the in vivo pharmacological activ-
ities of F. aubertii.
Materials and methods
Equipment and chemicals

The enrichment and preparation experiments were performed
using a chromatography system consisting of sample pumps,
a workstation manufactured by Soochow high-tech chroma-
tography Co., Ltd (Suzhou, China) and a UV detector. Chro-
matographic analysis was performed using an Agilent
Technologies 1200 system (Santa Clara, America) containing
a G1311A degassing unit, two G1311A pumps, a G1316A ther-
mostat, a G1376B autosampler, a G1365B ultraviolet detector
and an Agilent workstation.

HT-ODS-P (4.6 � 250 mm, 5 mm) analytical column and HT-
ODS-P (20 � 250 mm, 5 mm) preparative column were
purchased from Soochow high-tech chromatography Co., LTD.
ZORBAX SB-CN (21.2 � 250 mm, 7 mm), ZORBAX SB-AQ (21.2 �
250 mm, 7 mm), and ZORBAX SB-C18 (21.2 � 250 mm, 7 mm)
preparative columns were obtained from Agilent Technologies.
HILIC (4.6� 250 mm, 5 mm), PolyPak C18 (5 mm, 4.6� 250 mm)
analytical columns and XAmide (20 � 250 mm, 10 mm)
preparative column were purchased from Zhejiang Fuli
Analytical Instruments Corp. MCI GEL (CHP20P) used in the
middle-pressure chromatographic tower was purchased from
Mitsubishi Chemical Holdings (Tokyo, Japan).
RSC Adv., 2021, 11, 27276–27282 | 27277
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Fig. 2 Pretreatment chromatograms of the ethyl acetate extract
crude part of F. aubertii with MCI middle-pressure chromatographic
tower.
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HPLC-grade acetonitrile (ACN) and methanol were
purchased from Shandong Yuwang Hetian New Materials Co.,
Ltd (Dezhou, China). Analytical grade methanol and ethanol
used for extraction and enrichment were obtained from Hon-
gyan Chemical Reagent Factory (Tianjin, China). Chromato-
graphic grade water was prepared using a Moore laboratory
water system (Chongqing Moore Water Treatment Equipment,
Chongqing, China).

Experimental samples

F. aubertii was collected from North Mountain in Huzhu,
Qinghai, and was validated by Prof. Yongchang Lu of Qinghai
Nationalities University.

The air-dried stems of F. aubertii (2.0 kg) were extracted by
ultrasonication with 10 L of 95% ethanol solution three times,
one hour each time. The above process was repeated with 75%
and 60% of the ethanol solution. 90 L of three different ethanol
concentrations were combined and ltered with a gauze and
then concentrated on a rotary evaporator at 55 �C to obtain the
extract. Total extract (�180.0 g) was suspended in water and
partitioned successively with petroleum ether PE, EtOAc and n-
BuOH, followed by concentrating it in a vacuum to yield the PE
portion, EtOAc portion, n-BuOH portion and aqueous portion,
respectively. Aer the EtOAc portion (�38.0 g) was dried and
dissolved in methanol solution, the solution was delaminated
by a 0.45 mm lter to obtain the crude sample solution. Aer the
sample solution was concentrated to 0.3 L, it is separated in
a medium pressure chromatographic tower. Samples were
eluted in methanol/water. Linear gradient elutions were per-
formed for 0–120 min (0 to 100% methanol) and 120–150 min
(100% methanol) at a ow rate of 60 mL min�1. Seven compo-
nents were obtained aer preparation and separation at the
absorption wavelength of 210 nm. The samples were injected
ve times, and each component was dried separately. Fraction
two (representative sample, 2.3 g) was chosen for subsequent
separation.

Chromatographic conditions

Fraction 2 (2.3 g) was dissolved in methanol/water (20 : 80 v/v)
and ltered through a 0.45 mm lter to separate the sample
solution.

Analytical chromatography was carried out with the HT-ODS-
P (4.6 � 250 mm, 5 mm) column using chromatographic grade
water (A) and methanol (B). Gradient elutions of 5–30% B and
isometric elutions of 5–5% B were performed for 30 min,
respectively.

Preparation chromatography was performed on HT-ODS-P
(20 � 250 mm, 5 mm), ZORBAX SB-C18 (21.2 � 250 mm, 7 mm),
and ZORBAX SB-CN (21.2 � 250 mm, 7 mm) columns in 0.1%
formic acid/water (A) and methanol (B). Isometric elutions were
performed for 5–5% B on these columns. Preparation chroma-
tography was performed on the ZORBAX SB-AQ (21.2 � 250 mm,
7 mm) column, where mobile phase A was 0.1% formic acid/water,
and mobile phase B was methanol, gradient elutions of 5–30% B.
For XAmide (20 � 250 mm, 10 mm) column, mobile phase A was
0.1% formic acid/water, and mobile phase B was ACN, the linear
27278 | RSC Adv., 2021, 11, 27276–27282
gradient was 95–70% B. No change in other chromatographic
conditions: analytical time was 40 min, monitoring wavelength
was 280 nm, ow rate was 20 mL min�1, and the sample analysis
was carried out at room temperature.

Two different chromatographic columns were used to eval-
uate the purity of the target peak: PolyPark C18 column and
HILIC column. The PolyPark C18 column and the ZORBAX SB-
AQ column used the same mobile phase, while the HILIC
column and XAmide column used the same mobile phase.
Experimental conditions for PolyPark C18 column: Gradient
program: 0–60 min, 5–90% B. Experimental conditions for
HILIC column: gradient: 0–60 min, 95–50% B. The other
experimental variables were the same: ow rate was
1.0 mL min�1 and monitoring wavelength was 280 nm.
Results and discussion
Sample pretreatment using a mid-pressure chromatography
tower

The med-pressure chromatographic tower containing the MCI
gel was used as a preparation column to connect with the
preparation liquid to construct a medium pressure preparation
chromatographic separation system for the pretreatment of the
EtOAc portion. The extracted part of ethyl acetate was dissolved
in the methanol solution and then injected into a medium
pressure chromatographic column to obtain the separation of
MCI. A total of 7 components were obtained aer 5 repeated
samplings. The separation chromatogram is shown in Fig. 2.
Next, 2.3 g of Fr2 (representative sample) was dissolved in 30mL
of methanol/water and ltered through a 0.45 mm membrane
for subsequent isolation.

As shown in Fig. 2, the EtOAc portion was preliminarily
separated in the medium pressure chromatographic separation
system. According to the displayed chromatographic peak on
the detector of the medium pressure preparation separation
system, the separation of the sample in MCI packing could be
directly understood, and the samples could be collected more
© 2021 The Author(s). Published by the Royal Society of Chemistry
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pertinently. Column silica gel chromatography and macro-
porous resin are the most commonly used methods for the
separation of monomer compounds from TTM, which require
less equipment and separation training. However, gallic acid
cannot be easily separated by these methods because of its poor
reproducibility.23,24 Therefore, in order to avoid this issue, high-
speed CCC has been employed for isolation. However, this
method involves complex partition coefficient calculation and
low separation efficiency.25,26
Analysis of fraction 2 on various chromatographic columns

In order to observe the chromatographic peak of Fr2, the
sample was rst eluted by gradient elution on the chromato-
graphic column HT-ODS-P (Fig. 3A). It can be seen in Fig. 3A
that there was a obvious principal component peak in fraction
2, but there was a cluster of small peaks with similar polarity in
front of the principal component peak (the part marked with
a red-dashed line), which were not well separated. This may be
the result of the use of gradient elution conditions, under which
all chromatographic peaks appeared within 15 min, indicating
that the compounds in Fr2 have a greater polarity. Subse-
quently, the sample was analyzed with a 5% iso-elution condi-
tion on the same chromatographic column. Fig. 3B shows the
analytical chromatogram of Fr2 under the condition of 5% iso-
elution. Although not all the chromatographic peaks had good
separation, according to previous preparation experience, the
main peak of Fr2 (the part marked with a red dashed line) can
be separated by preparative liquid chromatography. The sample
was rst run on an HT-ODS-P (20 � 250 mm, 5 mm) preparation
column because it has exactly the same stationary phase as the
analytical column (4.6 � 250 mm, 5 mm). The preparative
chromatogram of the Fr2 target peak is shown in Fig. 4A.
Fig. 3 Gradient elution chromatogram (A) and isometric elution chroma

© 2021 The Author(s). Published by the Royal Society of Chemistry
Unfortunately, the sample was not well separated on the
preparation column, and all the chromatographic peaks were
gathered together. In order to determine the optimal stationary
phase, ZORBAX SB-C18 preparation columns, ZORBAX SB-CN
preparation columns, ZORBAX SB-AQ and XAmide prepara-
tion columns were selected to test the samples. Separation
chromatograms of the Fr2 target peak are shown in Fig. 4B–E,
respectively. Similar phenomena were observed with the ZOR-
BAX SB-C18 and HT-ODS-P columns, as shown in Fig. 4A and B,
respectively, in which all the chromatographic peaks were are
squeezed together. Fr2 was then analyzed on ZORBAX SB-CN
preparation columns. In Fig. 4C, some irregular chromato-
graphic peaks are observed, which could not be separated in the
next step. Similar phenomena were observed with the XAmide
preparation columns, as shown in Fig. 4C, which shows
anomalous tailing chromatographic peaks.

Fraction 2 was analyzed on ZORBAX SB-AQ preparation
columns and the result is shown in Fig. 4E. A good separation
effect was obtained using ZORBAX SB-AQ preparation columns,
and the main component peak appeared obviously on the
chromatogram. This phenomenon indicated that the ZORBAX
SB-AQ preparation column had a higher separation effect
compared to the other columns tested. Therefore, it was
possible to separate the peaks of the main components in Fr2
using ZORBAX SB-AQ preparation columns.
Preparation of fraction 2 on the ZORBAX SB-AQ preparation
column

Based on the analysis above, Fr2 was injected repeatedly on the
ZORBAX SB-AQ preparation column 12 times, and the target
peak (the part marked with a red dashed line in Fig. 4E) was
collected simultaneously. In order to prepare high purity
togram (B) of Fr 2 on the HT-ODS-P analytical column.

RSC Adv., 2021, 11, 27276–27282 | 27279
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Fig. 4 HPLC analysis of Fr2 on HT-ODS-P (A), ZORBAX SB-C18 (B), ZORBAX SB-CN (C), XAmide (D) and ZORBAX SB-AQ (E) preparation
columns.
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compounds, good repeatability of chromatographic analysis
was important. This factor minimizes the cross contamination
of chromatographic peaks during the repeated injection. In this
study, the chromatogram of the target peak was recorded only
aer 12 repeated injections to evaluate the repeatability of the
process. The chromatograms (Fig. 5) of injections 1, 6 and 12
showed that the system has good repeatability. Therefore, the
target score can be increased by repeated collection. Aer 12
runs of preparative chromatography, the target peak was
collected and dried, followed by redissolving in 20% methanol/
aqueous solution.

Aer the target peak was re-dissolved, the HPLC analysis was
carried out on the HT-ODS-P analysis column, and the chro-
matographic conditions were consistent with the Fr2. The
chromatogram of Fr2 and the target fraction peak obtained
using the HT-ODS-P analytical column are shown in Fig. 6A and
B, respectively. The dotted lines in Fig. 6A and B clearly show
that through the one-dimensional separation of the ZORBAX
Fig. 5 The repeatability of separation of Fr2 with the ZORBAX SB-AQ colu

27280 | RSC Adv., 2021, 11, 27276–27282
SB-AQ preparation column, the chromatogram of the target
peak was greatly simplied even though no high purity mono-
mer compounds were obtained, and this provided a rm basis
for the two-dimensional separation of the target fraction peak.

Because the target peak has a high purity aer one-
dimensional separation (Fig. 6B), the two-dimensional separa-
tion was carried out on the HT-ODS-P preparation column, and
the two-dimensional separation chromatogram of the target
peak is shown in Fig. 6C. Aer 10 cycles of chromatography,
sample concentration and drying, 1.03 g of an unknown
compound corresponding to the target peak was obtained.
Purity verication and structure identication of the target
peak

The PolyPark C18 analysis column was used to verify the purity
of the compounds separated by the target peak. It can be seen
from Fig. 7A that although the purity of the target peak was
mn. (A) The 1st injection, (B) the 6th injection, and (C) the 12th injection.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 The chromatogram for Fr2 before pretreatment (A), and the target peak of Fr2 after pretreatment (B) on the HT-ODS-P analytical column.
The chromatogram of the target peak re-purified (C) on the HT-ODS-P preparation column.

Fig. 7 Two different chromatographic columns were used to evaluate the purity of the target peak: PolyPark C18 column (A) and HILIC column
(B).
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more than 95%, the target peak was eluted within 10 min.
Considering that the short retention time of the target peak on
the chromatographic column may affect the purity of the
monomer, the HILIC column was used to verify it again
(Fig. 7B). The results show that the purity of the target peak was
still more than 95%.
© 2021 The Author(s). Published by the Royal Society of Chemistry
In order to elucidate the structure of the target compound,
HR ESI-MS, 1H and 13C NMR spectra were recorded and
compared with the published literature data. It can be
concluded from the spectral data that the target peak value was
gallic acid, and this compound was reported for the rst time in
F. aubertii.
RSC Adv., 2021, 11, 27276–27282 | 27281
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Target peak: (gallic acid, white powder, HR ESI-MS m/z
169.06, calcd for C7H6O5 m/z 170.0215): 1H NMR (600 MHz,
MeOH-d4) 7.06 (2H, s, H-2, 6); 13C NMR (151 MHz, MeOH-d4)
170.3 (C-7), 146.4 (C-3, 5), 139.6 (C-4), 121.9 (C-1), 110.3 (C-2, 6).

Conclusions

In this study, the ethyl acetate extraction part of F. aubertii was
pretreated rst by a medium pressure chromatographic sepa-
ration gel column. Aer 5 MCI treatments, 7 components were
obtained, and Fr2 was selected as the next separation compo-
nent. Because of the complexity of the Fr2 chromatogram, we
selected the principal component compounds of Fr2 as the
target peak and then used ve different stationary phases for
analysis. By comparing the separation effect of the Fr2 target
peak on different stationary phases, the separated stationary
phase (ZORBAX SB-AQ preparation column) was determined.
Finally, the target peak with satisfactory purity was isolated and
identied. The results show that this purication method is
quite effective for the separation of gallic acid from F. aubertii. It
also showed that the medium pressure chromatography sepa-
ration system combined with high-pressure preparative chro-
matography can separate and purify monomer compounds
from other complex Tibetan medicine components.
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