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Phenolic acids represented by caffeoylquinic acids in Xanthii Fructus have various pharmacological activities
such as anti-inflammatory, anti-nociceptive, anti-oxidative and anti-allergic effects. In this study, pH-zone-
refining counter-current chromatography was successfully applied in the segmentation of crude samples
and further separation of phenolic acids from Xanthii Fructus. We initially segmented 1.6 g of the crude
sample to yield three sample fractions using a two-phase solvent system composed of EtOAc-ACN-
H,O (4:1:5, v/v/v) with 10 mM TFA added to the organic phase as the stationary phase and 10 mM
NHsz-H,O added to the aqueous phase as the mobile phase. The first fraction was separated using
EtOAc-H,O (1:1, v/v) (10 mM TFA was added in the upper phase and 20 mM NH3-H,O was added in
the lower phase) solvent system, the second fraction containing low-content compounds was separated
using semi-preparative high performance liquid chromatography, and the third fraction contained one
pure compound. As a result, seven phenolic acids including six caffeoylquinic acid isomers (3-
caffeoylquinic acid, 4-caffeoylquinic acid, 5-caffeoylquinic acid, 1,5-O-dicaffeoylquinic acid, 3,5-O-
dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid) and caffeic acid were successfully isolated from
Xanthii Fructus with purities above 90%. This study demonstrated that pH-ZRCCC is an efficient
preparative separation method for phenolic acids, especially isomeric caffeoylquinic acids, from natural
products.
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inflammatory, anti-nociceptive, anti-oxidative and anti-allergic
effects.®> However, most of the phenolic acids in Xanthii Fruc-
tus are caffeoylquinic acid (CQA) isomers such as 3-CQA, 4-CQA,
5-CQA, 1,5-di-CQA, 3,5-di-CQA and 4,5-di-CQA which are diffi-
cult to separate because of their similar chemical structures.®’

At present, most of the CQAs separations are still achieved by
silica gel column chromatography combined with semi-
preparative  high performance liquid chromatography
(HPLC).®® It has also been reported to use high-speed counter-
current chromatography (HSCCC) combined with semi-
preparative HPLC to obtain pure CQA isomers.'®'* However,
the conventional column chromatography has many disadvan-
tages such as long separation time and large solvent
consumption. As for HSCCC, though it significantly improves
the separation efficiency, its weak sample loading capacity is

1 Introduction

Xanthii Fructus is the dry ripe fruit of Xanthium sibiricum Patr.
with involucre which is also called “Cang Er-Zi” in Chinese.' As
a commonly used traditional Chinese medicine, Xanthii Fruc-
tus is often used to treat cold headaches, allergic rhinitis, urti-
caria, pruritis and rheumatoid arthritis based on its abundant
chemical constituents such as phenolic acids, flavones, sapo-
nins and sesquiterpene lactones.>®> Among them, phenolic
acids, as the main components in traditional Chinese medicine,
have received wide attention because of their clear anti-
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also unavoidable. Therefore, it is necessary to develop an effi-
cient and environmentally friendly method for the CQA isomers
separation.

pH-zone-refining counter-current chromatography (pH-
ZRCCC) is a displacement chromatography technology devel-
oped by HSCCC. As a liquid-liquid chromatography, pH-ZRCCC
not only retains the advantages of HSCCC that elimination of

This journal is © The Royal Society of Chemistry 2019
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Fig. 1 Chemical structures of seven phenolic acids from Xanthii
Fructus.

the irreversible adsorption of solid stationary phase and high
separation efficiency, but also increases the sample loading
amount to g-level.*> It was reported that pH-ZRCCC had been
successfully applied to the separation of di-CQA isomers from
Lonicerae japonicae Flos.”>'* Therefore, it was considered to
separate CQA isomers from Xanthii Fructus using pH-ZRCCC.

In this study, we developed a segmentation strategy using
PH-ZRCCC to segment the crude sample of Xanthii Fructus with
various phenolic acids into three fractions, which were then
separated using pH-ZRCCC and semi-preparative HPLC. As
a result, seven phenolic acids including six CQA isomers (Fig. 1)
were separated from Xanthii Fructus successfully.

2 Materials and methods
2.1 Apparatus

A TBE-300C instrument (Tauto Biotech, Shanghai, China) was
used for the phenolic acids separation which consists of a series
of three preparative coil columns (total volume of 300 mL) and
a 20 mL sample loop. The rotate speed adjustment range is 0-
1000 rpm. A TBP5002 constant flow pump (Tauto Biotech) was
used to pump the solvent into the separation columns. The
absorbance of effluent was detected by an UV detector (8823B,
Beijing BINTA Instrument Technology Co., Ltd., Beijing, China)
at 254 nm and the separation chromatograms were recorded by
a 3057-11 portable recorder (Yokogawa Sichuan Instrument
Factory, Sichuan, China). The pH value of effluent was
measured using a pH/mV meter (UB-7, Denver Instrument Co.,

This journal is © The Royal Society of Chemistry 2019
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Ltd., Beijing, China). The column temperature during the
separation process was controlled by a DC-0506 constant
temperature circulator (Tauto Biotech) at 25 °C.

All samples were analyzed using an Acchrom S6000 system
(Acchrom-Tech Co., Ltd, Beijing, China) consisting of an auto
sampler, a column oven, a photodiode array detector and four
binary gradient pumps. The chromatographic column was
a Compass C18 column (250 x 4.6 mm, 5 um; Rigol Technol-
ogies Co., Ltd, Beijing, China).

The identification and the purity testing of the purified
compounds were performed on the Acquity UPLC (Waters,
Milford, MA) coupled with Impact II UHR-QqTOF (Ultra-High
Resolution Qg-Time-Of-Flight) mass spectrometers (Bruker,
Billerica, MA). NMR spectra of purified compounds were
measured by an ADVANCE DPX 400 spectrometer (Bruker,
Billerica, MA).

2.2 Materials and reagents

Analytical grade 95% ethanol, petroleum ether (Pet, 60-90 °C),
ethyl acetate (EtOAc), hydrochloric acid (HCI), n-butanol (n-
BuOH), acetonitrile (ACN), methanol (MeOH), trifluoroacetic
acid (TFA), and ammonia water (NH;-H,0) used for sample
extraction and pH-ZRCCC separation were products of Sino-
pharm Chemical Reagent Limited Company (Shanghai, China).
Chromatography grade ACN (Concord Technology (Tianjin) Co.
Ltd., Tianjin, China) and formic acid (Kermel Chemical Reagent
Co. Ltd., Tianjin, China) were used for HPLC. The deionized
water used in this study was prepared by a Direct-Q 8 UV-R water
purification system (Millipore, Bedford, MA).

Xanthii Fructus was purchased from Bo Zhou herbal medi-
cine market and was identified by Prof. Xu Lingchuan.

2.3 Preparation of crude sample and Fr. 1 sample recovery

Xanthii Fructus (1.5 kg) was weighed and extracted three times
with 50% ethanol for 2 h each time, the solid-liquid ratio was
1:14 (w/v). The obtained 21 L of extract was filtered and
concentrated at 50 °C. The residue was redissolved to 800 mL
and extracted three times with an equal volume of Pet. The
lower phase was acidified to pH 2.0 with HCI, then extracted five
times with an equal volume of EtOAc. After the concentration of
EtOAc phase, the crude sample had a mass of 13.2 g.

For Fr. 1 sample recovery, the effluent of Fr. 1 was collected,
concentrated and diluted with 100 mL of water, then acidified to
pH 2 with HCI and extracted with equal volume of EtOAc five
times. The organic phase was concentrated for further pH-
ZRCCC separation.

2.4 Preparation of two-phase solvent system and sample
solution for pH-ZRCCC

The two-phase solvent system used for pH-ZRCCC separation
was prepared by adding the selected solvents to the separatory
funnel in proportion. After equilibrium, upper phase was
acidified with TFA as the stationary phase, and lower phase was
basified with NH;-H,O as the mobile phase. Both phases were
placed into ultrasonic cleaner for degassing 2 min before used.

RSC Adv., 2019, 9, 36524-36529 | 36525
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The sample was weighted and dissolved using 8 mL of the
acidified upper phase and the same volume of the lower phases
without NH;-H,0 for pH-ZRCCC separation.

2.5 Separation procedure of pH-ZRCCC

Before separating the sample, the upper phase was pumped in
at the flow rate of 25 mL min~" until the separation columns
were filled. Then the sample solution was injected through the
sample loop while the rotation speed was adjusted to 800 rpm
and the lower phase was pumped in at a flow rate of 2
mL min . The effluent was monitored at 254 nm using a UV
detector and collected at 6 min intervals. The pH of each frac-
tion was measured using a pH/mV meter. After the separation
finished, the residual solvents in columns were pushed out
using an air compressor, and the retention rate was calculated

0.6 [AU]
0.4
0.2

=

v | 0.0
A‘ crude sample
J\ TAVA

1
| N e

vl JL x '

Vil A %

Fr.2

VI

L viI

0 5 10 15 20 25 30 35
Time

40 [min]

Fig. 2 HPLC analysis of the crude sample, Fr. 1, Fr. 2 samples and
purified compounds from Xanthii Fructus. Experimental conditions:
Compass Cig column (250 mm x 4.6 mm i.d., 5 um); mobile phase,
acetonitrile (A) and 0.1% agueous formic acid solution (B), gradient: 0—
6 min, 5-13% A; 6—15 min, 13% A; 15-25 min, 13-21% A; 25-40 min,
21% A. Column temperature, 25 °C; flow rate, 1.0 mL min; UV detec-
tion wavelength, 330 nm.
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as the volume of residual upper phase divided by the volume of
residual solvent.

2.6 Purification of Fr. 2 sample using semi-preparative HPLC

Before purification, the Fr. 2 sample was dissolved with 5 mL of
MeOH and filtrated through a 0.45 ym membrane. The mobile
phase was composed of ACN-0.1% aqueous formic acid solu-
tion (11 : 89, v/v). The injection volume was 250 pL, the solvent
flow rate was 3 mL min~ " and the UV detection wavelength was
at 254 nm.

2.7 HPLC analysis of samples and identifications of purified
compounds

The mobile phase for HPLC analysis of samples was composed
of ACN (A) - 0.1% formic acid aqueous solution (B) with the
gradient of 0-6 min, 5-13% A; 6-15 min, 13% A; 15-25 min, 13-
21% A; 25-40 min, 21% A. The solvent flow rate was 1 mL min '
and the UV detection wavelength was at 330 nm.

All purified compounds were identified by HPLC-ESI-QTOF-
MS, '"H-NMR and “C-NMR with tetramethylsilane (TMS) as
the internal standard.

3 Results and discussion
3.1 HPLC analysis of samples

The HPLC chromatograms of crude sample and purified
compounds are shown in Fig. 2. Based on the peak area
normalization at 330 nm, the percentage of compound I in the
crude sample is 50.2%, the percentages of compounds II-V in
Fr. 1 sample are 30.1% (peak II), 4.2% (peak III), 9.8% (peak IV)
and 28.4% (peak V), while compounds VI-VII in Fr. 2 sample
account for 69.1% (peak VI) and 21.0% (peak VII), respectively.
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Fig.3 pH-ZRCCC chromatograms of crude sample and Fr. 1 sample from Xanthii Fructus. (a) EEOAc—n-BuOH-H,O (4 : 1: 5, v/v/v) (10 mM TFA
as the retainer, 10 mM NHz-H,O as the eluter), crude sample size, 1.6 g, retention rate, 50.0%; (b) EtOAc—-H,O (1: 1, v/v) (10 mM TFA as the

retainer, 20 mM NHsz-H,O as the eluter), Fr. 1 sample size, 531 mg,
revolution speed, 800 rpm; ultraviolet detection wavelength, 254 nm.
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3.2 Optimization of the pH-ZRCCC conditions

According to our experience of phenolic acids separation,™ we
first selected a two-phase solvent system composed of EtOAc—
ACN-H,0 (4 :1: 5, v/v/v) with short phenolic acids retention
time to separate 1.6 g of the crude sample. 10 mM TFA and
10 mM NH;-H,O0 were added into upper phase and lower phase,
separately. From the pH-ZRCCC chromatogram (Fig. 3(a)) we
found that only two compounds (I-1I) were separated in 8 h and
the separation interval was up to 4 h. However, there were still
three target compounds that were not eluted, and the two
compounds which appeared in the HPLC chromatogram of
crude sample at about ten minutes (Fig. 2) were eluted as
a mixture without forming a platform at about 2 hours due to
their low content. From this separation we found it was difficult
to elute all compounds with one solvent system for the variety of
compounds in Xanthii Fructus. Therefore, a segmentation
strategy was proposed. We pushed out the remaining solvent in
columns after compound I was eluted and recovered them as
described in Section 2.3 to obtain 531 mg sample, recorded as
Fr. 1, for further pH-ZRCCC separation. The effluent of the
mixture eluted at 2 h was collected and concentrated to obtain
11.6 mg sample as Fr. 2, which was further purified using semi-
preparative HPLC. The HPLC chromatograms of Fr. 1 and Fr. 2
were shown in Fig. 2. In addition, the effluent of compound I
was collected and dried in freeze drier to obtain 178 mg sample
with the purity of 98.6%.

For pH-ZRCCC separation of Fr. 1, because the separation of
the target compounds could last for a long time using EtOAc-
ACN-H,O0 (4 : 1: 5,v/v/v) (10 mM TFA was added as the retainer
and 10 mM NH;-H,0 was added as the eluter), a two-phase
solvent system which is capable of rapid elution and good
resolution of the target compounds is required. It was reported
that increasing the concentration of eluter could increase the
concentration of compounds on the rectangular platform and
shorten retention time, so we increased the concentration of
NH;-H,0 to 20 mM." And according to our previous study,"*
addition of ACN in solvent system could result in the reduced
resolution of CQAs, so we omitted the ACN and turned the two-
phase solvent system into EtOAc-H,O (1: 1, v/v) with 10 mM
TFA and 20 mM NH;-H,O to purify 531 mg of Fr. 1 sample. After
7 h of separation, the flow rate of mobile phase was increased to
20 mL min~* to elute the last compound, which had a long
retention time. Finally, four irregular rectangular platforms
with four pure phenolic acids were observed as shown in
Fig. 3(b). After these four parts were dried in a freeze drier,
30.6 mg of compound 1II, 4.3 mg of compound III, 12.7 mg of

Table 1 Purities and MS data of compounds |-VII

Compound Purity M +H]
I 90.2% 355.08
I 96.7% 517.10
II1 97.7% 517.10
v 94.8% 517.10
\% 91.6% 181.04
VI 91.9% 355.08
VII 92.9% 355.08

This journal is © The Royal Society of Chemistry 2019

Table 2 'H-NMR data of compounds [-VII (DMSO-dg, 400 MHz, J in Hz, 6 in ppm)

Compound

VII

111

I

I

Position

1.84-1.99 (2H, m)

3.84 (1H, d, J = 4.0)
3.59 (1H, s)

2.03-2.25 (2H, m)

4.27 (1H, s)
3.96 (1H, s)
4.60 (1H, s)

1.90-2.19 (2H, m)

5.18 (1H, m)

1.99-2.20 (2H, m)

4.13 (1H, s)

2.15-2.45 (2H, m)

4.03 (1H, s)

1.76-2.01 (2H, m)

5.08 (1H, d, J = 4.0)
3.57-3.58 (1H, m)

3.93-3.94 (1H, m)

3.74 (1H, d, ] = 8.0)

4.91 (1H, dd, J = 16.0, 8.0)
5.46-6.52 (1H, m)
1.99-2.09 (2H, m)

3.54 (1H, m)

5.17-5.19 (1H, m)
1.84-1.99 (2H, m)

5.27-5.33 (1H, m)
1.90-2.00 (2H, m)

5.22-5.28 (1H, m)
2.15-2.45 (2H, m)

2.23-2.33 (2H, m)

1.76-2.01 (2H, m)
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Table 3 *C-NMR data of compounds I-VII (DMSO-de, 100 MHz, J
in Hz, 6 in ppm)

Compound
Position I I 111 v \ VI VII
1 74.0 81.8 76.0 73.1 80.4 73.4
2 37.7 35.2 34.2 36.8 34.8 35.7
3 68.6 69.0 68.9 70.8 66.8 71.4
4 70.9 72.5 71.3 69.6 67.7 71.7
5 71.4 70.8 68.6 71.7 74.7 67.9
6 36.8 37.6 38.4 36.5 35.8 38.6
7 175.5 173.9 176.0 177.8 173.5  176.7
1 126.1  126.2 1259 126.1 1263 126.0 126.2
2/ 1152 1154 1154 1152 1151 1151  115.1
3 146.0 145.4 1459 146.1 146.1 146.0  144.9
4 148.8 149.1 149.0 148.7 148.6 148.8 148.6
5/ 116.2 1164 1163 1163 1163 1163 116.3
6 121.8  121.7 121.8 121.7 121.4 121.7 121.5
7' 145.4  144.5 1461 1452 144.4 1455 146.0
8’ 114.8 1149 1143 1156 116.4 1153 115.5
9 166.2 166.7 166.6 166.9 168.8 165.8 166.5
1" 126.0 125.9 126.0
2" 115.4 115.4 115.0
3" 145.4 1459 146.1
4" 148.7 149.0 148.9
5" 1155 116.3  116.3
6" 1211 121.8  121.5
7" 144.5 146.1  145.0
8" 1149 114.3 1153
9" 165.5 166.6 166.6

compound IV and 34.1 mg of compound V were obtained with
the purities of 97.4%, 96.8%, 97.6% and 93.6%, respectively.
Fr. 2 sample (11.6 mg) was separated using semi-preparative
HPLC as described in Section 2.6. After dried in freeze drier,
7.5 mg of compound VI and 2.0 mg of compound VII were ob-
tained with the purities of 97.9% and 98.8%. We also deter-
mined the purities of these seven compounds using HPLC-ESI-
QTOF-MS and the purities of compound I-VII were all above
90%. Purity values of seven compounds are shown in Table 1.

3.3 Identification of compounds

The purified compounds I-VII were identified by comparison of
their MS, "H-NMR and "*C-NMR data (Tables 1-3) with the
literature.'**® These seven compounds were identified as 3-CQA
(compound 1), 1,5-di-CQA (compound II), 4,5-di-CQA
(compound 1II), 3,5-di-CQA (compound 1IV), caffeic acid
(compound V), 4-CQA (compound VI) and 5-CQA (compound
VII), respectively.

4 Conclusions

In this study, a segmentation strategy using pH-ZRCCC was
developed to separate the crude sample of Xanthii Fructus,
which contained multiple compounds and therefore cannot be
separated in one step. We first used pH-ZRCCC to segment the
crude sample into three fractions. Then pH-ZRCCC and semi-
preparative HPLC were used for the phenolic acids purifica-
tions according to the content of phenolic acids in each fraction

36528 | RSC Adv., 2019, 9, 36524-36529
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of the sample. As a result, seven phenolic acids including 3-
CQA, 4-CQA, 5-CQA, 1,5-di-CQA, 4,5-di-CQA, 3,5-di-CQA and
caffeic acid were successfully isolated from Xanthii Fructus.
Compared with the previously reports of HSCCC separations of
phenolic acids,'®" pH-ZRCCC has greatly improved the sepa-
ration efficiency due to its high sample loading capacity.
Moreover, the purities of phenolic acids isolated by pH-ZRCCC
were much higher, so there was no need to use semi-preparative
HPLC for further purification. All the results demonstrated that
PH-ZRCCC is an efficient method for the preparative separation
of phenolic acids, especially isomeric caffeoylquinic acids, from
natural products.
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