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In this work, pH-zone-refining countercurrent chromatography was investigated in the preparative
separation of two bioactive components, oleanolic acid and ursolic acid, from three different natural
products, Aralia chinensis, apple peels and Eriobotrya japonica Thunb. Oleanolic acid and ursolic acid are
structurally isomeric pentacyclic triterpene acids that are widely distributed in many natural products.
However, it was difficult to separate these components with high purity by conventional methods. A
biphasic solvent system composed of n-hexane-dichloromethane—methanol-water (7:3:2:8, v/v)
was selected, in which an optimized concentration of 10 mmol L™ trifluoroacetic acid was added in the
upper phase as the retainer and 10 mmol L=* ammonia (with 25-28% NH3) was added in the aqueous
phase as the eluter. Consequently, 38.56 mg of oleanolic acid with 99.01% purity was separated from
100 mg of the crude extract of Aralia chinensis, while 65.6 mg of a mixture of ursolic acid (90.98%) and
oleanolic acid (6.51%) and 46.6 mg of a mixture of ursolic acid (74.35%) and oleanolic acid (23.61%) were

separated from 100 mg of the crude extract of apple peels and 100 mg of the crude extract of
Received 5th August 2019 Eriobot . ica Thunb tively. by pH- —refini ¢ t ch t h ing th
Accepted 11th November 2019 riobotrya japonica Thunb., respectively, by pH-zone-refining countercurrent chromatography using the

above selected biphasic solvent system. The results showed that pH-zone-refining countercurrent
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chromatography is an efficient method for the preparative separation of pentacyclic triterpene acids

rsc.li/rsc-advances from natural products.

Introduction

Oleanolic acid (3B-hydroxy-olea-12-en-oic acid, OA) and ursolic
acid (3B-hydroxy-urs-12-en-28-oic acid, UA) are pentacyclic tri-
terpene acids (Fig. 1). They widely exist in various plant
resources and their presence has been demonstrated in diverse
well-known medicinal plants as well as the pulps and rinds of
many fresh fruits.»” OA and UA are considered a criterion in the
quality control of many Chinese herbal medicines, nutraceut-
icals and health products.>” The only difference in the chemical
structure between the two components is the position of
a methyl group. Therefore, they share numerous common
pharmacological properties, including anti-allergy properties,®
anti-inflammation properties,”?® anti-diabetic properties,® anti-
tumor properties,'®'* a calcium balance,"” immunomodulatory
properties,*® the prevention of skin diseases, and protection of
the liver.'* According to recent research, both OA and UA
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possess the ability to inhibit the growth of a variety of cancer
cells, which brings the gospel to mankind.** Mixtures of the two
triterpene acids are more effective than a single ingredient in
producing the desired biological effects, and they are commonly
used in oral drugs and clinical treatments.® Hence, in many
pharmacological experiments, the effect of the combination of
OA and UA were usually studied.">*”*°

OA and UA are constitutional (structural) isomers with only
one difference in the substitutional position of the methyl
group in their chemical structure as shown in Fig. 1. It was
demonstrated that both components exist together in most
plants.**® Although, there are several analytical methods avail-
able in literature for the separation of positional isomers,*"** it
is difficult to separate OA and UA on the preparative scale due to
their similar chemical properties. Several studies have been
reported on the separation of OA and UA from natural products
using silica gel column chromatography,*>¢ which is a time-
and solvent-consuming procedure. Meanwhile, in order to
achieve complete separation of the stereoisomers OA and UA by
silica gel chromatography, a prechromatographic derivatization
of OA and UA is necessary. Furthermore, it is still very chal-
lenging to isolate the two components from crude extracts of

This journal is © The Royal Society of Chemistry 2019
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Fig. 1 Chemical structures of oleanolic acid and ursolic acid.

the natural products because of the complex composition
resulting from the pentacyclic triterpenes derivatives. There-
fore, it is important to establish an efficient method for the
preparative separation of OA and UA in light of the above
pharmacological activities as well as the difficulty in separation
by traditional methods.

Countercurrent chromatography is a support-free liquid-
liquid distribution technique that avoids the problems of irre-
versible adsorption, deactivation and denaturation of the
sample.”” pH-zone-refining countercurrent chromatography is
a relatively large-scale preparative chromatography technique
for ionizable analytes developed from conventional counter-
current chromatography.”® The sample injection amount for
pH-zone-refining countercurrent chromatography could be ten-
fold that for conventional countercurrent chromatography, and
the sample amount could be injected at the gram level.>**°
Moreover, pH-zone-refining countercurrent chromatography
can be easily used for the separation of the ionizable analytes
without UV absorption using a pH detector. This method has
been gradually developed into a useful technique for the
preparative separation and purification of organic acids and
alkaloids from natural medicinal plants.”® However, very
limited number of papers have been published on the prepar-
ative separation of triterpene acids by pH-zone-refining coun-
tercurrent chromatography due to the complexity of the
chemical constituents and their difficulty in UV detection.*-**
The simultaneous separation of triterpenoid saponins and
flavonoid glycosides from the roots of Glycyrrhiza uralensis
Fisch. by pH-zone-refining countercurrent chromatography was
reported by Kong's group,*” in which the triterpenoid, glycyr-
rhizinic acid, was successfully separated. Five terpenoids,
including two new ones, were purified by pH-zone-refining
countercurrent chromatography and conventional countercur-
rent chromatography from olibanum by Wang's group.®® To the
best of our knowledge, no paper on pH-zone-refining counter-
current chromatography for separating OA or UA from natural
products has been published. In our present work, we wanted to
report our recent work on the selection of a solvent system for

This journal is © The Royal Society of Chemistry 2019
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the preparative separation of constitutional isomers, OA and
UA, from natural products by pH-zone-refining countercurrent
chromatography.

Experimental
Apparatus

The countercurrent chromatographic apparatus used in the
present study was a multilayer coil planet centrifuge designed
in our laboratory (Zhejiang University of Technology, Hang-
zhou, China), which has been described in previous research.*
The apparatus was equipped with multilayer coils. The total
capacity of the preparative column was 105 mL. The 8 values of
the preparative columns ranged from 0.28 to 0.55. The rotation
speed of the column coils was modulated with a speed
controller in the range from 0 to 600 rpm. The solvent was
pumped into the column with a model MP0106 constant-flow
pump (Shanghai Sanotac Scientific Instruments Co., Ltd,
Shanghai, China). A model UVD-200 detector and a Jinda
Biotechnology workstation (Shanghai Jinda Biotechnology,
Shanghai, China) were employed to record the chromatogram.
The column temperature was room temperature and the
detection wavelength was determined at 254 nm. The effluents
were collected by a Model BSZ-100 automatic component
collector (Shanghai Huxi technology Co. Ltd, Shanghai, China)
and the pH value of each fraction collected was manually
determined using a portable Delta 320-s pH meter (Mettler-
Toledo, Zurich, Switzerland).

HPLC analysis was performed on a Shimadzu LC-20AT
system (Shimadzu, Kyoto, Japan) equipped with a Shimadzu
LC pump, a Shimadzu SPD-20Avp UV detector, a Shimadzu SCL-
10ASvp controller and LC-solution software.

Reagents and materials

Aralia chinensis and Eriobotrya japonica Thunb. were purchased
from Huadong Wulin drugstore. Commercial Red Fuji Malus
domestica was bought in the local fruit supermarket in July.
Methanol and acetonitrile used for HPLC analysis was of
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chromatographic grade. Trifluoroacetic acid (TFA, neat) and
aqueous ammonia (with 25-28% NH;) were of reagent grade. All
organic solvents used for countercurrent chromatography were
of analytical grade. Ethanol used for the extraction was of
analytical grade. All organic reagents were purchased from
Huipu Chemical Company, Hangzhou, China. Water was
redistilled for the mobile phase of HPLC. The ammonium
acetate added in the mobile phase of HPLC was analytical grade
with a purity of 99.0% and was purchased from Aladdin
Biochemical Technology Co., Ltd, Shanghai, China. Analytical
grade sulfuric acid, sodium hydroxide and activated carbon
were purchased from Huipu Chemical Company, Hangzhou,
China.

Preparation of crude sample

Aralia chinensis. Approximately 50 g of dried Aralia chinensis
powder was extracted with 95% ethanol under reflux for 3 h.
Then, ethanol was removed under reduced pressure and the
residue was hydrolyzed with 100 mL of 10% sulfuric acid under
reflux for 5 h. After completion, the hydrolyzed solution was
adjusted to pH 11 by adding 5% sodium hydroxide under 60 °C
for 15 min. After filtration, the filtrate was acidified with 5%
sulfuric acid to pH 4 under 60 °C for 15 min. Then, it was stored
in a refrigerator under 0-4 °C for 2 h. The precipitate was
washed with a large amount of hot water (60 °C) and dried
under vacuum, yielding 1.014 g of crude sample 1.

Apple peels. Approximately 50 g of dried apple peels were
decocted in boiling water for 10 min and the process was
repeated for 5-7 times until the residual water became clear.
After drying in the oven, the apple peel was extracted with 95%
ethanol under reflux for 3 h. The ethanol extract was alkalized to
pH 11 with the addition of 5% sodium hydroxide. Then, acti-
vated carbon was added to the solution for decolorization and
the solution was insulated at 60 °C for 15 min. After filtration,
the solution was acidified to pH 4 by 5% sulfuric acid and
insulated at 60 °C for 15 min. Then, it was stored in the
refrigerator under 0-4 °C for 2 h. The precipitate was washed
with a large amount of hot water (60 °C) and dried under
vacuum, yielding 1.753 g of crude sample 2.

Eriobotrya japonica Thunb. Approximately 50 g of dried
Eriobotrya japonica Thunb. was extracted with 95% ethanol
under reflux for 3 h. The ethanol extraction was alkalized to pH
11 by 5% sodium hydroxide. Then, activated carbon was added
to the solution for decolorization and insulated at 60 °C for
15 min. After filtration, the solution was acidified to pH 4 by 5%
sulfuric acid and insulated at 60 °C for 15 min. Then, it was
stored in a refrigerator under 0-4 °C for 2 h. The precipitate was
washed with a large amount of hot water (60 °C) and dried
under vacuum, yielding 1.535 g of crude sample 3.

Preparation of biphasic solvent system and sample solution

The biphasic solvent system consisting of n-hexane-dichloro-
methane-methanol-water (7 : 3:2: 8, v/v) was placed ina 2 L
separatory funnel. After shaking vigorously and a thorough
equilibration, the solution was divided into two phases. TFA
was added to the upper phase to obtain a final concentration of
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10 mol L™ " (stationary phase) and ammonia (25-28% NH;) was
added to the lower phase to obtain a final concentration of
10 mol L " (mobile phase). The crude sample was prepared by
dissolving 100 mg of the crude sample in 5 mL of stationary
phase with retainer and 5 mL of mobile phase without eluter.

Separation procedure

The coil column was first filled with the upper organic phase
containing 10 mmol L™ " of TFA at a flow rate of 10 mL min .
Then, the crude sample solution was injected through a six-way
valve. The lower aqueous phase containing 10 mmol L'
ammonia (25-28% NH;) was then pumped into the column at
1.5 mL min~ ', while the apparatus was rotated at 600 rpm. Each
effluent was collected in a 10 mL test tube using an automatic
fraction collector at 4 min intervals. The pH of each fraction
collected was determined with a pH meter. After the separation
experiment was completed, the retention of the stationary
phase was measured by forcing the remaining contents in the
separation column into a graduated cylinder with pressurized
gas. The whole experimental procedure was shown in Fig. 2.

Analysis of crude sample and the separated fractions

The crude sample and the collected fractions from pH-zone-
refining countercurrent chromatography was performed on an
Agilent 5 HC-C;g column (250 mm x 4.6 mm, 5 um) and
detection wavelength was set at 205 nm. The mobile phase was
composed of 0.5% ammonium acetate, acetonitrile and meth-
anol (21: 67 : 21, v/v/v). The flow rate was 1 mL min " with
isocratic elution. The column temperature was 25 °C.

Results and discussion

Selection of solvent systems for pH-zone-refining
countercurrent chromatography

The successful separation of OA and UA from natural plants was
strongly influenced by the selection of an appropriate biphasic
solvent system, which had a suitable partition coefficient as well
as a good solubility for the compounds.?® The K,q (the partition
coefficient K value in the solvent system added with an acidic
retainer) should be much larger than 1 while the Ky, (the
partition coefficient K value in the solvent system added with
a basic eluter) should be much smaller than 1. As OA and UA
were organic acids with small polarity, biphasic solvent systems
with low polarity were investigated. Several biphasic solvent
systems at different volume ratios were investigated as follows:
n-hexane-ethyl acetate-methanol-water, methyl tert-butyl
ether-tetrahydrofuran-water, methyl tert-butyl ether-acetoni-
trile-water, chloroform-methanol-water, chloroform-meth-
anol-n-butanol-water and n-hexane-dichloromethane-
methanol-water. The partition performance of OA and UA in
the studied solvent systems is presented in Table 1 in the ESL.}
The results demonstrated that the solvent system of n-hexane-
dichloromethane-methanol-water (7:3:2:8, v/v) produced
an ideal K,cijq and Kpase value (Kpase Was 0.0726 and K.iq was
over 35.492 for OA; Kpase Was 0.0938 and K,.iq was over 47.841
for UA). Meanwhile, the high solubility of the crude sample in

This journal is © The Royal Society of Chemistry 2019
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Fig. 2 A pictorial diagram of the overall procedure.

the above solvent system was determined with the help of
ultrasonic dissolution. Therefore, the biphasic solvent system
composed of n-hexane-dichloromethane-methanol-water
(7:3:2:8, v/v) was selected, in which an optimized concen-
tration of 10 mmol L~ trifluoroacetic acid was added in the
upper phase as the retainer and a 10 mmol L' ammonia (with
25-28% NH;3) was added in the aqueous phase as the eluter.

Preparative separation of OA and UA by pH-zone-refining
countercurrent chromatography

Fig. 3 is a typical chromatogram for the analysis of a crude
sample of Araliae chinensis, apple peels and Eriobotrya japonica
Thunb. by HPLC. As shown in Fig. 3, a different content for the
two pentacyclic triterpene acids, OA (peak 1) and UA (peak 2),
was found in the three crude samples. OA represented a high
content of 6.63% and UA had only a 0.29% content in the crude
sample of Araliae chinensis, while in other two crude samples,
the content of UA was predominant.

Fig. 4 shows three typical chromatograms for the preparative
separation of OA and UA from three crude samples by pH-zone-
refining countercurrent chromatography with the selected
biphasic solvent system composed of n-hexane-dichloro-
methane-methanol-water (7 : 3 : 2 : 8, v/v), in which the upper
organic phase was dissolved with 10 mmol L™" of TFA and the
lower aqueous phase contained 10 mmol L™' ammonia (25-
28% NH3;). The results showed that 38.56 mg of OA with a purity
of 99.01% was obtained from 100 mg of crude sample 1 as
shown in the shadow area of Zone I in Fig. 4(a). The retention of
the stationary phase was up to 80.7% and the recovery of OA was
85.2%. A pH-zone platform was observed by measuring the pH
value of each collected fraction, which further indicated the
successful separation of OA.

The same method was used to separate OA and UA from
apple peels as shown in Fig. 4(b) and from Eriobotrya japonica
Thunb. as shown in Fig. 4(c). Unfortunately, OA and UA eluted
together with peak overlapping. The shadow area of Zone II

This journal is © The Royal Society of Chemistry 2019

showed approximately 65.6 mg of a mixture of OA and UA,
which was obtained from the crude extract of apple peels. The
content of UA was 90.98% and the content of OA was 6.51%.
Meanwhile, the shadow area of Zone III showed approximately
46.6 mg of a mixture of OA and UA, which was obtained from
the crude exact of Eriobotrya japonica Thunb. The content of UA
was 74.35% and that of OA was 23.61%. As shown in Fig. 4(a)
and (b), two target triterpene acids eluted as rectangular peaks
in Zone II and Zone III, whereas other impurities were
concentrated and eluted at the boundaries of the rectangular
peaks. The HPLC analysis of each eluted fraction from the
countercurrent chromatography indicated that UA eluted first
with a small amount of OA, and then was followed by a large
content of OA. A certain peak resolution could be observed, but
no complete resolution was achieved. A series of other two-
phase solvent systems were also investigated in our work.
However, no successful separation was obtained for OA and UA.
The only difference in the chemical structure between OA and
UA was the position of the methyl group. The two methyl groups
of OA were substituted at the 20-position while the two methyl
groups of UA were substituted at the 19- and 20-position.
Therefore, OA and UA shared a quite similar hydrophobicity
and acidity, resulting in very similar chemical properties.
Therefore, it was still difficult to get a complete separation for
the two components using the above solvent system. Never-
theless, the two compounds were highly concentrated with
short retention time after a one-step separation by pH-zone-
refining countercurrent chromatography, which provided an
alternative method for the preparative separation of OA and UA
from natural products.

According to reports in literature, the mixture of OA and UA
had a higher pharmacological activity compared with the
activity observed with either OA or UA alone.'®***” The inter-
action of OA and UA may have taken place chemically and
biologically to produce an ideal effect.*® Therefore, pharmaco-
logical research on the mixture of OA and UA was conducted by

RSC Adv., 2019, 9, 38860-38866 | 38863
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Fig. 3 Chromatogram for the analysis of three crude samples by
HPLC. (a) Crude sample 1 of Aralia chinensis. (b) Crude sample 2 of
apple peels. (c) Crude sample 3 of Eriobotrya japonica Thunb. Peak 1:
oleanolic acid; peak 2: ursolic acid; HPLC column: Agilent 5 HC-Cyg
(250 mm x 4.6 mm, 5 um); mobile phase: 0.5% ammonium aceta-
te : acetonitrile : methanol (21 : 67 : 21, v/v) with an isocratic elution;
flow rate: 1 mL min; UV wavelength: 205 nm; column temperature:
25 °C.

numerous researchers.*** The combination of OA and UA has
been widely used in clinical practices.*> pH-zone-refining
countercurrent chromatography provided a rapid and simple
method for the enrichment of a mixture of OA and UA, which
might be useful for the clinical use of OA and UA. The most
significant advantage of this method was that a large load
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Fig. 4 Chromatogram for the preparative separation of ursolic acid
and oleanolic acid from 100 mg of crude sample by pH-zone-refining
countercurrent chromatography. (a) Crude sample 1 of Aralia chi-
nensis. (b) Crude sample 2 of apple peels. (c) Crude sample 3 of
Eriobotrya japonica Thunb. Zone |: oleanolic acid. Zone II: a mixture of
ursolic acid and oleanolic acid. Zone Ill: a mixture of ursolic acid and
oleanolic acid. Solvent system: n-hexane-dichloromethane—meth-
anol-water (7:3:2:8, v/v); 10 mmol L™ TFA in upper organic
stationary phase, 10 mmol L=t ammonia (with 25-28% NHs) in lower
aqueous mobile phase; revolution speed: 600 rpm; flow-rate: 1.5
mL min; sample size: 100 mg; UV detection wavelength: 254 nm.

capacity and an effective separation of OA and UA from natural
products were achieved in a short time.

Compared with previously reported methods for the sepa-
ration of OA and UA from natural products, our methodology is
more feasible and practical. According to the experimental
results in the reference,**° for the preparative separation of OA
and UA from natural products by silica gel column chroma-
tography and dextran gel column chromatography, a more
complicated experimental procedure was necessary in which

This journal is © The Royal Society of Chemistry 2019
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the high consumption of organic solvents, a long separation
time, irreversible sample adsorption and a low recovery of the
solute would always be involved. For example, in the research by
Huang'group,* silica gel column chromatography, dextran gel
column chromatography and preparative HPLC were succes-
sively used to isolate and purify OA and UA. The mobile phase
for the dextran gel column chromatography was composed of
chloroform and methanol (v/v, 1:1), which would not only
cause harm to people's health, but would also cause air pollu-
tion. Furthermore, only 12 mg of OA and 11 mg of UA were
obtained from 28.12 g of the crude extract from the roots of Ilex
kudingcha after a series of complex experimental procedures. In
our present work, all impurities were concentrated and eluted
outside the rectangular peak of the triterpene acids, OA and UA.
The two target components and impurities were completely
separated by pH-zone-refining countercurrent chromatography
using the selected biphasic solvent system. Therefore, the two
ionizable triterpene acids were well concentrated and enriched
with a high content from the crude extract of natural products
in a very convenient and efficient way.

Conclusions

A useful method for the separation of two structural isomeric
triterpenic acids, OA and UA, from Aralia chinensis, apple peels
and Eriobotrya japonica Thunb., was established using pH-zone-
refining countercurrent chromatography. A biphasic solvent
system composed of n-hexane-dichloromethane-methanol-
water (7 :3:2: 8, v/v) containing 10 mmol L' trifluoroacetic
acid in the upper phase as a retainer and 10 mmol L' ammonia
(with 25-28% NH;3) in the aqueous phase as an eluter was
screened after investigating the partition coefficients of the
target components in several different solvent systems. OA and
UA were well separated and enriched from the crude sample.
pH-zone-refining countercurrent chromatography is a practical
and efficient method for the preparative separation of bioactive
triterpene acids from natural products.
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