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Summary. A high-speed counter-current chromatography (HSCCC) method was estab-
lished for the isolation and purification of isochlorogenic acid A from Lonicera japonica 
Thunb. The two-phase solvent system was composed of n-hexane:ethyl ace-
tate:isopropanol:water (2:3:2:5, v/v/v/v). From 150 mg of the ethyl acetate fraction of L. 
japonica Thunb, 19.65 mg of isochlorogenic acid A was obtained in a one-step HSCCC 
separation, with a purity of 99.1%, as determined by high-performance liquid chroma-
tography (HPLC). The structure was further identified by ultraviolet (UV), mass spec-
trometry (MS) and nuclear magnetic resonance (NMR). 
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Introduction 

Lonicera japonica Thunb, a member of Caprifoliaceae family, is a widely used 
traditional Chinese medicine [1]. It was used for the treatment of epidemic 
febrile diseases, sores, carbuncles, and some infectious diseases [2]. Previous 
phytochemical investigations on this species have found a variety of secon-
dary metabolites such as flavonoids, essential oils, iridoids, and organic ac-
ids. Among them, organic acids are the main active components [3–5].  

High-speed counter-current chromatography (HSCCC) is a high-per-
formance liquid–liquid partition chromatographic technology. Due to using 
no support matrix, it eliminates the irreversible adsorptive loss of the sam-
ples onto solid support and has an excellent sample recovery [6]. Moreover, 
it has a large scale of injection. Relatively pure substances in multiform can 
be obtained at one time in large amounts, so HSCCC is suitable for separa-
tion and purification of active components from natural products [7].  

At the moment, it is one-sided that the Chinese Pharmacopeia uses the 
content of chlorogenic acid as the only index of quality assessment for the 
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drug preparation, including L. japonica Thunb, because other organic acids 
also have the antibacterial activity [8]. Therefore, it is necessary to establish 
a rapid method for the isolation and purification of other organic acids from 
L. japonica Thunb. Up to now, there is little research on the isolation and pu-
rification of isochlorogenic acid A. In this paper, an efficient method was 
developed for the isolation and purification of isochlorogenic acid A from L. 
japonica Thunb within 140 min in one-step. Compared with other column 
chromatography methods like silica gel, this method was easier to operate 
and more efficient [9]. 

Experimental 
Materials and Reagents 

The flowers of L. japonica Thunb were purchased from Guangzhou Caizhilin 
Pharmaceutical Ltd. (batch number: 20121120) and authenticated by Asso-
ciate Professor Xin-jun Xu (Lab of Pharmaceutical Analysis and Quality As-
sessment, Sun Yat-sen University). High-performance liquid chromatogra-
phy (HPLC) grade acetonitrile was purchased from SK Chemicals (Korea). 
Ultrapure water was obtained from a Milli-QRG purification unit (Millipore, 
Bedford, MA, USA). Analytical grade reagents used for HSCCC separation 
were purchased from Tianjin Damao Chemical Reagent Factory (Tianjin, 
China).  

Apparatus 

The HSCCC instrument was QuikPrep™ Chassis Mk5 high-speed 
counter-current chromatography (AECS-QuikPrep Ltd., Bristol, UK). The 
unit utilized had four identical coils of 3.2 mm o.d. and 2.16 mm i.d., and 
each coil had a volume of approximately 120 mL. However, we only used 
one coil for optimizing the separation condition. The applicable rotational 
speed was 860 rpm. This Quattro CCC system was equipped with a series II 
HPLC pump (SSI, USA), a sample injection valve with a 10-mL sample loop, 
and an SPD-10AVP detector (Shimadzu, Japan). The work station was 
N2000 (Zhejiang University, China). An SB25-12DTD ultrasound machine 
(Xinzhi Biotechnical Ltd., Ningbo, China), a 500-g pendulum pulverizer 
(Yulang Machinery Equipment Ltd., Guangzhou, China), an electronic bal-
ance (KERN ABT 220-5DM, 0.1 mg, Germany), and an RE-300 rotational 
vacuum concentrator (Shanghai Yarong, China) were used for sample 
preparation. HPLC analysis was carried out on a Lab Alliance HPLC system 
with a 1500 pump, an AS1000 autosampler, and a UV6000 detector (SSI, 
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USA). A UV-2450 UV–Vis (Shimadzu, Japan), a Finnigan LCQ Deca XP Liq-
uid Chromatography Mass Spectrometer (Thermo, USA), and a Bruker 
Avance III 400 Nuclear Magnetic Resonance Spectrometer (Bruker, Ger-
many) were used for characterization. 

Sample Preparation 

The dry flowers of L. japonica Thunb (about 100 g) were pulverized and ex-
tracted with 1000 mL 70% aqueous ethanol for 30 min under sonication, and 
then filtered. This procedure was repeated for three times, and then the 
combined aqueous ethanol was concentrated and evaporated to dryness by 
rotary vaporization at 40 °C under reduced pressure. After that, the com-
bined dry extract was suspended in water, adjusted pH = 2 using dilute 
hydrochloric acid, and then extracted with ethyl acetate for three times. The 
ethyl acetate layer was collected and evaporated to dryness by rotary va-
porization at 40 °C under reduced pressure. Finally, 7.51 g of dry ethyl ace-
tate extract was obtained. The HPLC chromatogram of acetate extract was 
shown in Fig. 1. 

 
 

Fig. 1. HPLC chromatogram of the ethyl acetate extract of Lonicera japonica Thunb. The 
analysis was performed on a Dikma-Diamonsil C18 column (250 mm × 4.6 mm, 5 μm) 

with a C18 guard column (10 mm × 4.6 mm, 5 μm). The mobile phase was composed of 
aqueous acetic acid (0.5%, v/v) (A) and acetonitrile (B). The system was run with a gra-

dient program at the flow rate of 1 mL min−1: 0–15min, 10% B → 20% B; 15–20 min,  
20% B; 20–30 min, 20% B → 30% B; 30–50 min, 30% B. The sample injection volume was 

10 μL. The wavelength was set at 327 nm, and the column temperature was 35 °C 
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Selection of Two-Phase Solvent System 

The two-phase solvent system was selected according to the partition coef-
ficient (K) of the target component. The K values were determined by HPLC. 
The analysis was performed as follows: about 1 mg of ethyl acetate extrac-
tion was added to 2.0 mL of the lower phase in the two-phase solvent sys-
tem and was analyzed by HPLC, and the target component in the lower 
phase was recorded as A1. Then 2 mL of the upper phase was added to the 
lower phase and was shaken vigorously. The lower phase was analyzed by 
HPLC again after the equilibration was established. The target component 
in the lower phase was recorded as A2. The K value was calculated accord-
ing to the following equation: K = CU/CL = (A1 − A2)/A2. 

Preparation of the Two-Phase Solvent System and the Sample 
Solution 

The selected two-phase solvent system composed of n-hexane:ethyl ace-
tate:isopropanol:water was prepared by adding all the solvents to a 
separation funnel according to the volume ratios of 2:3:2:5 and thor-
oughly equilibrated by shaking repeatedly. The two phases were sepa-
rated and degassed by sonication shortly before use. The upper phase 
was used as the stationary phase and the lower phase as the mobile 
phase. The sample solution for HSCCC separation was prepared by dis-
solving about 150 mg of ethyl acetate extraction in the mixture solution 
of 5 mL upper phase and 5 mL lower phase of the solvent system. 

HSCCC Separation 

The multilayer-coiled column was firstly filled with the upper phase as 
stationary phase, and then the lower phase was pumped into the col-
umn from the head-to-tail at a flow rate of 2.0 mL min−1 while the appa-
ratus was rotated at 860 rpm. After the mobile phase front emerged and 
hydrodynamic equilibrium was established, 10 mL of sample solution 
was loaded into the injection valve. The effluent from the outlet was 
continuously monitored with an ultraviolet–visible (UV–vis) detector at 
the wave length of 327 nm. Each peak fraction was collected according 
to the elution profile and analyzed by HPLC.  
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HPLC Analyses and Identification of HSCCC Peak Fractions 

The crude sample and each purified fractions isolated from the HSCCC 
were analyzed by HPLC on a Dikma-Diamonsil C18 column (250 mm × 4.6 
mm, 5 μm) with a C18 guard column (10 mm × 4.6 mm, 5 μm). The mobile 
phase was composed of aqueous acetic acid (0.5%, v/v) (A) and acetonitrile 
(B). The system was run with a gradient program at the flow rate of 1 mL 
min−1: 0–15 min, 10% B → 20% B; 15–20 min, 20% B; 20–30 min, 20% 
B → 30% B; 30–50 min, 30% B; 50–60 min, 10% B. The sample injection vol-
ume was 10 μL. The wavelength was set at 327 nm, and the column tem-
perature was 35 °C. The identification of HSCCC fractions was carried out 
by UV, mass spectrometry (MS), proton nuclear magnetic resonance (1H 
NMR), and carbon nuclear magnetic resonance (13C NMR).  

Results and Discussion 

Crude Sample Pretreatment 

In order to reduce the interference of other compounds, liquid–liquid ex-
traction was used. The target compound is acid that exists as ions in water. 
Therefore, pH was adjusted to 2 so that the target compound can exist as 
molecular which can be extracted by ethyl acetate. 

Selection of Solvent System and Other Conditions of HSCCC 

In an HSCCC separation, the selection of a suitable two-phase solvent sys-
tem is the first and the most important step, and a good solvent system can 
ensure an ideal partition coefficient (0.5 < K < 2, K, solute concentration in 
the upper mobile phase divided by that in the lower stationary phase) for 
the target compound. In this experiment, several solvent systems were 
tested. Ethyl acetate–n-butanol–water and n-hexane:ethyl acetate:met-
hanol:water were selected and tested for HSCCC separation at first. The K 
values were summarized in Table I. When ethyl acetate:n-butanol:water 
(2:1:3, v/v/v) and n-hexane:ethyl acetate:methanol:water (1:5:1:5, v/v/v/v) 
were used as the two-phase solvent system, the K values were over 2, so 
these two systems were not suitable. When n-hexane:ethyl ace-
tate:methanol:water (1:5:2:5, v/v/v/v) was tested, the target compound and 
peak 3 (Fig. 1) had similar K values, 1.44 and 1.31, respectively. For this rea-
son, isopropanol and acetone were used to replace methanol. When 
n-hexane:ethyl acetate:isopropanol:water (2:3:2:5, v/v/v/v) was tested, 
good separation results could be obtained and the separation time was ac-

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



X.X. Yu et al. 546 

ceptable. The K value of the target compound was 1.12 while peak 3 was 
0.74 (Fig. 1). Under this separation condition, a total of 19.65 mg target 
compound was yielded from 150 mg ethyl acetate extract, as shown in Fig. 2. 
The retention of the stationary phase was 66.6%, and the separation time 
was about 140 min in one separation run. The HPLC chromatograms of the 
target compound were shown in Fig. 3.  

 

 
Fig. 2. HSCCC chromatogram of Lonicera japonica Thunb. The column volume was  

120 mL. Solvent system was n-hexane:ethyl acetate:isopropanol:water (2:3:2:5, v/v/v/v). 
The upper phase served as the stationary phase. The lower phase (mobile phase) was 

pumped into the column from the head-to-tail at a flow rate of 2 mL min−1. The rotation 
speed was 860 rpm. Retention of the stationary phase: 66.6%. Injection volume: 10 mL; 

the wavelength: 327 nm (the dark bar referred to the purity > 98.0%) 
 

Table I. The K values of the target compound measured in different solvent systems 

No. Solvent system Ratio (v/v/v or 
v/v/v/v) 

K 

1 n-Hexane:ethyl acetate:methanol:water  1:5:1:5 2.75 

2 n-Hexane:ethyl acetate:methanol:water  1:5:2:5 1.44 

3 Ethyl acetate:n-butanol:water  2:1:3 107.90 

4 n-Hexane:ethyl acetate:isopropanol:water  1:5:2:5 1.96 

5 n-Hexane:ethyl acetate:isopropanol:water  2:3:2:5 1.12 

6 n-Hexane:ethyl acetate:acetone:water  1:5:2:5 1.79 
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Fig. 3. HPLC chromatograms of the target compound.A, Chromatogram of the target 
compound; B, 3D chromatogram of the sample 

Identification of the Target Compound 

The chemical structure of the target compound purified by HSCCC was 
identified according to its UV, MS, 1H NMR, and 13C NMR data. 

 
Fig. 4. Chemical structure of isochlorogenic acid A 
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Table II. 1H NMR (400 MHz) and 13C NMR (100 MHz) spectroscopic data of the target 
compound (DMSO-d6, δ in ppm) 

Position 13C-NMR 1H-NMR 

1 72.47  

2 35.54 1.99 m 

3 70.91 5.17 m 

4 67.41 3.85 d (J = 7.0 Hz) 

5 70.54 5.34 brs 

6 34.64 2.16 brd (J = 8.8 Hz) 

7 175.26  

1′, 1″ 125.67, 125.60  

2′, 2″ 115.79, 115.79 7.06, 7.04 brs 

3′, 3″ 45.60, 145.60  

4′, 4″ 148.42, 148.29  

5′, 5″ 114.84, 114.75 6.78, 6.76 d (J = 8.3 Hz) 

6′, 6″ 121.44, 121.21 7.01, 6.99 d (J = 7.1 Hz) 

7′, 7″ 145.17, 144.80 7.50, 7.47 d (J = 15.6 Hz) 

8′, 8″ 114.75, 114.13 6.27, 6.23 d (J = 15.6 Hz) 

9′, 9″ 166.11, 165.57  

 
 
The structural data of compound 1 were listed as follows, matching the 

data of isochlorogenic acid A (Fig. 4) [9, 10]; ESI–MS: m/z: 515.1 [M+H]+; UV 
(MeOH) λmax nm: 242, 327. 1H NMR and 13C NMR data are summarized in 
Table II. 

Conclusions 
An efficient HSCCC method for the isolation and purification of isochloro-
genic acid A from L. japonica Thunb was developed by using n-hexane:ethyl 
acetate:isopropanol:water (2:3:2:5, v/v/v/v) as the two-phase solvent sys-
tem. The compound obtained can be used as reference substance for quality 
control as well as for further physiological studies. 
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