
INTRODUCTION

Zushima Herb. is the stem and root bark of daphne

tangutica Maxim. The main component are daphnin, stellera

glycosides, saponins, etc. It was proved by pharmacological

and clinical trials that daphnin has antiinflammatory and

analgesic effects. Zushima Herb. is used in patients with rheu-

matoid arthritis1,2. Macroporous resin adsorption technology

has been applied in research and production in the separation

of the active ingredients of natural products3-9. But the research

of purification process of daphnetin from Zushima Herb. by

macroporous adsorbent resin is carried minimal. The adsor-

ption and desorption of nine macroporous adsorbent resins

for daphnetin were compared. The HPD-722 macroporous

resin was selected as adsorbents. Aqueous ethanol solution

was the eluent. The extraction and separation method was

highly efficient and environmentally friendly.

EXPERIMENTAL

HPLC method was performed on a Shimadzu 2010A

HPLC system. A VP ODS C18 column (150 mm × 4.6 mm,

5 µm size) was used.

Zushima Herb. was purchased from Huazhong Chinese

Herbal Medicine Co. Ltd., Shijiazhuang, P.R. China. Daphnin
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reference standard was purchased from National Institues for

Food and Drug Control (batch number: 110900-200 405).

Methanol were HPLC grade and purchased from Damao

Chemicals Co. Ltd., Tianjin, P.R. China. Water were HPLC

grade. The other chemicals and solvents used in the experiment

were analytical grade. The manufacturers of macroporous resin

are shown in Table-1.

Pretreatment and regeneration of macroporous

adsorption resin: The new resin was soaked with 95 % ethanol

for 24 h and fully swelled. Then the resin layer was washed

with 95 % ethanol at a flow rate of 2 BV/h until the colour of

the effluent changed from white turbidity to clear when water

was added to the effluent10-13.

When regenerated, the wet macroporous resin was packed

in column, eluted by 95 % alcohol at 2 BV/h flow rate until

did not change any longer after it was used. The resin was

washed with water to no alcohol, first washed with 5 % HC1

for 1 h at 2 BV/h flow rate and washed with water to neutral,

then washed with 5 % NaOH for 1 h at 2 BV/h and further

washed by water until a neutral pH was reached14,15.

Preparation of the extract solution: Zushima Herb.were

crushed. Then 100 g powder was put into a conical flask with

stopper, soaked with 1000 mL 60 % ethanol for 24 h, under

TABLE-1 

MANUFACTURER OF MACROPOROUS RESIN 

Macroporous resin models X-5, AB-8, NKA-9, D101 HPD-400, HPD-72 HPD-100, DM301, DM130 

Manufacturer 
Guangfu Fine Chemical Research 

Institute, Tianjin, China 
Boen adsorption Materials Technology 

Co. Ltd., Cangzhou, China 
Haiguang Chemical Co. Ltd., 

Tianjin, China 
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ultrasonic extraction at 30 ºC for 2.5 h, then filtered. The

filtrate was concentrated to ca. 400 mL ethanol under vacuum,

placed on the refrigerator overnight, centrifuged. The super-

natant was removed, refluxed for 1 h with 6 mL 6 mol/L HCl,

then added NaOH to adjust pH to 7-8 and filtered. Finally, the

extract solution was obtained and appropriate dilution when

using.

Establishment of HPLC method: Chromatographic

column: VP ODS C18 (150 mm × 4.6 mm, 5 µm); volume

flow: 1.0 mL min-1; column temperature: 30 ºC, 324 nm of

detection wavelength; injection volume: 10 µL; mobile phase:

methanol-0.5 % acetic acid solution (30:70). Validation of the

method was done.

9.5 mg daphnin was weighed precisely, then put into

50 mL volumetric flask, plus a small amount of methanol to

dissolve the daphnin and set constant volume by adding water,

finally made as reference solution with 0.19 mg mL-1.

1, 2, 3, 5, 8 and 10 mL reference solution was draw

precisely, then put into 10 mL volumetric flasks and set constant

volume by adding water. Under the above chromatographic

conditions and methods, the test samples were analyzed.

Results indicated that the peak area and concentration of

daphnin was a good linear relationship within the range of

0.019-0.19 g/L.

Static adsorption and desorption: 25 mL extract

solution diluted 10-fold was loaded into a conical flask conta-

ining 1 g pretreated macroporous resin and then shaken at

30 ºC for 6 h unti1 adsorption equilibrium was reached. To

calculate the adsorption capacity, the daphnin concentration

in the test solution was determined by HPLC method. The

desorption experiments were carried out as follows: 25 mL

60 % ethanol solution was added to the drained resin and then

shaken at 30 ºC for 12 h until desorption equilibrium was

achieved. By detection and calculation, the desorption rate

can be obtained. The best adsorbent was selected in terms of

its high adsorption and desorption capacity.

Dynamic adsorption and desorption: 10.0 g the selected

macroporous resin was packed in column (Φ2 × 30 cm,

ca. 18 mL), the extract solution washed through it at a certain

velocity. The daphnin concentration in the effluent solution

was determined by HPLC method. The effect of the flow rate

and the concentration of the extact solution and other factors

on the macroporous resin adsorption performance was investi-

gated. The resin after desorption equilibrium was eluted by

alcohol solution. The effect of the amount and the flow rate of

the eluent on the macroporous resin adsorption performance

was investigated. By dynamic adsorption and desorption

experiment, the best adsorption conditions were identified.

RESULTS AND DISCUSSION

Selection of the macroporous resin: The static adsor-

ption properties of 9 types of resin from three manufacturers

were studied at 30 ºC. 60 % ethanol was used in the desorption

experiments. Results are shown in Table-2. Considering the

balance between adsorption and desorption rate, the HPD-722

resin was selected to seperate daphnetin from Zushima Herb.

Choice of pH value of the extract solution: The pH value

of the extract solution was adjusted to 5, 6, 7, 8, 9. HPD-722

resin was used in the static adsorption experiments at 30 ºC.

The results are shown in Table-3. Data showed that the adsorp-

tion rate increased with increasing pH value. But daphnetin is

acidic and may react with NaOH in alkaline conditions. By

UV scanning, a significant change in the maximum absorption

peak was confirmed. Therefore, the pH value was selected as

7 to 8.

TABLE-3 

EFFECT OF PH ON THE ADSORPTION 
PERFORMANCE OF THE HPD-722 RESIN 

pH 5 6 7 8 9 

Adsorption rate (%) 66.29 69.20 78.70 82.94 88.25 

 
Static adsorption properties of resin

Adsorption isotherm: The adsorption isotherm of HPD-

722 resin at 30 ºC was shown in Fig. 1. It can be seen from the

figure that the adsorption rate of resin decreased rapidly at 2 h

and the static adsorption to saturation at the same time. The

adsorption isotherm was tested in 25, 30 and 40 ºC separately.

The adsorption rate was 80.67, 77.9 and 76.22 %. The results

showed that the adsorption rate decreased with increasing

temperature and the macroporous resin adsorption effect is

the best at 25  ºC. Therefore, the adsorption process was exo-

thermic and the dynamic adsorption test can be performed at

room temperature.

0 2 4 6 8 10

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

A
d
s
o

rp
ti
o

n
 a

m
o

u
n
t/
(m

g
.g

-1
)

Adsorption time /h 

Fig. 1. Adsorption isotherm of HPD-722 resin at 30 ºC

Choice of the eluant: The concentration of ethanol

solution have a greater impact on the desorption rate of the

macroporous resin. When the ethanol concentration was 45 %,

TABLE-2 

STATIC ADSORPTION AND DESORPTION DATA OF 9 TYPES OF RESIN 

Type X-5 AB-8 NKA-9 D101 HPD-400 HPD-722 HPD-100 DM301 DM130 

Adsorption capacity (mg g-1) 0.85 1.37 1.21 0.88 1.32 1.75 0.74 0.41 1.19 

Desorption rate (%) 96.3 92.4 91.8 95.6 89.7 94.2 93.1 92.8 95.8 
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the desorption rate was only 73.29 %.When the ethanol

concentration increased to 65 %, the desorption rate was

98.68 %. But if the ethanol concentration continued to

increase,the desorption rate would decrease. Therefore, 65 %

ethanol was selected as the desorption eluent.

Dynamic adsorption properties of resin

Dynamic adsorption curves: 10 g of the wet HPD-722

resin was packed in column. 0.126 g/L extract solution washed

through it in 2 BV/h flow rate. Effluent solution was collected

every 1 BV copy. The daphnin concentration in the effluent

was determined by HPLC method and the dynamic adsorption

curves was shown in Fig. 2. With the sample volume increasing,

the daphnin concentration increased gradually in the effluent.

Corresponding in concentration in the effluent solution of 5 %

of the extract concentration, the resin can be handled 20 BV

on the extract solution and the saturated adsorption capacity

of the resin is 4.54 mg/g. When the effluent reached 26 BV,

the daphnin concentration in the effluent and the extract was

the same.
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Fig. 2. Dynamic adsorption curve of HPD-722 resin

Effect of the sample flow rate on the adsorption: 1, 2

and 3 BV/h flow rate on dynamic adsorption of HPD-722 resin

was investigated separately. The results show that the flow

rate has little effect on sample volume, but the saturated

adsorption capacity increased with decreasing flow rate. When

the flow rate was 1 BV/h, the saturation adsorption capacity

can be up to 4.93 mg/g. Taking into account the time factor, it

was determined that the optimum flow rate was 1 BV/h and

the extract solution volume was 20 BV.

Effect of the sample concentration on the adsorption:

The effect of the sample concentration on the saturation adsor-

ption capacity of HPD-722 resin was investigated. The sample

concentration was 0.768, 0.384, 0.154 and 0.077 g/L. The flow

rate was the same. Data was shown in Table-4. The results

showed that the adsorption capacity of the resin increased with

increasing the sample concentration. But when the concen-

tration was greater than 0.384 g L-1, the adsorption rate was

worse because multilayer adsorption would cause the resin

porous blockage. Therefore,optimum concentration of the

sample was selected as 0.384 g L-1.

TABLE-4 

EFFECT OF THE SAMPLE 
CONCENTRATION ON THE ADSORPTION 

Sample concentration (g L-1) 0.768 0.384 0.154 0.077 

Saturation adsorption capacity of 
HPD722 resin (mg g-1) 

4.81 5.22 4.93 4.65 

 
Determination of the elution rate: When the adsorption

capacity of HPD-722 resin reached saturation, first the resin

column was eluted with water to wash away the water-soluble

substances and then eluted with 65 % ethanol solution at a

flow rate of 1, 2 and 3 BV/h. Collection of one part per 0.5

BV and the daphnin concentration in the effluent was deter-

mined. The results showed that the desorption rate increased

with decreasing the flow rate of eluent. However, as shown in

Fig. 3, when the flow rate of 2 BV/h, the desorption was concen-

trated and the content of daphnin is high, desorption rate was

90 % or more and elution efficiency was the best. Therefore,

it was determined that the elution flow rate was 2 BV/h and

the eluent volume was 3 BV.
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Fig. 3. Dynamic desorption curve of HPD-722 resin

Conclusion

HPD-722 macroporous resin has good results for

daphnetin adsorption and elution process. The appropriate

adsorption/desorption conditions were determined. Conditions

are as follows: the concentration of daphnetin in extract

solution was at 0.384 g/L, pH value of 7 to 8, volume at 20

BV, the extract solution passed through the column at a flow

rate of 1 BV/h and room temperature, 65 % alcohol was satis-

factory eluant for desorption, the column was washed with

3 BV 65 % alcohol at a flow rate of 2 BV/h. According the

above conditions, the HPLC chromatograms of Zushima Herb.

after HPD-722 resin purification was shown in Fig. 4. It can

be seen that the main impurities had been a lot of removal by

macroporous resin and the purity was increased to more than

70 %. The method of extraction and elution used ethanol

solution and regenerated resin can be used repeatedly. There-

fore, the method is environmentally friendly purification

process and the purification process of daphnetin using HPD-

722 resin is feasible.
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Fig. 4. HPLC chromatograms of Zushima Herb. after HPD-722 resin purification
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