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COUNTERCURRENT CHROMATOGRAPHY 
FOR ISOLATION OF FLAVONOL 

GLYCOSIDES FROM GINKGO BILOBA 
LEAV- 

M. VANHAELEN AND R. VANHAELEN-FASTRE 
Laboratoire de  Pharntacognosie 

Universite Libre de  Bruxelles (U.L.B.) 
Campus Plaine, 205/4 ,  Bd du Triomphe 

B- 1050, Bruxelles, Belgium 

ABSTRACT 

A procedure which combined countercurrent chromatography 
with gradient elution and preparative high-performance 
chromatography was developed fo r  the isolation and the 
purif icat ion of the seven predominant flavonol glycosides from 
Ginkgo b i l o b a  leaves . 

liquid 

INTRODUCTION 

The therapeutical properties of Ginkgo b&ba leaves 

been lately reviewed; flavonoids as well as terpenic compounds 

were regarded as the  active constituents ( 1  1 .  The flavonol 

glycosides composition o f  the  plant has been recently revised 

and completed (2-4); however, the described procedures used 

for flavonol isolation from plant material are tedious and require 

multiple chromatographic steps on silica gel, polyamide and 

Sephadex columns (2-4). 

f o r  flavonoids isolation which combined countercurrent 

have 

The present paper reports a simplified and rapid method 
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2970 VANHAELEN AND VANHAELEN-FASTRE 

chromatography ( CCC 1 and preparative high-performance 

liquid chromatography (HPLC) . 

MATERIALS AND METHODS 

Apparatus. 

CCC was performed using an horizontal f low-through 

planet cent r i fuge (5.6) w i th  an I t o  Multi layer coil (7 ) (P .C.  

Inc. ,Potomac,MD,USA)equipped with a 2.6mm I .D. column 

( length : 66m ;capacity : 350ml). The solvents were pumped 

th rough the  column wi th  an apparatus from Millipore-Waters 

(Bedford,Mass., USA) equipped wi th  two pumps (Model 6000A 

and a solvent programmer (Model 660). The rotational speed 

was 800 rpm. A manual sample injection valve (Lobar column 

accessories,Merck, Darmstadt, West-Germany 1 equipped wi th  a 

10ml loop was used to  introduce the  samples in to  the  column. 

The continuous monitoring of the eluent was achieved wi th  

a Shimadzu spectrophotometer UV 120-02 ( Kyoto, Japan loperating 

a t  340nm in a lmm f low- through cell, whereas the  fract ions 

(17ml) were collected wi th  a LKB Ultrorac 7000 fract ion collector 

(Stockolm, Sweden 1 .  
The HPLC system was equipped w i th  a pump (Model 6000A 

from Millipore-Waters), a sample loop (Model U6K from Mill ipore 

-Waters), a Hibar Pre-packed column R T  250-10 (Lichrosorb 

RP-l8,7~.250mm x 1Omm 1.0. stainless steel column.Merck1 and 

a high-speed sp.ectrophotometric detector (Model 1040 M from 

Hewlett-Packard,Avondale, PA, USA I .  A 6ml/min flow-rate was 

applied: sample loading corresponded to  1 5 0 ~ 1  injections of a 

5% solution of the  pre-pur i f ied flavonoids dissolved in the  

mobile phases (mixtures of water-acetonitrile-acetic acid in 

various ra t io ) .  

Reaqents. 

A l l  chemicals were analytical grade. 
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FLAVONOL GLYCOSIDES 297 1 

CCC Separation Procedures. 

The solvents systems were prepared by equil ibrating, in 

a separating funnel, equal volumes of water (Phase A )  

ethy l  acetate (Phase B),  and , equal volumes of water and 

an ethy l  acetate - 2-butanol (6:4 v / v )  mixture (Phase C ) .  

A f te r  equil ibration and decantation, the phases were degassed 

in an ultrasonic bath. 

and 

of 

Phase A (350ml) was pumped in to the column at 7ml/min. 

The sample solution was introduced th rough the  injection por t .  

As rotat ion began, phases B and C ( to ta l  volurne:Zliters) were 

pumped in to the  column at 4.5mllmin 

curve  (fig. 1 ) .  The separations were performed a t  room 

temperature. The stationary phase retention was 61%. 

following a gradient 

Preparation of Samples f o r  CCC. 

A commercialized ext ract  of Ginkgo bitobu leaves (500mg) 

was dissolved in l l m l  o f  an (1:l v /v )  mixture of Phases A and 

5; after f i l t rat ion, 10ml of th is  solution were loaded on the 

column. 

Fractionation Monitoring. 

on RP-18F254s plates (Merck) 

acetonitri le -acetic acid (70:30:1 v / v )  as mobile phase ( two 

developments 1 .  

The composition of the  fract ions was determined by TLC 

using a mixture of water - 

RESULTS AND DISCUSSION 

Figure 1 shows the  separation of the major f lavonol 

glycosides from a commercialized ext ract  of Ginkgo bLtoba 
leaves; the  use o f  such an ext ract  allowed to  avoid the  

preliminary puri f icat ions steps necessary wi th  a crude 

material. 

p lant  

The solvents were chosen on the  basis of par t i t ion 

coefficients of the  flavonoids in the  liquid phases. Part i t ion 
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ccc' 

0 

Figure 1. Preparative CCC of a commercialized ext ract  of Ginhgo 
b 2 o  ba leaves. 

Sample: 500mg dissolved in lOml of an 1 : l  v/v  mixture of 

Separation conditions: Stationary phase: H O(Phase A I ;  
Phases A and B. 

s ta r t ing  solvent system: EtOAc; ending sozvents system: 
EtOAc - 2-butano1(6:4 v /v  I :  gradient  curve:-----. , flow rate 
:4.5ml/min. Column: 2.6mm I . D . ;  350ml capacity. 
Detection at 340nm. 

w i th  H 0:MeCN:HOAc 170:30:1 v/v;2 developments). 
UV de4ection at 254nm 
E:total extract; Compounds 1 t o  l : see  Results and Discussion 

Monitoring of the fractions: TLC on silica gel RP-18F254~ 
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FLAVONOL GLYCOSIDES 2973 

coefficients were determined using TLC on RP-18 silica gel. 

Owing to  the  large differences of polarit ies showed by the  

flavonoids ( a  ve ry  complex mixture of mono-, di- and tri- 

glycosides), the  use of on ly  one solvents system was not 

adequate to  achieve the  separation of all compounds. 

Therefore, a procedure using a gradient elution of the  

column was developed. It involves water as stat ionary phase 

and two solvents systems: e thy l  acetate f o r  t he  less polar 

f lavonoids ( par t i t ion coefficients between 0.75 and 1.00 1 and 

e thy l  acetate containing increasing amounts o f  2-butanol f o r  

t he  more polar compounds (par t i t ion coefficients between 0.80 

and 1.001. Such a gradient elution procedure was only once 

repor ted f o r  dipeptides separation ( 7  1 .  The selected 

conditions allowed the  separation of seven major f lavonoids 

wi th in  7h. However, compounds and were not completely 

resolved.Other less hydrophi l ic  constituents from the  ext ract  

of Ginkgo  6.Lloba 
constituents ( 1  1 were eluted in the f i r s t  fract ions obtained by 

CCC. A rest r ic t ion connected to  the outlet of the  column was 

essential t o  avoid bubbling in the  cell of the  U V  detector, an 

excessive elution of the  stationary phase and the  consecutive 

rebalancing of the  system during the  run. 

The d i rect  monitoring of the  eluent afforded only  indicative 

resul ts  and a manual spectrophotometric lecture of each 

f ract ion 

was essential t o  obtain interpretable elution profi les. 

such as biologically active terpenic 

performed af ter  complete separation o f  t he  phases 

The flavonoids fract ions isolated by CCC were fu r ther  

submitted t o  HPLC using a preparative RP-18 column 

mixtures of water, acetonitri le and acetic acid as solvents 
systems; the i r  s t ructures elucidation was achieved without 

any other puri f icat ion step by comparison of the  spectroscopic 
data (2 ) .  

Four of the  pur i f ied flavonol glycosides, kaempferol 3-0- 

and 

( 6111-p-coumaroylglucosyl-~-l ,4-rhamnoside) ,I (yield:2.5%) , 
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2914 VANHAELEN AND VANHAELEN-FASTRE 

querceti n 3-0- ( 6"'- p-coumaroy Ig I ucosy I - P -  1 ,4- r hamnoside 1,z 
(yield:2. I%), isorhamnetol 3-O-rutinoside,% (yield:2,0%), 

quercetin 3-O-rutinoside,? (y ie ld :  3.0%) were previously 

identi f ied in Ginkgo b a o b a  leaves (2-4): the  three others, 

kaempferol 3-0-P-g lucos ide,~ (y ie ld :  1.8%), kaempferol 3-0- 

Il(l-rhamnosyl-( 142 )-a-rhamnosyl-(1+6)1 -P-qlucoside,g (yield: 

I .2%), quercetin 3 -O-~ - rhamnosy l - (  1+2)-a-rhamnosyl-( 1+6)] 

-fi-glucoside.l (yield:0.8%) were newly identi f ied in the  p lant  

(8,9) (y ie lds calcd from 500mg of the  commercialized ex t rac t )  
The above results clearly indicate the  advantages of the  

proposed method in the  case of complex mixtures of f lavonol 

glycosides: high recovery of the  constituents, especially in 

the  case of p-coumaroyl esters which are readi ly 

hydrolysable, high resolution and purif icat ion obtained 

wi th in  two shor t  steps when compared to  more tradit ional 

chromatographic methods. 
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