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SEPARATION OF FLAVONOIDS IN CRUDE 
EXTRACT FROM SEA BUCKTHORN BY 

COUNTERCURRENT CHROMATOGRAPHY 
WITH TWO TYPES OF COIL PLANET 

CENTRIFUGE 

Tian-you Zhang 1 * , Xiang Hual , 
Rong Xiao2, and Shan Kong2 

1New Technology Application Institute of Beijing 
Beijing, People’s Republic o f  China 

2Institute of Pharmaceutical Sciences 
West China Medical University 

Chengdu, Sichuan, People’s Republic of China 

ABSTRACT 

Flavonoid c o n s t i t u e n t s  i n  a crude e t h a n o l  e x t r a c t  from d r i e d  
f r u i t s  of sea buckthorn (Hippophae rhamnoides) were s u b j e c t e d  t o  
c o u n t e r c u r r e n t  chromatography w i t h  a two-phase s o l v e n t  system 
composed of chloroform,  methanol and water a t  a 4:3:2 volume ra t io .  
S e p a r a t i o n s  were performed w i t h  two d i f f e r e n t  types  of t h e  coi l  
p l a n e t  c e n t r i f u g e :  One i s  c a l l e d  t h e  m u l t i l a y e r  coil  p l a n e t  
c e n t r i f u g e  and the  o t h e r ,  t h e  h o r i z o n t a l  flow-through c o i l  p l a n e t  
c e n t r i f u g e .  Both ins t ruments  permit  cont inuous e l u t i o n  through 
t h e  r o t a t i n g  column wi thout  t he  use of  r o t a r y  seals. Although t h e  
h o r i z o n t a l  flow-through coi l  p l a n e t  c e n t r i f u g e  produced e f f i c i e n t  
peak  r e s o l u t i o n  f o r  f i v e  f l a v o n o i d  components, t h e  m u l t i l a y e r  c o i l  
p l a n e t  c e n t r i f u g e  y i e l d e d  much s u p e r i o r  r e s u l t s  i n  terms of 
p a r t i t i o n  e f f i c i e n c y ,  s e p a r a t i o n  time and sample l o a d i n g  c a p a c i t y .  

*Present address: Laboratory of Technical Development, National 
Heart, Lung, and Blood Ins t i tu te ,  Building 10,  Room 5D-20, 
Bethesda, MD 20892. 
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INTRODUCTION 

ZHANG ET AL. 

Countercur ren t  chromatography (CCC) is an e f f i c i e n t  technique  

of p a r t i t i o n  chromatography t h a t  t o t a l l y  e l i m i n a t e s  t h e  use  of 

s o l i d  s u p p o r t s .  S ince  1970, I t o  and h i s  coworkers have developed 

a ser ies  of flow-through coil  p l a n e t  c e n t r i f u g e  schemes f o r  

performing CCC (1-8). These ins t ruments  are e s p e c i a l l y  s u i t a b l e  

for  s e p a r a t i n g  natural  products  i n  b o t h  a n a l y t i c a l  and p r e p a r a t i v e  

purposes. 

h o r i z o n t a l  flow-through c o i l  p l a n e t  c e n t r i f u g e  i n  China f o r  

s e p a r a t i n g  medicinal  herbs ,  such  as t h e  mixture  of q u e r c e t i n  and 

r u t i n ,  s q u a l t d i n e  and p l a t y p h y l l i n e ,  e tc .  (9). 

I n  t h e  e a r l y  1980's t h e  a u t h o r s  began t o  use a 

T h i s  paper  i n t r o d u c e s  t h e  results of s e p a r a t i o n s  of a crude 

f l a v o n o i d  sample e x t r a c t e d  from d r i e d  f r u i t s  of the sea buckthorn 

(Hippophae rhamnoides) by our h o r i z o n t a l  flow-through c o i l  p l a n e t  

c e n t r i f u g e  and a commercial model of t h e  m u l t i l a y e r  c o i l  p l a n e t  

c e n t r i f u g e  . 
s e p a r a t e d  by coi l  p l a n e t  c e n t r i f u g e  techniques .  Performance of 

t h e  above two i n s t r u m e n t s  are compared i n  terms of p a r t i t i o n  

e f f i c i e n c y ,  s e p a r a t i o n  time, sample l o a d i n g  c a p a c i t y ,  e tc .  

F i  ve f lavonoid  cons ti t u e n t s  were successf  u i l  y 

EXPERIMENTAL 

Apparatus 

The p r e s e n t  s t u d i e s  were c a r r i e d  Out w i t h  two d i f f e r e n t  types  

of t h e  c o i l  p l a n e t  c e n t r i f u g e :  one is cal led the  h o r i z o n t a l  

flow-through c o i l  p l a n e t  c e n t r i f u g e  and t h e  o t h e r ,  I t o  m u l t i l a y e r  

co i l  s e p a r a t o r  and e x t r a c t o r  ( P. C .  I n c . ,  Potomac, MD). Both 
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FLAVONOIDS CONSTITUENTS OF SEA BUCKTHORN 235 

i n s t r u m e n t s  provide  i d e n t i c a l  p l a n e t a r y  motion of t h e  column 

h o l d e r ,  i .e . ,  r o t a t i o n  about  i ts own a x i s  and r e v o l u t i o n  around 

t h e  c e n t r a l  a x i s  of the  c e n t r i f u g e  a t  t h e  same angular  v e l o c i t y  i n  

t h e  same d i r e c t i o n .  T h i s  p a r t i c u l a r  mode of synchronous p l a n e t a r y  

motion of t h e  holder  Prevents  t w i s t i n g  of t h e  flow t u b e s  and 

t h e r e f o r e  permi ts  cont inuous e l u t i o n  of the mobile  phase through 

t h e  r o t a t i n g  column without  t h e  use of a convent iona l  r o t a r y  seal 

device  which would become a p o t e n t i a l  source  of var ious  

compl ica t ions  such  as l e a k a g e ,  contaminat ion ,  etc.  

The h o r i z o n t a l  flow-through c o i l  p l a n e t  c e n t r i f u g e  was 

manufactured by New Technology Appl ica t ion  Research I n s t i t u t e  of 

B e i j i n g ,  China and the  d e t a i l e d  des ign  of t h e  a p p a r a t u s  has  been 

d e s c r i b e d  elsewhere ( 9 ) .  The r o t a r y  frame of t h e  appara tus  hold a 

p a i r  of column h o l d e r s  symmetr ica l ly  a t  a d i s t a n c e  of 1 4  ern from 

the  c e n t r a l  ax i s  of t h e  c e n t r i f u g e .  A s h o r t  coiled column o r  

column u n i t  was prepared by winding a p iece  of PTFE 

( p o l y t e t r a f l u o r o e t h y l e n e )  t u b i n g ,  2 .5  mm I . D .  and 0.5 mm wall 

t h i c k n e s s ,  o n t o  a s t a i n l e s s  steel  p ipe  of 1.25 em O.D. and 50 em 

i n  l e n g t h ,  making about  117 h e l i c a l  t u rns .  Eight  column units 

were connected i n  series and mounted symmetr ica l ly  around t h e  

column holder a t  a d i s t a n c e  of 3.2 em from t h e  holder  a x i s  w i t h  a 

va lue  o f  0.23. The B v a l u e  is  given by a r a t i o  of t h e  radius of 

r o t a t i o n  ( r )  t o  t h e  r a d i u s  of r e v o l u t i o n  (R) or 8 = r/R which is 

a n  impor tan t  parameter  t o  determine hydrodynamic d i s t r i b u t i o n  of 

t h e  two s o l v e n t  phases i n  t h e  r o t a t i n g  c o i l e d  column. The t o t a l  

c a p a c i t y  of t h e  c o i l e d  colunn measured approximately 200 m l .  
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236 ZHANG ET AL. 

I n  t h e  second a p p a r a t u s  c a l l e d  t h e  I t o  m u l t i l a y e r  c o i l  

s e p a r a t o r  and e x t r a c t o r  (a commercial model of t h e  m u l t i l a y e r  coil 

p l a n e t  c e n t r i f u g e ) ,  t he  Column holder  i s  p o s i t i o n e d  a t  a d i s t a n c e  

of 10 an from the c e n t r a l  axis of t h e  c e n t r i f u g e .  The  s e p a r a t i o n  

c o l m n  was prepared by winding a l o n g  p iece  of PTFE t u b i n g ,  1 .6  mm 

I . D .  and 0.3 mm w a l l  t h i c k n e s s ,  d i r e c t l y  o n t o  t h e  holder  hub of 10  

cm diameter making m u l t i p l e  c o i l e d  l a y e r s .  The B value  ranges  

from 0.5 a t  t h e  i n t e r n a l  te rmina l  t o  0.8 a t  t h e  e x t e r n a l  t e r m i n a l .  

The t o t a l  c a p a c i t y  of  t h e  m u l t i l a y e r  c o i l  measures about 280 m l .  

P r e p a r a t i o n  of Two-Phase Solvent  System and Sample S o l u t i o n  

A two-phase s o l v e n t  system composed of 

chloroform/methanol/water a t  a 4:3:2 volume r a t i o  was e x c l u s i v e l y  

used i n  t h e  p r e s e n t  experiment. The s o l v e n t  mixture  was 

thoroughly  e q u i l i b r a t e d  i n  a s e p a r a t o r y  f u n n e l  a t  room tempera ture  

and s e p a r a t e d  before  use. 

Crude f l a v o n o i d  sample used for  CCC s e p a r a t i o n  was yellow 

powder prepared  from dr i ed  f r u i t s  of sea buckthorn (H. 

rhamnoides)  by e t h a n o l  e x t r a c t i o n .  The sample i s  i n s o l u b l e  i n  

water. The sample s o l u t i o n  was prepared by d i s s o l v i n g  t h e  above 

sample i n  t h e  s o l v e n t  mixture a t  a c o n c e n t r a t i o n  of 2.2 g%. 

Experimental  Procedures  

S e p a r a t i o n  of crude f l a v o n o i d  sample was performed by t h e  two 

t y p e s  of  CCC i n s t r u m e n t s  u s i n g  t h e  lower nonaqueous phase as the  

mobile phase. S e p a r a t i o n  w i t h  t h e  m u l t i l a y e r  c o i l  p lane t  

c e n t r i f u g e  was performed as follows: The coiled column was f i r s t  

e n t i r e l y  f i l l e d  w i t h  t h e  s t a t i o n a r y  upper phase fo l lowed by 
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FLAVONOIDS CONSTITUENTS OF SEA BUCKTHORN 2 3 1  

i a e c t i o n  of sample s o l u t i o n  through t h e  sample por t .  Then, the 

appara tus  was rotated a t  t h e  optimum r e v o l u t i o n a l  speed of 800 rpm 

w h i l e  t h e  lower mobile phase was pumped i n t o  t h e  head end of t he  

column a t  200 ml/h f low rate .  Eff luent  from t h e  t a i l  of t h e  

c o i l e d  column was cont inuous ly  monitored w i t h  a UV monitor  a t  278 

nm and f r a c t i o n a t e d  i n t o  t es t  tubes w i t h  a f r a c t i o n  c o l l e c t o r .  

Aliquot  of each f r a c t i o n  was d i l u t e d  w i t h  methanol and the  

absorbance was determined a t  260 nm w i t h  a spec t rophotometer .  

S e p a r a t i o n  w i t h  t h e  h o r i z o n t a l  flow-through c o i l  p l a n e t  c e n t r i f u g e  

was s i m i l a r l y  performed except  t h a t  the  column was f irst  e l u t e d  

w i t h  t h e  mobile phase f o r  about  5 min before  i n j e c t i o n  of the  

sample s o l u t i o n .  Detailed experimental  c o n d i t i o n s  a p p l i e d  t o  both 

s e p a r a t i o n s  are l i s t e d  i n  Table  1. 

TABLE 1 

Compariscjn of experimental  c o n d i t i o n s  a p p l i e d  t o  s e p a r a t i o n s  
on two t y p e s  of coi l  p l a n e t  c e n t r i f u g e  ( C P C )  

Appar a t  u9 Sample Colmn Revolut ion Flow s. P* Time 
Capac i ty  Rate Retent ion  

(mg) ( m l )  (rpmf (ml/hr) ($1  ( h r )  

M u l  ti layer  100 280 800 200 65.7 2.5 
CPC 

Hor i zont  a1 

CPC 
Flow-through 20 200 300 60 35.0 4.5 

*S.P. - S t a t i o n a r y  Phase 
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238 ZHANG ET AL. 

P a r t i t i o n  E f f i c i e n c y  Determinat ion 

P a r t i t i o n  e f f i c i e n c y  of t h e  m u l t i l a y e r  c o i l  was c a l c u l a t e d  

from t h e  chromatogram accord ing  t o  t h e  convent iona l  gas 

chromatographic  formula.  

where N is p a r t i t i o n  e f f i c i e n c y  expressed  i n  terms of theoretical  

p l a t e s  (TP); R, r e t e n t i o n  time of t h e  peak maximum; and w ,  t he  

peak w i d t h  expressed  i n  t h e  same unit as R .  

P a r t i t i o n  C o e f f i c i e n t  Determinat ion 

Once t h e  s o l u t e  peaks are w e l l  r e s o l v e d ,  the  p a r t i t i o n  

c o e f f i c i e n t  of each component can be estimated from the  

chromatogram by measuring t h e  r e t e n t i o n  time of the  peak maximum 

and u s i n g  t h e  f o l l o w i n g  e q u a t i o n  

where K is t h e  p a r t i t i o n  c o e f f i c i e n t  ob ta ined  by s o l u t e  

c o n c e n t r a t i o n  i n  t h e  mobile  phase d iv ided  by t h a t  i n  t h e  

s t a t i o n a r y  phase; C ,  t h e  t o t a l  c o l m n  c a p a c i t y ;  R f ,  t h e  r e t e n t i o n  

volune of t h e  s o l v e n t  . f ron t ;  and R ,  t h e  r e t e n t i o n  volume of t h e  

s o l u t e  peak. The p a r t i t i o n  c o e f f i c i e n t  of each component i s  also 

e x p e r i m e n t a l l y  determined by r e d i s t r i b u t i n g  t h e  peak f r a c t i o n  and 

measuring t h e  absorbance i n  t h e  upper and t h e  lower phases. The 

above methods were used t o  i d e n t i f y  t h e  q u e r c e t i n  and i sorhamnet in  

from t h e  f r a c t i o n s  obta ined  from t h e  m u l t i l a y e r  c o i l  s e p a r a t i o n .  
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FLAVONOIDS CONSTITUENTS OF SEA BUCKTHORN 239 

RESULTS AND DISCUSSION 

Fig.  1 shows a chromatogram of t h e  c rude  f l a v o n o i d  sample 

o b t a i n e d  w i t h  t h e  h o r i z o n t a l  flow-through coi l  p l a n e t  c e n t r i f u g e .  

F i v e  f l a v o n o i d  peaks were r e s o l v e d  and e l u t e d  o u t  i n  4.5 hours .  

The results o b t a i n e d  w i t h  t h e  p r e s e n t  CCC method are s u b s t a n t i a l l y  

bet ter  t h a n  t h o s e  from t h e  convent ional  column chromatography i n  

terms of both peak r e s o l u t i o n  and s e p a r a t i o n  time. 

Fig. 2 shows a similar chromatogram o b t a i n e d  w i t h  the 

m u l t i l a y e r  c o i l  p l a n e t  c e n t r i f u g e .  Compared w i t h  t h e  results 

o b t a i n e d  w i t h  t h e  h o r i z o n t a l  flow-through c o i l  p l a n e t  c e n t r i f u g e ,  

s e p a r a t i o n  are much improved. A l l  components were completely 

r e s o l v e d  from each other as symmetrical peaks and e l u t e d  o u t  i n  

2.5 hours .  P a r t i t i o n  e f f i c i e n c i e s  computed from equat ion  (1) 

r a n g e  from 800 TP (2nd peak) t o  530 TP ( 5 t h  peak) .  By c a l c u l a t i n g  

t h e  p a r t i t i o n  c o e f f i c i e n t s  of each peak  accord ing  t o  equat ion  ( 2 )  

and comparing t h e  obta ined  va lues  w i t h  t h o s e  of t h e  pure 

compounds, q u e r c e t i n  and i sorhamnet in  peaks were i d e n t i f i e d  as 

l a b e l l e d  i n  t h e  chromatogram. 

The above r e s u l t s  c l e a r l y  i n d i c a t e  s u p e r i o r  performance of 

t h e  m u l t i l a y e r  coil  p l a n e t  c e n t r i f u g e .  I n  s p i t e  of f i v e - f o l d  

sample l o a d i n g ,  t he  method y i e l d e d  much h igher  p e a k  r e s o l u t i o n  and 

t h e  s e p a r a t i o n  was completed i n  a c o n s i d e r a b l y  shorter per iod  of 

time. 

P a r t i t i o n  e f f i c i e n c y  i n  CCC h i g h l y  depends upon t h e  a p p l i e d  

c e n t r i f u g a l  f o r c e  f i e l d  and t h e  column geometry on t h e  holder .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



240 ZHANG ET AL. 

a 

Isorhamnetin 

Quercetin 

3 3.5 4 4.5 LFl  2.5 %A, 
TIME (hrs) 

Figure  1 : Countercur ren t  chromatogram of f l a v o n o i d s  i n  crude 
e x t r a c t  from d r i e d  fruits of sea buckthorn by a h o r i z o n t a l  
flow-through c o i l  p l a n e t  c e n t r i f u g e .  Condi t ions  f o r  CCC: Sample 
s i z e ,  20 mg; s o l v e n t  system, chloroform/methanol/water (4:3:2); 
mobile phase, lower phase; flow ra te ,  60 m l / h r ;  r e v d u t i o n ,  300 
rpm; f r a c t i o n  volune,  3 ml. 

25 

20 ' Y 15 

z 

- 

u" 

8 
< 5  

a 

$ 10 

m 

Isorhamnetin 

A Quercetin h 

TIME (hrs) 

Figure  2: Countercur ren t  chromatogram of f l a v o n o i d s  i n  crude 
extract from d r i e d  f r u i t s  of sea buckthorn by a m u l t i l a y e r  coil  
p l a n e t  c e n t r i f u g e .  Condi t ions  f o r  CCC: sample s i z e ,  100 mg; 
s o l v e n t  system, chloroform/methanol/water (4:3:2); mobile phase, 
lower phase; flow ra te ,  200 m l / h r ;  r e v o l u t i o n ,  800 rpm; f r a c t i o n  
volune ,  6ml. 
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FLAVONOIDS CONSTITUENTS OF SEA BUCKTHORN 24 1 

The above two t y p e s  of t h e  coi l  p lane t  c e n t r i f u g e  produce an 

i d e n t i c a l  mode of p l a n e t a r y  motion which y i e l d s  a h i g h l y  complex 

heterogeneous d i s t r i b u t i o n  of c e n t r i f u g a l  force v e c t o r s .  Except 

f o r  t h e  v i c i n i t y  of t h e  holder  a x i s ,  each vec tor  radiates 

outwardly from the  holder  whi le  p e r i o d i c a l l y  changing i t s  

magnitude and d i r e c t i o n  d u r i n g  each  r e v o l u t i o n a l  c y c l e  ( 1  0) .  This  

c e n t r i f u g a l  force f i e l d  produces d i f f e r e n t  hydrodynamic 

d i s t r i b u t i o n  of two s o l v e n t  phases a c c o r d i n g  t o  t h e  l o c a t i o n  and 

o r i e n t a t i o n  of t h e  coiled column on t h e  holder .  

I n  t h e  h o r i z o n t a l  flow-through c o i l  p l a n e t  c e n t r i f u g e ,  each 

c o i l e d  c o l m n  is mounted on t h e  per iphery  of  t h e  h o l d e r .  Under 

t h i s  e c c e n t r i c  c o i l  o r i e n t a t i o n ,  t h e  r a d i a l l y  d i r e c t e d  c e n t r i f u g a l  

force f i e l d  d i s t r i b u t e s  two s o l v e n t  phases i n  t h e  c o i l  i n  such  a 

way t h a t  t h e  l i g h t e r  phase is h e l d  i n  t h e  i n n e r  l o o p  and t h e  

h e a v i e r  phase i n  t h e  o u t e r  l o o p  of  each h e l i c a l  t u r n .  

Consequent ly ,  e l u t i o n  with e i t h e r  phase through t h e  coil  r e t a i n s  

the  o t h e r  phase i n  each hel ical  t u r n  while t h e  f l u c t u a t i n g  

c e n t r i f u g a l  force f i e l d  s t e a d i l y  a g i t a t e s  t h e  two s o l v e n t  phases  

t o  promote t h e  p a r t i t i o n  process .  While t h e  system provides  an 

e f f i c i e n t  s o l u t e  p a r t i t i o n i n g ,  t h e  v o l m e  of t h e  s t a t i o n a r y  phase 

r e t a i n e d  i n  t he  colunn is always less than 50% of t h e  t o t a l  

c a p a c i t y  of the  c o l m n  which fu r the r  decreases with h igher  f low 

rate of the  mobile  phase. This  l i m i t s  the a p p l i c a t i o n  of a h igh  

flow rate of t h e  mobile phase i n  t h e  h o r i z o n t a l  flow-through c o i l  

p l a n e t  c e n t r i f u g e  . 
I n  t h e  m u l t i l a y e r  coi l  p l a n e t  c e n t r i f u g e ,  t h e  c o i l e d  column 

is c o a x i a l l y  mounted around t h e  holder  which creates completely 
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d i f f e r e n t  hydrodynamic e f f e c t s .  Under t h i s  c o i l  o r i e n t a t i o n ,  t he  

outwardly d i r e c t e d  c e n t r i f u g a l  f o r c e  f i e l d  s e p a r a t e s  t h e  two 

s o l v e n t  phases  i n  t he  c o i l  i n  such  a way t h a t  t h e  l i g h t e r  phase i s  

l a y e r e d  o v e r  t h e  h e a v i e r  phase a long  t h e  l e n g t h  of t h e  c o i l  while 

the u n d u l a t i n g  c e n t r i f u g a l  force f i e l d  moves one o f  t h e  phases 

(head phase)  toward t h e  head t o  e s t a b l i s h  a u n i l a t e r a l  

hydrodynamic d i s t r i b u t i o n  of t h e  two s o l v e n t  phases i n  t h e  c o i l .  

T h i s  u n i l a t e r a l  phase d i s t r i b u t i o n  can be e f f e c t i v e l y  u t i l i z e d  i n  

performing CCC i n  t h e  two d i f f e r e n t  ways: The c o i l  i s  first 

f i l l e d  w i t h  t h e  t a i l  phase fol lowed by e l u t i o n  wi th  t h e  head phase 

from the  t a i l  toward t h e  head of t h e  c o i l .  A l t e r n a t i v e l y ,  t h e  

coi l  is f i r s t  f i l l e d  w i t h  t h e  head phase fol lowed by e l u t i o n  w i t h  

t h e  t a i l  phase from the head toward t h e  t a i l  of t he  c o i l .  I n  

ei ther e l u t i o n  mode t h e  system permi ts  r e t e n t i o n  of a l a r g e  volume 

of the s t a t i o n a r y  phase i n  t h e  c o i l  a g a i n s t  a high f low rate of 

t h e  mobile  phase. Furthermore,  s t r o b o s c o p i c  o b s e r v a t i o n  of t h e  

r o t a t i n g  column r e v e a l e d  a vigorous l o c a l  a g i t a t i o n  of t h e  two 

s o l v e n t  phases  i n  each hel ical  t u r n  at  t h e  v i c i n i t y  of t h e  

c e n t r i f u g e  a x i s .  Each mixing zone t r a v e l s  through t h e  c o i l  toward 

t h e  head a t  a r a t e  of one t u r n  per one r e v o l u t i o n .  Thus t h e  two 

s o l v e n t  phases  a t  any p o r t i o n  of t h e  c o i l  are s u b j e c t e d  t o  a 

t y p i c a l  p a r t i t i o n  process  of r e p e t i t i v e  mixing and s e t t l i n g  a t  an 

ex t remely  h i g h  f requency  of over 13 times per  second whi le  t h e  

mobile  phase is c o n s t a n t l y  p a s s i n g  through t h e  coi l  ( 8 ) .  

Consequent ly ,  t h e  system e n a b l e s  h ighly  e f f i c i e n t  chromatographic 

s e p a r a t i o n  of s o l u t e s  under a h igh  f low rate  of t h e  mobile  phase. 
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The l a r g e  d i f f e r e n c e  i n  performance between t h e  two CCC 

c e n t r i f u g e s ,  as demonstrated i n  t he  present  s t u d i e s ,  may well be 

expla ined  on t h e  basis of t h e  above hydrodynamic phenomena. 
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