
M E T H O D  F O R  T H E  Q U A N T I T A T I V E  D E T E R M I N A T I O N  

O F  S C H I Z A N D R I N  A N D  S C H I Z A N D R O L  

I N  S c h i s a n d r a  e h i n e n s i s  

L .  I .  S a m o i l e n k o  a n d  N .  I .  S u p r u n o v  UDC 547.562.1 : 543.062 

The ac t ive  subs tances  of Schisandra  chinensis  (Trucz.)  Baill .  (Chinese magnoliavine) a r e  lignans of 
the dibenzocyclooctadiene s e r i e s  [1-3]. They were  f i r s t  found in the seeds  [4], and then in the s t e m s  and 
rh i zomes  [5]. The l ignans p o s s e s s  valuable pha rmaco log ica l  p r o p e r t i e s  and a r e  t h e r e f o r e  used in med i -  
cine.  A po la r  f r ac t ion  of the lignans containing the main  component - schizandr in  - has  a re la t ive ly  high 
biological  ac t iv i ty  [6]. 

As shown prev ious ly  [5], because  of the i r  c lose  phys lcochemica l  p r o p e r t i e s  schtzandr in  and sch iz -  
androl  a r e  e x t r e m e l y  difficult to sepa ra t e  by ch romatography .  In view of this ,  the i r  amount can be d e t e r -  
mined  only as  a to ta l .  

Fo r  quanti tat ive contro l  in the product ion of l ignans and for  the de te rmina t ion  of the quality of the Chi-  
nese  magnol iavine  raw m a t e r i a l  we have developed a ch romatopho toco lo rme t r i c  method.  It is based  on 
the co lor  reac t ion  of schizandr in  and schizandrol  with concent ra ted  sul fur ic  acid .  The method enables  the 
optical  dens i t ies  of the yellow solut ions of mix tu res  of schizandr in  and schizandrol  to be m e a s u r e d  at a 
wavelength of 350 nm.  The absorp t ion  of the solution of the lignans obeys the L a m b e r t - B e e r  law inthe range  
of working concent ra t ions  f r o m  0.1 to 1 m g / m l .  

In addition to schizandr in  and sehizandrol ,  and magnol iavine raw m a t e r i a l  contains another  eight, l e ss  
po la r ,  l ignans .  To s epa ra t e  the m i x t u r e  of l ignans p repa ra t lve ly ,  we used t h i n - l a y e r  chromatography .  They 
were  s epa ra t ed  on a pla te  with a f ixed l a y e r  of s i l ica  gel of type KSK in the ethyl a c e t a t e - p c t r o l e u m  ether  
(1 : 1) s y s t e m .  Under the act ion of concent ra ted  sulfur ic  acid, the spots  of the schizandr in  and schizandrol  
a s sumed  a br ight  yellow color  which changed when the c h r o m a t o g r a m s  were  heated.  

In the ex t rac t ion  of the comminuted  seeds ,  the lipids of the seed co re  pas s  into the ex t rac t ,  which 
d is tor t s  the r e su l t s  of the ana lys i s .  In view of th is ,  it has  been p roposed  to  use  the skin of the seeds  for  
ana lys i s  since the seed  core  contains no l ignans.  The bes t  solvent  fo r  ex t rac t ing  the lignans f rom the skin 
of the seeds  is ch lo ro fo rm.  The ex t rac t ion  of the lignans takes  place  sa t i s fac to r i ly  at o rd ina ry  t e m p e r a -  
t u r e s .  The lignans a re  obtained f r o m  t h e  s t e m s  and rh i zomes  with the min imum amount of impur i t i e s  by 
the s imul taneous  ext rac t ion  of the raw m a t e r i a l  with ch lo ro fo rm and f i l t ra t ion of the ex t rac t  through a l ayer  

TABLE 1. Stat is t ical  Analysis  of the Resul ts  of the Determina t ion  
of the Amount of Schizandrin and Schizandrol  in the Skin of the 
Seeds of the Chinese Magnoliavine 

Extract Optical 
taken, density ml 

0,2 0,210 
0,2 0,200 
0,2 0,200 
0,2 0,210 

Lignarm found 
mg [ *~ 

3,2 
3,1 
3,1 
3.2 

x - 7  I (x -'~F 

+0,05 
--0,05 
- 0,05 
+0,05 

16,0 
15,5 
15,5 
16,0 

O, 0025 
0,0025 
0,0025 
O, 0025 

Z=12,6 0,0100 
.~=a.15 

Metrological 
characteristics 

S= ±0,06 
SZ:  -+0,03 
% : ±0,09 
t~ : ±3,182 

~rel= ~2,8% 

Paci f ic  Ocean Inst i tute  of Btoorgantc  Chemis t ry ,  F a r  Eas t e rn  Scientific Center ,  Academy of Sciences 
of the USSR. T rans l a t ed  f r o m  Khimiya Pr i rodnykh  Soedinenii, No. 2, pp. 148-152, March-Apr i l ,  1974. 
Original  a r t i c l e  submit ted  March  19, 1973. 

© 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

161 



T A B L E  2. S ta t i s t ica l  Ana lys i s  o f  the  Resul t s  of  a D e t e r m i n a -  
t ion  of the Amounts  of  Schizandr in  and Schtzandro l  in the B a r k  
of  the  S tems  of  the Chinese  Magnol iavine 

Exuact 
 m en: 

0,2 
0.2 
0,2 
0,2 
0,2 

Optical 
density 

0,390 
0,385 
0,390 
0,380 
0,380 

Lignan$ found 

mg I 

55 5,5 
54 5,4 
55 
53 
53 

I 

] X - ~  

+0,1 

5,5 +0,1 
5,3 --0, I 
5,3 --0, I 

X =  27,0 
~ = 5 , 4  

(x-XF 

0,01 

0,01 
0,01 
0,01 

0,04 

Metzological 
characteristics 

S =  ±0,11 
SX= + 0,05 
% : 3,182 
t, = +0,16 

~rel= ± 2,9% 

TABLE 3. S ta t i s t ica l  Ana lys i s  of the  Resul t s  of a D e t e r m i n a -  
t ion of the Amounts  of  Schizandr in  and Schizandrol  in the B a r k  
of the  R h i z o m e s  of the Chinese  Magnoliavine 

Extract 
taken, 
ml 

i Optical 
density 

Lignans found 

m g  t " 
x - x (x2- ~')" Metrological 

I characteristics 

0,2 
0,2 
0,2 
0,2 

0,540 
O, 530 
O, 540 
O, 540 

83 
81 
83 
83 

8,3 
8,1 
8,3 
8,3 

+0,05 
--0,15 
+0,05 
+0,05 

= 33,0 
= 8,25 

0,0025 S = + 0,10 
0,0225 S~-= ± 0,05 
0,0025 % = 3,182 
0,0025 Q = + 0,16 

s . ~ ,  ~ + I .qog 

0,0300 

T A B L E  4. Dynamics  of  the Accumula t ion  o f  Lignins  a c c o r d i n g  
to the P h a s e s  of  Deve lopment  of  the  Chinese  Magnol iavine 

)ate of 
Pha~ of development :ollect- 
of the liana ng the  

ample* 
1971) 

6.1 
Dormancy 2. ]I 

4.111 
I0. IV Movement of the sap 8.V 

Budding I 14. VI 
Flowering ] 12.VII 
Beginning of fr uit.bearing I 4.VIII 
Ripeningof the fruit [ 5.IX 
Fall of t-he leaves l 3.X 
Dormancy I 2.XI 

I 

Content of lignam, % 
in the bark of the s tems  

combined schizandrin 
and 

fraction schizandrol 

6,00 2,90 
6,50 5,00 
6,00 5,00 
4,90 1,42 
7,50 3,75 
9,12 7,26 

I0,44 9,14 
8,10 6,75 
7,16 2,90 
8,10 3,05 
7,20 2~75 

in the bark of the rhizome~ 
combined [ schizandrin 

and 
fraction ] schizandrol 

I 6,00 3,00 
7,80 3,26 

8,90 I 3,75 11,50 8,25 
9,3 3,25 

II ,00 3,00 
10,30 2,50 
9,23 2,02 

of a lumina ,  which r e t a ins  the  s t e r o l s  and the  g r e e n  and yel low p igmen t s .  Be c a use  of  the  low content  of  l ig -  
hans  in the wood of  the s t e m s  and the  r h i z o m e s  (about 0.5%) they  w e r e  d e t e r m i n e d  only  in the  hark .  

The amounts  of s ch t zand r in  and s ch i zand ro l  w e r e  d e t e r m i n e d  in the seeds  of  the r ipe  f ru i t  in the 1971 
h a r v e s t  and in the s t e m s  and r h t z o m e s  as  a funct ion of  the phase  of  deve lopment  of the l iana.  

As a s t a t i s t i ca l  t r e a t m e n t  of  the r e s u l t s  of ana lys i s  has  shown (Tables  1-3) ,  the  method  developed is 
d i s t inguished  by a c c u r a c y ,  r ep roduc ib i l i ty ,  and a r e l a t ive  e r r o r  of  the r e s u l t s  of  + 2.8% fo r  the seed  skin, 
2.9% for  the s t ems ,  and 1.9% fo r  the  r h i z o m e s .  The seeds  contain  an a v e r a g e  amount  of s ch t zand r in  and 
s c h i z a n d r o l  of 3%, the  s t e m s  5%, and the r h i z o m e s  4%. It can be seen  f r o m  Table  4 tha t  the  g r e a t e s t  amount  
of l ignans a c c u m u l a t e s  in the  vege ta t ive  o rgans  in Ju ly  in the  f lower ing  phase .  In the  au tumn and win te r  
months ,  the  amount  of s ch i zand r in  and s c h i z a n d r o l  fa l l s  to  one half.  A m a r k e d  fal l  in the amoun t s  of these  
l ignans in the  s t e m s  is found in the phase  of m o v e m e n t  of  the  sap.  Thus ,  the bes t  type  of r aw m a t e r i a l  f o r  
obtaining s ch i zand r in  and s ch i zand ro l  is the  b a r k  of the s t e m s  and the  r h i z o m e s  which m u s t  be co l l ec ted  
in July .  
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Fig.  1. Calibration graph of 
a pure mixture of schizandrin 
and schizandrol .  

E X P E R I M E N T A L  

Construct ion of a Calibration Graph. To construct  the ca l ibra-  
tion graph (Fig. 1), 0.1 g (accura te ly  weighed) of a pure  mixture of 
sehizandrin and schizandrol  (1 : 1) was dissolved in ch loroform in a 
25-ml  measur ing  flask.  By means of a micropipet te ,  0.05, 0.1, 0.15, 
and 0.20 ml of the resul t ing 0.4% solution of the mixture of schizandrin 
and schizandrol  were t r an s f e r r ed  to a number  of tes t  tubes and in each 
the volume was made up to 1 ml with chloroform,  af ter  which 0.2 ml 
of concentrated sulfuric acid was added with a micropipette,  the tubes 
were shaken, 1 ml of acetone was added to each,  they were shaken 
again, and thei r  colorat ions were measu red  on a Fl~K-56 photoelectr ic  
co lo r imete r  with a No. 2 f i l ter .  The test  tubes theore t ica l ly  contained 
100, 200, 300, and 400 Mg of the mixture of schizandrin and schizandrol .  
The dependence of the optical density on the concentrat ion is l inear in 
the range of concentrat ions used. 

Determination of the Mixture of Schizandrin and Schizandrol in 
the Seeds. The skin was separated f rom the seed core .  A 0.5-g sample 
of it (accurately  weighed) was ground in a m o r t a r  with 2 g of A1203 for  
chromatography,  and the mixture was placed in a glass  tube (d =0.7 

cm, h =30 cm). It was extracted with 15 ml of chloroform into a 25-ml measur ing  flask and the extract  was 
made up to the mark  with pure ch loroform.  By means of a micropipette  0.2 ml of the extract  was deposited 
on a l ayer  of s i l ica gel fixed with gypsum at two points on a plate (9 x 12) at a distance of 3 cm, and the 
ch roma tog ram was run in the ethyl a c e t a t e - p e t r o l e u m  ether (1 : 1) sys tem.  After drying, one half of the 
plate was covered with a s t r ip  of polyethylene, and the other  was sprayed with concentrated sulfuric acid. 
When the schizandrin and schizandrol  had been shown up on the control  par t  of the plate (yellow color), the 
posit ions of their  spots on the untreated part  were determined.  These sections of the si l ica gel with the 
schizandrin  and schizandrol  (Rf  0.33 and 0.40, respectively) were scraped off, t r an s f e r r ed  to a glass  tube 
of the same size as that used for  extraction,  and eluted with 5 ml of chloroform into 50-ml beakers .  For  a 
control ,  the same a rea  of pure sorbent  as that of the sorbent with the lignans was taken and was eluted. The 
beakers  were placed under a hood and the chloroform was evaporated off. The dry  residue in each beaker  
was t rea ted  with 1 ml of chloroform,  0.2 ml of concentrated sulfuric acid was added with a microbure t te ,  
mixing was brought about by rotation, 1 ml of acetone was added, mixing was again per formed,  and the 
colored solution was placed in ace l l  with a thickness of 3.040 mm. The optical density was determined at 
350 nm on a Fl~K-56 photoelectr ic  co lo r imete r  with a No. 2 f i l ter .  

Determination of a Mixture of Schizandrin and Schizandrol in the Bark of the Stems and of the Rhiz- 
omes.  An accura te ly  weighed sample of about 1 g of a i r - d r y  raw mater ia l  finely ground in a coffee mill 
was placed in a glass tube (d=0.7 cm, h =30 cm) containing 2 g of A1203 for chromatography.  The mixture 
was extracted with 20 ml of chloroform,  the extract  was collected in a 20-ml measur ing  flask, and the solu- 
tion was made up to the mark .  The chromatography and determination of the optical density of the solutions 
under tes t  was pe r fo rmed  as descr ibed above. 

The percentage of the mixture  of schizandrin and schizandrol  in the seeds,  s tems,  and rh izomes  was 
calculated f rom the formula  

x =  A V V~ IO0 
V2 P ]000 ' 

where A is the amount of schizandrin and schizandrol  (rag) in 1 mg of extract ,  found f rom the calibration 
graph; V is the amount of extract ,  ml; V 1 is the volume in which the mixture of schizandrin and schizandrol  
was dissolved af ter  the i r  separat ion on the ch romatogram and elution f rom the sorbent,  ml; V 2 is the vol- 
ume of the extract  deposited on the chromatogram,  ml; and P is the weight of the raw mater ia l ,  g; the fac-  
to r  100 is to convert  the resul t  into a percentage and the fac tor  1000 is for converting g into mg. 

CONCLUSIONS 

A chromatophotocolor imet r ic  method for  the quantitative determinat ion of the mixture  of schizandrin 
and schizandrol  in various organs  of Schisandra chinensis (Turcz.} Baill. has been proposed.  It has been 
established that the approximate amount of schizandrin and schizandrol  in the seeds is 3%, in the s tems 5%, 
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and in the rhlzomes 4~. The best type of raw material is the bark of the stems and of the rhlzomes 
collected in July. 
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