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Among medicinal  plants,  a specia l  place is occupied by r ep resen ta t ives  of the unique family  Ara l i -  
aceae,  which are  dis tr ibuted predominant ly  in the t ropical  regions and number  about 60 genera ,  including 
800 spec ies .  Only in m a r i t i m e  regions do the Ara l i aceae  appear  in the t e m p e r a t e  zone, espec ia l ly  or  the 
t e r r i t o r y  of the Soviet F a r  East ,  where  two spec ies  of plants of this family,  grouped into s ix genera ,  grow. 
In a number  of species ,  the f i r s t  place is taken by the genus Aralia., which is r epresen ted  by smal l  t r ees  - 
Manchurian a ra l i a  (A. manshur ica  Rupr.  et Maxim.) and Japanese  a ra l ia  [A. e la ta  (Miq.) Seem.],  add by 
herbaceous  plants  - c o n t i n e n t a l  a ra l i a  (A. continentalis  Kitagawa), udo (A. eorda ta  Thunb.), and Schmidt ' s  
a ra l i a  (A. schmidt i i  Pojark) .  Other  genera  of the Ara l i aceae  of the Soviet F a r  Eas t  include only one spec ies  
each.  To these belong the herbaceous  plant ginseng (Panax ginseng C. A. Meyer) ,  Kalopanax sep temlobum 
(Thunb.) Koidz - a t ree  about 20 m high - and the bushes Echinopanax e la tum Nakai, Acanthopanax s e s s i l i -  
f lo rum (Rupr. et Maxim.) Seem. and Eleutherococcus  sent icosus  Rupr.  et Maxim. The major i ty  of the 
plants mentioned are widely dis t r ibuted in the m a r i t i m e  regions of the F a r  Eas t .  In addition, e l eu the ro -  
coccus is found in the woods of southern Sakhalin and kalopanax in southern  Sakhalin and the islands of 
Kunashi r  and Iturup° Some spec ies  of Aral ia  a re  known only in southern Sakhalin and some is lands of the 
Kuri le  archipelago.  Only one genus is cha r ac t e r i s t i c  for  Europe - English ivy (Hedera helix L.) - which, 
however,  in the sys t emat i c  aspect  is not a typical  r epresen ta t ive  of the fami ly  Ara l i aeeae .  

Among the plants mentioned, a specia l  posi t ion is occupied by ginseng - a unique re l ic t  plant.  Thanks 
to the i r  high biological  activity,  ginseng ex t r ac t s  have been used in folk medicine for  about 5000 yea r s .  
Ginseng ex t r ac t  is a medicinal  agent with a new type of action, increas ing  the o r g a n i s m ' s  capaci ty  for  r e -  
s i s tance  o renhanc ing  its capaci ty  for  work  [1]. A biological evaluation of var ious  f rac t ions  f rom ginseng 
root has shown that the max imum physiological  act ivi ty is pos se s sed  by the glycosides  [2], and it e a n t h e r e -  
fore  be stated that it is just  these that f o r m  the active pr inciples  of this plant [2, 3]. However,  the r e -  
s e r v e s  of ginseng are  ve ry  l imited and a t tempts  to find plants with a s i m i l a r  biological  action to that of 
ginseng among the other  Ara l iaceae  a re  fully just if ied.  In this respect ,  pa r t i cu l a r  attention has been de-  
voted to e leu therococcus .  As a resul t  of the pharmacologica l  invest igations pe r fo rmed ,  it has been con-  
cluded that e leutherococcus  may act as the bes t  and mos t  p romis ing  substi tute for  ginseng [41. It ha sbeen  
es tabl i shed that the biological  act ivi ty of e leutherococcus  p repara t ions  is due to the glycosides  that they 
contain. Thus, according  to I. V° Dardymov [4] the s t imulant  activity of the so -ca l l ed  "liquid" ex t r ac t  (the 
combined ex t rac t ive  substances)  is 5600 SAU33* pe r  100 g of roots and 7150 SAU33 pe r  g r a m  of purif ied g ly-  
coside f rac t ion  f rom this plant. Since, according  to V. F. Lapchik ' s  e s t ima te  [5], the total concentra t ion  of 
glycosides  in f ract ions of the liquid ex t rac t  of e leutherococcus  va r i e s  between 0.7 and 0.9%, it can be ca l -  
culated that the s t imulat ing activity of the combined glycosides  f rom 100 g of roots must  average  5800 
SAU33; this is ve ry  close to the s t imulat ing act ivi ty given above for  the whole of the ex t rac t ive  subs tances .  
Never the less ,  a fu r the r  chemica l  investigation has shown that e leutherococcus  roots contain only phenolic 
glycosides  [6] sharp ly  differ ing in s t ruc tu re  and p rope r t i e s  f rom the t r i t e rpene  glycosides  of ginseng [3]° 
Consequently,  it is stil l  p r e m a t u r e  to regard  e leutherococcus  as a substi tute for  ginseng. The mos t  p r o m -  
ising method of inc reas ing  the avai labi l i ty  of ginseng p repara t ions  may be the comple te  or  par t i a l  synthe-  
s is  of the glycosides  that they contain and of the i r  biologically active analogs,  all the more  since at the 
p re sen t  t ime this task has,  in pr inciple ,  been solved [7]. 

* Stimulating activi ty units [4]. 

Institute of Biological ly Active Substances,  F a r - E a s t e r n  Scientific Center ,  Academy of Sciences of 
the USSR, Trans la ted  f rom Khimiya Pr i rodnykh Soedinenii, No. 6, pp. 697-709, N o v e m b e r - D e c e m b e r ,  1972. 
Original  a r t ic le  submit ted F e b r u a r y  14, 1972. 

© 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No part of 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 of the publisher. ,:t 
copy of this article is available from the publisher for $15.00. 

683 



Although in teres t  is p resented  by the influence of e leutherococcus  ex t rac t s  on f r e e - r a d i c a l  p r o c e s s e s  
in radiat ion damage [8], never the less  if the pharmacologica l  l i t e ra tu re  on e leutherococcus  is analyzed [4], 
the impress ion  is c rea ted  that an ex t rac t  of this plant affects  the major i ty  of p r o c e s s e s  occurr ing  in the 
o rgan ism (protein-anabolyzing action, action on the ca rbohydra te  metabol i sm,  adaptogenic action, regula -  
tion of 'nervous  activity,  etc.) and can be used to t r ea t  e x t r e m e l y  d iverse  d i seases  (diabetes, cancer ,  r ad ia -  
tion d i sease ,  neuras thenia ,  a the rosc l e ros i s ,  etc.) .  Such a var ie ty  of biological  actions is unwarranted and 
is probably  explained by the weakness  of the pharmacolog ica l  methods used for  the i r  determinat ion.  

In spite of the large number  of investigations devoted to the pharmaco logy  of e leutherococcus  [4], the 
question of the medicinal  value of this plant st i l l  r emains  disputed. 

There is information in the l i t e ra tu re  on the biological  act ivi ty  of other  plants of the family  Ara l i -  
acease ,  as well; in pa r t i cu la r ,  acanthopanax [9], a ra l i a  [10], and ivy [11]. But, as in the case  of e l eu the ro -  
coccus,  none of these plants contains glycosides  s i m i l a r  in s t ruc tu re  to those of ginseng. 

The sys t ema t i c  chemica l  investigation of the glycosides  of Manchurian a ra l i a  [12], ginseng [13~ 14], 
kalopanax [15], e leutherococcus  [16], and acanthopanax [17] was begun in the s ixt ies;  only in the case  of the 
glycosides  of ivy had some information been obtained previous ly  [18, 19]. In a s t ruc tu ra l  study of the gly-  
cosides  of the Ara l i aceae  it was found that the ma jo r i ty  of them belong to two c l a s se s  of natural  c o m -  
pounds - t r i t e r p e n e  glycosides  and phenolic glycosides ,  and these will be d iscussed  below. 

Of other  glycosides ,  we mus t  mention the p resence  of daucos tero l  in ginseng [3, 20], e leu therococcus  
[6], and acanthopanax [21]. Another fea ture  of e l~utherocoeeus  is the p re sence  in its roots of smal l  amounts 
of ethyl ~ -D-ga lac topyranos ide  [6], isolated prev ious ly  f rom lupin seeds  [22]. 

T R I T E I ~ P E N E  G L Y C O S I D E S  O F  A R A L I A C E A E  

All the t r i t e rpene  glycosides isolated up to the p re sen t  t ime f rom plants of the family  Ara l iaceae  can 
be subdivided into two groups:  g lycosides  of t e t racyc l ic  t r i t e rpenes  of the d a m m a r a n e  s e r i e s  and glyco-  
s ides of pentacycl ic  t r i t e rpenes .  The f i r s t  group includes only the glycosides  of ginseng - panaxosides .  
They have not been found in any other  plants of this family.  The second group is composed  of glycosides  
of oleanolic acid and of hederagenin;  they are  absent  f rom ginseng but a re  p resen t  in other  spec ies  of 
plants of the family  Ara l iaceae .  

P a n a x o s i d e s  

In 1962, G. B. Elyako v et al. [3, 13, 23] isolated f rom ginseng roots  seven individual t r i t e rpene  glyco-  
s ides ,  called in o rde r  of increas ing  polar i ty  panaxosides  A - G .  An analyt ical  invest igat ion of the glycoside 
f rac t ion  showed that the glycosides  composing  it fo rm two groups:  a less  po la r  group compr i s ing  panaxo-  
sides A, B, and C (A se r i e s )  [13, 23, 24] and a more  polar  group compr i s ing  panaxosides  D, E, F, and G 
(F se r i e s )  [25]. The par t ia l  separa t ion  of the glycoside f rac t ion  into these groups was f i r s t  achieved by 
gel f i l t ra t ion on Sephadex [26]. P repa ra t ive  par t i t ion and adsorpt ion ch romatography  on alumina or  s i l ica  
gel enabled the individual glycosides of ginseng to be isolated and cha rac t e r i zed  [23, 25]. A fea ture  of the 
panaxosides  is the high labili ty of the glycone: under  any conditions of hydrolys is  a complex  mixture  of 
. t ransformation products  of the genin is fo rmed .  The main products  of acid hydrolys is  - panaxadiol [14] 
and panaxatr iol  [27] - are  a r te fac t s ,  and the native genius have not hi therto been obtained by d i rec t  methods.  
In o r d e r  to deduce the s t ruc tu re  of the native aglycones,  the majorit~y of the subs tances  obtained on acid 
hydrolys is  of the glycosides  have been isolated [3, 14, 24, 28-32]. The de terminat ion  of the s t ruc tu re s  of 
these compounds by the methods of nuclear  magnet ic  resonance spec t roscopy  and m a s s  s p e c t r o m e t r y  have 
shown the i r  in ter re la t ionship  and possible  routes  of thei r  format ion  [3, 24-39]. The acid hydrolys is  of the 
panaxosides  of the A s e r i e s  under  s eve re  conditions [3, 24, 40] fo rms  an equi l ibr ium mixture  of s ix t r i -  
terpenoids  of the d a m m a r a n e  s e r i e s  (A1-A6) with a predominance  of the leas t  po la r  compound A6, the 
s t ruc tu re  of which was es tabl ished and which was given the name of panaxatr iol  (I) [27] (see s t ruc tu re  on 
the following page.) 

Under conditions of s eve re  acid hydrolys is ,  the panaxosides  of the F s e r i e s  [29, 36-38] fo rm an 
equi l ibr ium mixture  of five t r i t e rpenes  of the d a m m a r a n e  s e r i e s  ( F 1 - F  5) differ ing f rom compounds A1-A 6. 
The predominant  component  is the mos t  polar  one, F 5 - panaxadiol (II) - the s t ruc tu re  of which has been 
es tabl ished by Japanese  worke r s  [33]. 
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-/- 

R 

(1): R=OH; panaxatrIol, 
(1I): R=H; panaxadiol. 

The fur ther  elucidation of the s t ructure  of representat ives  of the individual groups of substances 
(A1-A 6) and ( F 1 - F  6) has shown [34-37] that they are all derivatives of dihydroprotopanaxadiol (III). 

111 Rt=Ra=R,=OH; R~=Rs=H; dthydroprotopanaxadiol 
At (IV) Rt=Ra=R3=R,=Ra=OH 
F1 (V) RI--Ra=R~=R~=OH; R2=H 

A2 (VI) RI=Ra=R3=R~--OH; Rs=OCHa 
F~ (VII) RI=Ra=R~=OH; R~=H; Rs=OCH3 

A~ (Viii) RI=R2=Ra=OH; R~=Rs=OCH3 
F~ (IX) R1=Ra=OH; R:=H; R~=R~=OCH3. 

On the basis  of the s t ruc tures  of these compounds, it could be concluded that none of them can be the 
native aglycone, since compounds (IV-IX), like the main products of acid hydrolysis  (I) and (II), contain no 
multiple bonds. Fur thermore ,  they have te r t ia ry  oxygen functions, which are absent f rom the panaxosides.  
And, finally, the panaxosides of the A and the F ser ies  each contain one hydrogenatable double bond in the 
side chain and, consequently, cannot have as the native aglycones any of compounds (I, II, and IV-IX). On 
the basis of a study of the products of hydrogenation and hydroxylation of the panaxosides [38], s t ruc tures  
(Xa) and (Xb) were proposed for the native genins. These proposals  have been confirmed subsequently 
[39, 41]. 

Carbohydrate ] ~ ~ J~ 
chains ~ OH "~ "~ . 

R 2 

(Xa) Rt=R2=OH or RI=H; ~13 (17); R2=OH;panaxo~tdes of the A series: 
(Xb) R~=OH; R:=H or RI=R~=H; ~13 (171; panax~ide$ o~:the F series. 

The s t ruc tures  of the carbohydrate  moieties of the panaxosides have been established by the usual 
methods of carbohydrate  chemis t ry  [42]: complete and partial  acid hydrolysis  and the method of methyla-  
tion and periodate oxidation. 

Glyeosides analogous to the panaxosides have been isolated f rom ginseng by Shibata et al. [43] and 
have been called ginsenosides.  Japanese workers  [45] have also established the complete chemical  s t r u t -  
ture of one of the ser ies  of tr i terpene glycosides of g i n s e n g -  panaxoside A [44] [= ginsenoside Itg t (XI)]. 
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(Xi) Panaxoside A (ginsenoside P, gl ). 

G lucose  and r h a m n o s e  w e r e  d e t e c t e d  in a h y d r o l y z a t e  of p a n a x o s i d e  B [24]. B e c a u s e  of i ts  low c o n -  
c e n t r a t i o n  in the r o o t s  of g inseng ,  p a n a x o s i d e  B was not  s tud i ed  in d e t a i l .  

Subsequen t ly  [46], a n o t h e r  p a n a x o s i d e ,  B ' ,  was i s o l a t e d  and the fo l lowing  p r o v i s i o n a l  f o r m u l a  has  been  
e s t a b l i s h e d  f o r  it: 

Gp- (I -*2)-Gp-l.~ 
Gp_ l  f ag lycone  

(XII) p a n a x o s i d e  B '  

Gp = a D - g l u e o p y r a n o s e  r e s i d u e .  

The s t r u c t u r e  of p a n a x o s i d e  C can  be r e p r e s e n t e d  by two v a r i a n t s  [46, 47]: 

D-Gp- (1 -- 2)-D-Gp-I...~ L-Rhap- (I -- 2)-D-Gp-I..) 
L_Rhap_l f aglycone D_Gp_I I aglycone 

(XIII) panaxoside C 

Recently [48], panaxoside C has also been isolated from the herbage and pulp of the fruit of ginseng 
grown near Moscow. 

Panaxosides D, E, and F have much in common in the structure of the carbohydrate chains [3, 49-51]. 
The structure of panaxoside D is represented by formula (XIV): 

D-Gp- (i ~ 3) D-Gp- (1 -*3)-D-Gp-I .... 
D-Gp- (1 ~6 ) -D-Gp- l f  aglycone 

(XIV) panaxoside D 

and panaxoside E by formula (XV): 

D-Gp- (1 -*3)-D-Gp- (1 --*3)-D-Gp-1 .~ 
L-Afar- (1 ~ 6)-D-Gp-1 ~ aglycone 

(XV) panaxoside E 

L-Afar= L-arabofuranose residue. 

while for panaxoside F (XVI) the following two structures are equally probable: 

D-Gp- (1 -- 3)-D-Gp-(I -- 3)-D-Gp-I..~ 
D-Gp- (1 -* 2)-D-Gp- (i -* 6)-D-Gp-lf  aglycone 

D-Gp- (1 -*2)-D-Gp-(1 --3)-D-Gp- (1 -~3)-D-Gp-I~ 
D-Gp- (1 -* 6)-D-Gp-I aglycone 

(XVI) panaxoside F 

Shibata et al. [45, 52] have given a structure for the prosapogenin of glycosides Rb_d, which should 
correspond to panaxosides D, E, and F. However, they do not show the identity of the formerandthe latter. 

OH 

(XVIa) P r o s a p o g e n i n  of g i n s e n o s i d e  R G. 
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The question of the position of attachment of each carbohydrate  chain in panaxosides C - F  has not 
been definitely answered. There is no doubt that one of the carbohydrate  chains is attached to the hydroxyl 
at C 3 of the aglycone and the most  probable position of attachment of the other chain is the hydroxyl at C20. 
This chain stabilizes the aglycone and only when it is eliminated are the equilibrium t ransformat ions  and 
conversions of the aglycone observed [38, 45]. Panaxosides C - G  belong to the c lass  of t r i terpene oligo- 
sides [53] and serve as the f i rs t  examples of oligosides of neutral  te t racycl ic  t r i terpenoids with two l inear  
sugar  chains [3]. This c i rcumstance  explains their  high stability to hydrolysis ,  since the format ion of a 
secondary s t ructure  is possible with the aid of hydrogen bonds between the monosacchar ide  residues of 
each carbohydrate  chain. The existence of such a secondary s t ructure  affects the chemical  and b iochem- 
ical behavior  of the molecule (difficulty of acid hydrolysis  and of exhaustive methylation, increased r e s i s -  
tance to enzymatic  cleavage, etc.). 

Aecordingto  pre l iminary  results ,  panaxosides may be present  in another species of ginseng - A m e r i -  
can ginseng (_P. quinquefolium) [84]. No panaxosides have been found in other species,  which shows the spe-  
cial position of P. ginseng and, possibly, P_.: quinquefolium in the family Aral iaceae.  

G l y c o s i d e s  o f  O l e a n o l i c  A c i d  

Tri terpene glycosides the genin of which is oleanolic acid (oleanolosides) have been found in var ious  
species of aral ia  [12, 55-61], in two species of ginseng - P_..: japonicus and P___. repens [16] - ,  ivy [63], and 
eleutherococcus [6, 64, 65]. 

A study of a methanolic extract  of the roots of Manchurian aral ia  showed that it contained three t r i -  
terpene glycosides,  which were called aralosides  A, B, and C [12, 55]. The same glycosides are  present  
in other  species of aral ia  [58-61]. The aralosides  are present  in all the organs of the plant, but the g r ea t -  
es t  amount is found in the bark of the roots.  

The mixture of aralosides was separated into its individual components by parti t ion chromatography 
on columns of alumina with gradient elution [56]. Acid hydrolysis  of the aralosides formed as the genin 
only oleanolic acid. F rom the results  of e lementary  and chromatographic  analysis it was concluded that 
araloside A is a trioside and aralosides B and C are te traosides of oleanolic acid. Araloside A (XVII)con- 
tains one residue each of D-glucose, L-arabinose ,  and D-glucuronic acid, while araloside B (XVIII) con- 
tains the same monosacchar ides  in a ratio of 1:2 : 1. The carbohydrate  moiety of araloside C (XIX) con-  
sists  of residues of D-glucose, D-galactose,  D-xylose, and D-glucuronic acid (1 : 1 : 1 : 1). The conf igura-  
tions of the glycosidic bonds were determined with the aid of KlyneTs rule [66]. 

H 

0R z 

(XVll) Rt=e--L--Ara f 1--4~I--D--G A 1~; R~=~--D--G -*; R3=H aralo,~de A 
(XVlll) RI==--L--Ara f 1~3 

=--L--Ara f 1-.4 ~--D--O A I--*; l~==~--D--O *; R3=H araloside B 

(XlX) RI:~I--D--Gal p 1-.3 
~--D--Xyl p 1-.4 [~--D--G A 1-*; R~----~--D--G -~; R3----H araloside C 

(XX) RL==--L--Rha p 1--4a--L--Ara p 1-*; R2=Ra=H mubenin B= eleutherosideE 
(XX[) Rl=~--L--Rha p l-*2a--L--Ara p 1-% R==R3----Heleutheroside K 
(KXII) Rt=a--L--Rha p l-*4=--L--Ara p 1-*; eleutheroside L 

R2=a--L--Rha p 1-*4[l--D--fi pl-*6~--D--G p l-~; Ra=H 
(XXIII) Rl=a--L--Rha p l~2a--L--Ara p I-*; hederasaponin B= eleutheroside M 

R2:a--L--Rha p !~4~--D--G p I~6~--D--G p 1-*; Ra----tt 
(XXIV) RI-~G l-*4Ara 1~; R2=H; Ra=CH2OH hederacoside A kalopanaxsaponin A 
(XXV) R~=a--L--Rha 0 1-~2a--L--Ara p 1-~; R~=H; Ra=CH2OH kalopanaxsaponinA 

A 
(XXVI) R~----a--L--Rha p 1-~2=--L--Ara p l-~; kalopanax saponin B:  hederasaponin 

R2=a--L--Rha p 1-*4~--D--G p I--6~--D--G p.l--; R3=CH2OH 

Thus, the aralosides belong to the c lass  of t r i terpene oligosides, which are widely distributed in na- 
ture [53]. Charac ter i s t ic  for their  s t ructure  is the presence of two carbohydrate  chains, one of which is 
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attached by anO-acyl  glycosidic bond, and of branching in the carbohydrate  moiety of aralosides B and C. 
A feature of this group of oleanolosides is that they all contain D-glucuronic acid. Similar oleanolosides 
containing D-glucose, L-arabinose ,  and D-glucuronic acid in the carbohydrate  chain have been isolated 
f rom the roots of P_: repens and P_: )aponicus; the s t ruc tures  of these glycosides have not been de- 
scr ibed [62]. 

The oleanolic acid glycosides isolated f rom the leaves of e leutherococcus and ivy differ f rom the 
aralosides  by the absence of D-glucuronic acid f rom their  carbohydrate  chain. 

Four glycosides,  called eleutherosides J - M  have been found in the leaves of eleutherococcus [6, 64], 
while the leaves of ivy contain only one oleanolic acid glycoside - hederasaponin B [63]. A recent  investi- 
gation [65] has shown that eleutheroside J is identical with mubenin B (XX) isolated f rom the seeds of the 
South Japanese plant Stauntonia hexaphylla and studied previously by Japanese workers  [67]. In addition, 
it has been found that eleutheroside M and hederasaponin B (XXIII) have the same s t ruc ture .  Eleuthero-  
sides J (XX) and K (XXI) are biosides and contain one L- rhamnose  residue and one L-arabinose  residue in 
their  carbohydrate  chains; hederasaponin B (XXIII) and eleutheroside L (XXII) are pentaosides; their  mol-  
ecules contain D-glucose, L- rhamnose ,  and L-arabinose  residues in a ratio of 2 : 2 : 1. The complete 
s t ruc tures  of eleutherosides J - L  [65] and of hederasaponin B [63] are represented by formulas (XX-XXIII). 

Eleutherosides J and K, and also L and M, differ f rom one another in the carbohydrate  chain attached 
to the C 3 hydroxyl of oleanolic acid. It is possible that eleutherosides J and K are biogenetic p r ecu r so r s  of 
eleutherosides L and M, and, most  probably, a preformed carbohydrate  chain added to the carboxy group of 
the genin. Similar considerat ions have recently been put forward by a number of workers  [54, 68]. Heder-  
asaponin B and eleutherosides L and M are typical representat ives  of the tr i terpene oligosides and have all 
the s t ructural  features cha rac te r i s t  for this c lass .  

H e d e r a g e n i n  G l y c o s i d e s  

As long ago as 1912, Van der  Haar [18] isolated a -heder in  from ivy leaves and showed that it was a 
bioside of hederagenin containing one rhamnose residue and one arabinose residue in thecarbohydra techa in .  

In 1955, Scheidegger and Cherbuliez [19], on studying the s tems and leaves of the plant found no a -  
hederin; they isolated hederacoside A and established its s t ruc ture  (XXIV), showing that it is a bioside of 
hederagenin containing glucose and arabinose residues.  

In 1964, of the three  t r i te rpene glycosides  present  in the roots  of Kalopanax septemlobum, two were 
isolated in the individual state and were named kalopanax saponins A and B [69]. They proved to be bioside 
and a pentaoside of hederagenin, respect ively .  

In 1965, Tschesche et al. [63] found in a methanolic ext rac t  of ivy, in addition to c~-hederin, two other 
t r i terpene glycosides:  hederasaponins B and C. The s t ructure  of hederasaponin B (XXIII) is given above; 
hederasaponin C is a hederagenin pentaoside. A direct  compar ison of a -heder in  with kalopanax saponin A 
and of hederasaponin C with kalopanax saponin B showed that these glycosides are completely identical [63]. 

The s t ructures  of kalopanax saponins A and B [70, 71], ~-hederin,  and hederasaponin C [63] were de- 
termined almost simultaneously.  The complete s t ruc tures  of these compounds correspond to formulas 
(XXV) and (XXVI). 

A simple compar ison  has shown that the carbohydrate  chains of eleutheroside K and of ~-heder in  
(kalopanax saponin A) are identical, while kalopanax saponin B (hederasaponin C) has a carbohydrate  chain 
of the same s t ructure  as hederasaponin B (eleutheroside M) (compare formula XXI with XXV and XXIII 
with XXVI). 

It is possible that kalopanax saponin A (a-hederin) is a biogenetic p r e c u r s o r  of kalopanax saponin B 
(hederasaponin C). It may be assumed that in the case of hederasaponin B a s imi la r  p r e c u r s o r  is present  
in ivy, in the same way as is found in e leutherococcus.  

Thus, the tr i terpene glycosides of kalopanax, ivy, and eleutherococcus have much in common in their 
s t ructure ,  which shows the biogenetic affinity of these plants. 

P H E N O L I C  G L Y C O S I D E S  

A pre l iminary  investigation of methanolic extracts  of the roots of e leutherococcus,  acanthopanax, 
and echinopanax has shown that they contain phenolic glycosides and glycosidic fract ions of s imi la r  corn- 
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position [3, 5], 6, 21]. I t  is important to note the complete absence of t r i terpene glycosides f rom the roots 
of these plants [3]. At the present  time, the glycosides of the roots of acanthopanax (17, 21, 72, 73) and of 
eleutherococcus [5, 6, 16, 74-78] have been studied in detail. 

In an investigation of the chemical  composit ion of the extract ive substances f rom the roots of acan- 
thopanax, it was established that the glycosidic fract ion consis ts  mainly in lignane glycosides the genins 
of which belong to lignanes of the diphenyl-3,7-dioxobicyclo[3.3.0]octane se r ies .  Similar glycosides have 
been found in the roots of e leutherococcus [74]. Chromatographic  analysis of the glycoside f ract ion of 
acanthopanax has shown that it contains four glycosides,  which have been called acanthosides A - D  [17]. 
The individual acanthosides were obtained by part i t ion chromatography on alumina in the b u t a n - l - o l - e t h -  
a n o l - w a t e r  system and by adsorption chromatography on si l ica gel with gradient  elution by c h l o r o f o r m -  
methanol mixtures .  In this way it was established that the main component of the mixture of glycosides is 
acanthoside D. Acanthosides A and B are  monoglucosides and acanthosides C and D are diglucosides of 
lignanes. A chromatographic  investigation of the extract ive substances of e leutherococcus showed that the 
glycosidic fract ion of the roots and s tems of this plant contained, in addition to daucosterol  (eleutheroside 
A) and ethyl ol-D-galactopyranoside (eleutheroside C), which have been discussed above, a group of phenolic 
glycosides which have been called eleutherosides B, B1, and D - G  [5, 6, 16]. The main components of this 
mixture - eleutherosides B, Bt, and E - were obtained in the individual state by adsorption chromatography 
on si l ica gel. It is interesting to note that e leutherosides B and B 1 accumulate mainly in the bark  of the 
roots and the s tems,  while eleutheroside E is found in the core  of these organs [5,78]. The amounts of the 
other eleutherosides are very  small  and vary  widely, so that some of these compounds are  completely ab- 
sent f rom individual batches of raw mater ia l .  The amount of the eleutheroside fract ion in the s tems is 1.5 
t imes greater ,  on an average,  than in the roots and rhizomes [5, 77]. The results  of a compar ison  of e leu-  
theroside E and acanthoside D has shown that they are completely identical [74]. Both compounds are di-  
glucosides and have the same lignane-type genin, which is also that of acanthoside B. A compar ison  with 
synthetic (+) -syr ingares inol  and natural (+)-syr ingares inol  ( l ir ioresinol C) [79] showed that the genin of 
acanthosides B and D and of eleutheroside E is ( - ) - s y r i n g a r e s i n o l  [21, 74]. The complete s t ruc tures  of 
these glycosides are shown by formulas (XXVII) and (XXVIII). 

(XXVII) R,:R~=R~=R6=OCH~; R===~--D-- Gp --* O; • Rs=OH- acanthodde B 
(XXVIII) R1=R3=R4= R~-----OCH3; R2----R.~=~--D-'Gp ~ O- acanthoside D, eletCheroside E 
(XXIX) Rt=R3=H; R~=R~=OH; I~s=R6=OCH3 

Neither ( - ) - s y r i n g a r e s i n o l  itself nor its glycosides had been isolated previously;  however,  it has 
been shown [79] that the tulip tree .Liriodendron tulipifera L. contains liriodendrin, which is a diglucoside 
of (+)-syr ingares inol .  The proper t ies  of acanthosides A and C are s imi la r  to those of acanthosides B and 
D. The results  of a study of the IR and NMR spect ra  of their  genin permitted it to be ascr ibed the s t ruc -  
ture of the lignane (XXIX). Acanthoside A is its monoglucoside at one of the phenolic hydroxyls and acan-  
thoside C is a diglucoside of this lignane. Lignane glycosides are important  components of the glycosidic 
f ract ion of this group of plants. 

The roots of Eleutherococcus sentieosus contain two other glycosides besides eleutheroside E: 
e leutherosides  B and B i. Their s t ruc tures  have also been established [6, 75, 76]. They proved to be iden- 
tical with previously known compounds. Eleutheroside B is syringin, i.e., the 4-fl-glucoside of sinapyl al-  
cohol (XXX). Considerable amounts of syringin are  present  in common lilac Syringa vulgaris  L. [80]. 

OH=~,H- CH.OH 

CH~O~OC.~" 
O~cose 
xXX 
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Eleutheroside B l is calycanthoside,  i.e., isofraxidin 7-~-g lucos ide  (XXXI)[75]. This glycoside has 
been isolated f rom the branches of Calycanthus occidentalis Hook [81]. 

~-D-G-.O"~r~ ~,0~0 
OGH a 

XXX! 

We may note that no unusual compounds charac te r i s t i c  only of e leutherococcus have so f a r  been found 
in appreciable amounts in any of the organs of this plant. 

The molecules of eleutherosides B, Bi, and E, and also those of acanthosides A - D ,  are based on a 
phenylpropane grouping and, consequently, the biosynthesis  of these compounds must  be connected with the 
biosynthesis of phenolic compounds in general  of the C 6 - C  3 f ragment  in par t icular .  Starting f rom modern 
ideas on the routes of biosynthesis of phenylpropanes in plants and f rom the s t ruc ture  of the above-men-  
tioned glycosides it may be assumed with a high degree of probability that these glycosides are formed in 
the plant from low-molecular-weight  nonaromatic compounds via shikimic acid [5]. The possibil i ty of the 
dimerizat ion of sinapyl alcohol with the formation of syringare~sinol has been shown by Freudenberg [82]. 
Since in syringin the C 3 fragment  of the molecule of sinapyl alcohol remains unchanged, the possibil i ty of 
the dimerizat ion of eleutheroside B in the plant with the formation of eleutheroside E appears fully prob-  
able [5]. There is no doubt that eleutheroside B 1 is also a product of the biosynthetic t ransformat ion of 
s y r i n g i n -  in part icular ,  of s inapyl alcohol [6]. 

S O M E  C H E M I C O T A X O N O M I C  L A W S  

IN T H E  F A M I L Y  A R A L I A C E A E  

Information on the chemical  composit ion of plants of the family Aral iaceae has permitted some con- 
clusions which are useful for the sys temat ics  of these plants [3]. The major i ty  of the plants of this family 
that have been studied contain tr i terpene glycosides which can play the part  of taxonomically valuable sub- 
stances.  It is therefore desirable to compare  the systemat ic  position of the Aral iaceae of the Fa r  East  
with the presence of t r i terpene glycosides in them and with the s t ructure  of these compounds.  Nearly every  
species has numerous synonyms: ear l ier ,  on the basis of a number of botanical, geographical,  and other 
charac te r i s t i c s  authors distinguished individual species,  which were then combined into a single species.  
This led to confusion in the sys t ema t i c s  of the species found in the Soviet Fa r  East,  as well. The species 
composit ion of plants of the genus Aralia proved to be par t icu lar ly  numerous.  At the present  time it has 
been reduced to four species.  Chemica l  data confirm their  taxonomic propinquity. They all contain a ra lo-  
sides - g l y c o s i d e s  of oleanolic acid the carbohydrate  chain of which Contains a glucuronic acid residue.  
The separat ion of this genus into species has been done on the basis of their  geographical  distribution. 
Very close to this genus are two species of ginseng: P. repens and P. japonicus, in the roots of which there 
are glycosides s imi la r  to the aralosides .  Another group of Aral iaceae consists  of kalopanax and ivy, which 
contain hederagenin glycosides.  Another group is represented by eleutherococcus,  acanthopanax, and 
echinopanax, in the roots of which tr i terpene glycosides are completely absent and lignane glycosides are 
present .  

F rom the composit ion of the glycoside fract ion of the leaves, e leutherococcus is close to ivy and 
aral ia .  The presence of oleanolic acid glycosides in these plants may show their phylogenetic kinship. Un- 
fortunately, the leaves of acanthopanax and echinopanax have not been studied, but it is not excluded that 
they also contain tr i terpene glycosides,  and it may be assumed that these are glycosides of oleanolic acid. 

In the genus Panax, ginseng, P .  ginseng, has been studied in grea tes t  detail. As mentioned above, 
this plant contains a special  type of neutral glycosides of te t racycl ic  t r i terpenoids.  Closest  to this species 
is Amer ican  ginseng _P. quinquefolium. It is not a mat te r  of doubt that these species of the genus are the 
most  woody of the whole family. This genus is distinguished f rom all the others by the fact that almost  all 
its representat ives  are herbaceous plants. P. ginseng, a species with a rudimentary embryo,  differs con-  
s iderably in its biology f rom the other species.  It is apparently c loses t  to those ancient ances ters  from 
which the Araliaceae were formed.  This is also confirmed by the chemical  s t ructure  of the glycosides 
isolated from ginseng. If one considers  general ly accepted theories of biogenesis,  the stage of a t e t r acy-  
clic t r i terpene ion is intermediate in the synthesis of all the pentacyclic tr i terpenoids,  and they are,  as 
it were, the highest phase of cyclizat ion and are present  in botanically younger species .  
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Thus, the determinat ion of the chemical  nature of the glycosides of the Aral iaeeae family  has pe r -  
mitted the drawing of a number of important  conclusions concerning the biological activity of ex t rac t s  of 
various species  in d i rec t  connection with the composit ion of thei r  glycoside fract ions and an approach to 
an elucidation of the mechanism of the action of the individual glycosides on the organism as a function of 
the i r  s t ruc ture  [83]. 
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