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The leaves  of some  spec ies  of F a r  E a s t e r n  b i rch  contain te t racyc l ic  t r i t e rpenoids :  betulafol ienetr iol  (I), 
betulafol ienetr iol  oxide (II) [1], be tu lafol ienete t raol  (III), and betulafol ienete t raol  oxide (IV) [2] - t h e  s ta r t ing  
m a t e r i a l s  for  the product ion of g lycosides  [3] s i m i l a r  to panaxosides  [4]. The amount of t r i t e rpenoids  p r e sen t  
va r i e s  cons iderably  according to the per iods  [5] and s i tes  of col lect ion [6]. It is n e c e s s a r y  to develop fas t  and 
sufficiently accura te  methods for  the quanti tat ive es t imat ion  of the individual t r i t e rpenoids  in mix tu re s  obtained 
f r o m  plant  sou rces .  

At the p r e s e n t  t ime,  spec t rophotomet r ic  and chromatographic  methods a r e  used for  this purpose .  The 
use of spec t ropho tomet ry  for  the analys is  of a natural  mix ture  of panaxosides  and the i r  genins without the sep-  
a ra t ion  of the subs tances  to be de te rmined  has been repor ted  by Hiai et al., [7]. The method is based on dif-  
f e rences  in the absorp t ion  spec t r a  of the products  of a co lo r  r eac t ion  of the genins with vanll l in and sulfuric  
acid. Its appl icabi l i ty  is l imited to mix tu res  of panaxosides  the genins of which obtained by hydrolys is  cons i s t  
of t r i t e rpenoids  of  only two types (panaxadiol and panaxatr iol)  and have d i f ferences  in the i r  absorp t ion  spec t ra .  
N. E. Mashchenko et al., [8] have repor ted  the de terminat ion  of the total cucurbi tac ins  in cucumbers  without 
t he i r  p r e l i m i n a r y  separa t ion .  When ex t rac t s  we re  t rea ted  with formaldehyde,  the cucurbi tac ins  p r e sen t  fluo- 
resced ,  and the f luorescence  of the solutions was measu red  spec t rophotomet r ica l ly .  Thus,  the use of spec-  
t r ephotomet r ic  methods without the separa t ion  of the substances  to be de te rmined  is l imited,  s ince it is based 
e i ther  on the specif ic  composi t ion  of the mix tu re  being invest igated or  on the common nature  of the p rope r t i e s  
of the group of compounds being analyzed.  

Ordinary liquid adsorpt ion  ch romatography  (LAC) is unsuitable for  routine ana lyses  because  of the length- 
iness  of the p r o c e s s .  G a s - l i q u i d  chromatography  (GLC) of natural  mix tu res  of t r i t e rpenoids  is used mainly in 
o rde r  to identify the individual components  [9-11]. Its poss ib i l i t i es  have been shown by Ikekawa [12]. Quanti- 
ta t ive  GLC has not so fa r  been  widely used [13, 14], apparent ly  because  of the complexi ty  of the natural  m ix -  
tu res  studied. 

The applicabi l i ty  of th in - l aye r  ch romatography  in the investigation of natural  mix tu res  of the pentacycl ic  
t r i t e rpenoids  f rom Opilia cel t idifol ia  followed by the es t imat ion  of the substance in the spot by optical de~si-  
t ome t ry  has been  d iscussed  by Dawidar  et al. ,  [15]. A review of var ious  methods of quanti tat ively es t imat ing  
t h in - l aye r  c h r o m a t o g r a m s  has been given by Kirchner  [16], and a lso  by P e r r y  et al. ,  [17]. In compar i son  with 
the GLC, LAC, and spec t rophotomet r ic  methods,  the dens i tomet ry  of th in - layer  c h r o m a t o g r a m s  has a number  
of advantages:  the speed of separa t ion,  low consumption of s tandard substances ,  and the poss ibi l i ty  of analyzing 
hea t - l ab i l e  compounds.  

It appeared  to us to be des i rab le  to use this method for  quanti tat ive evaluation of c h r o m a t o g r a m s  of 
e therea l  ex t rac t s  f r o m  b i rch  leaves .  Because  of the complexi ty  of the mix ture  to be separa ted  (10-14 compo-  
nents) and the c lose  chromatograph ic  mobi l i t ies  of t r i t e rpenoids  (I-IV), we used var ious  solvent  s y s t e m s  for  
the i r  separa t ion .  The spots were  revea led  with antimony t r ichlor ide ,  which co lors  t r i t e rpenoids  var ious  shades  
of r ed -b rown.  The co lors  of the t r i t e rpenoids  (i) and (iI) did not change with t ime,  while those of {III) and (IV) 
weakened during the f i r s t  15 rain, subsequently remaining  fa i r ly  constant .  On  the c h r o m a t o g r a m s  of some ex- 
t r ac t s ,  in addition to the sharp  spots of individual substances ,  a s e r i e s  of " t r a i l s "  - b a c k g r o u n d  due to ira-  
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TABLE 1 

ple* 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

Species of birch 

Betula costata 
T r a u t v .  

B. mandshurica 
(R e g'e i) N a k a l  

B. dahurica P a 11. 

B. platyphylla S u k- 
a c z .  

B. ka rots'chat tea 
(R e g e l )  J a n s -  
s on (B. platyphyl- 
la, s. L) 

! 

- ¢ 9  ~J  - 

Amt.. of un- 
Isaponifiable 
fraction, qo 

t~.~ ~ = ~  

Betulafolienetriol (I), Betulafolienetriol [ Betulafqliene_.- I Betulafolienetetraol 
% oxide (II), qo ~ tetraol (III), °1o oxide IV, % 

in un.saponif~:- I calc.  on I in unsa_poni4 calc on I ~n umaponi, calc.  I in unsaponifi- t calc on 
ablefract, of [the , fiablef~act.lth e " [ fiableffact,  unthe[ able fract, o~ Ithe ' 
ethereal leaves ~ of etherealfleaves % of ethereal leav lethereal I leaves extract I I ex act / t ex aet eSlextraet J 

1,81 ±0,16 21.05 0,38 

3.06 0,39 
24.06 
21.05 -- 

3.06 0,38 
24,06 - -  
21.05 0,21 
26.05 I 
3.06 058  

26.05 

5.06 - -  
29.06 
9.07 -- 

12.08 --  

- -  2,43_+0,08 
1,08 1,55±0,09 
1,20 7,42~0,39 

I 

] 13,40-+0,33 - -  I 2~a I ~7,7o±o,6o 
6,89±0,67 

1,10 [ 7,60±0,37 
-- 8,20± 1,16 

2,80 I 4,40-+0,~0 

1,47 I 9,95-+0,39'~ 
I 

2,16 5,67±0,31 
1,92 7,09±0,32 
3,10 [ 2,70±0,19 

I 
I 

0,007 

0,010 
0,017 
0,089 

0,051 
0.378 
0,014 
0,084 
0,015 
0,123 

0,146 
6,122 
0,136 
0,084 

Traces 

Traces 
None 

3,08±0,261 0,037 

15,00±0,63[ 0,057 
3,23+0,30 0,069 
4,62+0,18 0,010 

None  
15,00__+0.601 0,027 

Traces 

Traces 
Traces 

3,02±0,361 0,058 
None 

5,91 +0,54 

17,03_-1-0,82 
4,56±0,22 

None 

0,022[ 11,15~1,34~" 0,042 

0,66 [ 10,31~0,42 0,040 
0,049[ 4,56.+0,17 0,049 

None 

None 
None 
None 
None 
None 
None 

None 

None 
None 
None 

None 
None 
None 
None 
None 
None 

None 
None 
None 
None 

*Samples 1-7 and 9 were  col lected in the valley of the R. Gryaznaya, Khasan region, Marit ime Territory; 8 
and 10-13 in the environs of the vil lage of Verkhne-Blagoveshchensk,  Amur oblast; and 14 in the environs of 
the sett lement of Khutor, El izovo region, Kamchatka oblast. 
tResults  of two determinations.  
$ Results  of four determinations.  

purities - was observed.  Attempts to get rid of these impurities by boiling with activated carbon and by filtra- 
tion through a layer  of s i l ica  gel or Sephadex LH-20 [18] were unsuccessful .  This background does not sub- 
stantially affect the results  of determinations when the concentration of the substance under investigation in a 
solution of the extract is greater  than 1-2%. A l inear relationship was observed between the densitometer 
signal and the weight of the substance in the spot in the range from 0.1 to 1.4 #g/spot .  Calibration curves  
were  piotted for each determination, s ince these curves  taken for one substance but with different plates dif- 
fered somewhat in s lopes  and did not always pass  through the origin. The results  obtained (averaged values 
and mean square deviation were  calculated from five determinations as described by Yamamoto et al., [19]) 
are given in Table 1. The mean square deviations of the measurements  ranged mainly between 4 and 9%. The 
results  of the smal l e s t  scatter were obtained for the sharper and more  compact spots.  

The f igures given in the Table reflect  the dynamics of the accumulation of the triterpenoids that we have 
Studied in birch leaves .  The work was carried out both with freshly collected and with air-dry leaves .  The 
loss  of weight on drying the raw material  amounted to 60-80%. The maximum amount of the combined tri-  
terpenoids {I, III, and IV) in freshly gathered leaves  o f  Betula costata was found at the beginning of June (col- 
lection 2). A sample  of B. costata (collection 3) was taken in the air-dry state, and a marked fall in theamount 
of triterpoids in the unsaponifiable fraction of the ethereal extract was observed.  The amount of triterpenoids 
in the leaves  of B. costata probably begins to fall at the end of June, but the possibi l i ty of their partial decom-  
posit ion during the drying of the leaves  is not excluded. 

A maximum amount )f 6) and (ID calculated on the air-dry leaves  in B. mandshurica was observed in 
col lect ion 6. Betulafolienetetraol {III) and its oxide (IV) were detected only B. costata.  

For B_.: platyphylla, all the samples  of which were used only in the form of the air-dry leaves ,  theamount 
of (I) did not vary substantially (0.12-0.15%). The low concentration of (II) in the leaves  of col lect ions 10-12 
did not permit  their quantitative determination; it can be observed only that the amount of the triterpenoid {II) 
in the unsaponifiable fraction of the ethereal extracts from col lect ions 10-12 was l e s s  than 1%. 

For B__.. dahurica, the maximnm of amount of {i) and (II) in the freshly collected leaves  was found in col-  
lect ion 9. In a sample of B. dahurica (collection 8), beturafolienetriol oxide (ID was completely  absent. 

In the leaves  of B: kamtschatica,  the amount of betulafolienetriol {i) was 0.084%, but in view of the fact 
that the sample was col lected in the middle of August, it may be assumed that this amount of (D in the leaves  
of this spec ies  is not the maximum. 

298 



Thus, among the s amples  studied the highest  amount of betulafol ienetr iol  (I) and its oxide (II) was found 
in the unsaponif iable f rac t ion  of the e therea l  ex t rac t s  f rom B. mandshur ica  (collections 6 and 5), and o fbe tu la -  
fo l ienete t raol  (III) and its oxide (IV) in B. cos ta ta  (collections 1 and 2). 

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

The betulafol ienetr iol  (i) isolated f rom the leaves  of B. platyphyl la  (1974 collection), mp 196-197°C 
(acetone), gave rio dep re s s ion  of the mel t ing point with an authentic sample  [6]. Betulafol ienetr iol  oxide (II) 
was a lso  obtained f rom the leaves  of B. platyphylla,  mp 236-238°C {petroleum ether);  the r e su l t s  of IR and 
NMR spec t roscopy  cor responded  to those of Nagai et al., [1]. Betulafol ienetetraol  (III), mp 168-170°C (ace- 
tone) and betulafol ienete t raol  oxide (IV), mp 250-251.5°C (acetone) were  isolated f rom the leaves  of B. cos ta ta  
(1973 collection) as descr ibed  prev ious ly  [2]. The unsaponifiable f rac t ion  of the e therea l  ex t rac t s  f rom the 
b i rch  leaves  was obtainec1 by the method of F i s che r  and Sel ler  [5]. Dens i tomet ry  was ca r r i ed  out on a Shimadzu 
CS-900 T L C - s c a n n e r  (Japan), the cons t ruc t ion  and working pr inciple  of which has been  descr ibed  in a p a p e r  
by Yamamoto  et al. ,  [19]. The choice of the wavelength )'S (length of the luminous wave absorbed by the chro-  
matographic  spot) and )'R (length of the compar i son  luminous wave not absorbed  by the spot) was made in ac-  
cordance  with the recommenda t ions  of the manufac tu re r s .  Since the absorpt ion m a x i m a  of the t r i t e rpenoids  
invest igated were  c lose  and poorly  cha rac t e r i s t i c ,  in all ca ses  we used the same  wavelengths of )~S 550 and 
)'R 730 am.  Af ter  ch romatography  and staining, the p la tes  we re  scanned perpendicu la r ly  to the d i rec t ion of 
the light sli t  (width 0.20 m m  and height ~ 0.9 d i ame te r  of the s m a l l e s t  spot). The ra te  of scanning was 10 r a m /  
rain and the ra te  of movemen t  of the r e c o r d e r  char t  24 m m / m i n .  The a r e a  of each peak was calculated by 
multiplying its height by i ts  width m e a s u r e d  at half-height.  The solvent  s y s t e m s  used were :  To de te rmine  (I) 
(Rf 0.23) pe t ro l eum e t h e r - c h l o r o f o r m - m e t h y l  ethyl ke tone -e thano l  ( 1 6 : 4 : 6 : 1 ) ;  fo r  (iI) (Rf 0.31) pe t ro leum 
e t h e r - c h l o r o f o r m - m e t h y l  ethyl k e t o n e - e t h a n o l  (16 : 4 : 5 : 1); and for  (iII) (Rf 0.24) and (IV) (Rf 0.31) pe t ro leum 
e t h e r - c h l o r o f o r m -  ethanol (9 : 11 : 2). A m i c r o s y r i n g e  with a capaci ty  of 10 pl modern ized  as descr ibed  by 
P e r r y  et al. ,  [17] was used. TLC was p e r f o r m e d  on "Silufol" p la tes  (Czechoslovakia) with s i zes  of 5 × 15, 
7 × 15, and 10 × 15 cm.  All the solutions were  p r epa red  in ch loroform.  The ch lo ro fo rm was made absolute 
and was s tabi l ized with 2~0 of ethanol. On the p la tes  were  deposited four  spots (2 #1 each) of s tandard solu- 
t ions containing 0.4, 0.6, 0.8, and 1.0 #g / spo t  and, depending on the width of the plate,  1-3 por t ions  (2/zl each) 
of the ext rac t .  The concentra t ion of the ex t rac t  was made  such that  the weight of the spot invest igated came  
within the leve ls  shown. The pla tes  were  chromatographed  in cyl indrical  g lass  chambe r s  18 cm high and 8 
and 10 em in d i ame te r .  They were  stained by spraying with a solution of antimony t r ich lor ide  in ch lo ro form 
followed by heating in the drying ches t  at 110°C for  15-20 min. 

S U M M A R Y  

Using the optical  dens i tomet ry  of th in - l ayer  c h r o m a t o g r a m s ,  the amounts of t r i t e rpenoids  of the 
d a m m a r a n e  s e r i e s  have been de te rmined  in the unsaponifiable f rac t ions  of e therea l  ex t rac t s  f rom the leaves  
of F a r  E a s t e r n  spec ies  of b i rch:  Betula cos ta ta ,  B_ mandshur ica ,  B_:. dahurica,  B. platyfolia,  and B. k a m t -  
schat ica .  
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The roots of Byronia alba have long been widely used in the folk medicine of many countr ies .  In view 
of this, we a re  sys temat ica l ly  studying the chemical  composit ion of extracts  of the roots  of this plant [1]. 

The p resen t  paper  descr ibes  the identification of the least  polar  glycosidic f ract ion J (TLC, reagents 
a, b, and d), and also of f ract ions of f ree  s terols  S not differing in their  chromatographic  mobilit ies and the 
red colorat ion of the spot on TLC (reagent d) f rom the aglycones of the glycosides J. 

The composit ions and amounts of the phytosterols  and their  glycosides in fract ions S and J a re  as follows: 

R==D-glucopyranosyl, 

R = H  

! 

II 
I11 
IV 
v 

Vl 
VII 

viii 
IX 
x 

Xl 
xIl 

X[ll 
XtV 

AiTIOUFIt~ 
R'=H, R " : H  1 

Me , 4 
Et 40 

=CH~ 7 
= CHCH3 

Et b~le 
= CHC H3 

H H 
Me 
Et 

=CH~ 
=CHCH3 

Et Me 
=CHCH3 

% Fraction 

J 
42 
2 
4 

I 
5 

46 
3 S 

42 
2 
1 

Glycoside {I), detected on TLC in the fo rm of a homogeneous spot, was isolated by column chromatog-  
raphy of a ch loroform extract  on sil ica gel, followed by recrystal l izat ion,  in the form of white c rys ta l s  mel t -  

in4~ at 211-213°C. 

As ear ly  as 1911, Power  and Moore [2] in a study of the composit ion of the roots  of Bryonia  isolated a 
substance with the same melting point which they named "bryonol." For  it they established the empir ical  
formula  C22H3604, but the s t ruc ture  remained unknown. Later,  Klein put forward the hypothesis that "bryonol" 
was actually a ,,glycoside of the phytosterol  group n [3]. 
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