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The alkaloid cyt is ine,  which is used in medic ine  in re f lex  cessa t ions  of r e sp i ra t ion  and in operat ions [1] is 
obtained indust r ia l ly  f rom the seeds of Thermops i s  lanceolate  with a yield of about 0.8% [2]. 

In a preceding  communicat ion [3], a technology of the isolat ion of cyt is ine f rom the epigeal  par t  of T_..~. 
a l t e rn i f lo ra  Rgl. with a yield of about 1.2% has been proposed.  

The known g r a v i m e t r i c  methods of de te rmin ing  the content of cytis ine in plant raw ma te r i a l  a re  t i m e -  and l abo r -  
consuming [4, 5]. The method recommended  in GF X [Russian State Pharmacopeia ,  X-th  Edition] is suitable only for  a 

pure prepara t ion  [6]. 

In this paper  we propose  a method for  de te rmin ing  the amount of cytis ine in plant raw ma te r i a l  which consis ts  in 
the extract ion of the total alkaloids f rom the plant with the subsequent d i rec t  polarographic  de te rmina t ion  of the 

cytis ine in the mixture .  

As a p re l imina ry ,  we studied the polarographic  behavior  of cytis ine and pachycarpine isolated f rom T...z. 
a l t e rn i f lo ra  [7]. In view of the fact  that the qual i ta t ive composit ion of this mix ture  of alkaloids may be the object of a 
fur ther  study, we also invest igated the behavior  of the alkaloids found in other species  of the rmops i s  [8]. 

Polarography was ca r r i ed  out in aqueous and aqueous ethanolic solutions in the p re sence  of 0.1 N (C2Hs)4NOH. 
AlI the alkaloids are  po larographica l ly  act ive in an aqueous medium, and the polarographic  indices were  found for  
equimolar  concentrat ions  of them (Table 1). 

Table 1. Polarographic  Indices of the Alkaloids 
of Thermops i s  in an Aqueous Medium 0.1 N with 

Respec t  to (C2Hs)4NOH (Cal k 1.00 raM/l)  

i '  i" 
Alkaloid ~- ~- 

,uA V 

Cytisine - -  44 .54  - -  - - 2 . 2 0  
N-Methyl- 
cytisine 2.93 3.56 --1.90 --2.12 
Thermopsine 3 .98  2 . 3 0  - -1 .90 --2.20 
Pachycarpine 0 : 9 0  - - 1 . 9 4  

The resu l t s  of a study of the nature of the cur ren t s  obtained have shown that for  all the alkaloids the f i r s t  wave 
is a diffusion wave and the second is a catalyt ic  hydrogen wave. Under these conditions cyt is ine fo rms  only one 
catalyt ic wave, with a cha rac t e r i s t i c  hump-l ike fo rm and a l imi t ing  cu r ren t  exceeding by a fac tor  of 10-20 the 
catalyt ic cu r ren t s  of the other  alkaloids.  The heights of the catalyt ic  waves obtained are  inc reased  somewhat  when the 
height of the m e r c u r y  column above the dropping e lec t rode  is reduced and undergoes s ca r ce ly  no change when the 
t empera tu re  is r a i sed  ( tempera ture  coeff ic ient  0.3% per  1 ° C); the nature of the cu r ren t  s t r eng th -concen t r a t ion  curve 
shows the adsorption of the ca ta lys t  on the sur face  of the e lect rode.  

The introduction of an organic solvent  (ethanol) into the solution under invest igat ion leads to a fall  in the 
catalyt ic  cur ren t s  (Table 2). As can be seen f rom the table, at a concentrat ion of ethanol g r ea t e r  than 30% cytisine 
exhibits a f i r s t  wave analogous to the f i r s t  wave of N-methylcyt i s ine  and thermopsine ,  while in 80% ethanol only 
cytis ine re ta ins  its catalyt ic  activity.  We made use of the la t te r  c i r cumstance  for  the quantitative de terminat ion  of 
cytis ine in the p re sence  of the accompanying alkaloids.  The analysis  of synthetic mix tures  of alkaloids with di f ferent  
contents of the possible  components on a support  of 0.1 N (C2Hs)4NOH in 80% ethanol showed that the f i r s t  wave with 
El/2 of -1 .75  to -1 .85  V cor responds  to the combined cytisine,  N-methyleyt i s ine ,  and thermopsine ,  and the second 
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wave  wi th  E1/'~ of - 2 . 1 0  to - 2 . 2 0  V c o r r e s p o n d s  to the  a m o u n t  of c y t i s i n e  (Tab le  3). The  h e i g h t  of the  c y t i s i n e  wave  was  
m e a s u r e d  as  the  h e i g h t  of the  m a x i m u m  [9]. The  c o n c e n t r a t i o n  of a l k a l o i d  was  d e t e r m i n e d  b y  the  m e t h o d  of s t a n d a r d  

s o l u t i o n s  [10]. A d i r e c t  p r o p o r t i o n a l i t y  b e t w e e n  the  h e i g h t  Of the  wave  and  the  c o n c e n t r a t i o n  of c y t i s i n e  i s  o b s e r v e d  
b e t w e e n  5 × 10 -4 and  2 .50 × 10 -3 m o l e / / .  The  o b j e c t i v i t y  of the  p o l a r o g r a p h i c  m e t h o d  was  c h e c k e d  by  an  a n a l y s i s  of 
e x t r a c t s  wi th  the  p u r e  m a t e r i a l  added  to t h e m .  T h e  r e l a t i v e  e r r o r  of the  d e t e r m i n a t i o n  d id  no t  e x c e e d  =e5%. We h a v e  
found  t h a t  the  t o t a l  a l k a l o i d s  f r o m  T. a l t e r n i f l o r a  c o l l e c t e d  in the  b u d d i n g  p e r i o d  c o n t a i n  5 7 - 5 9 %  of c y t i s i n e  ( 1 . 0 - 1 . 9 0 %  
of c y t i s i n e  on the  w e i g h t  of the  a b s o l u t e l y  d r y  r a w  m a t e r i a l ) .  

T a b l e  2. P o l a r o g r a p h i c  I n d i c e s  of T h e r m o p s i s  A l k a l o i d s  in  A q u eo u s  E t h a n o l  0.1 N wi th  R e s p e c t  to (C2H6)4NOH 
( c o n c e n t r a t i o n  of the  a l k a l o i d s  2 .50  m M / / )  

Concen- 
tration of  
ethanol, % 

40 
60 
80 

Cytisine 

i" ~ ~- 

~A [ • V 

5~o 
5.25 
5.90 

,,1321 - 85 -220 70.75 [ --2.21 
23.701 --2.22 
32.75 -- 1.88 ] --2.24 
22.28 -1.86l  --2:25 

~A 

7.34 
7.07 
7.07 
7.34 
7.34 

N-Methylcytisine [ 

t" ~_ il- 

l v 
9.17 --1.881 --2.10 
4.72 --1.90 1 --2.23 

-- --1.92 --  
--1.91 
--1.92 

I 
,uA 

9 .~6 
6.81 
6.07 
5.24 
6.03 

Thermopsine 

~i I 2;. 
I v 

,5 5 --1.90 --2.25 
--1.9I --  
--1.90 -- 
- 1,89 
--1.90 

Paehycarpi~e 

i '  i" 

.uA 

2.12 

/ 2 ;  E; 

t v 

--  I --1.94_ 

EX PE RIMF, NTAL 

The  w o r k  was  c a r r i e d  out  on a L P - 5 5 A  p o l a r o g r a p h .  C h a r a c t e r i s t i c s  of the  c a p i l l a r y  a t  hHg = 55 cm:  m = 2 .175 
r a g .  s e e  -1, t --: 2 .0  s e c  in 1 N KCI. An  e l e c t r o l y z e r  wi th  an  i n t e r n a l  anode  was  u sed ;  oxygen  was e l i m i n a t e d  b y  p u r g i n g  
w i t h  e l e c t r o l y t i c  h y d r o g e n ;  the  t e m p e r a t u r e  of the  d e t e r m i n a t i o n s  was  25 ± 0.5 ° C. The  s u p p o r t i n g  e l e c t r o l y t e  was  0.1 
N (C2Hs)4NOH in  80% e t h a n o l .  

T a b l e  3. R e s u l t s  of the  D e t e r m i n a t i o n  of C y t i s i n e  in S y n t h e t i c  M i x t u r e s  

on a S u p p o r t  of 0.1 N (C2Hs)4NOH in  80% E t h a n o l  

NO. I No. 2 No. 3 No. 4 

Composi t ion of  taken [ found taken I found taken ] found taken [ found 

the mixture mg/ml  % tel, mg/ml  % rel. mg/ml  % tel. mg/ml  % rel. 
error error error error 

Cytisine 0,2100.200--4,760.1800.187 +3.8910.3340.3381+1.330,22410.227 ~-1.34 

cytisine 0,172 -- --  0.344 -- -- 0.190 -- -- 0.101 -- -- 
Thermopsine 0.203 -- ] -- 10.400 --  - -  0.22,9 --  ] -- 0.1221 -- [ -- 
Paehycarpine 0.302 - -  - -  0.605 -- --  0.6~2 - - I  --  10.1821- - 

P r e p a r a t i o n  of a s o l u t i o n  of a s t a n d a r d  s a m p l e .  C y t i s i n e  s a t i s f y i n g  the  r e q u i r e m e n t s  of GF X was  u s e d  as  the  
s t a n d a r d  s a m p l e ;  5 0 - 1 0 0  m g  ( a c c u r a t e l y  we ighed)  was  d i s s o l v e d  in 96% e t h a n o l  in  a 5 0 - m l  m e a s u r i n g  f l a s k ,  and  5 m l  
of the  r e s u l t i n g  s o l u t i o n  was  d i l u t e d  w i th  the  s u p p o r t i n g  e l e c t r o l y t e  in  a 2 5 - m l  m e a s u r i n g  f l a s k .  The  s t a n d a r d  s o l u t i o n  
c o n t a i n e d  0 .2--0 .4  m g / m l  of c y t i d i n e .  

The  c o m b i n e d  a l k a l o i d s  w e r e  o b t a i n e d  b y  the  u s u a l  m e t h o d  [4] f r o m  10 g of a i r - d r y  r a w  m a t e r i a l ,  wh ich  was  
c o v e r e d  wi th  400 m l  of c h l o r o f o r m  and  e x t r a c t e d  f o r  2 h r .  To i s o l a t e  the  to ta l  a l k a l o i d s ,  100 m l  of the  c h l o r o f o r m  
e x t r a c t  was  t a k e n .  

P o l a r o g r a p h i c  d e t e r m i n a t i o n .  The  to ta l  a l k a l o i d s  o b t a i n e d  w e r e  d i s s o l v e d  in  5 - 1 0  m l  of 96% ethanol and the  
s o l u t i o n  was  t r a n s f e r r e d  q u a n t i t a t i v e l y  to a 5 0 - m l  m e a s u r i n g  f l a s k  and  m a d e  up  to the  m a r k  wi th  e t h a n o l .  5 m l  of the  
e t h a n o l i c  s o l u t i o n  of the  t o t a l  a l k a l o i d s  was  p l a c e d  in  a 2 5 - m l  m e a s u r i n g  f l a s k  and  m a d e  up to the  m a r k  wi th  the  
s u p p o r t i n g  e l e c t r o l y t e .  The  s o l u t i o n  so  p r e p a r e d  c o n t a i n e d  0 . 2 - 0 . 4  m g / m l  of t o t a l  a l k a l o i d s .  An a l i q u o t  of t h i s  s o l u t i o n  
( 3 - 5  ml )  was  t r a n s f e r r e d  i n to  the  e l e c t r o l y z e r ,  h y d r o g e n  was  p a s s e d  f o r  1 0 - 1 5  ra in ,  and  p o l a r o g r a p h y  was  c a r r i e d  out  
w i th  c a t h o d i c  ]po l a r i za t i on  of the  d r o p p i n g  e l e c t r o d e  in  the  r a n g e  f r o m  - 1 . 5  to - 2 . 5  V. Wi th  the  s a m e  g a l v a n o m e t e r  
s h u n t  an  a l i q u o t  ( 3 - 5  ml )  of the  s t a n d a r d  s o l u t i o n  was  p o l a r o g r a p h e d .  The  h e i g h t s  of the  w a v e s  o b t a i n e d  ( m a x i m a )  wi th  
E1/2 = - 2 . 1 0  to - 2 . 2 0  V w e r e  d e t e r m i n e d  and  the  c y t i s i n e  c o n t e n t  was  c a l c u l a t e d  f r o m  the  f o r m u l a  g i v e n  be low.  The  
a l c o h o l i c  s o l u t i o n s  of the  t o t a l  a l k a l o i d s  and of the  s t a n d a r d  c y t i s i n e  w e r e  d i l u t ed  w i th  the  s u p p o r t i n g  e l e c t r o l y t e  
i m m e d i a t e l y  b e f o r e  p o l a r o g r a p h y .  

C a l c u l a t i o n  of  the  r e s u l t s .  The  c o n t e n t  of c y t i s i n e  (X %) r e f e r r e d  to the  a b s o l u t e l y  d r y  r a w  m a t e r i a l  was  
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calculated from the formula  

X =  
lOHx "~st .m.V.w 

Hst P(lOO--h).n.a ' 

where P is the weight of the raw mater ia l ,  g; 
h - -mois tu re  content of the raw mater ia l ,  %; 
Hx--height of the wave of the substance being determined,  ram; 
Hst--height of the wave of the s tandard substance,  ram; 
Cst - -concent ra t ion  of the s tandard substance,  mg/ml ;  
m-- to ta l  volume of chloroform extract ,  ml; 
n- -volume of the chloroform extract  taken to obtain the total alkaloids, ml; 
v--volume of the measur ing  flask in which the combined alkaloids were dissolved, ml; 
a - -volume of the ethanolic solution of the combined alkaloids taken for dilution with the supporting electrolyte,  

ml; and 
w--volume of the measu r ing  flask in which the dilution of the ethanolic solution of the combined alkaloid with the 

support ing electrolyte  was car r ied  out, ml. 

C O N C L U S I O N S  

A polarographic method has been developed for the de terminat ion  of the content of cytisine in the combined 

alkaloids f rom Therm0ps i s  a l t e rn i f lo ra  Rgl. 
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