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Plants  of the genus Ungernia ,  compr i s ing  seven spec ies  - U .  v ic to r i s  Vved.,  U. t adsh icorum Vvedl, 
U. fe rgan ica  Vved.,  U. seve r t zov i i  B. Fedtsch. ,  U_ sp i ra l i s ,  U__ t r i s p h a e r a  Bge.,  and U. minor  Vved. - a re  
d is t r ibuted  in var ious  regions  of Cent ra l  Asia  [1-3]. 

The invest igat ion of the alkaloids of the Ungernia  was begun by Orekhov and Norkina,  who isolated the 
alkaloid tazet t ine  f rom the bulbs of U. seve r t zov i i  in 1936 [4]. In 1938, Yurashevsk i i  i so la ted  lycor ine  f rom 
the bulbs of U. tadsh icorum [5]. 

Our sy s t ema t i c  invest igat ions,  p e r f o r m e d  since 1949, show that the plants of the genus Ungernia  con-  
tain ba se s  [6-13] belonging to var ious  groups  of amary l l i s  a lkaloids.  By studying the dynamics  of the ac -  
cumulat ion of the l a t t e r  [14], i t  is poss ib le  to gain an idea of the format ion ,  mutual  t rans i t ions ,  and ro les  of 
the alkaloids in the p roce s s  of the development  of the plant.  

A study of the dynamics  with r e s p e c t  to the vegetat ion per iods  of the accumulat ion of galanthamine in 
the l eaves  of U. v ic to r i s  col lected on the R. Shargun'  inthe Ka t t a -Khovar  gorge  and of lycor ine  in the leaves  
of U. t r i s p h a e r a  col lec ted  in the Ashkhabad region of the Turkmen  SSR (Table 1) showed that  the m a x i m u m  
accumulat ion of aIkaloids,  including galanthamine and lycor ine ,  is found in the ea r ly  vegetat ion period;  and 
in the per iod of the dying-off  of the epigeal  par t  the amount of combined alkaloids,  and of galanthamine and 
lycor ine ,  d iminishes  sharp ly  [9, 14, 15]. 

In the per iod of comple te  withering,  the epigeal  pa r t  contains no alkaloids,  and they accumulate  in tt~e 
bulbs and roots  (Table 2) [16]. 

We have de te rmined  the influence of the growth si te  on the qualitative and quantitat ive content of 
alkaloids in the leaves  of U. y i c to r i s .  The leaves  were  col lected f rom var ious  growth s i tes  (Table 3). The 
amount of combined alkaloids,  including galanthamine,  va r i ed  marked ly  according to the growth si te  of the 
plant [9, 14]. Obviously the effects  of var ious  soft  and c l imat ic  conditions are  involved here .  

TABLE 1 

Date of collec- 
tion of leaves 
of U. victoris 
(196o) 

Percentage of wt. Date of col-I Percentage of wt. 
of the dry leaves lee~£ no~fU of the dry leaves 

combined galanth- trisphaera hombined galanth- alkaloidslamino IC196'  lalka,oi lamine 
5.IlI 
9.IV 

16.1V 
20. IV 
25. IV 
9.V 

25.V 
2.VI 

1,0 
0,54 
0,52 
0,51 
0,5 
0,45 
0,43 
0,33 

0,2I 
0,17 
0,i5 
0,14 
0,13 
o, 09 
0,06 
0,05 

25.111 
8.1v 

15.1V 
21.1V 
5.V 

15.V 
5.VI 

1,3 
1,25 
1,09 
1,0 
0.77 
0,30 
0,15 

0,61 
0,55 
0,52 
0,5 
0,45 
0,1 
0,02 
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TABLE 2 

Collection 
date (1962) 

8.1V 

.5.VII 

17.III 

27.VII 

Plant organs 
Percentage.of the dry plant 

Icombined alkaloid~ galantham. I lyeorine 
U. victoris 

Leaves 0,53 
Bulbs 0,75 
Roots 1,67 

Leaves (dried naturally) None 
Bulbs 0.96 
Roots 2,02 

U, tadshicorum 

0,12 
0,31 
1,54 

None 
0,47 
1,93 

0,14 
0,20 
0,28 

031  
0,42 

0,0014 
0,03 
0,052 

0,058• 

Leaves 
Bulbs 
Roots 

Leaves (dried naturally) 
Bulbs 
Roots 

o,o52 
0,25 
0,69 

0,28 
0,92 

0,01 
0,14 
0,8 

0~208 
1,05 

TABLE 3 

Collection 
site 

Shargun' 
Amanalsai 
Sangardak 
Obi~arang 
Guliob 
Shirkent 
Sina 

Collec- 
tion date 

1!1960, 
Total I Galanth- 
alka- I amine 
1olos I 

% wt. of 
dry plant 

Collec- 
tion date 
(1962) 

Total Ga- 
alka-lanth- 
loids la _mine 

% wt. of 
dry plant 

Collec - 
tion date 
(197o) 

25. IV 
29. IV 
ll.V 
ll .V 
12.V 
15.V 
27.V 

0,5 
0,4 
0,27 
0,33 
0.46 
0,36 
0,16 

0,13 
0,08 
0,025 
0,088 
0,068 
0,041 

~aces 

8.IV [ 0,53 
8 , v  % 
8.IV 
9.IV 0,49 
9.1V 0,54 

10.1V 0, 43 
10.IV 0,35 

0,14 t 23.IV 
o , n l  24.iv 
0,08 I 24.1V 
0,12 ] 23.1V 
0:0095 23.IV 

24. IV 
0,04 

Total ~3alanth- 
alka- ~mine 
loids F' 

% wt. of 
dry plant 

0,41 0,1 
0,39 0,075 
0,32 0,036 
0,36 0,082 
0,38 0,071 
0,33 0,065 

TABLE 4 

Site and date of 
collection 

U. tadshicorum 
Tadzhik SSR, Lenin 
region, Tulyanazar 
section, 13.1V 1963 

U. ferganica 
Osh oblast, village of 
Dmitrievka 
10. V 1963 

U. $evertzovlt 
Tashkent oblast, 
Karzhantau, 1962 

U. trtsphaera 
Turkmen SSR, Kaakh- 
ldnskii region 
26,IV 1962 

Plant 
organ 

Leaves 
Bulbs 
Roots 

Leaves 
Bulbs 
Roots 

Leaves 
Bulbs 
ROots" 

Leaves 
Bulbs 

Total[ Ly- ] Hip- Ga- Nar- Pan- Hor- Un- [ Ta- 
alka-[ co- ] oeas-Ilanth-lwe- cra- de- Igmin-~ zet- 
loid___s_[ fine trine [amine] dine fine nine orlne [ tine 

,e of wei ht of the dr lant 

),27 t0,047 0,077 0,0086 -- --" -- -- 9,037 
3,52 10,23 --  0,056 I . . . .  0,098 
167 t0,73 - 0,068 . . . .  

/ 
3,63'095 0'0067 0'0015 -- 3 ~  ]0,0160,0040,~ 

3,28 2,25 -- - -- f,03 - - 0,51 

3.750,460,008 O,01 I0,0050,12 [ --10,0050,004 
1.32 0 , 8 8  - ~,038 0,01 0,121 - 10,07410 
 .15 0.8 _ _ _ 0.48 

I I 
0 , 2 4  Z _ -  - [  - - ),48 O,IO 

3,92 0,33 

I 

F r o m  the ep igea l  p a r t s  of U. t a d s h i c o r u m ,  U. f e r g a n i c a  [13], U.  s e v e r t z o v i i  [12], and U_.. t r i s p h a e r a  
[10], i n  addi t ion  to o the r  a lka lo ids ,  we i s o l a t e d  the a lka lo id  h i p p e a s t r i n e ,  which is  absen t  f r o m  the s u b t e r -  
r a n e a n  o r g a n s  of t he se  p lan t s  (Table 4). The absence  of h i p p e a s t r i n e  f r o m  the s u b t e r r a n e a n  o rgans  and the 
i n c r e a s e  in  the amoun t  of l y c o r i n e  make  it  p o s s i b l e  to a s s u m e  that  h i p p e a s t r i n e  is  c o n v e r t e d  into l y c o r i n e .  

The r e s u l t s  of the i n v e s t i g a t i o n  of the d y n a m i c s  of the a c c u m u l a t i o n  of the a lka lo ids  in the l e a v e s  of 
U, v i c t o r i s  a re  g iven  in  Tab le  5. The amoun t  of c o m b i n e d  a lka lo ids  and a lso  of g a l a n t h a m i n e ,  n a r w e d i n e ,  
h o r d e n i n e ,  and l y c o r i n e  in  the l eaves  g r a d u a l l y  d e c r e a s e s  as the p lan t  develops ,  and in  the bu lbs  and roo ts  
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TABLE 5 

Plant organs 

Leaves 

B u l b s  

Roots with tip 

• Collec-" 
tiondate 
(1964) 

Combined Galanth- Narwe-] Horde-]Lycorine 
alkaloids amine dine nine 

percentage of wt. of dry_ plant 

25.[II 
4.IV 

12.IV 
20.IV 
28.1V 
4.IV 

28.1V 
4.1V 

28.1V 

4 

0,61 
0,49 
0,46 
0,41 
0,37 
0,76 
0,85 
1,65 
1,78 

0,15 
0,135 
0,12 
0,10 
0,08 
0,18 
0,24 
0,32 
0,38 

0,055 0 ,067  0,059 
0,054 0 ,049  0,056 
0,041 0 ,038  0,042 
0,035 0,031 0,019, 
0,025 o , 0 2 t  0,010 

- -  O ,  23 
0,31 
0,74 
0,85 

the amount of galanthamine and lycorine increases  while narwedine and hordenine are absent.  These facts 
permi t  the assumption that in the leaves galanthamine is part ial ly converted to narwedine and in the bulbs 
narwedine is converted into galanthamine. These alkaloids possibly take part  in redox p rocesses  occurr ing 
in the plants.  

Hordenine is a derivative of ethylphenylamine,and therefore  it is probably synthesized f rom the 
tyros ine  present  in the plant. 

The decrease  in the amount of hordenine as the plant develops and its absence f rom the subterranean 
organs are  explained by the possibil i ty of its decomposit ion.  

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

The comminuted leaves of U. vic tor is  (1000 g, collected in the Katta-Khovar  gorge on March 25, 1964) 
were moistened with 5% ammonia,  placed in a cont inuous-circulat ion ext rac tor ,  and extracted with ch loro-  
form.  The final ch loroform extrac t  was t rea ted  with 10% sulfuric acid until the alkaloids had been r e -  
moved completely.  The sulfuric acid ext rac ts  were f i l tered and, with cooling, made alkaline with 25% am-  
monia.  The alkaloids were exhaustively extracted f i rs t  with e ther  and then with chloroform.  The yield of 
combined ethereal  alkaloids was 4.35 g and of chloroform alkaloids 1.75 g. 

When 4.35 g of the combined ethereal  alkaloids was t rea ted  with 20 ml of acetone, 0.35 g of narwe-  
d inewi thmp 184-185°C was obtained. With cooling, conc. hydrobromic  acid was added to the acetone mother  
solution until it was faintly acid, whereupon 1.96 g of crysta l l ine  galanthamine hydrobromide with mp 246- 
248°C (decomp.) deposited. F rom the acidic acetone solution, the alkaloids were t r ans fe r r ed  in the form of 
the free bases  into e ther .  Yield 2.05 g. The combined ethereal  alkaloids (2.05 g) were dissolved in 10 ml of 
acetone, giving 0.2 g of narwedine. The acetone mother  solution was t rea ted  with conc.  oxalic acid solution 
to a feebly acid react ion.  The yield of hordenine oxalate with mp 227-228°C was 1.035 g. The combined 
chloroformic  alkaloids (1.75 g) were t rea ted  with 25 ml of acetone, giving 0.592 g of lycorine with mp 247- 
249°C (decomp.). 

Bulbs of U. victor is  (500 g, collected in the Katta-Khovar gorge on April 4, 1964) freed f rom skin, 
dried, and ground were wetted with 5% ammonia solution and extracted with ch loroform.  The alkaloids 
were extracted f rom the la t ter  with 10% sulfuric acid, and 620 ml of the acid solution was made alkaline 
with 25% ammonia solution, giving a precipitate of 0.75 g of lycorine.  Then the alkaloids were extracted 
with e ther  and ch loroform.  After concentration,  2.35 g of e thereal  and 0.7 g of chloroformic  alkaloids were 
obtained. The ethereal  alkaloids (2.35 g) were dissolved in 30 ml of acetone and, with cooling, the solution 
was made weakly acid with conc. HBr. This led to the separat ion of 1.15 g of technical galanthamine hydro-  
bromide.  The chloroform alkaloids (0.7 g) were t reated with acetone, giving 0.4 g of lycorine.  

The comminuted roots  with tips of U. vic tor is  (300 g, collected in the Katta-Khovar gorge on April 4, 
1964) were wetted with 8% ammonia solution (1 : 1 ) and extracted with ch loroform.  The chloroform solu-  
tion was concentrated to 600 ml, whereupon 1.2 g of lycor ine deposited. After the separat ion of the lycorine,  
the alkaloids were extracted with 10% sulfuric acid. The acid solution was made alkaline, giving 0.72 g of 
lycorine.  F r o m  the alkaline solution the alkaloids were extracted with ether  and ch loroform.  On concent ra-  
tion, 2.4 g of e thereal  and 0.63 g of chloroformic  alkaloids were obtained. The ethereal  f ract ion (2.4 g) was 
dissolved in 35 ml of acetone, and acidification of the solution with conc.  HBr gave 1.23 g of technical galanth- 
amine hydrobromide.  The ch loroform fract ion (0.63 g) was t rea ted  with acetone, giving 0.3 g of lycorine.  
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The methods mentioned were adopted, respectively, for  the leaves, bulbs, and roots collected at dif- 
ferent vegetation periods of the plant. 

SUMMARY 

A study of U. victoris ,  U. tadshicorum, and U. t r isphaera with respect  to the vegetation periods and 
growth sites has shown that the maximum accumulation of alkaloids takes place in the early vegetation 
period and that naturally dried leaves do not contain alkaloids. The alkaloid content also depends on the 
growth site. 

In the period of the vigorous development of the epigeal part ,  some alkaloids are possibly converted 
into one another (hippeastrine into lycorine, galanthamine into narwedine, and narwedine into galanthamine). 
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