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 1: R=  
 2: R= Glcp-(6 1)- Glcp-(4 1)- Rhap. 

GC 

- -
 

GC  1  2  
(SC) [7, 8].  (Sil)  

 
, -

 [9]. -
 1  2  SC -

 Helix albescens [10]   
 Avena sativa L. [8]. 

 
 

SC .  GC  1  2 
. -

. 

 
 1  2  Hedera taurica Carr.  Hedera ca-

nariensis Willd. (Araliaceae Juss.)  [11, 12].  
 SC  «Shilpa Medicare Limited» ( )  GC  «Calbiochem» ( ). -

 1  2  SC  0,1  25  70%  
,  3 : 1 .  GC  SC -

 0,1  25  70% .  
40–50 °C  1,5 . . 

 Bruker Daltonics micrOTOF-Q , 
,  50  

3000  1×10–2 .  ±4200 , -
 (  « », 5 , 180 ° )  (5,0 ) -

.  -
 (  «Merck»,  HPLC/MS)  1 , -

 0,05 .  1. 
 Poecilia reticulata (Poeciliidae)  23–25 C.  

 [13].  (  10 )  0,25 10–3 -
,  ,   0,25 10–3 .  

 
100LDt ,  100%  ( . 2). 

N

NH

O

N

N
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COOH

OH
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 1.  SC  GC  1  2 (SC – ,  
Sil – , GC –  ( ),  
GA – , Cit – ) 

 m/z I , % 
SC 

Cit ]– 191,1 100 
SC+Na]+ 689,6 2,4 
Sil+Na]+ 497,5 1,2 
Sil+H]+ 475,5 100 

Cit+Na]+ 215,2 3,1 
[2 Sil+H]+ 949,9 8,8 

GC 
GA-2 ]2– 410,4 100 

GA ]– 821,6 33,2 
GA-3 ]3– 273,3 1,8 

[3 GA-2 ]2– 1232,9 1,6 
GA ]+ 823,8 100 

[3 GA+2NH4]2+ 1252,7 11,8 
[5 GA+3NH4]3+ 1390,0 1,2 
[2MGA+NH4]+ 1664,5 1,8 

 SC  1 
Cit ]– 191,1 100 
1-H]– 749,7 17,6 

Sil ]– 473,4 4,4 
[2 1 ]– 1500,3 0,6 
1 Cit- ]– 941,7 4,8 

Sil+H]+ 475,5 100 
Cit+K]+ 231,3 0,3 
1+Na]+ 773,8 0,8 

SC+Na]+ 689,6 0,7 
[2 Sil+H]+ 949,9 2,6 

1+ Sil+H]+ 1226,2 0,03 
 SC  2 

Cit ]– 191,1 100 
Sil ]– 473,4 27,3 
2 ]– 1219,9 3,2 

Sil+H]+ 475,5 100 
SC+Na]+ 689,6 0,6 

[2 Sil+H]+ 949,9 5,5 
2+Na]+ 1244,1 0,3 

2+ Sil+H]+ 1696,5 0,01 
 SC  GC 

Sil ]– 473,4 2,7 
GA-2 ]2– 410,4 100 

Cit ]– 191,1 1,0 
GA Cit- ]– 1013,7 1,2 

[3 GA-2 ]2– 1232,9 1,3 
GA Sil-H]– 1295,9 0,8 

SC+Na]+ 689,6 1,4 
Sil+H]+ 475,5 100 

Cit+Na]+ 215,2 26,3 
GA+H]+ 823,8 1,0 

 2.  SC, GC,  1  2  Poecilia reticulata 

 ,   
100LDt ,  

SC 0,25 10–3  120  
1 0,25 10–3 13,0 1,3 
2 0,25 10–3  120  

GC 0,25 10–3  120  
 1–SC  0,25 10–3  21,4 0,2 
 2–SC  0,25 10–3  42,4 1,5 

 GC–SC  0,25 10–3  41,4 7,3 
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 Avena sativa L. (Poaceae)  
27–28 °C ,  [8, 14]. , -

 0,5 10–4 .  3. 

 3.  SC, GC  Avena sativa L.  
 0,5 10–4 ) 

  
H2O ( ) SC GC  GC  SC 

 24  
, % 52 56 28 60 

,  0,5±0,2 0,6±0,2 0,3±0,2 0,9±0,4 
, % 80 72 64 88 

,  0,9±0,2 1,0±0,3 0,9±0,4 2,1±0,7 
 48  

, % 76 84 72 80 
,  3,9±1,4 2,2±0,9 1,3±0,5 2,0±0,7 

, % 88 92 84 100 
,  2,2±0,7 3,5±1,4 2,1±0,6 3,8±1,0 

 72  
, % 92 88 84 80 

,  7,9±1,8 5,9±2,1 5,7±2,3 4,2±1,4 
, % 92 92 92 100 

,  7,1±1,9 6,4±2,4 7,0±2,8 5,9±1,7 

 

.  SC ( .  1)   
 Sil . ,  SC, Sil  

 (Cit),  Na+.   [ it ]–, -
 Cit. 

 GC  GA: 
GA ]+, [ GA ]–, [ GA-2 ]2–  [ GA-3 ]3–. ,  GA  [1, 2]. -

,  GC -
 GA,  NH4

+: [2MGA+NH4]+, [3 GA+2NH4]2+  [5 GA+3NH4]3+. -
 1,5:9,8:1, .  

 [3 GA-2 ]2–. , -
 GA.  

 1  2  [13]. 
 1  SC  [ 1+MSil+H]+, -

 1:1.  1  
Cit [ 1 Cit- ]–, .  2 -

 [ 2+MSil+H]+. -
 1  2 .  ,   GA 

 1:1.  [ 1+ Sil+H]+  3  
 [ 2+ Sil+H]+. , -

 1,  
 Sil.  1,  2 -

,  Sil -
. 

 GC  SC  [ GA Sil-H]–,  
 1 : 1. ,  GC  

 SC -, -  GA, -
. ,  SC  GC -

 1  2  1:1 [7, 8].  GA , -
,  1,  Sil. 
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. -
 [15]. ,  2, SC  GC  P. reticulata  

120 ,  1  ( . 2). -
-17 .  GC -

, -20. 
 1  SC . 

 
100LDt  2 , .  2–

SC  GC–SC . 
 SC. -

 1  SC ,  1.  
2  GC  SC, , , .  

.  [16, 17].  
,  SC  [18]. -

 1  2  SC  [8].  SC, GC, -
 Avena sativa L. ( . 3). 

GA,  1, .  GC  
72 ,  84%,  

,  2 (86%).  1 
-17,  GC – -20. , -

-, . 
 72 ,  GC–SC,  80%.  

,  (92%)  GC 
(84%)  SC (88%). ,  2  SC  

 [8].  92%, .  
.  1,  GC  SC,  

.  76% [8]. 
 GC  SC .  72 -

 GC  SC  100%,  
 92%. 

 GC–SC -
.  1  2  SC 

 84  92%,  [8]. 

 

1. ,  Sil -
 1 : 1. 

2.  1  SC .  
 SC. 

3.  GC  SC ,  
. 
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Yakovishin L.A.1*, Lekar A.V.2, Vetrova E.V.2, Borisenko N.I.3, Borisenko S.N.2,  Grishkovets  V.I.4 MOLECULAR 
COMPLEXES OF IVY AND LICORICE SAPONINS WITH SILDENAFIL CITRATE (VIAGRA) AND ITS BIOLOGICAL 
ACTIVITY 

1Sevastopol National Technical University, Universitetskaya Str., 33, Sevastopol, 99053 (Ukraine), e-mail: 
chemsevntu@rambler.ru 
2Institute of Physical and Organic Chemistry, Southern Federal University, Stachka Ave., 194/2, Rostov-on-Don, 
344090 (Russia) 
3 ological and Analytical Center, Southern Federal University, Zorge Str., 7, Rostov-on-Don, 344090 (Russia) 
4V.I. Vernadsky Taurida National University, Vernadsky Ave., 4, Simferopol, 95007 (Ukraine) 
The molecular complexation of triterpene glycosides -hederin (hederagenin 3-O- -L-rhamnopyranosyl-(1 2)-O- -L-

arabinopyranoside), hederasaponin C (hederagenin 3-O- -L-rhamnopyranosyl-(1 2)-O- -L-arabinopyranosyl-28- - -L-
rhamnopyranosyl-(1 4)- - -D-glucopyranosyl-(1 6)- - -D-glucopyranoside) and glycyram (monoammonium 
glycyrrhizinate) with sildenafil citrate was investigated for the first time using the electrospray ionization mass spectroscopy. 
The glycosides form complex in the 1:1 molar ratio. The influence of complex on Avena sativa seeds germination and its ich-
thyotoxicity against Poecilia reticulata were studied. 

Keywords: triterpene glycosides, -hederin, hederasaponin C, glycyram, sildenafil citrate, molecular complex, mass 
spectroscopy, ichthyotoxicity, allelopathic activity. 
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