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1. I N T R O D U C T I O N 

For centuries, Ranunculaceae species have been used by various civil izations as sour-

ces of both poisons and medic ines , due to their marked physiological effects . Preparat ions of 

certain Aconitum species native to Asia are indispensable materials in Eastern medic ine , 

pr imar i ly as painkillers. In Europe, species o f the Aconitum genus have played a less 

impor tant role in therapy; the only important species was Aconitum napellus. Af ter aconit ine, 

the main alkaloid of the plant was d iscovered in 1833, the pure compound a lso became part of 

the medicat ion. However , due to the high variabil i ty of the alkaloid content and the ex t reme 

toxicity of aconi t ine, both the herbal d rug and the pure alkaloid have lost their s ignif icance in 

Western medic ine . 

In the second half of the 2 0 " century, the structures of several d i terpene alkaloids were 

elucidated. T h e s e c o m p o u n d s occur main ly in the Ranunculaceae family (genera Aconitum, 

Delphinium and Consolida). From the v iewpoint of biogenesis , d i terpene alkaloids be long 

into the class of the pseudoalkaloids , s ince they appear to be der ivat ives of the animat ion of 

n i t rogen- f ree terpenes. Depending on the number of carbon a toms in the skeleton, the 

compounds can be divided into the m a j o r g roups o f CM, C ,S and Cm di terpene alkaloids. 

A major i ty of the identif ied d i te rpene a lkaloids were isolated f rom Aconitum species. 

Aconitum is a c i rcumboreal arctic and a lpine genus that extends into lower latitudes where 

there is sui table mesic habitat at h igh e levat ions a long the nor th-south chains of mounta ins . 

T h e greatest distr ibution of Aconitum species is in Asia, with smal ler g roups in Europe and 

Nor th Amer ica . In the flora of Europe, 7 species are to be found, 5 o f which are nat ive to the 

Carpa th ian Basin. 

In v iew of their s ignif icant physiological e f fec ts , pharmacologica l s tudies on di terpene 

a lkaloids have been carried out. The key poin ts of the scientif ic research are the e f fec t s of the 

d i te rpene a lkaloids on the central nervous sys tem and the heart , activit ies which p lay impor-

tant roles not only in the toxicity of the c o m p o u n d s , but also in their prospect ive medicinal 

use. Ranuncu laceae alkaloids are the targets of structure-activity exper iments , and regarded as 

lead c o m p o u n d s for the design and synthesis o f new drug molecules . T h e hydrobromide salt 

of lappaconi t ine , a d i terpene alkaloid o f A. septentrionale, is currently on the market as an 

an t ia r rhythmic drug. In line with the g rowing pharmacologica l knowledge on the d i te rpene 

alkaloids , there is an increased d e m a n d for new compounds to find fur ther perspect ive 

molecules for drug design and deve lopment . 
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2. A I M S O F T H E S T U D Y 

Seve ra l E u r o p e a n R a n u n c u l a c e a e spec ies h a v e b e e n poor ly e x a m i n e d p h y t o c h e m i c a l -

ly, or no t at a l l T h e i n c r e a s i n g p h a r m a c o l o g i c a l s i g n i f i c a n c e of the d i t e rpene a l k a l o i d s m o t i -

va ted us t o i n v e s t i g a t e t h e a l k a l o i d s o f cer ta in Aconitum s p e c i e s na t ive to the C a r p a t h i a n B a -

sin. In 2 0 0 2 , HOHMANN et ai ( D e p a r t m e n t o f P h a r m a c o g n o s y , Un ive r s i ty o f S z e g e d ) in i t i a ted 

a r e sea rch p r o g r a m m e a i m e d at t he p h y t o c h e m i c a l ana ly s i s o f Aconitum a n d Consolida 

spec i e s in o r d e r to i so la te d i t e r p e n e a lka lo ids , the c o m p o u n d s m o s t spec i f i c for t h i s f a m i l y . A s 

part o f th is c o m p r e h e n s i v e w o r k , the ma in g o a l s o f m y s t u d y w e r e to 

• r e v i e w the l i t e ra tu re c o n c e r n i n g the c h e m i s t r y and p h a r m a c o l o g y o f d i t e r p e n e a l k a l o i d s , 

• co l l ec t p l a n t ma te r i a l f r o m cer ta in Aconitum spec ies n a t i v e t o the C a r p a t h i a n Bas in , 

• e x a m i n e the a l k a l o i d c o n t e n t s o f the co l l ec t ed specie's, 

• se lec t s p e c i e s w i t h r ich a n d c o m p l e x a lka lo id con t en t s , 

• ca r ry ou t p r e p a r a t i v e w o r k to isolate pu re d i t e r p e n e a l k a l o i d s f r o m the se l ec t ed s p e c i e s , 

• e luc ida t e the s t r u c t u r e s o f the i so la ted c o m p o u n d s via N M R and H R M S t e c h n i q u e s , 

p r o v i d e c h a r a c t e r i s t i c spec t ra l da ta on the i so la ted n e w c o m p o u n d s , a n d s u p p l e m e n t 

m i s s i n g N M R d a t a on the a l r e a d y - k n o w n a lka lo ids , 

• ga in c h e m o t a x o n o m i c a l l y v a l u a b l e i n f o r m a t i o n c o n c e r n i n g t h e R a n u n c u l a c e a e f a m i l y , 

• in the f r a m e o f c o o p e r a t i o n , d i s c o v e r the p h a r m a c o l o g i c a l ac t iv i t i e s o f the i so la t ed 

c o m p o u n d s , 

• i d e n t i f y d i t e r p e n e a l k a l o i d s w h i c h a re potent ia l o b j e c t s o r t oo l s fo r d r u g d e v e l o p m e n t . 

3 . M A T E R I A L S A N D M E T H O D S 

T h e e x t r a c t s o f r o o t s a n d a b o v e - g r o u n d p a r t s o f A. moldavicum, A. anthora, A. 

toxicum, A. variegatum s u b s p . gracile, A. vulparia a n d A. vulparia subsp . lasianthum w e r e 

p u r i f i e d by s o l v e n t p a r t i t i o n i n g t o y ie ld f r a c t i o n s r ich in a lka lo ids . T h e a lka lo id c o n t e n t s o f 

t hese f r a c t i o n s w e r e i n v e s t i g a t e d by T L C , f o l l o w e d by s p r a y i n g wi th Drugendotff r e a g e n t . 

T h e i so la t ion o f t h e a l k a l o i d s w a s ca r r i ed ou t by a n e x t e n s i v e m u l t i - s t e p c h r o m a t o g r a p h i c 

s e p a r a t i o n p r o c e d u r e , i n c l u d i n g o p e n c o l u m n c h r o m a t o g r a p h y ( C C ) , v a c u u m - l i q u i d 

c h r o m a t o g r a p h y ( V L C ) , ge l f i l t ra t ion c h r o m a t o g r a p h y ( G F C ) , c e n t r i f u g a l p l a n a r 

c h r o m a t o g r a p h y ( C P C ) a n d p r e p a r a t i v e l aye r c h r o m a t o g r a p h y ( P L C ) . T h e s t r u c t u r e 

d e t e r m i n a t i o n o f t h e i s o l a t e d c o m p o u n d s w a s c a r r i e d o u t b y m e a n s o f s p e c t r o s c o p i c ( N M R , 

H R M S , U V ) e x p e r i m e n t s . 
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4 . R E S U L T S 

4 . 1 . ISOLATION OF ALKALOIDS 

The phytochemical work was started with the analysis of the alkaloid compositions of 

several endemic Aconitum species. The alkaloid content of the herbal samples was screened 

by using the classical method of alkaloid isolation, based on solvent partitioning at different 

pH, which allowed the separation and enrichment of alkaloids. Except for A. moldavicum, 

each sample contained a noteworthy amount of alkaloid. Due to the high alkaloid content and 

complex alkaloid composition, A. vulparia and A. toxicum were selected for further phytoche-

mical analysis. With regard to the limited amount of the plant material, the above-ground 

parts and roots of A. vulparia were examined together. The roots of A. toxicum contained 

appreciably more alkaloid, than the above-ground parts did (without the presence of 

chlorophyll), and therefore the roots of the plant were processed. 
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In the case of A. vulparia, classical alkaloid isolation based on solvent partitioning at 

different pH was applied (Figure 1). This method aims at the separation of alkaloids and ne-

utral compounds. TLC examination revealed that organic layer 1 also contained alkaloids be-

sides the bulk of the chlorophyll. On repetition of the phase-exchange process, two organic 

phases (11 and IV) were obtained with different alkaloid compositions. Further multiple-step 

chromatographic separation (including VLC, GFC, PLC and CPC) on Si02, reversed-phase 

Si0 2 , AFOi and Sephadex LH-20 resulted in the isolation of 9 pure compounds (AVU-1-9). 

| Aconituml0 
X 

CHCIj-MeOH extract 

[ 20% MeOH traction 
40% MeOH fraction"] 

_ccn_ 
cciier =xz I CC11/10-19 [ 

CPCV J [~CPC VN | 
| CC II736-37 I 

X 
f CC IWM6 | [ CC 11/106-111 1 

| CPC «31-50 I [ CPC «51« ¡fcPCVQ6-»0 [ f~CPC W/34-79 |f GFCVW-S [ fTfC W1M0 [ (~GfC W6-10 [ | CPCIXI16.26 ) | CPC ¿27-31 
• CPCP] | CECUM | I 'RR" 1 [wcvnl ("PLCMTI ; x X 

| CPC VIII I 

I CPC lll/14-23~j [ CPC IV/9-33"] j CPCW9-1?j| CPCVIIIPO-25 | | VLCVIII3J | | VLC VII/24-33 | 
I PLLXJ] 

Figure 2. Isolation of alkaloids from A. toxicum 

In the case of A. toxicum, an isolation procedure in neutral medium was proposed to 

obtain the alkaloids (Figure 2). The reasons for the choice of this method were the facts that 

the extract of the roots did not contain chlorophyll, moreover, in neutral medium the risk of 

acidic or alkaline hydrolysis can be minimized. Initially, CC-s using polyamide and A12OJ 

stationary phases were applied to remove polyphenolic compounds and to fractionate the 

alkaloid content, respectively. After extensive chromatographic purification using more 

selective methods (including VLC, GFC, PLC and CPC) with the use of Si02 , A1203 and 

Sephadex LH-20 and different solvent systems, 10 compounds were isolated (AT-1-10). 



4.2. STRUCTURE ELUCIDATION OF THE ISOLATED COMPOUNDS 

The structures of the isolated compounds were determined by means of spectroscopic 

methods. High-resolution mass spectrometric measurements allowed the determination of the 

exact molecular weights and molecular composit ions of the compounds. The most useful 

methods in the structure elucidation were I D and 2D NMR experiments, including 'H NMR, 

J MOD, ' H / H - C O S Y , HSQC, H M B C measurements, f rom which the constitution o r the 

compounds were elucidated. By means o f NOESY experiments, the relative configurations 

were determined. UV spectroscopy provided information on the structures only when 

aromatic ester groups were present in the molecules. 

The already known compounds were identified by comparing their NMR data with 

those in the literature. The structures o f the new compounds were elucidated by detailed 

analysis of the N M R spectra, supplemented with mass spectrometric experiments. Comple te 

'H and l 3C NMR chemical shift assignments were made for the new compounds, and also for 

some of the known compounds . 

From A. vulparia, 9 lycoctonine-type C | 9 diterpene alkaloids with an aconitane skele-

ton were identified. The structures and relative configurations of the two new alkaloids, 

vulparine (AVU-2) and aeovulparine (AVU-7) , were elucidated. *H and 13C N M R chemical 

shift assignments were determined for N-methyl-/V-deethyllyeoctonine (AVU-8) for the first 

t ime, with a corrected or supplemented assignment in the cases of septentriodine (AVU-1) , 

lycoctonine (AVU-6) and delectinine (AVT-9) . Delcosine (AVU-3) , anthranoyllycoctonine 

(AVI 1-4) and finetiadine (AVU-5) were identified on the basis of the identical measured and 

previously reported N M R data. 

From A. toxicum, 10 compounds , including 2 napelline-type Cjo diterpene alkaloids 

[songorine (AT-6) and songoramine (AT-7)] , 4 aconitine-type C t 9 diterpene alkaloids [aconi-

tine (AT-3) , acotoxinine (AT-5) , neoline (AT-8) and neolinine (AT-10)] and 4 C | g di terpene 

alkaloids [delavaconitine (AT-1) , dolaconine (AT-2) , aconosine (AT-4) and acotoxicine ( A T -

9)] w ere identified. The complete structures and relative stereochemistry of the new alkaloids, 

acotoxinine (AT-5) and acotoxicine (AT-9) , were determined. For songorine (AT-6) , 

songoramine (AT-7) and neolinine (AT-10) , complete ' H chemical shift assignment and the 

correction of some , 3 C N M R assignments was carried out. The complete 'H chemical shift 

assignments of dolaconine (AT-2) and aconosine (AT-4) were determined for the first time. 

Delavaconit ine ( A T - l ) , aconitine (AT-3) and neoline (AT-8) were identified on the basis of 

the good agreement of the measured and literature NMR data. 
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4 .3 . BIOGENETIC AND CHEMOTAXONOMICAL ASPECTS 

T h e a l k a l o i d s i sola ted f r o m A. vulparia r e p r e s e n t a se r ies o f s t ruc tu ra l ly c l o s e c o m -

p o u n d s , w h i c h p o i n t s to a c o m m o n b i o g e n e t i c p a t h w a y . T h e a l k a l o i d s a re h i g h l y o x y g e n a t e d , 

all c o n t a i n i n g 7 o x y g e n func t ions . T h e b i o g e n e s i s o f the ske le tons , i n c l u d i n g the i n t roduc t i ons 

o f the o x y g e n f u n c t i o n s in the c a s e s o f the 9 l y c o c t o n i n e - t y p e a lka lo ids , m a y be iden t ica l , 

f o l l o w e d by d i s s imi l a r m e t h y l a t i o n and es te r i f i ca t ion pa t te rns . T h e m e t h y l a t i o n m a y p r o c e e d 

s i m i l a r l y to the s e q u e n c e h y p o t h e s i z e d fo r a eon i t i ne - t ype a lka lo id s ( C - 1 6 -» C - 6 -* C - 8 -» 

C - l -» C - 1 4 ) . In each c o m p o u n d C - 1 6 and C - 6 are subs t i tu ted w i t h m e t h o x y g r oups , w h i l e 

m e t h y l a t i o n on C - l is l a ck ing in 1 a lka lo id [de l cos ine ( A V U - 3 ) ] and on C - 1 4 in 4 c o m p o u n d s 

[ v u l p a r i n e ( A V U - 2 ) , d e l c o s i n e ( A V U - 3 ) , f ine t i ad ine ( A V U - 5 ) and d e l e c t i n i n e ( A V U - 9 ) ] . 

In t e re s t ing ly , n o n e o f the c o m p o u n d s is m e t h o x y l a t e d at C - 8 . In 3 a lka lo ids , 1 o x y g e n 

f u n c t i o n , a n d in 1 c o m p o u n d , 2 h y d r o x y g r o u p s a r e es te r i f i ed . T h e e s t e r i f y i n g a c i d s w e r e 

a c e t i c ac id [ f i n e t i a d i n e ( A V U - 5 ) ] , an th ran i l i c ac id [ a n t h r a n o y l l y c o c t o n i n e ( A V U - 4 ) ] a n d 2 -

[ ( 4 - m e t h o x y - 4 - o x o b u t a n o y l ) a m i n o ] b e n z o i c ac id [ sep ten t r iod ine ( A V U - 1 ) , v u l p a r i n e ( A V U - 2 ) 

a n d finetiadine ( A V U - 5 ) ] . L y c o c t o n i n e ( A V U - 6 ) , a c o v u l p a r i n e ( A V U - 7 ) a n d Af-methyl-A'-

d e e t h y l l y c o c t o n i n e ( A V U - 8 ) a r e c l o s e l y re la ted , s i n c e t h e y d i f f e r o n l y in t h e iV-ethylW-

a z o m e t h i n e / A ' - m e t h y l f u n c t i o n s . 

T h e c h e m o t a x o n o m i c a l ana ly s i s o f the i so la ted c o m p o u n d s p r o v i d e s v a l u a b l e i n fo r -

m a t i o n . S t ruc tu ra l l y , t h e i den t i f i ed a lka lo ids a re in a c c o r d a n c e wi th t h e ear l ie r d e s c r i b e d a l k a -

lo ids from S w i s s p o p u l a t i o n s o f A. lycoctonum, s i nce s imi la r ly to t h e m a j o r i t y o f the c o m -

p o u n d s in t h e l i te ra ture ( 7 o f 9) , they a r e p o o r l y es te r i f i ed l y c o c t o n i n e - t y p e C , 9 d i t e r p e n e 

a lka lo id s . T h e c o m p o u n d s d e s c r i b e d f r o m a M o r o c c a n s a m p l e o f A. vulparia subsp . 

neapolitanum c o n t a i n e d 3 l y c o c t o n i n e - t y p e a lka lo ids , h o w e v e r , from a S p a n i s h s a m p l e o f the 

s a m e s u b s p e c i e s , 4 l y c o c t o n i n e - a n d 4 a c o n i t i n e - t y p e a lka lo ids w e r e iden t i f i ed . O n e o f t h e m , 

l a m a r c k i n i n e , s imi la r ly to a c o v u l p a r i n e ( A V U - 7 ) con t a in s the / V - a / o m e t h i n e g r o u p , w h i c h is 

v e r y r a r e a m o n g the d i t e r p e n e a lka lo ids . L y c o c t o n i n e ( A V U - 6 ) w a s d e t e c t e d in t h e S p a n i s h 

a n d S w i s s s a m p l e s and b y o u r s e l v e s loo . D e l c o s i n e ( A V U - 3 ) w a s a l s o p r e s e n t in t h e S p a n i s h 

s a m p l e . 

O u r resu l t s d e m o n s t r a t e that t h e a lka lo id c o n t e n t s o f t hese t a x o n o m i c a l l y v e r y c l o s e 

( s u b ) s p e c i e s ( f r e q u e n t l y r e g a r d e d as o n e s p e c i e s ) a re s imi la r , a n d can b e c h a r a c t e r i z e d m a i n l y 

b y the p r e s e n c e o f l y c o c t o n i n e - t y p e a lka lo ids . H o w e v e r , t he a lka lo id c o m p o s i t i o n d e p e n d s o n 

t h e hab i t a t a n d gene t i c d i f f e r e n c e s . T o d i f f e r e n t i a t e the p h e n o t y p i c a l l y h a r d l y d i s t i n g u i s h a b l e 

( s u b ) s p e c i e s o r p l an t s o f d i f f e r e n t g e o g r a p h i c a l or ig in on a c h e m o t a x o n o m i c bas i s , f u r the r 

s t u d i e s a r e r equ i r ed . 
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T h e c o m p o u n d s isola ted from A. toxicum i nd i ca t e c o m p l e x b i o g e n e t i c p a t h w a y s , s i n c e 

they b e l o n g in the g r o u p s o f C 2 0 , C , 9 and C , g d i t e r p e n e a lka lo ids . T h e n a p e l l i n e - t y p e C 2 0 

d i t e r p e n e a l k a l o i d s [ s o n g o r i n e ( A T - 6 ) and s o n g o r a m i n e ( A T - 7 ) ] are c l o s e l y r e l a t e d to each 

o ther ; s o n g o r a m i n e ( A T - 7 ) can be r e g a r d e d as t h e p r o d u c t o f e p o x y r i ng f o r m a t i o n in s o n -

g o r i n e ( A T - 6 ) . A c o n i t i n e ( A T - 3 ) , a c o t o x i n i n e ( A T - 5 ) , n e o l i n e ( A T - 8 ) and n e o l i n i n e ( A T - 1 0 ) 

a r e b a s e d o n t h e a c o n i t a n e ske le ton . T h e s e a c o n i t i n e - t y p e C i? d i t e r p e n e a l k a l o i d s differ- o n l y 

in the p r e s e n c e a n d p o s i t i o n s o f es ter , m e t h o x y a n d h y d r o x y g roups . N e o l i n e ( A T - 8 ) a n d n e o -

l in ine ( A T - 1 0 ) a r e u n e s t e r i f i e d a lka lo ids , and p u t a t i v e l y r ep re sen t a n ea r ly s t a g e o f b i o -

genes i s . D e l a v a c o n i t i n e ( A T - 1 ) c o n t a i n s a b e n z o y l g r o u p , a c o n i t i n e ( A T - 3 ) b e a r s ace ty l a n d 

b e n z o y l g r o u p s , w h i l s t a c o t o x i n i n e ( A T - 5 ) is e s t e r i f i ed wi th vera t r ic ac id , a r e l a t i v e l y r a r e es-

t e r i f y i n g a g e n t o f d i t e r p e n e a lka lo ids . D e l a v a c o n i t i n e ( = 1 3 - j S - h y d r o x y - 1 4 - b e n z o y l a c o n o s i n e ) 

( A T - 1 ) , d o l a c o n i n e ( = 1 4 - a c e t y l a c o n o s i n e ) ( A T - 2 ) , a c o n o s i n e ( A T - 4 ) and a c o t o x i c i n e ( = 3 - a -

h y d r o x y a c o n o s i n e ) ( A T - 9 ) r e p r e s e n t a se r i e s o f b i o g e n e t i c a l l y re la ted C i 8 d i t e r p e n e a lka lo ids . 

D o l a c o n i n e ( A T - 2 ) and a c o n o s i n e ( A T - 4 ) con ta in o n l y 4 o x y g e n f u n c t i o n s , w h i c h is v e r y r a r e 

a m o n g C | 8 d i t e r p e n e a lka lo ids . 

T h e Ci9 a l k a l o i d s i so la t ed f r o m A. toxicum a r e s t ruc tu ra l ly a n a l o g o u s t o t a k a o s a m i n e , 

the o n l y d i t e r p e n e a lka lo id p r e v i o u s l y i den t i f i ed f r o m the p lan t . A c o n i t i n e ( A T - 3 ) , s imi l a r ly 

as fo r m a n y Aconitum s p e c i e s , i s t he m a i n a l k a l o i d o f A. toxicum. T h e 4 C , 8 d i t e r p e n e a lka -

lo ids a r e o f g r e a t c h e m o t a x o n o m i c a l va lue , d u e to the r e l a t ive s ca r c i t y o f t h e s e t y p e s o f 

c o m p o u n d s . 

4 .4 . PHARMACOLOGICAL PERSPECTIVES 

T h e c o m p o u n d s b e a r i n g a 2 - [ ( 4 - m e t h o x y - 4 - o x o b u t a n o y l ) a m i n o ] b e n z o y l es te r s ide -

c h a i n [ s e p t e n t r i o d i n e ( A V U - 1 ) , v u l p a r i n e ( A V U - 2 ) a n d f i ne t i ad ine ( A V U - 5 ) ] a r e s t ruc tu ra l ly 

c l o s e l y r e l a t e d to t h e p o t e n t n i co t in i c a c e t y l c h o l i n e r e c e p t o r ( n A C h R ) l igand 

m e t h y l l y c a c o n i t i n e ; n e v e r t h e l e s s , in t h e a l k a l o i d s i so la ted from A. vulparia, t h e succ iny l 

g r o u p d o e s n o t c o n s t i t u t e a 5 - m e m b e r e d ring t h r o u g h an i m i d e b o n d f o r m a t i o n . T h e e f f e c t s o f 

s u c h c o m p o u n d s on t h e n A C h R s h a v e n o t ye t b e e n s tud ied . 

A n t h r a n o y l l y c o c t o n i n e ( A V U - 4 ) has a s i m i l a r cons t i t u t ion to t h a t o f l a p p a c o n i t i n e , a 

p o t e n t a n t i a r r h y t h m i c d r u g c u r r e n t l y on t h e m a r k e t , and b e a r s all t he s u b s t i t u e n t s r e l a t e d to 

t h e e f f e c t . T h e c a r d i o v a s c u l a r e f f e c t s o f a n t h r a n o y l l y c o c t o n i n e ( A V U - 4 ) , a C 1 9 d i t e r p e n e 

a lka lo id a n a l o g u e o f the a n t i a r r h y t h m i c C u d i t e r p e n e a lka lo id (V-deace ty l l appacon i t ine h a s 

n o t ye t b e e n e x a m i n e d . 
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In r ecen t years , it has been d e m o n s t r a t e d that cer ta in d i t e rpene a lka lo ids exert a cy to -

toxic e f f e c t aga ins t d i f f e r e n t t u m o u r cell l ines. O n the bas i s o f these resul ts , cy to tox i c a s s a y s 

o f the e f f e c t s o f s c p t e n t r i o d i n e ( A V U - 1 ) , v u l p a r i n e ( A V U - 2 ) . a n t h r a n o y l l y c o c t o n i n e ( A V U - 4 ) 

a n d f t n e t i a d i n e ( A V U - 5 ) on b reas t a d e n o c a r c i n o m a ( M C F - 7 ) and ce rv ix a d e n o c a r c i n o m a 

( H e L a ) w e r e t es ted in c o - o p e r a t i o n wi th the D e p a r t m e n t o f P h a r m a c o d y n a m i c s and 

B i o p h a r m a c y , Un ive r s i t y o f S z e g e d , u s i n g an M*IT assay . F ine t i ad ine ( A V U - 5 ) exh ib i t ed the 

h ighes t cy to tox i c i t y ( 3 9 . 4 8 ± 3 . 4 2 % and 2 5 . 5 9 ± 1 . 8 7 % inhib i t ion on M C F - 7 and H e L a ce l l s , 

r e spec t ive ly , at 3 0 p g / m l ) . S e p t e n t r i o d i n e ( A V U - 1 ) and a n t h r a n o y l l y c o c t o n i n e ( A V U - 4 ) d is -

p l a y e d m a r g i n a l t u m o u r cell i nh ib i to ry ac t iv i ty , w h i l e vu lpa r ine ( A V U - 2 ) w a s f o u n d to be in-

ac t ive . T h e tes ted a n t h r a n o y i - s u b s t i t u t e d d i t e r p e n e a lka lo id s p o s s e s s e d w e a k cy to tox i c p o t e n -

c i e s aga ins t h u m a n t u m o u r ce l l s , a n d t h e r e f o r e t h e ac t iv i t i e s o f f u r t h e r c o m p o u n d s w e r e no t 

i nves t iga t ed . 

P r e v i o u s s tud i e s on s o n g o r i n e ( A T - 6 ) s u g g e s t e d that th i s c o m p o u n d ac t s a s a n o n -

c o m p e t i t i v e an t agon i s t at t he G A B A A recep to r in rat h i p p o c a m p a l s l ices . A s par t o f a r e sea rch 

p r o g r a m m e in c o - o p e r a t i o n w ith the D e p a r t m e n t o f E x p e r i m e n t a l Z o o l o g y a n d N e u r o b i o l o g y , 

U n i v e r s i t y o f Pecs , t he in vivo e f f e c t s o f the i so la ted c o m p o u n d s on neocor t i ca l , h i p p o c a m p a l 

and t h a l a m i c n e u r o n s o f ra t s ha s been inves t iga ted . S o n g o r i n e ( A T - 6 ) a n d v a r i o u s o the r 

b ioac t i ve c o m p o u n d s w e r e a d m i n i s t e r e d s i m u l t a n e o u s l y by m e a n s o f m i c r o i o n t o p h o r e s i s 

t h r o u g h a mu l t i - ba r r r e l e l ec t rode . T h e s ta t is t ical ana ly s i s o f 3 6 7 d r u g admin i s t r a t i on t r ia ls 

r e v e a l e d that s o n g o r i n e ( A T - 6 ) e x h i b i t e d a po t e n t inh ib i to ry e f f e c t on the s p o n t a n e o u s , 

m a i n t a i n e d f i r ing o f the r e c o r d e d n e u r o n s . M o r e o v e r , t he songor ine -e l i c i t ed inh ib i t ion w a s 

s u c c e s s f u l l y m i m i c k e d b y G A B A , a n d a t t e n u a t e d b y the G A B A a r e cep to r an t agon i s t p i c ro -

tox in . O v e r a l l , w e f o u n d that s o n g o r i n e ( A T - 6 ) ac t s p r e d o m i n a n t l y a s a po ten t G A B A a a g o -

nist , a n d m a y be a p r o m i s i n g t a rge t fo r f u r t h e r p h a r m a c o l o g i c a l r e sea rch . In te res t ing ly , o u r in 

vivo e x p e r i m e n t s d e m o n s t r a t e d an o p p o s i t e e f f e c t o f s o n g o r i n e to tha t r epor t ed ear l ie r on the 

b a s i s o f in vitro m e a s u r e m e n t s . T h e e x a m i n a t i o n o f f u r t h e r d i t e r p e n e a lka lo ids in the s a m e 

test s y s t e m , a n d p r imar i l y s o n g o r a m i n e ( A T - 7 ) , a c l o s e s t ruc tura l r e l a t ive o f s o n g o r i n e ( A T -

6), is p r o j e c t e d . 

In l ight o f the p h a r m a c o l o g i c a l p rope r t i e s o f the d i t e rpene a lka lo id s that h a v e b e e n 

e l u c i d a t e d s o far , i nves t iga t ion o f t h e c a r d i o v a s c u l a r a n d cent ra l n e r v o u s e f f e c t s o f the c o m -

p o u n d s a n d the i r m e c h a n i s m s o f ac t ion s e e m s to b e p r o m i s i n g . T h e d ive r se , t h o u g h in m a n y 

f e a t u r e s a n a l o g o u s s t ruc tu re s o f the c o m p o u n d s i so la t ed f r o m A. vulparia and A. toxicum o f f e r 

the poss ib i l i ty o f a d e e p e r u n d e r s t a n d i n g o f the s t ruc tu re -ac t iv i ty r e l a t ionsh ips . 
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