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Duhing t h e  p u t  &idteen y e m ,  Aij.tican S h j c h n o b  npecieh have been p h m a c o L u g i -  

c&y und chemicdLy  hcheened by hume Ewrupean U n i v ~ & u ,  homeLimen W& t h e  CO& 

LabuticLtivn 0 4  hume AQ.tican 1nhLLtLLtu. Sh.ychn0b ubambah&nAd WU be diocunhed h u e  

becaune uij vwr i n t e t r u t  i n  Lt, u 6 t u  t h e  diocuvehy 0 6  h une i n  t h e  p t repahdun  0 6  an 

amuw puiAun wLth cuhahizing a c f i u L t y .  

The Eutopean h 2 u d i u  have ohvwn t h a t  t h e  A i j ~ c a n  h p e c i u  uij Sh.y&nob c h e m i c d l y  

ahe v m y  nim2sah t u  cehtcLin SuLLth-Amhcan h p e c i u .  Indeed, t h e  u c c m e n c e  i n  t h e  

Aijkicaii h p t c i ~  uij c w r d z i n g  qucLtehnwry baheh, and i n  t h e  Ameucan h p e c i u  0 6  teXaniz-  

Ang Zent iwry  b u e n ,  nuch ah ukage.tine, emphahAzu t h e  unLty 06  g e n ~  Sthychnod i n  tw 

06 h d k d u i d n  . Many b i u L u g i c d  ucLLu4LLeh i a n t u n i c t o b d ,  hyputenhive,  hpahmoLy~.c,  

amueb i c i dd . .  . ) have been deXeoted. 

F i n d L y ,  t h e  antunLtuf ic  p t r upen t i u  ud nome d k d u i c h  w 2 L  be p u e n t e d .  B u i d e n  

knuwn u ~ u m u t r  &ugn, e.g . &tun.int and eLLLpt ic ine ,  Aijhican npecien puhhun nau 

an tunLtuL ic  p h u d u c t ~ ,  e.  g . hLtychnupevLtamine phen c n t  i n  S h j c h n a b  ubambahuud . 
Becmot uij t h u g  ~ i n d i n g n ,  t h e  main treahuru ijuhtheir i n v u L L g a t e  BhaziLLan 

S h j c h n o b  hpecieh m e  t h e  Lack 06  knuwLedge about :  

- t h e  diAakibuLLun 0 6  t h e  opecieh i n  t h e  nuLLtheirn pcvLt 0 6  t h e  gtreat Amazon Bahin. 

Accvtrding t u  KtrukuQij, Lt h poonibLe t h a t  n w  h p e c i u  may be ijuund thehe.  

- t h e  d ioak ibuL iun  uij d k d u i d h  i n  muny uij knvwn hpecieh.  lndeed, thehg b i n e  

i n Q o h & o n  un t h e  v k & u n  i n  co»ipuh4fiun uQ t h e  d k d u i d d  mixZuhu i n  t h e  

d i  i j  Qetrent patLt5 u Q t h e  PLU&. 

- the  b4oLugAcd ac f i u i f i en  0 4  d k d u i h .  l n  t h e  p u t ,  i n t e i r en t  h a  been 6ucune.d 

t uu  na..tuiciey un pohhib le c u h k z 4 n g  phupmt i en .  

Wliy ohoued B t r a z 2 k n  npecieo n u t  con ta i n  d k d u i c h  wLth pfiupe.htLu h h L L a h ~ % t h u h e  

Quund i n  t h e  Adhican opecien? 

(*) Lecture given at the ~ 1 1 1 ~ ~  Symposium of Medicinal Plants of Brazil - Manaus - 
September 1984. 

(**) Laboratoire de Pharmacognosie et de Chimie structurale organique, Institut de 

Pharmacie - Faculté de Médecine de l'université de ~ i è g e  - Rue Fusch, 5-B-4000 
LIEGE (Belgica) . 

SUPL. ACTA AMAZONICA, 18(1-2) :241-254 -1 988 . 24 1 



The genus Strychnos i s  p a n t r o p i c a l  and comprises about 200 species,  which may be 

subd iv ided  i n t o  t h r e e  g e o g r a p h i c a l l y  separated groups: one i n  As ia  w i t h  44 species,  one 

i n  America w i t h  about  70 species and one i n  A f r i c a n  w i t h  75 species.  

A l though i n v e s t i g a t i o n s  i n t o  t h e  genus Strychnos have been go ing  on f o r  a  long 

t ime,  theAf r i canmembers  s u f f e r e d  a  l o n g p e r i o d o f  n e g l e c t .  The f i r s t  sys temat i c  s t u d i e s  

were under taken i n  L iege  by t h e  l a t e  Pro fessor  Denoel on m a t e r i a l s  f rom t h e  B e l g i a n  

Congo (Zai  r e )  (Denoel e t  a l . ,  1953). Other works i n c l u d e  t h e  taxonomic r e v i s i o n  o f  thegenus 

by Leeuwenberg (1969) ,  t h e  ethnobotany ( ~ i s s e t ,  1970) and a  p r e l i m i n a r y  sc reen ing  f o r  

a l k a l o i d s  by B i s s e t  and P h i l l i p s o n  (1971) .  Dur ing  t h e  pas t  f i f t e e n  years ,  48 A f r i c a n  

species have been screened by t h e  Swedish U n i v e r s i t y  o f  Uppsala f o r m u s c l e - r e l a x a n t  and/ 

o r  convu lsan t  a c t i v i t y .  I n  recen t  years ,  o t h e r  chemical and b i o l o g i c a l  s t u d i e s  have 

been under taken i n  many U n i v e r s i  tics o f  Europe (~reat- ri t a i n ,  France, I t a l y ,  Sweden, 

Nether lands and Belgium) . A  rev iew o f  t h e  phytochemi s t r y  o f  A f r i c a n  Strychnos species 

and t h e i r  b i o l o g i c a l  a c t i v i t i e s  has been r e c e n t l y  presented i n  t h e  Journa l  o f  Ethnophar  

macology ( 0 h i r i  e t  a l . ,  1983) .  

STUDY OF AFRICAN LOGANIACEAE AT THE UNIVERSITY OF LlEGE 

The research programme o f  t h e  U n i v e r s i t y  o f  L i e g e  on Strychnos a l k a l o i d s  i s  a l s o  

an o f f s h o o t  o f  an i n v e n t o r y  o f  m e d i c i n a l  and t o x i c  p l a n t s  i n  t h e  Eas te rn  p a r t  o f  Rwanda 

c a r r i e d  o u t  d u r i n g  t h e  years 1969-70 (Angenot, 1973). 

Amng t h e  t o x i c  p l a n t s ,  those spec ies  which a r e  i n g r e d i e n t s  o f  a r row poisons,  a r e  

r e a l l y  w o r t h  s t u d y i n g .  An i n t r i g u i n g  account o f  a  hun te r  named Kahi jama, gamekeeper i n  

t h e N a t i o n a l  P a r k o f  Akagerabecamea spec ia l  i n s p i r a t i o n  t o  the  i n i t i a t i o n  o f  o u r  

programme, Kahijama belongs t o  t h e  t r i b e  o f  Banyambo: i t  i s  a  smal l  t r i b e  l i v i n g  a long  

t h e  Akagera r i v e r  on t h e  border  between Rwanda and Tanzania. T h i s  t r i b e  prepared i n  

f r o n t  o f  us an a r row poi  son ( ~ n g e n o t  , 1971 ) . 
The main i n g r e d i e n t s  o f  t h i s  p r e v i o u s l y  unknown po ison  were S.usarnbarensis leaves 

and r o o t s ,  we had f i r s t  examined. 

So t h e  o b j e c t i v e s  o f  Our programme on Strychnos were: the  inc rease  o f  t h e  l i m i t e d  

knowledge o f  the  A f r i c a n  species,  m a i n l y  a  chemo-and pharmaco-taxonomic e v a l u a t i o n  and 

t h e  d i s c o v e r y  o f  some phar rnaco log ica l l y  a c t i v e  compounds. 

The most a c t i v e  i n g r e d i e n t s  o f  St rychnos a r e  i n d o l e  a l k a l o i d s .  They belong t o  t h e  

s o - c a l l e d  Corynanthe/Strychnos t y p e  o f  t e r p e n o i d s  i n d o l e  a l k a l o i d s .  Condensation o f  

t r y p t a m i n e  and secologanin u n i t s  leads t o  g l u c o - a l k a l o i d s  f rom which t h e  v a r i o u s  t ypes  

o f  i n d o l e  a l k a l o i d s  a r e  o b t a i n e d  by f u r t h e r  r e a c t i o n s .  

L e t  us examine i n  d e t a i l s  St rychnos usanbarensis .  I t  i s  a  c l i m b i n g  shrub i n  West 

A f r i c a ,  w h i l e  East and South A f r i c a n  specimens a r e  smal l  t r e e s .  

The r o o t  barks ,  leaves and f r u i t s  o f  S. usambarensis c o l l e c t e d  i n  Rwanda and Tan 

zan ia ,  have been examined about t e r t i a r y  and qua te rnary  a l k a l o i d s .  

Up t o  now, u s i n g  v a r i o u s  chromatographic  methods i n c l u d i n g  PTLC, LCand DCCC,wehae 
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i so la ted  twenty-one a l k a l o i d s  from root  barks. These a l k a l o i d s  were d iv ided i n t o  three 

groups according t o  t h e i r  p o l a r i t y  and the  c h a r a c t e r i s t i c s  o f  t he i ram ine func t i ons .  'The 

i d e n t i f i c a t i o n  and the s t r u c t u r a l  determinat ion o f  these compounds were achieved by 

spectroscopy and sometimes X Ray ana lys is .  

The f i r s t  group contains t e r t i a r y  a l ka lo ids .  Apart from harman which was found 

fo r  the f i r s t  t ime i n  Loganiaceae, we have i so la ted  three new a l ka lo ids .  

Two o f  them (usambarens ine and dihydro-der i v a t i v e )  are b i s - i  ndole type biogenet i - 
c a l l y  der ived from two t ryptamine and one mono-terpene u n i t s  as somealka lo idsof  Apocy- 

naceae (Ochros i a )  and Rubiaceae (uncar ia)  , two fami l ies  very  c lose t o  Loganiaceae f rom a 

chemotaxonomy p o i n t  o f  view. They are  unsymmetrical dimers. The i r  s t ruc tu re  and con f i g2  

r a t i o n  were proved e i t h e r  by X-Ray ana lys is  f o r  usambarensine (Fig.  1) o r  by synthesis 

f o r  dihydro-usambarensine (Fig.  2 ) .  

Usambarensine o f f e r s  a t rop ine - l  i ke  and spasmolytic a c t i v i t i e s  (on the smooth 

muscles). Dihydro-usambarensine has amoebicide proper t ies .  

The t h i r d  a l k a l o i d  o f  the  f i r s t  group i s  a l so  new; akagerine(Fig.3) i s a  tetracycl ic 

i ndo le  a l k a l o i d  possessing a perhydro-azepine r i n g  coupled t o  tetrahydro-B carbol ine,by 

an o r i g i n a l  N 
1 -Cl 

bond (Angenot e t  a l  . , 1975). Akagerine should be a precursor o f  some 

sophist  i ca ted a l k a l o i d s  (b i s - i ndo le  and heptacycl i c )  t h a t  would be obtained by react  ion 

w i t h  tryptamine. Akagerine and de r i va t i ves  have been recen t l y  recovered i n  some A f r i can  

and South American species studied by the  Univers i  t i e s  o f  Uppsala (Sweden) and Roma 

( 1  t a l y )  ( ~ a r i n i - B e t t o l o  e t  a l . ,  1980). Akagerine has exh ib i t ed  t e t a n i z i n g  proper t ies ,  

but  i s  a hundred times less a c t i v e  than strychnine.  

The second group i s  represented by an anhydronium base (6,7-dihydro-f lavoperei r i  - 
ne) and mainly by two substances conta in ing  simul taneously a quaternary amnonium and a 

t e r t i a r y  amine func t ion .  They are  thus hyb r i d  a l k a l o i d s  w i t h  p a r t i c u l a r  p rope r t i es  o f  

s o l u b i l i t y  and ex t rac t i on .  Indeed, these products remain between the aqueous phase and 

the  organic phase dur ing the  e x t r a c t i o n  procedure. 

The l a s t  group contains quaternary ammonium compounds Monomericalkaloids include: 

me1 inonine F (Caprasse e t  a l . ,  1983a), f l uo rocu ra r i ne  (Fig.  4) (Caprasseet a l .  ,198lb)aid 

macusine 8, th ree products forrnerly i so la ted  from American Strychnos and curare. Macusine 

B (Fig.  5) has been shown t o  possess ad reno l y t i c  p roper t ies .  These l a s t  years, we have 

a l s o  obtained N -methyl a n t i r r h i n e  p rev ious l y  found i n  S. camptonara and mal ind ine(F ig .  
b 

6) f i  r s t  i so la ted  from S. decussata (Caprasse e t  a l . ,  1948a). Three new de r i va t i ves  O- 

methyl-macusine B, O-methyl-19, 20 dihydro-macusine B and isomal indine were s t i l l  de- 

tec ted i n  t h i s  group. 

Dimeric quaternary compounds belong mainly t o  Strychnos type. The symmetrical 

dimers are  very a c t i v e  products. Three o f  them (curar ine ,  calebassine, d i h y d r o t o x i f e r i  

ne) (Fig.  7) were prev ious ly  i so la ted  from Calabash-Curare and some South American 

Strychnos. They a re  found and i so la ted  f o r  the  f i r s t  t ime i n  a S t r ychms  speuesgrowing 

outs ide  o f  America. These diquaternary amnonium compounds o f f e r  i n t e r e s t i n g  and potent  

neuromuscular b lock ing  p rope r t i es ,  and we may conclude t h a t  the  l e t h a l  a c t i o n o f t h e a r m  

poison prepared by the  Banyambo hunters i s  c e r t a i n l y  due t o  t h e c u r a r i z i n g  p rope r t i es  of 
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these products ( ~ n ~ e n o t  e t  a l . ,  1975a). 

The l a s t  d imer ic compound i s  a new product  t ha t  we have ca l  led  a f rocu ra r i ne  (Fig.  

8 ) .  I t  i s  an unsymmetrical b i s i n d o l e  a l k a l o i d  less  c u r a r i z i n g  than the  symnetrical 

dimers (caprasse e t  a l . ,  1984b). 

The leaves o f  the  same Strychnos were the re fo re  studied.  They conta in  s ix teen 

a l ka lo ids ,  t ha t  a re  a l 1  b i s i ndo le  a l k a l o i d s  o f  Corynanthe type and d i f f e r e n t  from these 

present i n  t he  roots.  They are  new and possess the usambaraneskeletonbut w i t h  a s h i f t  

o f  the  double bond from C 1 9  - C Z 0  t o  C I 8  -CI9  o r  by l acki  ng o f  t h  i s bond. (caprasse e t  

a l . ,  1983b). Moreover, many a re  phenol i c  and amongst them,strychnopentamine and isomers 

a re  cur ious  a l k a l o i d s  w i t h  f i v e  n i t r ogen  atoms; a me thy lpy r ro l i d i ne  group i s  j o i ned  t o  

t he  benzene r i n g  o f  the Corynane p a r t  o f  the  molecules.Oxindolealkaloids~trychnofoline, 

s t rychnophy l l ine  and isomers) a re  a l s o  found fo r  the  f i r s t  t ime l n  Strychnos genus. 

F r u i t s  o f  S. u s a b a r e n s i s  such as cher r ies  have caused the  poisoning o f  c h i l d r e n  

i n  A f r i c a .  We have then i so la ted  t h e i r  main a l k a l o i d  and i d e n t i f i e d  i t  as descarbome- 

thoxydihydrogambirtannine; t ha t  a l k a l o i d  had been never found i n  the  fami ly  o f  Logania- 

ceae but  was previousl  y d i  scovered i n  Ochrosia genus (Apocynaceae). 

Among the o ther  Strychnos recen t l y  s tud ied a t  Liege. we w i l l  ho ld  t he  a t t e n t i o n  

on : 

- S .  v a r i a b i l i s  (small t reeendemicaroundKinshasa  i n   aire). Thego lden f r u i t  

pu lp  i s d e l i c i o u s l y  sweet but  the  roo t  bark i s  a v i o l e n t  poison from which twenty a lka-  

l o i d s  have been i so la ted  and espec ia l l y  two p a i r s  o f  diastereomeric e q u i l i b r a t i n g  alka- 

l o i d s  t h a t  could be the  b iogenet ic  s t a r t i n g  po in t  o f  two ser ies  o f  mono-anddimericalka 

l o i d s  which have a d i f f e r e n t  stereochemistry f o r  C 1 6 :  t he  r e t u l i n e  ser ies  and t h e e p i m r  

i s o r e t u l i n e  ser ies  ( ~ i t s  e t  a l . ,  1980). These a l k a l o i d s  s t i l l  conta in  a new group o f  

Strychnos unsymmetrical dimers: the  s t rychnob i l ines ,  character ized by a carbinolamine 

e ther  group i n  a hexacycl ic  r i n g  s i m i l a r  t o  t h a t  o f  geissospermine ( ~ i t s  e t  a l . ,  1983a, 

b ) .  Moreover, ,the quaternary a l  ka lo ids  - mavacurine and f l uo rocu r i ne  - (Fig.  9) have 

been ex t rac ted from t h i s  A f r i can  species ( T i t s  e t  a l . ,  1981). 

- S.  i c a j a  used as ordeal  and arrow poison i n  theNor th  E a s t o f Z a i r e  and i n  Gaboon. 

The roo t  barks sometimes conta in  up t o  f i f t e e n  percent o f  a l ka lo ids ,  ou t  o f  which 

s t rychn ine i s  the  main cons t i t uen t  bu t  again we have found a new dimer ic product t ha t  

we have c a l l e d  sungucine ( ~ a m o t t e  e t  a l . ,  1979). 

- S. gossue i l e r i  very  r i c h  i n  a new glucoalkaloid:dolichantosideandin quaternary 

a l k a l o i d s  (d ip loce l  ine  (Fig.  10) w i t h  an t im ic rob ia l  a c t i v i t y )  and anhydronium bases 1 i ke  

a l  s tonine and a new one: strychnoxanthine (Coune e t  a l . ,  1984). 

- S. s c h e f f l e r i  from Za i re  w i t h  a l k a l o i d s  re la ted  t o  the  tabascanine and spermos- 

t rychn ine type bases, a l ready known from the American S. b r a s i l i e n s i s  and S. tabascana 

(Caprasse and Angenot, 1981a). N ( ] )  -acety l  -O-methylstrychnosplendine, main a l  k a l o i d  i n  

the  leaves, was now found t o  have strong muscle-relaxant ac t  i v i  t y  (~ee ra tunga  e t  a l  . , 
1984) . 

During our phytochemical screening on medic inal  p l a n t s  o f  Central A f r i c a ,  we have 
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obtained samples o f  an other species o f  Loganiaceae; Anthoc le is ta  g rand i f l o ra  i s  a t r e e  

(5-35 m high) unarmed and c a l l e d  "cabbage-tree" o r  " fever - t ree"  because used against  

fever.  This species never contains a l k a l o i d s  but  always secoiridoidglycosides.Themain 

cons t i t uen t  o f  the bark  i s  sweroside, whose feb r i f uge  a c t i v i t y  was a l s o  performedduring 

t h i s  study (chapel le,  1976). More recen t l y ,  an anti-amoebic a c t i v i t y  has been d e y  

s t ra ted  f o r  t h i s  compound (van Beek e t  a l . ,  1984). According t o  these resul ts,we t h i n k  

t h a t  the b i o l o g i c a l  a c t i v i t y  o f  the i r i d o i d s  re la ted  t o  loganin and q u i t e  common i n  the 

Strychnos as they take p a r t  i n  the biogenesis o f  a l ka lo ids ,  has t o  be inves t iga ted i n  

the fu tu re .  

REASONS FOR THE STUDY OF STRYCHNOS IN THE FIELD OF TUMOR INHIBITORS 

I t  seems t h a t  two fundamental approaches can be fo l lowed t o  i d e n t i f y p l a n t s h a v i n g  

these p rope r t i es :  

Random se lec t i on  screening 

I t  i s  the method mainly p rac t i sed  by Nat ional  Cancer l n s t i t u t e ( ~ . ~ . ~ . ) .  According 

t o  Suffness and Douros (1982), NCI screens about 10,000 new synthet ic  compounds and 420 

pure natura l  products per year p lus  about 14,000 crude natura l  extracts(8,000 frorn fernec 

t a t  ion; 5,000 from p lan t  and 1,000 from marine animal) .  About 6-8 compounds enter  c l  i n i  

ca l  t r i a l s  each year. S l i g h t y  less than h a l f  o f  them are  na tu ra l  products.  The cos t  o f  

bioassay procedures becomes greater  w i t h  increasing number o f  p l a n t  pa r t s tes ted ,bu t  t h i s  

program o f f e r s  an advantage i n  t h a t  i t  i s  p rov id ing  some new s t ruc tu res  - prev ious l  y 

unassociated w i t h  tumor i n h i b i t i n g  a c t i v i t y  -, tha t  serve as mode1 f o r  synthesis o f  

de r i va t i ves  w i t h  could be more ac t i ve ,  and hope fu l l y  have fewer s ide-e f fec ts ,  than the  

parent na tura l  compound ( ~ a r n s w o r t h  and Kaas, 1981). 

Screening o f  medic inal  and t o x i c  p l a n t s  

The approach o f  t e s t i n g  p lan ts  w i t h  an account o f  use f o r  any cond i t i on  in t r a -  

d i t i o n a l  medicine has been most successful up t o  now and a t  a lower cost .  One recent 

study describes an attempt t o  c o r r e l a t e  r e s u l t s  obtained from the NCI p lan t  ant i tumor 

screening program w i t h  selected types of f o l k l o r i c  uses f o r  the same p lants .  

From these data, i t  would appear t h a t  one would increase by a f a c t o r  o f  two the 

number o f  p lan ts  species t h a t  would show experirnental i n  v i t r o  o r  i n  v i v o  c y t o t o x i c i t y  

o r  ant i tumor a c t i v i t y  i f  the p lan ts  were selected on the  basis o f  a l leged use as a n t i -  

cancer remedies, and by a f a c t o r  o f  about f i v e ,  f o r  the p lan ts  a l leged t o  be useful  as 

arrow poisons ( ~ a r n s w o r t h  and Kaas, 1981). Now, the genus Strychnos i s  we l l  known i n  the 

wor ld  as w e l l  as an arrow and d a r t  poison (curare i n  South America,lpoh inAsia,Banyambols 

g i f t  i n  A f r i ca ,  as an ordeal poison ( ~ ' ~ o u n d o u  i n  A f r i c a  ... ) .  

' Moreover, we have considered the pub1 ished experimental data i n d i c a t i n g  ant i tumor 

a c t i v i t y  f o r  crude ex t rac t s  from Strychnos: 

- the a l k a l o i d a l  ex t rac t s  o f  S. henn ings i i  were shown t o  be a c t i v e  against  cancer 

ce1 l s (Hokanson , 1975) . 
- the  aqueous ex t rac t s  o f  S .  elaeocarpa and S .  lucens stem bark,and the chloroform 

e x t r a c t  o f  S .  usambarensls leaves have a l 1  been shown t o  be a c t i v e  against  lymphatic 
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leukemia P-388 i n  v i vo  i n  mice (personnal communication o f  the l a t e  M. Kupchan t o  W. 

Rolfsen (1980). 

Since 1981 we have c a r r i e d  ou t  experiments about cy to tox i c  and a n t i t u m r  proper- 

t i e s  o f  a l k a l o i d s  i so la ted  from Strychnos usambarensis, s ince t h i s  species i s  used as 

arrow poison and has shown an ant i tumor a c t i v i t y  from a crude e x t r a c t .  

C y t o t o x i c i t y  

A n t i m i t o t i c  a c t i v i t y  t e s t s  have been c a r r i e d  ou t  on cu l t u red :  

- hepatoma c e l l s  der ived from HW 165 hepatoma o f  Wistar  ra t s ;  

- B 16 melanoma c e l l s  der ived from C 57 BI muse  melanoma; 

- E h r l i c h  asc i t es  c e l l s  (1 ine ELT) der ived from a m u s e  mammary gland carcinoma 

and t ransplanted i n t o  C 57 BI mouse per i tonea l  c a v i t y .  

The ce1 1s are cu l  tured i n  a  l i q u i d  n u t r i e n t  (MEM Gibco medium 90% complemented with 

10% f o e t a l  ca l  f serum) and 100 U/ml  pen i c i  l l in .  The agent t o  be tes ted i s  added t o  the 

c u l t u r e  medium a t  var ious concentrat ions and f o r  a  rnaximun o f  48 h. 

A f t e r  the t reatment,  the c e l l s  a re  f i x e d  and s ta ined by Feulgen reac t ion  f o r  c y t o  

l o g i c a l  ana lys is  (1 i gh t  microscopy). M i t o t i c  a c t i v i t y  o r  degree o f  c e I l  death i s  e 5  

pressed as m i t o t i c  o r  pycnot ic  index (number o f  c e l l s  i n  m i t o s i s  o f  pycnosis f o r  1,000 

ce1 1s).  I n  each case, 5  t o  10,000 ce1 1s a re  analysed. The percentages o f  mi tot ic  phases 

are ca lcu la ted i n  view o f  de tec t ing  poss ib le  m i t o t i c  disturbances. Mean index are  

compared w i t h  Student t t e s t .  

Antiturnor a c t i v i t y  t e s t s  " i n  v i v o 1 '  
6  

C 57 B I  6J male mice were i n j ec ted  i .p. w i t h  10 E h r l i c h  asc i t es  c e l l s .  The t u m r  

was al lowed t o  grow f o r  4 days and a t  t h a t  t ime, the mice received the drug i .p.  e i t h e r  

i n  a  s ing le  shot o r  i n  repeated i n j e c t i o n s  a t  a  day i n t e r v a l  f o r 3 d a y s .  Various dosages 

o f  the drug were usèd. Mice were s a c r i f i c e d  by exsanguination. Per i toneal  washings were 

performed t o  remove a l 1  tumor c e l l s  and c e I l  count wasdonewithhemocytometeror Coul ter  

counter mode1 B.  Tests were c o n t r o l l e d  each t ime on 10 mice. 

FlRST EXPERIMENTS ON ALKALOIOS ISOLATED FROM S. USAHBARENSIS 

- Se lec t ion  based on s t r u c t u r e - a n t i m i t o t i c  a c t i v i t y  re la t i onsh ips :  

a)' Two a l  ka lo ids  o f  the roots  (me1 inonine F  and d ihydro f  lavoperei  r i n e )  possess a  

t r i c y c l i c  6 carbo l in ium r i n g  and are  very c lose topentacycl icanhydronium bases such as 

a ls ton ine,  serpentine (Fig.  11) and sempervir ine whose patent  as ant i tumor drug i s  

pend ing  e el jansk i  and Bug i e l  , 1979). Another representa t ive  compounds o f  t h i s  fami l y  

o f  p lanar a l k a l o i d s  are  e l 1  i p t i c i n e  ( ~ i g .  12) -found not  on l y  i n  Ochrosia sp. (Apocyna- 

ceae) but  a l so  i n  Strychnos d ink lage i  ( ~ i c h e l  e t  a l . ,  1980) -and mainly 9-hydroxy-2 

me thy le l l  i p t i c i n i u m  ( ~ i g .  13). This quaternary compound i s  less  t o x i c  than e l 1  i p t i c i n e  
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and used as an t i cance r  drug i n  Europe. 

Quaternary ammonium s a l t s  o f  anhydronium bases thus  seem a t t r a c t i v e  candidates 

as p o t e n t i a l  agents. Var ious c y t o t o x i c  e f f e c t s  have been de tec ted  bycy to log ica l  methods 

and compared t o  sempervi r i ne  (Table 1 ) (Bassleer  e t  al . , 1982, 1983 and 1984). 

Concomitant ly  w i t h  t e s t s  o f  b i o l o g i c a l  a c t i v i t y ,  i t  appeared use fu l  t o  i n v e s t i  

ga te  t he  i n t e r a c t i o n  o f  these p roduc ts  w i t h  DNA, which has most f r e q u e n t l y  been foundas  

t h e  main t a r g e t  o f  many s im i  l a r  drugs i n  t h e  ce1 1 .  'The d i f f e r e n c e s  between the behaviairs 

o f  t h e  t h r e e  a l k a l o i d s  so f a r  i n v e s t i g a t e d  can be i n t e r p r e t e d  on t he  bas i s  o f  d i f f e r e n t  

e x t e n t  o f  p e n e t r a t i o n  o f  t h e  chromophore r i n g  i n t o  t he  DNA h e l i x  (Caprasseand Houssier ,  

1983 and 1984). 

b )  Three a l k a l o i d s  o f  t h e  leaves ( s t r y c h n o f o l i n e ,  dihydro-usambarine and s t r ychno  

pentamine) possessing t h e  usambarane ske le ton  were f i r s t  tes ted .  They a r e  s t r u c t u r a l l y  

s im i  l a r  t o  emetine ( ~ i g .  14) and may be regarded as i n d o l e  analogues. Emetine a c t s  by 

means o f  p r o t e i n  syn thes is  i n h i b i t i o n  and has been eva lua ted  c l i n i c a l l y a s a n  a n t i m i t o t i c  

drug. The s t r u c t u r a l  s i m i l a r i t i e s  prompted us t o  eva lua te  t h e  c y t o t o x i c  p r o p e r t i e s  o f  

these a l k a l o i d s .  S t r ychno fo l i ne  and dihydro-usambarine showed a c e r t a i n  degree o f  

a n t i m i t o t i c  a c t i v i t y  a t  r e l a t i v e l y  h i gh  doses [ I O  ug/ml and ma in ly  50 u/ml (Bassleer  e t  

a l . ,  1982) l .  Strychnopentamine i s  about t en  t imes  more powerfu l  than s t r y c h n o f o l i n e  

and 18,19 dihydro-usambarine as an a n t i m i t o t i c  agent  i n  animal tumor c e l l c u l t u r e s , s i n c e  

i t  i n h i b i t s  50% o f  t he  c e l l s  i n  m i t o s i s  a t  a concen t ra t i on  o f  1 pg/ml (1.8 pm). The c m  - 
pa r i son  o f  t h e i r  mo lecu la r  s t r u c t u r e s  induces us t o  t h i n k  t h a t  t he  presenceofaN-methyl- 

p y r r o l i d i n e  group increases t h e  a n t i m i t o t i c  a c t i v i t y  o f  these a l k a l o i d s   a able 2) ( T i t s  

e t  a l . ,  1984). 

Consider ing t h i s  a n t i m i t o t i c  a c t i v i t y ,  we have undertaken p r e l i m i n a r y  e x p e r i -  

ments t o  search f o r  a p o s s i b l e  an t i t umor  a c t i v i t y  o f  t h i s  molecule i n  t he  animal. Our 

exper iments.have been c a r r i e d  o u t  on E h r l i c h  a s c i t e s  tumor c e l l s  i n  male mice ( ~ i t s  e t  

al ., 1984). When they rece ived  strychnopentamine i n  a s i n g l e  i n j e c t i o n  o f  1 mg, t h e r e  

was a medium decrease o f  ce1 1 s number (about 50%). A t  a s i n g l e  dose o f  2mg ,a very  s t rong  

decrease o f  tumor ce1 1 number was observed (more than 80%) . The very  r a p i d  regress ion  

i s  obvious,  bu t  mice r a p i d l y  show s igns  o f  i n t o x i c a t i o n ,  s i nce  f o u r  mice o u t o f t e n  d i ed  

very  q u i c k l y  a f t e r  t h e  i n j e c t i o n .  I n  t he  coming f u t u r e , s i m i 1 a r t e s t s w i 1 1 a 1 s o b e c a r r i e d  

o u t  w i t h  isomers o f  strychnopentamine and o t h e r  de r i ved  a l k a l o i d s  a t  va r i ous  dosages i n  

v iew o f  e s t a b l i s h i n o  a c l o s e r  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s ,  and t o  look  f o r  l e ss  

t o x i c  compounds. 

WHY FLIRTHER INVESTIGATION OF BRAZlLlAN STRYCHNOS? 

The main reasons why we should f u r t h e r  i n v e s t i g a t e  B r a z i l i a n  Strychnos spec iesa re :  

- t he  l a c k  o f  knowledge concern ing t h e  d i s t r i b u t i o n  o f  a lka lo idsamongmanyof them 

( ~ a r i n i - B e t t o l o  and B i s s e t ,  1972; B i s s e t ,  1977). Moreover, accord ing  t o  K r u k o f f ,  t h e  

d i s t r i b u t i o n  o f  species i n  Southern p a r t  o f  t h e  g r e a t  Amazon Basin - p a r t i c u l a r l y  f r om  

t h e  upper R io  Xingu and Rios Tapaj6s and Madeira - i s  poo r l y  known and i t  i s  p o s s i b l e  
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t ha t  new species may be found there ( ~ r u k o f f  , 1972). 1 ndeed, there  i s  1 i t t t e  inforrnaticm 

ava i l ab le  not  o n l y  on the  v a r i a t i o n  i n  composit ion o f  the a l k a l o i d a l  mix ture  i n  t h e d i f e  

ent  pa r t s  o f  the  p lan ts  (e.g. the  leaves),  bu t  a l s o  on t h e i r  b i o l o g i c a l  a c t i v i t i e s  t o o  

focused i n  the past on c u r a r i z i n g  a c t i v i t y .  

- the  new r e s u l t s  i n  the  a n t i m i t o t i c  f i e l d  from A f r i c a n  speciesofStrychnos,which 

chemical ly  a re  very s i m i l a r  t o  c e r t a i n  South American species. Indeed, the occurrence 

i n  the A f r i can  species o f  quaternary bases and i n  the  American spec iesof  t e r t i a r y  bases 

such as akagerine emphasizes the u n i t y  o f  the  genus Strychnos i n  terms o f i t s a l k a l o i d s .  

Besides known ant i tumor drugs, e.g. a l s ton ine  and e l l i p t i c i n e , A f r i c a n  Strychnos species 

possess mainly new a n t i m i t o t i c  products, e.g. strychnopentamine. Why should B r a z i l i a n  

species not  conta in  a l k a l o i d s  w i t h  s i m i l a r  p rope r t i es?  As f a r  as 1 am concerned,l woutd 

be g r a t e f u l  t o  anyone who would accept t o  cooperate i n  t h i s  f i e l d .  

According t o  many resu l t s ,  i t  i s  a c l e a r  t h a t  research in toar rowpoisonsand t h e i r  

ingred ients  remains c l o s e l y  connected w i t h  cu r ren t  a c t i v i t i e s  i n  thenever-endingsearch 

f o r  new and b e t t e r  drugs, both na tu ra l l y -occu r r i ng  and syn the t i c .  Natura l  products have 

prev ious ly  been o f  great  bene f i t  i n  p rov id ing  rnolecular s t ruc tu res  f o r  study by organic 

chemists and as models f o r  study by pharmacologists. I t  i s  a p a r t  they s t i t l  have t o  

p lay  a t  Our present time. 
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USAMBARENSINE 

S p a s m o l y t i c  a c t i v i t y  

F L G .  1 .  usambarensine. 

A K A G E R I N E  

C o n v u l s a n t  a c t i v i t y  ( 5 0 . m g / K g )  

F I G .  3 .  Akagerine. 

M A C U S I N E  B 

H y p o t e n s i v e  a c t i v i t y  

F I G .  5 .  Macusine B .  

OIHYORO-USAHBARENSINE 

C y t o t o x i c  a n d  a m o e b i c i d e  a c t i v i t i e s  

F I G .  2 .  Dihydro-usambarensine. 

FLUOROCURAR 1 NE 

F I G .  4 .  Fluorocurarine. 

MALINDINE 

M u s c l e - r e l a x a n t  e f f e c t  (75 mg/Kg) 

not  antogonized b y  neoat igmine -.- .- 
F I G .  6 .  Malindine. 
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C-TOXIFERINE G R O U P  C-CURARINE G R O U P  C-CALEBASSINE G R O U P  

Very s t r o n g  c u r a r e  a c t i v i t y  ( 1 - 1 5 0  p g / K g )  

FIG. 7 .  C-d ihydro toxi fe r ine  C-curarine and C-calebassine.  

AFROCURARINE 

L o u  c u r a r e  a c t i u i t y  

FIG. 8. Af rocu ra r  i ne  . 

DIPLOCELINE 

Antinicrobiel sctivity 

FIG. 10. D ip loce l i ne .  
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FLUOROCURINE 

Very lor curare activity 

MAVACURINE 

FIG. 9. F luorocur ine  and Mavacurine. 

KSTONINE O(H 20 

SERPENTINE PH 20 

Hypotsnsiuc and antitumor activitiei 

FIG. 11, Als tonine  and Serpent ine .  
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ULIPTICINE 

Antituior and iutaqanic a ~ t i ~ i t i e a  
Anticancar agant 
(not iutaqanic) 

FIG. 12. Ellipticine FIG. 13. 9-hydroxy-Z-methylellip- 
tioinium 

Antiamoebic and antitumor activitiea 

FIG. 14. Emetine 

Melinonine F Dihydroflavopereirine Sempervi r i  ne 

a On B 16 Melanana A f te r  72 h A f te r  24 h A f te r  72 h 

EDSO > 50 pg/ml ED50 = 50 pg/rnl EDSO $ I O  pg/rnl 

<IO0 pg/ml 

b On Ascites ED50 < 50 pg/ml EDSD " 50 pg/ml . . . . . . . . . . . . . .  
Ehr l ich  c e l l s  (many pycnotic ce1 1s) 

Table 1 
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18,19 di hydro-usambarine Strychnofol ine Strychnopentamine 

a On B 1 6  Melanoma After 72 hours After 72 hours After 24 hours 

EDSO > 1 0  pg/ml EDSO > 1 0  pg/ml EDs0 = 1 pg/ml 

< 5 0  pg/ml < 5 0  pg/ml 

b On Ascites After 24 hours After 24 hours After 24 hours 

Ehrlich cells ED50 = 1 0  pg/ml ED5,, = 1 0  pg/ml ED50 = 3 pg/ml 

c On HW 1 6 5  Hepatoma . . . . . . . . . . . . . . . . . . . . . After 72 hours After 24 hours 

ED50 > 1 0  pg/rnl EDSO = 3 pg/ml 
< 5 0  pg/ml < 1 pg/ml 

Table 2 
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