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A b s t r a c t  - L i v e s t o c k  po ison ing  i s  a se r ious  problem i n  many c o u n t r i e s  o f  
t he  wor ld  whereever c a t t l e  i s  r a i s e d  on grassland. A f i g u r e  o f  500.000 
animals per  y e a r  i n  South America o n l y  i s  es t imated  as l o s s .  Beyond these 
cases o f  acu te  po ison ing ,  t h e  cases o f  ch ron ic  po i son ing  seem t o  be even 
more impor tan t ,  as f rom t h e  food  cha in  such substances o r  me tabo l i t es  
t h e r e o f  may become harmfu l  t o  man. Under these aspects we have i n v e s t i g a -  
t e d  a number o f  poisonous p l a n t s  d u r i n g  t h e  pas t  years .  T h i l o a  glaucocarpa 
con ta ins  f o u r  tann ins  , vescal  ao in ,  c a s t a l a c j n  ,s tachyur i  n , and c a s u a r i n i  n 
as t o x i c  p r i n c i p l e s .  I n v e s t i g a t i o n  o f  f i v e  Senecio species f rom B r a z i l  
showed t h e  p y r r o l i z i d i n e  a1 k a l o i d s  i n t e g e r r m e n e c i o n i n ,  neosenk i r k in  
r e t r o r s i n ,  and f l o r o s e n i n  t o  be respons ib le  f o r  t h e  symptoms o f  po ison ing .  
The t o x i c i t y  o f  Bacchar is  c o r i d i f o l i a  i s  w e l l  documented s i n c e  t h e  be0 in-  
n i n g  o f  t h i s  cen tu ry  . t i g h t  macrocyc l i c  t r i cho thecenes as w e l l  as 
0 -ace ty l - ve r ruca ro l  and a m e t a b o l i t e  t h e r e o f  have been i s o l a t e d .  Two o f  
t he  macrocyc l i c  t r i cho thecenes  , r o r i d i n  A and r o r i d i n  E were a l ready  known 
f i v e  o f  t h e  t o x i c  compounds were nove l ;  they  were nanied n i o t o x i n s  A, B, C ,  
D, and iso-D. Two more o f  t h e  t r i cho thecenes , miophytocenes A and B,  were 
non- tox i c .  As cou ld  be shown, t h e  t r i cho thecenes a re  n o t  o r i o i n a l  p roduc ts  
o f  Bacchar is c o r i d i f o l i a  b u t  a re  produced by a s o i l  funaus, Pyrothecium 
v e r r u c a r i a  which cou ld  be i s o l a t e d  f rom t h e  r o o t s  o f  t h e  p l a n t .  Th i s  i s  
t h e  f i r s :  case o f  a symbiosis o f  a s o i l  fungus and a h i g h e r  p l a n t .  

INTRODUCTION 

T o x i c  p l a n t s  have been known f o r  cen tu r ies .  They have been e x t e n s i v e l y  used by 
a l l  p r i m i t i v e  c u l t u r e s  fcr med ic ina l  purposes as w e l l  as a r row po isons .  Thus, m n y  t o x i c  
p l a n t s  are w e l l  known . Desp i te  t h i s ,  u n i n t e n t i o n a l  po i son ing  s t i l l  o c c u r s i n  bo th ,  humans 
and animals as a r e s u l t  o f  t he  acc iden ta l  i n g e s t i o n  o f  poisonous p l a n t s  and t h e  misuse o f  
p l a n t s  o f  med ic ina l  va lue ,  
The i s o l a t i o n  o f  t h e  t o x i c  f a c t o r s  f r o m  poisonous p l a n t s  became a se r ious  occupat ion  around 
t h e  t u r n  o f  t h e  century ,  and i n t e r e s t  i n  t h i s  f i e l d  has cont inued t o  grow. It has become 
c l e a r  t h a t  po i son ing  by p l a n t s  i s  n o t  always as s t r a i g h f o r w a r d  as i s  commonly supposed and 
r e c e n t  i n v e s t i g a t i o n s  i n t o  a number o f  p l a n t s  respons ib le  f o r  t h e  l a r g e - s c a l e  po i son ing  o f  
l i v e s t o c k  have produced a number o f  unexpected r e s u l t s .  
C a t t l e  po ison ing  must be cons idered from two s tandpo in ts .  F i r s t l y ,  t h e  acu te  envenomations 
have t o  be  mentioned as they  may be o f  cons ide rab le  economic re levance due t o  t h e  l o s s  o f  
animals.  The second aspect,  however, t he  ch ron ic  envenomations a r e  even more impor tan t ,  as 
i t  i s  w e l l  known t h a t  p l a n t  t o x i n s  a r e  e i t h e r  accumulated i n  t h e  animal o r  i n  c e r t a i n  organs 
o r  they  a re  metabo l ized  and exc re ted  w i t h  t h e  m i l k .  By t h i s  food cha in  , t o x i n s  o r  metabo l i -  
t e s  t h e r e o f  nay become harmfu l  t o  humans. 

THILOA GLAUCOCA RPA 

I n  t h e  beg inn ing  o f  every  r a i n y  season i n  B r a z i l ,  numerous c a t t l e  a r e  l o s t  by a disease 
known as "popa-inchada", o r  "venta  seca", o r  "mal-da-rama". A l l  these cases a r e  one and t h e  
same disease, caused by i n g e s t i o n  o f  leaves o f  T h i l o a  plaucocarpa ( r e f .  1). Usual work-up 
and s t r u c t u r e  e l u c i d a t i o n  o f  t h e  pure  t o x i n s  showed t h a t  tann ins  were respons ib le  f o r  t h i s  
disease. A t  t h i s  p o i n t  we observed t h a t  t he  same symptoms were caused by another  d isease 
common i n  Germany, t he  s o - c a l l e d  "Oak d isease"  i n  c a t t l e  ( r e f .  2 ) .  I n  bo th  cases t h e  same 
substances a re  respons ib le  f o r  t h e  symptoms, and we were a b l e  t o  i d e n t i f y  f o u r  compounds: 
vesca lag in ,  c a s t a l a g i n ,  s tachyu r in ,  and c a s u a r i n i n  ( r e f .  3 ) .  
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SENECIO spp. 

A wor ldwide problem i s  po i son inq  by p l a n t s  o f  t h e  genus Senecio. Seneciosis i s  descr ibed 
under names l i k e  "Winton disease" , "P i c tou  d isease" ,  " N o ~ i s e a s e "  , and "Schweinsberqer 
d isease" .  They a l l  a r e  caused by one o r  more Senecio species which c o n t a i n  p y r r o l i z i d i n e  
a l k a l o i d s  respons ib le  f o r  d isease and death (ref.. 
Acute po ison ing  i s  observed a l ready  a f t e r  i n g e s t i o n  o f  a s i n g l e  p o r t i o n  o f  p l a n t  m a t e r i a l  
exceeding 20 g/kg body we inh t ,  w h i l e  c h r o n i c  po i son ing  may be observed a f t e r  i n g e s t i o n  o f  
sma l le r  arnounts over a l onger  p e r i o d  o f  t ime.  Depending on t h e  uptake o f  p l a n t  m a t e r i a l ,  
ch ron ic  po i son ing  may occur  w i t h o u t  showing any symptoms f o r  q u i t e  a w h i l e .  As t h e  a l k a l o i d s  
a re  excre ted  w i t h  the  r r i l  k, humans may a l s o  be i n v o l v e d  i n  " ch ron ic  senec ios i s " .  
The fo l l ow in !  species were i nves t iSa ted :  S. b r a s i l i e n s i s ,  S. h e t e r o t r i c h u s ,  S. l ep to lobus ,  
S. s e l l o i ,  S .  c i s  l a t i n u s ,  From t h e  methanol e x t r a c t  t he  a l k a l o i d s  cou ld  be  i s o l a t e d  by a 

2D-NMR spectroscopy. The a1 k a l o i d s  respons ib le  f o r  t he  disease are :  neosenk i rk ine ,  r e t r o r -  
s ine ,  f 1 orosenine, i nteger r im ine  , and senec ion ine .  

sequela o f  + c romatographic separa t ions .  The s t r u c t u r e s  were determined by 1H-,  13C-, and 

BACCHARIS CORlDlFOLlA 

One o f  t h e  most impor tan t  p l a n t s  respons ib le  f o r  t h e  po ison ing  o f  c a t t l e  i n  South America 
i s  Bacchar is 
savannah veSeta t ion  o f  Southern B r a z i l ,  U r u y a y ,  Paraguay, and Areent ine .  A1 thouoh t h e  p l a n t  
has been known t o  be t o x i c  s i n c e  t h e  beg inn ing  o f  t h i s  century ,  no exper imenta l  work was 
f o r m a l l y  pub l i shed  be fo re  1975 ( r e f .  5 ) .  A l l  p a r t s  o f  t h e  p l a n t  a r e  t o x i c ,  b u t  t he  f l owers ,  
leaves and seeds a r e  p a r t i c u l a r l y  dangerous. Death occurs between 4 h and 34 h f o l l o w i n g  t h e  
i n c e s t i o n  o f  a l e t h a l  amount o f  t he  p l a n t  (0.35 g/kC body we igh t ) .  More than 50.000 animals 
d i e  i n  B r a z i l  per  yea r  f rom t h i s  p l a n t .  

c o r i d i f o l i a .  Th i s  herbaceous shrub i s  a c h a r a c t e r i s t i c  r e p r e s e n t a t i v e  o f  t h e  
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E x t r a c t i o n  o f  t h e  p l a n t  w i t h  ch lo ro fo rm,  f o l l o w e d  by chromatopraphic separa t ion ,  y i e l d e d  
e i g h t  macrocycl i c  t r i cho thecenes , as we1 1 as d i - 0 - a c e t y l  - ve r ruca ro l  and a metabol i t e  the re -  
o f .  A l l  these compounds were i s o l a t e d  i n  pure form, and t h e  s t r u c t u r e s  e l u c i d a t e d  by means 
of mass spec t romet ry  and two-dimensional  n.m.r. spectroscopy. Two o f  t he  macrocyc l i c  t r i c h o -  
thecenes, r o r i d i n  E and r o r i d i n  A , were w e l l  known as me tabo l i t es  o f  Fungi  i m p e r f e c t i .  F i v e  
of t h e  compounds were novel  (a l t hough  c l o s e l y  r e l a t e d  t o  the  r o r i d i n s )  and they  were named 
mio tox ins  A, B, C, 0, and iso-0 ,  a f t e r  t h e  n a t i v e  name o f  t h e  p l a n t ,  n io-mio.  Two more of  
t h e  t r i cho thecenes ,  miophytocenes A and B y  were non- tox i c .  
The t o x i c  compounds possess an i n t a c t  ox i rane  system , w h i l e  i n  t h e  non- tox i c  miophytocenes 
t h i s  ox i rane r i n c  has been opened. Since i t  i s  w e l l  known t h a t  ox i ranes  a re  h i g h l y  r e a c t i v e  
chemical groups, i t  seems l i k e l y  t h a t  an i n t a c t  ox i rane  r i n c  i s  e s s e n t i a l  and d i r e c t l y  res -  
pons ib le  f o r  t he  t o x i c i t y  o f  t he  t r i cho thecenes .  
The f a c t  t h a t  t h e  r o r i d i n s  P, and E as w e l l  as a c e t y l - v e r r u c a r o l  have been known f o r  a l ong  
t ime as me tabo l i t es  o f  Fungi i m p e r f e c t i  , and t h a t  such compounds are w e l l  known t o  be phy to  
tox ins ,  l e d  t o  the  assumption t h a t  t he  compounds i s o l a t e d  from t he  p l a n t  a re  n o t  o r i c i n a l  
p roduc ts  o f  Bacchar is c o r i d i f o l i a .  I n f e s t a t i o n  o f  t he  p l a n t  m a t e r i a l ,  however, cou ld  be ex- 
c luded.  F u r t h e r  s tud ies  l e d  t o  the  f i n d i n g  t h a t  t he  r o r i d i n s  i s o l a t e d  a re  i n  f a c t  produced 
by a s o i l  fungus, Ry ro thec iun  ve r ruca r ia ,  which cou ld  be i s o l a t e d  f rom the  su r face  of t he  
r o o t s  o f  t h e  p l a n t s .  Obviously the  t r i cho thecenes  produced by Vyrothecium v e r r u c a r i a  a r e  
taken up f rom the  r o o t s  and then metabo l ized  w i t h i n  the  p l a n t ,  i n  p a r t  t o  t h e  non- tox i c  mio- 
phytocenes ( r e f .  C )  . A s i m i l a r  obse rva t i on  was made by IKupchan e t  a l .  ( r e f .  7 )  who i s o l a t e d  
t r i cho thecenes f rom Bacchar is mega o t a n i  ca.  
Another p l a n t  of t he  same Senus, B!ccharis d r a c u n c u l i f o l i a  has been cons idered t o x i c  i n  some 
cases, b u t  n o t  i n  o the rs .  Ile h a v e v u t  f i n d i n ?  any evidence of t o x i c i -  
ty ,  and no t r i cho thecenes cou ld  be i s o l a t e d .  Reports o f  t he  t o x i c i t y  t h e r e f o r e  may be due t o  
improper c l a s s i f i c a t i o n  of the  p l a n t  and con fus ing  i t  f o r  B .  c o r i d i f o l i a .  
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Two ques t ions  s t i l l  remain open. \!hat i s  t he  reason f o r  t h i s  k i n d  o fsymb ios i s  between a 
h i g h e r  p l a n t  and a fungus ? And what i s  t he  reason t h a t  E.  c o r i d i f o l i a  i s  ab le  t o  s t o r e  and 
metabo l ize  l a r g e  amounts o f  t r i cho thecenes  which a r e  o therw ise  a b l e  t o  k i l l  p l a n t s  i n  amounts 
o f  

1. 

2. 

3. 

4 .  

5 .  
r u. 

7. 

a few p.p.m. 
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