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Procurement  of  P l a n t  Samples From 
Mexico & U.S. For  An t i cance r  Screen ing  

P l a n t  e x p l o r a t i o n s  were  under taken  i n  Mexico and U.S. f o r  t h e  Na t i ona l  Cancer 
I n s t i t u t e ' s  An t i c ance r  Sc r een ing  Program. The pr imary o b j e c t i v e  w a s  t o  p rocu re  
a  d i v e r s i t y  of s m a l l  samples  (1% t o  1% ki lograms  d r i e d )  w i t h  emphasis on gene ra ,  
s p e c i e s  and s e l e c t e d  med ic ina l  p l a n t s  new t o  t h e  program. T rave l  i n  Mexico w a s  
conducted d u r i n g  February  and March 1979 and from March t o  May 1980. A p re l im-  
i n a r y  accomplishment r e p o r t  w a s  s e n t  i n  r e f e r e n c e  t o  t r a v e l  conducted i n  1979. 
T h i s  r e p o r t  f o c u s e s  on samples  p rocured  from d e s e r t  a r e a s ,  where I have  con- 
c e n t r a t e d  my t r a v e l  d u r i n g  t h e  p a s t  t h r e e  y e a r s .  

Tab l e  1 l i s t s  t h e  s p e c i e s  c o l l e c t e d  from our  d e s e r t s  (U.S. & Mexico) s i n c e  1978. 
P l a n t  samples are grouped under  t h r e e  major  head ings :  "RT" ( r o o t ) ,  "PL/Px" 
( e n t i r e  p l a n t  o r  e n t i r e  p l a n t  w i t h o u t  r o o t ) ,  and "OT" ( o t h e r ) .  Other  p l a n t  p a r t s  
i n c l u d e  "SB" ( s t emba rk ) ,  "WST" (woody-stem) , "TW" ( t w i g ) ,  "LF" ( l e a f ) ,  "FL" ( f l ower )  - 
and "FR" ( f r u i t ) .  Under each  head ing  of  p l a n t  p a r t s  a r e  e x t r a c t s :  "CHCL " (Chloroform),  3 I1AQ/ETOH" (Aqueous/Ethanol,  "AQ & ETOH" (Aqueous & Ethano l ) ,  and "ALC/CHL (Chloroform/ 
E thano l ) .  These e x t r a c t  a b b r e v i a t i o n s  r i p r e s e n t  v a r i o u s  e x t r a c t i o n  methods t h a t  
have been r o u t i n e l y  employed d u r i n g  t h e  p a s t  20 y e a r s .  The CHCL3 e x t r a c t  r e p r e s e n t s  
t h e  c u r r e n t  p rocedu re  ( s e e  M .  S u f f n e s s  & J. Douros "Drugs of P l a n t  Or ig in" ,  Methods 

' i n  Cancer Research 16 :83 ,  1979) .  Thus,  a l l  s p e c i e s  l i s t e d  have a t  l e a s t  one sample 
i n d i c a t e d  (by S t a t e  a b b r e v i a t i o n )  under  t h e  CHCL3 column; about  h a l f  of t h e  s p e c i e s  
a l s o  were once e x t r a c t e d  a c c o r d i n g  t o  o t h e r  p rocedures  used i n  t h e  p a s t .  S t a t e s  
from where samples  were  o b t a i n e d  a r e  i n d i c a t e d  by t h r e e  l e t t e r  a b b r e v i a t i o n s  f o r  
Mexico and two l e t t e r  ones  f o r  t h e  U.S. S i n c e  many of t h e  s p e c i e s  c o l l e c t e d  i n  
t h e  U.S. occur  a l s o  i n  Mexico, t h e s e  were i nc luded  i n  t h e  t a b l e .  

The fo l l owing  i s  a n  example of how t o  r e a d  Tab l e  1. Under Acanthaceae,  Beloperone 
c a l i f o r n i c a  i s  l i s t e d  w i t h  "BCN" i n d i c a t e d  under  t h e  "CHCL3If column of "RT" head ing .  
Th i s  means t h a t  a  sample  of r o o t  was c o l l e c t e d  from Baja C a l i f o r n i a  Nor te  and s i n c e  
no o t h e r  s t a t e s  are i n d i c a t e d  under  t h e  r o o t  head ing ,  t h i s  w a s  t h e  f i r s t  t i m e  a r o o t  
sample  of -- Beloperone c a l i f o r n i c a  was c o l l e c t e d  f o r  a n t i c a n c e r  s c r een ing .  I n  f a c t  
more t h a n  95% of a l l  r o o t  samples  were  new t o  t h e  program. On t h e  o t h e r  hand, a 
PX sample ( e n t i r e  p l a n t  w i t h o u t  r o o t )  w a s  o b t a i n e d  from "CA" ( C a l i f o r n i a )  and t h i s  
was no t  a  new p l a n t  p a r t  s i n c e  PX samples  have been p r ev ious ly  sc reened  from "SON" 
(Sonora) and "AZ" (Arizona)  . 



- REVIEW OF ANTICMCER SCREENING OF PLANTS FROM THE DESERT REGIONS OF THE U.S. & MEXICO 

DuWayne S t a t z  and F r a n c i s  Coon i n  Cancer  Trea tment  R e p o r t s ,  Volume 6 0 ( 8 ) :  999-105 
(1976) summarize e x t r a c t i o n  methods  t h a t  have  been used  i n  t h e  N C I  s c r e e n .  From 
1960  t o  1964,  t h e  U n i v e r s i t y  o f  A r i z o n a  c o l l e c t e d  and e x t r a c t e d  samples  from t h e  
a r i d  r e g i o n s  of Mexico and U.S. ,  p r i m a r i l y  i n  Ar izona  and Sonora .  F i g u r e  2  i n  
S t a t z  & Coon shows a  p r o c e d u r e  deve loped  by J a c k  C o l e  (AQ & ALC/CHL e x t r a c t s ) .  A  
b a t t e r y  of  e x p e r i m e n t a l  tumors  w e r e  employed: Adenocarcinoma 755 ( ' C A ' ) ,  Sarcoma 
1 8 0  ( ' S A ' )  , M e l a n o t i c  Melanoma ( 'MM') , Lewis Lung Carcinoma ( 'LL-o ld ' )  , Lymphoid 
Leukemia ( ' L E ' ) ,  S o l i d  F r i e n d  V i r u s  Leukemia ( ' F v ' ) ,  Adenocarcinoma of  t h e  Duodenum 
( ' ~ l ' ) ,  Walker 256 ( 'WA'), and  KB ( E a g l e ) .  

About 1 , 0 4 3  s p e c i e s  were  e x t r a c t e d  from f r e s h  p l / p x  samples  and 375 s p e c i e s  from 
d r i e d  p l / p x  samples .  E x t r a c t s  were  t e s t e d  a g a i n s t  v a r i o u s  c o m b i n a t i o n s  o f  t h e  tumors  
c i t e d  above,  b u t  SA, LE and  KB w e r e  most f r e q u e n t l y  employed. A c t i v i t y  was found 
more o f t e n  i n  f r e s h  px samples  (1 .9% t o  2 .6%) t h a n  d r i e d  o n e s  (0 .8% t o  1 . 6 % )  and m o s t l y  
i n  aqueous e x t r a c t s  (1 .6% t o  2 .6%) compared t o  e t h a n o l / c h l o r o f o r m  e x t r a c t s  ( 0 . 8 %  t o  1 . 9 % ) .  
A c t i v i t y  was s e e n  i n  many o f  t h e  tumor sys tems  b u t  t h e r e  appeared  t o  b e  s e l e c t i v i t y  
f o r  KB a c t i v i t y  i n  f r e s h  s a m p l e s ,  28 a c t i v e  KB e x t r a c t s  i n  f r e s h  samples  a s  opposed 
t o  o n l y  one i n  d r i e d  samples .  

A c t i v e  a g e n t s  l a t e r  i s o l a t e d  i n c l u d e  p h y t o s t e r o l s ,  p e p t i d e s ,  t a n n i n s ,  c u c u r b i t a c i n s  
and s e s q u i t e r p e n e s .  From J .  H a r t w e l l  (1976) ,  t h e  p e p t i d e  C e s a l i n ,  from C a e s a l p i n i a  
g i l l i e s i i ,  a p p e a r s  a s  t h e  most s i g n i f i c a n t  compound i s o l a t e d  f rom t h i s  methodology.  

Al though t h e  U n i v e r s i t y  o f  A r i z o n a  was a  major  s u p p l i e r  and e x t r a c t o r  of samples  - 
from o u r  d e s e r t  r e g i o n s ,  USDA b o t a n i s t s ,  n o t a b l y  D r s .  Gen t ry  and B a r c l a y ,  a l s o  
c o n t r i b u t e d .  USDA s a m p l e s  were  u s u a l l y  d ~ i e d  b e f o r e  e x t r a c t e d  a t  Wiscons in  Alumni 
Resea rch  Founda t ion  (WARF). From 1 9 6 1  t o  1964,  t h e  WARF p r o c e d u r e ,  a d o p t e d  f rom M o r r i s  
Kupchan, a l s o  i n v o l v e d  p r e p a r a t i o n  of  two e x t r a c t s  f o r  e a c h  sample ,  Aqueous (AQ) and 
E t h a n o l  (ETOH). About 10% of  t h e  samples  s c r e e n e d  a g a i n s t  WA and KB showed a c t i v i t y  
and i t  was l a t e r  d i s c o v e r e d  t h a t  most  of t h e  a c t i v i t y  was due t o  WA b e i n g  h i g h l y  
s e n s i t i v e  t o  t a n n i n s  i n  aqueous  e x t r a c t s .  

Comparing d i f f e r e n t  s c r e e n i n g  m e t h o d o l o g i e s  w i t h  samples  o b t a i n e d  from s i m i l a r  
f l o r i s t i c  r e g i o n s  i s  i n t e r e s t i n g .  At A r i z o n a ,  t h e  a b s e n c e  of KB a c t i v i t y  i n  
d r i e d  samples  c o u l d  b e  p a r t i a l l y  c o r r e l a t e d  w i t h  i n s e n s i t i v i t y  t o  c y t o t o x i c  l i g n a n s  
t h a t  were  d e t e c t e d  a t  o t h e r  l a b o r a t o r i e s ,  e s p e c i a l l y  i n  t h e  C u p r e s s a c e a e  ( ex .  
J u n i p e r u s  s p p . ) .  T a n n i n s  w e r e  o f t e n  r e s p o n s i b l e  f o r  a c t i v i t y  found i n  s p e c i e s  of  
P i n u s  b u t  a t  A r i z o n a  t h e y  r e p o r t e d  a  s t e r o l .  A c t i v i t y  due  t o  p e p t i d e s  was o n l y  r e -  
p o r t e d  by Ar izona  w o r k e r s .  On t h e  o t h e r  hand,  c u c u r b i t a c i n s  ( i n  C u c u r b i t a c e a e )  and 
s e s q u i t e r p e n e  l a c t o n e s  ( i n  A s t e r a c e a e )  w e r e  found a s  a  r e s u l t  of s c r e e n i n g  a t  b o t h  
WARF and  Ar izona .  The  d i f f e r e n c e s  a r e  n o t  based  on c o n c l u s i v e  s t u d i e s  b u t  do p o i n t  
t o  a  need f o r  a d j u s t m e n t s  i n  t h e  s c r e e n  a s  f e e d b a c k  is  r e c e i v e d  from c h e m i c a l  i s o l a -  
t i o n  of  a c t i v e  a g e n t s .  Such a d j u s t m e n t s  a r e  p a r t  of  a n  e v o l u t i o n a r y  s c r e e n i n g  p r o c e s s  
t o  improve d e t e c t i o n  o f  c h e m i c a l  a g e n t s  most l i k e l y  t o  b e  u s e f u l  i n  c a n c e r  chemotherapy.  



- I n  1964, WARF adopted  a  s i n g l e  so lvent  e x t r a c t i o n  method a s  t h e  r o u t i n e  procedure 
(AQIETOH). Sometime l a t e r ,  t ann ins  and phy tos t e ro l s  were removed i n  t h e  e x t r a c t i o n  
process  be fo re  sc reen ing  a g a i n s t  WAY KB and LE.  From 1964 t o  1969 about 570 spec ie s  
from t h e  d e s e r t  r eg ions  were screened by t h e  Univers i ty  of Arizona and probably a  . 

s i m i l a r  number were c o l l e c t e d  by D r s .  Barclay,  Gentry and Perdue f o r  e x t r a c t i o n  a t  
WARF. The U n i v e r s i t y  of Arizona had changed t h e i r  e x t r a c t i o n  procedure t o  t h a t  of 
WARF and i n  both sc reen ing  l a b o r a t o r i e s  j u s t  under 2% of t h e  p l /px  samples were 
showing a c t i v i t y .  Some h igh- in t e re s t ing  compounds were l a t e r  i s o l a t e d :  Holacanthone 
from Cas te l a  emoryi, Colubr inol  from Colubrina t e x e n s i s  and Bouvardin from Bouvardia 
t e r n i f o l i a .  Seve ra l  o t h e r  spec ie s  have shown h i g h - i n t e r e s t  a c t i v i t y :  Ar i s to loch ia  
t a l i s c a n a  stem-leaf and Thevet'ia ovata twig- leaf ,  bu t  more p l a n t  m a t e r i a l  i s  needed 
t o  complete t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  work. Both p l a n t s  occur i n  Mexico, 
o u t s i d e  t h e  d e s e r t  r e g i o n ,  and we would l i k e  permission t o  procure l a r g e  samples 
(weighing 70 t o  140 ki lograms) f o r  completion of t h e  chemical i s o l a t i o n  and pre- 
c l i n i c a l  eva lua t ion  s t u d i e s .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  s p e c i e s  of Cas t e l a ,  
Bouvardia,  A r i s t o l o c h i a  and Thevet ia  a r e  r epor t ed ly  used i n  f o l k  medicine f o r  t r e a t -  - 

i n g  dysentery ,  cancer  and o t h e r  ai lments .  

I n  1969, PS (P388 Leukemia) rep laced  LE, and WA was dropped. About 200 spec ie s  
from t h e  d e s e r t s  of C a l i f o r n i a  ( c o l l e c t e d  by R .  Sp ju t )  and 100 from nor the rn  Mexico 
( c o l l e c t e d  by L .  Spetzman) were screened a g a i n s t  PS (and a l s o  KB). The most s ign-  
i f i c a n t  a c t i v i t y  was found i n  Hunnemannia fumar i ae fo l i a  (Papaveraceae) and t h i s  i s  
c u r r e n t l y  of h igh  i n t e r e s t  t o  ZI. Hunnemannia i s  common i n  t h e  highlands of Coahuil la  
and we would l i k e  permiss ion  t o  c o l l e c t  a  140 kilogram sample. 

Soon a f t e r  t h e  i n t r o d u c t i o n  of t h e  PS tumor t o  t h e  sc reen ,  our l abora to ry  began a  
major procurement e f f o r t  on t a r g e t e d  p l a n t  f a m i l i e s ,  known a s  FOSI f o r  Famil ies  of # 

S p e c i a l  I n t e r e s t  ( s e e  Barc lay  & Perdue, 1976). A s  pointed o u t  by Suffness  & Douros 
(1979), t h i s  e f f o r t  l e d  t o  i s o l a t i o n  of many s i m i l a r  compounds but  occas iona l ly  a  new 
s t r u c t u r a l  type wi th  good a c t i v i t y  was discovered.  Stemmadenia pa lmer i  (Apocynaceae), 
from Mexico, appea r s  t o  be one of those  exceptions and we wish t o  c o l l e c t  an a d d i t i o n a l  
70 kilograms of stembark t o  complete t h e  i s o l a t i o n  work. 

The e x t r a c t i o n  procedure  was changed again  i n  1975 based on a  '500 experiment '  ( s ee  
S t a t z  & Coon, 1976) wi th  f u r t h u r  modif ica t ion  a s  descr ibed  i n  Suffness  and Douros (1979). 

I n s t e a d  of con t inu ing  t o  c o l l e c t  samples i n  random manner, I began t o  exp lo re  a  more 
s e l e c t i v e  approach i n  1977. A t o t a l l y  s e l e c t i v e  approach would d r a s t i c a l l y  cu t  t h e  
r a t e  of samples procured f o r  pre l iminary  screening  a s  wel l  a s  r a i s e  procurement 
c o s t s  f o r  each sample. However, i t  i s  poss ib l e  t o  i n c r e a s e  t h e  number of new genera 
and medic ina l  samples wi thout  i nc reas ing  f i e l d  c o s t s  and caus ing  a  r educ t ion  i n  pro- 
curement of smal l  samples.  Geographical d i s t r i b u t i o n s  of woody p l a n t  genera t h a t  
have never  been t e s t e d  were p l o t t e d  on maps. Of s e v e r a l  thousand medicinal  spec ie s  
reviewed i n  T r a i n  e t  a l .  (1957), Standley (1920-1926) Chestnut (1902),  Cov i l l e  (1897) 
and a l s o  Har twel l  (1967-1971) , only  70 were s e l e c t e d .  Geographical a r e a s  wi th  concen- 
t r a t i o n s  of new genera and medicinal  p l a n t s  then became t h e  t a r g e t  a r e a s  f o r  random 
sampling: Baja C a l i f o r n i a ,  l imes tone  f l o r a s  border ing  t h e  S t a t e s  of Nevada and Cal- 
i f o r n i a ,  a l s o  i n  wes tern  Texas, nor thern  Coahuil la  and Chihuahua. 



- I n  a d d i t i o n  t o  u s i n g  med ic ina l  f o l k l o r e  a s  a  t o o l ,  ( c f .  S p j u t ,  1976) I have researched  

r e l a t i o n s h i p s  between a n t i c a n c e r  a c t i v i t y  and v e g e t a t i o n  t ypes .  The most s i g n i f i c a n t  
d a t a  a r e  w i t h  h e r b s  and r o o t  of shrubs and t r e e s .  With PS and KB tumors,  t he  i nc idence  
of a n t i c a n c e r  a c t i v i t y  c l e a r l y  i nc reased  w i t h  i n c r e a s i n g l y  d r i e r  v e g e t a t i o n  types .  The 
r o o t  datum was p a r t i c u l a r i l y  i n t e r e s t i n g  because i t  seemed t o  go i n  hand wi th  f o l k  
u s e s  of p l a n t s ;  i n  a r i d  r e g i o n s  t h e  r o o t  was o f t e n  t h e  p a r t  s e l e c t e d  i n  medicine.  More- 
o v e r ,  when sc reen ing  d a t a  were compared wi th  medic ina l  p l a n t s  on a  p l a n t  p a r t  b a s i s ,  i t  
was d i scovered  t h a t  r o o t  had been r a r e l y  c o l l e c t e d  f o r  a n t i c a n c e r  s c r een ing  ( ev iden t  i n  
Table  1 ) .  

N C I ,  i n  con junc t ion  w i t h  o t h e r  s c i e n t i s t s  i n  our  l a b o r a t o r y ,  a l s o  had been reviewing 
t h e  random approach t o  p l a n t  procurement. To i n c r e a s e  n o v e l t y  i t  was decided t h a t  w e  
should e l i m i n a t e  genera  where numerous s p e c i e s  had a l r e a d y  been t e s t e d  o r  compounds 
had a l r e a d y  been i s o l a t e d .  For example, t h e  genus Acacia  h a s  numerous s p e c i e s  and 
numerous s p e c i e s  have  been screened producing noth ing  so  f a r  of any s i g n i f i c a n c e .  
Maytenus gave u s  maytansine,  now i n  t h e  second phase of c l i n i c a l  e v a l u a t i o n ,  bu t  
c o l l e c t i n g  more samples  of Maytenus s p e c i e s  w i l l  n o t  l i k e l y  l e a d  t o  new d i s c o v e r i e s .  
Genera w i th  one hundred o r  more e x t r a c t s  t e s t e d  and s p e c i e s  w i t h  s i x  o r  more t e s t e d  
were c r i t e r i a  used  t o  reduce  d u p l i c a t i o n ,  i n  a d d i t i o n  t o  genera l i k e  Maytenus where 
known a n t i c a n c e r  compounds have been determined. Approximately 350 genera and s e v e r a l  
thousands of s p e c i e s  a r e  now cons idered  SLOP o r  Spec i e s  Low on P r i o r i t y .  Ac tua l ly ,  t h e  
350 genera accoun t s  f o r  more than 67,000 s p e c i e s  no longer  of i n t e r e s t  t o  u s ,  o r ,  about  
k of t h e  world f l o r a .  

My f i e l d  s t r a t e g y  planned f o r  Baja  C a l i f o r n i a  (and e l sewhere)  had t o  b e  amended t o  
meet t h e  new SLOP g u i d e l i n e s  which became formulated i n  January  1979. Except ions were 
made f o r  r o o t  samples based on my r e s e a r c h  desc r ibed  e a r l i e r .  - 

SCREENING RESULTS 

Samples c o l l e c t e d  from Baja  C a l i f o r n i a  and sou the rn  U.S. d u r i n g  1979 have completed 
s c r een ing  a g a i n s t  KB and PS, b u t  1980 samples a r e  s t i l l . b e i n g  t e s t e d .  Table  2 l i s ts  
t h o s e  s p e c i e s  t h a t  confirmed a g a i n s t  e i t h e r  KB o r  PS. Unfo r tuna t e ly ,  a c t i v i t y  was no t  
s i g n i f i c a n t  enough t o  war ran t  f u r t h u r  s t u d i e s ,  excep t  p o s s i b l y  i n  C a s t e l a ,  Bursera  
and J a t r o p h a  where w e  a l r e a d y  can p r e d i c t  t h e  k inds  of compounds most l i k e l y  t o  be 
i s o l a t e d .  

A new exper imenta l  tumor 'ASK' (a  b r a i n  tumor) i s  under e v a l u a t i o n  f o r  r e p l a c i n g  KB. 
A c t i v i t y  i n  KB h a s  been c o r r e l a t e d  more o f t e n  wi th  c y t o t o x i c i t y  t han  wi th  a n t i c a n c e r  
a c t i v i t y .  For  example i n  S p j u t  (1976) i t  was suggested t h a t  a n t i c a n c e r  a c t i v i t y  was 
c o r r e l a t e d  w i t h  poisonous p l a n t s .  It can be demonstrated t h a t  most a c t i v i t y  i n  
poisonous p l a n t s  w i l l . b e  w i t h  t h e  KB tumor system and i n  most c a s e s  t h i s  w i l l  have 
no r e l a t i o n s h i p  t o  i n  v i v o  a c t i v i t y  (PS). 

A number of 1980 c o l l e c t i o n s  from Baja C a l i f o r n i a  a r e  now being eva lua t ed  a g a i n s t  
ASK and t h e r e  a r e  a s u r p r i s i n g l y  high number of a c t i v e  s p e c i e s .  Table  3  shows those  
s p e c i e s  which have confirmed a g a i n s t  ASK. To l e a r n  more about  t h i s  a c t i v i t y ,  
b u t  more impor tan t  t o  i n c r e a s e  ou r  chances of f i n d i n g  new d rugs ,  w e  would l i k e  t o  
o b t a i n  70 ki logram samples  of t h o s e  s p e c i e s  marked by an a s t e r i s k .  I t  i s  i n t e r -  
e s t i n g  t h a t  a n t i c a n c e r  a c t i v i t y  i n  t h i s  new tumor i s  showing up i n  f a m i l i e s  where 
l i t t l e  a c t i v i t y  h a s  been s e e n  before .  
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- OTHER PROJECTS 

Fol lowing my v i s i t  t o  Ba ja  C a l i f o r n i a  d u r i n g  t h e  s p r i n g  of  1979, 1 8  s p e c i e s  of t h e  
Bryophyta (mosses & l i v e r w o r t s )  were c o l l e c t e d  from n o r t h e r n  C a l i f o r n i a  and a c t i v i t y  
i n  one s p e c i e s  o f  moss (C1aopodium)looks v e r y  promising.  T h i s  l e d  t o  more e x t e n s i v e  
c o l l e c t i n g  t r i p s  i n  1980 i n  t h e  U.S. f o r  samples  of mosses ,  l i v e r w o r t s  and l i c h e n s .  
Sc r een ing  r e s u l t s  o f  s e v e r a l  hundred lower p l a n t  samples  a r e  n o t  expected be fo r e  
December 1981. Because  o f  promising a c t i v i t y  i n  Claopodium and t h a t  few mosses,  
l i v e r w o r t s  and l i c h e n s  have been t e s t e d  i n  t h e  program, we wish  t o  p rocu re  
some of  t h e s e  f rom s o u t h e r n  Mexico sometime i n  t h e  f a l l  of 1982, o r  perhaps  a s  e a r l y  
a s  May 1982. The re  a r e  no  f l o r a s  cover ing  lower  p l a n t s  of Mexico bu t  we w i l l  t r y  t o  
p u t  t o g e t h e r  some k ind  of l i s t  of t a x a  most l i k e l y  t o  b e  sampled i n  amounts of 1% 
t o  1% ki lograms .  A d d i t i o n a l l y ,  we would l i k e  t o  c o n t i n u e  c o l l e c t i n g  new and seldom 
sc r eened  gene ra  o f  h i g h e r  p l a n t s  and a  s e p a r t e  l i s t  of t h e s e  t a x a  w i l l  be p rov ided .  
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TABLE 1 

rn PL/PX OT 
CHCL, AP/ A Q  k AQ k CHCL, P.'& AQ k A& 1 

FXUH FXUH ALC/CHL E U H  mH AK, 

CA SON 
CA 

Belepomne c a l i f o r n i c a  Benth. BM 

Berg ln i a  v i r ~ a t a  H , w .  ex Benth. k Hook. 
var .  f i l a n d u l i f e m  Leonard k Morton BCS 

Ca r lowr igh t i a  u l i f o r n i c a  Brandegee 
BCS 
BCS 
BCS 
BCS 
BCS 

- - 
J u s t i c i a  l n s o l i t a  Brandegee -- BCS 
R u c l l i a  c ~ l i f o r n i c a  ( ~ o s e )  I.H. Johns t .  BCS 
R u r l l i a  p c n l n s u l a r i s  (Rose) I . U .  Johns t .  BCS 

SON 

Phaulothanmus sp lne scens  Gray BCS 

ACAVACEAE 

BCS 

Nol ina  b isce lovi i  (Torr . )  Uata. 
Yucca b r e v i f o l i a  h g e l m .  

var.  j a e g e r i a n a  Hckelvey 

AIZOACEAE 

BM CHILE i Uesembranthemum c q s t a l l i n u m  L. 
I 

I I AnARANTKACEAE 

i ~ e l o s i a  f l o r i h u n d a   ray BCS 
I =s a l t c r n i f o l i u s  (s. Vata.) 
1 Bray BCS 

BCS 

BCS 
BCS PUE ' 

F m e l i c h i a  i n t e r r u  t a  (L. )  Uoq. 1 Tldes tmemla  1m,Rosa ( ~ u t t . )  S t and l .  
var .  l a n  l nosa  I rar, c a m z s a  

Tides t roomla  o b l o n ~ i f o l i a  ( ~ a t s . )  S t m d l .  CA 

I ANACARDIACEAE 

Hook. f .  ex Rothrock 
R h u ? l n t o r r r i ' ~ u t t . )  Benth. k 

BM 

BCS FL 
BM 

I Rhus ova t a  Vats. -- 
Ahus t r i l o b a t a  Nutt .  ex T. k G. -- 

Angel ica  s cab r ida  Clokey k FIathias NV 
Lomatium dissec tum ( ~ u t t . )  Math. k Const. . -- 

var.  multifidum k t h .  k Const. NV 
Osmorhiza o c c i d e n t a l i s  ( ~ u t t . )  T o n .  NV LT 

Amsonia b r e v i f o l i a  Cray C A 
Amsonia t o m ~ n t o s a  Torr.  k Frem. CA 
~ a l l e s i a R l a b r a ~ a v . )  Llnk. BCS 

ASCLEPIADACEAE 

CA 
AZ 

BCS PUE 

! ~arco&.emma h i r t e l l u m  (Gray) Holm. AZ CA 

BCN - Gaja C a l i f o r n i a  Nor te  OT - Other  
BCS - Baja C a l i f o r n i a  S u r  PL - Uhole P l a n t  
COA - Coahu l l l a  PX - Whole P l a n t  wi thout  Root 
CUE - Guer r em RT - Root 
FIEX - Mexico 
M I C  - Michoacan AQ - Aqueous 
NUE - Wuevo Leon ALC/CHL - Chlomform/Ethanol 

j AZ - Arizona 
I CA - C a l i f o m l a  
I m - Colorado 

HA - Hawaii 
H3 - Hontana ' h i  - New Mexico 

' N V  - Nevada 
I PR - Pue r to  R ~ C O  

TX - Texaa 
IJI' - Utah 

OAX - Owaca  
PUE - Puebla  
SD4 - S l n a l o a  
SON - Sonora 

CHCL - Chloroform 
3 

EIUH - Ethanol  

------------ Col l ec t ed  From Many P l a c e s  & 
Extens ive ly  Screened : Br. Hon. - B r i t i s h  Honduras 

w s t  - woody-stem fl - flower 
sb - stembark fr - f r u i t  
t w  - t w i g  
If - l e a f  



RT PL/PX OT 
CHCL3 AQ/ AQ & AU & CliCL, AQ/ AQ k A; 2 

ETOH r n ~  AB/CHL ETOH r n H  AT : 

Acanptopappus s p t ~ ~ c m c c p h a l u s  (Ham. k Gray) 
~ n y  v a r .  h i r t c l l u s  Blake CA CA 

NV 
BCS 
C A 
BCN 
CA CA 
CA CA 
C A CA* 
BCS COA 

AZ,CA AZ AZ 
BCS 

AZ AZ 
CA (AZ,CA,HEX) A Z  
CA 
CA 
CA CA 
CA CA 
BCS 
NV AZ CA* 
NV 

CA CA 

Aca.,, t o  a us s h o c k l e  i Gray 
A p a ~ l a P b P ~ d e d s e )  ~ y d b .  
Arphipappus  f r e n o n t i i  T, dr G. 
Ar,bronla b ~ m t i i  P a m e  
A c b r n s l a  b ~ r a y )  Pa e 
A-arns la  u i c i f o l  l a  (GrayYparne  
A r t e n i s l a  s p l l l e s c c n s  D.C. Gt. 
A s t e r  s p i n o s u s  Bcnth. 
E l c c h a r l s  s a m t h r o i d e s  G n Y  
Eehhia  a t r i  l i c i f o l i a  ( ~ 7 . 3 ~ )  Greene 

~*) Greene 
E r l d r e l i a  c a l i f o r n i c a  (T. & G.1 Gray 
E r l c k ~ l i a  i n m a  Gray 
B r l c k e l l a  m l c m p h y l l a  ( ~ u t t . 1  G ~ Y  
C b z e n a c t i s  c a r p h o c l i n l a  Gray 
C b e n a c t i s  f r e m o n t l i  Gray 
Cihaenactis  a Greene 
C b e n a c t i s  s t e v l o l d e s  H. & A. 

-- C l r s l u " ~  n idulum  ones) P e t r .  
Coreo z r t h c n o i d e s  Benth. c o R o - h ~ . )   ray 
C o u l t e r e l l a  c a p i t a t a  Vasey & Rose 
D l c o r i a  c m e s c e n s  T. & C. -- 

?m. 

Hall C A 
NV 
BCS 
C A 
BCS 
C A 

A2 TX 
BCS 
CA 

BCS 
CA CA, AZ 

AZ Dvssodia  a c c r o s a  W .  -- 
Dvssoclia anthcmld l f o l i a  B ~ n t h .  
Dyssodia  c o o p e r 1  A. Gray 
Dyssodia  . n t a c h s ~ t a  ( W . )  Rob. ssp .  p e n t a c h a e t a  

v a r . ? l m l d i u n  (DC) S t r o t h e r  
Dyssodia  p o m ~ h y l l o i d e s  Gray 
E a s t w o o d i l  e l e g a n s  Bdg. 
F n c e l i a  f a r l n o s a  G h y  ex T o n .  -- 

AZ 
BCS 
BCN 
NV 

AZ TX 
NV 

AZ BCN 
BCS 
TX 
C A 
NV 
BCS 
CA 
CA 
CA 
CA 

BCN 

NV 

- 

E n c e l l a  f r u t e s c e n s  Gray 
E n c e l l a  p a l m e r i  Vasey & Rose -- -- 
E n c e l i a  venetorum Brandegee -- 
h c e l i o p s i s  ai-gophylla (DC. Eat.) A. Nels. 
F l o u r r n s i a  c p m u  DC. 
G l y p t o p l e u r a  mzrgina ta  D. C. Eat. 

BCN 
- 
Gnaphslium v r l g h t l l  Gray -- 
G o c h n n t i a  a r b o r c c m c s  Brandegee 
G u t l r r r e z l a  d r a c u n c u l o i d e s  DC. 
C u t i e r r e ; . i a  m i c m c c  h a l a  DC.) Gray 
G u t l P r r c i i a  & A h )  B r l t t .  
H a p l o p ~ p p u s  a r e n z r i u t  Benth. 
Haplopappus b r i c k e l l o i d e s  Blake 
Haplopappus c o o ~ c r l  (Gray) Hall 

CA CA* 
CA.AZ CA 

- 
Haplopappus c u n e a t u s  Gray 
Ha l o  a u s  1 i n c . a r l f o l l u s  DC. 
Haplopappus v e n e t u s  H.B.K.) Blake 
~ u f m c e u ~  (Greene) H a l l  
H e c a s t o c l e l s  s h o c k l e  1 Clay 
H o f n e l s t e r l a  f a s c i c i a t a  ( ~ e n t h . 1  Malp. 

v a r .  pubesccns  (Mats.) Robinson BCS 
BCs v a r .  Gray 

I e p l d o s p a r t u m  squ;lmatwn (Gray) Gray 

tg: *";Gray) Mheeler 
h u d e l e n e  z r i c o i d c s  (TO=.) Greene -- 
Y s l a c o t h r i x  ~ 1 a h r a t - a  Gray 
t i i c o l l e t l a  t r i f l d a  Rydb. 
O x y t c n l a  a c e r n s n  Nut t .  
P a l a f o x l a  l i n e a r i s  Cav. var.  l i n e a r i s  -- 
F a r t h e n l u m  i n c a n u -  H.B.K. 
P e c t i s  p a p w s a  b. & Gray 

~ ~ 

CA,AZ 
NV CA* AZ 
BCS 
C A 
BCS 

AZ TX AZ AZ 
TX CA 
BCS 
NV 

F e r i t y l e  -Rose 

BCS 
AZ C A AZ 

BCS CA,AZ AZ 
C A 
CA CA,U 
NV AZ AZ 
TX NUE AZ 
NV 

P l u c h e a  se;icea ( ~ u t t . )  Cov. '- -- 
F o r ~  h l l u m  - c l l e  Bcnth. 
p s l t g v k t e s  a ~ u t t . 1   ray 
P s l l t h ~ ~ ~ t e s  r a n n s l s s i n a  Gray 
P s i l o t r o p h n  c o o p n r l  (Gray) Greene 
S e h e c i o  l o n a l l o b u s  Benth. 
S t e  :hanomeria e x 1  ua Nutt .  var.  p e n t a c h a e t a  
-55TEZ.R-k 

C A CA AZ 
1IV W 
N V  W AZ 
N V  CA* 
NV CA 

s t e p h a n o n e r i a  p z u z l f l o r a  (Torr.)  " u t t .  
T e ? n d v m i a  w l l l a r i s  A. Nels.  
T ~ t r - 3 y s l a  c m e s c e n s  W .  
T e t n d y n l a  s p l n o s a  H. & A. 
T e t n d y n l a  s t e n o l r p l s  Greene 






















