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A s  you know, I have been s o r t i n g  our  program d a t a  accord ing  t o  v e g e t a t i o n  
o r  c l i m a t i c  t ypes  t o  de te rmine  i f  a c o r r e l a t i o n  e x i s t s  w i t h  an t i t umor  
a c t i v i t y .  

F ive  yea r s  ago I no ted  a c o n c e n t r a t i o n  of U.S. a c t i v e s  i n  sou thwes te rn  
d e s e r t s .  T h i s  l e d  t o  rev iewing  c o l l e c t i o n s  of p l a n t s  from d i f f e r e n t  
c l i m a t i c  r e g i o n s  i n  U.S. and A f r i c a ;  h i g h e r  pe r cen t ages  of a c t i v e  p l a n t s  
were found w i t h  i n c r e a s i n g l y  d r i e r  c l ima t e s .  L a t e l y ,  I am r e f i r l i ng  t h i s  
on t h e  b a s i s  of :  woody p l a n t s  vs. nonwoody p l a n t s ,  e l i m i n a t i n g  dup l i c a -  
t i o n ,  p l a n t  p a r t s ,  c r i t e r i a  t o  d e f i n e  c l i m a t e ,  l i m i t i n g  d a t a  t o  cu. r rent  
tumor systems used i n  t h e  p r e l i m i n a r y  s c r e e n  w i t h  comparisons t o  p a s t  
and p r e s e n t  e x t r a c t i o n  proceedures .  O f  immediate va lue  t o  procurement 
a r e  d a t a  d e a l i n g  w i t h  p l a n t  p a r t s .  

Sampling p a r t s  f o r  s c r een ing  h a s  been reviewed by Perdue (Cancer Treatment 
Repo r t s ,  1976) ,  H i s  conc lu s ions  l e d  t o  t h e  two sample g u i d e l i n e  t h a t  we 
have a p p l i e d  u n t i l  r e c e n t l y  - SB ( o r  ws-sb) and TI'. 

The foil-owing t a b l e  shows f r e q u e n c i e s  of a c t i v i t y  i n  woody p l a n t  p a r t s  
accord ing  t o  v e g e t a t i o n  ( r e f l e c t i n g  c l i m a t e ) .  Data  a r e  based on samples 
c o l l e c t e d  i n  A f r i c a  and U.S, from 1969 - 1972 and were assumed t o  have 
been sc reened  i n  bo th  PS and KB tumors. 

R A I N  FORESTS 
COOP 5.8% 5.7% 1.1% 1.2% 
Warm 3.2% 5.82 - - 1.9% 

( r b  o n l y )  

DRY FORESTS 
Cool 3.7% 8.7% 0.5% 1.2% 
Warm 5.1% 2.4% 2.1.X 3.4% 

GRASSLANDS & 6.8% 2.0% 2.8% 0 
WOODLANDS 

DESERTS INSUFFICIENT DATA 
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For  h e r b s ,  a  h i s togram i s  i n c l u d e d  and i l l u s t r a t e s  a c t i v i t y  f r e q u e n c i e s  
i n  s p e c i e s  r a t h e r  t h a n  p l a n t  p a r t s .  P e r c e n t a g e s  of a c t i v e  s p e c i e s  f o r  
b o t h  p a s t  and p r e s e n t  e x t r a c t f o n  p rocedures  ( i n  PS & KB) a r e  s i d e  by 
s i d e  r e s p e c t i v e l y  f o r  e a c h  v e g e t a t i o n  t y p e  w i t h  one ( d e s e r t  h e r b s )  pro- 
j e c t e d  a t  13.3% a c t i v i t y  ( d o t t e d  l i n e ) .  It shou ld  be no ted  t h a t  t h e s e  
comparisons a r e  based on t h e  same samples  (PR-Numbers) sc reened  i n  1972- 
1974 and a g a i n  i n  1975-1378. The p r e d i c t i o n  f o r  d e s e r t  he rbs  w i l l  have 
t o  a w a i t  t h e  r e s u l t s  on o t h e r  c o l l e c t i o n s  such as t h o s e  r e c e n t l y  from 
C a l i f o r n i a ,  Nevada, Arizona,  Texas ,  and  Mexico (PR-Numbers - 49852-956, 
50000, 50535-602, 50'351-997, 51101-51221, 51425-452, 52005-056, 81225- 
239, 81297-326, 81257-8, 81375-81); i t  i s  b e l i e v e d  t h a t  any remaining 
p l a n t  m a t e r i a l  from e a r l i e r  s c r e e n i n g  w i l l  n o t  be enough t o  meet t h e  
c u r r e n t  weight  requ i rements .  

I f  r a t i o s  of o l d  and new f r e q u e n c i e s  i n  h e r b  a c t i v i t y  a r e  compared, a n  
i n t e r e s t i n g  t r e n d  i s  seen.  A t h r e e - f o l d  i n c r e a s e  i n  r a i n  f o r e s t  h e r b s  
g r a d u a l l y  lowers  t o  1 . 8  f o r  t h o s e  from g r a s s l a n d s ;  t h e  r e v e r s e  o c c u r s  
w i t h  stembark samples ( d i s c u s s e d  l a t e r ) ,  Not enough h e r b s  were recorded  
from t h e  warm r a i n  f o r e s t  t o  be i n c l u d e d ;  n e v e r t h e l e s s ,  a t ex tbook  
c o r r e l a t i o n  between a n t i t u m o r  a c t i v i t y  and i n c r e a s i n g l y  d r i e r  c l i m a t e s  
i s  c e r t a i n l y  e v i d e n t .  

Roots a r e  o f t e n  s u r v i v a l  ( ~ P s o  s t o r a g e )  o r g a n s  i n  g r a s s l a n d  and semi-deser t  
v e g e t a t i o n .  Shoots  r e g e n e r a t e  from p e r e n n i a l  r o o t s  f o l l o w i n g  r a i n s ,  f i r e s  
i n  warm g r a s s l a n d s  o r  f r e e z i n g  w i n t e r  t e m p e r a t u r e s  i n  c o l d  d e s e r t s  and 
g r a s s l a n d s ;  t h u s ,  g r e a t e r  r o o t  a c t i v i t y  h e r e ,  i n  comparison t o  f o r e s t s ,  
seems reasonab le .  

R. E. Perdue s u s p e c t e d  t h a t  r o o t b a r k  was s u p e r i o r  t o  o t h e r  v e g e t a t i v e  
p a r t s  but  a l s o  a  c o s t l y  sample t o  o b t a i n .  I a g r e e  t h a t  removing t h e  
ba rk  from r o o t s  i s  i m p r a c t i c a l ,  b u t  i s  i t  n e c e s s a r y ?  Of 63  s p e c i e s  i n  
Ghana r a i n  f o r e s t  where b o t h  RB and SB were c o l l e c t e d ,  SE a c t i v i t y  w a s  
f a v o r e d  5.8% t o  3.2%. I n  a c o o l  d r y  f o r e s t  a s  a t  Mufindi Tanzania ,  RB 
a c t i v i t y  w a s  h i g h e r  t h a n  SB; however, r o o t  samples of Croton s y l v a t i c u s ,  
Gnid ia  g l a u c a ,  B r i d e l i a  b r i d e l i i f o l i a  and Fagara  sp. had a c t i v i t y  i n  
s a m ~ l e s  l a b e l e d  "RB. "RT. and "WR". I n  some s ~ e c i e s  of Gnid ia  and  Taber- 

L ~ A 

naemontana, WR s a n p l e s  have been t h e  p r e f e r r e d  r e c o l l e c t i o n .  D r .  S u f f n e s s  
h a s  mentioned t h a t  t h e y  hsve  r e c e n t l y  c o n p l e t e d  s c r e e n i n g  a  s e r i e s  of R R  
samples from Kenya and o n l y  ab0a.t I% were a c t i v e .  

R e t e s t i n g  t h e  same r o o t  samples  under  t h e  new e x t r a c t i o n  p rocedures  has  
i d e n t i f i e d  a  few more a c t i v e  s p e c i e s  i n  e a c h  v e g e t a t i o n  t y p e  e x c e p t  t h e  
warm d r y  f o r e s t .  The o v e r a l l  i n c r e a s e  i s  from 20%-40% (1.2-1.4 t i m e s ) .  



STEMS 

I n  c o n t r a s t  t o  r o o t s ,  s tembark seems t o  have l e s s  a c t i v i t y  i n  g r a s s l a n d  
s p e c i e s .  I t  f o l l o w s ,  t h e n ,  t h a t  i n  d r y  v e g e t a t i o n  t y p e s ,  such a s  warm 
d r y  f o r e s t s  and g r a s s l a n d s ,  a c t i v i t y  i s  more l i k e l y  t o  be d e t e c t e d  i n  
samples  of r o o t s  t h a n  I n  s tembark.  But r e t e s t i n g  of SB samples  h a s  
y i e l d e d  some i n t e r e s t i n g  d a t a .  The i n c i d e n c e  of SR a c t i v i t y  i n c r e a s e d  
a s  f o l l o w s :  

RAIN FORESTS DRY FORESTS GRASSLANDS - 
WOODLANDS 

Cool Warm Cool - Warm 

Althoug'h a c t i v e  a g e n t s  a r e  o f t e n  c o n c e n t r a t e d  i n  t h e  r o o t s  of g r a s s l a n d  
s p e c i e s ,  t h e s e  same chemica l s  were a l s o  p r e s e n t  i n  t h e  s tembark i n  lower 
c o n c e n t r a t i o n  b u t  n o t  d e t e c t e d  u n t i l  t h e  new e x t r a c t i o n  p rocedure  (? ) ,  

Stem samples  w i t h o u t  bark  (WS) have been regarded  t o  y i e l d  l i t t l e  a c t i v i t y  
( c f .  Perdue 1976) .  Values  of 6.5% and 10% were found f o r  d ry  f o r e s t  
samples  b u t  no a c t i v i t y  was recorded  f o r  r a i n  f o r e s t  and g r a s s l a n d s .  A s  
w i t h  r o o t s ,  t h e  wood nay be i m p o r t a n t  i n  d ry  f o r e s t s .  On t h e  o t h e r  hand,  
s tems w i t h  bark (WS-SB) were l e s s  a c t i v e  i n  d r y  f o r e s t s  (2 .3%) and more 
a c t i v e  i n  r a i n  f o r e s t s  (4.3% & 4.7%).  R e t e s t i n g  h a s  i d e n t i f i e d  new 
a c t i v i t y  i n  on ly  s tems w i t h  ba rk  (WS-SR). 

Thus, w i t h  r e s p e c t  t o  s tem samples ,  ba rk  i s  p r e f e r r e d  bu t  one might save  
t h e  wood i n  d ry  f o r e s t s * .  More i n t e r e s t i n g ,  however, i s  t h a t  WS-SB 
samples  a r e  s u p e r i o r  t o  t w i g s  a n d / o r  l e a v e s  ( i n  a lmos t  a l l  c a s e s )  and 
WS was s u p e r i o r  t o  WS-SB i n  d ry  f o r e s t s .  F i n a l l y ,  t h e  new e x t r a c t i o n  
p r o c e d u r e ,  w i l l  have t h e  g r e a t e s t  impact  on f i n d i n g  new l e a d s  w i t h  woody 
p l a n t s  (SB a c t i v i t y )  i n  warm ( lowland)  d r y  f o r e s t s ,  woodlands o r  savannas  
and p robab ly  d e s e r t s .  

TWIGS AVD LEAVES 

These a r e  t h e  most u n y i e l d i n g  samples  i n  a c t i v i t y .  Leaves  u s u a l l y  c o n t a i n  
more w a t e r  t h a n  t w i g s ;  t h u s ,  r e q u i r e s  more t h a n  twice  a s  much twigs  t o  
o b t a i n  a s e p a r a t e  l e a f  sample. S e p a r a t i n g  t h e  twigs  and l e a v e s  can  
i d e n t i f y  more a c t i v e  s p e c i e s ,  a s  i n  d r y  o r  s c l e r o p h y l l o u s  f o r e s t s  and 
s c r u b .  No l e a f  a c t i v i t y  was recorded  f o r  g r a s s l a n d  t r e e s  and s h r u b s  
which were mos t ly  dec iduous  s p e c i e s .  R e t e s t i n g  r e s u l t e d  i n  two-three 
f o l d  i n d r e a s e  i n  d r y  f o r e s t s ,  1 . 5  i n c r e a s e  i n  warm r a i n  f o r e s t  and no 
change i n  g r a s s l a n d s  and c o o l  r a i n  f o r e s t s .  

*More compara t ive  r e t e s t i n g  d a t a  i s  needed h e r e  on a c t i v i t y  i n  WS vs. RT 
and i n  bo th  WS and RT. S p e c i e s  w i t h  WS a c t i v i t y  may a l s o  have RT a c t i v i t y ;  
t h u s ,  i f  one c o l l e c t s  RT, WS would be unnecessa ry?  
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FRUITS 

F r u i t s  were not  l i s t e d  i n  t h e  t a b l e  because a  meaningful sample s i z e  was 
lack ing .  I n  lumping a l l  v e g e t a t i o n  t ypes ,  t h e r e  were 35 f r u i t  samples. 
Four (11%) were i n i t i a l l y  a c t i v e  and r e t e s t i n g  added two more f o r  a  t o t a l  
of 6 (17%). 

SUFFRUTESCENTS AND HERBS 

S u f f r u t i c o s e  o r  semi-woody p l a n t s  were inc luded  w i t h  herbs  because,  i n  t h e  
f i e l d ,  t h e  woody p o r t i o n  h a s  o f t e n  been l e f t  behind; o r ,  i f  c o l l e c t e d ,  i t  
may have been lumped w i t h  t h e  herbaceous p a r t s  and was no t  de s igna t ed  on 
t h e  c o l l e c t o r ' s  sh ipp ing  l is t .  Except ions  a r e  ev iden t  w i t h  Perdue ' s  samples 
from Afr ica .  When he  s e p a r a t e d  t h e  woody stems from "RT" and "ST-LF-FL", 
he des igna ted  t h e s e  a s  "WS-SB" (ex. - P a u l l i n i a  g i n n a t a ,  B r i l l a n t a i s i a  
c u r a t r i c o s a ,  Coleus ba rba tu s ,  Pseuderanthemum ludovicianum, Vernonia amygda- 
l i n a ,  V. &labra, and V. hymenolepis) ,  "ST"' (ex. - C r o t a l a r i a  c l e m i f o l i a )  -- 
o r  "TWT (ex. - Disso ty s  b r azzae i ) .  I n  o t h e r  s i t u a t i o n s ,  he combined t h e  
woody stems w i t h  o t h e r  p a r t s  which were ev iden t  2s i n  t h e  fo l l owing  examples: 

Eupatorium a f  ricanum rt-st, tw-lf 
Spemacocca d i b r a c h i a t a  rt-st, s t - l f - f l  
Gnidia  m o l l i s  rt-st, I f - f r  
Gecium s p  r t - w s ,  s t - l f  

Most c o l l e c t o r s ;  l i k e  myself ,  have no t  c l e a r l y  i d e n t i f i e d  t h e  woody p o r t i o n  
i n  t h e i r  samples of s u f f r u t i c o s e  p l a n t s .  One problem i s  t h a t  our  guide- 
l i n e s  lack. a n  a p p r o p r i a t e  d e s i g n a t i o n  l i k e  'WB' (woody base) .  Combinations 
l i k e  WB ( r t )  o r  WB ( s t - l f - f l )  cou ld  i n d i c a t e  t h a t  t h e  bulk of t h e  sample 
c o n s i s t s  of t h e  woody base  but  w i t h  o t h e r  p a r t s  shown i n  p a r e n t h e s i s ,  l i k e  
i f  ( f l - f r ) .  

The need f o r  c o l l e c t i n g  and s e p a r a t i n g  a WR sample should be e v i d e n t  from 
d a t a  on t r e e s  and shrubs.  The s o f t e r  p a r t s ,  l i k e  stems o r  twigs  and l eaves ,  
have cons iderab ly  l e s s  a c t i v i t y .  I n  my r e c e n t  f i e l d  work, emphasis on ' W R ' ,  
which I l a b e l e d  a s  "RT", was g iven  a s  a r e s u l t  of reviewing medic ina l  fo lk-  
l o r e .  

Most h e r b  d a t a  r e p r e s e n t  samples of a.nnuals o r  sho r t - l i ved  pe renn i a l s .  
Sepa ra t i ng  r o o t s  from t h e  above p a r t s  has  about  t h e  same e f f e c t  a s  
s e p a r a t i n g  t h e  l e a v e s  from twigs  i n  woody p l an t s .  More a c t i v e  s p e c i e s  a r e  
d i scovered  but  p r e f e r e n c e  f o r  p l a n t  p a r t s  was no t  ev iden t  among t h e  vegeta- 
t i o n  types .  Samples of corms, bu lbs  and t u b e r s  were few and, l i k e  f r u i t s ,  
t h e s e  seem t o  have a  h igh  i nc idence  of a c t i v i t y .  

The ev iden t  c o r r e l a t i o n  between herbs  from i n c r e a s i n g l y  d r i e r  c l i m a t e s  and 
an t i tumor  a c t i v i t y  may be r e l a t e d  t o  a n  i n c r e a s i n g l y  h ighe r  f r u i t  o r  seed 
con t en t  i n  samples. Many herbs  from E a s t e r n  U.S. and Turkey have been 
d iv ided  i n t o  stems and l e a f - f r u i t  samples and stem samples a r e  r a r e l y ,  i f  
e v e r ,  a c t i v e .  A d d i t i o n a l l y ,  t h e  medic ina l  f o l k l o r e  o f t e n  mentions l e aves  
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and f r u i t s  of he rb s ,  even though from a  procurement s t a n d p o i n t  such samples 
a r e  i m p r a c t i c a l  t o  c o l l e c t  i n  bulk. S ince  b o t a n i s t s  g e n e r a l l y  recognize  
and c o l l e c t  he rb s  on ly  when they  a r e  f e r t i l e ,  most h e r b  samples sc reened  
w i l l  have had f l ower s  o r  f r u i t s  p r e sen t .  P l a n t s  from a r i d  r eg ions  appear  
t o  bear  a  g r e a t e r  c o n c e n t r a t i o n  of f r u i t s  t h a n  t h o s e  i n  humid a r ea s .  

COMBINING SAMPLES 

One o r  more samples from a  s i n g l e  c o l l e c t i o n  f r e q u e n t l y  have been combined 
e i t h e r  because a  sample weight  w a s  below t h e  new e x t r a c t i o n  requirements  
o r  because more t h a n  two samples p e r  c o l l e c t i o n  were supp l i ed  a s  i n  t h e  
S r i  Lanka samples - PR-47427-47688. For  h e r b s ,  t h i s  u s u a l l y  means 
combining above and below ground p a r t s .  

With woody p l a n t s ,  t h e r e  a r e  sometimes many combinat ions  o r  cho i ce s  bu t  
t h e  most r eoccu r ing  ones  a r e  "RT-TW" o r  "SB-Dl". Th i s ,  t o  me, i s  l i k e  
t r y i n g  t o  combine t h e  blood of a n  AB doner  w i t h  a n  A r e c i p i e n t .  There i s  
a common element  between t h e  two bu t  they  d o n ' t  mix. Twigs and l e a v e s  o r  
RB and SB go t oge the r .  Even RT and WS o r  S3  f i t  b e t t e r  t h a n  RT-TW o r  
SR-TW. I have had t o  i g n o r e  d a t a  concerning combined a c t i v e  samples of 
woody p l a n t s .  Thus, where mention was made t o  r e t e s t i n g ,  t h e  i n c r e a s e s  
o r  percen tages  are a c t u a l l y  h i g h e r  t h a n  what I i n d i c a t e d .  Also,  does 
combining a c t i v e  bark w i t h  i n a c t i v e  twigs  have any e f f e c t  on T/C va lue s?  

DESERT PLANTS 

Whether t h e  d e s e r t  o r  semi-deser t  v e g e t a t i o n  ha s  t h e  h i g h e s t  y i e l d  i n  
a c t i v e  p l a n t s  depends no t  on ly  on t h e  f requency of a c t i v i t y  du r ing  one 
p o i n t  i n  t ime bu t  a l s o  on t h e  y i e l d  i n  a  cumulat ive  sense.  The more pro- 
nounced t h e  d ry  season ,  t h e  g r e a t e r  t h e  e x t e n t  t h a t  a c t i v i t y  cou ld  vary 
acco rd ing  t o  s ea sona l  d i f f e r e n c e s .  I b e l i e v e  ou r  g u i d e l i n e s  have s t r o n g i y  
underes t imated  t h i s  w i th  r e s p e c t  t o  r e c o l l e c t i o n s .  

Some c l e a r  examples where a c t i v i t y  depends on t iming  were de sc r i bed  i n  my 
memorandum of A p r i l  15 ,  1976,  " P a t t e r n s  of An t i cance r  A c t i v i t y  i n  Vascu la r  
P l a n t s " .  S t a t i s t i c a l  d a t a  can  n o t  be d i r e c t l y  ob t a ined  from our  records .  
I n d i r e c t  c l u e s  a r e  t h e  r e a l i z a t i o n  t h a t  g r e a t e r  s p e c i e s  d u p l i c a t i o n  ha s  
accumulated w i t h  c o l l e c t i n g  i n  humid and mesic  U.S. f o r e s t s  bu t  pe rcen tages  
of a c t i v e  s p e c i e s  a r e  h i g h e r  i n  t h e  more a r i d  reg ions .  For example, i n  
Western U.S., 19% of a l l  KB and PS a c t i v e s  a r e  from con i f e rous  f o r e s t s ,  
whereas 55% a r e  from t h e  d e s e r t s  ( i n  1974). 

Regard less  of how t h e  pe r cen t ages  of a c t i v e  s p e c i e s  a r e  d i s t r i b u t e d ,  t h e  
i n s u f f i c i e n t  d a t a  i n d i c a t e d  i n  t h e  t a b l e  s u g g e s t s  we have y e t  t o  r e a l l y  
s c r e e n  d e s e r t  p l a n t s .  The U n i v e r s i t y  of Arizona h a s  been t h e  l a r g e s t  
s u p p l i e r .  T h e i r  d r i e d  samples have p r i m a r i l y  c o n s i s t e d  of '*px" ( a l l  except  
r o o t )  o r  "p l"  p a r t s .  Root,  ba rk  and f r u i t  samples were b e t t e r  r ep r e sen t ed  
i n  t h e  " f r e sh"  samples. Most samples were e x t r a c t e d  u s i n g  procedures  t h a t  
d i f f e r e d  from WAKF and sc reened  i n  outmoded tumor systems. A l o t  of 
e x t r a c t s  and samples gXve a n  impress ion  of s p e c i e s  d u p l i c a t i o n ,  but  how 
much, i f  any,  of t h i s  i s  comparable t o  t h e  p r e sen t .  To what e x t e n t  have 
s p e c i e s  from Arizona been t e s t e d  a g a i n s t  PS? 
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From a n  empi r i ca l  sense ,  1 l e a n  towards t h e  d e s e r t s  f o r  f i e l d  work. A 
c l o s e  encounter  w i th  d e s e r t  p l a n t s  i m p r i n t s  a  s t r a n g e  k ind  of d i v e r s i t y  
upon you. L i f e  forms vary from gro tesque  t o  a t t r a c t i v e ,  o r  even appear  
t o  have come from ano the r  world. Upon d i r e c t  c o n t a c t ,  one can c e r t a i n l y  
f e e l  t h e  d i f f e r e n c e s :  s p i n e s  t h a t  s t a b ,  h a i r s  t h a t  s t i n g  o r  i e aves  t h a t  
c l i n g .  More r e l e v a n t ,  however, i s  t h a t  t h e  d e s e r t ,  a t  t imes ,  r eeks  wi th  
chemical d i v e r s i t y  produced by t h e  many od i f e rous  pl-ants ,  which I f i n d  
inescapab le  of ask ing  - A r e  our  chances of f i n d i n g  novel  a n t i c a n c e r  drugs 
g r e a t e r  i n  t h e  d e s e r t  t han  i n  o t h e r  r eg ions?  
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