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SUMMARY 

The actire compounds which have been isolated from plants and tested in the 
chemotherapy program of the Sational Cancer Institute since the inception of 
the  plant program (as part of t h e  Cancer Chemotherapy Kational Service 
Center) are listed, classified into types, and discussed in terms of their  activitl- 
in experimental tumor systems. The tumor systems include the most important 
ones comprising the regular screen at different t imes and aIso the  slow-growing 
tumors, R16 melanoma and Lewis lung carcinoma (newr). The strueture-antitumor 
activity relationships bring out the desirability for further investigation of 
certain types of compounds as possibilities for clinical trial. So tes  on the current 
pharrnacologic and cIinical status of certain compounds are also presented. 

[Cancer Treat  Rep 60:10:31-1067, 19761 

From the  earliest days of the  Cancer Chemother- 
apy National Service Center (1956) it was realized 
t h a t  a comprehensive program for t e s t ing  com- 
pounds for anti tumor activity m u s t  include those of 
na tu ra l  as well as synthetic origin. I t  was  also 
known t h a t  na ture  is able to produce a wide variety 
of chemical entities of novel structure. Many of t h e  
new and novel compounds i sda ted  from natura l  
sources might otherwise have never been discov- 
ered, especially those of considerable complexity 
requiring the  development of methods for t h e  crea- 
tion of  new ring systems. Na tu ra l  products ap- 
peared to be a promising source for new types of 
colnpounds to  tes t  for anti tumor activity. Conse- 
quently, a fermentation program was initiated in 
1956 and in 1957 the plant  program followed al- 
though a few plant  ex t rac t s  were  received and 
tested in 1956. Procurement of animals and their  
extracts began In 1962. 

Before the  establishment of the  experimental na t -  
ural products program, 1 had conducted a survey of 
the  l ~ t e r a t u r e  and folklore of plants with reputed 
efficacy in cancer (1) and found > 3000 different 
species of such plants reported from all over t h e  
world. Previously, I had isolated podophyllotoxin 
and two other lignans from the  mayapple root (Po- 

'Drug Research and Development Program (DR&DP), Dlvislon 
of Cancer Treatment (DCT), National Cancer Institute (NCI).  

d o p h y I l ~ r ~ n  peltaturn L.)(2), all of which were power- 
fully active against  Sarcoma 37 in the  mouse; I 
undertook th is  survey when I learned t h a t  th is  
plant was  used by t h e  Penobscot Indians of Maine 
as a t rea tment  for what was believed to  be cancer 
(3) and t h a t  the root of th is  plant was  recommended 
for cancerous tumors in a book on materia medica 
and therapeutics published in 1849 (4). I t  is interest- 
ing to  observe tha t  several derivatives of podophyl- 
lotoxin a r e  now in clinical trial in cancer. illthoug;t~ 
the l i terature and folklore can provide leads for 
plant coIlecting, it was realized t h a t  selective col- 
lecting is expensive and tha t ,  besides, this kind of 
input would be insufficient to  mainta in  a large 
program for a long time. Therefore, a world-wide 
random collection program was initiated with t h e  
expectation not only of uncovering new leads for t h e  
isolation of novel compounds but also of ultimately 
revealing correlations between anticancer act~l-ity 
and botanical classification tha t  would make collec- 
tion more efficient in terms of finding active agents. 
The success of these considerations can be judged 
from this  and other papers in this Symposium, as 
well as by the  multitude of publisI~ed papers already 
in the l i terature which arose from our program. 

METHODS 
Bethesda, Bld. 

*Reprint requests to: Natural Products Branch, DR&DP, DCT, The efficient isolation of active compounds from 
NCI, Blair Bldg, Rm 4A17,8300 Colesville Bd, National Inst~tutes plants in a large propam is dependent 
of Health, Silver Spring, Md 20910. upon t h e  effectiveness of t h e  extraction procedure 
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and the  bioassay methods used to detect active 
plants and to guide the fra~t~ionations. I believe i t  is 
worth a short discussion of these  points before 
taking up the  compounds themselves, because vari- 
ations in the methods have a profound effect on the  
types of compounds isolated. Beginning with neces- 
sarily arbitrary methods, some improved methods 
have evolved over the years based on feedback from 
the  results obtained (these are outlined in other 
papers in this Symposium). For example, the origi- 
nal antitumor screen consisted of the  three mouse 
tumors {Sarcoma 180, Carcinoma 755, and L1210 
leukemia) deemed most able to select most of the  
compounds considered in 1956 to be clinically useful 
in man. KB cell culture was added in the  latter part 
of 1960. Plant extracts were prepared using differ- 
ent methods and solvents recommended by the sup- 
pliers. After i t  was determined that  all the  active 
crudeextracts obtained by t h e  different methods 
could also be uncovered by the use of 50% aqueous 
ethanol, a standard procedure using this solvent 
was adopted by all suppliers. In 1966, the Walker 
256 ra t  carcinoma was added to the screen to re- 
place Sarcoma 180, Carcinoma 755, and certain 

other tumors after an analysis of clinical results ( 5 )  
showed that 33 of 45 drugs with definite clinical 
activity could have been predicted by L1210 leuke- 
mia and nine of 45 by Walker 256 carcinoma. The 
newly constituted screen had the  disadvantage, 
from the chemical standpoint, that  the ubiquitous 
t a n n i n s  and phytosterols  were very effective 
against Walker 256 (as well as Sarcoma 180, Carci- 
noma 755, and the Lewls lung carcinoma) but not 
against L1210 leukemia and KB cells; many plants 
therefore showed activity against Walker 256 and 
only a very few showed activity against  L1210 
leukemia and KB cells. Slnce the tannins and phy- 
tosterols could not be developed into useful antican- 
cer drugs (6), a great deal of effort was required to 
find Walker 256-active agents that were nontannin 
in nature. The developn~ent of a novel procedure for 
t h e  nondestructive elimination of tannins  fro111 
plant extracts ( 7 )  permitted fractionation of nontan- 
nin Walker 256 actives only; these and the  KB 
actives provided t h e  only sources of antitumor 
plants at this time. Walker 256 was later dropped 
from the screen pending feedback from the  clinic on 
the usefulness of drugs active in Walker 256 only, 

Table 1. - k t i v i t y  of a?enLs me of t l . crr  plaxts of origin 

Agent - Activitj. l'lant of Origln Act ivir:, 

Acrr a e o n i n  1 WA A c e r  7eguildo 54 
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and the more sensitive mouse P3XX le~tkemia was 
substituted for LlZlO leukemia. The present screen 
consists of P3XX leukemia a n d  KB cells and does not 
react to  the  unwanted tannins or. phgtosterols. In 
fact. KB cell culture has emerged as t h e  principal 
predictor of activity fbx newly isolated compounds 
against t he  in ~ i v o  tumors tha t  we consider ilnpur- 
t a n t .  This  is llrobably because most a n t i t u m o r  
agents a17e also cytotoxic, and since the  KB tes t  is 
more sensitive than the  in vivo tests  (eg. P388 and 
L1210 leukemias), it is able to detect cytotoxic corn- 
pounds in a complex mixture such as a crude ex- 
tract  or fraction where in vivo activity would be 
obscured. In practice, a KB-active plant is fraction- 
ated until t he  activity is concentrated into one or a 
few fravtions. The concentrated fractions are then 
tested against  P3X8 and L1210 leukemia, and activ- 
ity in one or. both tumors is frequently found. A 
majority of the  plant-derived compounds of interest, 
including those passing- the  criteria (activity in P388 
and L1210 leukemias, B16 melanoma, anti t he  new 
Lewis lung tumor) for fur ther  phar~nacologic and 
clinical study were isolated from plants originally 
found to be active against  KB cells (table 1). The 
latest developn~ent in the  preparation of crude plant 
extracts for testing. which has  been described else- 
where in th is  Synposium, is t he  preliminary frac- 
tionation to eliminate inactive materials and con- 
centrate the  active agents present prior to testing. 
This procedure results in greatlg- increased yields of' 
plants active in P388 leukemia and KB cells, and 
produces many high priority plants for fractiona- 
tion. This development, however. has not yet  been 
in operatior, long enough t o  establish i ts  value in 
producing ~iseful  compounds. 

RESULTS 

The results a r e  summarized in t h e  tables which 
list t h e  active compounds along wit11 the  ~n lpor t an t  
tumors against  which they have been tested. In 
many cases, results a r e  available in our files for 
other less important tumors than  the ones listed. 
The gaps m the data usually stem from a shortage 
of compound. 

The tumor  systems considered, with their  activity 
criteria, are listed in table 2. Activity as shown in 
the "active" colun~ns  of the tables does not always 
reflect reproducible activity. Many materials were 
tested as suspensions which frequently led to er- 
ratic- results u-ith compounds of marginal activity. 
Also, t h e  effort and expense required t o  obtain 
additional m a t e ~ i a l  precluded the  extensive test lng 
of compounds with initial borderlrne activity. These 
compounds for which activity has  not been "con- 

firmed" have nevertheIess been included since our  
purpose is to  show the  broad activity relationships 
of groups of compounds, not to  provide the kind of 
d a t a  on individual compounds required for deter- 
mining whether further pharmacologie test ing will 
be performed. 

T s ~ l e  2 .  - Tumor s'ysfems 

.Aoorevi- 

a t x r  Nme;  hos t  A c t i v e  response 

3 1  El6 r#lanocarcL~oma; cause ILS L/ ?&OX 

GA .Xenocarcinome 755; m ~ r e  37 i t  2 58). 

HE IjeLa h~mar .  carcinorca: ccl l  c u l t u r c  EDSo I/  51 .D 

Z3 h u m  cpiCcrmoid carcinoma of  the ~ 3 ~ ~ ~ 1 . 0  2/ 

nasopharyva: ce l l  c u l t u r e  

:E > w h o i d  1eukco:a 1-1210; nouse ~LS'-ZSS 

IL  L ~ U  lung cercinom: muse I 3 1  25s:: 

:,I (new) ., ,#  iLS 5401 

PS L)npllocytic le<xbemia P36Y; acuae ILI ' 2% 21 

54 Sarco3a 180: lrausc rd t56: 

YA Aalker c~rc~ncsarcoma 258;  rar rh? *56% 

1. TWI (tuxor veigh: ~ f i h i b i t l o c l ;  ILS (lccrrase Ln life . ~p - ) ;  3Djp 

dcse ievrl  l n p g t m l  at whlt l :  53l  i n h i b i t i o n  of growth of cells 

y g  is noted vs ancreated controls. 

2. A few coopounds in the Io l lw lng  t ab les  nave beco c o l s l d e r e d  active 

where the ED50 was <& ,0. 

3 .  Lr- che L o l l o x l n ~  t eb l e s ,  ectivicr % PS 1 s  expressed by e f iwre  in 

parentnes i r  wh ich  % t t v  I!C o r  r a c i o  o f  a.erags s v r v l v c l  o f  treatef 

anrmals i n  days t o  t l lat  OF c o n t r o l l  r 10C. TIC - I L S  + 100. 

No distinction is made between marginal and high 
anti tumor activity except against  P388 leukemia. In  
this case, the  figure in parentheses after  "PS" is t h e  
highest Tic obtained in any tes t  and does provide a 
measure of t h e  degree (marginal, high, or intermedi- 
ate)  of activity; this  figure is prorided because in 
practice so much depends on t h e  interest generated 
by the first in vir.0 tests. While a T ic  of 125% is an 
indication of activity, a figure of 175% is normally 
required for a priority high enough t o  w a r r a n t  
advanced screening and preclinical evaluation. 

In  the tables presented in this paper the source 
(table 3) of the  compounds is acknowledged after t he  
co~npound name. The classification adopted for t h e  
compounds  l isted t h e r e i n  i s  g iven in t a b l e  4. 
Broadly, all of t h e  classes are non-nitrogenous ex- 
cept for the ansa ~nacrolides, t he  proteins, and the  
alkaloids; t he  miscellaneous group is mixed. 
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Table 6 .  - Quinones 

;+St Act iw Inactive 

mmnin $1 91526 ;<A LE,PS,SA, i (B 

All;annLn 8,p --dimthylacrylate 1 140377 ~ ~ ( 1 3 6 )  ,%A 31,LI 

0 ? 
ALlrannin mnoacelate 41 140376 WA 

Emodin ( a l e e - d i n )  * 1 6 /  38628 PS(1?71 ;dA CA,LE,SA,dB 

Jacaranone 6/ 251682 FS(l65) ,F3 eon CH2-CH=C P . 3  

Lapachol 13 11905 :'A B~,CA,LE.LL, 'CH~ 
11 HO 0 CH2COOCH3 

L L ( n w j  ,PS. 0 

SA,U Lapachol Jachra~lone 

NSC 11905 NSC 251682 
Taxodime &/ 122419 WA,W LE.PS 

Taxodone 11/ 122420 KB FIGCRE 1 

TERPENES 

Elephantopin 
NSC-100046 

0 

Triptolide 
NSC-163062 R z  

tained against P388 leukemia (the best is jacara- 
none)? no activity has heen found against  L1210 
leukemia, B16 melanoma, or Lewis Iung carcinoma, 
and this class of compounds cannot presently be 
considered very promising. Lapachol (fig 11, origi- 
nally obtained from Stereospermum suaueolens 
(Roxb.) DC., has been carried into clinical trial 

=Farmworth NR. Personal communication 

mostly on t he  basis of  i t s  high Walker 256 activity 
even when given orally (8). Lack of toxicity permit- 
ted Iarge oral doses bu t  sufficiently high blood levels 
could not be obtained to  show a therapeutic effect. 

I t  is perhaps of passing interest t h a t  Tabebuia 
and Tecoma species, containing lapachol, have long 
been popularly used in Brazil for  cancer and t ha t  a 
Jacaranda species, called cancer bush, i s  popularly 
used in the Bahamas for skin canter  (1'1. 
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Terpenes 

This large and complex group of natural  products 
has  moved to  be of substantial  interest to us. The 
natural, breakdown into chemical subgroups reveals 
tha t  only the  iridoids, sesquiterpenes, diterpenes, 
and triterpenes have antitumor activity. No activity 
has been found among the  rnonoterpenes, sesterter-  
penes. and carotenoids. Figure 2 g-ir-es representa- 
tive examples of the cllemical structures of these 
active classes, namely,  an iridoid (allamandin), a 
sesquiterpene (elepliantopin), two diterpenes (tripto- 
lide and tripdiohde), and  a tr i terpene (cucurbitacin 
13). Allamandln was obtalned froin Allrr tna tlda ca- 
fharf ica L. (9), elephantopin frorn Elephuri.topus ela- 
tus  gertol. (lo), triptolide and tnpdiolide from Trip- 
t eqg i l r jn  u:ilforrlii Hook. fil. (11), and  cucurbitacin B 
from several sources not all C u c u r b i t a c e a ~ u e u ~ -  
bita rligitata Gray,'  Llcffa g m v e o l e ~ l s  Roxb.,' Begotzia 
X fuberhybricia Voss (12), and Datisca glomerata 
(Presl) Baill.' 

(1. Iridoids.-Table 7 lists t he  active iridoids (all of 
wlllcl~ a r e  lactones) which have been isolated to  
date. Lack of material has prevented test ing in a 
wider variety of tumors but it is encouraging t h a t  at 
least some P3SX leukemia activity has  been shown 
by two of tlie four substances. 

?ISC Active Inactive 

b.  S e s q ~ r  iterpelzes.-Table 8 shows the  active ses- 
quiterpenes t,hat have been isolated in the  fraction- 
ation program. All but  one are lactones. Many more 
have been received and tested in the "synthetic" 
program bu t  the  results obtained do not generally 
al ter  t h e  comments made liere. A majority (38 of 47) 
of the coinpounds have cytotoxic a c t i ~ i t y  (KB or 
P388 leukemia in vitro), a few (eight of 47) have 
activity against Walker 256, and a large number (23 
of 4,3 sllowed activity ara ins t  in viva P388 leukemia. 
A sufficient number of P388 leukemia actives have 
relatively high T!Cs for some interest  t o  be main- 
tained in this subgroup. Although none Eias shown 
activity a3 yet in LIZ10 leukemia or in ei ther of the 
two slow-growing tumors, B16 melanoma and Lewis 
lung (nem-), hope renlains that  additional test ing will 
reveal sue11 activity. There is some evidence tha t  

"Cole JR. Personal communication. 
'Dhar ML. Persona! communication. 
'Kupehan SM. Personal communication. 

certain chemically reactive functional groups be- 
sides the  lactone group ((I, &unsaturated carbonyl, 
epoxy) are  important  for in vivo anti tumor activity 
and t ha t  polyfunctionality seems to  increase t h e  
chances for activity. However, physico-chemical and 
steric factors are undoubtedly important also, and 
t h e  whole question of structure-activity relation- 
ships is in need of clarification. 

c. Dite?-penes.-This subgroup (table 9) has  yielded 
two compounds of high activity in P388 leukemia. 
Tu-o others, triptolide and tripdiolide, a r e  also active 
in L1210, and tripdiolide is active against  t h e  Lewis 
lung carcinoma. Additional s tudies  will be per- 
formed on the la t ter  two compounds as more plant 
material becomes available. 

d. Triterpenes ( e ~ c l t ~ d i n g  saponins).-This group 
so far  has  not been promising. The cucurbitacins as 
a class (table 10) show general  cytotoxicity and 
negative o r  marginal  in  vivo ant i tumor  activity 
against P388 leukemia, L1210 leukemia, B16 mela- 
noma, and Lewis lung tumor  (new). Our  present 
screen will continue to identify plants containing 

Table 8.  - Sesquiterpenes a1 

KSC bctiue Inactive 

.*rosin / 

ArcriopicrLne 21 

A r t e m h l i f o l i n  L/ 

Bailcyin 12/ 

Costunolide u! 
w i n  I/ 

Elephantin g/ 
Elephant-in 

10-Epieupatoroxtn GI 

:pitulipLnolide j/ 

Eriof lor in  II/ 
Eriof lor in  acetate 

e r i o f l o r i n  methacnlate  161 

Briolangin El 

Esiolanin 3 
Eupachlortn II/ 

Eupachlorin acetate  lL/ 

Eupacunoxin II/ 

Euparotfn 

Euparotin acetate  2 

65235 PS(1W) .KB SA,LE 

177853 PS(1AOJ ,KB 

177852 ~ ~ ( 1 3 0 1  ,KB 

L79192 PS i n  v i tro 

106404 KB LE .w 

85249 W tE 

102817 WA,Fg LE 

100046 WA,PS(160) LE,U,SP.  

135068 

142844 KE 

lkbl51 PS(127),ka LE 

251667 PS( l5 lJ  , X I  

251866 KB PS 

182855 PSI128) k3 

144152 PS(152) ,IQ 

116567 W 6 A  

111568 WA,?S(1533, 

K3 

116570 S 

135520 YA,PS<135), 

Is 

135021 ?3 

104942 KE 

104943 WA, W PS 

135023 i3 

135023 PS (150) ,  IS 

114569 KE 

'11566 P5 (153) .  IZ LL. =E, Srl.  

W A 
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 able B. - seeguiterpenes (continued) Table 9. - Pl tergeMs 

95C I IFtiYe t a a c t i v e  

P a s t i g i l i n  8 GI 176503 PS (137) ~ 1 ,  LE,  

Wm), 

F a 8 t i g i l i n  C 121 176507 PS ( 1 3 7 )  KB 

C a i l l a r d i n  106394 KE LE 

85236 P5 (220),  KE Bl, LE, LL, 

LLlneul,  S4.  

Ilelenalh acetate El 166UC PS (165) 

I sogai l la rd in  c/ 106395 D 

Liacr in  11/ 1350% PS (163) 

L i p i f a r o l i d e  21 251676 [3 

Paucfn 5 2 1  

Tul ip inol ide  

136722 PS (138) a l .  LE 

106405 KB LE, WA 

124659 MA, KE 

106398 WA, PS (155). 

12L46I) V 3  Wh, LE, K 

lr607a PS (1361 KB 

135072 kg 

Z d u z m i n  C 3 177851 PS i n  v l t r o  PS 

from Acanthospemum b/ -- PS I l47) ,  W 

" @ntaurea 21 -- -- PS t150), Ka 

a/ All l ac tones  except the one notcd.  - 

b /  A o t  a lactone. 

C/ A piyccsue.  

these cotnpounds because of the i r  K B  cell activity. 
The remaining tr i terpenes (table 11) which have 
been isolated are  generally not cytotoxic but show 
activity in Walker 256. Negative or marginal in vivo 
ant i tumor activity aga ins t  t he  P388 a n d  L1210 
leukmias, and against  the slow-growing tumors, has 
made th is  group of little interest  for our program. 

Lignans 

These are a group or r a t h e r  uncommon plant 
c o n s t i t u e ~ ~ t s  which are  found In some plants with 
activity against KB cells. The chemical skeletons of 
t h e  g-roup are shown in figure 3. The bisbenzocy- 
clodctadiene skeleton on the  right is a type recently 
added to the  classic lignan family. Although podo- 
phyllot&xin (fig 3) never passed o u r  cri teria for 
pharmacologic and clinical study,  several semisyn- 
thetic relatives have been in clinical trial here and 
elsewl~ere in the world (13). Two df thetn, VM-26 and 
VP-16-213, hare produced responses in brain tu- 
mors, lyrnphosarcomas, and (in Europe) Bodgkin's 

PlS C iictive Inac t ive  

mldicin gJ 238941 Ps ( 1 7 3 )  

m i d i d i n  &/ 238942 PS (1271 

~ i d i t r h  238913 PS (168) 

12-liydrwdaphnetoxin II/ 239073 Ps (131) 

Jatrophono g I  135037 PS (14S), k3 B1, LB, LL,  

iL(new) 

YrterCin 111 239072 PS (200) B1, LLCnem) 

Pcdolide &&I 238378 l3 PS 

T a x o d b e  (a lso  mder plLnones)g /  122419 UA, kg L E ,  PS 

Imodone " " " 11/ I22420 KE - 

Tripdio l ide  V/ 163063 LE,  PS (1581, B1, tL(new) 

KB 

T r i p t o l i d e  111 L630b2 LE, LL(nw) ,  BL 

PS (1311, YB 

T r i p t w i d e  165677 kg LE 

I r m  Jacropha -- PS (141) 

r&lt 1 0 .  - Cueurbitacins 

ElSC Active Inacciw 

CucurbLtacin B 2,1,5,Ll1 h s r s l  PS (135) , KB a l ,  CA, LB, 

LL, S4,  WA 

" D m 1  521776 PS (131),  W LE, W4 

' "  E u l  106399 LL, KE 3 El ,  LE, PS, 

521775 SA,  WA 

" F &/ -- ':A, XB LE, PS 

" I G /  521777 I3 LE, PS, WA 

" L 112167 PS h v i t r o ,  K 3  PS, Wd 

" Pll/ US074 KB 

" Q GI 135075 KB 

a CueurbPlac3n g lycos ide  11/ -- W 

.. .. " - 111 -- I3 

.. >> ' 111 -- - YB 

,, ?? " q  - - Y B  

Datiscacfn (Cucurbitacin R) 111 146154 I3 

D a t i s ~ o s i d e  (Cucurbitacin D 

debydroepi rhmoside)  111 164L53 U, PS (1501, B l ,  LE,  

UP., KB ~ L ( n e x )  

Dih?drocucurbltacin B a/ LOB401 W W A 

I s o c w u r b i t a c i n  B 106400 13 

(2-Epicucurbitacin B) 

disease. These compounds differ from podophyllo- 
toxin in that they are demethylated at the 4' posi- 
tion, are epimerized at the 1 position, have a gluco- 
side on the 1-hydroxyl group, and are acetals by 
reaction with aldehydes. The original 4'-demethyl- 
podophyllotoxin came f rom Podopkyllum hexan- 
drum Royle [P. ewwdi Wall. ex Royle]. Table 12 lists 
the active l ignans isolated dur ing  fractionation. 
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While several of the compounds have shown high 
activity in P388 leukemia, they have not met the 
other criteria required to justify further study. 

Flavonoids 

This very common class of plant constituents is 
generally inactive in our antitumor screen. Many 
have been submitted as "synthetics." Table 13 lists 
those showing activity during fractionation. Only 
one showed marginal activity in P388 leukemia. 

Table 11. - Tricerpenes 
I S G  Active Inactive 

d - w r i n  114787 h'4 Bl. LL(newl 

PS, YB 

Berulin i/ 4644 KA B1, CA, LE,  

LL,  SA.  CIA 

betulinit acld 2,221 113090 PS (140) .  CIA K 3  

L u p ~ o l  =/ 90487 VA LH, PS , SA, 

liQ 

Ursolic acid -/ 4060 PS (125) El, LE, 

LL (new), 

T a b l e  13. - Flavmoids 

ASC Active mac t ive 

Centaureidin &I 106969 XB FS 

Taxifolin 161 36398 PS ( 1 4 2 )  LE. SA 

3',5,7-Trihydr--3.b'- 

dicxthoxyflavone 111 106970 KE PS 

WA, KE 

159627 PS (125) 

-- UA 

-- FS 0 5 8 )  

-- PS (166), b 3  

-- WA 

frw Bureera 2 1  

" Jatyopha 9/ 

" Haytenus / 

" hbibi .  21 -- 

T e b k  14. - Saganiw 

Steroidal IISC A t t i i r e  Inactive 

123126 WA 

-- VIA 

137660 V.4 

-- :iA 

-- h'b 

-- h'4 

-- Wi, 

-- HC 

Table 12. - Lignans 
NSC ACtiuB Inactive 

Burseran L/ 123428 WA, w 

Deorjpodophyllotsxin 2,6,11,17,23/ 403148 LE, PS (154) ,  B1, LL, 

KB LLlnew) , 
SA, CI'A 

5'-Desrwthwq p e l t a t l v  A P- 
methyl ether i/ 126727 PS ( t8P) ,  MA, 81, LE 

" " qlJ  

Celsioside C ?/ 

from ~ c e r  g/ 
" Entada l 3 /  

" Ipomopsis 

" !lachaeranrhera g/ 

(+)-Dlaethylisolariciresinol- 

+q.loaide gl -- KB PS, CIA 

L I ,  PS. B1 
{ I b O ) ,  KB Bl, CA, LL, 

L L ( ~ w ) ,  

81, LE. 

tL(new). Sh 

Undetermined 

from Agave II/ 

" .. - 
f r o m  Aga* 171 

" Allium lL1 -- 

" *ter 6 l  -- 
' " 171 - 

from Chrysopsia 11/ 

" cyc1&.=n ;l/ 

" Saponaria l3/ 

It 

SA 

NJ. 

SA 

144 PS 

IIA, PS (135) 

SA 

h' A M 

VA, S A  CA, LL. 

IE, ?S 

p-Pelcatin A methyl ether 2/ 

PodophyIlotoxin -/ El, <A, LE, 

LL,  LL(TLe"J . 
S A 

t E  

LE, PS 

PS 

PS 
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Saponins 

This widely disseminated class of plant constitu- 
ents generally possesses activity against Walker 256 
and Sarcoma 180, but lacks activity in K 3  cells. 
Twenty-three new active saponins have been added 
to the t e n  t h a t  were listed in 1969 (6); al t l~ougli  
isolated in some state of purity, in many cases the 
nature  of the aglycone is undetermined (table 14). 
They- have shown marginal activity against P38g 
leukemia, and no activity against LIZ10 leukemia o r  
the  slow-growing tumors. Thus, plants whose anti- 
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tumor activity is attributable to  saponins will proba- 
bly not be detected wit11 our current screen. Y ever- / 

theIess, since they are so widespread. in t h e  plant 
kingdom, and since many were active in Walker 256, 
it was decided to  continue studies on the best one, 
Acer saponin P, in order to obtain feedback. Figure 
4 gives the carbon skeletons of the two main types 
of saponins, steroidal and triterpenoid, and the  par- 
tial formula for Acer saponin P. This substance was 
obtained from Acer negu~ido L. (14) and is now being 
prepared in quantities sufficient for pharmacologic 
and clinical trials. 



Steroidal Triterpenoid 

R = Mixture of -CO(CH=CH)2CH t (CH 3)CH2CH3 and 

-CO(CH=CH)CH~CH)CH(CH3}CHZCH3 

Acer saponin P 
NSC-100045 
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Steroid Lactones (Including Cardenolides, 
Withanolides, Bufodienolides, and Their 
Agl ycones) 

Quassinoids (Sirnaroubolides) 

This group of bitter plant principles lias proved to 
be of great interest. Figure 6 presents tlie f o rm~~las  
of the two most prornislng representat~ves. Bru- 
ceantin was isolated from Rrlrceu ntztidyseutsrica 
J.F. $rill. (15), a plant used in Ethiopia and Eritrea 
for cancer (I), anti Iiolacant~lone frotn Holacanthu 
ernorul Gray (16). Table 16 outlines data on  the 
actire compounds which have been isolated. In gen- 
eraI, they are cytotoxic; a large proportion of t hem 
are highly active in P388 leukemia and several are 
also active in L1210 leukemia o r  Blfi melano~na. It  
is evident that  plants contain in^ active quassinoids 
will be readily detected hy ou r  screen. Bruceantin is 

The carbon skeletons of tllese t \ ~ r e e  types ot lac- 
tones are given in figure 5. The  cartienolirles, espe- 
cially, are widely distnbuterl in nature. Table 15 
lists tile active steroid lactones isolateci during frac- 
tionation: t i l e  type of lactone is indicated in the first 
column. I t  i s  apparent tllat they are generally cyto- 
toxic with very little activity in any in r 1x.o tumors. 
Plants contain in^ these oornpountis will s l ~ o u ~  I I ~  In 

our screen but  1~111 be ruleri out, for t \ ~ e  most part, 
wllen KB-active concentrates are subjected to P3X8 
and L1210 leukemia testing. 

Table 15. - steroid l s c t m e s  and cheir aglycones Table 15 .  - Steroid lactones dnd their eg lycoses  (continuec) 

T > ~ e  21 Nark NSC Active luact iue  

C,G ~ c o b i o s l d e  A 5 116768 E[B Type a/ N E ~  BSC A:rive l n a c ~ i u e  

.A  
Bl, LLrnev) 

P S  g YE 
B,b 

LE, P S ,  S A ,  

Bersaldepenin 

3-acctete 2 1  

aer$~lCe&enin 

1.3,s-orthoacetate 111 

Bersamagenin 

1,3,j-orrhoacc tate GI 

Bersc i l logcnin  111 

Bcrsenoeecln 111 

Ca?ctropin g 1  

F,B 
CA, LC. LL 

!:.A 
PS, SP. 'n'h 

'a LE, PS 
C,G from 4rrcle?los I -- PS (ljO), !i6 LE 

:iIi Ch,  LE, PS, 
C(? )  ,G " C ~ o s s o s m  2 t  .- -2 

-- 1s 
Sb, XA -- " Elacodendro~ ;l/ -- 1CB 

Vol. 60, No. 8 ,  August 1976 



STEROID LACTONES 

Cardenolides Bufadienolides Withanolides 

QUASSINOIDS 

Bruceantin 
NSC-I65563 

Holacanthone 
MSC-126765 

now being prepared in quantities sufficient for toxi- 
cologic and pharmacolog4c studies. 

Ansa Macrolides 

This is a relatively new class of compounds char- 
acterized chemically by t h e  presence of a large 
macrocyclic lactone ring, frequently W-heterocyclic, 
and incorporating within it a n  m- or  p-bridged aro- 
matic moiety. The class was originally found among 
microbial products 'and the current findings repre- 
sent their first appearance in higher plants. Figure 
7 gives the formula for two representative members 
and table 17 lists the ones isolated so far in fraction- 
ation. Maytansine was isolated from several ;Way- 
tenus species (17) and eolubrinol from Colubrina 

t exens i s  (Torr. & Gray) Gray (18). The group is 
generally cytotoxic and is unusually actil-e in P388 
leukemia at remarkably low doses. Maytansine, the  
most readily available member of the group, is also 
active in L1210 leukemia and B16 melanoma and is 
now in clinical trial. I t  is interesting to note that 
one of the Maytenus species, many of which are 
known to contain maytansine, has been in popular 
use for 30 years in South Africa in an herbal 
mixture for carcinoma and sarcoma. 

Proteins 

Over the years, proteinaceous materials have 
been isolated as  the  active agents in several plants 
(table 18). Some were thought to be simple proteins 
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ANSA MACROLIDES 

Maytansine 
NSC-153858 

Colubrinol 
NSC-196519 

Toblc 16. - Quersinoidr ?eble 13. - , u s e  z a c r o l i ~ e s  

!lLC ~ c t i v s  Icac t ive  SSC AC t i v r  l a a c t l v c  

2 ' - k e t y l ~ i a c c a r u b i n o n e  11/ 194251 PS (lSi), M Colubrlnol 171 195514 FS (1131, i3 

Bllantainonc z/ 238157 PS (1481, :;o Colubrinol eccta te  +i/ 1 F 6 5 2 C  P5 (206). 1 2  

nruceactin G/ 165563 31. LE, LL(ncw) ?~+f iac  +L! 21797? 1s 

K6 

G;aucarubolonc =/ 

TnXe 1s .  - Proteins 

and others were thought to be glycoproteins but, 

) with one exception, they were never purified. The 
I one with the highest activity in Walker 256, ob- ' tained from Caesalpinia gi l l ies i i  (Hook.) D. Dietr. in 

good yield (19), was selected,  for further develop- 
ment. Purification yielded a product (named ces- 
alin}, highly active'in Walker 256 but inactive in the 
leukemias and slow-growing tumors, El6 melanoma 
and Lewis lung carcinoma (new). As a representa- 
tive of a large class of natural products, it will be 
interesting to  follow i t s  progress in preclinical phar- 
macologic and possible clinical trials. 

-- 56 

"- LL. W R  

. - SA 

-- SB 

1 1 0 1 3 5  LL, SA, 81, PS, 

V A >  3 JK, IL<ocx l  

-- L L ,  SA,  YA 

-- W 

S i  
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Alkaloids of alkaloids may not be a clinical problem with this 
compound. 

More members of th is  class of compounds haye Heliotropiutn. indicldr,z ilas been used since an-  
come out of the  plant fractionation Proflam t h a n  of cient tirnes against  war ts  and i ts  close relative, H. 
any other class. They are widely distributed in t h e  elcwpaeutn L., has been recommended for cancer 
plant kingdom and many are  active against  KB cells t rea tment  (1). 
or Walker 256 carcinoma. After isolation, activity in 
other in vivo tumor  systems has  frequently been 
found. The great  diversity o f  chemical types in this 
group of compounds is illustrated in table 19 which 
lists t he  classes into which the  80 isolated alkaloids 
(table 20) fall. No attempt u-ill be made to  draw a n y  
structure-activity relationships since t h e  number of 
compounds is too small and t h e  data  a r e  too scanty. 
Rather. a few of t h e  alkaloids t h a t  have proved to be 
most in teres t ing  will be discussed. Figures 8-12 
represent ?nost of t he  interesting alkaloids in our  
pyograln and typify the variety of t h e  cllemical 
structures encountered, some of which are novel. 

l a ~ l c  19 - U ~ a l o i d r  

Class - 

1 .  C i p o a t i c s  1'. .w.arylTidacesc a l k s l o ~ h s  

2. Cclco ic lc+  croup i5. irmtliine group 

3 .  P } r r o l i e i t i c e s  : 6 .  ~ h u v o ~ f i z  a l k a l o i d s  

4 .  T e c r a h y d r o l s o q u i c ~ l i o c .  n . Iroquinuc l ld ines  

j, 3 :  , h d c n n ~ l i ~ ~ q u i n o l i n c 5  ., IB. Direr ic  indoles 

6 .  .\?orptincs 9. C l l i p t i c i c e  grou) 

7. Dibenzopyrrocolincs 20, Texanes 

E ,  r ~ r p h l n a n e  l r o u ~  2 1 .  C a ~ p t o t n c c h  erDGp 

9 .  Yro:oberberiues 2 2 ,  F~roquLncl lncs  

:D. 2eilzo?tacns~tt~ridlcc.  23 .  S t e r o l  alkaloids 

1 1 .  t ce : i ce  srou? 2A. Ccphslotsxus a l k s l o ~ d l  

12.  . L L a l k a l o l d r  2 5 .  hnoptcrus n l l e l o i c s  

13 .  Phenenthroquico l imid im and 16. A l b l o i d s  of 'msn'cccun 

phccmthro indol lz id ine5  s t r ~ ~ t k r e  

a. Thal icarpine (,fig #).-This is t h e  first dimeric 
alkaloid recognized to contain both the  aporphine 
and benzyIisoquinoline moieties (20). I t  entered clin- 
ical trial primarily on the  basis of its Walker 256 
anti tumor activity. .Major organ toxicity is consist- 
ently manageable. While it is still under study in the  
clinic, however, i ts  prospects do not look promising. 

b. Ind ic ine  W-oxide (f'ig 81.-Many pyrrolizidine 
alkaloids have been tested besides t h e  four reported 
liere (6), but  indicine .XT-oxide, from Heliotropiu m 
i j~dic-u m E., is t he  only one possessing significant 
activity in P388 leukemia. Since it is also active 
against  t h e  El6  melanoma, L1210 leukemia, and 
Walker 256, it was entered into clinical trials. Al- 
though pharmacoiogic test ing is as yet  incomplete, 
negative histopathologic findings indicate t h a t  t he  
hepatotoxicity commonly associated with this class 

c. Catnptothecin ( f ' i y  g).--TIlis novel s t ructure ,  
isolated in minute quanti ty from t h e  wood of Camp- 
totheca aclcrninata Decne. (21), is highly actire in 
P38X and LIZ10 leukemias bu t  causes gastrointes- 
tinal t rac t  toxicity in  t h e  mouse. Results from ~ t s  
first clinical trlal in patients with gastrointestinal 
cancer looked very promising (22), but subsequent 
work did not uphold the  earlier f i n d ~ n p .  

Camptothecin is present in the plants along with 
smaller quantities of the  10-hydroxy and 10-methoxy 
derivatives (23). Since these also have hlgh activity 
in P388 andlor L1210 leukemias it is possible tha t  one 
of them m i ~ h t  yield better  clinical results. Accord- 
ingly, a comparative adranced bioassay is belng car- 
ried out on carnptothecin, the two derivatives, and 
9-methoxyc.amptothecin in order to provlde a basls 
on which to  select one for further development. 

I t  1s interesting t h a t  a plant not closely 
.Ilagpiu foetida, (Wight)  Miers, h a s  yielded both 
calnptothecin and  9-methoxpcamptothecin (24); pre- 
liminary tests  with the  la t ter  compound reveal ac- 
tivity similar to  the  10-methoxy derivative. 

d.  Taxol (fig D).-This novel compound was iso- 
lated from Taxus brev{foLia Nutt .  and other T, spe- 
cies (25). Because of i ts  high activity in the  tumors 
of interest, suitably large quantities a r e  being pre- 
pared for further study. 

e .  Elltpticiw (fig lo).-Ellipticine and ~ t s  9-rneth- 
oxy derirat ive were isolated from Exeavatia coe- 
cirlea (Teysm. & Binnend.) Markgraf and Ochrosta 
tnoorei (F. Muell.) F. Muell. (26). Their high activity 
in the  leukemias indicated t h e  fur ther  development 
of one of them. Ellipticine was  selected because of 
better  activity by t h e  oral route and better  avalla- 
bilitp by large-scale synthesis. Phar~nacologic stud- 
ies of t h ~ s  compound a r e  in progress, and chnical 
studies of t h e  9-methoxy derivative have been car- 
ried out  in France (27). 

,f: Tylocrebrine  (,fi'g 1O).-Th1s alkaloid, obtained 
from Tylophol-a crebri f lora S.T. Blake (28), has been 
through limited cIinical trial. Irreversible and un- 
manageable centraI nervous system effects, not  an-  
ticipated from preclinical work, precluded fur ther  
clinical studies. 

g. . l T i t i d i n e  and f i-tga~*o)lit>e (fig lo).--Tliese closely 
related alkaloids, isolated from Fagara tnucrophylla 
(Oliv.) Engl. (29) and F. nanthocyloirles Lam. (30), 
respectively, showed activity in the  Lewis Iung 
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