Types of Anticancer Agents Isolated From Plants

Jonathan L. Hartwell'*

SUMMARY

The active compounds which have been isolated from plants and tested in the
chemotherapy program of the National Cancer Institute since the inception of
the plant program (as part of the Cancer Chemotherapy Natignal Service
Center)} are listed, classified into types, and discussed in terms of their activity
in experimental tumeor systems. The tumor systems include the most important
ones comprising the regular sereen at different times and also the slow-growing
tumors, B16 melanoma and Lewis lung ecarcinoma (new). The structure-antitumor
activity relationships bring out the desirability for further investigation of
certain types of compounds as possibilities for clinical trial. Notes on the current
pharmacologic and clinical status of certain compounds are also presented.

[Cancer Treat Rep 60:1031-1067, 1976]

From the earliest days of the Cancer Chemother-
apy National Service Center (1956} it was realized
that a comprehensive program for testing com-
pounds for antitumor activity must include those of
natural as well as synthetic origin. It was also
known that nature is able to produce a wide variety
of chemical entities of novel structure. Many of the
new and novel compounds iselated from natural
sources might otherwise have never been discov-
ered, especially those of considerable complexity
requiring the development of methods for the crea-
tion of new ring systems. Natural products ap-
peared to be a promising source for new types of
compounds to test for antitumor activity., Conse-
quently, a fermentation program was initiated in
1956 and in 1957 the plant program followed al-
though a few plant ektracts were received and
tested in 1956. Procurement of animals and their
extracts began in 1962,

Before the establishment of the experimental nat-
ural products program, | had conducted a survey of
the literature and folklore of plants with reputed
efficacy in cancer (1} and found > 3000 different
species of such plants reported from all over the
world. Previously, I had isolated podophyllotoxin
and two other lignans from the mayapple root (Po-
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dophplluim peltatum L2}, all of which were power-
fully active against Sarcoma 37 in the mouse; [
undertook this survey when I learned that this
plant was used by the Penobscot Indians of Maine
ag a treatment for what was believed to be cancer
(3) and that the root of this plant was recommended
for cancerous tumors in a book on materia medica
and therapeutics published in 1849 (4). It is interest-
ing to observe that several derivatives of podophyl-
lotoxin are now in clinieal trial in cancer. Although
the literature and folklore ean provide leads for
plant collecting, it was realized that selective col-
lecting is expensive and that, besides, this kind of
input would be insufficient to maintain a large
program for a long time, Therefore, a world-wide
random collection program was initiated with the
expectation not only of uncovering new leads for the
isolation of novel eompounds but also of ultimately
revealing correlations between anticancer activity
and botanical classification that would make collee-
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 published papers already
in the literature which arose from our program.

METHODS

The efficient isolation of active compounds from
plants in a large program is obwviously dependent
upen the effectiveness of the extraetion procedure
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and the bioassay methods used to detect active
plants and to guide the fractionations. I believe it 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 oputlined in other
papers in this Symposiuim). 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 1955 to be clinieally 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 it was determined that ali the active
crude extracts obtained by the 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 rat careinoma was added to the sereen 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 ubigquitous
tannins and phytosterols were very effective
against Walker 256 (as well as Sarcoma 180, Carci-
noma 755, and the Lewis lung careinoma) but not
against L1210 leukemia and KB cells; many plants
therefore showed activity against Walker 256 and
only a very few showed aectivity against L1210
leukemia and KB cells, Since 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 development of 4 novel procedure for
the nondestructive elimination of tannins from
plant extracts (7) permitied fractionation of hontan-
nin Walker 256 actives only; these and the KB
dctives provided the 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. - Activity of agents sné of their plants of oripln

AZEhE Activicy Plant af Origin Activiey
acer sgponin T WA Acer mepuade sS4
brucesntic 21 ,L=,F5 KB Trgcea aniidysenteriga =B
Camptothacin L PS5, VA 1B Comptotneca acuminata 3
vappla foetida 5 ,PS,LE
Cesalin LL,54 A4, KB Cagsalpinia pilliesid A
J-Desmeihyleglehicine Ll,P5 LT Colchicw: spaciosum Eai)
£iliptieine BL,LE, P53, W4, KB “leekeria rocclies i%,LE S&
Qehtrosia wosrad KB ,GA,LE, SA
Caetine FE,LE KB Cenlaelis scuminata n
Fagaronine ) BES,LE Fogara zanthoxyloides B3
farringConine LE,P5 WA, NB Cephalataxns Sarringtania 4
dolacanchone L8 KR DielaganCaa emoryi B
omchartiagronine LE,FS MB Cepitalotazas aorvingbonia 1
Indieine Y-oxide B1,P5,LE, LA Heliacrepiom indleum 119
Lapachal Wa Steregspatmun suavealens L
Maytansine L:,LE.P5,lE Mayteaus bughananil L5
. Putcerlickis werrucosa Wl
9-Methouyelliptloine Li BS54, KB 2leciceria coecinea YB LT, 54
oeirosia moorsi A& CALLD B4
itidine LL P35, 08 Fzparz macrephrlla b
“Iaeal BL,LT ,P5,54, KL Tavus srevifolia e
Thualicarping IL,P5,wa 00 Thalictrun desycarpun 4]
Tripdiolide LE,F5,i'8 Tripteryzium wilfordii i:3
Tripoglide il (LI (nessd P32 Tripterypiun wiifordii i
Tylocyenrine Cia,LE JFS KB Tvlopnora crebriflore Fai)
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and the more sensitive mouse P3R8 leukemia was
substituted for L1210 leukemia. The present screen
consists of P38 leukemia and KB cells and does not
react to the unwanted tannins or phytosterols. In
fact, KB cell culture has emerged as the principal
predictor of activity for newly isolated compounds
against the in vive tumors that we consider impor-
tant. This is probably because most antitumeor
agents are also cytotoxic, and since the KB test is
more sensitive than the in vivo tests feg, P388 and
L1210 leukemias), it is able to detect cytotoxic com-
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 the activity is concentrated into one or a
few fractions. The concentrated fractions are then
tested against P388 and L1210 leukemta, and activ-
ity in one or both tumors is frequently found. A
majority of the plant-derived cormpounds of interest,
including those passing the criteria (activity in P388
and L1210 leukemias, B16 melanoma, and the new
Lewis lung tumeor) for further pharmacologic and
elinical study were isolated frowm plants originally
found to be active against KB cells (table 1). The
latest development in the preparation of crude plant
extracts for testing, which has been described else-
where in this Symposium, is the preliminary frac-
tionation to eliminate inactive materials and con-
centrate the active agents present prior to testing.
This procedure results in greatly inereased vields 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 operation long enough to establish its value in
producing useful compounds.

RESULTS

The results are summarized in the tables which
list the aetive compounds along with the important
tumors against which they have been tested. In
many cases, results are available in our files for
other less important tumors than the ones listed.
The gaps in the data usually stem from a shortage
of compound.

The tumor systems eonsidered, with their activity
criteria, are listed in table 2. Activity as shown in
the “active” columns of the tables does not always
reflect reproducible activity. Many materials were
tested as suspensions which frequently led to er-
ratic-results with compounds of marginal activity.
Also, the effort and expense required to obtain
additional material precluded the extensive testing
of compounds with initial borderline activity. These
compounds for which activity has not been “con-
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firmed” have nevertheless been included since our
purpose is to show the broad activity relationships
of groups of eompounds, not to provide the kind of
data on individual compounds required for deter-
mining whether further pharmacologic testing will
be performed.

Teble 2, - Tumar 5ysiems

Aborevi-
abign tlame; hest Active rezpomse
21 El6 melanorarcinoma; mouse ILS 1f Thox
A Adénocarcinome 755; mouse TWI LS 2 58%
HE bela human carcinoma; cell cultvre EDgy 1/ %o
a2 Human epidermoid carcinoma of I:h.e EDSD <=]..E} 24

nasopharynux; cell cultuye
_E Lyophoid leukemia L-1210; zouse ILS>—25K
1L Lewls lung carcincma; mouse TWL issx
L [new) noo n " s Taor
P Lymphazytic leokemls F3E8; apuse TLS >=25x af
ca Sarcoma 130;: mousc Twl >'-53Z
wa Walker careinesarcoma 256; rar T Tsey

1. TWI {tumer weight ichibition); ILS (locrease in Life apan): Zlip
dose ievel in/‘gf'ml at which 33% inhibition of growth of cells

in vitro iz nated vs antrested coattals.

Z. & few coopounds 1n the following cables have beén considercd accive

- - cag T
where the EDg, was 4.0,

3. Ir the [ellowlng tsbles, actdwity in PS is expresszed by a flgure in
parentnesis which is the T/C or tatio of averaps survival of treated

animzls in days Lo that of contvols = 1OC. T/C = ILS + LO0,

No distinetion is made between marginal and high
antitumor activity except against P388 leukemia. In
this case, the figure in parentheses after “P8” is the
highest T/C obtained in any test and does provide a
measure of the degree {(marginal, high, or intermedi-
ate) of activity; this figure is provided because in
practice so much depends on the interest generated
by the first in vivo tests. While a T/C of 125% is an
indication of activity, a figure of 175% is normally
required for a priority high enough to warrant
advanced screening and preclinical evaluation.

In the tables presented in this paper the source
(table 3) of the compounds is acknowledged after the
compound name. The classification adopted for the
compounds listed therein is given in table 4.
Broadly, all of the classes are non-nitrogenous ex-
cept for the ansa macrolides, the proteins, and the
alkaloids; the miscellaneous group is mixed.
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Tannins

No formal attempts were made to prepare pure
compounds from this heterogeneous group of widely
oceurring polymeric materials after it was shown
that the tannin fractions were generally inactive
against the predictive tumors (L1210 and P338 leu-
kemias and KB cells), were active against uninter-
esting tumors (Carcinoma 755, Lewis lung, SBarcoma
180, and Walker 256}, and were quite toxic. Movre-
over, they were generally chemically unstable,
being susceptible to air oxidation and further po-
lymerization.

In 1969 (6), 82 different active plant species were
listed as owing their activity solely to tannins. Since
that time, another 82 species have heen similarly
identified. Fortunately, the makeup of the current
screen precludes the appearance of more plants
whose activity is due to tannins,

Sterols (Including Simple Glycosides but
Excluding Saponins)

The phytostercls and their glycosides are widely
distributed in plants. The ones that have shown
antitumor activity are given in table 5. Only dauco-
sterol showed marginal activity in P388 leukemia.
Other phytosterols such as cholesterol (NSC-8798),
ergosterol (NSC-62791), and stigmasterol (NSC-8095)
have been tested in a variety of tumors (6), inelud-
ing Carcinoma 755, L1210 leukemia, Sarcoma 180,
and Walker 256, without showing activity; in addi-
tion, stigmasterol was inactive in P388 leukemia and
ergosterol was inactive in KB cells.

In 1969 (6}, 20 different active plants were listed
as owing their activity fo sterols (mostly {3-sito-~
sterol), and since then, another 42 species have
appeared. Again, the antitumor screen eliminates
most of the plants whose activity is due to sterols.

Quinones (Including Quinoids and Quinols})

Table 6 lists the quincnes that have shown antitu-
mor activity. Although some activity has been ob-

Table 3. - GSterols

HEG Active inmactiwve
Dentoscerol 16/ 163952 PE(134) E, 5B
(#--sicosti:ral glucoside)

.F-Si:os:eral E0%E ¢a, LL, WA 31, °E, Li(rew}
- 58, 23

18273

£9083

6199
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Table &. - Quinones
HEL Active Inactive QU iNON ES
Alkannin 4f 94524 0k LE,P5,54,KB
Alkannin #’F ~dimethylaerylate 4f 140377 PE(136] ,Ha al,Lz
vl
slkannin oonoacetate 4 140376 W ﬁ i
Emodin {zlog-ewodin) 11, 16/ 38618 FEILZ7}, WA ca,LE, 54,86 oH
Jacaranone B 2531682 PE{165} KB /CHa
CH, ~CH=C
Llapachol 13/ 11503 W Bl,Ca,LE LL, ™CH,
1l HO CH,CO0CH,
LLi{new) ,PS, I's]
54, KB Lapachol Jaearanone
MNEC-11805 NSC 251682

Taxpdicne ‘]:'l;f 1224123 WA, 5B LE,FS
Taxodane 11/ 1224200 YH FIGURE 1

Allamandin
NEC.251690

Triptolide =H
NSC-163062

Tripdiotide -
nsc-163063 1 - OH

Elephantopin
NSC-100046

Cucurbitazin B
MNSC-48451

FIGURE 2

tained against P388 leukemia (the best is jacara-
none)? no activity has been found against L1210
leukemia, B16 melanoma, or Lewis lung carcinoma,
and this class of compounds cannot presently be
considered very promising. Lapachol (fig 1), origi-
nally obtained from Stereospermum suaveolens
(Roxb.) DC., has been carried into clinieal trial

tFarnsworth NR. Personal communiecation.
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mostly on the basis of its high Walker 256 activity
even when given orally (8). Lack of toxicity permit-
ted large oral doses but sufficiently high blood levels
could not be obtained to show a therapeutic effect.

It is perhaps of passing interest that Tabebuia
and Tecoma species, containing lapachel, have long
been popularly used in Brazil for cancer and that a
Jacaranda species, called cancer bush, is popularly
used in the Bahamas for skin cancer (1),
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Terpenes

This large and complex group of natural products
has proved to be of substantial interest to us. The
_natural breakdown into chemical subgroups reveals
that only the irideids, sesquiterpenes, diterpenes,
and triterpenes have antitumor activity. No activity
has been found among the monoterpenes, sesterter-
peries, and ecarotenoids. Figure 2 gives representa-
tive examples of the chermical structures of these
active classes, namely, an irideid (allamandin), a
sesquiterpene (elephantopin), two diterpenes (tripto-
lide and tripdiolide), and a triterpene (cucurbitacin
B). Allamandin was obtained from Allemande co-
thartica L. (9, elephantopin from Elephantopus ela-
tus Bertol. (103, triptolide and tripdiolide from Trip-
teryglum wilfordii Hook. fil. (11}, and cucurbitacin B
from several sources not all Cucurbitaceae—Cucur-
bita digitate Gray,” Luffa greveclens Roxh.,' Begonia
X tuberhybrida Voss (12), and Datisea glomerata
{Presl) Baill®
a. Iridoids.—Table 7 lists the active iridoids (all of
which are lactones) which have been isolated to
date. Lack of material has prevented testing in a
wider variety of tumors but it is encouraging that at
least some P388 leukemia activity has been shown
by two of the four substances.

Table 7. ~ Iridedds

H&C Actdve Inactive

allamgndicin 11/ 251691 PS in witye PS,YE

allamandin 117 251680 PE(145] KB

Teolumericine 11/ 12153 PS in el LR
=5{145} KB
Plumericins 12, 112152 v LE

certain chemically reactive functional groups be-
sides the lactone group («, F-unsaturated carbonyl,
epoxy) are important for in vive antitumor activity
and that polyfunctionality seems to increase the
chaneces for activity. However, physico-chemical and
steric factors are undoubtedly important also, and
the whole question of structure-activity relation-
ships is in need of clarification.

e. Diterpenes.—This subgroup (table 9 has yielded
two compounds of high activity in P388 leukemia.
Two others, triptolide and tripdiolide, are also active

"in L1210, and tripdiolide is active against the Lewis

lung carcinoma. Additional studies will be per-
formed on the latter two compounds as more plant
material hecomes available.

d. Triterpenes (excluding saponins).—This group
so far has not been promising. The cucurbitacins as
a class (table 10y show general cytotoxicity and
negative or marginal in vivo antitumor activity
against P388% leukemia, L1210 leukemia, B16 mela-
noma, and Lewis lung tumor (new). Our present
sereen will continue to identify plants containing

Table 8. - Sesquiterpenes af

b. Sesquiterpenes.—Table 8 shows the active ses-
quiterpenes that have been isolated in the fraction-
ation program. All but one are lactones. Many more
have been received and tested in the “synthetic”
program but the results obtained do not generally
alter the comments made here, A majority (38 of 4T)
of the compounds have cytotoxic activity (KB or
P388 leukemia in vitro), a few (eight of 47) have
activity against Walker 256, and a large number (23
of 47) showed activity against in vivo P388 leukemia,
A sufficient number of P388 leukemia actives have
relatively high TiCs for some interest to be main-
tained in this subgroup. Although neone has shown
activity as vet in L1210 leukemia or in either of the
two slow-growing tumors, B16 melanoma and Lewis
lung {new}, hope remains that additional testing will
reveal such activity. There iz some evidence that

*Cole JR. Personal communication.

'‘Dhar ML. Personal communication.

"Kupehan SM. Personal communication.
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K3C Active Inactive

Apbresin 2/ 55233 P3{1B{) KB 54,LE
aretioplerine 2/ 177853 Pa{l40) ,KE
Artenfslifolin 2f 177852 PS(130) KB
Eaileyin 12/ 179192 PS in witrp
Costunolide 2,5/ 106404 B LE,WH
Damsin 5/ . 23249 1B LE
Elephantin 31f 102817 WA B LE
Elephantoepin 11/ 100046 WA,PS(160)  LE,LL,54
10-Epieupatorexin 11f 135068 ¥E
Tpitulipinolide 3/ 142864 ¥E
Exioflorin H.l’ LER151 P5(E27) I3 LE
Erioflorin acetate 16/ 25E66T PF3(13L) 5B
Erioflorin methecrylate 16/ 251666 hiar} S
Eriolangin 11/ 182833 TS{1iE} j=]
Exiclanin 1S 154152 P3(152) 13
Eupachloztin 11/ 114567 a:} WA
Eupachlerin geatate L1/ 114568 Wa,PE(153) ,

E2
Evpachloroxin 11/ 114570 ¥E
Eupacunin 11/ 135020 Wa,P5¢135],

E3
Eupacunexin 11/ 135021 VB
Euparstin 11/ 104942 ¥E
Euparatin acetate 11/ 104943 WA, KB T8
Eupatocunin 11/ 135023 ¥E
Eupatefelin 11/ 135023 P5 (1507, KB

Eupacoraxin 1L/ 114569 B

Eupatundie 111 L145AE ®BS ¢133), KB LL, LE, 54,

WA
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Table B. — Sesguiterpenes a/ {continued)

HEC Ackive inactive
TFastizilin B Ef 176503 P& (137) El, LE,
LL{new), ¥&
Fastigllin C 'J_.if 176507 BE {137} 2:3
Gaillgrdin 11/ 106394 E LE
Helepalin 12,37/ 85236 BS (220), ¥B B1, LE, Li,
LLinew), 54,
HA
Helepalin acetats 17f 166124 P53 (163)
Isogaillardin ELS 106393 i)
Liatrin %_J:f 133034 P& (163)
Lipifexolide 3/ 251676 i)
¥ardol dimstetecmer (7} b,13/ 127054 Wi
Ovetifalin acetate 16( - Ps {143}, ¥
Barthenclide 2/ 137033 i) FE, LE
Pauzin _c_‘af’ 136722 Ps (LiE) Bl, 1E
Tulipinalide 3/ MIB405 B LE, Wa
Vempdalin 11/ 124459 Wa, KB
Vernolepin 11/ 106388 WA, PS {143},
XE
Vernolide Ll{ 126450 4 U4, LE, B3
Vernomenin 11/ 116070 PE (136) '+
Vernomygdin 114 135072 KB
Zzluzanin £ 2/ 177851 PS in witro P§
from Acenthespermum &/ -— Ps (1l4¥), B
" Cencauven 2/ — B3 {150, ¥

af All lactones except the cue noted.
bf Hot & lactema,

&/ & glycoside,

these compounds because of their KB cell activity.
" The remaining triterpenes {table 11) which have
beer isolated are generally not cytotoxic but show
activity in Walker 256. Negative or marginal in vivo
antitumor activity against the P388 and L1210
leukemias, and against the slow-growing tumors, has
made this group of little interest for our program.

Lign‘ans

These are a group of rather uncommon plant
constituents which are found in some plants with
activity against KB cells. The chemical skeletons of
the group are shown in figure 3. The bisbenzccy-
clodetadiene skeleton on the right is a tvpe recently
added to the classic lignan family. Although podo-
phyllotoxin (fig 3) never passed our eriteria for
pharmacologic and"clinical study, several semisyn-
thetic relatives have been in clinical trial here and
elsewhere in the world (13). Two of them, VM-26 and
VP-16-213, have produced responses in brain tu-
mors, lymphosarecomas, and (in Europe) Hodgkin's

Val. 80, No. 8, August 1976

Table 5, - Diterpenea

HEC Active Inactive
Gnidicin 11f 233841 B3 {173)
Gnididin 1L/ 238942 BS {127)
Gniditrin LLS 238943 P& (168)
lz-liydrexydaphnetoxin 117 239073 PE (131}
tatrophone 31/ 135037 P {145y, ¥ B1, LE, LL,
LL{new)
Nezersin 114 239072 PE {200) El, LL({new)
Podolide 11/ 238975 sl Ps
Taxodigne (2lse uwmder fuinones)lif 122419 W4, ¥B LE, P2
Laxpdona " " n 11/ 122420 B
Tripdiolide 11/ 163063 1E, 5 {152}, Bl, LL{new}
¥E
Tripeellde 11/ 163062 LE, LL{new), EL
P5 (131}, ¥E
Triptonide 1L/ 165677 KB LE
from Jatropha - B (l41)
Table M. - Cuturbitacins
k1] Accive Inactive
Cucurbitacin B 24,5 1 45451 51N, @ Bl, CA, LE,
IL, 84, WA
" D 511,161 521776 P3 {131}, &8 LE, WA
n E 11,17/ 106390 1L, ¥B 81, LE, PS5,
521?9 SA, WA
" F 1 — WA, XB 1E, B8
" I 1y 521777 ¥E 1E, FS, Wa
" L2/ 112167 B in vitrs, B FS, Wa
n P11y 135074 ¥
» g 11 135075 X5
a Cutcurbitacin glyepside 11f —-— ¥B
" " " 1/ - ¥B
" " " 1/ - ¥E
" " " 11y - ¥E
Datiscacin (Cucurbitacin B} 11f 144154 ¥B
Datisceeide (Cycurbitecin T
dehydroepirhammeside) 11/ 144153 1L, P3 {130}, Ei, LE,
W&, KR LL{new}
Dihydreencurbicacin B 5,11/ 106401 B Wa
Lapcucurbitacin B 1L/ 106400 bil

{2-Epizucurbitacin 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 gluce-
side on the l-hydroxyl group, and are acetals by
reaction with aldehydes. The original 4'-demethyl-
podophyllotoxin came from Podophyllum hexan-
drwom Royle [P. emod? Wall, ex Royle]. Table 12 lists
the active lignans isolated during fractionation.
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While several of the compounds have shown high  Flavonoids
activity in P388 leukemia, they have not met the

other criteria required to justify further study. This very common class of plant constituents is

generally inactive in our antitumor sereen. Many

Table 1l. ~ Tricerpenes have been submitted as “synthetics.” Table 13 lists
asc tive Traccive those showing activity during fractionation. Only
P T aa— T one showed marginal activity in P388 leukemia.
£S5, ¥B
Betulin 2/ 2711 WA EL, C4, LE,
’ LL. SA, Wa Table 13, - Flavongids
» A
ketulinic acid 2,22/ 113090 BS {1403, WA KB HEC T Active Inactive
Lupeol 2,21/ 30487 KA LE, ¥5, 54, Centaureicin 11/ 106069 KB BS
@ Taxifalin 16/ 36398 - PS5 (B2} 1E, 54
Draslic acid 2,6,17/ 4060 PS (125} B, 1E, 31,5, 7-Tritipdrany-3 4"~
LLfnew) dimethoxyflavone 11/ IO XB F5
’
WA, KB
Uvacl 2¢ 158627 PS5 {125)
from Bursera 2/ - WA
" Jarropha 2/ - PS {158
u—-L_E—— f .) Teble 14, - sapening
" Haytemus @ - 86
_uL'.“"‘_! BS (166}, K@ Stevoidal HEC aetive Inastive
" Bubia 2 -
Rubia 2f WA Myrsine saponin 5,11/ 123126 WA
from Agave IS -— WA
Table 12. - Ligmans " vy 137448 WA P
NsC Active © Inactive " Y - WA
Burseran 2/ ' 123428 Va, 5B ’ : ey — WA
Dehydzoanhydropleropodophyllin 2/ - P5 in witro " Hesperalee 17/ - LS
3'-Demethylpadophyliotoxin &/ 251681 PS5 {1303, KD " gelanum L7 - Ha
Deoxypodophyllotoxin 2,6,01,17,23f 403142 LE, PS (154), Bl, 1L, " Trilliom 13/ —— i)
[ LL(new) ,
Triterpenoid
SR, WA
AcEY saponin POLLY 100045 Wi al, LE, L
5'—Desmethmcy-ﬁ-peltatin A -
LL{new),
methyl ether 2/ 126727  P§ (L8%), WA, Bl, 1E
PE, XE
¥B
" " Q11f 123428 EA W
{+)-Dipeehylizolariciresinol~ L
Celafoside C &/ 173116 W4 1E, kE
Kf-xyloside 117 -~ KB PS, WA -
from acer 17/ — W4, PS {151}
Justicidin B 11 254665 KB - .
" Eatada 13/ 115727 WA, IL LE, PS5, Bl
o-Pelcatin 17/ 24817} PS {L&0Y, KB Bl, €A, IL, —_—= ==
" Ipomopsis 174 -— A
15463 ) LE LL{new}, PoRoRRs 2 '
" daghgersnthera 17/ - P53 (129) 04
34, A =
F-pelr,a:j.n 17/ 2481%) PS5 (163), wa  El, LE, tndetermined
Isa7l) ¥B LL{new) . $4 from Apave 117 = LL
@-Pel:atm A methyl ather 2/ 126726 PS5 {172}, WA " vy . "
Fodephyllotexin 6,11,23/ 24618 PS fL7lY, WA Bl, Oa, LE, from Agave 17/ — We
KB . LL, LLCnew, " pllium LLY - 34
. Sa " aster B/ - A 3
Fodophyliotoxin glucoside 9/ 163024 I1E " TS — s, P§ {135}
Steganacin 11/ 172958 pS (140}, KB LE from Chrysgpsis LLf __ Sa
Steganangin ML/ 172956 KB 1E, P§ " gyelamen 11/ 135029 WA £B
Stegangl 11/ 172959 kB BS " Zapomaria 13/ 77472 Wa, 84 Ca, LL,
Steganome 11/ 172957 1B es iE, 8
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LIGNANS
[
c C/
c““c—c e ‘\l!:_c \T_c
|
- c—¢ ¢
c/C c -

HacOQ—OCHa

OCH,

Podophyllotoxin
NSC-24818

FIGURE 3

Saponins

This widely disseminated class of plant constitu-
ents generally possesses activity against Walker 256
and Sarcoma 180, but lacks activity in KB cells,
Twenty-three new active saponing have heen added
to the ten that were listed in 1969 (83 although
isolated in some state of purity, in many cases the
nature of the aglycone iz undetermined (table 14).
They have shown marginal activity against P383
leukemis, and no detivity against L1210 leukemia or
the slow-growing tumors. Thus, plants whose anti-

Vol. 60, No. 8, August 1976

tumor activity is attributable to saponins will proba-
bly not be detected with our eurrent screen. Never-.
theless, since they are so widespread in the 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
¢btained from Acer negundo L. (14) and is now being
prepared in quantities sufficient for pharmacologic
and clinical trials.
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SAPONINS

Steroidal Triterpenoid

- OCOCH,
COOH

R = Mixture of —~CO{CH=CH),CHICH3)CH,CH; and
~CO{CH=CH}CH==CH)CH{(CH3}CHCH,
c t

Acer saponin P
NSC-100045

FIGURE 4
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Steroid Lactones (Including Cardenolides,
Withanolides, Bufodienolides, and Their
Aglycones)

The carbon skeletons of these three types of lac-
tones are given in.figure 5. The cardenolides, espe-
cially, are widely distributed in nature. Table 15
lists the active steroid lactones isclated during frac-
tionation: the type of lactone is indicated in the first
column. It is apparent that they are generally evto-
toxic with very little activitv in any in vivo tuniors.
Plants containing these compounds will show up in
our screen but will be ruled out, for the most part,
whien KB-active concentrates are subjected to P388
and L1210 leukemia testing.

Tahle 1%. — Sterold lactones and chelr aglyeanes
Type af Name NSC Active Tnactiwe
C,G reobioslde A 3/ 116788 B
<,6 Acclongifloroside K 10/ 15214% ER LE
173787
GG scospectoside A 8 113569 B LE
C,G Acovenoside 4 &, 10/ 1167587 izl El, LE, FS
C,G Acoveneside B 87 11678% [x:]
TG Adwvnerin Zf 251673 KE Bl, LL{new}
PS in vitro
0,6 Apocannoside 11/ 23216 ] LE, Fi, 54,
WA
E, A Eersaldegenin
J-acstate 11/ 135078 WA, KE
B.A Beysaldepenin
1,3, 5-¢rthoacerate 11/ 135077 ra
i Bersamagenin
1,3,i=orthoacetate 11/ 135032 ja: )
E,A Berstillogenin 11/ - KB
3.4 Bersenagenin 11/ 231652 ER
c,G Caletropin 11/ 1439258 KE LE
106393
GG Cerberin 2/ 251674 PS (1303, =R
C.a Coraglaucigenin 11/ 144150 K3
L, Cymarin 6,11/ 7522 YE Ca, LE, LL
PS, 5S4, WA
GG Pesglucouzarin &/ - B LE, PS
c,z Digitoxia p4¢ 7520 ] ca, LE, PS5,
CA, WA
E,h i-Epiberseillogenin 11/ 135067 #5
LA Gitexigenin 3/ ’ 407807
3,4 tallebrigenin J-acecere 11/
(3ufezalidin acecate) 1066TE WA, RB
B4 itellebrigenin
3,5-diacetate 11/ 108330 IE WA

Vol. 80, No. 8, August 1976

Quassinoids (Simaroubolides)

This group of bitter plant principles has proved to
be of great interest. Figure 6 presents the formulas
of the two most promising representatives. Bru-
ceantin was isolated from Bruceu anfidysenterica
J.F. Mill. (15}, a plant used in Ethiopia and Eritrea
for cancer (1), and holacanthone from Helweantha
emoryl Gray (16). Table 16 outlines data on the
active compounds which have been isolated. In gen-
eral, they are cytotoxic; a large proportion of them
are highly active in P388 leukemia and several are
.alze active in L1210 leukemia or B16 melanoma. It
is evident that plants containing active quassinoids
will be readily detected by our sereen. Bruceantin is

Table 15, - Steroid lactones and thedr aglycones (continuec)

Type a/ Hzze HEC sstive Inactive
B,A 16p‘l -Hydrowybersaldegenin

l-acatate E,." 35080 KR
HEY 16 B—E}-drox}'bersaldegen:n

S-acetate 11f 135074 KR
B, 16ﬁ -Hydroxybersakdegenin

1,3,3—erthoacerare 11/ 135078 EE
B, A 16 F =liydroxyeersanaganin

1,3, 5~grthoazetate 11/ 251683 %3
C.G dyecaneside 19/ - s (133), i
C,G6 weriifolin _2_,." 123876 1L, 5a, K2 LE, *5, Wa
[Y Cleandelgenin i,-" 1587320 a2 1z
C,G clegndrin 2/ 93089 ¥B LE, WA
£.G Gpposide Ef 173716 KB
o,n li-Prepionyleitoxigenin 5/ 164843 ¥E
[N Fhedexin B 3/ 150345 KB
B4 seilliglaucosidin 117 135036 3B PS5
Q.G Sepalin 2/ 251698 e 8
L) Strophacthidin &F AE07E XE Bl, LE,

LL{new), PS
T4 Vrarigenin 11/ 119923 B PS, WA
Wk Withacnistin 11/ 135073 R, Wa
LA Withaferin A 11,17/ 131088 23 (135}, 5a
WA, LE

£,6 from Aselepias 5/ - ©5 (130}, ¥E LE
L1 ,6 * Crassosoma I/ - 12
— ™ Elaspdendwan 11/ - ¥B
af Symbels: Bebufedienplide, Ceoardenclide, iWwwits salide, Amgglycone,

G=glvcoside
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STEROID LACTONES

Cardenolides

Bufadignolides

Withanolides

FIGURE B

QUASSINQIDS

LCO,CH, !

0C=0

Bruceantin
NSC-165563

CHy CH,

CH=C——CH—CH,

Holacanthona
MNEC-126765

FIGURE &

now being prepared in quantities sufficient for toxi-
eologic and pharmacologic studies.

Ansa Macrolides

This is a relatively new class of compounds char-
acterized chemically by the presence of a large
macrocyclic lactone ring, frequently N-heterocyelic,
and incorporating within it an 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 May-
tenus species (17) and eolubrinol from Colubrina
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texensis (Torr. & Gray) Gray (18). The group is
generally cytotoxic and is unusually active in P388
lenkemia at remarkably low doses. Maytansine, the
most readily available member of the group, is also
active in L1210 leukemia and B18 melanoma and is
now in clinical trial. It is interesting to note that
one of the Maytenus species, many of which are
known to contain maytansine, has been in popular
use for 3G 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

Cancer Treatment Reports




ANSA MACROLIDES

O CHy O
o1 I

0—C—CH--N—C—CHR,

]
i
: 3
CL CH Maytansine .
300 i 4 R=R'=H
! NSC-1538538
H,C—0 CH
3 Colubrinol R =CH.:R'= OH
NSC-196519 3
H
Q
)\‘
N o
1
| o |
CH, H,C—O H
FIGURE 7
Table 16. - Quassinaids Tablie 17, - Ansa macrolldes
KE Actdwa Iagtive usC Active Inactiwe
2'-geetylglavearvbinons 11/ 134251 PE (157, ®A ColubTinel 17 194531% P5 {113}, wB
allantoinens 11/ 258187 B3 (148), #b Colubrinal scctate 17/ 1846520 Pg {2068), 13
Bruccantarin 11/ 175399 P& (1530), HB Maysenine 11/ 219374 o Ps
Brugeantin E.lr 165563 81, LE, IT (new) Haysine :].L)’ 219972 iD FE
P35 (220}, KB Hayranacine 117 239337 PS5 {180}, 1B
Zruceantinel 11/ 238117 1z, FS (1435), Maytachutine 11,17/ 165014 TS (L3I0, B3
K3 Maytanprine 11/ 165513 Ps {(161]
brucelne B 11/ 132793 T3 (230), KB Maysansine 11f 153558 1, LE, LL(aew)
Iehydrasilanthinone 114 13glea P (184), B3 TsO{2EN), 3
Dehydrabruceantarin Hf’ 236179 P (133), KB Mavtansinol E.-" 2393286 UE
Denydrobruceantin &.l' : Z3ELTE #5 (135) B Maysgnyaline ]i"l 2193710 P2 (2010, kR
Dehydrabroceantei IS 235130 K& Hormaysine 117 T10973 KE P2
Glaveapebinone 11,17/ 132791 31, P5 {231}, LE, il{pew}
KE
Glaucarubalone 11,17/ 23B189 Pz (15L), KD iE
126764
Table 1H. - Prateins
Nolacanthane 17/ 126763 31, P {1&7), LE, WA
el x5C dorive Inattive
L3
3lople prateins (7}
Ispbruceine I 11/ 2351281 BS (14D}, UB ic
o froo Carsalpinia 27 - )
- " Gerastium 3/ - 54
and others were thought to be glycoproteins but, " Coreidium 2/ N L.
with one exception, they were never purified. The .
i ; ar ; r " Gatierrezfs 2f - £a
one with the highest aectivity in Walker 256, ob- v verteosts 2/ Ss
. N . aapr .n . - Hertensda £, -
tained from Curesalpinie gilliesti (Hook.) D. Dietr. in
good vield (19), was selected for further develop-
- . - ' 1 ?
ment. Purification yielded a product (named ces.  Slyeeproteine (B
alin), highly active in Walker 256 but inactive in the tesalin 2 110433 It 84, BL, T8,
leukemias and slow-growing tumeors, B16 melanoma wa, W8 12, iLinew)
and Lewis lung carcinoma (new). As a representa- Erop Mirapilis 2/ - LL, i, A
tive of a large class of natural products, it will be ™ escard 13/ -- WA
interesting to follow its progress in preclinical phar- " gstscmsles 2/ - -

macologic and possible clinieal trials.
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Alkaloids

More members of this class of compounds have
come oput of the plant fractionation program than of
any other class. They are widely distributed in the
plant kingdom and many are active against KB cells
or Walker 256 carcinoma. After isolation, activity in
other in vivo tumor systems has frequently been
found. The great diversity of chemical types in this
group of compounds is illustrated in table 19 which
lists the classes into which the 80 isolated alkaloids
(table 20} fall. No attempt will be made to draw any
structure-activity relationships sinee the number of
compounds is too small and the data are too scanty.
Rather, a few of the alkaloids that have proved to be
most interesting will be discussed. Figures 8-12
represent most of the interesting alkaloids in our
program and typify the variety of the chemieal
structures encountered, some of which are novel.

Tazle :8 - alkaloids

Class

1. Aliphatics 14, armarylididacese alkaloids

1. rCeleddeins groun i13. Canthine group

3. Pyrrolizidipes i6. Reuvoifiz alzaleids

4. Tetrahydraisoguicelines 17. Isagquinuelidines

3. 3isuvenzylizcquinolines 12, Direric indeles

&, Aparphines 12, fllipticine group

7. Dibenzepyrrocolines 10, Taxanes

&, terphinane group 21, Capptocnecin groop

9., Prozoberberines 22, Futoguinclines
10, Zenzophensathridices 23. Stercl alkaloids
1l. Eretice araun 4, Caphalotaxus alkaloids
1. Alangiow alkaloids 25, snopterus alkeloids
13. FPhengnthrequicalizidines and 6. alzaledids of unkeown

phecanthyoindolizidines sSEructipe

a. Thalicarpine (fig 8).—This is the first dimeric
alkaloid recognized to contain both the aporphine
and benzylisoguinoline moieties (20). I entered clin-
ical trial primarily on the basis of its Walker 256
antitumor activity, Major organ toxicity is consist-
ently manageable. While it is still under study in the
clinic, however, its prospects do not look promising.

b, Indicine N-oxide (fig 8).—Many pyrrolizidine
alkaloids have been tested besides the four reported
here (8), but indicine N-oxide, from Heliotropium
indicum L., is the only one possessing significant
activity in P388 leukemia. Since it is also active
against the B16 melanoma, L1210 leukemia, and
Walker 258, it was entered into clinical trials. Al-
though pharmacologic testing is as yet incomplete,
negative histopathologic findings indicate that the
hepatotoxicity commonly associated with this class
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of alkaleids may not be a clinical problem with this
compound.

Heliotropium indicun has been used since an-
cient times against warts and its close relative, A.
euvopaeuwm L., has heen recommended for cancer
treatment (1)

e. Camptothecin (fig 8).—This novel structure,
isolated in minute gquantity from the wood of Camp-
totheca acumirata Decne. (21), is highly aective in
P3838 and L1210 leukemias but causes gastrointes-
tinal tract toxicity in the mouse. Results from its
first clinical trial in patients with gastrointestinal
cancer looked very promising (22), but subsequent
work did not uphold the earlier findings.

Camptothecin is present in the plants along with
smaller quantities of the 10-hydroxy and 10-methoxy
derivatives (23). Since these also have high activity
in P388 and/or L1210 leukemias it is possible that one
of them might vield better clinical results. Accord-
ingly, a comparative advanced bicassay is being car-
ried out on camptothecin, the two derivatives, and
9-methoxyveamptothecin in order to provide a basis
on which to select one for further development.

It is interesting that a plant not closely related,
Mappia foetida (Wight) Miers, has yielded hoth
camptothecin and $-methoxycamptothecin (24); pre-
liminary tests with the latter compound reveal ac-
tivity similar to the 10-methoxy derivative.

d. Taxol {(fig 9).—This novel compound was iso-
lated from Taxus brevifolin Nutt. and other T, spe-
cies (25). Because of its high activity in the tumors
of interest, suitably large quantities are being pre-
pared for further study.

e. Ellipticine (fig 10).—Ellipticine and its 9-meth-
oxy derivative were isolated from Fureavetie coc-
eirnea (Teysm. & Binnend.) Markgraf and Ochrosia
moovret (F. Muell) F. Muell, (268), Their high activity
in the leukemias indicated the further development
of one of them. Ellipticine was selected because of
better activity by the oral route and better availa-
bility by large-scale synthesis. Pharmacologic stud-
les of this compound are in progress, and clinieal
studies of the 9-methoxy derivative have been car-
ried out in France (27).

fo Tylocrebrine (fig 10).—This alkaloid, obtained
from Tylophora crebriflora 8T, Blake (28), has been
through limited clinical trial. Irreversible and un-
manageable central nervous system effects, not an-
ticipated from preclinical work, precluded further
clinical studies.

g. Nitidine and fagaronine (fig 10).—=These clozsely
related alkaloids, isolated from Fagara macrophylic
(Oliv.y Engl. (2%9) and F. zanthoryloides Lam. (30,
respectively, showed activity in the Lewis lung
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