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 2l
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 hela humpar rarcinoma; cell cultvre EDgp 1/ ‘51.0
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) n " n n s Taoz
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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Iridoids
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Diteypenes
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Tannins

No formal attempts were made to prepare pure
compounds from this heterogeneous group of widely
occurring polymeric materials after it was shown
that the tannin fractions were generally inactive
against the predictive tumors (L1210 and P3388 leu-
kemias and KB cellg), were active against uninter-
esting tumors (Carcinoma 755, Lewis lung, Sarcoma
180, and Walker 256}, and were quite toxic. More-
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 been similarly
identified. Fortunately, the makeup of the current
screen precludes the appearance of more planis
whose activity is due to tannins.

Sterols (Including Simple Glycosides but
Excluding Saponins)

The phytosterols and their glycosides are widely
distributed in planis. The ones that have shown
antitumeor 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 (8), includ-
ing Carcinoma 755, L1210 leukemia, SBarcoma 180,
and Walker 258, 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 to sterols (meostly f-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 gquinones that have shown antitu-
mor activity. Although some activity has been ob-

Table i, - Stavols

hef:t] Actiwe inact iwe

Daucascerol 1f/ 165952 PE{134) R, T
@nsitostcral glucoside)

F-Si:osteral S0%E ¢4, LL, W& 3l, _E, Lii{cew)
- 54, X3

18273

59083

E61585
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Table &. - Quinones

HEL Active Inactive QU‘NON ES
Atkannin 4/ 44520 W LE,P5,54,KB
Alkannin p,p‘ ~dimethylacrylate 4/ 140377 PS(136) ,5a  3L,LE
“
Alkannin monoacetate &f 140376 W ﬁ i
Emodin {slog-ewsdin) 11, 16/ 38628 FEILZ7}, WA Ca,LE, 54,50 OH
Jacaranomea 67 251682 PE{165) .18 ~CHa
CH, ~CH=C
Llapachol 13/ 11505 WA El,Ca,LE LL, ™CH,
1l HO CH,CO0CH,
Ll{new) ,PS, [s]
5a,FR Lapachol Jacaranone
MN5C-11905 NSC 251682
Taxpdfone 11/ 122419 WA, B LE,F§
Taxodana 11/ 122420 ;] FIGURE 1

Allamandin
NEC.251690

Triptolide =H
NEC-163062
Tripdiotide N
NSC-162063 OH

Elephantopin
NSC-100046

Cucurbitazin B
MEC-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 cannet presently be
considered very promising. Lapachol (fig 1}, origi-
nally obtained from Stereospermum suaveolens
(Roxb.y DC., has been carried into clinical trial

"Farnsworth NR. Personal communication.
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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 bleood levels
could not be obtained to show a therapeutic effect.

It is perhaps of passing interest that Tabebuia
and Tecoma species, containing lapachol, have long
been popularly used in Brazil for cancer and that a
Jacaranda specieg, 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
w5145} ,¥E
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 BS(130) KB
Eaileyin 12/ 179192 PS in witrp
Costunolide 2,5/ 106404 bia] LE,WH
Damsin 5/ . 23249 ¥B LE
Elephantin 31f 102817 WA B LE
Elaphantopin 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/ 132853 TS{1iE} j=]
Exiclanin 1S 144152 P3(152) 13
Eupachloztin 11/ 114567 a:} WA
Eupachlerin geatate R/ 114568 Wa,?E(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
Eupaturdin 117 LL4566 Pg (133), KB LL, LE, 5a,

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.
BS, ¥B
Bezulin 2/ 2711 WA El, Ci, LE,
’ LL. SA, Wa Table 13, - Flavongids
» 54,
Betulinic acid 2,32/ 113090 PS {140}, WA KRB HSC  C Active Inactive
Lupeol 2,21/ 30487 KA LE, ¥5, 54, Centaureicin 11/ 106069 KB BS
@ Taxifolin 16/ 36398 - P35 {(Ra2) 1E, 54
Urgelic aedd 2,6,17/ 4060 P5 (125} El, LE, 37,5, 7-Trihydroxy-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 2f -
Rabia WA Myrsine saponin 5,11/ 123126 WA
from Agave 2/ - uA
Table 12. - Lignans " -7 137440 WA P
NsC Active © Inactive " Y - A
Burseran 2/ ) 123428 Wa, ¥B ’ : " -y  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
Acer saponin P 1L/ 100045 WA a1, LE, LL
5'—Desmethmcy-ﬁ-peltatin A -
LL{new),
methyl ether 2/ 126727  P§ (L8%), WA, Bl, 1E
PS, ¥EB
KB
" " Q1 12342% 54 Wa
{+)-Dipeehylizolariciresinol~ L
telsfoeide C &F 173116 W4 1E, KE
Kf-xyloside 117 -~ KB PS, WA -
from acar 17/ - W4, P53 {L41)
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
35463) LE LL{new}, PoRoRRs 2 '
" daghgersnthera 17/ - P53 (129) 04
SA, BA e
F-pelr,a:j.n 17/ 2431%) PS5 (168), wWa 51, LE, tndetermined
Isa7l) ¥B LL{new) . $4 from Apave 117 = LL
@-Pel:atm A methyl sther 2/ 126726 B3 (172}, WA " LY, __ 54
E.oduphyllotoxin 6.11,23/ 24818 PS (17L1), WA Bl, <A, LE, from Agave L7/ — HE
KB . LL, LLCnew, " pllium LLY - 34
: ga " aster Bf - A s
Podop_h.yllotoxin ghucoside 3/ 183024  ¥B " 17y __ I, PS5 (135}
Steganacin 11/ 172958 pS (140}, KB LE from Chrysgpsis LLf __ Sa
Steganasgin I/ 177956 KB LE, P$ " gyclamen 11/ 135029 Wa B
Stegangl 11/ 172959 kB BS " Zapomaria 13/ 77472 Wa, 84 Ca, LL,
Steganone 11/ 172957 xB 143 iE, 8
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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 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(CHTCHIZCH(CH 3ICH,CH, and
—CO{CH=CH}CH==CH)CH{CH,}CH,CH,
I'g 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
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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
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Cardenolides Bufadignolidas Withanolides
FIGURE &
QUASSINOIDS
OH
CH; GH4 E

Bruceantin

NSC-165563

CH=C——CH—CH,

HO

Holacanthone
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
macrocyclie lactone ring, frequently N-heterocyclic,
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 gppearance 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 colubrinol from Colubrina
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texensis (Torr. & Gray) Gray (18). The group is
generally eytotoxic and is unusually active in P383
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 clinieal 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 80 years in South Africa in an herbal
mixture for carcinoma and sarcoma.

Proteins

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

Cancer Treatrnent Reports



ANSA MACROLIDES

O CHy O
o1 I

0—C—CH--N—C—CHR,

]
i
: 3
CL CH, o : Maytansing R=R =
| | NSC-153858
H,C—0 CH
3 Colubrinol R =CH.:R'= OH
NSC-196519 3
H
o]
)\‘
N o
1
| o |
CHy HyC—0 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 PS5 {206), L3
Bruccantarin 11/ 175399 PS (150), ¥B 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/ 238188 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/ . L.
with one exception, they were never purified. The .
N . o A N " Gutierrezia 2/ - Sa
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.
Vol. 60, No. 8, August 1878 1043




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

Cancer Treatment Reports
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Table 20. . slkeloids
Ciass b/ ¥5C Active Lnastive
Aopierine =, 3/ 25 179172 ua Wi, LE
lerberine sulfate 1.4.13.1% 20/ 9 5355 mi, P8 (E3L). G4, LE, Wi
. o] CA, LL, LL{new)
Camptotnecin 4/L7/ L 95600 LE, S (2500,
W4, BE
Coelidimayine &f N - ~B
Cocsulinine i}_,f’ 5 - un
Colehicine 11/ 2 757 PS5 {I0I), Wa, i1, CA, LL
LE, X2 Ll(mew), S4
Cowpound from planginm 13/ 26 9207L  za, WA, Ca, LE
S {128)

" " vy 26 -— Ch, i3

» " Dichrag 17/ 26 - 25 {165),

Compound 5 from Tylophors 13 85707 A, LE 54, WA
crebriflera 23/

" c " " 13/13 25706 CcA, LE, $4, wWa

" B " 13/13 23700 LL, P§ {177}

" T " " 13/13 92070 wa Ca, LE, &4
Conpound D from Tylophora 13 10056 iE 1L

ndica 13/

" = " - 137 13 180057 az LT
Comassine bydyechloride 6/ 23 3198% WA UE Ch, LE, 54
Cppiigin= chipride &/ b 119754 TE
Criammine 3 14 B34IL B
Cypatonlevrine &/ i3 1851z 3 LA, LL. Sa,

ul, 1T, PS5, W
Cryntawplline dodide 3/ 7 86342 %
Cycleadrine 1S 3 -- B
Croleasorine 31/ 5 -— B Pa
Cyolemapaltine 11, El -- VB
Cyeloprotokuxine 11/ 23 1021244 Uk, PS (143}
Demecplicine El/ 2 3006] PS £180%, A Li, CA, LL
403167 F  LE, ¥R LL{zew) , 5A
3-Dearerhyicolendeine 317 2 172%46  LL, BS {238), LL{uew}
LE
besmechyliylophorinine 13/ 13 14739 LE, PE [146)
(=)-Diganirine il/ G - e s
iilirticine 2/ 1% 71755 LE, B LL{new)
) PS (208}, ¥B
iuetins hydrechloride 13/ 1 33669 BS (231, LE, ni, €A, LL,
e SA, W4
Fazaronina &f 10 157995 p§ {i7C), LE
N-Formyldesaceryleolciledne 114 2 40314Z  wE, BS (190) . L1, CA. LLinew),
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Takle 20, — Alkaleids (continued}

class WiC Active Iaacrcive
darringtenine 14,17/ 24 124147  LE, P& (30&, Lig s
A, VB
TiemollatTingConine 14f 4 161633 LE, BS (30, L, LL{naw)
[
10=-iydranycanptrathecin 17/ 21 1BFI24 WA, LT
?5 (23]
Indicine N-Oxide 13/ 3 13231% WA, BA (262},  Ii, LlL{am:},
51, LI o
isechondedendrine 11/ 3 T35 IS &, PS
Isoharringtonine 14/ 24 141634 LE, BS (209),
=2
LeuTosine sulface &f 18 40636
LE, iB
Lage 156527
Liripdanine 7f 3] RIS
A 5, S4
215254
Lunasine chlpride 3/ 2 0204 FE, WA,
21, LL{aew;
Lycorine 3,17/ 14 401360 5 2a. on. LE,
LL, Ya
J-dethoxycamprothecin 4/ 21 178323 Ui, LI,
BS {217),
LL{masr]
ib-tathenycamptothecin 17/ 21 111533  LE
S=ifethoxyeantisin-g-one 3/ 13 5892% Ll(new). o I, P&, LA
taoxydihydronitidine 17/ n 147789 PS (263}, L, LI, Lilaes)
e
146306
F=dethoxyellipricine 3f 1% 9187 ws (204, 54, T
LT, 43
Hachewyharringtosine 17/ 24 -— s (214)
selethyldenzeoleine 11/ 2 403150 1B
O-MotivylEagavoaine af 1i 163201 P5 (209), LE L, %0
d-tiathylthiecanthin-t—ene 3/ 15 33928 IE LE, VA
Horacracaling Il 3 28553 P8 {132}, Ha, L, L, .G
Rl, %4, GA
sitidine chioride 1,17/ Y L46387 P8 {2GCY, LT, 41, LLnew)
T
Obamegin 1f 5 123123 B
Oxyacanchice 3,47 5 %3133 IR LE, A, TA
Qwyaitidipes 17/ 12 135066 I TS
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Tabla 20. - alkalefds (concinued)

flass GEC Active Tnactive
Cryovloersirine 13/ 12 GA706 LA, LE, 54,
Ps (171), WA
Pilocevefne 17/ 4 21075 ¥ Ca. LE, WA,
A, P2
Fasarpine 3/ 5 59272 &a, CA, WA 1§, BI, PS, i
Fanguldloerine §f id 129231  £B LT, P5, Wi
Sansafondne 11/ 3 58935 WA, B2 LL, P53, 0B
Szutelonine leanide 11/ 3 136677 WA 75, LE, El
F--Snlamarinc i/ 23 4735 BA. WA
Solapalmatenine 11f i 123135 WA, ¥B LE
splapaloatine Lif 1 123124 WA, ZB 12
Solaplambin 4f 23 - A
Sclasedine hydrociloride &f 23 i5543 Y WA, LL ‘@A, LE, ®S,
sa, B
PasE 1782E0
vase 179137
felagoding clamnosida 4/ 23 — i
¢pi-Scephanine 11/ 5 121392 un T, B
3repaavenine 1if & 13538258 LL
Taal 17/ 20 135373 L
a Tetreol 11/ 20 - UE TS
Toasicarylne Lif E GEOTE LN, PIOJ33ICH. Li, Ca, LE
WA, iR LLinaw), S&
Toalidaaine 11§ 5 un2gs  wa v}
Tubulosine 17/ 12 13154% 1k, P3 (1&0), El
ok
Tyiocrebrine 3,15/ i3 30387 ¢, LE B, LL, LL{naw
F5 {11, B 54, A
Trioshorine 13/ 13 76337 LE, 4 CA. WA
Tyispherinins 131 13 10035 LE
Voscamine 10,13/ 18 HES9E WA, BA A, LE, 1L
5, 31, &8
Vaacorine 13/ 18 672 We 15, 54

a/ Superseripta in this colupn refer *o supplier aumbers in tabls 3.

of The ciasses are nuabersd according io table 1%.
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ALKALOIDS

P
CHz—O—C—C—?H—-CHS

CHy

Indicine N-oxide

Thalicarpine
NSC-132319

NSC-68075

FIGURE 8

ALKALOIDS

Taxal

Camptothecin )
NSC-94600 NSC-126973

FIGURE 9 ,
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ALKALOIDS

OCH,
CH.Q
3
CHy ™~
9 NN
L CH,O N
N
|
H
CHy4
CH30
Ellipticine - Tylocrebring
NSC-71795 NSC-60387
OR
CH30 .
OR
+ -
~N -Cl
CH,0 \CH3
Nitidine chloride .
NSC-146397 RR’"=CH,
Fagaronine e H-R =
NSC-157996 R =H;R"=CHg
FIGURE 10
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ALKALQIDS

-2 HCI

OCHq

HN

OCH5
Emetine hydrochloride

NSC-33669
FIGURE 11

(new) tumor. A simple addition reaction product of
nitidine, methoxydihydronitidine, was obtained
from the plant as an artifact (23) and showed similar
activity. Advanced comparative screening is under
way to determine which compound should be devel-
oped.

h. Emetine (fig 11).—This alkaloid, isolated in our
program from Cephaelis acuminate Karst. (tables 3
and 20), but already an old commercial drug used as
an amebicide, was given a clinieal trial on the basis
of itg activity in P388 and L1210 leukemias. While

there was some evidence of activity at high doses in
lung earcinoma {= 50% reduction of tumor size in
two cases) and in one case each of carcinoma of the
trachez and of the thyroid gland (31), no response
was demonstrated in several other malignancies
(32).

i. Harringtonine and homoharringtonine {fig
12),—These alkaloids, together with isoharrington-
ine, isolated from Cephalotarus harringtonic
{Knight ex Forb.) R. Sm. var. drupacea (Sieb. &
Zuce.) Koidz. (33), form a newly discovered type of
active alkaloid which consists of complex esters of
the inactive alcohol cephalotaxine. Lack of activity
in the slow-growing tumors has lowered the priority
on further development of these alkaloids, but the
critical importance of the ester group for activity, a
situation frequently encountered elsewhere, has
stimulated efforts at synthesis designed to exploit
the inherent activity of the esters; such efforts will
hopefully provide compounds with broader activity.

j. 3-Desmethyleolchicine (fig 1.2).—This newly
tested representative of an old elass of active alka-
loids was isolated from Colehicum speciosum Stev.
(34). Certain advantages over other colehicine deriv-
atives, one of which (demecolcine or V-deacetyl-V-
methylecolchicine} has been declared (5) to be an
established, elinically active antitumor agent, have
revived interest in this group and sufficient quan-
tities of this alkalold are being obtained for further
study. :

Miscelleneous (table 21).—This table lists a small
group of ecompounds that have antitumor activity
but do not fall into one of the previous groups. None
is particularly interesting except perhaps as an

ALKALOIDS

(.l‘.Hs OH et
HO—C—I(CH;}—C C—0
L
c
3 2 O—CHy
0=C—0OCH,;
Harringtonine n=2

NSC-124147

Homeharringtonine h=3
NSC-141633

OCH,

3-Desmethylcalchicine
NSC-172046

FIGURE 12
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Table 21. - Miscellanwous

N80 Accdve ineccive
Anacardie aedd (1) 13/ 105051 WA
Aagcardel (1) 13/ 106050 WA 1E, LL, 5&
Arempnin 13/ 446101 B 24, IL, LE
T4
Ariztelochic actd 11/ 11926 Ch, SA 5, LE, LL
)
30613
Shilgeanel (1) 13/ 90250 14
Crotepoxide 11/ 106396 LL, WA ¥s, L2
5, 7-Dibyrdroxy =8-mo thowy - 251675 KB
2= thylehromone af
Duledtol &7 W44 PS (136) €A, LE, SA
Gallic acid 32/ 0163 3B Gh, 1L, 1
A, PS, SA

Gelparvarin 15/ Tak2zy P§ (X36), ¥ DL, LE, LL

Gasaypol 2/ 56817  IL{n=w), WA LI, CA, LE,
P5 (150) 4, X2
Inolearoside 4/ = HA

Jacropnan 2/ 177330 BS (125)

Lienin 23/ 13726 1E, S
Monranis seid -momogiyeeride 6/ — PE (125) "B

c£ig-1,3-Pentadacadiens 7/ 138428 P5 (127}, Wa

1-Patadecens 7/ FTLIES WA LE, P35, 34
Rotznone 3,13, 24f 5505 P8 {135}, *m  OA, WA, LE
1k, 34

3625
Scopoletin Bf LO5ELT PS {133) CA. LE, 5A

T -Tinjsplieia Zf 18805 et PS, WA, S4

43333

4027594
I-Usnic =eid 11/ 5455 73 (135} WA, 21, LE,
LL, LE({mau],

Uvararin 2/ 241504 P O(133), =3 3l

indicator of related compounds to acquire and test
in the hope of finding improved activity. For readier
reference, an alphabetical list (table 22) of all the
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compounds mentioned in the tables has been pre-
pared,

COMMENTS AND CONCLUSIONS

The compounds which have been isolated from
plants in the NCI program with activity against
experimental tumors have been listed according to
chemical type, along with the tumors against which
they have shown activity and inactivity. Changes in
methods of extraction and in the eomposition of the
antitumor screen which have affected the identity
and type of the compounds isolated are discussed.

It is evident that antitumor activity is encoun-
tered in compounds encompassing a wide variety of
chemical classes. Many of these compounds are of
novel chemical structure. On the basis of aetivity
against experimental tumors thought to be most
predictive of clinical effectiveness, it appears that
certain chemical clagses are of greater interest as a
source of antitumor agents than others. Presently,
the most interesting ones are the diterpenes, lig-
nans, guassinoids, ansa macrolides, and alkaloids.
Continued study of the plant kingdom will undoubt-
edly reveal other compounds in these eclasses that
will be superior to existing ones, perhaps in possess-
ing fewer toxic effects, and may also uncover other
classes of compounds that will prove to be of high
interest. In addition, it is expected that better plant
sources of certain useful compounds will be found,
as has been the case with maytansine.

A critical review of the antitumor properties of
certain interesting compounds, as well as of some of

the less interesting ones, will reveal fruitful areas

for analog synthesis either from “scrateh” or using
existing compounds as templates. For example, a
number of completely inactive alcohols have been
converted into highly active esters simply by aecyla-
tion. '
Continued feedback of results from preclinical
pharmacologic studies and from the clinic should
result in modifications in the makeup of our bioas-
say screen and in the types of compounds that we
are (and are not} seeking to test. Continued taxo-
nomic analysis of plant sources of compounds should
raesult in more selective collections for these com-
pounds, : :
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Table 2. - {umulative index of compounds listed ia

their plants of erigin (see tadle 231

ttese bables and

Fompound Tlant entry me.
SUTLY TO . Hame FEC Wa. Tsole Xo. [table 23)
¢l Acey saponin P 108045 14 B3

2 Arcer zgponin 0 123429 14 B3

o3 2'-scetylglaucarubinone 194251 15 P174, BL7S

Ch Acobiosdde & 116788 15 E7

cs Acalonglflorasids X 15214% 15 P

173717

[#:3 Acospeckoside & 11336% 15 P7
cT Acovenoside A 116757 15 PG, B7
] Arovenaside B 116738 15 PY

i Adymerin 251673 15 FlE3
cio Adlanthinene 238147 g 2175
cll Alkannin 54524 & LB
g1z Alkammin lg . p-dime:hylacr}‘late 140377 6 PIE
cl13 Alkannin moncacetate 140376 & PL1E
14 Atlamandicin 31691 7 P15
cls 1l amandin 251690 7 Pls

- Alge-emedin See Epedin 4

Clé Anbrosin 85235 =3 T1i7

oLy & -Amyrin 114737 i1 P43, Flad
(k] snacardic asld (%) 106051 21 1%

feih:} Anacardel (1) 106630 21 P18

edy] fpemonin 94101 1 ®i0, F21, Pz
c21 Anopteying 179172 0 P4

(22 Apocannoside a3ils 15 R13

£z3 Arctioploying 173853 4 k]

24 Aristolochic acid 11926 21 P27

50413

Wi Artemdsiifolin 177852 4 53

26 Baileyin 175192 3 PG

€7 Berberine sulfate 5335 20 P56, P&D, P76,

2135, PILO, PI21

C28 teysaldegenin I-aastate 135075 15 Fal

c2g Bersaldegeain 1,3, 5-orthoacetaze 135077 15 PiL

30 Eersamagenin i,3,5-srthoacetate 135032 15 PAL

£31 Lerscillopenin - 15 P4l

32 bersencgenin 251692 15 P4l

32 feculin 4564 11 P17, FlB

34 Ectulinic acdd FL3090 1t 128, PLER, PEl4
535 Bndleawanal {7} 90250 1 P1ola

36 Bructantarin 175399 16 P4s, PA3

car Bruceantin 165563 14 Bib, P45

cas Bruceancinpl R3BET? 16 B4%, PaS

) Brugceins B 132743 16 Pad4, P4T

- 3uforalidin agetete Sea dellebrigenin J-acetate 15

calt Burseran 133428 12z P47

Cancer Treatment Repotts



Table 2Z. - Cumwlative index of compounds lizted in these tables and

theit plants of ¢rigin (see table 23} {centinued}

Canpound Plant entry na,
entry no. Hame HASC Wa, Table Ha. (table 23)
cal Caletrepin 143925 13 P3Z
106393
4l Camptothecin D460 0 P53, P52
o43 Celsipside C 173118 14 PE3
Cidy Centaureidin 106965 13 P33
s Cerberin 251674 15 p213
chh Casalin 1104635 14 P53
ChT thelidimerine - 20 PEY
Chf Capsulindine 251896 20 P73
[+ Colehicins 757 20 P74
£30 Colubringl 196519 17 Ly E
£51 Colubringl acetate 196520 17 ELE]
52 Compound from Acanthospermum —_ a F2
£53 "t e - 1" *
€54 " " Agave - 14 EL3
€55 " w " 137640 14 P13
56 " " " . 14 713
£s7 u " " - 14 ¥13
o5& H " " - 14 F11
G539 Compound from Agpave o - 14 PLZ
€60 ' » " — 14 25
cel " " Mangium 52071 1 Pl
chl " " " — Fii) PL4
6 " n w — 14 PLE
64 " " Aslclegias - 15 ?3:.1.
£65 " " Aster - b P33
CEG n " " - 14 B34
67 " " Bursera o n E50
cad " " caesalpinis - 18 B2
Ce% " " Cen:.sure; kel g biE
670 “ " .Ceustiu:n - 8 Ber
T “ " Gercidiu -~ L& pés
c72 " " Chgsog.;is - 14 F7¢
€73 " " Crosscecma - 15 A
€74 n " cyclamen 135029 14 P36
Cia Compound from Iéhroa - 20 3l
£Té " " Elssodend pon .- 15 PG
cr? " " yﬂd_a. 118727 i4 paa
ci?7a " " Qutismrrezia - 15 Fl13
c78 - " lieszeraioc - 14 P122
L) " " IE.omoEsis - 14 Flit
) £50- " " Jatropha - E PLH
cal " " . - 11 BL34
I 820 " " Machaeranthers -— 14 F14%
€83 - " Maytenus - 1 P156
o34 - " i'{glrte:nsi,a - 13 Pl33
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Table 22. - Comulative Index of cowpounds listed in these tables and

cheir planes af origin {see table 23) (continued}

Comppound

) Plant entry no.
antry ao. Hame HASC Ho, Tazle da. {rable 23}
cis " " irsbilis -~ 13 P19
6 - " Museard - 18 P16L
87 " " gstegmeles -~ 18 P67
ci8 " " Rubfa - 1 r187
33 " " Sggunarié T2 14 PlE3
£80 Comprund from Solanum e 15 793
oyl " " Trillium - L4 File
32 Compound B from Tylophara 35707 0 P218, B220
93 - c " " 33708 20 les, PEZO
o3 " i " Ba709 20 F215, FZ20
55 " E " " 2070 ] PilA
L9 " I " Tylophora indiea 109054 i 238
L7 " E " " " 146057 20 Flil
[ui:1:1 Conessine hiydrochloride 32989 20 PL2&
c39 Coptisine chloride 119754 20 P4F
C10d Caroglaucigenin 144150 13 F138
101 Costunolide pRal- V01 5 P14k, PIO1
102 Crinsmine 23421 o PTY
cl03 Crotepoxide 106396 i1 raz
C104 Geypropleurine 19912 . 24 P42
£143 Cryptawslline icdide 86342 20 P&l
cloe Cocurbicacin B, 49431 1% P39, PA5, P33,
PLUG, P15
Cig? " i) 521776 1% P39, FPE, PBA
clds " i) .ighydruepixh_amoside See Datiscocide 16
CL39 " E 146339 i) P71, F153
321735
£i10 i F . 10 P29
ciil " 1 SE1777 hte) Fl72
i1z " L 112187 10 P95
cila " P 135074 1a P43
114 " Q LiLO7E 10 P43
115 " slycoside - 10 PSS
clis " " -- 10 FE9
¢117 " " " 10 PEg
cll8 Cucurbitacin glycoside - k1) P6‘9
€118 Creleadrine . 20 Pa7
clad Cycleanorine . 0 raz
121 {releapeleine - n a7
o122 tyelopracebueine 102244 20 P5L
_ {123 Cymarin 7522 15 P25, Flo&
" iz Damsin ’ 55249 3 P110
CLr2% Datiscacin [Cucurbitadin R} 144154 10 PEd
126 Datiseoside (Cucuibitacin D 144153 10 P89
debydreaplrhannoaide)
c127? Daucasierol (P--s‘itqs:ual alucoside) 1658932 5 FL?7
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Table 22. - Cumnlacive index of compouads listed in these tables eod

their plants of arigin (see table 23] {continued)

Compound Plant £ntry no.
ERLEY NG, Hama HSE Ra. Tabls Za. (tanle 23)
clz8 DIehiydroailantlyinone 233138 16 P175
crzg Iehvdraanhydropicrepodaphyllin - 12 |2
crio Debydpabruceantarin 13B17E 16 Féh
€13l Dehydrebrugeantin 238178 16 BhG, P45
i3z Pehydrobruceantol 238180 16 Phi
cl33 Iemecalcine 3096 20 Fi4
403147
clid 3'-bapezhylpadonhylictoxin 251661 1z Tlal
cris Deaxypodopiyllatoxin 403148 12 Pi6, P4¥, D43, P35,
P121, P136, Plal,
L1, PIL4
cli6 Desglucouzarin - 15 BX]
137 5'—Desm=thoxy-ﬁ—peltati.n A 126727 12 Pib
methyl ether
Cl38 3-Desmethyleolchicine 172546 0 74
C13% Desme chyltyicphorinine 04739 20 BIly, P22l
CIA0 {=}~Dicenttine -— i PLSL
Ti4l Digizoxin 7329 13 a2
£laz Dinydrocucurbitacin B 106407 13 P34, PL33
CLa3 5, T=Dihydvoxy -£-matheny= 151675 21 0]
Zemethylehronone
cias (+} ~Dimethylisclariciresinal- -- 1 it
28 wylaside
Cl4s Dulcitel 1944 21 Fi5g
Clat Elephanein 102E1T 5 P37
L1467 Elephantopin 100046 5 7
Ci4E Eilipticine 1795 o Fl03, PLES
CclL&9 Emetine hydrochloride 13663 Fi PéE
CL50 Emodin (alos-smed fn) 38628 ] P3%, FlE3
€151 3-Zpiberselllcgenin 135067 is P4l
cl52 2-gpicncurbizacin b See Isocucurbitacin B 10
£153 10=-Epieupatoroxin 135043 g Flpz
i34 Epiculipinalide L42E44 g TLAZ
155 Eriofilavin Llaaisl 2 B100
156 Eriaflovin acetate 2316867 5 F17%
Cis? Srioflovin methacyylste 231846 3 PLIS
cl58 Ericlangin 152835 3 FLOO
cl59 Lriolanin 144152 3 aleli]
tlag Zupachlorin 114567 2 PIDZ
C161 Zuazeblorin acetace 114568 § 2ip2
- Cled Zupachlororcin 114570 3 Fib2
cle3 Eupacunin 135020 g PLGL
G164 Rupacunonin 135021 B Pinl
cLes fmparetis 104942 5 Filz
Cl66 Zuparotin acetate 106943 3 PLa2
C167 Zupatocumin 135025 ) F101
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= T o
Table 22, - Cumulacive index of comppunds listed in these tables and
their plancs of origin (gee table 23) {concinued)
Compaund Flant ém.:rf na.
entry na.  Yamé HSC Ne. Table ¥a, (tabte 23)
163 Eupatafolin 135023 3 P101
169 Eupateovexin 1146568 3 PL02
7 Eupatundit L4566 8 PLOZ
171 Fagaranite 157595 20 PLOY
£172 Fastigilin B 176503 § P34
cl?d Fagtigilin & 176347 g P3&
cl?4 I=Febmyldesacatylaolehicing 403142 23 T4
GL7s Gaillapdin 105394 8 PlLL
o176 Gallis acid ' 20103 1 166, P13
£177 Geiparvarin 142227 21 Pilla
c178 Gitoxigenin 407807 15 BB3
o178 Clavearubinone 132781 16 PL74, PL73, F191
CLBD Giaucarubolons 236138 15 P75, BLHL
176764
£181 cuidictn 238941 E ?112
c182 Gaddidin 238342 3 PL12
£183 Gniditrin 238943 9 P11
ot Cogsypal 56317 21 P1i&, P160
C185 Harringtonipe 124147 20 PES, P66
£186 Helenalin 85236 § P38, F117, P18
C1E7 Helanalin acetate L6124 & P29
i ¥:2.] lellebrigenin 3-acetata 106676 13 P41
{Buforalidin acatate)
2189 Eellebrigenin 3,5-diacetate 109330 15 FaL
o180 tinlasantiinne . L2663 18 P43
3118 tiompharringtatine 141633 20 765
[s1:3 lﬁPHléydroxyhersaldcgenin I-acetate 133080 i5 Pl
Cld3 lﬁf ~hydrexybersaldesenin J-acetate 135073 15 B4l
cig Mgnnyamxyu}ﬁmge.m 1,3,5- 133073 15 B4l
ovthoacetate
C195 16 p-ﬂyﬂroxybérsamagenin 1,3,5- 251693 15 P4l
orthogeetate

(%11 LD-Nydroxycamp tochecin 107124 20 P53
£197 12-Bydiaxvdaphoetoxin 239073 - 1 Pes
ci9d dyrcandside - 15 EI7
99 Indicife S-Oxide 332319 0 PLI0
c2nd .Ipolearoside -— 21 Fl19
€201 1scbriceine B 238181 16 P44
CHL Izochondsdendyine TIDIE 2-0 P37

) cr3 Isecucurbitacis 106400 10 PL33

[2-Epicucurbitacin B)
£204 Isogatllardin 106395 & P11
203 Isoharrinponine 141634 0 PES
G206 Isoplunericine 11215_3 7 Fi3
207 Yacaranone 251682 3 P32
€205 Iatropham 177550 23 PL34
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Table 22. = Cumulative index of zompounds lisced in chese tables and

thetr plants of origin (see table 23] (zontinued)

Comgaund Tlant entty ao.

entey aa. iame N5C de. Tagle tlo. {tanle 237

o209 Jatrophone 133037 % Pliz

c210 Jugticidin 3 IRABRS 12 Pl7Za

cill Lapachel 115405 3 PiGE

212 Leurosine oase 10R5E% Pt &0, PSl

Leurosine sulface 636 o

213 Liatrin 1350434 5 PL3%

[ k] Lighin 1153724 1 Fa&

cils Tisiferaiide 231676 3 .t

llh Liriedenine RG-S i 3]

215234

cei? Lunasine chleride 0304 0 Pl47, PL4E

cllE Lupeal 90457 11 Fl¥, P14, P54, v

calg Lysorine 401353 a0 P19, 126

G220 Haysenine 219974 17 PL54

il Haysine 215972 1r PL5A

a2 HMaytanacize 239387 17 P14, FlE3

213 Mavtankbyt ine 155014 17 P75, PL16, PL54,
F155, 157, P1E3

ol 24 ilavtanprine 165013 1% Fllé, P154, T135,
FL5T, F152, EL83

CiZs Haytansine 153838 17 Pll6, P154, F155,
P157, P182, P183

Cl26 Hartansinol 239386 17 154

;227 Maytanvaline 218970 17 Flle, PL34

CIiB 9-tethoxysamp tothesin 176323 20 F152

cii% 10-¥ethoxycamptothecin 111533 20 PLE

Liaeli] S-lethaxy canthlin=6=coe EEER] 24 F171

c23L Hethowydihydrenicidine 146394 24 105, P10

14778%

ca3? F-Methexyelllpticine £9137 20 B103, PLGS

c133 Wethoxyharringtonine - 20 P

C234 E-Methyldemecoleine 4331540 20 T4

[EN] D-ilethylfagaroning 168201 ki) FL0%

236 4-dethylehiocanthin-f—one 8928 20 P17l

237 HeZeTein 2390672 9 PES

c2id Honacrotalloe 2693 29 P

239 Montanic acid@-penoglycsride — 21 P111b

£24a Myrsine saponin 105124 14 Pla2, ®ild

e A Yardel diastermomer {7 1204 5 FlaZa

caa2 Heriifolin 123876 i5 P2El, PZ12, P213

C243 Fitidine chioride Lap3s? 0 Flo4, PILS, PlOa,

’ P107, PLOE, P213,

P23L

C2ad Wormaysine 219371 17 F154

Ci45 Obamezin 123123 0 P23

CI4E fleandrigenin 148790 15 k]
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Table 22. - Cumulative index of compounds listed in these tables and

thelr plants of oripin {see table 23} (continued)

Compound Flant eotry neo.
enbry no. Hame HEEC Wo. Tahle XNo. (table 23]
Ci47 Qleandrin $508% 15 Fl6d
C245 Oppogide 173716 i3 PG
C24% Ovarifolin acetate - & F173
£250 Oyacanthine 53135 20 pPal, P223
G251 Oxynitidine 13530656 20 FLOG
cisz Uxytylocrebrine B5706 20 P215, PO
€253 Parthenclide 157035 3 150
Ca5d Paucin 136722 B P37
€255 of -Feltatin 24817 12 P30, P93
35463
€256 f-pelracia 24819 12 P93
35471
£2s7 f-reltaria & methyl ether 126726 12 P4t
C258 ¢is—t,A~Pentadecadiene 1384246 b2l F#5a
c259 l1-Pentadecens A VR 21 P95a
C2E0 Pilocereine 21075 il Plag
€261 Flunericine 112152 7 Fl5
Cr62 Fadolide 238975 9 P1A0
C2E3 Podophyllatoxin 25818 12 F135, P13, Flal,
P12l
G264 Podophyllotozin plucosids 163024 1z P36
c2es 16-Proplonylgitaxigenin 160843 15 P33
e d:1] Reserpine 59172 29 103
cier Fhodexin & 160845 13 P33
Cr68 RoCenons B303 21 PO+, P143, PL7E
26253
Cieg Sanguldinmerine 12%231 20 PEY
i) Ecilliglaucesidin 1350236 15 Pel, P2i:
2271 Ecopolatin £D5647 21 P15
cRr Senecicnine E9835 za L)
ik Senecionine H-milde 106677 44 F150
c274 P--Sitcsr.eml 5096 5 P47, P§7, P128, P10
18173 Fl4l, PL&5, Plé9
43083 P17, PLTE, PlO%,
£6139 PI0E, FI30
£275 (S-sitoaternl glucoside See Dautogterol 5
274 F—Snlarmaring 24735 20 P92
LE77 Splaralmatenine 123125 0 P14
278 Solapalmatine 123124 20 Fl94
c273 Selaplumbin - 0 PLEA
0280 Solasndine base 178260 0 Pl
1749127
Eolaecdine hydrochleride 35543 20
€281 " rhegmpside ] 20 Fl66
G252 Somalin 751695 13 Bé
CZB3 Stegangcin 172958 12 2195
[ovd- 0 Stegsnangin 172956 1 F195
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Iable 22. - Cumulative ilndex of compounds lisged ip chese tables and

cheir plants ¢f origin (see table 23) (cantlaued)

Compaund Plant sutry nc.
entry ao. Hame Wil Ho. Table Wo. {table 233
c2as Steganal 172951 12 P185
c236 Steganone 172557 L Plas
&8 epl-Steshanineg 121392 3 157
c2uy Stephavanine 135026 20 FLAG
c200 Strophanthidin 36073 13 Fl&d
cl9i Taxifolin 36385 3 (219
292 Taxadiong 1224149 4,9 Pi0Z
c2R3 Taxodone 122420 G, 9 P02
294 Taxol 125573 20 P203, P234, P20S.
P0G, F207
293 & Tetracl n— kI PTG
fid-1:3 Thalicarpine 53075 0 FEOG
cia? Thalidasine PUIES a0 piow
ciog W-Thujaplicin 18503 1 FL
43338
402794
£299 3%,5,7-Txdhydrawy—3,4 = LIEITE 13 P35
dimetheoxyflavone
(300 Tripdiolide 163063 @ P17
cx01 Triptolida La306z Lkl P17
£302 Triptanide Lla5677 9 P17
303 Tubulosine 131547 0 Plé
C3h Tulipinelide 106405 & Fl4?
305 Tylocrebyine 30367 il PIl&, PiZO
c306 Tylopherine Te3E7 pi] F218, P22, P221
307 Tylophorinine 100355 2 P2l8, F221
€308 Urselic acid 4060 11 P9, PEl, P13,
PI13, P24
1309 1-Usnic acdd 5889 21 s72
£31d Wwanl 139627 11 P24
0311 Uraretin 241906 I1 BEIZ
cilz Uzarigenin 134993 15 PL13, P128
0313 Vernodalin 124450 5 Pi23
£314 vernolepin 106398 5 Pizb6
cils Vernolide 1z4460 ] P25
£ile Vernomenin . - 116070 4 Pl2d
€317 Vernomyedin 135072 i P25
C3l8 Yoacamine Ba5%L bt P1%9, PrOC, PRIV
£318 Voacorine ST 20 P27
xcels] Withacniscin 135073 15 BE
izl Mrthaferin A 1083 15 PL, PL73
[ ) ’ Zaluzanin © 177551 3 PI3}
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Table 23, - Index of plants and aciive agencs isalated thersfvam

Tlant Compound en<Ty no.
aityy no. thame Tamdly (tanle 22}
1 Anies concolor (Gord. & Glemd.) Lindl, ex Eildebr, Finagaas c298
P2 Ascanthospérmem glabracum (DC.) Wild AstoTacese {32
T3 Acer negunde L. Aceraceas $E, CE .
Pa A. pensylvanicum L, " c33
i#] unalfs arberescens (L.) Zleumer Eclanaceae ckap, C32k
[Acniscus arborescens (L.} Schlecht,]
Ph teokantbera longhflota Stapf Apocynacsae 5, 07, C248
F? A, chlongifelia (Hochst.) Codd " Ch, C&, £7, C8
23 Adetiium obesuz [Forskal) Eoem. & Schult, " 282
Y bdigandra dumssa Jack Theaceas 308
FLO Agsve brandegesi Trel, Agavaceds coEl
PLL A. cacciliana Derger " che
Fal A. lechegullla Torr. " cs%
P13 A, gchottii gngelm, " 54, C55, {56, ©57
PL tiangiva salviifelium {L.f£I.) Hznger. alangiaceas CaL, 062, 0303
Fi3 Allamanda cathartica L. Apogynacese clé, ¢15, C2Q4, CZ6l
Fls Alliun drummondii Regel Liliaceae X1
Py Alnus {irmifolia Pern. Setulaceas £33, Ciik
F1E A. Tubra Eong {4, oregona Wuct.] " £33, G218
P13 Aacardium oecidentate ¥, Anacardiaceas Cl8, cl?
F20 Puloatills parens (L,) 111, {Anemone patens L.) Fanunculareas c20
j 341 F. pratansis (L.} flill. [4pemane pratensis L.] " cz0
PR P, wulgaris Will, [Anepone pulsatilla L] " cz0
P23 Jomeba giabra L. Annonaceas 16
T4 snopterus macleayanus F.xuell. Saxifragaceae 21
P25 Apocyuum canodbinmom L, Apocynacege c2z, CLZ3
26 ATpemone mexicana L. Tapaveracess [
P27 aristelochia indica L. aristolochiacens eid]
IS frnebia wobilis Rech.fil. Beraginaceas f11, cli, ci3
P19 Atnica shamlssonis Leas, suwbsp. foliosa (Hest,) Asteraceac {1ay
Maguire var. ineana {Gray) Sult.
T3l Asarum cansdense L. Aristolochiaceas CZ55
P21 Asclapias albicans Wats. Ascleniadacese o4, Cl38
P3Z A, curassawvica L, ” Gl
Bi3 Aster divaricatus L. Asteracesze [0
B3 A, glavcades Dlake " a6
P33 Baccharis sarofhreides Gray " Chd, G299
P36 Baileya multiradista Harv, & Gray ex Torr. " ik, CL7Z, C173
P37 B, pausiradisra Harv. & Grav sx fray " £254
F3B Ealdvina sngustifelia {Pursh) Rabins, - Clak
P34 Begonia ¥ cuberhyhrida Voss cv. "Alba" Zegenlaceas cl06, €137, Clas
P40 berbaris asiatica Rexb, ox DO, Berberidaceae C27, €250
Pil Bargama abyssinica Fresen. Melianthaceas C28, i, C30, o3,

c32, Claé, cisl,
ciss, clag, €19z,
£193, £134, €195,

CaTd
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Table 23. - Index of plants and active agents isolated therefyam (coatinued]

Plant Compound entry no.
entry no. Hare Family {cable 22
G2 Boehmerda cylindrica (L.} Sw. Urticaceas 104
PL5 Brindegea bigelovii {Wats.) Cogn. Cugurbitacege £113, Cllé
p T Brucea antidygenterica J,F Mill. Sdmaroubaceas 36, £37, C38, I:39,

’ €130, €131, c13Z;

201

P43 E. puinesnsiz G,0on " Cig, 37, €36, Ci9,
cl29, £l

BAB Buraeya fagaroides (W.E.X.) @ngl. Lurseraceas 135, T3}, cis?

pa7 3. mizrophylla Gray " C50, C135, C274

Fs2 B. morelensis Ramivez " cl3s

P44 L. schlachtandalii Engl. " cl?

P50 H. simapuba (L.} Sarg. - ca7, (218

P51 Buxus sempepyirens L. Luraceas £izz

Fi3 Casgalpinia gilliesid fiioek.} D.Dietr. Fahacear cas

Bo4 €. gulcherrima (L.} Sw. " fact:]

P55 Callitris ¢olumellaris F,Moell. CupTessaceas 135

F1 Callitris drwpondii (Parl,) F.¥well. Cupressgoceas G264

B57 Calyoogonium squamulosun Cagn. Helastonatareas 2175

F3E Campiochece acuminata Deend, Hyssaceas c42, €196, C219

P54 Cassia pbtusa Clos Fabaceae Ci50

el Catharantbug Laticéus (Boj. ex &4.DC.) Pichgn ApGCynaceas cilE

BE1 . pusillus {Murr.) C.Don " €212, (}3'08

PG2 Verbascun chinense (L.} Santapau Scropinlariacess cal
{telsia coromandeliana Vahl)

PB3 Centanres melicensis L. Asteracesze ci%, C23, CER

TH cepheelis acuminata Kazst. Rublacess cléa

PES cephalotaxws harriagtonia (knight »x Forb.} K.5m. Caphalobaxaceae cl85, 191, c205
war. drupacea (8ieb. & Zucc,) iwddz.

P& C. harringeenia cv. "Festiglata" " 185, €233

Pi7 Cerastium texanum Brite. Caryophyllaceas Cic

P4l tereidiva cicrophyllum {Torr.) Rose & Jta, Fabaceae u7l

Pag Chelidonium mafus L. Papaveraceae £a¥, (99, cieg

BFO Chrysopsis villesa {Pursh) Hutt, ax DC. Asteracese crz
71 Gitrullus ecolacynthiz (L.} échrad. Gururbicaceas g
] Cladenfa leptoclaga dissob. Cladenizceas ciog
B73 Cocculus penduluz (Forst.) Diels Menispermaceae 43
P74 Colghicum specicsum Stev. Liliaceas 4B, Cl33, ¢13s,

C174, £234

P73 Golubrina texensis (Terr. & Sray) Gray Bhamnaceas €50, 051, €223
o Coptis teeca Wall. Renuncylaceas g237
P77 Coeronidla waria L. Fabeceae C158
P78 Cringdendron hoekerianum C.Gay Elasocarpsceast <7

) #75 Crinum macrantheran Engl. Amzryllidaceas (1393, c21y
?Sﬂ' {rossosoes parviflovum Robins, & Farn. {rossosomataceae 473, £laa
el Crotelaria spectabilis Both Fabaceas C235
PE2 Craton macrostschyus Hechst, ex Delile Fuphorblacess 103
PA3 Cryptocarya lasvigata 41. var. bewiei (Hool.) Lauraseas C103
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Table 23. - Ladex of plants aad active agenrs iselated therefysm {conrinved}

Flant Compound satry oo,
ERCYY Na. Hame Family [table 22)
a4 Cryptostegia gravdiflara R.Dr. Asclepiadacear 107, €178, Cl46,
L1685, c2§?
PE5 Cucurbica digitata Cray Cucurbitaceae .'[;}'06
1] Cyclemen persicom Mill. Primulacear o
PGE? {yelea peitata (Lam.} ook, fil. & Thems. venispercacese cll9, £l20, ¢lil,
£202
PR Daphne mezersum L. Thevmelasgeeas £187, Co37
BEY Dstisca glomeyata (Presl) Bafll. Datigscaceae CLké, Cl19, ©1ls,
116, €117, €113,
C11%, {125, ci2é
R0 Dervls trifeliasta Lour. Fabaceas 168
™1 Dichrea febrifuga Lour. sauifragdcens 75
PUl Dipgitalis purpurea L. Secrophutariaceas clal
P45 Diphylleia cymosa Miiehx. Berberidaceas C255, £i5e
Fo4 primps winteri Forsc, & Ferat.fil. Mutersceap 391
var. chilensis (DC.) Sray
P95 Ecballium &lateriur (L.) A.Rich Corcurbitaceae il 24
P#ha Ecititacea argustifolis DC. Astoraceas <238, c259
Poh “lasodendyon wylocarpos (Vent.) O, Celastraceae el
=7 flephancepus elstus Fertol. Asteraceas Clag, Cla7
PG E. s¢abey b. " 0214
Y9 Entada phaseeleides (1.]) Herr. Fabaceae €77
F100 Eriopbyllum Lanacum (Bursh) Forb. Astaraceas Cl35, €158, 159
FLO1 Lupakorium cumelfelium illd. - ci62, c163, Cl6?,
C158
FLOZ L. retundifeliom L. - 0153, C160, clel,
€142, Cl65, Cléd,
clés, cLyo
F103 Blesiieris cocninea {Teysc. § Blonend,) Hoidz, Apacynacesas C1%8, CI3Z, Clé6
iSwcavatia coccinea (Teysm. & &inmend.) ilathgraf
Pl Fagara chalybes (Zxgl.} Engl. Rucaceas K]
PL0O5 F. Leprieurfl {Guillem,. Perr. & A.Eled.) Zngi. - 231, CE43
P106 F. macraphylla {0liv.} fngi, " (231, {243, C251
PLC? Fegara yubresceas {(Flancii.) tnzl, Ruraceas 243
Pi0E F. usambarensis Enpl, " 243
PaO% F. zanthoxyloldes Law. Cl7L, CE35
BilJ sohrosia ambresicldss (Cav.] Paryne Asteraceas £L24
[Franseria amhtosioides Cav,]
Fl11 Gaillardia pulchella Fous. " Cl175, £204
Fllla fed jers salircifolia Schett Rucaceae Gl?‘?
Fllle Guidia Groussiane Moissu, Taymelagaceas G235
Falz G. lamprantha Gilg ” ¢ls1, cl182, clBs
ril3 Gomphacarpus phvsocarTpus E.Heyer Asclepiadacene 312
- Fll4 Goegypive hirsukum L. Haluaceas Cl84
Fl15 Gutierrezia =sarothrae (Pursh) britc. & Rusby AsEaraceas CiTa
PlLG Mayrenous wightiana Sghuy Celastraceae C223, C224, C22%
[Gyunosparia rothiana (Misht & arn.} Laws.] c22t
PL17 Aelenium autumcale L, Astavacese C186
¥113 ¥, wlcrpeephalum Do, " ClBA
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Table 13. — Index of plants and active agents isolared thereirom (contipued)

Fiant Compound entyy na.
anEyy 2o, {ama Family (table 22)
j3ET] ueliecta parvifolia {Gray ex Remsl.) Denth. Ruataccae C271
F120 ileliorropium indicum L. 3oraginaccae clag
Fii] Hernandia ovizera L. mernandiacese clis
PLZE Yiesperaloe parviflora {Toyr.) Coulr. Azavaceas c7&
Pli3 Hplacantha emoryil Gray Simaroubaceas Jouk: o]
F124 dolarrhena antidysenterica (L.) Well, ex A.DC, ADacynaceas £9d
PLES Uydrastis tana_densis L. Ranuncul aceas o7
Pl2& riymenocallfs lacifolia {Mill.) H.J.Roem. Miaryllidacess c219
P127 Iymencclea salscla Tovr. & Gray ex Gray Asteracese clé
¥1238 dyptis emoryi Toxr. Lamtaceas 34, C274
F129 Ipomoea acuminaca {Vahl) Roen. & Schult, Convelwulassas c2n0
[1. learii Paxt.]
130 T, purpurea (L.} Rorh " 274
Piyl Ipomopsis agéragata {Pursh} V.Grant Polemonizceas cTa
i3z Jacaranda caucana Pittier Bignonizceas 207
¥1il Jatropha zessyplifolia L. impherbiacens 209
Fl34 Jatrepha macrorhiza 3enth. Zurhorblzceas CE0, C3l, €20d
P135 Juniperus chingnsis L. Curressacaae 263
Plib J. soummnis L. var, Jepressa Pursh " L£i35
P137 J. virginigna L. " 263
PL3E Wanghis lanifolia {Forskal) R.Ey. Aaclepiadaceae ¢L04, ¢317
P13% Liatris chapmanii Torr. & Gray Asteracsas C213
F14d Calocedrua cecurrens (Terr.) Florin 'Ci.lpressaceae ci3a
[Libocedrus decurrens Torr. ]
Fl141 Linum album iotschy ex Zokss. Liracese €134, CI63, 274
TL4Z Liriodendron tuli?ifera L. vagnoliaceze cl01l, C154, clls,
304
FLad Lonchocarpus wrucy ICIillip & A.C.5m, Fabaceas 268
Plé4 Loghocereus schortil (a'\.gelm.) Britt. & Rose Cactateas 60
Plas Luffa echingta Roxb. Cusurbitaceas [skiel Y
Flig L. prayeclens Roxh. " (W
Fla7 Lunasis amara Blancoe Rucaceae [wed g
Pi4E Lutasia quercifolia {(Warb.) K.Schum, & Lauterb. Rutaceas CI17
PL4Y viachaeyanthera Iinearis Greene Astaracess B2
PLSO idagnelia zrandiflora L. ilagnaliacean 0253
r1Zl M. wizrginiana L. " clat
P152 Mappia foerida ;wsgh:) hiers Iegeinaceas Az, 278
Pis3 Marzh oreganus (Torr. & Gray) T.J.Howsll Cuturbitaceas cll6, Cloe, Ci4Z,
c203
F154 Maykenus buchananii (Loss.) R.Wilczek Celastyaceas czzo, e2zi, c2iZ,
' [23, clz4, 0228,
236, 0227
PE3S M, heterephylla (Eckl. & Zeyh.) il.Rebson " 223, C224, ({225
’ PiSH’ M. tenegalensis (Lam.) Ewell " 8, C143
'PlST-' M. serrata {Hochst. €% A.Rich,) R.Wilceelk " C223, 224, 0225
F158 dertensia franciscgna Beller Loraglnaceas CE4
F158 Wipshills meleiflopa (Terr.} Gray Hwetapinacese 85
PLEQ HMontezums specilosissima Sesse & Moc, Halvaceae £184
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Tshle 2%. = Index of plants and acktive agents isplaced thervefrom

{continued)

Plant Coupourd eatry no.

antry no. Same Famnily {rable 22}

161 Husearl cemosum 2111, tiliareae C56

BlR2 Myrsine africana L. Hyrsinaceas £240

Plé2a Hardestachys jata:i:ansi jr. Valevlanacesge 24l

Fla3 Aerium oleander L. Apocynaceae £8, G247, CXE

PLGL Ficotisna plumbagindfelia Viv, Solanaceak c279, A0, CREL

P165 Vekresia meorei (F.Muell.) F.Muell. Apocynacese Cl4g, riz2

PlES Gengthara caespitosa Nucc. magraceas £l7s

Fl67 (steqneles schwerinae Schnsld. Frsacege ca?

Fl148 Parquating nigrescens (Afzel,) Eullock Asglapiadaceae G123, 299

PLED Barthenocissus imserta {(&.).Fern.} Fritsch Vicazeas CZT4

EBLID Penstemgn deusfus Deuzl. sx Lindl. Scropislaviacess L]

P17l Peptaceras australis (F.luell.) Dpoi,fil ex Seobir. Zutaceas 230, c23e

jhird Fhrormiun tenax Forst. & Forsc.fil Agavarsas £111

Pl7ia Phllanthus brasilfensis (dubl.} Folr. Cuphorbiaceas c210

P173 Physalls virginiana Mill. wvaz, sanorae (Forr.) Splanaceas 3zl

Watarfall [P. ‘.angifalia Tutt. i

P74 Picrasma excelsa (8w.} Planen, SimaTduractas 3, CL7%

P1373 Pilaprrecdendron herstingif (Emcl.) Little " C3, C:Le, cl2a,
CL7F, Cl3d

P176 Pezeidla ervtihrira (L.) 3arz. Fabaczas 268

?LIT Plepcarphus tevelutus I.Dob Asterackse CiZ}

Pl7E Blumeris acutifolia Pair. Apacynaceae s Y

Fl79 Podanthus ovatifplius Lag, Asteracese Ci56, CL57, C249

PLEG Pedosatpus gracilier Pilg. Padocaroaceas G262

P18L Podophyllum aleigntaym Hence Lerberidaceas (135, {263

Pif2 Putterlickia syracantha (L.} Endi. Lfalastraceze c224, C225

F183 P, werracosa (E.Meyer ex Sonder] Sgzysezy. " €313, Ci23, Cii4,
cils

PLBAL Pyrus nashia Zuch,.-Hap. =x D.Don Rogaceas C:7, CiT4

PLES Ehamnus Erangula L. Rharmaceas cl3d

Fi&h i%hus crilobata hubt. Anacardiaceas C1%h

P187 Bubia tenuifelia Urv. Fusiaceas o)

#1638 Saponaria cfficinelis L. Caryophvllaceas [}

F1E59 Sarvacenis flava L. Sarracenisceas b

PLOD Senecin tripngularis took. Astaraceae ci72, ciIi

P100a Sererarpus zpacardium L. FRI. Anacardiaceas £33

P51 $iparonba glasca IC. Simarpubaceae €173, Cl6Q

P12 Solanur dulcamara L. Solanactas cil6

P13 %, marginatum L.F1E. " cop

P194 §. tripartitum Dun, “ C277, 278

P1%5 Sreganotasnia aralizcea Hochat, slacsae 283, CB4, 285,
256

Pl3e . Stephania abyssinice (Dillon & A.Rieh.) Walp. Henisparmacese C289

F197 5, japotica (Thunb. ex Hurr.) Hievs var. discolar " c288

(Blume} Ferman [5. hewnand:ifelia (Willd.) Walg.]
7193 Sceyepapermun svaveplens (Roxi.} DC. Eignoniaceas cill
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Table 23. - indew cof plants and sctive agents isolated therafrer {coatipued)

Plant Compound enEey to.
entry no. Hama Family {cybie 120
P19 Tabeyngemoncana joonscenif (Srapf) Pichon ADgcyracess ©3ls
haiali] T. wentricosa Lechet. ex A DC, " cilg
{T. uwsapberensis X.Schum ex Zngl.)
F201 Talauma ovata 5C.-iiil. tagnoliaceac Cigl
P02 Tawodivm disrichom (L.} M. Rich, Taxodiaceas TiR2, Li93
P03 Tacus baccata L. cv. "Fastiglata” Taxaceas C2%4
P04 T. brevifolia Lute. " C2%4, 295
F205 T. tanadensis Marsh. " £294
F205 T. cuspidata 5ieb. & Zuec. " wid:1Y
BEOT T, X media Rehd. " C294
pdir] Tezlea werdoorniana Zxell & Mendonca Rutaceae cl18, C2t4
[T. grandifclia 2ngl.]
P2L% Thalictyum dasyearpun Fisch., Mey. & Awe=Lall. Ranuncul aceas C2%6, (2§87
BI1G T. flavua L. subsp, glaucun (Desf.) 3act. " cit
{T. rugesum Air.]
F211 Taevetia anouai (L.} A.0C. Appcynaceae C24%
Fliz T. ovata [Cav.) A.DC, " 24z
] T, peruviana (Peys.) Z.Schuo, " JAG, w2142, C308
P2Lé Thauta peeidencalis Lo fupressacene CLaS
¥215 Toddalia asiacica (L.} lom Rtacene C243
=114 Trilliue ergecum L. Liliacesc ol
F217 Tripterygium wilfordii Hook . fil, Calastraceae C300, €301, 0302
P12 Tylephora eresrifiora 5.T.5lske Asclepladaceas co2, C%3, cO4,
055, (252, C305,
C308, C307
raiy T. dalzellii Heok.fil. " Cl3%
PIH) T. Lhirsuta {Wall.} Wight " £%2, <93, 94,
. 252, £3ns, cde
F2z21 T. indica (Bupm.fil.) Hayy, - G396, 97, €139,
C308, (207
paaz Trgiara altissiza (L,fil.) Zaker Liliaceae cz?o
P23 Trvaria acuminata Oliy, ATAONACE e cill
F1Z4 Vaugualinia ¢orymhosa Lorrea ex unb. & Sanpl. LLELEREETY G34, CIGE, 310
P2Z3 Vernanie amygdaline Delile Azteraceze C313, cils, £317
226 V. hysenolepis &.Rizh. " C31l4, @318
227 Voacanga africana Scapf ex G.C11. Apocynaceae {318, 319
P213 Wallenia yunouensis {Urban} Hes Myrainaceas cZan
TiZE ¥aorharrhiza simplieissize ilarsh. Ranunenlaceas 0245, [250
T30 Zzluzanla parcherieides (DC.) Rzed. Asterscaae L2374, (322
[Z. robissonii Sharp]
F231 Zanchoxyluo mobopliyllum {Lac.) P.lils. Bubacese Li7, C243
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Table 24. = Plant families and genzrs “rom Table 23

ACERMACEAE
Acer
AGAVACE AL
M?_\.’E
nesperalos
Phoorndum
ALSNCIACIAR
Alangium
SOARYLL IDACTAE
Crinun
Sraenccallis
ASACARTTATEAT
Anarardicm
Br:us
Semecarous
ATHON ACTAD
ATTona
Uvaria
APTACCAE
STopanobasnis
APOCTYACTAS

hepKanthara

senium

Al amanda

APOCYIIACEATD
ABQCY T
TGlaelsria
Cacharasthus
ilelarrhens
Yaviem
Dehrosia
PluneTia
Tgbeynazrnantzna
Thevetiz
Voacanna

ARISTOLGCHIACTAT
Ariziolocliia
Azarus

ASCLIPIADACIAL

apiag
Cryptastapia
Gorghocargas
Lananis

Pargueiing

ASTZPACLAL
LoanChaFpammums

Jgrbrpsia

1066

Arnica
ASteT
Eaccliaris
faileya
daldulna
Ceataursz
Chrysopsis
EZchinacea
Zlemlat topus
Ericaiiyliuo
Zuparerium
Gaillardia
Gutitrrezia
telenice
Iymeneclaa
Tizbris
Maghaevanthara
L20carpiLe
Pedentius
Se=necis
Verignia

Zaluzania

BEGONTACEAL

ceranla
AEREERILACEAE
Zerberis
Diphylieln
Fodophyilue
BETULACT A=
Ainus
SIEONIACT AR
Jacavanda
Stereqspermun
LORACIIACESE
Ammedig
sivlietzapdan
Mapienziz
SURSCRACY AT
Bursera
SUFACIAR
Loaus

TACTACCAR

Lophocezeus

Cerascium

Sapanaris

CEL. SALT
Zlarodendron
layteaus

Putterliciia
Tripzerrgiam

CEFilALOT AXACE AL

Cepnzloczxus

LA TALE

Cladonia
COMPOZTTAE
See iztcracear
CHEVGLVULACRAY
Lramosa
CROSEOEOMATACEAL

LresEosoma

Srandesen

Citrullus
fucurbita
Zeballiom
tmffa
Harai

LIRSS ACEAS

Calileris

Calocsdrus
Juniperus
Thujs
1ATISCACEAE
Datisca
ELATACARTACTAE
Crinodendron
ZUENQRRTACTAT
lraton
Jakreosoa
Puyllanchus
FARACTAT
Caesalainia
Cassia
Careidian

Coronilla

Crocalard
Derris
ntada
Lanchacarous
Piscidis
wERNATDIACIAT

tapnandia

Table 24,

- Plopt fanilies apd geneca

from Tzkle 23 (continced}

TCAGTHNAUEAS
appla
LALTATAY

See Lamizcege

LAYLACZAL

Cryniocarya
LEGUMIAGSAZ

fze Fabecege
LILTACZAE

Atlium

Co.

nican

Lussari
Trilliuc
Urgines
_THACTAE
Liruny
MAGHOLTACERS
Liriodendean
Magnalia
Talaura
HALVACZAL
Gossyplan
YonRaguma
SELASTOMAT ACEAL
Calyaggonium
MELIANTHACEAE
Eersama
PN TSP ZRACTAR
Toegules
Crleces
Stepbania

(YREZHACEAE

ACIHACTAE

Mipabilis

STSSACEAS
Canptocheca

THAGRACEAL
(enothera

PAPAVZRACCAL
Arpenone

Cihelidanium

ACEAD
Ahien

FODOCARD 0245

Podocazpus
POLENONTACE AL
S0Copsis
FRIMULACHAT
Cyolacen
BANTCT L ACTAE
Coptis
Urdsastis
Pulsatille
“halictruim

fdantheorrhiza

FEA ZAD
Calubzina
Erameus

HISACTAT
Ogrepmalas

Pyrus

Vapqualinia

RUZLACEAR

Preataceras
Teclez
Teddaiia

Fanchoxrlam

SARFATENTACEAE

Sarracenis
SANTFRAGACEAT

Mapterus
Tichzoa
SCROPEULARIACFAL
Dizitaiis
Pensremon
Verbazoun
SIMARIUEACLAT
Trusea
talaczncha
Pitrasca

Picrreodeadron

Tawba
SOLANACTAY
Mnaila
sicetizea
Fhysalis
Solanum
TAXATEAT
Tazeus
TANODIAIIAR
Taeedium
THEACZAR
Adinanera
TOYMELAZ ACZAFE
apine
inidia

UMEELLIFLRAT

UATTCACEAS
Zochoerie

VALERIANACS AT
vardostzenys

VITALZ AT
Partheanelssug

CINYTRACLAE
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