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SUMMARY : The effects of eleven quassinoids on Rous sarcoma virus
induced cell transformation and on growth of normal cells were
examined. At concentrations of 0.15-1 ug/ml they inhibited foci
formation (76-39 %) without toxic effects on normal cells. The
most active compounds also affected virus production by transfor-
med cells. In intact normal and transformed cells, protein and DNA
synthesis was equally affected after 3 hours of exposure to quassi-
noids of both cell types. RNA synthesis was not inhibited. This
study has shown that the structural requirement of a C-15 ester in
the quassinoids for antileukemic activity in vitro and in vivo is
not essential for their antitransforming activity.

INTRODUCTION

Several quassinoids (1), the bitter principles of the plant
family Simaroubaceae, have shown significant antineoplastic acti-
vity in vivo against the P-388 murine lymphocytic leukemia (PS)
and potent inhibitory activity in vitro against cells derived from
human carcinoma of the nasopharynx (KB) (2-4) and against cells
derived from the PS leukemia (4). One of the bruceolide 1 (5) ester
quassinoids, bruceantin 2 (3) has recently been placed on clinical
trial by the US National Cancer Institute. Studies (6) of the
structure/activity relationships for several quassinoids have es-
tablished some of the structural requirements for optimal antineo-
plastic activity, particularly in the P-388 mouse leukemia, viz. :
i) ester groups at C-15 and/or C-6 ; ii) a ring A oxygenated
functionality as in the glaucarubolone 6 (1) or bruceolide 1 (5)
esters ; iii) an epoxymethano bridge between C-8 and C-11 or bet-
ween C-8 and C-13 ; and iv) the presence of a free hydroxyl group
in ring A and at C-12.

Liao et al. (7) using HelLa cells, have shown that the antitu-
mor activity of the bruceolide 1 esters at the molecular level is

due to the irreversible inhibition of protein synthesis,
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Qur own interest in the study of cell transformation induced
by oncogenic viruses and our search for molecules having specific
effects on biosynthesis of macromolecules has led us to examine
the behaviour of several quassinoids (together with a triterpene
epoxide) on the transformation of chick embryo fibroblasts (CEF)

by Rous Sarcoma virus (RSV).

MATERIALS AND METHODS

Secondary cultures of CEF were prepared and cultivated as des-
cribed previously in Eagle's MEM with 5 % calf serum and antibio-
tics (8). The action of the inhibitors on focus formation was
tested as described earlier (8). The virus used was a clonal iso-
late (SR4) of Schmidt-Ruppin strain RSV, type D. Quassinoids were
dissolved in dimethylsulfoxide (DMSO), diluted in the medium and
sterilized by filtration. When added to the cultures the solutions
of the inhibitors contained less than 0.01 % DMSO. The incorpora-
tion of radioactive precursors into proteins and nucleic acids
following different exposure times of normal or transformed cells
to quassinoids was followed by a standard procedure (9). The fol-
lowing labelled materials supplied by the Commissariat & l'Energie
Atomique, Saclay, France, were used : L-leucine [3H] 40 Ci/mM,
lO uCi/mi/dish, thymidine [3H] 40 Ci/mM, 2 uCi/md/dish, uridine
[3H] 55 Ci/mM, 4 uCi/2mk/dish.

RESULTS AND DISCUSSION
We have examined the fobllowing guassinoids : bruceine A, 3 (5)

bruceine B 4 (5), chaparrinone 5 (1), glaucarukolone 6 (1), glau-
carubinone 7 (1), castelanone 8 (10), soularubincne 9 (11), sima-
likalactone D 10 (1), isobruceine A 11 (12), soulameanone 12 (13)
and simarolide 13 (14,15). All, except lglhave the same degree of
oxidation in ring A. Bruceine A and B have a diosphenol group whi-
le the others have an unsaturated o« ketol group. An epoxymethane
bridge is located between C-8 and C-11 in 5-9, and between C-8 and
C-13 in 3, 4, 10 and 1l1. Soulameanone lacks the epoxymethane bridge.
Chaparrinone 5 is devoid of an ester side chain at C-15, whereas
glaucarubolone 6 and soulameanone 12 have a hydroxy group at this

position. Simarolide 13 is an acetyl derivative of a C quassinoid

and has like soulameanone 12 a methyl group at C-8. Weziave also
studied the triterpene epoxide 14 (16} which has been synthesized
from oxc—-3-tirucalla-7,24-diene (17), the supposed biogenetic pre-
cursor of the quassinoids.

As ghown in Table I, all the gquassinoids tested, except soula-
meanone and simarolide, inhibited RSV induced transformation -of
CEF in a concentration range of 0.1-0.5 ug/ml. Castelanone was
samewhat less active (I50 = 0.78 pg/ml). The triterpene 9 had no

significant effect up to 5 ug/ml. Maximal inhibition of foci for-
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Fig. 1 : Effect of quassinoids on growth of normal CEF. 3 x 105
cells were seeded in plates of 35 mm in triplicate in Eagle's MEM.
One day later, before addition of the inhibitors, indicated by the
arrowdy cells were counted in a haematimeter. On the third day cells
were counted again and the inhibitors were removed by medium rene-
wal, indicated by the arrow?. In order to check the reversibility
of growth arrest, cells were counted two days later and their num-
ber compared with control cultures, treated identically with inhi-
bitor free media. Cells were incubated at 37°C. The mean values of
three counts are given.

® Control, © chapparrinone 0.5 yg/ml (1.3 M),4& glaucarubinone 0.25
ug/ml (0.5 M), A isobruceine A 0.3 ug/ml (0.6 uM).

mation by active quassinoids ranged between 76 and 99 %. Thus, it
seems that the presence of the epoxymethane bridge is required for
the anti-transforming activity. Whether the bridge is between C-8
and C-11 or between C-8 and C-13 seems to be of little importance.
The presence of an ester side chain is not indispensable for the
inhibitory activity, since chaparrinone 5 and glaucarukolone 6 are
active.

The effects of the most active compounds glaucarubinone 7 and
isobruceine A 11, at concentration of 0.5 p!M on virus production
by transformed cells were studied. After 24 hours of contact the
former inhibited the virus production by 40-50 % and the latter by
70 %.

The growth curves (Fig. 1) show that the concentrations neces-
sary to inhibit cell transformation do not provoke irreversible

growth arrest of normal celils.
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Liao et al. reported (7) that the antitumor activity of brucean-
tin 2 and derivatives is due to the inhibition of protein synthesis.
The ester side chain at C-15 is thought to be important for the
transport of the drug into intact cells and the partial unsatura-
tion in ring A for the inhibition of protein synthesis. We have
measured the effect of several structurally different quassinoids
on the incorporation of radioactive leucine, thymidine and uridine
into CEF. None of the compounds tested interfered significantly
with uridine incorporation and with the transport of the labelled
precursors into the cells (Results not shown). The effect on protein

and on DNA synthesis are given in Table IIa,b and the following

cbservations can be made :

1) Except for soulameanone 12 and simarolide 13, the quassinoids
tested strongly inhibited protein synthesis (70-98 % inhibition
after 24 hours of presence in the cell culture). Thus it seems that
the partial unsaturation in ring A (as in 12) is not the only

structural requirement for protein biosynthesis inhibition.

2) Those quassinoids which inhibited protein synthesis inhibi-
ted also DNA synthesis to about the same extent.

3) Surprisingly both simarolide and soulameanone which have
no effect on transformation and only a slight effect on protein
synthesis, quite strongly inhibited the incorporation of thymidine,
simarolide being particularly effective.

The reversibility of the inhibition of protein and DNA synthe-
sis by compounds 5, 6, 7, 11 and 12 is shown in Table III. The
inhibition of protein synthesis by chaparrinone 5, glaucarukolone
6 and by soulameanone was reversible upon medium renewal after 1
hour. The effect on DNA synthesis by these substances was also en-
tirely but more slowly reversible. The effects of glaucarubinone
7 and of isobruceine A 11 on both DNA and protein synthesis were

irreversible after 5 hours under the same conditions.

The rate of inhibition of protein and DNA synthesis by these
two quassinoids was also studied and the results are given in Fig.
2. As can be seen, 0.3 ug/ml isobruceine A 11 inhibits more stron-
gly and more rapidly protein synthesis than DNA synthesis. The
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Fig. 2 : Rate of inhibition of leucine () and thymidine (B) incorporation
into CEF in the presence of 0.3 ug/ml of isobruceine A and 0.25 ug/ml
of glaucarubinone.

Secondary CEF were plated at 5 x 105 cells/plate of 35 mm. Culture
medium was removed and radiocactive precursors were added in new
medium with isobruceine A (o~0), with glaucarubinone ®@=—@® or
without the quassinocids (e-e). At different times, labelling me-
dium was disca@rded and radiocactivity measured in TCA precipitable
material.

inhibition by glaucarubinone 7 is much slower and much weaker than
the inhibition by isobruceine A, and the two biosynthesis are inhi-
bited to about the same extent after 20 minutes of contact with
the cells. However there are no differences between the effects of
the two compounds on protein and DNA synthesis after an exposure
time of 5 hours (Table III). Finally we studied the effect on leu-
cine and thymidine incorporation by the two compcounds at various
concentrations. The 150 of glaucarubinone was 0.04 ug/ml for pro-
tein biosynthesis and 0.05 ug/ml for DNA biosynthesis. The Iy of
isobruceine A 11 was 0.005 ug/ml for both. Thus compound 11 is

the most potent inhibitor of cell transformation and of DNA and
protein synthesis among the quassinoids tested.

In conclusion, in this model the triterpene epoxide 14 has
neither a significant effect on cell transformation nor on the
synthesis of macromolecules. At concentrations which inhibit cell
transformation, quassinoids inhibit protein and DNA synthesis. In
contrast to the results of Liao et al. (7) with bruceantin analo-

gues in Hel.a cells, our results indicate that the absence of the
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side chain at C-15 does not interfere with the inhibitory effect
in whole cells-Furthemmore partial unsaturation in ring A is not
the sole requirement to inhibit protein synthesis.

Quassinoids may prove to be a new class of potential antiviral
compounds due to their inhibitory effect on infected cells at low
concentration. However, the direct relationship between antitrans-
forming activity and inhibition of protein and DNA synthesis has
not yet been established. The site of action at the molecular le-
vel of these substances is currently under investigation in our

laboratory.
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