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ABSTRACT
The antimitotic activities of scveral synthetic derivatives of podophyllotoxin have been
determined by onion-root tip method. The probable modes of biological action of these antimitotic

agents have been discussed.

INTRODUCTION

ODOPHYLLOTOXIN (1) and several of its analogues
P and derivatives are cytotoxic spindle poisons!, and
have received considerable attention as antitumor
agents, some at clinical level?. Most of these com-
pounds contain a transfused highly strained y-lactone
system?, a feature that correlates with the smooth
1Isomerization of (1) to its thermodynamically stable
cis epimer. picropodophyllin® (2). The biological ac-
tivity of (2) as well as of other c¢is analogues 1s very
much lower than that of the trans-isomer®. B-
Apopicropodophyllin (3), a dehydration product® of
(1), contains a cis-fused lactone system and acts as a
much stronger antimitotic agent®. The positive anti-
mitotic activities of delactonized products from (1)
indicate that lactone ring is not needed for antimitotic
activity in this class of compounds’.

Surveying the literature on the structure-activity
relationship among the podophyllotoxin derivatives
has revealed that no effort has been directed towards
the study of the effect of increasing the size of the five-
membered lactone ring in {1) on the antimitotic activity
of (1). Also, no work on the effect of increasing the ring
size of hydroaromatic ring B to the seven-membered
ring has been observed. With this in view, we have
synthesized® some derivatives of both (1) and (3) and
studied their antimutotic activity by onion root tip
method”.

MATERIALS AND METHODS

Sample solution was prepared by dissolving known
weight of synthetic derivative in 3 ml of absolute
ethanol and diluted with distilled water to 250 ml in a
standard flask.

After removal of the old roots, onion base was
immersed to an extent of about 0.5 cm in a sample¢ tube
(ca 7 x 3 cm) containing the sample solution and the
immersion continued for two days for germination.

_After two days, the germinated root tips were removed

and placed in the sample tube containing the fixing
solvent (ethanol-acetic acid: 3:1 v/v). After 24 hr, the
fixing solvent was decanted and the root tips were
washed with the preservating solvent (707, alcohol)
and kept immersed in the same. An onion was also
allowed to germinate in a control solution of absolute
ethanol (3 ml) diluted with distilled water (250 ml).
Root tips were placed on a clean watch glass containing
staintng solution (Orcein in acetic actd- 0.2 N HClL: 7:1
v/v) and heated on the flame until fumes came out. It
was then cooled to room temperature. Root tips were
placed on the microslide, a drop of stain solution was
added and the root tips were squashed by a blade. The
slide was next mounted for observation under a
microscope. The total number of cells, and the number
of dividing cells were counted. The per cent of the
number of dividing cells compared to the control and
the per cent inhibition of mitosis by the sample at a
given concentration against a control were calculated.
A graph of concentration versus per cent inhibition for
each test compound was drawn. The concentration
needed for 509, inhibition (ID,,) was extrapolated
from the graph according to the method of Hakala et
al’®. 1D, values for the synthetic derivatives for
antimitotic activity are tabulated in table 1.

MODES OF BIOLOGICAL ACTION

One of the possible modes of action could be that
the stratned lactone system of podophyllotoxin (1) or
B-apopicropodophyllin (3) aci to acylate a critical cell
constituent on an N-H, SH or OH function thereby
blocking the tunction of such a cell constituent.
Chemically, the acylation process would be favoured
by the removal of the lactone strain. Biochemically the
acylation could destroy the activity of an essential cell
constituent!!- '2. Another possibility is that the syn-
thetic product (1) or (3) may act on a cell constituent
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dibromide

Table 1
Compound Conc (X v.Dividing  %Dividing Cell  “/% Inhibition IDSO(
lo_ﬁmoles) Cells compared to compared to moles/ | )
Control Control
Control — 778 - 100 0 B
‘\ w—
. - 45 0
PodOprf\;l-lotoxinu y 435 350 5 550
¢ 3-86 392 762 23-8 "
g :, & 35 590 760 24 0 16-:0X10 M
Picropodophyliin(2 ) 676 >56 715 285
{ I 2-53 391 50-3 497 = 6
: ; g (3) | -
Ar | 3-54 327 420 £8-0 2-6X10 M
ﬁ" Apopicropodophyllin
(0 4L 85 1-07 138 86.2 .
1.0X10 M
874 0-58 74 92- 6
i Epaxade (4 )
“' 405 273 350 650 LN
cyclic mide(5) 203 310 400 600
*Nﬁz) 341 ; ) -
| 78 357 643 _
< 0‘ b7 X110 6M
681 0-70 90 51-0
Allyhc Gm!ne(ﬁ} B
235 L 43 56 -9 431 6
é 339X10 M
4-70 3.61 464 53-6
Ar O
_____Onirane [7) s -
‘@‘ 6-0 448 57-6 42+ 4 »
OH (8) 8.2X10
90 3-67 473 527
p- Apop!cropodophyuoi
¢
6 _
Ar ‘ N
P- Apopicropodop hyl 418 V94 24L-8 752
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C U i . .
- 00‘. 1.57 4 91 632 36-8 : -9)(10'6M
A 209 4 60 59.2 40 8

,
Cychc ether{10)

é’ 3-83 3494 507 493 LY
Ar 593

5-63 317 407

Cyclic ketone{11)

o — _ _ _
m 42 413 535 46'5

-6

Aré 6:07 312 LO-2 59.8 46X10 M

Picropodophyliin
homolactone (12 )

Y '
m 5.22 419 53.9 61 iy
94XI0 M
ArO (13 423 423 5 b 56

Fo dophyllohometaxone

0 i
3-90 521 67 0 330
“ 000
0 - 6
Ar 6-83 452 58 41-9 10X:0 M
- Apoplcropodo-
phyllone (15)

0
<: ” ) 976 2-62 33-7 66-3 i
¢ go ' U 6.5)(]0 6M
Ar © 49O 51-0

p -Apopicrepodophyllin 6.83 3-82
homolactone( 15 )

H 16.28 1-69 217 783 L*75X‘0-6M

yclic

253 5 57 7)-6 284 i
41-0X10 M
Ar
P - Apopicropodophyllyl 8-08 542 63 7 303
dialdehyde(16 )
OCH;
AT = Qo(}qa

CH,

not by covalent bond formation but by 2 non-covalent There has been growing evidence for the speculation

combination. Many examples of neutral compounds that spindle poisons such as colchicine, vinblastine and

such as steroids binding to proteins by hydrophobic podophyllotoxin which are potent antimitotic agents
forces are known'?. act by destroying the function of microtubules which
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constitute the spindle in the cell'. It has been de-
monstrated that these spindle poisons bind non-
covalently to the tubulin, the protein building block of
microtubules, and that this binding inhibits mitosis in
the cell. Whatever the mechanism, if non-covalent
binding process occurs, a working hypothesis may be
taken to be that the general overall shape of (1)
derivatives 1s important. Should the non-lactone de-
rivatives synthesized in the present work be anti-
mitotic, the acylation mechanism would no longer be
tenable. Another possibility that cannot be ruled out 1s
that covalent bonding does occur, but it does so
through a mechanism that is not apparent, particularly
in non-lactonic derivatives derived from compound
(3), whereas those derivatives with substituents such as
nucleophilic amino group or an electrophilic epoxide
ring might act through covalent bonding with some
critical cell constituent.

RESULTS AND DISCUSSION

The antimitotic activity data now determined by
using the onion-root tip method puts compounds (3),
(1) and (2) in the same relative order of activities and
the fact that (3) being the most active and (2) being the
least active is consistent with the previously found
relative order of activities for these three compounds
by using P-815 mastocytoma cell cultured test>. Hence
the onion-root tip method of finding the antimitotic
activity should be quite valid and reliable for the
determination of the antimitotic activities of the
synthesized derivatives.

It is interesting and significant to note from the data
in table ! that some of the synthetic products have
increased antimitotic activity, notably the epoxide (4),
cyclic amide (5), allylic amine (6) with ID4, of 1.0
x 107 M, 1.4 x 107°M and 1.7 x 10~° M, respect-
ively, compared to the parent compound (3} with a
ID., 0f 2.5 x 107° M. The present observation that (4)
is about two and a half times more active than the
parent (3) is well supported by the earlier observa-
tion!* that certain naturally occurring epoxides are
strongly antitumor. It is believed that these epoxide
centres are highly susceptible centres attacked by
nucleophilic thiol groups in cefl constituents'?.
Further, the oxirane (7) [ID, = 3.9 x 107° M] is as
strongly active as (1) [ID4, = 3.7 x 107° M), while the
parent compound podophyllotoxone the precursor for
the (7) is an inactive compound. Incorporation of
aminogroup in the derivative such as (5) and (6} has
increased the biological activity of the parent com-

pound (3).

The B-apopicropodophyllol (8) though has very
much decreased activity (ID;, = 8 x 107° M), the
dibromide (9) is almost as active as the parent lactone
(3), though the dibromide is devoid of any lactone
function in 1t. This corroborates well with the earher
observation’ that lactone ring system in (1) is not
needed for biological activity. This is further evidenced
from the observation that cyclic ether (10) [ 1D, = 2.9
x 107¢ M1 is as active as the lactone (3) and the cyclic
ketone (11) is also quite active, though with reduced
activity (ID,, = 4.0 x 107° M).

It is very interesting to note that the picropodophyl-
lin homolactone (12) 1s a much stronger antimitotic
(ID;, =46x107°M) than (2) (IDs, =16
x 10~ ¢ M). Possibly the increase of D ring size of (2)
forces the pendent ring C to assume a more axial
conformation that is needed for the antimitotic activity
of the dernivative. This is supported by the earlier
observation that (2) exists in two conformations, one
resembling that of (1) which is believed to be biologi-
cally active and another conformation different from
that of (1) which is believed to be inactive. On the other
hand, increase of the hydroaromatic ring B size as in
the podophyllohomotoxone (13) causes decrease in the
antimitotic activity by nearly 3 folds, possibly the
higher flexibility of the seven-membered ring B causes
the change in conformation of the pendent ring C from
axial to quasiaxial thereby decreasing the activity of the
seven membered ketone (13). Oxygenation of the ring
B as in B-apopicropodophyllone (14) decreases the
activity by nearly 3 folds. This is consistent with the
earlier observation that podophyllotoxone (relative
activity 0.2) has drastically reduced activity compared
to the deoxypodophyllotoxin (relative activity 100).

CONCLUSIONS

Our work on synthetic derivatives has shown that
some have greater activity compared to the parent
compounds, and some have lesser activity. The fact
that many have retained their activity despite the
absence of lactone ring is not compatible with the
hypothesis that biological activity involves acylation.
Now it is again established that the lactone ring 15 not
needed for the antimitotic activity in (3). Therefore this
observation supports the carlier view that lactone ring
in (1) is not essential for biological activity’. Tt is
further shown that functionalization ot the hydro-
aromatic ring B of (3) with groups such as primary
amino group or an epoxide ring (flanking the ring B
and the lactone ring), enhances the antimitotic activity
of the parent compound (3).
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ANNOUNCEMENT

NATIONAL SYMPOSIUM ON CONSERVATION AND USE OF PRIMATES IN MEDICAL
RESEARCH

A National Symposium on Conservation and Use
of Primates in Biomedical Research will be held at the
Department of Zoology, University of Rajasthan,
Jaipur during December 19-20, 1986.

The program will include invited lectures as well as

sessions of free communications and poster
presentations.
Scientists interested in participating mn the

Symposium are requested to contact the Organizing
Secrctary, Dr. N. K. Lohiya.




