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Three Alkaloids as Selective Destroyers of Cancer Cells in Mice

Synergy with Classic Anticancer Drugs

M. Beljanski, M.S. Beljanski

Laboratoire de Pharmacodynamie, Faculté des Sciences Pharmaceutiques, Chatenay-Malabry, France
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Abstract. Alstonine, serpentine and sempervirine, when used at appropriate concentrations cure a relatively
important proportion of BALB/C mice inoculated with transplantable YC8 lymphoma ascites cells, as well as
Swiss mice bearing Ehrlich ascites carcinoma cells. The development of some solid tumors was only partially
prevented. Howcever, when one alkaloid was administered in association with either 5-FU, daunorubicin,
1-(2-chloroethyl) nitrosourea (CCNU) or cyclophospahmide (CP) to mice bearing cither ascites carcinoma cells
or solid tumors, a high rate of cure was obtained without toxicity. The role of the three alkaloids in the curing

of mice and prevention of carcinogenests is discussed.

Introduction

The ultimate aim of cancer chemotherapy should
be the use of compounds which selectively destroy in
vitro and in vivo the proliferative capacity of cancer
cells without noticeably aflecting the multiplication
and survival of normal cells. This is an urgent task
because the undesirable side effects of practically all
anticancer drugs at present used in cancer chemo-
therapy are their tissue toxicity and the particularly
severe damage they inflict on hematopoietic cells. The
mutagenic and/or carcinogenic potential of these
drugs observed in eukaryotic cells and animals [1-0],
in the Salmonella/microsome test |7], in the Oncotest
(8, 9], and in the Salmonella-Oncotest [10] point clear-
ly to the necd for a new generation of anticancer drugs
possessing selective properties to the highest possible
degree. As recently suggested, the "destabilized” (re-
laxed) physicochemical structure of mammalian and
plant cancer DNASs offers a great possibility for dis-
covering new anticancer drugs. Using the Oncotcst [8,
9], we selected substances, including some particular
alkaloids with the capacity to distinguish betwcen
cancer and normal DNAs. These alkaloids bind to the
initiation sites of destabilized cancer DNAs. prevent

them from being replicated into a new DNA and also
protect them from any further increasc of destabiliza-
tion due to carcinogens, classic anticancer drugs or
steroid hormones [8, 9. 11]. Since they appear not to
recognize stabilized DNA, i.c. normal cell DNA, they
are expected not to exhibit toxicily on normal cells,
hematopoietic cells in particular, at doses necessary o
destroy cancer cells.

In this paper we report that alkaloids alstonine,
serpentine and semperviring, cach when used either
alone or in association with some classic anticancer
drugs, successfully curc mice bearing transplantable
carcinoma cells.

Materials and Methods

Mice

We used 6- to 8-week old mice (BALB/C. Swiss. DBA/2). purch-
ased from IFFA Credo. L'Arbresle. France. Maintained under
constant temperature (21 + 0.3 C) with humidity. the mice were fed
with common mouse food and had tap water ad libitum.

Transplunted Cell Lines

Transplanted YC8 lymphoma cells, Ehrlich ascites carcinoma
and L1210 cells were maintained in the ascitic form by a 10-day
passage ol counted tumor cells into the appropriate strain of origin.
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Drugs

Alstonine and serpentine were isolated and purified in our lab-
oratory by a procedure described elsewhere [12]. Sempervirine was
purchased from Roth-Sochiel Co, Lauterbourg, France. Dauno-
rubicin. Rhone-Poulene, Paris, France. 5-FU, Roche Co.. Basle,
Switzerland: 1-(2-chloroethyl-Dnitrosourea (CCNU), Laboratoires
R. Bellon, Paris, France. Solution of drugs: alkaloids were dissolved
in a small volume ol 96 alcohol and dituted with Tris bufler 0.01
M. pH was ajusted to 7.5. The solution (5 mg/ml) was filtered on
Millipore under sterile conditions.

Anticancer Effect of Alkaloids

Cancer cells inhibiting action of alstonine, scrpentine and sem-
pervirine, each administered alonc or in combination with either
5-FU, CCNU or daunorubicin, was tested on mice bearing lym-
phoma YC8 cells (BALB/C mice inoculated i.p. with 5-10°~1.10*
cellsfmouse), Ehrlich ascites carcinoma cells (Swiss mice inoculated
i.p. with 10* cells) and L 1210 leukemia cells (DBA2 mice injected
i.p. with 10*-103 cells). In cach experiment (see tables) 20 untreated
mice served as control. A group of 20 mice was used for treatment
with each alkaloid and for combination with one of the classical
anticancer drugs lested here. Drugs were administered in-
traperitoneally 24-48 h after inoculation of cancer cells, twice/day
for 8 consecutive days. When two drugs were applied the classic onc
was administered just before the alkaloid. Survival time ol mice was
recorded daily. Mice were weighed every 2nd day for 26 consecutive
days. Only those mice which did not develop tumors and survived
in excellent condition for 70 days after the death of untreated mice
were considered as cured. DBA2 mice bearing L1210 leukemic cells
were treated with each of the three alkaloids, using different con-
centrations ranging from 0.2mgx2 to | mgx2. No success was
obtained.

The anticancer citect of alstonine administered either alone or
in combination with cyclophosphamidc (CP) was also tested on
Swiss mice bearing solid Ehrlich carcinoma cells. To obtain solid
tumors 10%-2.10° Ehrlich carcinoma cells were injected sub-
cutaneously to thigh of mouse (40 mice). 10 mice were not treated
(control) while the treatment of others started when tumors became
apparent. Drugs were administered in the region ol tumor cell
inoculation. 10 mice were treated with alstonine (0.4 mg x 2/day)
for 10 consecutive days, 10 mice with CP (0.25 mg x 2/day) und 10
mice with CP (0.25 mg x 2/day) plus alstonine (0.2 mg x 2/day). In
this later case CP was injected just before alstonine. On the 26th day
after cancer cell inoculation, mice were sacrificed. Tumors were
cxcised and weighed. Average weight was determined using the
Student's t test (p <0.01). In other experiments the mice were
treated with drugs as indicated above but not sacrificed.

Results and Discussion

Our previously described observations [I1] have
shown that the alkaloids alstonine, serpentine and
sempervirine selectively bind to initiation sites of can-
cer DNAs and prevent in vitro cancer DNA replica-
tion. These alkaloids poorly attach to stabilized
DNAs isolated from healthy tissues. In in vitro con-
ditions, each alkaloid destroys the proliferative capac-

See -

ity of cancer cells and exhibits practically no effect on
normal cells [13].

Data described here show that each of these alka-
loids acts as a selective destroyer of some carcinoma
cells inoculated in mice. In fact several mice bearing
YC8 lymphoma cells (table I, I1) or Ehrlich ascitic
cells (table III) and treated with cither alstonine, ser-
pentine or sempervirine were cured providing appro-
priate concentrations were used. The cured mice sur-
vived in excellent health. Sempervirine was active at
lower concentrations compared to alstonine or ser-
pentine. This is probably due to its excellent binding
capacity to cancer cells DNAs [11]. Attempts to give
unrepcated doses (one dose every 3-4 days) were not
successful, both in the case of small and large doses.
Two daily injections for 8 consecutive days were
necessary since each of the alkaloids was eliminated
from the mice within about 7 h. The best results were
obtained when the alkaloids were administered twice
daily by the intraperitoneal route and applied 24-48 h
after carcinoma ccll transplantation. Their anticancer
effect appears to be direct as shown with differcnt
cancer cells cultured in vitro [13].

Since alkaloids bind to initiation sites of cancer
DNAs thus blocking DNA synthesis [11, 13] we
thought of associating them with some known anti-
cancer drugs which induce the appearance of single-
stranded DNA [14-17] thus increasing the number of
initation sites for DNA replication. This approach has
been sustained by our own results [9, 11, 18] as well
as by the fact that drugs such as cis-platinium [14],
adriamycin [19], proflavin and quinacrine [15] as well
as X-rays induce unwinding and/or DNA strand
separation without covalent attachement. Thus, they
increase the capacity of cancer DNA for alkaloid
binding. As illustrated in figure 1b, for example, CP
efficiently induces cancer DNA strand separation
while 1ts effect on DNA from corresponding healthy
tissues is ncgligible under our cxperimental con-
ditions. Consequently this drug stimulates in vitro
synthesis of DNA from cancer tissues thus facilitating
the binding of alkaloids to such DNAs which results
in prevention of DNA synthesis (fig. 1a). Regression
of the solid Ehrlich ascites tumor in Swiss mice was
reduced by 33% when alstonine alone was adminis-
tered as shown in table 1V. The weight ‘of tumors
reduced by 63% with CP was drastically reduced
(99%) when alstoninc was administered in association
with CP. When mice were not sacrificed 50% of
treated mice survived in good conditions without ap-
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Table 1. Survival of mice bearing lymphoma YCS8 cells after trcatment with alstonine

Days of survival Untreated  Survival Mice treated with alstonine

mice %
0.2mgx2 survival, % 0.6 mgx?2 survival, % 1.2 mgx2

survival, %

Start 20 100 20 100 20 100 20
20 18 90 20 100 20 100 20
25 4 20 16 80 20 100 18
30 0 - 8 40 17 85 16
40 0 - 8 40 12 60 16
50 0 - 8 40 12 60 16
60 0 - 8 40 12 60 16
90 0 - 8 40 12 60 16

100
100
90
80
80
80
80
80

All mice that did not survive had developed tumors (average tumor weight 8.6+ 2.1 g). Cured mice survived in excellent condition.

Table II. Survival of mice bearing lymphoma YCS8 after treatment with serpentine or sempervirine

Days of survival  Untreated mice Survival % Mice treated with Survival Mice treated with Survival
serpentine (0.2 mgx2) % sempervirine (0.15mg x2) %
Start 20 100 20 100 20 100
20 17 85 20 100 20 100
25 14 0 15 75 20 100
30 2 10 8 40 17 85
40 0 - 8 40 16 80
50 0 - 8 40 16 80
60 0 - 8 40 16 80
90 0 - 8 40 16 80

All mice that did not survive had developed tumors (average tumor weight 8.6+ 2.1 g). Cured mice survived in excellent condition.

Table I11. Survival of mice bearing Ehrlich carcinoma cells after trecatment with alkaloids

Days of Untreated  Survival Mice treated with Survival Mice treated with sempervirine

survival mice Ya alstonine (0.2 mg x2) %
0.1Smgx2 survival, % 04 mg x2

survival, %

Start 20 100 20 100 20 100 20
20 20 100 20 100 20 100 20
25 8 40 18 90 20 100 20
30 0 - 8 40 16 80 18
40 0 - 6 30 10 50 18
50 0 - 6 30 10 50 18
60 0 - 6 30 10 50 18
90 0 - 6 30 10 50 18

100
100
100
90
90
90
90
90

All mice that did not survive developed tumors (average tumor weight 9.5+ 3.5 g). Cured mice survived in excellent condition without

tumor development.
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parent tumor development. Similar results were ob-
tained with the mammary carcinoma grafted cells of
mice (RHO I1I) (results not shown here).

Another drug, 5-FU, commonly used to treat solid
human tumors such as breast and colonic carcinoma,
gave a response rate of about 20% [20]. The thera-
peutic synergism of 5-FU and alstonine studied here
is illustrated in table V. It shows the absence of sur-
vivors when Swiss mice bearing Ehrlich ascites car-
cinoma cells were injected intraperitoneally and
treated once per day with 5Spg of 5-FU. Few mice
survived when 200 pg of this drug were injected twice
per day. A combination of 5-FU with alstonine gave
a large number of definite survivors. The effects of
combinations of alstonine and CCNU (table VI) or
alstonine and daunorubicin (table VII) gave superior
results than when cach drug was applied separately.
These effects are synergistic and not additive, suggest-
ing that alstonine and CCNU or daunorubicin acts by
different pathways as previously shown using purified
cancer DNAs [11]. Cured mice survive in perfect con-
dition. Besides their anticancer potential, alkaloids
used here possess a quaternary nitrogen which may
interact with an excess of some classic anticancer
drugs or their mectabolites, thus explaining the de-
crease in the toxic effect of those drugs.

Lack of Curative Effect of Alkaloids on Mice

Bearing L1210 Leukemic Cells

When a suspension of L1210 cells in Hanks’
medium (2.10* cells/ml) was incubated with one

Table IV. Regression of the solid Ehrlich ascites tumors in Swiss
mice treated with anticancer drugs

Mice Average weight of  Mean Inhibition, %
tumors, g value

Control 10.4-124 11.4 -

Trcated with

alstonine 5.5-104 7.6 33

Treated with CP 3.6~ 5.0 43 63

Treated with

alstonine + CP 0.04-0.11 0.07 99

of three alkaloids (100 ug/ml) for 30 min at room
temperature and then injected into mice, there was
no development of the leukemic cells. However,
when alstonine, serpentine or sempervirinc were used
at different concentrations and administercd every
day intraperitoneally to preinoculated mice (DBA2)
(2.10* cells/mouse 24 h before the treatment), the
treated mice died at the same time as the untreated
control mice (data not shown here). These results seem
to indicate the inability of alkaloids to reach L1210
cells in sufficient concentrations in vivo for some un-
clucidated reason.

The mechanism through which alkaloids and clas-
sic anticancer drugs operate in the destruction of tu-
mor cells may be of great importance in preventing
the appearance of cancer cells, which may be generated
by carcinogens. drugs, steroid hormones. their de-
rivatives or even by radiation. In fact, as soon as
these DNA-destabilizing agents induce DNA strand
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Table V. Survival of mice bearing Ehrlich carcinoma cells after treatment with either 5-FU or 5-FU in combination with alstonine

Days of Survival of mice treated

survival with 5-FU (5 pg)

Survival of mice treated
with 5-FU (200 ug x 2)

Survival of mice treated

with 5-FU (5 pg) + alstonine

Survival of mice treated
with 5-FU (200 ug x 2)

(50 pg x 2) + alstonine (200 pg x 2)

n % n % n %o n %o
Start 20 100 20 100 20 100 20 100
20 20 100 20 100 20 100 20 100
25 8 40 18 90 20 100 20 100
30 0 - 6 30 10 50 17 85
40 0 - 4 20 10 50 16 80
50 0 - 4 20 10 50 16 80
60 0 - 4 20 10 50 16 80
90 0 - 4 20 10 50 16 80

All mice that did not survive developed tumors (average tumor weight 10.7 £2.8 g). Cured mice did not develop tumors and survived

in exccllent condition.

Table VI. Survival of mice bearing lymphoma Y C8 cells after treatment with alstonine or CCNU and in combination with both

Days of Survival of untreated mice Survival of mice treated Survival of mice treated Survival of mice treated with

survival with alstonine with CCNU (0.2 mg x 2) alstonine (0.2 mg x 2) +
0.2mg x 2) CCNU(0.2mg x 2)

n Y n Yo n Yo n %

Start 20 100 20 100 20 100 20 100

20 18 90 20 100 20 100 20 100

25 7 35 18 90 20 100 20 - 100

30 0 - 10 50 9 45 20 100

40 0 - 6 30 9 45 20 100

50 0 - 6 30 9 45 20 100

60 0 - 6 30 9 45 20 100

90 0 - 6 30 9 45 20 100

All mice that did not survive developed tumors (average tumor weight 9.6 +3 g). Cured mice survived in excellent condition without

tumor development.

Table VII Survival of mice bearing lymphoma YC8 cclls after treatment with alstonine or daunorubicin and in combination of both

Days of  Survival ol untreated mice

Survival of mice treated

Survival of mice treated

Survival of mice treated

survival with alstonine (0.2 mg x 2)  with daunorubicin with afstonine (0.2 mg x 2) +
{10 pg x 2) daunorubicin (10 pg x 2)
n % n Yo n % n Yo
Start 20 100 20 100 20 100 20 100
20 20 100 20 100 20 100 20 100
25 17 85 20 100 16 80 19 95
30 0 - 10 50 9 45 19 95
40 0 - 6 30 8 40 19 95
50 0 - 6 30 8 40 19 95
60 0 - 6 30 8 40 19 95
90 0 - 6 30 8 40 19 95

All mice that did not survive developed tumors (average tumor weight 9.0+ 1.8 g). Cured mice did not develop tumors and survived

in excellent condition.
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separation, alkaloids which only recognize destabil-
ized DNA prevent further DNA chain opening
and stop the function of such DNA [10. 11. 16]. For
this reason one may expect that the process of car-
cinogenesis in animals and humans will be prevented
by these alkaloids. The low aflinity of alstonine, ser-
pentine or sempervirine (used at curative doses) for
healthy cells [13] or their DNA [11] suggests the ab-
sence of toxicity, in particular towards blood cells. No
change in the cell counts of the circulating blood of
rabbits (3-kg rabbits that received i.v. 20 mg of al-
stonine or serpentine twice per week for 6 consecutive
months showed no change in circulating blood cells;
unpublished results), nor in the body weight of mice
was observed; the animals survived in excellent health
subsequent to the cessation of treatment. From data
reported here and also described elsewhere [10, 11, 16],
it appears reasonable to use the above alkaloids either
alone or in therapeutic synergism with different classic
anticancer drugs or radiation for the treatment and
curing of cancers.

References

Filder, [.J.; Gernsten, D.M.; Hart, 1.R.: The biology of cancer
invasion and metastasis; in Klein, Weinhouse. Advances on
cancer rescarch, pp. 149-250 (Academic Press, New York 1978).
Giraldi, T.: Sava, G.: Selective antimetastatic drugs (review).
Anticancer Res. /. 163-174 (1981).

3 De Ruiter, J.; Cramer, S.J.; Smink. T.. Van Putten. L.M.: The
facilitation of tumor growth in the lung by cyclophosphamide
in artificial and spontancous metastasis models. Eur. J. Cancer
15: 1139-1149 (1979).

4 Marquardt, H.; Philips, F.S.: Sternberg, S.S.: Tumorogenicity
in vivo and induction of malignant transformation and mu-
tagenesis in cell cultures by adriamycin and daunorubicin. Can-
cer Res. 36: 2065-2069 (1976).

5 Svoboda, D.; Reddy, J.; Harris, C.: Invasive tumors in rats with
actinomycin D. Cancer Res. 30 2271-2279 (1970).

6 Kawatama, J.; Nakabayashi. N.: Kawai, A : Ushida. T.: Experi-
mental production of sarcoma in mice with actinomycin. Med.
J. Osaka Univ. 8- 753-762 (1958).

7 Benedict, W.F.: Backer, M.S.; Harown, L.; Choi. E.; Ames,

[N¥]

o

20

B.N.: Mutugenicity of cancer chemotherapeutic agents in the
Salmonella/microsome test. Cancer Res. 37: 2209-2213 (1977).
Beljanski, M.; Oncotest: @ DNA assay system for the screcning
ol carcinogenic substances. IRCS Med. Sci. 7. 476 (1979).
Beljanski, M.; Bourgarel, P.; Beljunski. M.: Correlation between
in vitro DNA synthesis, DNA strand scparation and in vivo
multiplication ol cancer cells. Expl Cell Biol. 49: 220-231|
(1981).

Belhjanski, M. Le Goff, L.; Beljanski, M.S.: In vitro screening
of carcinogens using DNA of the His-Mutant of Salmonclla
typhimuriuvm. Exptl Cell Biol. 50: 271-280 (1982).

Beljunski. M. Beljanski. M.S.: Selective inhibition of in vitro
synthesis ol cancer DNA by alkaloids of B-carboline class. Expl.
Cell Biol. 50: 79-87 (1982).
Beljanski., M.; Bugiel, J.:
No. 78 07155 (France).
Beljanski, M. Beljanski, M.S.: Three alkaloids as selective de-
stroycrs of the proliferative capacity of cancer cells. IRCS Med.
Sci. /2. 587-588 (1984).

Mong. S.; Daskal, Y.. Prestayko, A.W.; Crooke, S.T.: DNA
supercoiling shortening and induction of single-strand regions
by cis-Diaminedichloroplatinium (I1). Cancer Res. 41:
4020-4026 (1981).

Neubort, S.: Licbeskind. D.; Mendez, F.; Hsu, K.C.; Bases, R.:
Morphological transformation. DNA strand separation and
antinucleoside immunoreactivity following exposure of cells to
intercalating drugs. Molcc. Pharmacol. 27: 739-743 (1982).
Beljanski, M.: The regulation of DNA replication and transcrip-
tion. The role of trigger molecules in normal and malignant genc
expression. Expl Biol. Mcd. vol. 8 (Karger, Basel 1983).
Ghosh, N.R.: Rukenstein. A.; Cox, R.P.: Induction of human
choriogonadotropin in Hela cultures by aliphatic monocar-
boxylates und inhibitors of deoxyribonucleic acid synthesis.
Biochem. J. /66: 265-274 (1977).

Le Goff, L.; Beljanski, M.: Agonist and/or antagonist effect of
plant hormones und an anticancer alkaloid on plant DNA
structure and activity. IRCS Med. Sci. /0: 689-690 (1982).
Center, M.S.: Induction of single-strand regions in nuclear
DNA by adriamycin. Biochem. biophys. Res. Commun. 89:
1231-1238 (1979).

Wolberg. W.H.: Enhancement by thymidine of 5-fluorouracil's
inhibition of thymidylate synthetase in human tumors. Cancer
Treat. Rep. 63 1817 1820 (1979).

Demande de brevet d’invention,

M. Beljunski. Luaboraloire de Pharmacodynamie,
Faculté de Pharmacie,
F=92290 Chatcnay-Malabry (France)



