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MOLECULAR MECHANISM OF THE COMBINED ACTION OF
AMPHOTERICIN B AND CYCLOPHOSPHAMIDE ON VIRUS-
INDUCED NEOPLASIA
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The effect of enhancement of the selective action of antitumor compounds by antibiotics
of the polyene group [5, 7, 11] is generally regarded as the result of increased penetration
of the chemotherapeutic agent into the neoplastic cell [15]. The writers showed previously
that administration of the polyene antibiotic levorin to rats with Pliss lymphosarcoma in a
dose not inhibiting neoplastic growth causes some degree of proteolytic degradation of the
tumor chromatin proteins. Combined administration of the polyene and cyclophosphamide poten-
tiates the antitumor action of the cytostatic. Proteolytic degradation of chromatin proteins
induced by levorin is potentiated under these circumstances (administration of cyclophospha-
mide alone does not change the fractional composition of the tumor chromatin proteins) [4].
These observations indicate that when administered in conjunction with cytostatics, the poly-
ene antibiotic can not only increase the permeability of the cell membranes for cytostatics
but can also essentially damage the chromatin proteins.

Since experience in clinical oncology [12, 14] and experiments on animals with tumors
[6, 10] have clearly demonstrated the prospects for the use of amphotericin B for potentiat-
ing the specific antitumor action of various alkylating preparations, the investigation de-
scribed below was carried out to study the molecular mechanism of this phenomenon on models
of virus-induced neoplasia.

EXPERIMENTAL METHOD

Experiments were carried out on 9-11-day chick embryos and 12-day-old chicks of the Rus-
sian White breed with C/0 phenotype belonging to the VNIIRGZh "leukemia-free' creoss line.
Contamination of the birds with viruses of the avian leukemia-sarcoma group was monitored by
the complement fixation test, indirect hemagglutination test, and pathomorphologically. The
tumor was induced by Rous sarcoma viruses (RSV) belonging to different serological groups,
using strains RSV (RAV-1), RSV (RAV-2), RSV (RAV-49), andRSV (RAV-50). Thetiter of viruses was
1074*5-107°°%0D50/0.1 ml.* The chicks were divided into four groups. In the special experi-
mental group, 3 h after inoculation of the virus amphotericin B was given by mouth in a dose
of 2 mg, dissolved in 1 ml water, and 1 h later 10 mg/kg cyclophosphamide in physiological
saline was injected intraperitoneally. Chicks of the three control groups received one of
the preparations, respectively: amphotericin B— group Cp, cyclophosphamide — group C., and

*0D: oncogenic dose.
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TABLE 1.

Growth of Tumors Induced by Rous Sarcoma Virus

Effect of Combined Administration of Amphotericin B and Cyclophosphamide on

. . Number of Inhibition of tumor growth .
Strain of virus Group chicks in group| totaj number N Weight of tumor, g
oi_chicks %

Co 40 — — 16,4+1,3

RSV (RAV-1) Ce 37 17 45,9 12,6+0,9
C 35 14 40,0 13,6+1,1

E}Eperimental 37 22 59,4 9,3+0,7

(P<0,05)*

Co 29 —- e 18,241,7

RSV (RAV-50) Ce 25 9 36,0 15,9+1,0
Cp 25 8 32,0 16,341,2

Experimental 26 14 53,8 i1,2+1,3

(P<0,01)*

*Compared with group Ce.
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Fig. 1. Schemes (a) and densitograms (b) of gels after electrophoresis of acid-soluble

Rous sarcoma chromatin proteins isolated from chicks of four experimental groups. 1)
Co; 2) C 3) Cp; 4) experimental group; 5) calf thymus.

Fig. 2.
sarcoma chromatin proteins, isolated from chicks of four experimental groups.
as to Fig. 1.
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Schemes (a) and densitograms (b) of gels after electrophoresis of total Rous
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the solvent — group C,. Chicks of all groups received daily injections of the preparations
for 5 days, and on the 10th day they were exsanguinated and the tumors removed. The experi-
ments were repeated at least three times. Chromatin was isolated by washing the tissue with
0.075 M NaCl solution containing 0.024 M EDTA-Na (pH 6), using a nonpolar detergent at one
stage of isolation [8]. Water-soluble cytoplasmic proteins (supramitochondrial supernatant)
were obtained by centrifugation of the supernatant obtained in the first stage of chromatin
isolation for 1 h at 20,000g. Acid-soluble proteins were extracted from chromatin with 0.2 M
H,S0,; histone fraction Hl, for identification in the composition of the acid-soluble chroma-
tin proteins, was isclated by stepwise precipitation with TCA. Electrophoretic fractionation
of total chromatin proteins in 10% polyacrylamide gel in the presence of sodium dodecylsulfate
was carried out by the method described in [4]. Acid-soluble proteins were separated in the
usual way [13]. The amphotericin B used in the experiments was supplied by the Kurgen "Sintez"
Medical Preparations Combine.

EXPERIMENTAL RESULTS

A series of preliminary experiments showed that amphotericin B inhibits the development
of foci of neoplastic transformation of choricallantoic membrane (CAM) cells of developing
chick embryos by 65-70%. The effect was more marked when the preparation was given 1 h be-
fore inoculation of the virus-containing material.

After peroral administration of the polyene antibiotic to chicks in a dose of 0.25 MPDso,
the antiviral and antitumor effect was 25-30% below that in experiments in ovo. If the anti-
biotic was injected directly into the tumor, there was no effect.
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The antitumor activity of the cytostatic injected in the maximal tolerated concentration
was commensurate with the action of the polyene, but varied depending on the strain of RSV
used. The "strain" sensitivity of tumors induced by RSV to the alkylating agent was distri-
buted in the following order: RSV (RAV-1) = RSV (RAV-2) > RSV (RAV-49) 2 RSV (RAV-50).

Depending on the strain of RSV used, amphotericin B potentiated the antitumor action of
cyclophosphamide (Table 1).

The fractional composition of the acid-soluble chromatin proteins is shown in Fig. 1.
The histone H1 fraction consisted of three components; the other histone fractions agreed well
in their electrophoretic mobility with histones from calf thymus chromatin, taken for compar-
ison. Besides histone proteins, 12 nonhistone components also were present in the acid-soluble
chromatin proteins. Injection of cyclophosphamide did not affect the fractional composition
of the acid-soluble proteins. Under the influence of amphotericin B there was a small decrease
in the relative content of histone fraction Hl and a significant decrease in the level of
fraction H4. It was shown previously that the former is connected with activation of cyto-
plasmic proteases by the polyene antibiotic [4], whereas the latter is due to extraction of
the H4 histone fraction by sodium deoxycholate, which is added to the pharmaceutical form of
amphotericin B [3]. Combined administration of the preparations led to a greater fall in the
relative content of the Hl histone fraction, which is most sensitive to the action of prote-
ases, than in the Cp group and to a decrease in the relative content of some of the acid-solu-
ble nonhistone proteins. This trend of the changes was evidently connected with an increase
in protease activity during combined use of the two preparations.

During fractionation of total chromatin proteins the most mobile fractions of the nonhis-
tone proteins were located between histone fractions Hl and H3, so that the length of the gels
could be increased by continuing the fractionation for 19 h. As Fig. 2 shows, in group C. the
fractional composition of nonhistone proteins was unchanged compared with group Cy. Adminis-—
tration of amphotericin B caused qualitative and quantitative shifts among the nonhistone pro-
teins with average electrophoretic mobility. Combined administration of the preparations po-
tentiated these changes sharply, and the effect spread to the region of low electrophoretic
mobilities; in the region of highly mobile nonhistone proteins (between histone fractions Hl
and H3) significant quantitative changes were observed.

Comparison of the fractional compositions of cytoplasmic proteins of Rous sarcoma cells
by electrophoresis in the presence of sodium dodecylsulfate demonstrated their complete iden-
tity for all four experimental groups of chicks. This was probably connected with the resis-
tance of the globular protein structures to the action of proteases.

The main target for the cytotoxic action of alkylating compounds is nuclear DNA [1, 9].
Its accessibility for DNA-tropic substances is determined by chromatin proteins, of which the
most important are histones of the Hl fraction [2]. Damage to this histone fraction after
combined administration of amphotericin B and cyclophosphamide, demonstrated in the present
investigation, indicates increased accessibility of tumor cell DNA to the action of the alkyl-
ating agent.

The results obtained on models of virus-induced tumors agree largely with the results of
investigations carried out previously on transplantable tumors [4]. This demonstrates the
universal character of the molecular mechanisms of the combined action of polyene antibiotics
and alkylating agents on the development of the neoplastic process irrespective of its etiol-
ogy.
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