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This investigation deals with the actions of aqua Melafen (melamine salt of bis (oximethyl) phosphinic acid) solutions,
applied in agriculture, as the plant growth regulator, to the animal tumor cells in vivo. The aqua Melafen solutions in-
Sfluences to the growth kinetics of experimental malignant neoplasm of mice’s solid tumors carcinoma Luis were tested.
We measured the changes of tumor sizes, and the duration of animal’s life in control and experimental groups of mice.
The tested doses of Melafen (1072, 107, 10° mol/kg) suppressed the growth of carcinoma. Notably, the rate of tumor
growth decelerated, and the average tumor volume was decreased at the point of animal death time. The means of
lifespan of experimental and control animals were similar. Thereby, we obtained that the Melafen had the appreciable
suppressive actions to the tumor development of mice’s Luis carcinoma under the all tested dozes, even under the super
low dozes (1072 mol/kg). The values of the latent periods of the tumor development in the experimental mice’s groups
had the same duration, as in control mice groups. The obtained data testify that aqua Melafen solutions slowed the
mouse tumor growth, but its does not increase the life expectancy of experimental animals.

Kmouesvie cnosa: Meﬂaqben, manvle ()03?)1, anonmaos, paseumue onyxosiu.

B patome uzyuanock enusnue Manbix 003 HA CEOUCMEA ONYXONeGbIX KIEMOK HCUBOMHbIX in vitro - na Ca’ -cuenanvuyio
cucmemy, Ha cooepacanue benka peyaamopa p33 u aumuanonmo3noo 6enxka Bcl-2 6 knemkax acyumHoii Kapyurnomol
Opnuxa (AK3) memooamu nepsuunozo ceéemopacceanus U UMMYHOOIOMMUHKEA, in Vivo - HA KUHEMUKY pocma sKcne-
DPUMEHMANbHBIX  3M0KAYECNBEHHbIX HOB000PA308aHULl  COAUOHBIX onyxoneu (kapyunoma Jlviouc mviwen F1
C57BIxDBA). Menaghen 6600unu mviwam 8 dozax 1 0’ Mmoav/ke, 1 0’ Mmonv/ke, 1 0% moav/xe. Pazsumue onyxonegoeo
npoyecca OmeaenHcusan no UsMEHEeHUI TUHEUHbIX PA3MEPO8 ONYXOIU U NO NPOOOIICUMETLHOCHIU HCUSHU HCUBOMHDBIX.
THonyuennvle kKuHemuueckue Kpusble OUHAMUKU POCIA ONYXOAU ANNPOKCUMUPOsaucy Gyukyueti I'omnepya. Habnwooa-
J10Cb MOPMOdACEHUE POCMA KapyuHnomsl JIviouc npu scex usyueHHbiX 003ax menagena: 3ameonancs memn pocma onyxo-
U U YMEHbULANCS CPEOHUTI 00beM ONYXOU HA MOMERM 2Ubenu HCUBOMHO20, CPEOHAS NPOOOINCUMETLHOCHIL HCUSHU HE
usmensnacy. Couemanue npomueoonyxonesoi dhGexmusHocmu ¢ HU3KOU MOKCUYHOCMbIO Oelaem Mmeaapen unmepec-

HbIM O/151 OANIbHEUUUX OHKOJIOZUYECKUX UCCAeO08AHUIL.

Introduction

Melafen (melamine salt of bis (oximethyl)
phosphinic acid) is the preparation, applied in agricul-
ture, as a plant growth regulator. Subject to concentra-
tion it can operate, as the stimulator (10™* - 10™° M) or
as the inhibitor (10™ - 10° M) of the rate of developments
of the plant body. We used the aqueous solutions of
Melafen from large concentrations up to ultra small ones
(107 - 10" M) when studying its effects on the experi-
mental objects. Taking into account the close interdepend-
ence of vegetation and animal bodies in nature, it was
necessary to investigate the action of plant growth regu-
lator to the fate of objects by animal’s origin.

At the earlier papers [1-5] the data of Melafen
influences to the cellular components by animal’s origin
were obtained and were discussed. At that works there
were number measurements of Melafen actions to the
experimental objects were provided. The model and
cellular objects were selected on the principle of the
forward complicating of structure and/or function.
There were the lipids and proteins compounds of animal
cellular membranes: multilammelar liposomes, formed
by dimyristoilphosphatidylcholine or egg lecithin and
erythrocytes ghost; and soluble protein - bovine serum
albumin; and isolated native cells — erythrocytes and
Ehrlich ascetic carcinoma cells. At first, that investiga-
tions [1] deals with the influence of Melafen, at the
wide concentration range (10° - 102" M), on the struc-
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tural properties of lipid membranes with different com-
position. The lipid-Melafen interactions were tested
with differential scanning microcalorymetry and small-
angle X-ray diffraction. Authors did not reveal by X-ray
diffraction any noticeable structural changes of the egg
lecithin membranes at concentrations of Melafen used at
crop production. But on the basis of differential scan-
ning microcalorymetry data it was concluded that the
microdomains structure of
dimyristoilphosphatidylcholine bilayer membrane was
changed by Melafen under the polymodal manner.

At the next investigations authors [2, 3] did not
reveal any noticeable structural changes of the proteins,
which are soluble or bounded by membranes. Bovine
serum albumin (soluble protein — the main component
of blood serum) and proteins of erythrocyte ghost mem-
branes were tested under the concentrations of Melafen
that used at crop production. The Melafen actions to the
native isolated erythrocytes were tested by the meas-
urements the value of microviscosity and the rate of
spontaneous hemolysis. Melafen had not any destruc-
tion actions to the membrane-bounded and soluble pro-
teins under the concentrations that activate the plant
growth.

Also the Melafen actions were tested on the
protein’s functions with aid the activation of purine-
depended Ca*'- transduction of transformed ascetic Ehr-
lich carcinoma (EAC) mouse cells [4, 5]. It was dis-
closed that over a wide range of concentration (from 10°



5 M up to 10 M) the aqueous solution of Melafen op-
pressively influenced to the purine-depended Ca®'-
signal system, witch dealing with the activation of Ca®'-
depended K- and CI -channels, in EAC cells. Melafen
exerts the destructive effect on the functioning of trans-
formed EAC cells under the certain region of concentra-
tion the Melafen aqueous solution (from 107 M up to
107 M).

The next logical stage of research was the
study of Melafen aqua solution effects at the level of
organism entire. Because the Melafen solution, in low
concentrations, is powerful plant growth stimulant, and
in big concentrations - the inhibitor, then logically
would be suppose, that it is acting on the divided ani-
mal’s cells too. As the experimental object we chose the
animals with transformed cells. It is known that the con-
stant proliferation is the main properties of tumor (ma-
lignant) cells. On this basis, the influence of solution
Melafen on the development of experimental malignant
neoplasm in animals was studied, over a wide range of
concentrations. In earlier papers [4, 5] has been demon-
strated the life activity oppression of isolated cells of
short-lived ascetic Ehrlich carcinoma. As the next object
for investigations the long-lived solid Lewi
carcinosarcoma of mouse was chosen. Due to of long-
term monitoring of tumor development and life expec-
tancy of tumor-bearing mice we were able to come to
some conclusions about influence of aqueous solutions
of Melafen over a wide range of concentrations at the
level of organism entire.

The solid carcinoma Lewi is the widespread
model for the testing of anticancer drugs: nature sub-
stances and synthetic ones. Melafen is synthetic hydro-
philic agent, derivative melamine and bisphophinic acid.
It was applauded as aqueous solutions in doses (1072
mol/kg, 10° mol/kg, 10 mol/kg) concerning the mice
weights.

Material and methods

Carcinoma was transplanted to mice of line
C57BI and their of F1 hybrids (C57BIxDBA). For the
watching of development of tumor process in mice there
were recorded the change of tumor sizes and the dura-
tion of animal life in control (the tumor growth without
action) and in experimental (the solution introduction of
Melafen) groups.

The animals, which had been transplanted the
tumor cells of Lewi, were divided on any groups on 7
animals in each group. The first: Ne 1 group — it was the
“clean” control (the tumor developed without any ac-
tions). Second Ne 2 group — was the control animals,
which were inputted intraperitoneally on 0,2 ml of dis-
tilled water (the water used for the preparation of
Melafen solutions). Other groups consisted of animals
which were inputted on 0,2 ml of solutions that contain-
ing the needed doses of Melafen. So, in third animals
group (Ne 3) the Melafen solution was inputted to mice
body at every day in dose 10 mol/kg. Over all the 15
injections were done. In fourth animals group (Ne 4) the
Melafen solutions were inputted daily in dose 107
mol/kg during the entire period of animal life (up to
death of last animal). In Ne 5- group of animal the
Melafen solutions were inputted daily in dose 107
mol/kg. Over all 15 injections were done. In Ne 6-group
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of animal the Melafen solution were inputted daily in
dose 10 mol/kg, during the entire period of animal life
(up to death last animal). In Ne 7- group of animal the
Melafen solutions were inputted daily in dose 107'?
mol/kg. Over all 15 injections was done. In Ne 8-group
of animal the Melafen solutions were inputted daily in
dose 10™'? mol/kg, during the entire period of animal life
(up to death last animal).

We watched on change in size of tumor grow-
ing for registration of tumor process development in
mice body. The measurements were made in three of
mutually perpendicular directions (that corresponding to
the linear dimensions X, y, z) that allowed to estimate
the swelling of volume. The volume calculated from the
formula:

1
D=—nxyz.
5 §7

The individual kinetic curves were made for
everyone animal groups. These curves reflected the de-
pendence of change of tumor sizes from time that past
after the carcinoma transplantation to mice (the longitu-
dinal study). The obtained curves of tumor growth were
approximated by the Gompertz function [6]:

D=D_e™%®

where D - the tumor volume, D, - fixed the maximum

—ct

>

volume of tumor (it was chosen by the equal to
D, =12000, on the assumption of work [6]), b - pa-

rameter on kinetic curve, determining the latent period
after carcinoma transplantation to mice, C - parameter,
rate-controlling of tumor growth.

Results and discussion

In figure 1 we showed the kinetic curves of tu-
mor growth in mice body, when three different doses of
Melafen solution were injected to animals.

In practice when all injection schemes of solu-
tion mice of Melafen introductions to animal’s body, we
observed the inhibition of growth of carcinosarcoma the
Lewi. The curves, obtained for experimental groups of
mouse, are located lower than curve was built for con-
trol group of mice (at the Figure it was the curve 1).
There were not significant differences from control
groups. Only group of mice Ne 8 curve was not signifi-
cant different from control group.

All individual kinetic curves of tumor growth
were fitted by Gompertz function and approximating
parameters b and ¢ were calculated. The corresponding
values of kinetic parameters of » and ¢ (their median
data with 25%-75% intervals) are introduced on fig. 2.
The significant differences between control group and
administration Melafen solution to mice groups was
estimated by non-parametric Mann-Whitney U test.

Estimating the parameter of b, characterizing
the latent period after the carcinoma transplantation
mice (fig. 2), it is possible to note that the animals group
Ne 3 and the group Ne 4 (the Melafen solution in dose
10° mol/kg, when different injection circuits) and the
group Ne 6 (the Melafen solution in dose 10 mol/kg at
the introduction up to death of last animal) showed the
significant differences from control group. Animals
groups Ne 7 and Ne 8 (the most small dose of Melafen in
solution, 107> mol/kg) had not shown significant differ-



ences from control. On parameter of ¢, reflecting the
rate of tumor growth in mice body, significant differ-
ence were found in groups of animals Ne 4, No 5, Ne 6
and even in group Ne 7 (the most small dose of Melafen
in solution 10™'? mol/kg, when 15-fold introduction).
The comparing on both kinetic parameters of » and ¢
animals groups Ne 1 (“clean” the control) and Ne 2 (the
dissolvent introduction - water) demonstrated the ab-
sence of differences.
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Fig. 1 - Kinetic curves of changes in average tumor
volume in mice at the control ("triangle", regression
- curve 1) and at the administration Melafen solution
to mice (regression - curve 2) in different doses: (a) -
10° mol/kg, group Ne 3 — “points”, group Ne 4 —
“squares”; (b) - 10” mol/kg, group Ne 5 — “points”,
group Ne 6 — “triangles”; (c) - 10™'? mol/kg, group Ne
7 — “points”, group Ne 8 — “squares”

So that, we indicated that the Melafen solution
(in concentrations from 10™% M up to 10 M) slows the
rate of the tumor growth at experimental mice compared
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to checking, i. e. influences the kinetics of developmen-
tal expression of carcinosarcoma Lewi.

If address to results of comparison average tu-
mor volume at death point of animals (fig. 3), then it
should be noted that the tumor size in animals, which
inputted the Melafen solution in groups Ne 3 and Ne 4
(10 mol/kg) and groups Ne 5 and Ne 6 (10™ mol/kg)
were significant smaller than in control. The Melafen
solution even in most small dose (10" mol/kg), used
for animals in groups Ne 7 and Ne 8, is likely also de-
creased average the tumor size in mice, but the data sets
were not significant different.
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Fig. 2 - The Melafen influence on the Kkinetic
parameters of tumor growth. The median, 25%-75%
intervals, minimum and maximum values of param-
eters. (a) - latent period of tumor development b; (b)
- rate of tumor growth c. Sing (*) were denoted sig-
nificant difference by Mann-Whitney U test from

control set (p<0.05)
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Fig. 3 - The Melafen influence on tumor volume in
groups of animals. Average tumor volume in mice,
standard deviation, minimum and maximum values
of tumor volume (mm®) at the time of animal’s
death. Sing (*) were denoted significant difference by
Mann-Whitney U test from control set (p<0.05)



Most important finding of antitumor activity of
preparation — is the increasing of average duration of
animal life. In our work we estimated the mean life span
of checking and experimental mice (fig. 4).

As it can be seen from Fig. 4, the mean life
span of animals, which was inputted the Melafen solu-
tion, when different dosage schedules of preparation, in
practice has not changed. Furthermore, in group Ne 3
(the Melafen solution 10 mol/kg that was inputted until
to the moment of death of last animal) the toxicity being
discussed material was found: the experimental animals
were killed significant earlier than checking mouse.
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Fig. 4 - The Melafen influence on life span of mice in
groups of animal after carcinoma transplantation.
Mean life span per days (day), standard deviation,
and minimum and maximum life span after trans-
plantation of tumor cells to mouse body. Sing (*)
were denoted significant difference by Mann-
Whitney U test from control set (p<0.05)

Obtained data testify that for Melafen solution
the non-linearity of dose-response relationship has been
found, that corresponds famous perceptions of effect
dependence from Professor E.B. Burlakova [7].

Conclusion

So that, the action of aqueous solution of
Melafen, over a wide range of concentrations, from 10
2 M up to 10° M, at the level of whole animal organ-
ism, as an example of model the carcinosarcoma Lewi
was studied. When administered to an aqueous solution
of the drug at various doses Melafen, the tumor size in
animals was significantly lower in all experimental
groups compared to tumor size in animals control
group. This suggests concluding that the Melafen solu-
tion in doses 10* mol/kg, 10° mol/kg, 10° mol/kg
slows tumor growth in sick animals.

The values of latent period of tumor develop-
ment after the carcinoma transplantation to mice body in
all experimental groups of animals in practice was not
different from one for animals in control groups. But
the tumor size reduced when action of solution Melafen.
It is possible to suggest that the Melafen solution,
without being toxic to cells transformed solid Lewis
lung carcinoma, to some extent, has a depressing effect
on their livelihoods.

The duration of life when different dosage
schedules of Melafen solution, over a wide range of
concentrations, in experimental groups of mice com-
pared to duration of animal life in control group has not
significant changed for most of animals groups. Perhaps
this is due to changes in cellular regulation in tumor
when exposed to it Melafen.

As its were demonstrated in the preceding pa-
pers [3-5], the Melafen solution oppressively influence
to the purine-dependent calcium signaling in cells with
uncontrolled growth - cells of short-lived ascetic Ehrlich
carcinoma. In these works was presented the scheme of
initiation of Ca®" -signaling when activating of ATP-
dependent metabotropic purine receptors P2Y, and also
store operated Ca®'-channels (SOC). P2Y and SOC were
being as integral proteins at EAC cells plasmalemma. Ac-
cording to set out of scheme and kinetic curves of cell an-
swers to additions of Melafen solution, over a wide range
of concentrations, it is possible believe that the Melafen
solution, while acting directly or is mediated through the
metabolic pathways on Ca’’-channels, changes in cells
Ca*'-transitions, that influence the receptors function-
ing, enzymes activity and channels gates etc.. This, are
likely, brings about not only to life activity suppressing
of individual insulated from cells organism of short-
lived tumor of ascetic Ehrlich carcinoma of mice, but, it
is possible, and to growth retardation of such growth, as
the solid malignancy of carcinosarcoma the Lewi in
whole organism of mice.

The obtained data provide any evidence rather
about regulator role of Melafen solution, used over a
wide range of concentrations, when proliferation of the
cells with uncontrolled growth in animals, than about
antitumor data activity of preparation.
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