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1t was previously demonstrated in in vitro experiments that canavanine (Cav), a natural toxic arginine
analogue of plant origin, is a promising candidate for augmenting the antineoplastic effects of arginine
starvation. We demonstrated herein that recombinant human arginase, an arginine degrading enzyme,
abrogated growth and significantly increased Cav cytotoxicity toward cultured L1210 murine leukemic cells.
Cav co-treatment further reduced cells viability in a time-dependent manner and significantly promoted
apoptosis induction. In the pilot study we also evaluated for the first time the potential toxicity of the combined
arginine deprivation and Cav treatment in healthy mice. Administration of Cav alone or in combination
with pegylated cobalt-containing human arginase (Co-hARG) did not evoke any apparent toxic effects in
these animals, with no significant behavioural and survival changes after several weeks of the treatment.
The therapeutic effects of the combination of Co-hARG and Cav were provisionally evaluated on the highly
aggressive murine L1210 leukemia, which is semi-sensitive to arginine deprivation as a monotreatment.
Combination of two drugs did not result in significant prolongation of the survival of leukemia-bearing mice.
Thus, we have shown that the proposed combinational treatment is rather non-toxic for the animals. It has
to be further evaluated in animal studies with alternative tumor models and/or drug doses and treatment

modalities.
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the recombinant arginine-degrading enzymes,

such as arginine deiminase and arginase, is a
novel potential approach for cancer treatment cur-
rently under clinical trials [1-4]. Arginine-targeted
therapies are developing toward combinatorial mo-
dalities based on the emerging preclinical data of ad-
ditive and synergistic drug effects in the treatment of
arginine auxotrophic cancers [4-6].

L-Canavanine (Cav), guanidine-containing
non-proteinogenic amino acid found in certain le-
guminous plants [7] is highly toxic for a wide range
of organisms including bacteria, fungi, yeasts, al-
gae, plants, insects, and mammals [8]. Due to the
remarkable structural similarity of Cav to arginine
(Arg), it can effectively compete with Arg for arginyl
tRNA synthase and for incorporation into cellular
proteins [9]. In addition, Cav, as Arg antimetabolite,
is an inhibitor of inducible nitric oxide synthase [10].
L-Canavanine has been reported to possess growth
retardation activity toward tumor cells in culture

Pharmacological deprivation of arginine with

and experimental tumors in vivo [11-13]. Synergistic
antitumor effects from a combination of Cav with
5-fluorouracil or y-irradiation have been demonstra-
ted, indicating that Cav may modulate the chemo- or
radiosensitivity of tumors [14, 15].

We have recently demonstrated in in vitro ex-
periments that Cav strongly and selectively aug-
ments antiproliferative effect of arginine deprivation
for various tumor cells but not pseudonormal cells
[16]. We also observed that the combined recombi-
nant human arginase (thARG) and Cav treatment al-
though inhibited proliferation of activated peripheral
blood lymphocytes but only slightly promoted apop-
tosis and did not affect resting cells [17]. In other in-
vestigations, we also revealed that rhARG treatment
inhibited growth and reduced viability in several
acute lymphoblastic leukemia cell lines in vitro and
strongly (up to 50 times) decreased IC, | for Cav [18].

From this point of view, it was interesting to
evaluate for the first time the feasibility and poten-
tial therapeutic effect of the combined arginine dep-
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rivation and Cav treatment. L1210 leukemic cells,
which are weakly sensitive to arginine starvation
as a monotreatment, were used as an experimental
model.

Materials and Methods

Materials and treatment schedule of animal
study. All the manipulations with laboratory animals
were carried out according to the European Conven-
tion for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986) and Bioethical expertise of pre-
clinical and other scientific studies conducted on
animals (Kyiv, 2006). Adult male C57BL/6 (canava-
nine cytotoxicity) or DBA/2 (leukemia propagation)
mice, aged 8-12 weeks and weighing 19-22 g at the
start of experiment, were maintained on a 12-hour
light: dark cycle in temperature controlled room,
with access to water and food ad libitum.

In the initial experiments, affinity purified
His-tagged secretory recombinant human arginase
(rhARG), constructed and purified at the Institute
of Cell Biology from yeast Hansenula polymorpha
producers [4], was injected at several doses (250-
1000 U/mouse) and by different ways of administra-
tion (intraperitoneal or intravenous) to verify its ef-
fect as an arginine-degrading enzyme. In subsequent
experiments pegylated human arginase PEG 5000
Co-hARG (Texas, USA) kindly provided by Prof.
L. Kunz-Schughart (OncoRay, Germany) was used.
Further on, we tested for the first time the combined
pegylated Co-hARG (6 mg/kg, i.p. once in four days)
and Cav (L- canavanine sulfate salt, Sigma-Aldrich,
0.1 or 0.5 g/kg i.p. every second day) treatment with
regard to possible toxicity, weight changes and sur-
vival in healthy animals and L1210 murine leuke-
mia—bearing mice. In the case of experimental leu-
kemia model, drug administration started the next
day after i.p. tumor cell inoculation.

Analysis of pharmacokinetics (arginase activi-
ty) and pharmacodynamics (arginine concentration)
of native rhARG and pegylated Co-hARG in blood
plasma of mice was carried out. Blood plasma from
tail vein was collected at the indicated time points
and arginine level in each sample was determined
by high pressure liquid chromatography (HPLC) as
described in [19]. We also measured some blood bio-
chemical parameters of Co-ARG and/or Cav treated
mice after decapitation. Total protein in blood plas-
ma of mice was determined according to Peterson’s
method [20]. Alanine aminotransferase (ALT) activi-
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ty, marker of hepatic toxicity, was measured spec-
trophotometrically by Reitman and Frenkel dinitro-
phenylhydrazine method at 505 nm (SIMKO, Lviv,
Ukraine) [21]. a-amylase, marker of chronic and
acute pancreatic toxicity, was assayed by amyloclas-
tic method [22].

Leukemia transplantation and culturing.
L1210 murine leukemia in vitro and in vivo sublines
were obtained from the tumor strain collection of
R. E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology, NAS of Ukraine (Kyiv,
Ukraine). The tumor was supported by transferring
~0.25 ml of ascitic fluid (2-3x10° cells) from donor
mouse into the abdominal cavity of recipient mouse.
Ascite from the tumor - bearing mice was obtained
and transplanted on the 7" day after the inoculation.
Tumor growth was controlled by everyday weigh-
ting of the mice. The viability and number of cells
in the ascitic fluid were checked by cell counting in
the hemocytometer in the presence of 0.05% Trypan
blue. The leukemic cell vitality in ascite used for
transplantation was not less than 98%.

L1210 in vitro culture subline was cultured in
RPMI 1640 medium supplemented with 10% fetal
calf serum (Sigma, USA), 300 mg/l glutamine and
50 pg/ml gentamycin (Sigma-Aldrich, Germany) in
a humidified atmosphere of 5% CO, at 37 °C. The
cells were subcultivated every 3 days by trypsini-
zation and split in a 1:5 ratio. In experiments, cells
were plated in 96-well plates at a density of 3-5x10*
in RPMI 1640 medium and treated with 2 U/ml
rthARG, Cav (0.1 mM) and/or Cit (0.1 mM) for 24,
48 and 72 h. The dynamics of cell growth were de-
termined in Trypan Blue dye exclusion test (Sigma,
USA). The cells were resuspended and aliquots of
cells were mixed with the 0.05% Trypan Blue dye
solution and counted on a hemocytometer by means
of light microscopy. Concentration- and time-de-
pendent Cav cytotoxicity was measured using the
standard MTT assay.

MTT Assay. Cells were grown in 96-well plates
with 0, 0.01, 0.1, 1 and 10 mmol/l of Cav in either
culture complete medium (CM), CM with 2 U/ml
rthARG or/and citrulline (0.1 mM). After different
treatments, 20 pl of 5 mg/ml MTT solution (Sigma,
USA) was added to each well (0.1 mg/well) and in-
cubated for 5 hrs. The supernatants were aspirated,
the purple formazan crystals in each well were dis-
solved in 200 pl of dimethyl sulfoxide and optical
density at 540 nm was measured on a Microplate
Reader (Biotek, USA). The amount of Cav sufficient
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to kill 50% of the cells in a culture was defined as
the Cav inhibitory concentration (IC,).

Assay of arginase activity. Arginase activity
was assayed in 20 mM tris-sulfate buffer, pH 9.5,
containing 2 mM MnCl, and 100 mM arginine in a
final volume of 1 ml. After the incubation for 30 min
at 37 °C the reaction was stopped by adding trichlo-
roacetic acid and the resulting urea was assayed by
the diacetyl monooxime method spectrophotometri-
cally at 520 nm [23]. One unit of enzyme activity
was defined as the amount of enzyme that releases
1.0 umol of urea for 1 min under the above condi-
tions.

Western blot analysis [24]. Treated and con-
trol cells were washed with ice-cold PBS and lysed
in extraction buffer containing 10 mM Tris-HCl
(pH 7.5), 150 mM NacCl, 1% NP-40, 5 mM EDTA,
50 mM NaF, 1 mM Na,VO,, 5 mM benzamidine,
1 mM PMSF, 2 pug/ml aprotinin, 10 pg/ml leupep-
tin, 1 pg/ml pepstatin at 4 °C for 20 min. Cell ex-
tracts were obtained after centrifugation at 12 000 g
at 4 °C for 30 min. Equal amounts of total protein
were separated on 10% SDS-PAGE and transferred
to PVDF membrane (Millipore Corp., USA). The
membranes were blocked in 5% non-fat dried milk
in PBS containing 0.05% Tween-20 and probed
with primary antibodies against argininosuccinate
synthetase (ASS, BD Transduction Laboratories),
cleaved poly(ADP-ribose) polymerase (CPARP, Cell
Signaling Technology) and B-actin (Sigma-Aldrich)
as the loading control. Secondary goat horseradish
peroxidase-conjugated anti-mouse antibodies (Mil-
lipore Corp.) and an ECL detection system (Milli-
pore Corp.) were used to visualize immunoreactive
bands.

Statistical analysis. A group of 6-8 mice was
taken in each experiment that was repeated three
times. Data are presented as mean + SD and the
statistical significance of difference was evalua-
ted using MS Excel software for Student’s ¢-test
(P <0.05).

Results and Discussion

Arginase and Cav treatment did not produce
evident toxic effects in healthy mice. The in vitro and
in vivo evaluation of potential medication is a crucial
factor in the development of new therapies. There-
fore, we first evaluated, whether the combinational
arginase and Cav treatment would evoke any toxicity
in mice. Recombinant human arginase I (thARG),
expressed by us as a secretory protein in the methy-

lotrophic yeast Hansenula polymorpha and affinity
purified [4], was utilized for all in vitro and some in
vivo experiments. Analysis of pharmacodynamics
(via arginine concentration measured by HPLC)
and pharmacokinetics (monitoring arginase activi-
ty) in blood plasma of thARG treated mice demon-
strated the low efficacy of this drug in animals due
to a short circulation half-life in blood stream. As
our preliminary study revealed, the highest injected
dose of 500 U of the purified native rhARG reduced
circulating free arginine in blood stream only tran-
siently and up to 20 uM, and concomitantly exhibi-
ted fast loss in specific activity (data not shown). The
half-life time of the enzyme was estimated to be ap-
proximately 3 h.

It was previously reported that replacing the
two Mn?" ions normally present in human arginase
I with Co*" results in an enzyme that displays 10-
fold higher catalytic efficiency (k_ /K ) for L-Arg
hydrolysis and, important for therapeutic applica-
tions, significantly increased its serum stability [25].
The authors demonstrated that weekly injection of
8 mg/kg of Co-hARG induced regression in human
hepatocellular (HepG2) and pancreatic (Panc-1) car-
cinoma tumor xenografts [26].

Therefore, next we utilized in our study the
pegylated PEG5K-Co-Arginase (hereinafter Co-
hARG) kindly provided by Prof. L. Kunz-Schughart
(OncoRay, TUD Dresden, Germany). Single intra-
peritoneal (i.p.) injection of Co-hARG (6 mg/kg of
body weight) provided complete (at least below the
detection level of 0.5 pM) arginine depletion for up
to 4 days (Fig. 1, A). It was also observed that plasma
Cav level in mice following i.p. single Cav injection
at 0.5 g/kg dose dropped quickly and was completely
exhausted after 3 h as shown in Fig. 1, B. Because of
the small circulation half-life time of Cav in blood
stream (within few hours), in the subsequent experi-
ments this drug was administered to animals at the
same dose every second day (see below).

There can be several reasons of the observed
Cav pharmacodynamics: its urinary excretion by
kidneys, cleavage by the administered recombinant
arginase or cleavage by host liver arginase [12].
Therefore, we have additionally tested Cav stabili-
ty in vitro in the presence of Co-hARG. As shown
on Fig. 1 (C), Cav, unlike arginine, when mixed in
equimolar concentration and exposed to Co-hARG
was not cleaved for at least one hour of the incuba-
tion. This data suggests that the two drugs may be
compatible as components of the proposed treatment
schedule.
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Fig. 1. Pharmacodynamics of pegylated Co-hARG (A) and Cav (B) in blood plasma of mice (measured by
HPLC as described in M&M). C- Overlay chromatograms of mixed 1 mM L-Arg and L-Cav solution in PBS
without (Black) or with Co-hARG (2 U/ml, 1 h incubation) (Blue)

Different doses of Cav administered alone (i.p.
injection or in drinking water) were tested for toxic-
ity in mice. It was observed that Cav in the range of
0.01 to 1 g/kg had no apparent acute animal toxicity
(no weight or behavior alterations, data not shown).
Next we evaluated the effect of the combined pe-
gylated Co-hARG (6 mg/kg i.p. once in four days)
and Cav (0.1 or 0.5 g/kg i.p. every second day) treat-
ment on healthy mice. It should be stressed that ar-
ginine level in the bloodstream of experimental ani-
mals was permanently monitored by HPLC. Blood
plasma from tail vein was collected at the indicated
time points, and arginine content in the samples was
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found to be either very low (Day 15) or below the
level of detection (Table 1).

Administration of both Cav and pegylated Co-
hARG did not produce any apparent toxic effects in
these animals (Fig. 2, Table 2), with no significant
behavioural or survival changes after two weeks of
the treatment.

It should be noted that Co-hARG treated mice
were losing their weight in the first few days of ex-
periment which apparently was associated with ar-
ginine starvation (see Fig. 2). In the same manner,
simultaneous administration of Co-hARG and Cav
did not significantly affect the mice body weight (the
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Table 1. Plasma arginine levels (uM) in different animal groups during experiment

.. Experiment duration
Conditions
Day3 | Day4 Day 8 Day 13 Day 15
Control (untreated mice) NA 88+ 6 115+4 NA 106 +£ 6
Co-hARG 6 mg/kg NA ND ND NA 33+1.0
Co-hARG + Cav 0.5 g/kg ND ND ND ND ND
Cav 0.1 g/kg NA 97+4 NA 106 5 NA
Cav 0.5 g/kg NA 85+ 7 NA 116 +4 NA

Note: ND — not detected, NA — not analysed

difference was within less than 10% at the end of the
experiment). It is known from the literature that Cav
moves quickly to the liver where hepatic arginase ef-
ficiently catalyzes its hydrolysis to urea and canaline
and such catabolism coupled with urinary excretion
resulted in a rapid drop of blood serum canavanine
level before harmful effects were manifested [12].
Since combinational therapy of Co-hARG and Cav
has been tested by us in an animal model for the first
time, the precise pharmacokinetics of Cav and stoi-
chiometry between hepatic catabolism, hydrolysis
in the blood by Co-hARG and tissue consumption
requires separate detailed studies.

In order to further evaluate the possible com-
bined effects of Co-hARG and Cav on mice, we also
monitored the most commonly used blood biochemi-
cal parameters which reflect the function of inter-
nal organs of experimental animals. As a marker of
inflammation and immune response, we measured

total protein concentration in blood plasma of the
treated mice. We observed no significant changes
in its level in all groups of tested animals (Table 2).
The total level of immunoglobulins was unchanged
during the treatment (data not shown). Enzyme
activity of liver damage marker alanine aminotrans-
ferase (ALT) and marker of chronic and acute pan-
creatic toxicity a-amylase also appeared to be within
the control range (Table 2).

Simultaneously, we found a marked increase of
blood urea level under single Cav treatment or com-
bined with Co-hARG. It is noteworthy that urea level
normally found is in a fairly wide range of values
(3.2-9.3 mmol/l in mice) and its increased level of
up to 2 times against the control is not a serious side
effect but just an indicator of the metabolic state of
organism. Elevated levels of urea in the blood of
mice under the Co-hARG treatment very probably
may be caused by Co-hARG-mediated enzymatic
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Fig. 2. Effect of the combined Co-hARG and Cav treatment on the weight of healthy mice. Control: mice were

i.p. injected daily with 0.15 M NaCl
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Table 2. Biochemical parameters of blood plasma of Co-hARG and Cav treated mice after 15 days of the

treatment
Conditions
Control Co-hARG
Parameters (untreated Cg;ﬂgig’ Cav,0.1 g/kg | Cav,0.5g/kg | (6 mg/kg) +
mice) Cav (0.5 g/kg)

Total protein (g/l) 75+8 65+ 12 77+9 79+ 6 78 + 8
Alanine amino-
transferase (ALT, U/l 48+ 6 33+9 50+7 547+ 6.0 39.6 8.0
a-amylase (g-h/l) 207 25+8 29+6 255+7.0 25+8
Urea (mmol/I) 51+£3.0 8.0 +5.0% 8.6 £ 6.0%* 8.2+ 7.0% 9.6 + 5.0*
Liver weight (% of
animal weight) 6.8+£0.8 7.7+ 1.3% 8.0+ 1.3% 9.0 + 1.4* 8.0+ 1.2%

Note: * difference in comparison with the control group is significant, P < 0.05

degradation of plasma arginine to urea and ornithi-
ne. Also activation of the total protein breakdown
in the whole body under arginine starvation can in-
crease the release of ammonia which is eventually
converted to relatively non-toxic urea for excretion
[3]. The reason for the observed increase in blood
urea in the case of Cav administration may be due
to the activation of the Cav hydrolysis to urea by he-
patic arginase. Nevertheless, the urea level was not
proportional to the applied Cav dose as it should be
in that case. At the same time, Co-hARG and Cav
co-treatment evoked the apparent cumulative but not
additive effect on the increase in serum urea level
(Table 2).

We hypothesize that the simultaneous limited
increase in the liver weight can be linked to metabo-
lic adaptation of this organ to hepatocellular hyper-
trophy [27], which is due to the increased demand for
hepatic arginase to split Cav. However, these changes
under Cav single treatment and under the combined
action of Co-hARG plus Cav can be considered as
an adaptive and a non-adverse reaction whereas to-
tal protein concentration and ALT activity in plasma
remained unchanged. Insignificant increase of amy-
lase activity may be due to nephron tension concer-
ning excretion the increased amount of urea in urine.
Taking into account all the abovementioned, we can
conclude that administration of Cav alone or in com-
bination with Co-hARG did not cause any apparent
acute toxic effects in healthy animals, with no sig-
nificant behavioural or survival changes. It should
be emphasized that the chosen doses of Cav (based
on very limited literature data and extrapolation of
our previous studies in vitro) is rather high and will
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probably not be used for the therapy. However, these
data can be useful as a starting point for developing
the novel drug regimens in combinational therapy.

The effect of combined rhARG and Cav treat-
ment on murine L1210 leukemic cells in vitro. As an
easy to handle experimental model to study the ef-
fects of thARG and Cav therapy L1210 murine leu-
kemic cells were chosen. First of all, we examined
cytotoxic effect of Cav (the concentration that causes
death of 50% of cells, IC,)) toward L1210 murine
leukemic cells upon different culture conditions. For
this purpose, tested cells were treated with several
increasing concentrations of Cav (0.01, 0.1, 1 and
10 mmol/l) in complete medium (CM) alone or in
combination with purified thARG in concentration
of 2 U/ml or/and citrulline (0.1 mM). Using MTT
test it was found that Cav cytotoxicity significantly
increased in a time-dependent manner under the
conditions of Arg starvation. The appropriate Cav
IC,, values are provided in Table 3. In the medium
with ThARG, Cav-mediated cytotoxic concentration
at 48 or 78 h of the treatment was approximately
one order of magnitude lower relative to IC,, value
in control complete medium. Prosurvival effect of
0.1 mM citrulline as arginine precursor on Cav IC,
was observed only transiently on the first day of in-
cubation.

Next, to evaluate leukemic cell responsive-
ness to combined thARG and Cav treatment, the
survival rate of cultured L1210 cells was analyzed
under the conditions of arginine deprivation (com-
plete medium with the addition of recombinant hu-
man arginase thARG in concentration of 2 U/ml)
and under the combined starvation for arginine with



O. 1. Vovk, O. I. Chen, N. I. Igumentseva et al.

Table 3. TheIC,,value of Cav toward L1210 cells

Cav IC,, mM 24h 48 h 72h
Complete medium (CM) 9.5+0.3 45+0.3 3.60 +0.15
CM +rhARG (2 U/ml) 6.4+ 0.5% 0.6 + 0.1* 0.20 + 0.05*
CM + rhARG + Cit 0.1 mM 0.80 £ 0.15* 0.50 + 0.08* 0.23 + 0.06*

Note: * difference in comparison with the control (complete medium) to the appropriate hour is significant, P < 0.05

Cav (thARG + Cav 0.1 mmol/l) and/or citrulline (Cit
0.1 mmol/l) (Fig. 3, A). For this purpose, cells were
incubated in cell culture medium supplemented with
appropriate compounds and a number of viable cells
was counted by the trypan blue dye exclusion assay.

We observed that the presence of Cav in com-
plete medium leads to a slight decrease in the num-
ber of viable cells starting only after 72 h. As was
established before, this weak effect is due to com-
petition of Cav with Arg in several metabolic reac-
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tions [28]. It should be noted that rhARG, namely
arginine starvation, abrogated growth of L1210 cells
and the addition of Cav further reduced cells viabili-
ty (Fig. 3, 4). However, arginine precursor citrulline
significantly but not completely counteracted the
inhibitory effect of thARG alone or combined with
Cav in L1210 cells due to their apparent positive sta-
tus for argininosuccinate synthetase (ASS), a rate-
limiting enzyme of citrulline to arginine conversion
in urea cycle (Fig. 3, B).
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rhARG+Cit 24 h
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Fig. 3. Viability of cultured L1210 murine leukemia cells under rhARG (2 U/ml) and Cav (0.1 mM) or citrulline
(Cit, 0.1 mM) treatment (A) and Western blot analysis of argininosuccinate synthetase (4SS, B) and cleaved
poly(ADP-ribose) polymerase (cPARP, C) level. * Difference in comparison with the control to the appropriate

hour is significant, P < 0.05
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We also examined whether a combined thARG
and Cav induces apoptosis in L1210 cells that may
be concomitant to the observed decrease in their via-
bility (see Fig. 3, 4). Indeed, we detected that the
expression of the cleaved form of PARP protein (as
an apoptotic marker) in L1210 cells significantly in-
creased only after combined ThARG and Cav treat-
ment (see Fig. 3, C). However, ThARG alone only
slightly promoted apoptosis induction.

Overall, our data indicate that although viabili-
ty of L1210 leukemic cells is negatively affected by
Cav under Arg restriction, their sensitivity to this
compound, as well as to arginine deprivation as a
monotreatment is lower relative to other tested ma-
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lignant cells of leukemic origin and those of solid
tumors [16, 18].

Evaluation of the effect of combined arginine
deprivation and canavanine treatment in animal
model of leukemia. A highly aggressive L1210 mu-
rine leukemia, shown to be, however, semi-sensitive
to arginine deprivation in vitro, was used as a prima-
ry screening animal model for preliminary evalua-
tion of the combinational treatment of Co-hARG and
Cav. The data on everyday weight dynamics of the
treated animals presented in Fig. 4 (4) demonstrates
a tendency toward retardation in the tumor develop-
ment as compared to control in the case of the Cav
introduction alone and together with Co-hARG. This
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Fig. 4. Effect of i.p. administration of Co-hARG and canavanine on weight changes (A) and survival (B) of
L1210-bearing DBA/2 mice (2 min L1210 cells/mouse). *Control — untreated tumor-bearing mice
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tendency did not result in significant increase of ex-
perimental animals’ lifespan under administration of
arginase and Cav (Fig. 4, B).

In summary, based on the analysis of common-
ly used physiological and biochemical parameters of
the experimental animals, we can conclude that the
proposed combinational treatment with recombinant
pegylated Co-hARG and Cav proved to be rather
non-toxic for the healthy mice. Although the com-
bined rhARG and Cav treatment of L1210 murine
leukemic cells indicated the strong negative impact
of Cav on cell viability under arginine restriction in
vitro, the chosen combination of these two drugs in
vivo did not result in significant prolongation of the
survival of L1210 leukemia-bearing mice. This data
can be a useful starting point for further develop-
ment of the novel drug regimens. Also, the effect of
this combinational therapy has to be further evalua-
ted in animals with alternative tumor models, in par-
ticular on those with ASS-negative status.
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in vitro, xanaBaHin (Cav), IpUPOTHUI TOKCHYHUN
aHaJIOT apriHiHy POCIUHHOTO MOXOJKCHHS, € TIep-
CHEKTUBHUM KaHJMUJIATOM JUISI MOCUJICHHS TPOTH-
MyXJMHHOT'O BIUIMBY TOJIOJlyBaHHS 3a apriHIHOM.
VY wifi poOOTI MM IOKa3aju, 110 PEKOMOIHAHTHA
apriHasa JIOIMHU SK SH3UM Jerpajaiii apriHiHy
NPUIUHSJIA  PICT 1  3HAYHO  MiJBUIIyBaja
HUTOTOKCHYUHICTH Cav Mo BiJHOIICHHIO J0 KYJIbTH-
BoBaHux L1210 mMumauux jerko3nux kmituH. Cav
3a YMOB T'OJIOJIyBaHHS 32 apriHIHOM JIOJaTKOBO 3HH-
JKYBaB JKUTTE3MATHICTh KJIITHH 3aJIS)KHO BiJ Yacy
iHKyOaii i iCTOTHO CHpUsB IHAYKIIT armonrto3y. Y

[[bOMY MIJOTHOMY JIOCIIIJPKEHHI MU TaKOX BIIEPIIIS
OLIIHWJIM TIOTEHI[IWHY TOKCHYHICTh KOMOIHAI[iN-
HOr'o 3acTocyBaHHs jaedinuTy aprininy i Cav Ha
3nopoBux mwuinax. Beemenus nume Cav abo Cav
y KOMOIHalii 3 MeriJbOBaHOK KOOAJIBTBMICHOI
aprinazoro moauau (Co-hARG) He cipuunHIoBaio
OUYCBUHUX TOKCUYHUX €(EKTIB Ta ICTOTHUX 3MiH
y TOBE/IHII 1 BM)KMBAHHI TBapUH MICIS KiJTBKOX
THXKHIB EKCIEepUMEHTY. TepamneBTHYHI BIUIMBH
komOiHanii Co-hARG i Cav Oynu mnonepeaHbo
JOCII/IKeH1 Ha BHCOKOArpecuBHiil (popmi MUIIaqo-
ro neiko3y L1210, sika € cnabouyTauBoOIO 10 TOJIO-
JyBaHHS 3a apriHiHOM 3a MoHoTeparii. KomOinais
OUX JBOX TpenapaTiB HE MpHU3BeNa 0 3HAYHOI
IPOJIOHTALii BHKUBAHHS MUIICH-HOCITB ITyXJIHH.
TakuM YHMHOM, MU IOKa3aly, IO 3alpOIIOHOBAaHA
KOMOiHaliifHa Tepamisi 3arajloM € HETOKCHYHOIO
JUTSL eKCTIepUMEHTaIbHUX TBapuH. Bona Oyze B mo-
JANbLIIOMY JOCHIJKYyBaTHCSl B €KCIIEPUMEHTaX Ha
TBapHHAX 3 aJbTEPHATUBHUMH MOJEISIMH ITYXJIHH
Ta/a00 PI3HUMH JI03aMH JIiIKAPCHKUX 3aC001B 1 METO-
JaMH JTIKyBaHHSI.

KnmouoBi cmoBa: apriHasa, KaHaBaHiH,
MUIIAYUN JIEHKO3, CKCIIEPUMEHTAIbHI TBAPUHH.
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JENKO3HBIE KJETKH IN VITRO
N INVIVO
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Kak OpL10 1oka3aHO paHee B IKCIIEPUMEHTaX
in vitro, xanaBauuH (Cav), IpUPOJHBIN TOKCHYeE-
CKMI aHaJlor apruHUHA PaCTUTEIHHOTO IPOHC-
XOKJICHUSI, SIBJISIETCS MEPCIIEKTUBHBIM KaHIUAATOM
JUISl YCUJIEHUSI TTIPOTHUBOOITYXOJIEBOTO BO3CHCTBUS
roJIOZIaHMs TI0 apTUHUHY. B 1aHHO# paboTe MBI To-
Ka3ajy, 4YTO PeKOMOMHAHTHAs apruHa3a 4elloBeKa,
KaK aprUHUHJIET paJupYIONIUi SH3UM, TpeKpalaia
POCT M 3HAUUTEIHHO TMOBBIIIANIA IIUTOTOKCHYHOCTh
Cav 1o OTHOWIEHUIO K KyJIbTHBHpOBaHHBIM L1210
MBIIIMHBIM JIEMKO3HBIM KileTKaM. Cav B YCIIOBHSAX
TOJIOZIAHUS 10 ApPTUHUHY JOMOJHUTEIBHO CHUYKAJ
YKU3ZHECTIOCOOHOCTH KIJIETOK B 3aBUCUMOCTH OT Bpe-
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MEHHM MHKYOAllMu U CYIIECTBEHHO CIIOCOOCTBOBAI
WHIYKLUH alonTo3a. B 3ToM nuinoTHOM HccienoBa-
HUUW MBI TaK)KE BIIEPBBIC OIICHUIHN MOTEHIIHATBHYIO
TOKCHUYHOCTh KOMOMHHUPOBAHHOTO IPUMEHEHUS Jie-
(ummra apruanHa u Cav 'y 310pOBBIX MBIIIIeH. BBe-
nenue ognoro nuib Cav nnu Cav B KOMOWHAIUY C
MIETTUIMPOBAaHHON KOOaIbTCONEpIKaIIe apruHazoi
yenoBeka (Co-hARG) He BbI3bIBAJIO KaKUX-THOO
SIBHBIX TOKCHYECKHX 3((EKTOB M CYIIECCTBEHHBIX
W3MEHEHUH B MTOBEJCHUHU M BBDKUBAHUU Y ITUX KU-
BOTHBIX TIOCJIE€ HECKOJBKUX HENeNb JKCIIEPHMEH-
ta. TepameBrudeckne >pdextsr komOuHauu Co-
hARG u Cav ObUIH IIpeIBAPUTEIHHO UCCIICIOBAHBI
Ha BBICOKOArPECCUBHOM ()OpPME MBIIIMHOTO JICHK032a
L1210, xoTtopasi siBisieTcss CiIabOYyBCTBUTEIHHOM
K TOJOJAHWIO IO AprHHUHY IPU MOHOTEpAIHH.
KomOuHanust 3TuX ABYX NpemnapaTtoB HE IpUBENa
K 3HAYUTENIbHOH MPOJIOHTA[UU BBIKWBAHUS MBbI-
mei-omyxoneHocuTened. Takum 00pa3oM, MBI TI0-
Kazajgu, 4YTO MpeJJIoKeHHass KOMOWMHHpPOBAHHAS
Tepanus B LEJIOM SIBISETCS HETOKCUYHOM ISl 9KC-
[IEPUMEHTAJIBHBIX XUBOTHbIX. OHa OyzneT B Jajb-
HEHIIeM HCCIeoBaThCs B AKCIIEPUMEHTAaX Ha KU-
BOTHBIX C aJIbTEPHATHBHBIMHM MOJEJISIMH OITyXOJIeH
W/WIY pa3HBIMH J03aMU JICKAPCTBEHHBIX CPEIICTB U
METOAAMH JICUCHUSI.

KnwoueBnie cloBa: apruHa3a, KaHaBa-
HHUH, MBIIITHHBINA HeﬁKOS, OKCIICPUMCHTAJIBHBIC KH-
BOTHBEIC.
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