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Background. Side effects of antineoplastic agents (especially leukopenia and neutropenia) could be the
main limiting factors for efficient treatment.

Objective. The research is aimed at the study of myeloprotective capability of biosimilars of granulocyte
colony stimulating factor (G-CSF) and granular carbon oral adsorbent C2 in melphalan-induced bone marrow
suppression in Guerin carcinoma-grafted rats.

Methods. Melphalan at the dose of 5.5 mg/kg was used to promote bone marrow suppression in the Guerin
carcinoma grafted rats. To fight myelosuppression, we used filgrastim and its analogue, designed and produced
by IEPOR, a recombinant granulocyte colony-stimulating factor (r-GCSF). Carbon granulated enterosorbent C2
was used for enteral sorption therapy (bulk density y=0.18 g/cm? diameter of granules 0.15-0.25 mm, BET pore
surface - 2162 m?/g). All rats were sacrificed on the 17% day after carcinoma cells inoculation or on the 8" day
after Melphalan injection.

Results. Alkylating cytostatic agent caused severe leukopenia (by 95.7%), neutropenia (by 73.9%), and
thrombocytopenia (by 84.9%) in the experimental rats. Mortality rate was 57%. Filgrastim and enterosorption
with carbon oral adsorbent C2 increased the studied indices, but the most prominent results were observed when
combination of both factors was used. Studied means did not affect the anti-tumor efficacy of Melphalan alone
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and in combination.

Conclusions. Our results are perspective for further investigation of the efficacy of the combination of carbon
oral adsorbents and hematopoietic cytokines in cases of ameliorate anti-cancer chemotherapy side effects, and

its implementation into clinics.
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Introduction

Conventional dose-dense and dose-intense
chemotherapy with radiation therapy and
surgery promote significantly to the treatment
of malignancies. Unfortunately, the side effects
of antineoplastic agents are the main limiting
factors for their efficiency [1-3]. The cells and
tissues with high speed of division are the most
sensitive. Bone marrow suppression, damage
of gastrointestinal mucosa, gonadal toxicity,
loss hair, dysfunctions and/or structural
changes of kidney and liver are typical side
effects of tumoricidal chemotherapy [2,4,5]. The
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incidence rates of myelotoxicity varies from 30
up to 60% [6]. The mortality rates due to febrile
neutropenia among the patients undergoing
chemotherapy are around 5-11% in adults and
2-6% in children [7,8], and up to 20% in case of
comorbidity [6]. So, amelioration of the nega-
tive effects and saving of the tumoricidal activity
of chemotherapy are topical issues of contem-
porary oncology. Only complete courses of
treatment may guarantee survival [7,9].

Granulocyte colony-stimulating factor
(G-CSF) and a granulocyte-macrophage colony-
stimulating factor (GM-CSF) are anirreplaceable
part of supportive care in oncology and are
used to reduce the incidence of severe leuko-
penia [10]. It has been proved in the cancer
patients receiving multiple cycles of chemo-
therapy [11].
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Endogenous intoxication is another com-
ponent that makes the side effects of chemo-
therapy more severe. These syndrome com-
pounds are the products of tumor metabolism,
and the consequence of treatment (surgery,
chemotherapy cause the damage of tumor
tissues and increase in the quantity of toxic
metabolites as well as its derivatives) [12].
Sorption Detoxification is a common and well-
known method for reducing toxic effects of
chemotherapy [13-15]. Some of the main types,
which are widely used in medicine today, are
hemoperfusion (when blood is filtered through
the column with activated carbon), entero-
sorption - enteral use of oral adsorbents of
different types, and application-sorption
therapy - use of carbon dressing for healing of
burns and wounds.

Our previous experiments proved a sig-
nificant bone marrow protection in melphalan-
induced myelosuppression in the healthy rats
[16,17]. But a topical issue of any additive
supportive therapy in oncology is the impact
on a tumor growth, not only the amelioration
of anti-cancer chemotherapy side effects. So,
the objective of our investigation is the study
of myeloprotective capability of biosimilars of
granulocyte colony stimulating factor (G-CSF)
and enteral sorption therapy with carbon oral
adsorbent C2 in Melphalan-induced bone
marrow suppression in the Guerin carcinoma
grafted rats.

Methods

Melphalan (Alkeran, GlaxoSmithKline, UK)
was used to promote the bone marrow sup-
pression. Carbon granulated enterosorbent C2
(produced by R.E. Kavetsky Institute of Expe-
rimental Pathology, Oncology and Radiobiology,
IEPOR) was used for enteral sorption therapy.
The parameters of enterosorbent C2 are: bulk
density y=0.18 g/cm?, diameter of granules
0.15-0.25 mm, BET pore surface - 2162 m?/g.
Filgrastim (Neupogen, Hoffman La Roche) and
G-CSF-analogue of IEPOR production - recom-
binant granulocyte colony-stimulating factor
(r-GCSF) were used to increase the white blood
cell (WBC) count. r-GCSF was designed within
the State Grant No. 487/2011 from 29.09.2011
“Development of technology for synthesis of
human recombinant granulocyte colony sti-
mulating factor and medication on its basis”.

The experiments were performed using
mature Wistar female rats, 200+20 g of body
mass, which were got from the vivarium of
IEPOR (Kyiv, Ukraine). Guerin carcinoma cells

were taken from the Bank of Cell Lines from
Human and Animal Tissues of the abovemen-
tioned institute. All procedures were performed
according to the rules and requirements of
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes and a local Ethic Com-
mittee of IEPOR. The tumors were implanted
by subcutaneous injection (dorsally into the left
flank) of 2.2x10¢ Guerin carcinoma cells sus-
pended in 0.5 ml of sterile physiological solu-
tion. All animals were randomly divided into 6
groups (n=7). The 1stgroup was a tumor control
group. All rats of groups 2-6 were administered
with Melphalan: the 3 group involved the rats,
which were administered with filgrastim
injections (Melphalan + filgrastim) in addition
to the cytostatic agent; the 4" - enteral sorption
therapy with C2 (Melphalan + C2), the 5t
group - the rats, which were administered with
both agents (Melphalan + filgrastim + C2), and
the 6™ group - the animals, which received r-CSF
and carbon oral adsorbents C2 (Melphalan +
r-CSF + C2).

On the 10" day after Guerin carcinoma
grafting, Melphalan was injected intravenously
(into the tail vein) one time at the dose of
5.5 mg/kg to the rats of groups 2-6. Beginning
from the following day and for four next days,
filgrastim or r-CSF was injected subcutaneously
at the dose of 50 mcg/kg. A suspension of
carbon enterosorbent (C2 dosage of 5 ml/kg of
animals’ body weight, or 900 mg of dry mass
of enterosorbent) in appropriate quantity of
distilled water was introduced via the tube into
rat stomach during 3 days before the Melphalan
injection and during 7 days after it (once a day).

The rats’ mortality rate and dynamics of
tumor growth was studied as well. The rats
were weighted, and blood was taken from the
heart under Ketamine hydrochloride general
anesthesia on the 8" day after Melphalan
injection (the 17t day after Guerin carcinoma
cells inoculation). Automatic hematology ana-
lyzer Particle Counter E120 (Erma Inc., Japan)
was used for evaluation of complete blood cell
count.

Statistical analysis. Since data were not
normally distributed in all groups (Shapiro-Wilk
Normality Test), non-parametric tests (Mann-
Whitney U-test and one-way ANOVA test) were
used in data analysis (statistical significance at
p<0.05). The data were expressed as the mean+
standard error of the mean (M+SE). All statistical
calculations were performed using the Origin
7.5 Software (OriginLab Corporation, USA).
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Results

Allrats survived in the tumor control group
on the 17" day after Guerin carcinoma cells
inoculation, while Melphalan injection caused
the death of 4 rats (the 2" group). In the group
of rats, which received carbon oral adsorbent,
2 rats died. In all other groups one rat died in
each group till the end of experiment (Figure
1). So, we evidenced the mortality rate of 57.1 %
in the Melphalan group, while the combination
of both agents of correction (G-CSF and carbon
oral adsorbent) reduced this number to 14.3 %.

It was established that a single injection of
cytostatic agent Melphalan caused significant
leukopenia from (13.9+£1.9) to (0.6+0.1)x10°/L
(Figure 2). The decreasing of WBC count by
95.7% explained a high mortality rate in the
Melphalan group (the 2" group). Course of

Filgrastim promoted 2.3-fold increase of WBC
count (or by 133.3%) compare to the Melphalan
group. Enteral sorption therapy also increased
this index in 1.5 times (or by 50.0%). The use of
combination of both G-CSF drugs and entero-
sorbent had the tendency to be more effective
compare to the administration of each drug
alone. The WBC countincreased in 2.8 times (or
by 183.3%) in the Melphalan+filgrastim+C2
group and in 2.7 times (or by 166.7%) in the
Melphalan+r-GCSF+C2 group compare to the
Melphalan group.

As for the WBC formula, the results of the
experiment are presented in Figure 3.

Single Melphalan injection at the dose of
5.5 mg/kg™ significantly decreased the granu-
locytes percentage in the peripheral blood by
73.9%, monocytes were absent at all. The

Bsurvived rats W dead rats

Figure 1. Survival and mortality rates among the Guerin carcinoma grafted rats, which received Melphalan,
biosimilars of G-CSF and enterosorbent C2 on the 17™ day after tumor cells inoculation.
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Figure 2. White blood cell (WBC) count in the Guerin carcinoma grafted rats, which received Melphalan,
biosimilars of G-CSF and enterosorbent C2 on the 17t day after tumor cells inoculation.
Notes: * - p<0.05 compare to the tumor control group; ** - p<0.05 compare to the Melphalan group.
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Figure 3. White blood cell (WBC) formula of the per

ipheral blood in Guerin carcinoma grafted rats, which

received Melphalan, biosimilars of G-CSF and enterosorbent C2 on the 17" day after tumor cells inoculation.
Notes: * - p < 0.05 compare to the tumor control group; ** - p < 0.05 compare to the Melphalan group.

increased number of lymphocytes in the peri-
pheral blood was evidenced that can be
explained by critically low WBC count and
violation of cells composition. The administration
of filgrastim and carbon oral adsorbent C2
alone did not influence significantly; a slight
tendency of increase of the indices was evi-
denced. The combination of both factors led to
normalization of granulocytes percentage in
the peripheral blood, while the number of
leukocytes was still quite low (Figure 2). So,
granulocytes number increased by 254.8% (in
3.6 times) in the the Melphalan+filgrastim+C2
group and by 197.6% (approximately in 3 times)
in the Melphalan+r-GCSF+C2 group compare to
the Melphalan group.

As for the red blood cell (RBC) count and
hemoglobin, no significant impact of any drug
used in the experiment was evidenced. But a
6.6-fold decrease of platelets count was
observed in the rats (or by 84.9%), which were
administered with Melphalan compare to the
tumor control group (Table 1).

Table 1. RBC and platelets count as wel
in the Guerin-carcinoma grafted rats

The same tendency as for the granulocytes
percentage was evidenced concerning the
platelets count: only the tendency for amelio-
ration of low platelets level. The combination
of both drugs: officinal filgrastim or specially
designed analogue r-GCSF together with
carbon oral adsorbent C2, caused significant
increase of thrombocytes number in peripheral
blood. Thus, platelets count increased in 4.2
times (or by 319.6%) in the Melphalan+fil-
grastim+C2 group, and approximately in 3 times
(or by 198%) in the Melphalan+r-GCSF+C2 group
compare to the 2" Melphalan group.

The tumor growth dynamics in case of the
administration of alkylating cytostatic agent
and G-CSF analogues as well as enterosorption
was a significant aim of the study. Melphalan
was injected on the 10* day after Guerin car-
cinoma cells inoculation, when a tumor was
formed (Table 2). On the 17% day of the
experiment a significant slow of tumor growth
compare to the tumor control group was
evidenced. There was no negative effect of

| as hemoglobin level in peripheral blood
in case of Melpahaln, G-CSF-analogues

and enteral sorption therapy, M+SE ﬂ

O

Indices RBC count, Platelets count, Z

Group x1012/L x10°/L Hb, g/L LIG-I

Tumor control group, (n=7) 7.73+0.51 325.6+35.9%* 152.0+8.0 )

Melphalan group, (n=3) 8.70+2.65 49.0+11.9*% 130.0+30.0 3

Melphalan + filgrastim group, (n=6) 10.57+1.19 74.0£9.5* 211.0£25.0 5

Melphalan + C2 group, (n=5) 8.06+0.68 60.0+8.6* 153.0£15.0 )

Melphalan + filgrastim + C2 group, (n=6) 10.21+1.00 205.6+86.2** 188.0+£18.0 5

Melphalan + r-GCSF + C2 group, (n=6) 7.91+0.81 146.0+£36.8%,** 146.0£17.0 %

b=

Notes: * - p<0.05 compare to the tumor control group; ** - p<0.05 compare to the Melphalan group. as]
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Table 2. Dynamics of the Guerin carcinoma growth in the experimental groups
(volume, cm3, M+SE, n=7)

Day after tumor’s inoculation

Group 10 day 17t day
Tumor control group 3.7+0.2 11.310.2
Melphalan group 3.8+0.3 6.6+0.2 *
Melphalan + filgrastim group 3.7+0.2 6.4+0.3 *
Melphalan + C2 group 3.5£0.2 6.1+0.2 *
Melphalan + filgrastim + C2 group 3.8+0.3 6.0+0.4 *
Melphalan + r-GCSF + C2 group 3.7+0.4 6.0+0.3 *

Notes: * - p<0.05 compare to the tumor control group.

G-CSF drugs or enterosorbent C2 on the anti-
cancer action of Melphalan. On the 17" day the
tumors sizes decreased by 41.6 % in the Mel-
phalan group, by 43.4 % in the Melphalan+
filgrastim group, by 46.0 % in the Melphalan+C2
group, and by 46.9 % in the groups of rats,
which received combination of enterosorption
and hematostimulating cytokines. We assessed
the tumors size in all groups of rats.

Discussion

Typical side effects of anti-cancer chemo-
therapy, and leukopenia as the most common
among them, are tightly related to the clinical
outcomes [1, 18]. More and more attention is
paid to this issue, especially after the success
of modern techniques such as a stem cell trans-
plantation and cytokines treatment to restore
hematopoietic functions. Different chemo-
therapy regimens are classified to develop a
high risk (more than 20%), an intermediate risk
(from10to 20%) or a low risk (less than 10%) of
febrile neutropenia [6]. All of them require
administration of different doses of hemato-
poietic cytokines to prevent and treat compli-
cation of tumoricidal therapy. G-CSF influences
cellular proliferation, differentiation, matura-
tion, and lineage commitment in the bone
marrow not only of neutrophils but of short-
term hematopoietic stem cells, colony forming
units granulocyte erythroid macrophage mega-
karyocyte, colony-forming units granulocyte
macrophage and colony forming units gra-
nulocyte as well [19]. The American Society of
Clinical Oncology (ASCO) recommends primary
prophylaxis with G-CSF or GM-CSF for the
expected incidence of neutropenia of >40% [20].
Also, pedfilgrastim (sustained duration form of
filgrastim, G-CSF) is recommended for admi-
nistration for at least 1 day after chemotherapy
[21].

G-CSF drugs are mostly well tolerated. One
of the most common reported side effects is

bone pain (which is not treatment-limiting),
neutrophilic dermatoses, exacerbation of
psoriasis and isolated anaphylactic reactions as
well as coagulation abnormalities also may
appear. Transient renal and biological
disturbances are reported [22,23]. Dyspnea,
pain in chest and hypoxemia, nausea,
diaphoresis, anaphylactic reactions, syncope
and flushing are evidenced [24]. Unfortunately,
G-CSFis helpless to fight other than leukopenia
side effects [25]. Also, it does not penetrate
through the alveolar barrier and cannot prevent
lung injury, especially during the concomitant
radiation therapy [26]. So, it means we may
enhance the efficacy of G-CSF therapy in the
patients with malignancies during chemo-
therapy courses and Sorption Detoxification is
a promising issue. First positive results for
myeloprotective effect of enterosorption were
published in 1980-90* [15]. Since that time there
are a lot of evidences for successful use of
enterosorption in oncology practice [12, 13,
27-29]. Our previous experiments in healthy
rats demonstrated advantages of combination
of G-CSF and enterosorption to ameliorate side
effects of melphalan and cisplatin [16,30]. This
study has proved that such combination has no
negative impact on tumoricidal activity of
alkylating cytostatic agent Melphalan and
promotes animals’ survival: mortality rate
decreased from 57 to 14%.

Conclusions

The side effects of anti-cancer drugs, espe_
cially bone marrow suppression and neutro_
penia, are the main limiting factors for full
courses of chemotherapy, which is crucial for
treatment efficacy.

Melphalan at single injection at the dose of
5.5 mg/kg caused significant leukopenia and
granulocytopenia in the Guerin carcinoma
grafted rats. Mortality rate was 57.1%. The
filgrastim (recombinant granulocyte colony
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stimulating factor) or enteral sorption therapy
with carbon oral adsorbent C2 (bulk density
y=0.18 g/cm3, diameter of granules 0.15-
0.25 mm, BET pore surface - 2162 m?/g) for
correction of melphalan-induced myelosuppres-
sion increased white blood cell count, but the
most prominent results were evidenced only
when combination of both factors was used,
especially regarding the granulocytes number.

count was observed. The use of both factors of
correction did not ameliorate the anti-tumor
efficacy of alkylating cytostatic agent.

Thus, the results are perspective for further
study of the use of combination of carbon oral
adsorbents and hematopoietic cytokines to
ameliorate anti-cancer chemotherapy side
effects, as well as their implementation into
clinical practice.

Also, only in the group of rats, which received
both Filgrastim or r-GCSF, produced by IEPOR,
and enterosorption, the restoration of platelets
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BcTyn. [To6iyHi epekmu npomunyxauHHUX iKapCbKUX 30co6ig (Halldacmiwe nelikoneHia ma HelimponeHis)
cy2yrome OCHOBHUM AiMIMyOYUM GAKMOPOM epekmueHo20 NiKy8aHHA. Hawi nonepedHi 00cnioxeHHA Ha
300p08UX MBAPUHAX NPOOEMOHCMPYBAU BUPAXCEHY epekmueHICMb npu MendanaH-iHOyKosaHil mienocynpecil,
00HAaK NUMQHHS 8nausy byob AKUX 000aMKO8UX YUHHUKI8, AKI 3CMOCOBYHOMbCSA Yy OHKOM02iYHIT npakmuyi, Ha
picm ma po38umok nyxaAuHU Ha038UYAUIHO 8aXUIUBe.

MeTa po6oTu: docrioumu dito biocuminspie 2paHy104UMAapPHO20 KOAOHIECMUMYMOKY020 pakmopa (M-KCP)
ma 2paHy/L0BAHO20 8y2/1eyes020 eHmepocopbeHma C2 npu mMenganaH-iHOyKoeaHil Mienocynpecii y wypie 3
nepesusHor KapyuHoMoro lepeHa.

MeTopw. /14 iHOyKy8aHHS Mienocynpecii'y ujypie 3 nepegusHor KapyuHomoro lepeHa MeadanaH esoounu
y 003i 5,5 m2/ka. s Kopekyii 8UKAUKQHUX 3MIH 8UKOpUCMosy8aau ginzpacmumM ma aHasa102 8UPObHUYMEd
IETIOP - pekomb6iHaHMHUU 2paHyaoyumapHuUll KoaoHiecmumyaoroyul ¢akmop (p-rkC®). Ans nposedeHHs
eHmepocopbyii 8UKOpPUCMAHO 2paHyAbOoBAHUU 8y2aeyesuli eHmepocopbeHm C2 3 NUMOMOI 802040
y=0,18 2/cm3, diamempom epaHyn 0,15-0,25 MM, nosepxHs nop 3a BET - 2162 m?/2). TeapuH augoouau 3
ekcnepumeHmy Ha 17-y 006y nicas nepewjensiieHHs NyxAuHU (Ha 8-y 006y nicia 88edeHHA MenYanaHy).

PesynbTaTn. AKinyo4ull yumocmamuk 8ukaUKae 2auboki nelikoneHito (nadiHHA Ha 95,7%), HelimponeHiro
(3HUMCeHHS Ha 73,9%) ma mpomboyumoneHito (Na0iHHA NOKA3HUKA Ha 84,9%) y dociiOHUX meapuH. JlemanbHiCMe
cknana 57%. 3acmocysaHHs npenapamie [-KC® ma eHmepocopbeHma C2 nokpauyysano 00CAioxNy8aHi
NOKA3HUKU, 00HAK HalibinbwW supax3eHe NOKpawjeHHs cnocmepi2anocs auwe npu 8e8edeHHi 060X YUHHUKI8
pasom. BeedeHHs 060X YUHHUKI8 HE 3MeHWY8A/A0 NPOMUNYXAUHHY OKMUBHICMb MeapanaHy K npu
MOHO88e0eHHi, mak i 8 KOMGIHaUiI.

BUcHOBKW. OMpuMaHi HaMu pe3ynsmamu €8id4ame npo nepcnekmueu Nooda/ab6U020 8UBYEHHS
epekmueHoCmi 30cmocy8aHHs KOMbIHaYii eHmepocopbyii ma 2eMoCMUMYORYUX YUMOKIHIG 04151 NOM'AKUWEHHS
nobiyHUX epekmie npomunyxauHHOI Xximiomepanii ma ix 8npo8aOHCeHHS Y KAIHIYHY NPAKMUKY.

K/TKOYOBIC/I0BA: mendanaH; kapuuHoma FepeHa; LLypu; rpaHy/1IoLUTapHUIA KOJTIOHIECTUMYIOYUIA
¢daKTop; eHTepocopbLis.
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