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The aim of the work is to evaluate the hemostimulating activity of recombinant human granulocyte-macrophage colony-
stimulating factor (rhGM-CSF) conjugates with alendronic acid (ALN) in the model of cytostatic myelosuppression and the
dynamics of rhGM-CSF accumulation as a part of the conjugate in the bone tissue and bone marrow of mice.

Materials and methods. The conjugates obtained by a solid-phase synthesis using 1-ethyl-3-[3-dimethylaminopropyl]
carbodiimide or periodate oxidation, were used. A hemostimulating activity was evaluated in a model of a cytostatic
myelosuppression induced by the administration of cyclophosphamide to CBA/Calac mice. RhGM-CSF preparations were
injected subcutaneously for 4-5 days at the dose of 90 pg/kg. After the injections cycle had been completed, the total
leukocyte and segmented neutrophil counts were carried out in the blood samples, and the total karyocyte count was carried
out in the bone marrow samples.

The tissue distribution of rhGM-CSF preparations was assessed in outbred CD-1 mice after a single intravenous administration
at the effective dose. The content of rhGM-CSF in blood, femoral tissue and bone marrow was determined by enzyme
immunoassay.

Results. RhGM-CSF conjugates with ALN have been shown to retain the ability of the original protein to increase the number
of leukocytes, segmented blood neutrophils, and bone marrow karyocytes under the action of conjugates. The stimulation of
the neutrophil production used to be observed at earlier times than in the case of rhGM-CSF. The increase in the total number
of bone marrow cells after the introduction of all three conjugates was more pronounced compared to the original protein
(by 34%). The increased hemostimulatory effect of the AEG conjugate was accompanied by a more intense accumulation of
rhGM-CSF in the bone tissue and bone marrow of mice. The rhGM-CSF introduced into the conjugate was detected in the
bone tissue for 24 h and it circulated in the bloodstream for a longer time compared to the original protein.

Conclusion. The data obtained make it possible to conclude that further work on the development of effective hemostimulating
drugs based on rhGM-CSF conjugates with ALN, is promising.

Keywords: recombinant human granulocyte-macrophage colony-stimulating factor; alendronic acid; conjugate;
hemostimulating activity; accumulation in bone tissue and bone marrow.

Abbreviations: ALN —alendronic acid; GM-CSF — granulocyte-macrophage colony-stimulating factor; rhGM-CSF —recombinant
human granulocyte-macrophage colony-stimulating factor; HAP — hydroxylapatite; EDC — 1-ethyl-3-[3-dimethylaminopropyl]
carbodiimide; CP — cyclophosphan; ELISA — electronic intelligence search and analysis; TKC — total karyocyte count.
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Lenb. OueHKa remMoCTUMYANPYIOLLEeN AaKTMBHOCTM KOHBIOraToB PEKOMOWHAHTHOrO rpaHy/NoLUTapHO-MakpodaraibHOro
KOJIOHWECTUMYNMpYIoLero ¢akTopa yenoseka (pulM-KC®P) c aneHapoHoBo Kucnoton (AJIH) Ha moaenu uMTocTaTUdeckom
MMeNocynpeccumn u guHaMukn HakonneHua pulrM-KC® B cocTaBe KOHbIOraTa B KOCTHOM TKAaHW M KOCTHOM MO3re MblLLEe.
Martepuanbl u metogpbl. B pabote MCNonb30BaNM KOHBIOrATbI, MONYYEHHblIE METOAO0M TBEpPA0(hA3HOro CUHTE3a C MOMOLLLbIO
1-atun-3-[3-gumetTnnamuHonponunlkapboguummaa AN  peakuum NepuosaTHOro OKUCAEHUA. [eMOCTUMYNMPYIOLLYIO
aKTUBHOCTb OLIEHMBAZM Ha MOAE/NU LMTOCTaTUYECKOW MMEenocynpeccuu, Bbi3BaHHOW BBeAeHMem Mbiwam CBA/Calac
unknodocdaHa. Npenapatbl pulM-KCH BBOAMAM NOAKOKHO B TedeHue 4—-5 aHei B go3e 90 MKr/Kr. Mo OKoOHYaHWUM Kypca
WHBEKLMI B 06pa3Lax KPOBU NOACHUTbIBANM O6LLLEE KONMYECTBO NIEMKOLMUTOB, CErMEHTOAAEPHbIX HEMTpodUIOoB, B 06pasLLax
KOCTHOro mo3ra — obuiee ymcno KapuoumToB. OLeHKY pacnpeseneHuna npenapatos pulM-KC® no TKaHAM NpoBOAWMAM Ha
ayTbpeaHbix Mbiwax CD-1 nocne og4HOKPATHOTO BHYTPUBEHHOTO BBeAeHMUA B 3ddeKTnBHoM gose. CoaepikaHue pulM-KCP B
KPOBM, TKaHW 6eAPEHHOM KOCTU U KOCTHOM MO3re onpeaensim UMMyHOPEPMEHTHbIM METOLOM.

Pe3ynbraTtbl. [lOKa3aHo, YTo KoHbtoraTbl p4rM-KC® ¢ AJ/TH coxpaHAaM NpuUcyLLyto ncxoaHomy 6enky cnocobHOCTb NoBbIWaTh
YUCNO NIEMKOLUUTOB, CErMEHTOAAEPHbIX HEWTPOOUNIOB KPOBU U KApMOLMTOB KOCTHOTO Mo3ra. CTUMyAAuMA NPOAYKLMK
HeWTPodUNOB NoA AENCTBUEM KOHBIOrATOB Haboganack B bonee paHHUE CPoKK, Yem B caydae pulM-KCo. YeennyeHue
06LLEero YMcaa KAeToK KOCTHOFO Mo3ra Nocie BBEAEHWUA BCEX TPEX KOHBIOraToB 6bl10 6onee BblpaKeHHbIM NO CPAaBHEHUIO
C ucxogHbiMm 6enkom (Ha 34%). MoBbIWEHHbIM remocTUMmynupylowmnin apdekT KoHblorata AEG conpoBoxganca 6onee
MHTEHCUBHbIM HakonieHnem pulM-KC® B KOCTHOWM TKaHM M KOCTHOM MO3re Mbilieil. BBeAeHHbIN B COCTaB KOHbtOrata
pUrM-KC® o6HapyKMBaicsa B KOCTHOM TKaHW B TedyeHue 24 4 n 6onee ANUTENLHO LMPKYANPOBAA B KPOBEHOCHOM pyc/e no
CPaBHEHUIO C UCXOAHbIM BenlkoM.

3aKkntoueHue. MonyyeHHble AaHHble MO3BOMAIOT CAENaTb BbIBOA O NEPCMNEKTUBHOCTU AasibHeMLmnX paboT no co3gaHuio
30 PEKTUBHBIX TEMOCTUMYIMPYHOLLMX NPENapPaToOB Ha OCHOBE KOHbloratoB pulrM-KC® c A/TH.

KnioueBble cnoBa: peKOMOWHAHTHbIM TPAHYIOLMUTAPHO-MAKpOdarasbHblii KONOHUECTUMYAMPYIOWMIA GaKkTop 4YenoBeka;
a/1eHAPOHOBAA KMUC/I0TA; KOHBIOrAT; FTeMOCTUMYINPYHOLLLAA aKTUBHOCTb; HAKOM/IeHNE B KOCTHOWM TKaHM U KOCTHOM Mo3re

Cnucok  coKpaweHuii: AJIH - aneHgpoHoBasa  Kucnota; [M-KCP —  rpaHynouuTapHo-makpodaraibHbiit
KOJIOHUECTUMYNNPYIOLLMIA dakTop; pulM-KCD = PEKOMBUHAHTHbIN rpaHynouUUTapHO-MaKpodaranbHblil
KOJIOHWEeCTUMyNupyowWwmnii  dakTop 4enoseka; Al — rugpokcunanatut; EDC — 1-3tun-3-[3-gumetnnammuHonponm]

Kapboaunmug; LLd — uuknodpocdaH; NGA — ummyHopepmeHTHbIM aHanms; OKK — obLiee KoANMYecTBO KapuoLMTOB.

INTRODUCTION

The relevance of the search for new drugs
and methods for the treatment of neutropenia of
various etiologies, arising, in particular, as a result of
chemotherapy and radiotherapy in cancer patients, is
extremely high. Chemotherapy-induced disorders of
hematopoiesis and, above all, suppression of leukocyte
production, in some cases become the main indicators
for interrupting the treatment, despite a distinct
oncolytic therapy effect [1].

Granulocyte-macrophage colony-stimulating factor
(GM-CSF) is a natural cytokine protein that regulates
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the proliferation and differentiation of stem cells with
the formation of colonies of neutrophilic, eosinophilic
leukocytes, and macrophages [2—4]. The ability of GM-
CSF to enhance hematopoiesis served as a basis for
the development and introduction of drugs based on
it, Leukine and Leucomax (USA), into clinical practice,
to reduce the side effects of the antitumor therapy,
increase resistance to infections, during bone marrow
transplantation. However, despite a high level of GM-CSF
preparations safety, their use leads to the development
of adverse reactions such as fever, chills, lethargy,
myalgia, bone pain, fever, body weight fluctuations,
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generalized pruritus, redness and an aerythematous
reaction around the site of the subcutaneous injection
[5-8]. In this regard, the improvement of GM-CSF
preparations in terms of increasing their affinity for the
target tissues, reducing the therapeutic dose and, as a
result, side treatment effects, is of undoubted interest.

Literature references describe examples of various
vector molecules used for the targeted delivery of
immunoregulatoryligands,inparticular, cytokines[9-11].
As a means of delivering biologically active substances
to the bone tissue and bone marrow, bisphosphonates
which are characterized by a high affinity for calcium
ions and the ability to rapidly accumulate in the bone,
are used [12-17]. One of the methods for obtaining
the targeted drugs based on bisphosphonates, is their
conjugation with medicinal preparations [12, 13].

Taking into account all of the above, conjugates of
a human tumor necrosis factor alpha with alendronic
acid aminobisphosphonate (ALN), which demonstrated
the ability to accumulate in the foci of bone metastasis
of the tumor, thereby exhibiting an antitumor activity,
was obtained [18, 19]. These data became a basis
for the use of ALN as a vector molecule for a delivery
of a recombinant human granulocyte-macrophage
colony-stimulating factor (rhGM-CSF) to bone marrow
cells.

A technology for the production of rhGM-CSF in a
prokaryotic expression system (recombinant strain E.
coli SG20050/p280_2GM) [20], as well as methods for
conjugating rhGM-CSF with ALN using different types
of cross-linking agents, has been developed at the
Institute of Medical Biotechnology of the State Research
Center for Virology and Biotechnology “Vector”, Federal
Service for Surveillance on Consumer Rights Protection
and Human Well-being (IMBT FBRI SRC VB "Vector",
Rospotrebnadzor) [21]. It has been shown that the
resulting conjugates, compared to rhGM-CSF, have an
increased affinity for hydroxylapatite, an analog of the
mineral bone tissue matrix. The evaluation of the specific
conjugates activity in vitro confirmed the preservation of
the biological activity of rhGM-CSF in the composition
[21].

THE AIM of the work is to evaluate the
hemostimulatory activity of recombinant human
granulocyte-macrophage  colony-stimulating  factor
(rhGM-CSF) conjugates with alendronic acid (ALN) in the
model of cytostatic myelosuppression and the dynamics
of rhGM-CSF accumulation as a part of the conjugate in
the bone tissue and bone marrow of mice.

MATERIALS AND METHODS

Study drugs

Experimental preparations were conjugates of
rhGM-CSF with ALN obtained by the described methods
[21]. The key point in the synthesis process was the
choice of conditions that would minimize conformational
changes in protein molecules in order to preserve their
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biological activity. For this, equimolar amounts of the
rhGM-CSF protein and ALN were used. 1-Ethyl-3-[3-
dimethylaminopropyl]carbodiimide (EDC) was chosen as
the crosslinking agent; dextran with a molecular weight
of 40,000 Da, activated with periodate, was used as a
linker. The conjugation with EDC was carried out in two
ways: a direct (rhGM-CSF -EDC - ALN) and reverse
(ALN -EDC - rhGM-CSF) sequence of components
application to the solid phase (hydroxyapatite sorbent,
HAP).

For the direct sequence conjugation, the HAP
chromatographic column was equilibrated with 2 mM
potassium phosphate buffer, pH 7.0. A rhGM-CSF protein
solution was applied to the balanced column, after the
sorption of which the EDC solution was also fed to the
column. The outlet of the solution from the column
was blocked for 2 h to bind the components, then the
column was washed with 2 mM potassium phosphate
buffer (pH 7.0), and the ALN solution was applied. The
column was repeatedly washed with phosphate buffer
to remove the unbound components. The resulting
conjugate was eluted from the column with 0.2 M
potassium phosphate buffer, pH 7.0. The synthesized
conjugate was transferred into a physiological saline
solution by dialysis.

When dextran was used as a linker during the
conjugation, it was added to the solution containing
sodium periodate to form reactive aldehyde groups in
the ratio of 1:40 (mol/mol), mixed, and incubated at 20°C
for an hour. The activated dextran was separated by a gel
filtration on the Sephadex G-25 column. The solutions of
protein and ALN were added to the dextran solution in
equimolar ratios: 1 mol of protein and 1 mol of ALN per
1 mol of dextran. The resulting mixture was incubated
for 3 h at 20°C. To remove the unreacted components,
the gel filtration was performed on the Sephadex G-25
column. The synthesized conjugate was transferred into
the physiological saline by dialysis.

Three types of conjugates were obtained:

1 — GEA — rhGM-CSF conjugate with ALN, obtained
by a solid-phase synthesis through the carboxyl group
of the protein using EDC by the method of a direct
(protein>EDC->ALN) sequence of applying components
to the sorbent, with a protein concentration of
1.09 mg/ml ( Fig. 1, track 1);

2 — AEG - conjugate of rhGM-CSF with ALN,
obtained by a solid-phase synthesis through the
carboxyl group of the protein using EDC by the reverse
(ALN—>EDC->protein) sequence of applying components
to the sorbent, with a protein concentration of
1.45 mg/ml ( Fig. 1, track 2);

3 — DGA - conjugate of rhGM-CSF with ALN,
obtained by a synthesis through the protein amino
group via a dextran molecule as a linker using the
Malaprade reaction [22], with a protein concentration of
0.86 mg/ml (Fig. 2, track 1).
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Reference drug

The rhGM-CSF protein, obtained at the IMBT FBRI
SRC VB "Vector", Rospotrebnadzor according to the
described method [23], was used as a reference drug
and to obtain conjugates with ALN.

The protein substance was characterized by quality
indicators in accordance with the requirements of
regulatory documentation®. The protein concentration
in the used substance was 1.5 mg/ml, the homogeneity
of the preparation was 99.2%.

Experimental animals

The study was carried out on 66 healthy male
CBA/Calac mice weighing 19-23 g, obtained from the
nursery of Goldberg Research Center of Pharmacology
and Regenerative Medicine (Tomsk), and 45 female
white outbred CD-1 (ICR) mice weighing 22-25 g from
the nursery of the Federal Budgetary Institution of the
State Research Center “Vector” of Rospotrebnadzor
(Koltsovo, the Novosibirsk region). The age of the
animals was 2.0-2.5 months. Before the start of the
study, the animals had gone through a period of the
adaptive quarantine. The mice were kept under standard
vivarium conditions at the constant temperature and
humidity; food and drink were available at any time of
the day. The animals’ keeping and experimental studies
were carried out in accordance with the requirements
of the International Convention for the Protection of
Vertebrate Animals used for Experimental and Scientific
Purposes (Strasbourg, 1986), as well as in compliance
with Directive 2010/63/EU of the European Parliament
and Council of the European Union dated September
22, 2010, for the protection of the animals used for
scientific purposes. The studies were approved by the
Bioethical Commission of “Vector” (protocol No. 5 dated
01.10.2020).

Method for assessing hemostimulating activity

of conjugates

The hemostimulating activity of the drugs was
studied in a model of cytostatic myelosuppression
induced by the administration of cyclophosphamide (CP,
Sigma-Aldrich, USA) to CBA/Calac mice [24].

The animals were divided into 5 experimental groups
(4 experimental and 1 control); there were 12 male mice
in each one. All the experimental animals received a
single intraperitoneal injection of a CP solution at the
maximum tolerated dose (250 mg/kg) in the volume of
0.25 ml per 20 g of body weight.

24 hours after the CP injection, the mice of the
experimental groups were injected subcutaneously for

! GPM.1.7.1.0007.15 “Medicines obtained by recombinant DNA
methods”. Russian State Pharmacopeia ed 14. 2018;4: 2575-95.
Available from: https://docs.rucml.ru/feml/pharma/v14/vol2/763/
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4-5 days with one of the following drugs: 1) rhGM-CSF;
2) GEA conjugate; 3) AEG conjugate; 4) DGA conjugate.
The administration dose, previously determined as
an effective hemostimulating agent using the rhGM-
CSF preparation [25], was 90 pg/kg; the volume of
the administration was 0.2 ml per 20 g of the animal
body weight. The mice of the control group received
subcutaneous saline in the equivalent volume according
to the similar scheme. Six intact animals were used as an
additional control group (without the administration of
rhGM-CSF and CF preparations). All manipulations with
the animals were carried out at the same time (in the
morning).

One day after the drug administration completion
(on the 5th day after the CP administration), the blood
samples from the tip of the tail were taken for the
analysis from each group in half of the animals, and
after the cervical dislocation of the cervical vertebrae,
the bone marrow samples were taken. On that day, the
second half of the animals received another injection;
the biomaterial was taken for the analysis 24 hours after
injection.

In the blood samples, the total leukocyte count
was determined by a light microscopy (the blood was
diluted 20 times with a 3% solution of acetic acid, the
calculation was carried out in Gorjaev’s chamber),
the relative and absolute contents of neutrophils and
other morphological forms of leukocytes were also
detremined. In the bone marrow samples, the total
karyocyte count (TKC) was carried out and the number
of cells per femur was calculated. To obtain the bone
marrow, the mouse femur was isolated, it was cleaned
from the soft tissues of the femur, and the bone marrow
canal was thoroughly washed with a 3% acetic acid
solution in the volume of 1 ml. The TKC was carried out
using Gorjaev’s chamber.

Method for studying rhGM-CSF

accumulation dynamics

To study the rhGM-CSF accumulation dynamics in
bone tissue and bone marrow, CD-1 female mice were
divided into 3 groups: a control group (5 individuals) and
two experimental groups (20 individuals in each). On the
eve of the experiment, at the end of the working day,
the mice were transferred to clean cages without food.
The animals were given food 2 hours after the drugs
administration, there was water without restrictions.

The animals of the first experimental group received
an intravenous rhGM-CSF injection; the mice of the
second experimental group were injected with the AEG
conjugate. The preparations were administered at the
dose of 90 pg/kg of body weight, 0.2 ml per 20 g of
animal weight. The intact mice served as control animals
(the third group).
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Figure 1 — Electrophoregram of conjugates obtained
by direct sequence of applying components, GEA (1)
and reverse sequence, AEG (2)

Note: Electrophoresis in 15% polyacrylamide gel under reducing

conditions, R-250 Coomassie staining. Tracks: 3 — protein marker
10-250 kDa; 4 — rhGM-CSF protein, 20 pg.
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Figure 2 — Electropherogram of conjugate obtained

using dextran (1)
Note: Electrophoresis in 15% polyacrylamide gel under reducing
conditions, R-250 Coomassie staining. Tracks: 2 — rhGM-CSF protein,
20 pg; 3 — protein marker 10-250 kDa.

Leukocyte count 10(9)/L

Day 5

Saline solution = rhGM-CSF

M GEA conjugate

Day 6

M AEG conjugate B DGA conjugate

Figure 3 — Leukocyte count in peripheral CBA mice blood against the background of CP administration, rhGM-CSF
drug and its conjugates with ALN

Note: abscissa shows study time (days); * — statistically significant difference in relation to the control (saline); ** — statistically significant
difference in relation to rhGM-CSF at p <0.05. Area between dotted lines is confidence interval of indicator in intact mice.
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Count of segmented neutrophils, 10(9)/L

Total karyocyte count, 10(6) cells/femur

Day 5 Day 6

Saline solution m rhGM-CSF B GEA conjugate m AEG conjugate m DGA conjugate

Figure 4 — Count of segmented neutrophils in peripheral CBA mice blood against the background of CP
administration, rhGM-CSF drug and its conjugates with ALN

Note: abscissa shows study time (days); * — statistically significant difference in relation to the control (saline); ** — statistically significant

difference in relation to rhGM-CSF at p <0.05. Area between dotted lines is confidence interval of indicator in intact mice.

Day 5 Day 6

Saline solution © rhGM-CSF B GEA conjugate M AEG conjugate H DGA conjugate

Figure 5 — Karyocyte counts in CBA mice bone marrow against the background of CP, rhGM-CSF its conjugates

with ALN administration

Note: abscissa shows study time (days); * — statistically significant difference in relation to the control (saline); ** — statistically significant

difference in relation to rhGM-CSF at p <0.05. Area between dotted lines is confidence interval of indicator in intact mice.
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Table 1 — Dynamics of changes in the level of rhGM-CSF in the blood, bone tissue and bone marrow
of mice after a single intravenous administration of rhGM-CSF preparations

rhGM-CSF 151 715+32 571 3138+214 24.5+2.3 0.174+0.148
AEG conjugate 406 468+54 586** 8 500+2 539** 48.8+9.0** 0.676+0.676
Femur, pg/g

Control 184+139

rhGM-CSF 3 869+458* 322+151 436452 1374105

AEG conjugate 11 154+1 613%,** 1108+387 1706+374* ** 1652+449
Bone marrow of femur, pg/femur

Control 3.52+2.03

rhGM-CSF 237+36* 9.84+7.47 010 1.2041.20

AEG conjugate 567+127* 20.3+12.8 5.64+5.64 15.749.7

Note: experimental data are presented as arithmetic mean and standard error (Mtm); * — differences are statistically significant compared to
control; ** — differences are statistically significant compared to mice that were injected with rhGM-CSF (p<0.05 for blood; p<0.017 for tissues).

3 minutes later, 1, 4 and 24 hours after the drugs
administration, the blood and one femur was taken
from 5 animals from each experimental group after
euthanasia. On the first day of the experiment, a similar
material was taken from the mice in the control group.
The serum was obtained from the blood; the bone
marrow was extracted from the femur by washing the
bone marrow canal with a 0.9% sodium chloride solution
in the volume of 1 ml. The bone marrow cells were
resuspended with a dispenser until a homogeneous
suspension. After the bone marrow removal, the femur
was weighed and a 10% homogenate was prepared in
0.1 M potassium phosphate buffer (pH 7.2) using a
GlasCol homogenizer (USA). The resulting biomaterial
was stored at the temperature not exceeding —20°C.
On the day of the analysis, the bone marrow and
femur homogenates were thawed, centrifuged (5810R
centrifuge, Eppendorf, Germany) at 5000 g and the
temperature of 2-8°C for 5 min, and the supernatants
were collected.

In the blood serum and supernatants of femur
homogenatesthe content of rhGM-CSF was determined
by electronic intelligence search and analysis (ELISA)
using reagent kits for the determination of human
GM-CSF in serum, blood plasma, supernatants of cell
cultures and organ homogenates “Human Granulocyte-
Macrophage Colony Stimulating Factor (GM-CSF) ELISA
Kit”, “CUSABIO”, China. The range of the standard
sample determined concentrations included in the kit,
was 15.6-1000 pg/ml, the sensitivity was less than
3.9 pg/ml.

Statistical processing of obtained results

The results obtained were processed using the
“Statgraphics, Version 5.0” software package (“Statistical
Graphics Corp.”, USA). Due to the small sample
sizes, non-parametric tests were used to assess the
significance of intergroup differences — the two-sample
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Mann-Whitney U-test and the Kruskal-Wallis H-test of
multiple comparisons with a critical level of statistical
significance (p) equal to 0.05. When statistically
significant differences were found in the H-test, post-hoc
comparisons were performed using the U-test, while the
adjusted critical significance level (p) for three pairwise
comparisons was taken equal to 0.0170 [26, 27]. The
experimental data are presented as the arithmetic mean
and standard error (M+m). The figures are constructed
using Microsoft Excel.

RESULTS AND DISCUSSION

The study showed that a single CP administration to
the mice at the dose of 250 mg/kg led to the regular
development of myelosuppression. The total karyocyte
count of the bone marrow in the control group mice on
the 5th day after the CP administration decreased by 1.5
times, the blood total leukocyte count- by 5.5 times, the
count of segmented neutrophils — by 13.9 times.

The change in the counts of leukocytes, segmented
neutrophils, and bone marrow cells in the mice after
the drug administration was evaluated in comparison
with the indicators of the control group (physiological
saline), the values of which were taken as 100%. The
administration of both rhGM-CSF and its conjugates
with ALN to the animals resulted in a faster statistically
significant (p <0.05) increase in the blood leukocyte
count compared to the control values (Fig. 3). On the
5th day after the CP administration, the blood leukocyte
count in the mice treated with rhGM-CSF preparations
exceeded the control value by 46-100%, on the 6th day
— by 56-94%. Significant differences in the level of the
leukopoiesis stimulation in the groups that had been
injected with different types of conjugates or rhGM-CSF,
were not observed.

On the 5™ day after the CP administration, in the
mice groups that had been injected with GEA and
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DGA conjugates, a statistically significant increase
in the number of segmented neutrophils compared
with the control ones, was notified by 414 and
200%, respectively, p<0.05). On the 6th day, with the
conjugates administration, the increased values of the
indicator were registered in all the two groups (by 77
and 169%). A significant stimulating effect of the initial
rhGM-CSF was observed only on the 6th day, the count
of the segmented neutrophils in the blood during this
period increased by 218% compared with the index of
the animals treated with saline (Fig. 4).

The data presented in Fig. 5, shows that 5 days
later, the rhGM-CSF administration led to a statistically
significant increase in the total karyocytes count, by 43%
after the CP administration compared with the control
values. Similar, but more pronounced, changes were
notified in the groups of mice that had been injected
with the conjugates. At the same time, the DGA effect
(an increase of 100% compared to the control) was
maximal. Six days after the cytostatic administration, the
karyocytes count in the bone marrow of the mice that
had been injected with conjugates, was 58—63% higher
than the control level, and 30—34% higher than the level
recorded after the rhGM-CSF administration.

Thus, the conjugation of rhGM-CSF with ALN did
not lead to a decrease in the hemostimulatory protein
activity. No significant differences were found in the
level of the leukostimulating activity of the studied
preparations. The GEA and DGA conjugates accelerated
the recovery of the murine blood neutrophil count.
The AEG and DGA conjugates had a more pronounced
stimulating effect on the production of bone marrow
cells compared to GM-CSF, which was manifested in
a more intense and earlier increase in the total bone
marrow cellularity after the exposure to the cytostatic.

The enhancement of the stimulating rhGM-CSF
effect in the conjugate on the production of karyocytes
can obviously be associated with an increased affinity of
the protein to the bone tissue cells.

To confirm the targeted rhGM-CSF delivery in the
composition of the ALN conjugate to the bone tissue, a
comparative study of the drug accumulation in the bone
tissue and bone marrow after the intravenous rhGM-CSF
and its AEG conjugate administration, was carried out.

The dynamics in protein concentration changes in
the blood, the bone tissue and bone marrow of mice
after a single intravenous rhGM-CSF and its conjugate
administration at the effective hemostimulating dose
(90 ug/kg), is presented in Table 1.

The obtained data indicate that the highest
rhGM-CSF blood values in the mice were registered
3 min after the drug administration and amounted to
19.2% of the administered dose in the mice treated
with AEG conjugate, and to 7.2% in the mice after
the rhGM-CSF administration. (Table 1). The protein
was retained in the blood serum of mice of the both
experimental groups for 4 hours of the observation.
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1 hour after the drugs administration, the values of
the indicator decreased by 48 times compared to
the “3 min” point, and in the subsequent periods,
their further decrease to the background level was
notified. The rhGM-CSF concentration in the blood of
mice that had been administrated with the conjugate,
exceeded the corresponding indicator after the rhGM-
CSF administration by 2.7 times after 3 minutes and 1
hour, and twice after 4 hours after the administration
(the differences are statistically significant, p <0, 05).
24 hours after the injection, rhGM-CSF was detected in
small amounts in the blood of two out of five animals
after the rhGM-CSF administration, and in one out of
five mice that had been administrated with the AEG
conjugate. In the blood serum of the control animals,
the values of the indicator did not differ from the zero in
any of the observation periods.

The highest rhGM-CSF level in the mice femoral
bone homogenates was detected 3 min after the drug
administration. At the same time, the protein content in
the bone tissue of the mice treated with the conjugate at
this point was 60 times higher than that of the animals
administrated with rhGM-CSF. In the subsequent periods,
the protein concentration in all the mice femurs that had
been administrated with rhGM-CSF, decreased to the
control level (1 hour after the administration, Table 1).
In the bone tissue samples of the mice that had been
administrated with AEG conjugate, the concentration of
rhGM-CSF 1 hour after the injection was 6 times higher
than the control level (the differences are not statistically
significant, p <0.017), in the subsequent periods (4 and
24 hours) — by 9 times (the statistial differences were
observed at the 4-hour point). 24 hours after injection,
only two out of five mice that had been administrated
with rhGM-CSF, had an increased rhGM-CSF content in
the bone tissue (541 and 146 pg/g of the tissue), while
a higher level of rhGM-CSF than in the control CSF (from
1408 to 2460 pg/g) after the administration of the AEG
conjugate was observed in four out of five animals.

The maximum rhGM-CSF concentration in the bone
marrow of the mice from the both experimental groups,
as well as in the blood and femoral bone homogenates,
was recorded at the first point, 3 minutes after the
administration (Table 1). The values of the indicator
in the mice that had been administrated with the AEG
conjugate, were 161 times higher than the control
values, and 2.4 times higher than the indicator of the
mice that had been administrated with rhGM-CSF. In
the subsequent periods, the protein content in both
experimental groups decreased. However, it should
be notified that 4 and 24 hours after the rhGM-CSF
administration of all five mice, the protein in the bone
marrow was not detected, while in the group that had
been administrated with the AEG conjugate, the trace
amounts of rhGM-CSF were registered in 2 mice (from
28.2 to 42.2 pg/femur).

Thus, the introduction of alendronic acid into the
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composition of rhGM-CSF contributed to an increase
in the accumulation and distribution of rhGM-CSF in
the bone tissue and bone marrow of the mice, which
is consistent with the available literature data on the
accumulation of alendronic acid preparations in the
bone tissue, their strong binding and retention by
the bone matrix [28-34]. The concentration of the
conjugated protein in the blood in the first hours after
the administration was higher than that of the free
rhGM-CSF, which may be due to an increase in the
protein resistance to proteolytic enzymes as a result
of modification and, as a result, the appearance of its
ability to circulate in the bloodstream for a longer time.

CONCLUSION

It has been established that rhGM-CSF conjugates
with ALN have a hemostimulating activity comparable to
the activity of the original protein. In the composition
of conjugates, the effect of rhGM-CSF on the bone
marrow cells was more pronounced and prolonged,
which is apparently due to the longer presence of the
protein in the conjugate in the blood and its increased
accumulation in the bone tissue and bone marrow. The
data obtained make it possible for us to conclude that
further work on the development of hemostimulating
drugs based on rhGM-CSF conjugates with alendronic
acid, is promising.
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