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SIS OLEYHINO KiMYOVIi PREPARATLARIN ZODOLONMIS BORULU SUMUKLORIN
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Moqalada sis aleyhina istifads edilon kimyavi preparatlarin travmatik zodalonmaya moruz galmis borulu
stimiiklorin mexaniki xassalorina tasirini Gyronmok mogsadilo aparilmis todgigat isi hagqqinda malumat
verilmisdir.

Tadgiqat 96 laboratoriya sicovulu iizorinda, cinsi xatti nazora alinmadan aparimisdw. Heyvanlarin bud
stimiiklorinin orta ticdabir hissasinda siimiik iliyino qador niifuz edon 2 mm diametrli zadalonmo
yaradimigdir. Heyvanlar kontrol (n=24, kimyavi preparat almayanlar) va eksperimental (n=72, kimyavi
preparat alanlar) olmagla 2 qrupa béliinmiisdiir. Eksperimental qrupun heyvanlart da 6z névbasinda har
birinda 24 bas sicovul olmaqla 3 yarimqrupa ayrimus, 1 yarimqrupdaki heyvanlarin periton bosluguna 60
ma/m? dozada doksorubusin, II yarimgrupun heyvanlarina 600 mg/m? 5-flior-urasil, IIl yarimgrupdaki
sicovullara isa 40 mg/m* metotreksat yeridilmisdir. Travmadan sonrak: 15-i, 30-cu, 45-ci va 60-ci giinlords
stimiiklorin méhkamlik haddi va regenerat nahiyasinin mikrosartliyi tadqiq edilmisdir.

Tadgiqatdan aydin olmusdur ki, doksorubisin, 5-flior-urasil, metotreksat kimi kimyavi preparatlar
travmaya moruz qalmis borulu siimiiklorin regeneratinitn mohkomliyini vo mikrosartliyini azaldir, eyni
zamanda onlarin béyiimasini do longidir. Stimiiklorin méhkamliyina an ciddi monfi tasiri 5-flior-urasil,
sumuyln Uzununa va enina béyiimasina isa doksorubisin géstarir.

Miialliflorin fikrinca, kimyavi preparatlarin siimiiklorinin méhkamliyini va regenerasiya qabiliyyatini
zaiflotmasi bu preparatlarla miialica alan xastalards siimiik siniglar: viskini artira bilor.
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The aim of the study was to investigate the effect of antitumor chemotherapeutics on the mechanical
properties of the injured long skeletal bone.

The research was carried out on 96 laboratory rats, which were inflicted with a perforated defect with a
diameter of 2 mm to the bone marrow canal in the middle third of the femoral shaft. Animals were divided

into the control group (n = 24), as well as three experimental (I, 11, I1l, n = 72) ones, which were injected
after injurywith theantitumor chemotherapeutics intraperitoneally: | group — with doxorubicin (60 mg/m?2),
Il — with 5-fluorouracil (600 mg/m2), 11l — with methotrexate (40 mg/m2). Re-administration of appropriate

chemotherapeutics was performed in the same doses on each 21st day throughout the experiment. On the
15th, 30th, 45th, and 60th day after injury, the compressive strength limit of the bones and the
microhardness of the regenerate were determined.

Anticancer chemotherapy drugs reduce the compressive strength of the bone. On the 60th day after
injury, doxorubicin reduces this indicator by 40.08%, 5-fluorouracil — by 40.93%, methotrexate — by 35.19%
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compared with the control. Antitumor drugs slow down the growth of bones in width: doxorubicin — by
18.54%, 5-fluorouracil — by 10.24%, methotrexate — by 17.40% compared with the control on the 60th day
after injury. Antitumor chemotherapy also reduces the microhardness of the femur in the regenerate area:
under the influence of doxorubicin by 37.32% (p<0.05), S5-fluorouracil — by 41.47% (p<0.05),
methotrexate — by 35.83 % (p<0.05) in comparison with the control group.

The use of antitumor chemotherapeutics causes a decrease in bone strength and microhardness in the
area of bone regeneration, as well as slows bone growth. The most pronounced negative effect on the tensile
strength of injured tubular bones has 5-fluorouracil; doxorubicin has the greatest inhibitory effect on bone

growth in thickness.

Treatment of fractures is a current problem
in medicine. After all, full healing of bone
defects helps to restore the anatomical structure
of bone and full human life. Bone fractures
occur due to the changes in their mechanical
properties [1,2]. It is known that the mechanical
stability of bone is provided by the
impregnation of the collagen matrix with
mineral salts, as well as the functioning of non-
collagenous proteins [3,4]. The mechanical
properties of bone can vary depending on the
structural and functional state of bone tissue,
age, sex, the presence of local and systemic
pathological processes. The most common
causes of decreased bone strength are osteo-
porosis, tumors, dysplastic and dystrophic
processes, as well as taking various drugs [5].

To date, an important role is given to the
disorders of bone metabolism during the cancer
development in the body. They are manifested
by hypercalcemia, the development of osteo-
porosis, metastatic bone lesions, and the
occurrence of pathological fractures. Bone
fractures in patients with malignant neoplasms
can be both independent diseases due to the
development of osteoporosis in cancer, and
pathological fractures due to the presence of
bone metastases [6]. Coleman R. and co-authors
investigated that oncocells produce a wide
range of cytokines and growth factors when
they enter the bone microenvironment. It is a
peptide related to parathyroid hormone,
prostaglandins and interleukins, which increase
the production of receptor activator of nuclear
factor kappaB ligand (RANKL).This triggers
the process of osteoclasts activation and causes
imbalance of bone formation and bone
resorption. Bone factors, releasing as the bone
matrix is destroyed, enhance the growth and
proliferation of cancer cells populations. These
multiple interactions between tumor cells and
bone environment contribute to further tumor
growth and metastasis.As a result, a self-
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sustaining vicious circle forms between cancer
cells and the bone microenvironment [7].

The bone metastases develop when the
breast, prostate, lungs, kidneys diseases, and
multiple myeloma and often lead to patho-
logical fractures. Given the need for long-term
chemotherapy for the treatment of most cancers,
reparative bone regeneration in fractures often
occurs against the background of the use of
anticancer drugs.

The aim of the study was to investigate the
effect of antitumor chemotherapeutics on the
mechanical properties of the injured long

skeletal bone.

Materials and methods. 96 white laboratory male
rats 7 months of age weighing 230 + 10 g were used for
the experiment. Rats were in the vivarium of the Medical
Institute of Sumy State University on a standard diet and
drinking regime with free access to food and water. The
study was performed in compliance with the requirements
of the "European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Purposes”, "General ethical principles of animal
experiments"” (Kiev).

In a sterile operating room under ketamine anesthesia
(50 mg/kg) all animals underwent a perforated defect in
the middle third of the femoral diaphysis 2 mm in
diameterand depth to the medullary cavity using a
spherical dental drill cutter under cooling. Animals were
divided into the control (n=24) and three experimental
groups (I, 11, 1, n=72). After injury, the animals of the
experimental group were injected intramuscularly with
antitumor chemotherapeutics, which are often used in
protocols of antitumor chemotherapy. Doxorubicin (60
mg/m?) was injected to the | experimental group of
laboratory rats (n = 24), 5-fluorouracil (600 mg/m?) — to
the 1l (n=24), and methotrexate - (40mg/m?) — to the III
group of the experimental animals (n=24). Experimental
animals were repeated injections of appropriate chemothe-
rapeutics every 21% day through out the experiment.

On the 15th, 30th, 45th, and 60th day after injury,
animals of the control and experimental groups were
removed from the experiment by decapitation under
ketamine anesthesia (100 mg/kg).

The compressive strength limit and microhardness
were determinedto evaluate the mechanical properties of
bones. The research was performed on a bursting machine
R-0.5 with a pendulum force meter and a manual
horizontal device. The following indicators were deter-



mined: cross-sectional area (A, mmz2), compression load
(F, N), compressive strength limit (s, mPa). Photographs
of the injured bones were obtained on an MPB-2
microscope using a 6.0 megapixels SONY digital camera
"Cyber-shot".The calipe, digital optical device, and
Autodesk-AutocadMechanical software were used to
determine the cross-sectional area. The fracture area was
determined by computer processing of the photo in a
specialized program "ImageProPluS". The compressive
strength limit o, mPa, was calculated by the formula:

F . . .
o :X' where F is compression load, which causes

bone destruction, N; A is initial cross-sectional area of the
sample, mmz.

We measured the microhardness with a DMH-3
device. We polished the surface of the injured femurs with
a diamond suspension and fixed the sample on a metal
table by immersion in epoxy resin.After its curing, the
hardness numbers were determined at the site of injury
and on the surface of the maternal bone at a distance of 10
mm from the site of injury.The Vickers diamond pyramid
was pressed into the test specimen under load P (0.1 kg/s).
After the action of the load, the imprint in the form of a
pyramid with a square base remained on the surface of the
sample.The hardness index H, kg/s /mm? was calculated by

the formula; HV = 1.854[5) , where F is load on

the pyramid, expressed in N; d is imprint diagonal, mm2,
Statistical analysis was performed by computer

program MS Excel XP using Student's t-test. The

differences at p<0.05 were considered significant.

Results.

The mechanical properties of the injured
femur of rats change throughout the experiment.
Thus, in the control group animals there is a
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Fig. 1. Indicators of the rats femur cross-sectional area under the influence of group I,

comparison with the control group (p<0.05 when
Student's t-test for two independent samples)
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gradual increase in the average compressive
strength limit indicator, starting from the 15th
day of the experiment. On the 60th day it is
120.24+2.61 mPa, which is 25.85% (p<0.0001)
more than on the 15th day of the experiment.

In the animals of group I, on the contrary,
there is a moderate decrease throughout the
experiment. On the 60th day of the experiment,
it is 72.04 £ 2.61 mPa, which is 40.08%
(p<0.0001) less than on the same day in the
control group.

In the groupll the compressivestrength limit
indicator averages 81.96 + 3.4 mPa on the 15th
day,82.47 + 3.07 mPa—on the 30th day, 72.06
3.69 mPa —on the 45th day, 71.02 £ 2.94 mPa —
on the 60th day.This is 40.93% (p<0.0001) less
than in the control group.

In the group IlIl, the average value of the
compressivestrength limit is 88.36 £ 2.9 mPa
on the 15th day, 84.14 + 1.89 mPa — on the
30th day, 80.53 £ 2.86 mPa — on the 45th day,
77.92 + 2.72 mPa — on the 60th day. In this
group there is a decrease in this indicator by
11.82% (p<0.0001) throughout the experiment.
Also, on the 60th day it is less then the control
by 35.19% (p<0,0001).

Thus, the average value of the compressive
strength limit in the group Il has the largest

difference  between experimental groups
compared with the control (Fig. 1).
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Fig. 2. Indicators of the rats femur cross-sectional area under the influence of group I, II,

Il in

comparison with the control group (p<0.05 when comparing the control group with groups I, II, Il on

Student's t-test for two independent samples)

During the experiment, the cross-sectional
area of the femur with a defect in the control
group increases and equals 6.15 + 0.15 mm on
the 60th day. This is 6.96% (p = 0.0003) more
than on the 15th day after injury. The increase
in the cross-sectional area of the injured
femur is due to the physical development of
mature animals.In  the animals of all
experimental groups, there is its gradual
decrease on the 30th and 45th day of the
experiment and a slight increase on the 60th
day, which is associated with the animals
growth. Thus, on the 60th day, the average
value of the cross-sectional area in the group |
is 501 = 0.13 mm, which is 18.54%
(p<0.0001) less than in the control. In group
Il, it is equal to 5.52 + 0.15 mm, which is
10.24% (p<0.0001) less than in the control. In
group 11, the average value of this indicator is
5.08 + 0.19 mm, which is 17.40% (p<0.0001)
less than the corresponding indicator of the
control group. Thus, the most pronounced
changes in the cross-sectional area of the
femurs are observed in the group | (Fig.2).

In the control group animals, the
microhardness gradually increases throughout
the experiment. This indicates the active
processes of mineralization in the bone and
the improvement of its elastic properties.
Thus, on the 60th day of the experiment it is
522.00 £ 17.15 mPa, which is 7.44% more
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than on the 15th day of the experiment.
However, in all experimental groups, the
microhardness index gradually decreases.On
the 30th day of the experiment, it decreases
by 31.62% (p = 0.0002) in the animals of
group I, by 30.43% (p<0.0001) - in the group
Il, by 26.28% (p = 0.0005) - in the group Il
compared with the control group of
animals.On the 45th day there is a further
decrease in this indicator by 33.18%
(p<0.0005) in the group I, by 35.5%
(p<0.0005) - in the group Il, and by 31.43%
(p<0.0005) - in the group I11. On the 60th day
after injury, the average value of the
microhardness is 327.17 + 71.53 mPa in the
group I and is less than the control by 37.32%
(p<0.0001). In the group Il it is equal to
305.50 £ 38.17 mPa, in the group Il - 335.00
+ 41.08 mPa, and is less than the control by
41.47% (p<0.0001) and 35.83% (p<0.0001),
respectively. Therefore, there is a decrease in
microhardness in all experimental groups
during the experiment. This indicates a
slowdown in the formation of a full-fledged
callus in the area of injury and a delay in the
mineralization of the newly formed bone
matrix when using antitumor chemotherapy.
The most pronounced decrease in this
indicator is observed in the Il experimental

group (Fig. 3).
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Discussions

Significant progress in oncology in recent
decades has led to improved patient survival
while raising concerns about the long-term
effects of anticancer chemotherapy [8,9]. Side
effects in the form of osteopenia and
osteoporosis associated with chemotherapy
treatment significantly affect the quality of
life. Bone health is especially important for
patients with breast, prostate, kidney, lungs
tumors. According to Hein B.A. there is an
accelerated loss of bone tissue is observed in
them and it leads to a decrease in bone mineral
density, impaired skeletal strength, increased
risk of fractures [10]. The results of Sturgeon
K.M. indicate that the increased risk of fractures
occurs due to low bone mass, changes in bone
microarchitecture and increased skeletal
fragility [11]. The study of bone tissue bio-
mechanical parameters will develop effective
methods for the correction of skeletal system
disorders and the rapid return of cancer patients
to full life.

Our study found an increase in the
compressive strength limit of long tubular bones
in the control group of animals during the
experiment. This is due to the formation of a
full bone regenerate in the area of the defect.
The rate of remodeling of the femoral defect
was fully consistent with the timing of
reparative bone regeneration [12]. In the ani-
mals of all experimental groups, on the
contrary, there was a decrease in the
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compressive strength with each subsequent term
of the experiment.

The negative effects of antitumor
chemotherapeutics are confirmed by studies of
Handforth C., which found that even a single
dose of cytotoxic chemotherapy leads to
significant and persistent bone tissue loss due to
increased bone resorption [13]. According to
Quach J. et al. on day 14 after a single injection
of antitumor chemotherapy (5-fluorouracil,
cyclophosphamide) there is a increase in bone
metabolism under the influence by cytokines
such as tumor necrosis factor-a, interleukin-6,
monocyte chemoattractant protein-1. As a result
of their action, osteoclasts are activated. Thus,
bone mass loss with antitumor chemotherapy is
caused by enhanced osteoclastic bone
resorption [14]. In particular, Straszkowski L.
et. al. found that doxorubicin treatment induces
transforming growth factor-p (TGFpB), which
increases osteoclast differentiation and inhibits
osteoblast differentiation. This leads to
increased bone resorption and accelerated bone
tissue loss. In addition, doxorubicin directly
affects the production of bone matrix by
osteoblasts and reduces the amount of osteoids,
slowing down the mineralization of bone
regenerate by osteoblasts and causing a
decrease in the strength limit [15].

We found a gradual increase in the cross-
sectional area of the injured femur in the control
group throughout the experiment, due to the
physical development of adult rats. In animals



of all experimental groups, on the contrary,
there was a decrease on the 30th and 45th day
after injury and a slight increase on the 60th
day, due to the growth of animals.

Our results are confirmed by Tarasi Rana
studies, which found that the use of doxorubicin
in children leads to an increased risk of fractures
and bone growth retardation in adulthood.
Doxorubicin adversely affected the microarchi-
tecture, reducing the volume of trabecular bone
and the number of trabecular tissues, increasing
the division of the trabeculae themselves. These
adverse effects were noticeable both 2 and 10
weeks after itslast dose. This suggests that the
effect of doxorubicin on the trabecular bone is
long-lasting [16]. Also, the scientific work of
Liu Y. et. al. prove the negative effect of
methotrexate on bones, manifested by damage
to the metaepiphyseal plate of bone growth, a
decrease in the thickness of the primary
spongiosis and a decrease in the volume of the
metaphyseal bone [17].

In our experiment, in all experimental
groups, a gradual decrease in the microhardness
of the regenerate was observed, indicating a
slowdown in the formation of a full-fledged
bone callus in the area of damage and a delay in
the mineralization of the newly formed bone
matrix during the use of antitumor chemo-
therapy.

Fonseca H. et. al. also emphasize that
doxorubicin therapy leads to a decrease in bone
strength, which is associated with a significant
decrease in the activity of the osteoblasts and
osteoclasts mitochondria. This disrupts the
processes of bone remodeling, disrupts the
trabecular microarchitecture and bone growth.
In addition, doxorubicin reduces the normal
expansion of periosteal tissue, which plays a
crucial role in the ability of the diaphysis to
withstand bending and twisting loads.
Therefore, doxorubicin has a long-term negative
impact on bone resistance to fractures [18].

The inhibitory effect of 5-fluorouracil on the
skeletal system described in our experiment is

confirmed by Fan C. and Georgiou K.R. They
note that the of 5-fluorouracil leds to bone loss
upon activation of bone resorption. This is due
to an increase in the number of osteoclasts in
the metaphase, contributing to a decrease in
trabecular bone volume. These changes lead to
a decrease in bone microhardness and
contribute to fractures in patients during
antitumor chemotherapy [19].

The negative effect of methotrexate on the
mechanical properties of bones found in our
study is confirmed by Fan C.M. The researcher
notes that long-term treatment with high doses
of methotrexate inhibits the proliferation of
osteoblasts and preosteoblasts, causes a
decrease in their density. This leads to increased
bone loss and reduced bone microhardness. In
particular, with short-term use of methotrexate,
bone trabeculae were smaller in number and
more divided, which is consistent with the
results of a short-term study in rats [20]. Studies
by Shandala T. have shown that methotrexate
treatment increases osteoclasts by 1.8 times due
to increased expression of inflammatory
cytokines IL-6 (10-fold) and IL-11 (2-fold).
These changes led to the activation of
osteoclastogenesis with subsequent loss of
about 35% of the trabecular bone and a decrease
in bone microhardness [21].

Conclusions

The use of antitumor chemotherapeutics
(doxorubicin, 5-fluorouracil, methotrexate) in
the experiment slows down the growth of
injured tubular bones in width and causes
changes in their mechanical properties, which is
manifested by a decrease in compressive
strength limit and reduced microhardness of
bone tissue and is regarded as a risk factor for
fractures in patients undergoing anticancer
chemotherapy. Among antitumor drugs, 5-
fluorouracil has the most pronounced negative
impact on the strength limit of injured tubular
bones; doxorubicin has the most inhibitory
effect on bone growth in thickness.
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Kageopa mopponocuu, Meduyurcruii uncmumym,
Cymckuii 2ocyoapcmeennuiii yHugepcumem, Cymoi, Yrkpauna

Pezrome. Leab padoThbl — H3yUUTH BIMSHUE IPOTHBOOMYXOJIEBBIX XUMHOIIPETIAPaTOB HA MEXaHUIECKHE

CBOMCTBa TpaBMHpOBaHHOﬁ ,Z[J'IPIHHOﬁ KOCTH CKCJICTA.

UccnenoBanust BHIMONHWIA Ha 96 1a00paTOpHBIX KpPbICax, KOTOPHIM HAHOCWIICS JBIPYACTBIA aedeKT
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TUAMETPOM 2MM JI0 KOCTHOMO3TOBOTO KaHayia B 0OJacTH cpemHed TpeTu auadusza OeIpeHHOW KOCTH.
JKuBoTHBIE OBLITH pa3AeiieHbl Ha KOHTPOIBHYIO (n=24) n Tpu 3xcnepuMmenTtansubie (I, 11, 111, n=72) rpymnmsl,
KOTOPBIM TOCJI€ HAaHECCHMs TPaBMBI M 4epe3 KaXAbld mocieayromuid 21-i JeHp 3KcrepuMeHTa BBOIWIN
BHYTPHUOPIOLIMHHO COOTBETCTBYIOIINE HPOTHUBOOIYXOJIEBbIe XuMHomnpenapaTel: | — mokcopyouumn (60
Mmr/m), I = 5 dropyparun (600 mr/m), III — merorpekcar (40 mr/m). Ha 15-¢, 30-¢, 45-¢, 60-¢ cyTku mocie
TpaBMbI ONpeNeIISIN Ipees IPOYHOCTH KOCTEH Ha CKaThue U MUKPOTBEPIOCTh pereHepara.

HccnenoBanue mokasano, YTO MPOTHBOOITYXOJIEBbIE XUMHUONpPENapaThl yMEHBIIAIOT MPOYHOCTh KOCTH HA
ckarue. Ha 60-e cyTku mocie TpaBMbI JOKCOPYOWIIMH CHIXKAeT NaHHbBIA mokazatenp Ha 40,08%, 5-
dbropypammt — Ha 40,93%, meTorpekcar — Ha 35,19% mo cpaBHEHHIO ¢ KOHTposieM. IIpoTHBoomyxoJeBbie
XMMUOIIPENapaTsl 3aMEJISIIOT POCT KOCTEH B LIMPHHY: AOKCOpyOMUMH — Ha 18,54%, 5-¢pTopypanun — Ha
10,24%, wmerorpekcat — Ha 17,40% mno cpaBHEHHIO ¢ KOHTpojeM Ha 60-e CyTKM Iocje TpaBMBI.
XuMHOTEpanusi IPUBOJUT K YMEHBIIICHUIO MUKPOTBEPJIOCTH KOCTH B 00NacTu perenepata. [Ipu BBeneHUU
JokcopyOurnmHa Ha 60-H [1eHb IKCIEpHMEHTa IOKa3aTelb MHUKPOTBEpHOCTH HIbke Ha 37,32%, uyem B
KOHTPOJIBHOM rpymne, S-¢pTopypanuna — Ha 41,47%, metotpekcaTta — Ha 35,83%.

Takum 00pa3oM, IPUMEHEHHE MPOTHBOOITYXOJIEBEIX XMMHOIIPENIApPaTOB BHI3BIBACT CHW)KEHUE Ipe/elia
MPOYHOCTH KOCTEH W MHKPOTBEPJOCTH B 00JaCTH KOCTHOTO pereHepara, a TakkKe 3aMeIsieT POCT KOCTEH.
HauOonee BeIpa’keHHOE OTpULATEIbHOE BIMSHHUE HAa HPOYHOCTH TPABMHUPOBAHHBIX TPYOUaTBHIX KOCTEH
OKa3bIBaeT S-(QTOpypaIuil, Ha pOCT KOCTH B TOJIIUHY — TOKCOPYOUIIHH.
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