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In the course of tumor metastases into bones, the process of resorption is
intensified both as a result of direct influence of tumor cells on normal bone
cells, and as a result of bone cell stimulation by cytokines and growth fac-
tors, which leads to pathological remodeling of osseous tissue and, in major-
ity of cases, to the development of systemic hypercalcemia. Clinical obser-
vations and in vitro research show that also cytostatic drugs may disturb re-
modeling of bone tissue and cause osteopenia, mostly as a result of their
direct effect on osteoblasts. The aim of this study was to investigate in vivo
the effect of etoposide on the processes of bone tissue remodeling in rats by
assessing macrometric and histomorphometric parameters, as well as me-
chanical properties of the femur. The tests were carried out on male Wistar
rats of initial body mass between 280–310 g, which were divided into three
groups (n = 8): I – control group of rats, which were given 0.9% NaCl solu-
tion every 7 days (C group), II – rats which were administered etoposide at
the dose of 25 mg/kg po every 7 days (E-25 group), III – rats which were
given etoposide at one dose of 50 mg/kg iv (E-50 group). The experiment
lasted 4 weeks. At the end of the experiment, the animals were killed by spi-
nal cord displacement and the following values were determined: the mass,
mineral and calcium content in the tested bones, length and diameter of long
bones, transverse cross-section surface of tibial cortical bone and marrow
cavity, transverse growth of the tibia and width of periosteal and endosteal
osteoid in the tibia, as well as the width of osseous trabeculae, the width of
epiphysial cartilage and mechanical properties of the femur. The tests
showed that etoposide administered every 7 days at the dose of 25 mg/kg po
or at one dose of 50 mg/kg iv over the period of 28 days, disturbed osseous
tissue remodeling processes in rats as a result of impeding the process of
bone formation, which led to the impairment of the process of mineraliza-
tion, weakening mechanical endurance of the femur, and to the development
of osteopenia.
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INTRODUCTION

In normal conditions, bones maintain a balance

between the processes of osseous tissue resorption

and formation, whereas in the course of tumor me-
tastases into bones, the balance between the above-
mentioned processes is interrupted, both as a result

of direct influence of tumor cells on normal bone

cells, and as a result of bone cell stimulation by cy-
tokines and growth factors. In the areas of tumor

metastases, the skeleton is pathologically remod-
eled and the resorption process is intensified, which

usually leads to the development of systemic

hypercalcemia [8, 10, 11]
Hypercalcemia which occurs in the course of

cancer with no bone metastase leads to humoral

hypercalcemia of malignancy (HHM). It is caused

mainly by generating parathyroid hormone-related

protein (PTHrP), which affects bones and kidneys.

In 80% of cancer cases, hypercalcemia is con-
nected with tumor metastases to the skeletal system

or with primary bone tumors, which cause topical

destruction of bone structure in the form of oste-

olytic lesions [12, 14, 16, 18, 20].
The main reason for intensifying the bone re-

sorption process in the course of neoplastic dis-

eases is probably generation of humoral factors by

the tumor, macrophages and lymphocytes that react

with the tumor, which stimulate the activity of os-

teoclasts. The following growth factors and cytoki-

nes are involved: transforming growth factor-�

(TGF-�), platelet-derived growth factor (PDGF), fi-

broblast growth factor-� (FGF-�), epidermal growth

factor (EGF), interleukin-1 (IL-1), interleukin-6

(IL-6), tumor necrosis factor-� (TNF-�), as well as

PTHrP and prostaglandins. Additionally, proteolytic

enzymes secreted by tumor cells are also connected

with direct bone osteolysis [8, 10, 11, 17].
Chemotherapy of tumors is connected with the

risk of damaging normal cells, especially the fast-

proliferating ones, which is largely caused by the

lack of specificity of cytostatic action of anti-tumor

drugs, which leads, inter alia, to damaging stem

cells of bone marrow, epithelial, lymphatic and re-

productive cells [13, 19].
Damage caused by cytostatic drugs to bone

marrow cells, from which cells transforming osse-

ous tissue originate, may cause disorder of its re-

modeling and intensify adverse changes induced by

the course of the neoplastic disease. Clinical obser-

vations indicate that cytostatic drugs may cause os-

teopenia, mainly as a result of their direct effect on
osteoblasts [6]. The in vitro research has shown that
chemotherapy disturbs osseous tissue metabolism as
a result of reducing the number of osteoblasts [7].

It is still unknown, however, what changes oc-
cur in vivo in the osseous tissue as a result of ad-
ministration of cytostatic drugs. Also unknown re-
mains the interdependence between the changes in
the skeletal system and the inhibition of a particular
cell cycle phase by cytostatic drugs.

The aim of this study was to examine the influ-
ence of administration of etoposide (epipodophyl-
lotoxin), a drug which inhibits cell division in G2
phase, on the skeletal system in rats.

MATERIALS and METHODS

The research into the influence of etoposide on
the skeletal system was carried out on male Wistar
rats of initial body mass between 280–310 g, which
were divided into three groups (n = 8): C group
(control group of rats, which were given 0.9%
NaCl solution every 7 days in a volume of 2 ml/kg
po), E-25 group (rats which were given etoposide
at the dose of 25 mg/kg po every 7 days), E-50
group (rats which were given etoposide at a single
dose of 50 mg/kg iv). The permission for the ani-
mal tests and experiments was granted by the Bio-
ethical Board of the Silesian Medical University.

All tested animals were given tetracycline hy-
drochloride at the dose of 20 mg/kg ip in order to
determine tibial transverse growth on day 1 of the
experiment (24 h before starting to administer eto-
poside or 0.9% of NaCl solution) and on day 29 of
the experiment (24 h before the animals were
killed). Tetracycline forms complex connections
with calcium, which in UV light give fluorescence
in the form of stripes. Each administration of tetra-
cycline hydrochloride results in formation of two
stripes: one on the side of periosteum and one on
the side of endosteum. After tetracycline hydro-
chloride has been administered twice, four stripes
can be seen in each preparation: two on the side of
periosteum and two on the side of endosteum. The
periosteal and endosteal transverse growth of the
tibial bone was determined as a total of the width of
the stripe which was formed as a result of the first
tetracycline hydrochloride administration and the
distance between this stripe and the stripe which
was formed after tetracycline hydrochloride was
administered for the second time.
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Administration of etoposide or 0.9% NaCl solu-
tion started on day 2 of the experiment. Etoposide
at a dose of 25 mg/kg po was administered on days:
2, 9, 16 and 23, whereas etoposide at a dose of
50 mg/kg iv was administered once on day 2 of the
experiment. On day 30 of the experiment, the ani-
mals were killed by spinal cord displacement and
then the right and left femoral bones, right and left
tibial bones, and L-4 vertebra were isolated.

The effect of etoposide on the processes of bone
tissue remodeling in rats was studied by assessing
changes in macrometric and histomorphometric pa-
rameters as well as mechanical properties of the
femoral bone.

The effect of etoposide on macrometric pa-
rameters assessment was based on the determina-
tion of mass of the femur, tibia and L-4 vertebra,
the mineral and calcium content in these bones, the
ratio of mineral content to the tested bone mass,
and on the basis of determining the length and di-
ameter of the femur and tibia.

The tested bone mass was determined immedi-
ately after they were isolated and cleaned of soft tis-
sues by weighing them using analytical balance type
AS 200 made by Ohaus, with accuracy to 0.0001 g.
The measurements of the bone length and diameter
(in the half-length of the bone) were performed us-
ing a slide caliper, with accuracy to 0.01 cm. Bone
mineral content was defined by determining the
mass of the examined bones which had previously
been mineralized at 640°C for 48 h. The mineral-
ized bones were dissolved in 6 M HCl solution for
24 h and then calcium content was determined by
means of the colorimetric method using standard
kit for calcium content determination produced by
Pointe Scientific. Absorption was measured by
Pointe-180 plus biochemical analyzer.

The effect of etoposide on histomorphometric
parameters was assessed on the basis of determin-
ing the transverse cross-section surface of the corti-
cal bone in the diaphysis and the transverse cross-
section surface of the marrow cavity in the tibia, as
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well as the ratio of the marrow cavity transverse
cross-section surface and the transverse cross-
section surface of the cortical bone, transverse
growth of the tibia and the width of periosteal and
endosteal osteoid in the tibia, the width of trabecu-
lae in the femoral epiphysis and metaphysis and the
width of epiphysial cartilage in the femur. The ex-

amination of changes in histomorphometric pa-
rameters was carried out on histological prepara-
tions made of non-decalcified bone sections [5, 23].

Determination of the transverse cross-section
surface of the cortical bone and the transverse
cross-section surface of the marrow cavity in the
tibia was performed by means of the first, stained,
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preparation of the tibial transverse cross-section,

using Baylink’s et al. planimetric method [4] and

MP-3 lanameter, with magnifying power of 50.
Determination of changes in the remaining his-

tomorphometric parameters was performed by

means of Nikon microscope of Optiphot-2 type in-
terfaced with RGB camera, made by Cohu and with

a computer equipped with Lucia G 4.51 software

for digital histological measurements. Tibial trans-

verse growth was measured in UV light, whereas

the remaining histomorphometric parameters were

measured in visible light.
Tibial transverse growth on the side of perios-

teum or endosteum (non-stained preparation of the

tibial diaphysis transverse cross-section), and peri-

osteal and endosteal osteoid width (first stained

preparation of the tibial diaphysis transverse

cross-section) in each preparation was the arith-

metic mean of 6–8 measurements taken along the

entire bone circumference in a given preparation on

the side of periosteum or on the side of endosteum,

at 500 × magnification. The width of trabeculae in

epiphysis or metaphysis (longitudinal cross-section

preparation of the distal epiphysis of the femur)

was presented as arithmetic mean of 10–15 meas-

urements taken for each preparation in the epiphy-

sis or metaphysis, in one visual field, in the middle

of a given preparation. Trabeculae width measure-

ments in the epiphysis were performed about 600 �m

above the cartilage, whereas the trabecular width in

the metaphysis was measured about 600 �m under

the cartilage, at 200 × magnification. The width of

the epiphysial cartilage in each preparation was

presented as arithmetic mean of 8–12 measure-

ments performed alongside the length of the carti-

lage at 200 × magnification.

The effect of etoposide on mechanical proper-

ties of the femur was assessed on the basis of test-

ing mechanical properties of the femur and femoral

neck, which included determination of the maxi-

mum load endured by the femur, load causing the

femoral diaphysis fracture, deformation of the

femoral diaphysis at the moment of fracture, extrin-

sic stiffness and load causing the femoral neck frac-

ture.
The mechanical properties were tested using the

left femur and part of the right femur (proximal

epiphysis and part of diaphysis) cut perpendicu-

larly to the longitudinal axis of the bone in its half-

length.
The tests of mechanical properties of femoral

diaphysis and neck were carried out using a set

constructed in the Department of Pharmacology of

Silesian Medical University in Sosnowiec, in coop-

eration with Hottinger Baldwin Messtechnik in

Poznañ (Poland).
The set comprises a mechanical system which

applies load increasing linearly at the rate of

100 N/min, directed perpendicularly to the long

bone axis and acting half-length of the femur (tests

of mechanical properties of the whole femur) or di-

rected parallel to the long bone axis and acting on

the head of the femur (mechanical properties test of

the femoral neck). The measurement of the load act-

ing on the bone was performed by means of a PWZG

strain gauge, whereas the deformation of the exam-

ined bone was measured using WZAPK inductive

sensor. Amplified signals from the sensors were re-

corded as a function of load to deformation by

means of XP recorder KP-6801A.
Also the effect of etoposide on body weight

gain and the mass of testicles were determined. The
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body mass gain was determined by weighing all the
animals daily using GT 2100 balance made by
Ohaus, with accuracy to 0.01 g. The body mass in-
crease was determined after days: 7, 14, 21, and 28
from the day of the first etoposide administration.
The testicle mass was determined after the animals
had been killed, by means of AS 200 analytical bal-
ance made by Ohaus, with accuracy to 0.0001g.

The results were presented as arithmetic means
± SEM (Tab. 1–4). The results were statistically
evaluated by Student’s t-test for unpaired data.

RESULTS

The carried-out examinations indicate that ad-
ministration of etoposide caused disturbances of
macrometric and histomorphometric parameters and
mechanical properties of bones as well as reduction
of the body mass gain and decrease in testicle mass
in rats.

Results of determination of macrometric pa-

rameters

Disturbance of macrometric parameters after
administering etoposide at the dose of 25 mg/kg po
were symptomatic mainly of statistically signifi-
cant reduction in bone mass, mineral content,
length and diameter, when compared with the re-
sults obtained for control rats (Tab. 1).

Etoposide administered at the dose of 25 mg/kg
po caused statistically significant decreases in tibial
bone mass (by 8.36%), femur mass (by 12.65%),
and L-4 vertebra mass (by 10.70%), tibial length
(by 3.71%) and femoral length (by 3.97%), tibial
diameter (by 3.13%), and in femur diameter (by
5.46%) and tibial mineral content (by 6.74%), in
the mineral content of the femur (by 14.08%), and
in the L-4 vertebra (by 9.55%), compared to the re-
sults obtained for control rats. No statistically sig-
nificant changes were observed, however, with re-
gard to the ratio of bone mineral content to the
mass of the examined bones.

Administration of etoposide in the volume of
25 mg/kg po caused also reductions of the calcium
content (in the tibial bone by 3.00%, in the femoral
bone by 4.64% and in the L-4 vertebra by 6.54%),
when compared with the results obtained for con-
trol rats but the differences were not statistically
significant.

Greater changes in macrometric parameters
were observed after administering a single dose of

etoposide (50 mg/kg iv). Etoposide administered at
this dose caused a statistically significant reduc-
tion, in comparison with the results obtained for
control rats, of the tibial bone mass (by 14.03%),
femoral mass (by 18.14%), and L-4 vertebra mass
(by 19.31%), the tibial length (by 5.19%) and the
femur length (by 5.12%), the tibial diameter (by
6.58%) and the femur diameter (by 8.68%), the
mineral content of the tibial bone (by 15.29%), of
the femoral bone (by 17.44%) and of the L-4 verte-
bra (by 18.50%), and the calcium content in L-4
vertebra (by 10.09%). No statistically significant
changes were observed, however, with regard to
the ratio of bone mineral content to the mass of the
examined bones.

No statistically significant differences were dem-
onstrated with regard to changes in macrometric pa-
rameters after administering etoposide at a dose of
50 mg/kg iv in comparison with those of the group
receiving etoposide at the dose of 25 mg/kg po.

Results of determination of histomorphometric

parameters

Disturbance of bone histomorphometric parame-
ters, both after administering etoposide at the dose
of 25 mg/kg po and after administering it at a dose
of 50 mg/kg iv, was observed (Tab. 2).

Etoposide administered at the dose of 25 mg/kg
po caused statistically significant reduction of
transverse cross-section surface of the cortical bone
in the tibia (by 12.96%), the width of tibial osteoid
on the side of periosteum (by 10.98%) and on the
side of endosteum (by 11.03%), transverse growth
of the tibia on the side of periosteum (by 15.74%)
and on the side of endosteum (by 10.97%), trabecu-
lar width in the femoral epiphysis (by 13.07%) and
in the femoral metaphysis (by 8.26%), and epiphys-
ial cartilage width in the femur (by 12.76%) in
comparison with the results obtained for control
rats.

More significant changes with regard to histo-
morphometric parameters were observed after ad-
ministering a single dose of etoposide of 50 mg/kg
of iv. Etoposide administered at a dose of 50 mg/kg
iv caused statistically significant reduction of trans-
verse cross-section surface of the cortical bone in
the tibia (by 17.26%), the tibial osteoid width on
the side of periosteum (by 14.66%) and on the side
of endosteum (by 16.11%), tibial transverse growth
on the side of periosteum (by 18.26%) and on the
side of endosteum (by 12.95%), trabecular width in
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the femoral epiphysis (by 15.13%) and in the femo-
ral metaphysis (by 10.31%), and epiphysial carti-
lage width in the femur (by 12.94%) in comparison
with the results obtained for control rats.

Etoposide caused also a statistically significant
increase in the ratio of marrow cavity transverse
cross-section surface to transverse cross-section
surface of the cortical bone in the tibia by 12.93%
(E-25 group) or by 19.39% (E-50 group) in com-
parison with the results obtained for control rats
(C group).

No statistically significant differences were
shown with regard to the changes in histomor-
phometric parameters after administering etoposide
at a dose of 50 mg/kg iv (E-50 group) when com-
pared to the results obtained after administering
etoposide at the dose of 25 mg/kg po (E-25 group).

Results of determination of mechanical proper-

ties of the femur

Administration of etoposide at the dose of
25 mg/kg po and at a dose of 50 mg/kg iv unfavora-
bly affected bone mechanical properties (Tab. 3).

When compared to the results obtained for con-
trol rats, etoposide applied at the dose of 25 mg/kg
po caused statistically significant reductions of the
maximum load endured by the femur (by 16.43%),
the load at which femoral diaphysis fracture oc-
cured (by 14.19%), deformation of the femoral dia-
physis at the moment of fracture (by 14.87%), the
extrinsic stiffness (by 9.24%) and the load which
caused femoral neck fracture (by 10.87%). When
applied at a dose of 50 mg/kg iv, it caused statisti-
cally significant reductions of the maximum load
endured by the femur (by 18.24%), the load at
which femoral diaphysis fracture occurred (by
14.95%), deformation of femoral diaphysis at the
moment of fracture (by 25.30%), extrinsic stiffness
(by 10.97%), and the load which caused the femo-
ral neck fracture (by 15.69%), in comparison with
the result obtained for control rats.

Etoposide also reduced the deformation of the
femoral diaphysis at the maximum load endured by
the femoral diaphysis by 4.89% (E-25 group) or by
9.11% (E-50 group), however, these changes were
not statistically significant when compared to the
results obtained for control rats.

No statistically significant differences were
shown with regard to the changes in mechanical
properties of the femur after administering etopo-
side at a dose of 50 mg/kg iv in comparison with

the results obtained after administering etoposide at
the dose of 25 mg/kg po.

Determination of body and testicle mass

Etoposide administered at the dose of 25 mg/kg
po (E-25 group) or at a dose of 50 mg/kg iv (E-50
group) caused a statistically significant reduction
of the body mass gain as well as a statistically sig-
nificant decrease in the testicle mass in rats, in
comparison with the results obtained for control
rats (Tab. 4).

After administering etoposide at the dose of
25 mg/kg po, the increase in body mass was statis-
tically significantly smaller by 55.09% after 7 days,
by 59.23% after 14 days, by 50.85% after 21 days,
and by 50.22% after 28 days, whereas after admin-
istering a dose of 50 mg/kg iv, the determined body
mass gain was statistically significantly lower by
211.49%, 118.61%, 94.89% and 70.32%, respec-
tively.

Etoposide caused also a statistically significant
reduction of the testicle mass by 30.05% (E-25
group) and by 32.28% (E-50 group), in comparison
with the results obtained for control rats.

DISCUSSION

Osteopenia is a complicated problem that may
occur during and after treatment of childhood ma-
lignancy. Recent clinical studies have demonstrated
that serum markers of bone formation are sup-
pressed during the administration of combinations
of chemotherapeutic agents, with recovery of these
markers during less intensive therapy. Clinical
studies suggest that combination chemotherapy ad-
versely affects bone metabolism and in vitro stud-
ies have demonstrated that a reduction in osteoblast
numbers results in diminished bone formation [6,
7]. We investigated the influence of etoposide on
the processes of bone remodeling in rats in vivo.

The carried-out experiment demonstrated that
etoposide administered every 7 days at the dose of
25 mg/kg po or at a single dose of 50 mg/kg iv over
the period of 28 days disturbed the process of bone
tissue remodeling in rats.

The osseous tissue remodeling process starts
with a phase of activation, in which osteoclast pre-
cursors are mobilized and they merge into multinu-
cleated osteoclastic cells. This process is stimulated
by factors secreted by osteoblasts (among others:
IL-1, IL-6, TNF, GM-CSF). After destroying the
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non-mineralized layer of organic matrix, i.e. os-
teoid, and revealing the mineralized surface of
bones, osteoclasts adhere to hydroxyapatite by
means of membrane receptors and ostopontine con-
tained in the bone matrix. In the phase of resorp-
tion, an erosion lacuna is formed. Significantly re-
duced pH leads to an increased activity of lysosomal
enzymes which activate the process of dissolving
bone mineral and to the activation of TGF-� which
may affect osteoblasts. After the process of resorp-
tion is completed, the phase of reversal starts which
is prior to the phase of bone formation. The agents
which suppress the process of resorption and which
give rise to the mobilization of osteoblast precur-
sors initiating the bone formation process, are non-
collagen constituents released from bone matrix
during resorption or are synthetized de novo, e.g.:
TGF-�, IGF-1, IGF-2. In the phase of bone forma-
tion, osteoblasts synthesize osteoid, i.e. non-
mineralized bone matrix, which is next mineral-
ized. After the bone formation phase is completed,
the resting phase commences [10, 22, 25].

The remodeling process of cancellous bone tis-
sue (trabecular bone), which dominates in the spine
and long bone epiphyses, takes place in the entire
endosteal area of trabeculae directed towards mar-
row cavities, whereas the remodeling process of
compact bone tissue (cortical bone), dominating in
limbs and the scull, takes place also in the endo-
steal area, however, mostly along the axis of long
bones, inside Haversian systems [2, 15].

The results of macrometric and histomor-
phometric tests demonstrated that etoposide caused
disorder of the remodeling process, both in the cor-
tical bone tissue and in the trabecular bone tissue.

The results of histomorphometric tests showed
that the osteoblast bone formation process in the
cortical bone was suppressed, which was sympto-
matic of a diminished width of periosteal and endo-
steal osteoid, which led to a reduction in transverse
growth on the side of periosteum and endosteum,
and to a reduced transverse cross-section surface of
cortical bone in the tibia. Suppression of osteoblast
process of osseous matrix formation in cortical
bone was confirmed by the results of macrometric
determinations, which demonstrated a reduction of
bone mass and long bone diameter, as well as min-
eral content in tibial and femoral bones.

Results of histomorphometric tests conducted
on trabecular bone of the femur, indicating reduc-
tion of trabecular width in the epiphysis and meta-

physis may also be the effect of inhibition of trabe-
cular bone formation. There was also reduction in
bone mass and mineral content in L-4 vertebra,
consisting of trabecular bone. However, the intensi-
fication of bone resorption is also possible and dis-
cussed below.

Suppression of osteoblast osseous matrix for-
mation process under the influence of etoposide
may be the result of the fact that it does not specifi-
cally affect malignant cells and it may directly in-
hibit osteoblast function. The direct influence sup-
pressing the function of osteoblasts was demon-
strated by in vitro tests which indicated that
etoposide reduced the number of osteoblasts if ad-
ministered at concentrations higher than 10&' M
[6]. Osteoblast precursors are mesenchymal stro-
mal cells of the bone marrow, which when affected
by hormones or topically acting cytokines, undergo
proliferation and differentiation into chondroblasts
and osteoblasts [3].

The carried-out tests showed that etoposide
caused a reduction of epiphysial cartilage width,
which led to a diminished femur and tibia length.
These results are convergent with the results ob-
tained by Robson et al., who showed that adminis-
tering cytostatics caused damage to growth carti-
lage in children suffering from acute lymphoblastic
leukemia due to suppressing chondrocyte prolifera-
tion [21].

Suppression of proliferation of cells which par-
ticipate in the process of osseous tissue remodeling
is probably due to an adverse influence of etoposide
on the marrow. Damage to marrow cells leads to a re-
duced function of osteoblasts and chondroblasts, but
also to a diminished function of osteoclasts, whose
precursor cells come from the monocyte-macrophage
line of the bone marrow. The carried-out tests did
not demonstrate increased activity of osteoclasts.
The transverse cross-section surface of marrow
cavity in the tibia did not increase, despite dimin-
ished width of endosteal osteoid, reduced width of
trabeculae in the femoral epiphysis and metaphysis,
and decreased mineral content and calcium content
in the tested bones. The results of these tests sug-
gest that diminished mineralization is not caused
by intensified resorption process, but by suppres-
sion of new bone matrix formation which leads to
reduction of bone mass. This opinion is confirmed
by the results of determinations of the proportion of
mineral content in the tested bones to the mass of
the bones, which demonstrated that despite reduced
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mineral content in the tested bones, the proportion

of mineral content to the mass of the bones did not

change. Thus, we can conclude that diminished

mineral content is a result of reduced new bone ma-

trix formation. One cannot exclude the possibility

that etoposide suppresses the bone matrix forma-

tion process as a result of suppressing the phase of

activation by impairing the function of osteoclast

precursors, which leads to suppressing the process

of resorption and to impairing the entire osseous

tissue remodeling process.
The effect of etoposide on the bone marrow

cells is connected with disrupting the process of

DNA synthesis which leads to the cell death. Eto-

poside is a topoisomerase II inhibitor which has

been reported to induce an irreversible blockade of

cells in the pre-mitotic phase of the cell cycle, lead-

ing to the accumulation of cells in the late S or G2

phases. Etoposide also blocks transportation and

incorporation of nucleosides into DNA and RNA

[1, 19].
Impairment of osseous tissue remodeling pro-

cesses as a result of etoposide administration led to

disruption of the tissue microstructure and de-

creased mechanical endurance of the femur. Me-

chanical endurance of trabecular bone is ensured

by a specific system, shape and thickness of trabe-

culae, particularly within the epiphysis and meta-

physial parts of long bones, whereas mechanical

endurance of compact bone is conditioned by the

appropriate structure and system of osteons. Fol-

lowing the loss of its mechanical endurance against

external forces, the bone loses its mechanical load

endurance and fractures [1, 9]. The relationship be-

tween the bone load and deformation caused by the

load is called load-deformation curve, which is di-

vided into two areas: elastic deformation region,

where the load applied to the bone does not cause

a permanent damage to its structure and the region

of plastic deformation, where the load causes per-

manent bone structure deformation [24].
The obtained results showed that etoposide

caused decreased mechanical endurance of the fe-

mur. It was observed that the maximum force en-

dured by the femoral epiphysis was reduced and

the maximum deformation of the femoral epiphysis

(at the moment of fracture) was smaller, the struc-

tural stiffness of the femoral epiphysis was reduced

and the force which caused femoral epiphysis or

neck fracture was also reduced. The results indicate

that due to the influence of etoposide bones be-
come more fragile and susceptible to fracture under
mechanical loads. Loss of osseous tissue resistance
to mechanical loads after administering etoposide
is connected with disrupting its microstructure fol-
lowing the disturbance of the osseous tissue remod-
eling processes.

Conclusion. As a result of the experiment, it
was demonstrated that etoposide administered to rats
for the period of 28 days at the dose of 25 mg/kg po
every 7 days, or at a single dose of 50 mg/kg iv,
caused a disrupted remodeling of both the cancel-
lous bone tissue and cortical tissue, as a result of
suppressing the osteoblastic process of new osse-
ous matrix formation, thus causing disruption of
the femur microstructure and its reduced mechani-
cal endurance.
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