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Abstract

(1) Objective: The aim of the present study was to test the hypothesis that
Alendronate Sodium (AS) and Zoledronic Acid (ZA) modifies the thickness of the
different zones of the epiphyseal disc of the femur of rats.

(2) Materials and methods: Wistar rats (n = 19) were divided into three groups:
Group 01: sodium alendronate oral (3 mg / kg / day); Group 02: zoledronic acid,
intraperitoneal route (0.2 mg / kg / week) and Group 03: control, without drug
administration. After 21 days of treatment, the animals were euthanized and the
femurs were collected for subsequent preparation of stained slides with
Hematoxylin and Eosin. The images of the epiphyseal disk region were captured
using Qcapture® software with a 400-fold increase. The areas analysis was
performed with the Adobe Photoshop CS3 extended program.

(3) Results: AS caused reduction in the proliferative zone, while ZA caused
significant decrease in most areas with cellular activity and a significant increase
in the calcified zone. The total thickness of the growth plate is not caused by
proportional reduction of all the zones that integrate the epiphyseal disk, because
they responded differently.

(4) Conclusions: These medications caused changes in the thickness of the
different zones on the femoral epiphyseal disk, showing that AS and ZA may

interfere with the normal growth of the long bones.
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INTRODUCTION

Bisphosphonates (BIS) are a class of drugs of pyrophosphate analogues,
which bind strongly to the hydroxyapatite of bones and inhibit its resorption. The
exchange of the oxygen bridge in the molecule of pyrophosphate by a carbon
atom made the BIS resistant to enzymatic hydrolysis in a biological medium,
making it possible to use them as medicines.® They have been used to treat
diseases that affect bone metabolism related to high bone resorption, such as
osteoporosis, Paget's disease, hypercalcemia of malignancy,? prevention of bone
metastases, frequently observed in lung, prostate and breast cancer.?

Based on the presence or absence of nitrogen in its structure, the BIS may
be classified in aminobisphosphonates or non-aminobisphosphonates
respectively. Moreover, the aminobisphosphonates have shown to be more
potent than the non-aminobisphosphonates.* Alendronate sodium (AS) and
zoledronic acid (ZA) are examples of nitrogenated bisphosphonates.!

Studies have shown that the use of BIS influences the growth of long
bones in rats causing changes in the epiphyseal disk.> This structure is
responsible for postnatal linear bone growth, and is divided into different zones
that have distinct morphological and biochemical stages during the process of
chondrocyte differentiation.® Because BIS are administered to patients in different
stages of growth,’ the effects of those drugs on the epiphyseal disk should be
investigated more extensively.

Therefore, more studies are necessary to understand how BIS affect the
endochondral ossification and consequently modify the growing development.
Considering the lack of knowledge about the events that lead to the alteration of

the normal development of the long bones in animals submitted to the therapy



with BIS, the present study tested the hypothesis that aminobisphosphonates,
such as AS and ZA, may cause changes in the thickness in the different zones
of the epiphyseal disc of the femur of rats.
METHOD
Ethical aspects

All experiments and procedures were approved by the Institutional Animal
Care and Use Committee (Hospital de Clinicas de Porto Alegre-HCPA/The
Postgraduate Research Group-GPPG, protocol No. 09-366) and were compliant
with Brazilian guidelines involving use of animals in research (Law No. 11,794).
Animals

The sample consisted of 19 isogenic albino rats of the Rattus novergicus
albinus species, Wistar, males, with an average age of 120 days and mean
weight of 300 grams, from the Unit of Animal Experimentation of the Hospital de
Clinicas de Porto Alegre. The animals were distributed into different groups
randomized by body weight. They were housed in the Polypropylene material
cages (49x34x16cm). All animals were kept on a standard 12-hour light/dark
cycle (lights on at 7.00 a.m. and lights off at 7.00 p.m.), in a temperature-
controlled environment (22+2°C), and had access to water and chow (Nuvilab,
Moinhos Purina, Porto Alegre, RS - Brasil) ad libitum.
Treatment

The animals were randomly divided into three groups:, alendronate
sodium (AS, n=7), zoledronic acid (ZA, n=7) and control group (C, n=5). The rats
of the AS group were treated with alendronate sodium (Alendronato de Sodio®,
Eurofarma S.A, RJ, Brasil) 3.0mg/kg by daily oral gavage. The rats of the ZA

group were treated with zoledronic acid (Acido Zoledrdnico®, Eurofarma S.A, RJ,



Brasil.) 0.2mg/kg by weekly intraperitoneal injection. The animals of the control
group did not receive medication intervention. After receiving the treatment for
twenty-one days,?° the animals were euthanized with overdose of anesthetics.
Histological preparation

The right and left femurs of each rat were dissected and fixed in 10%
buffered neutral formalin solution. After 48 hours, the pieces were decalcified in
10% nitric acid for 7 days, dehydrated and embedded in paraffin blocks. Sagittal
sections (5um) of femurs were cut using microtome stained using haematoxylin-
eosin (H&E), according to the “Hematoxylin and eosin staining of tissue and cell
sections” protocol .
Measurement of thickness of epiphyseal disk

Two slides were generated for each animal, corresponding to the right and
left femoral sagittal cut. Three areas of distal epiphysis were selected on each
slide, corresponding to the region of the medial condyle, intercondylar area and
lateral condyle. Images of the epiphyseal disk in these regions were captured
using Qcapture® software with a magnification of 400x. Total area of epiphyseal
disk was measured with Adobe Photoshop CS3 extended program.®

Areas of the epiphyseal disk were classified into the resting zone,
proliferative zone, hypertrophic zone and calcified zone. After identification, they
were delimited and measured. The area that each zone occupies in the cartilage
was calculated relatively to the total thickness of the epiphyseal disk. The analysis
was performed by an experienced histologist. The area that each zone occupies
in the cartilage was calculated relatively to the total thickness, according to the

following formula:

thickness of each zone*100

Area of each zone =

thickness of the total area



Statistical analysis

The Kolmogorov-Smirnov test was used to assess the normality of data
distribution.

Data were expressed by the means * standard deviation of the mean
(S.E.M.). The one-way analysis of variance ANOVA, followed by Fisher's LSD,
was performed to compare between groups. All analysis was performed using
SPSS 20.0 packages for windows. The level of probability was set at P<0.05 as
statistically significant.

RESULTS
Medial condyle region

The figure 1 shows that the treatment with ZA caused decrease in the
mean of thickness of the resting (CC vs. ZA, F-23)=6.15, p=0.04), proliferation
(CC vs. ZA, F(2-23=24.04, p<0.0001) and hypertrophic zone (CC vs. ZA, Fe-
23=10.42, p<0.0001), whereas the treatment with AS caused decrease of
thickness of proliferation zone (CC vs. AS, F(2-23=24.04, p < 0.0001).

--------------------------- Espago para Figure 1----

Intercondylar region

The figure 2 shows that the treatment with ZA caused decrease of the
mean thickness of the resting (CC vs. ZA, F-23=17.17, p<0.0001), proliferation
(CC vs. ZA, F(2-23)=20.49, p < 0.0001) and hypertrophic zone (CC vs. ZA, Fe-
23=6.03, p =0.02) and increase of the mean of thickness of the calcified zone (CC
vs. ZA, F(2-23)=10.50, p<0.0001). The treatment with AS caused decrease of the
mean thickness of the proliferative zone (CC vs. AS, F-23=20.49, p<0.0001).
The decrease in proliferative zone thickness is significantly higher in the ZA group

compared to the AS group (ZA vs. AS Fp-23=17.17, p <0.0001).



Lateral region

The figure 3 shows that the treatment with ZA caused decrease of the
mean thickness of the resting (CC vs. ZA, F@23=29.60, p<0.0001) and
hypertrophic (CC vs. ZA, F-23=6.50, p =0.02) and increase of the mean of
thickness of the calcified zone (CC vs. ZA, F(23=6.88, p=0.04). The AS
treatment caused decrease of mean of thickness of the resting (CC vs. AS, Fe-
23)=29.60, p<0.0001) and proliferation (CC vs. AS, F@2-23=6.51, p=0.03) zones
and increase of the mean of thickness of the calcified zone (CC vs. AS, Fe-
23)=6.88, p=0.03). The decrease in resting zone thickness is significantly higher

in the ZA group compared to the AS group (AS vs. ZA, F-23=29.60, p <0.0001).

--------------------------- Espaco para Figure 3--------
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DISCUSSION

In general, the present study showed that AS caused a reduction in the
proliferative zone while ZA caused a significant decrease in most areas with
cellular activity and a significant increase in the calcified zone. The decrease in
the cell zones was not compensated by the increase of the calcified zone, which
explains the reduction in the total thickness of the growth plate.

There are drugs may delay, abolish or decrease the bone formation. For
example, bisphosphonates, that are drugs with antiresorptive properties, inhibit
bone reabsorption by interaction with clastic cells,! which are required for
reabsorption of calcified cartilage septa and for allowing in the invasion of
osteogenic cells that secrete bone matrix over the calcified cartilage during the
process of endochondral ossification.©

Differences in anatomy, physiology and developmental biology of rats and
humans should be taken into account when age is an important factor.!! In
humans, epiphysis closure is variable between individuals and between different
growth plates within the body, but around the age of 20, all the epiphyses ended
their growth. In rats, growth plate closure does not occur, and at about 7-8
months of life in male and female Sprague-Dawley, there is a period in which
skeletal growth decreases.?

The structure responsible for the growth of long bones is the epiphyseal
disc, which is composed of highly specialized cartilage © and it can be divided into
different zones according to the stage of ossification: resting zone, proliferative
zone, hypertrophic zone and calcified zone.'®* Chondrocytes are metabolically

active cells that secrete and maintain this highly specialized matrix, and
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contribute to endochondral ossification by participating in an ordered sequence
of events that are reflected in their morphology.*

Short-term administration of ZA in rats caused a decrease in the resting
zone in the three femoral condyle regions: medial, intercondylar, and lateral (fig.
1,2 and 3), and the administration of AS caused a decrease only in the lateral
region (fig. 3). This decrease was more intense in both intercondylar and lateral
regions in animals treated with ZA compared to AS treated animals (fig. 2 and 3,
respectively). The resting zone is a narrow and irregularly contoured region,
consisting of single or paired chondrocytes in a relatively quiescent state and the
ratio of extracellular matrix to cell volume is high.® > The function of the resting
zone is likely the endowment of chondrocytes to the proliferative zone.'® As the
chondrocytes progress on the resting zone, they gain a proliferative phenotype
and adopt a flattened, oblate shape, arranging themselves into longitudinal
columns.” Treatment with ZA caused a decrease in the thickness of this zone in
the medial and intercondylar regions (fig. 1 and 2, respectively), whereas the AS
treatment caused a decrease in this zone in the three regions of the femoral
condyle that were observed, medial region and intercondylar region, and lateral
region (fig. 1,2 and 3). In the proliferative zone, the chondrocytes undergo a rapid
perpendicular division along the long axis of growth.® Other functions of this zone
include intracellular matrix formation, proteoglycan and collagen.?’

After a finite number of cell divisions, the chondrocytes lose the ability to
divide and begin hypertrophy.® Cell division ceases and the chondrocytes begin
to differentiate terminally.'® The treatment with ZA caused reduction in the
thickness of the zone of chondrocyte hypertrophy in the three femoral condyle

regions observed, medial, intercondylar, and lateral (fig. 1, 2 and 3, respectively),
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whereas the AS treatment did not cause changes. The function of this tissue is
to promote calcification of the cartilage that serves as a model for bone
formation.®

The present work shows that BIS treatment caused decrease of thickness
of resting, proliferative and hypertrophic zones, which corroborates the results of
Oyhanart et al, 2015. The administration of AS (0.2 mg/kg/wk) on growing animal
caused a significant decrease in the total thickness of the epiphyseal cartilage,
as result of a decrease in the thickness of both resting and proliferative cartilage
zones and of hypertrophic cartilage, as well alteration in a number and
morphology of osteoclasts.!’® The decrease of the total cartilage thickness,
particularly in the proliferative zone, may be explained by the fact that AS reduces
level of vascular endothelial growth factor (VEGF), that relate angiogenesis and
is essential to ossification and chondrocyte survivor. The turnover of this cells in
epiphyseal disk also is modulates for this growth factor.'® However, the same did
not happen when a dosage of 2.5 mg / kg for 21 days was given, which caused
enlargement of cartilage zones.?°

Other study showed that short duration ZA treatment (0.1mg/kg 3 times
per week for 8 weeks) caused discontinuation in development of the growth plate
of the proximal tibia of rats. They observed pathological changes in chondrocytes
and cell alignement was disturbed, and there was also a decrease in physis
height.?! In previous studies of our group shows decrease in total epiphyseal disk
thickness in the groups in which the animals were treated with BIS.

The differences between the response to the treatment with different
bisphosphonates may perhaps be related to the difference of affinities and

potency between the drugs. The strongest mineral binding is associated with
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greater suppression of bone turnover, which may in turn have an influence over
the pharmacological potency and clinical effects of different BIS.?2 Differences in
the degree of inhibition of the farnesyl pyrophosphate synthase (FPPS) enzyme
in osteoclasts should be a major contribution to the pharmacological potency of
nitrogen-containing bisphosphonates®® 2* and ZA has a higher inhibitory activity
in FPPS and greater affinity for bone mineral compared to AS, which appear to
contribute to its greater potency.??

The treatment with ZA caused an increase of the mean of the calcified
zone of intercondylar region of femoral condyle (fig 2), and AS caused an
increase in the same zone in the lateral region (Figure 3), showing that both
bisphophonates altered the normal remodeling process of normal cartilage.
Clastic cells, osteoclasts and chondroclasts, are necessary for the reabsorption
of calcified cartilage septa and for allowing in the invasion of osteogenic cells that
secrete bone matrix over the calcified cartilage during endochondral
ossification.'® Bisphosphonates inhibit the attachment of the clastic cells to the
bone surface when internalized by these cells. Rats treated with alendronate
2.5mg/Kg for 21 days presented clastic cells with latent phenotype or with
apoptotic nuclei. Although some cells were attached to the calcified cartilage
matrix by short podosomes, they did not have the typical reabsorption

apparatus.2°

In conclusion, the different regions of the femoral condyle responded
differently to both the same drug and the different treatments. The changes that
AS and ZA cause in the thickness of the different zones of the rat epiphyseal disk
appear to be dose-dependent and time-dependent of administration. The area

most affected by AS treatment was chondrocyte proliferation zone. The different
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zones responded non-specifically to the treatment. The reduction in the total
thickness of the growth plate can be explained by the reduction of the cellular
zones, that was more intense with the administration of ZA than with AS, without

compensation by the increase of the zone of calcification.
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FIGURE LEGENDS

Figure 1. Medial condyle region: Area of the epiphyseal disc zones in the
medial condyle region in AS group (1) (n=7), ZA group (2) (n=7), and Control
group (3) (n=5). One-way ANOVA followed by Fisher's LSD post hoc test, * p
<0.05 and ** p<0.001. AS= Alendronate Sodium, ZA= Zoledronic Acid.

Figure 2. Intercondylar region: Area of the epiphyseal disc zones in the medial
condyle region in AS group (1) (n=7), ZA group (2) (n=7), and Control group (3)
(n=5). One-way ANOVA followed by Fisher's LSD post hoc test, * p <0.05 and **
p<0.001. AS= Alendronate Sodium, ZA= Zoledronic Acid.

Figure 3. Lateral condyle region: Area of the epiphyseal disc zones in the
medial condyle region in AS group (1) (n=7), ZA group (2) (n=7), and Control
group (3) (n=5). One-way ANOVA followed by Fisher's LSD post hoc test, * p

<0.05 and ** p<0.001. AS= Alendronate Sodium, ZA= Zoledronic Acid.
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Figure 1. Medial condyle region: Area of the epiphyseal disc zones in the
medial condyle region in AS group (1) (n=7), ZA group (2) (n=7), and Control
group (3) (n=5). One-way ANOVA followed by Fisher's LSD post hoc test, * p

<0.05 and ** p<0.001. AS= Alendronate Sodium, ZA= Zoledronic Acid.
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Figure 2

b=
=

Lo L
[ ¥ g |

[l
LA

=
LA

% total cartilage area
[ Pud
[=] [=]

LA

iﬁ

1

=

Resting Proliferative Hipertrofic Calcified

Cartilage zones
Figure 2. Intercondylar region: Area of the epiphyseal disc zones in the medial
condyle region in AS group (1) (n=7), ZA group (2) (n=7), and Control group (3)
(n=5). One-way ANOVA followed by Fisher's LSD post hoc test, * p <0.05 and **

p<0.001. AS= Alendronate Sodium, ZA= Zoledronic Acid.
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Figure 2. Intercondylar region: Area of the epiphyseal disc zones in the medial
condyle region in AS group (1) (n=7), ZA group (2) (n=7), and Control group (3)
(n=5). One-way ANOVA followed by Fisher's LSD post hoc test, * p <0.05 and **
p<0.001. AS= Alendronate Sodium, ZA= Zoledronic Acid.

Figure 3. Lateral condyle region: Area of the epiphyseal disc zones in the
medial condyle region in AS group (1) (n=7), ZA group (2) (n=7), and Control
group (3) (n=5). One-way ANOVA followed by Fisher's LSD post hoc test, * p

<0.05 and ** p<0.001. AS= Alendronate Sodium, ZA= Zoledronic Acid.
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