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BBegenne. Ocreoropos — pacrnpoctpaHeHHoe 3aboseBaHNe, UMelolee TEHAEHIMIO K POCTY. DTO OOHO U3 XPOHMUYECKMX 3aboseBaHuii, 0OYCIOBIEHHbIX
YMEHBIIIEHeM KOCTHOV MacChl, BCJIELNCTBYE Y€ro CHIDKAETCS TIPOYHOCTb KOCTEN 1 BO3PACTAET PUCK epesioMOB. (DapMaKkoIOrnIecKkoe JieueHne OCTeornoposa
BKJTIOYAET ITpyeM aHTMPe30pOTUBHBIX cpenctB (6ucdocdoHaThl) M MpenaparoB, CTYUMYIMPYIOLUMX KocTeoGpasoBaHye (paHenaT cTpoHiyst). Tem He MeHee,
JCCIIeNOBAHMI, HEMOCPeNCTBEHHO CPaBHMBAIOLMX 3((EeKT 3TMX TPy Mpernaparos, eie majo. Lienb. C uCHONb30BaHMEM TMCTOIOTMYECKUX METORUK
CPaBHWIN IVIOTHOCTB KOCTH Y GEJTBIX KPBIC B IOCTMEHOIIAy3e [OCJIe JIEYEHNsT CTPOHLVEM U MbGaHApoHatoM. MaTtepuasibl M MeToabl. 45 OBapMoKTOMUPOBAHHBIX
CaMOK KPbIC Pasfe/IvM Ha TPU TPYIIIbL. VICIBITYeMbIM B TIEPBOI TPYIIE MPOU3BOIMIN TOJIBKO OBAPUIKTOMMIO (KOHTPOJIb). BTOPOIT TpyIIie ekKeqHEeBHO
JlaBaJIi CTPOHLIMIA TIePOPasIbHO B 103€ 625 MI/KT Macchl Tejia B JeHb B TeueHye 60 maHeit. TpeTbeil rpyIine Aesiajm OfHY OAKOKHYIO MHBEKLVIO MOaHApoHaTa
B o3e 1 MKr/Kr Macchl Tesa B ieHb B Teuenvie 60 nHert. Omnpenessumi KOMMIeCTBO OCTEOKIACTOB, OCTE0BIaCTOB, IUIOMIanh TPAGEKYIT 1 TONILMHY KOPKOBOM
wiacTiHKY. Pe3ynbrarsl. JKMBOTHBIE B IPyIIaxX ¢ MpUMeHeHeM MOaHAPOHATa ¥ CTPOHLMS TTOKas3aIv 3HaYMTeIbHOe yBeueHye kommdectsa (p < 0,005)
0CTEO6/IACTOB M 3HAYMTENIbHOE YMeHbIIeHNe KOMUEeCTBa OCTEOKIACTOB MO CPABHEHMIO C KOHTPOJIbHOI IPyMIoil. VcrbiTyemble B 06eMx TPyIax MMen
3HAUNTEITEHO GOJIBIIYIO TOJIIMHY KOPKOBOI IUIACTUMHKYM ¥ TUIOMIANb TPabeKysl, 4eM KOHTPOJIbHas! rpyrina. JKMBOTHbIE B IPYIITIE ¢ IPUMEHEHMEM CTPOHLIMS
MMeJIY 3HAUUTESTbHO GOJIbIile OCTEO6IaCTOB M GOJBILIYIO TONIMHY KOPTUKAIBHOM IUTACTMHKM, YeM SKMBOTHbIE B TPYIINE C MPUMEHEHMeM MOaHAPOHATA.
3aksrouenue. CTPOHIIMIT OKA3bIBAJI JBOMHOE [ECTBIE, T.e. YBEINUMBAI KOIMUECTBO OCTE0O/IaCTOB M MHIMOMPOBaT (hopMupoBaHme octeokacToB. C apyroit
CTOPOHBI, MOGAHAPOHAT OKA3bIBAI TOJBKO 3HAYMTENTbHbIN aHTUPE30POTUBHBI 3hdeKT, Ho GbuT MeHee 3())EeKTUBEeH B OTHOLIEHMM OCTe0BmacToB. MOSKHO
TMIPETIOIOKUTD, YTO CTPOHLIMI 6T Gostee 3 dEKTIBEH B IUIaHE YBEIMUEHVS IVIOTHOCTY KOCTY TI0 CPaBHEHUIO C MOAHIPOHATOM.

KitroueBble cy10Ba: 16aH/IpOHAT, OCTEO6/IACT, OCTEOKIIACT, OCTEONOPO3, CTPOHIIMIA, TpabeKyta

Introduction Osteoporosis is a disease causing high morbidity with increasing prevalence. It is one of chronic diseases caused by reduced bone mass that
subsequently decreases bone strength and increases fracture risks. Pharmacologic treatments for osteoporosis include antiresorptive agent (bisphosphonate)
and bone-forming agent (strontium ranelate), so further research is needed to compare these two medications. Objectives We aimed to histopathologically
compare bone density in post-menopause white rats after being treated with strontium and ibandronate. Material and methods 45 ovariectomized female
rats were divided into three groups. The subjects in the first group were only ovariectomized (control). The strontium group was given daily oral strontium
at a dose of 625 mg/kg BW/day for 60 days. The ibandronate group was given one subcutaneous ibandronate injection at a dose of 1 pg/kg BW/day for
60 days. We measured osteoclasts, osteoblasts, trabecula area and cortical thickness. Results The animals in ibandronate and strontium groups showed
a significant increase (p < 0.005) in osteoblasts and significant decrease in osteoclasts compared to the control group. The subjects in both groups had a
significantly thicker cortex and a larger trabecula area than in the control group. The subjects in the strontium group had more osteoblasts and thicker cortex
than in the ibandronate group. Conclusion Strontium had a double effect, increasing osteoblasts and inhibiting osteoclasts. On the other hand, ibandronate
had only a strong antiresorptive effect, but a lower osteoblast effect. It could be inferred that strontium was more effective in increasing bone density as
compared to ibandronate.
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INTRODUCTION

Osteoporosis is a disease characterized by decreasing
bone mass, followed by impaired bone microarchitecture
that subsequently results in bone fragility and bone fracture.
Patient’s bone density in osteoporosis is lower than 2.5
standard deviations from the peak bone mass [1]. Around 25
million persons in the European Union, America and Japan
suffer from this disease, with one in three postmenopausal
women and one in five men aged over 50.

Osteoporosis is the most common bone disorder in
the European and American countries. The National
Osteoporosis Foundation reported that 44 million
Americans had osteoporosis risks due to low bone density
[2]. Ten million were diagnosed with this disease, and
$47 million were spent daily for more than 1.5 million
cases fractures per year. The International Osteoporosis
Foundation (IOF) reported that 3.79 million Europeans
suffered from osteoporosis-related bone fractures, which
890,000 were hip fractures [3]. The IOF 2013 report stated
that osteoporosis developed in 173/100,000 Indonesians

per year; osteoporosis-related vertebral fractures occurred
in 35 % of males and 20.6 % of females aged over 65 [4].
The number of subjects with diagnosed osteoporosis may
double in the next 50 years due to an increasing number of
elderly population and lifestyle factors [5].

This osteoporosis phenomenon raises huge concerns
since it results in increased morbidity and mortality.
Therefore, preventive (e.g. physical activity) and therapeutic
(e.g. medication) efforts are necessary to increase bone mass
quality. Various medications and treatments for prevention of
osteoporosis are currently available, yet no study compares
such medications head-to-head [6].

Popular osteoporosis preventive and treatment drugs
are bisphosphonate and strontium. Ibandronate, a potent
N-containing bisphosphonate, inhibits osteoclast activity and
prevents bone resorption. Ibandronate is considered to be
effective but bisphosphonates only suppress osteoclasts and
do not have effect on osteoblasts. Therefore, there is instability
in bone turnover process. Some atypical subtrochanteric
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and femur shaft fractures occur in patients with long-term
bisphosphonate administration [7]. Strontium ranelate is a
new anti-osteoporosis agent with two working mechanisms:
mild anabolic and antiresorptive effects in bone tissue [8].
The more drug regimens varied in osteoporosis
management, the more varied the drug selections used
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through different activities and work point. Nevertheless,
the efficacy of anti-osteoporosis agents has not been
discovered yet; particularly, the superiority of strontium
ranelate over ibandronate. Therefore, we were interested in
comparing strontium and ibandronate therapy effectiveness
in experimental animals.

METHODS

This is an experimental laboratory study using
randomized post-test only control group design [9]. The
research was carried out for 90 days from the first day
after ovariectomy at the Institute of Tropical Disease,
Universitas Airlangga, Surabaya, Indonesia.

Samples in each group were taken randomly. The
inclusion criteria were female Wistar rats aged 2-3 months,
weighing 200 g, unpregnant and healthy. Research
instruments included cage sized 30 x 40 x 15 cm, syringe,
NGT no. 10, scissor, surgical suture, anesthesia jar and a
microscope set to evaluate bone histology.

Treatment materials were subcutaneous ibandronate
injection at a dose of 1 ng/kg BW/day for 60 days at the
beginning of treatment in Group I, with a total dose of
60 pg/kg BW/day. On the other hand, Group II had oral
strontium ranelate administration at a dose of 625 mg/kg
BW/day. Test materials included intramuscular injection of
ketamine solution at a dose of 5 mg/kg (anesthesia occurred
after 10 minutes and was maintained for 25-40 minutes),
chloroform for anesthesia at the end of treatment, formalin,
gauze and labeling paper.

Research  procedures were divided into 5:
acclimatization, experimental animal grouping, treatment,
anesthesia and bone density measurement. Acclimatization
of the experimental animals was carried out for seven
days under laboratory conditions with standard ad libitum
feeding and drinking procedures. Experimental animal

grouping was random grouping of subjects into three groups.
Subjects in the control group were only ovariectomized.
Subjects in Group I were treated with ovariectomy and
ibandronate. On the other hand, subjects in Group II were
treated with ovariectomy and strontium ranelate. Subjects
in the control group was treated with ovariectomy, followed
by caring and treatment for 60 days after 30 days. Subjects
in the Group I were treated with ovariectomy, followed
by a subcutaneous ibandronate injection after 30 days. On
the other hand, subjects in the Group II were treated with
daily oral strontium administration for 60 days using NTG
no. 10 that directly entered into the stomach.

Ovariectomy was conducted by taking both ovaries
and ligations of both oviducts through an incision in
the animal’s abdomen. Osteoporosis condition was
theoretically obtained within a month. The first anesthesia
was performed after acclimatization using intramuscular
ketamine solution at a dose of 10 mg/kg BW approximately
for 10 minutes. The last anesthesia was conducted by
inserting chloroform-induced cotton and the rats into
anesthesia jar approximately for 3 minutes. Bone density
was measured in the rats’ proximal tibia and was evaluated
by measuring osteoblasts, osteoclasts, trabecula area and
cortical thickness using a microscope.

Statistics analysis included descriptive statistic test,
normality test and ANOVA test. The data were processed
using SPSS 12 (SPSS, Inc., Chicago, IL.).

RESULTS

The data included independent and dependent variables
obtained through measurement. The data were analyzed
using descriptive statistics to obtain distribution of
measurement results and to determine proper statistical
calculation. We obtained osteoblasts and osteoclasts
(cell/15625 p?), trabecula area (u%) and cortical thickness
(u) which were described and tested using significance
level of 5 % and were processed using SPSS 12.

We examined subjects in the control group (ovariectomy
without treatment), Group I (ovariectomy with a subcutaneous
ibandronate injection at a dose of 1 ug/kg BW/day) and Group I
(ovariectomy with a 60-day oral strontium administration at a
dose of 625 mg/kg BW/day). Highest osteoblast numbers were
found in the Group II (10.36 cells/15625 p?; Table 1). Group I
had the lowest number of osteoclasts (0.51 cells/15625 u?).
Group II had more osteoclasts than Group I, but their number
was smaller than in the control group. Group I and II had
a slight difference in the measurements of trabecula area

(5302.33 p? vs 5488.33 p?). The highest cortical thickness was
found in Group II (305.78 p).

We employed Kolmogorov-Smirnov test to evaluate
data normality. The test found the data were normally
distributed (p > 0.05; Table 2). The variance test aimed to
find treatment effects among the groups on the dependent
variables (osteoblasts, osteoclasts, trabecula area and cortical
thickness).

ANOVA test found a significant difference between the
treatment groups and the control group (p < 0.05) (Table 3). We
further conducted post hoc test to find which group provided
most different results (Table 4). The test showed a significant
difference of all variables between the control group and the
treatment groups, both ibandronate and strontium (p < 0.05).
There were significant differences of osteoblasts and
cortical thickness between Group I and Group II (p < 0.05).
Nevertheless, both groups had no significant difference in
terms of osteoclasts and trabecula area (p > 0.05).

Table 1

Variable mean and SD

Groups Osteoblasts (cell/15625 p?) | Osteoclasts (cell/15625 p?) Trabecula area (p?) Cortical thickness (1)
Mean SD Mean SD Mean SD Mean SD
Control 4.33 0.80 1.08 0.29 2447.92 582.55 136.17 35.88
Ibandronate 8.48 1.55 0.51 0.28 5302.23 804.60 244.92 43.84
Strontium 10.36 1.15 0.71 0.30 5488.33 1380.21 305.78 37.13
OkcnepumenmanvHole uccnedosanus 213




ewoit Opmoneonn, vom 26,N2 2,2020 .

Table 2
Data normality test
Groups p Osteoblasts p Osteoclasts p Trabecula area p Cortical thickness
Control 0.937 0.084 0.980 0.984
Ibandronate 0.685 0.094 0.951 0.672
Strontium 0.994 0.868 0.437 0.988
Table 3
ANOVA test for osteoblasts, osteoclasts, trabecula area and cortical thickness
Variables P
Osteoblasts 68.66 0.00
Osteoclasts 12.66 0.00
Trabecula area 38.76 0.00
Cortical thickness 50.88 0.00
Table 4
Differentiation test between variables
G P
roups Osteoblasts Osteoclasts Trabecula area Cortical thickness
Control Ibandronate 0.000 0.000 0.000 0.000
Strontium 0.000 0.006 0.000 0.000
Ibandronate Control 0.000 0.000 0.000 0.000
Strontium 0.001 0.114 0.647 0.001
Strontium Control 0.000 0.006 0.000 0.000
Ibandronate 0.001 0.114 0.647 0.001
DISCUSSION

In this study, the highest morbidity was found in the
group with oral strontium administration (40 %). It might
be caused due to high stress levels as a result of daily oral
admission. We evaluated osteoblasts and osteoclasts in two
different treatments since these two cells have important
roles in bone remodeling (turnover). Histological study of
these cellsisrelatively easy since itonly requires simpler and
more affordable hematoxylin and eosin staining compared
to other techniques using immunohistochemistry. Bone
density could also be measured by determining trabecula
area and cortical thickness [10].

The average number of osteoclasts in the ibandronate
group was 0.51 cells/15625 p?, significantly lower than
in the control group (1.08 cells/15625 p?). The number of
osteoclasts in the group was also lower than in the strontium
group, but it was no significantly different (p > 0.005). It
could be inferred that both ibandronate and strontium are
equally effective in decreasing osteoclasts since ibandronate
has strong antiresorptive effects by inhibiting osteoclast
differentiation and increasing osteoclast apoptosis [11]. In
addition, strontium has a mild antiresorptive effect [12].

Strontium administration increased the number of
osteoblasts (10.36 cells/15625 p?); it was significantly
higher than in the control group (4.33 cells/15625 p?).
The subjects in the ibandronate group also showed a
significant increase in osteoblasts (8.48 cells/15625 p?)
compared to the control group. The number of osteoblasts
in the strontium group was significantly higher than in the
ibandronate group. It could be inferred that strontium is
better than ibandronate in increasing osteoblasts [13].

Strontium has a double effect on the bone turnover
process by enhancing bone formation through increasing
osteoblast differentiation of its progenitor cells, prolonging
osteoblast life span and having mild antiresorptive effect.
This double effect results in bone turnover process stability.

Most literature sources agree that bisphosphonate has
no direct effect on osteoblasts. Nevertheless, von Knoch et
al. in their study found that bisphosphonate could increase
osteoblast differentiation and inhibit osteoblast apoptosis
through a mechanism that has not been fully understood yet
[14]. Only nitrogen-containing bisphosphonate treatment,
such as ibandronate and zoledronate, had these effects [15].

We used trabecula area and cortical thickness parameters
in measuring bone density. Increased trabecula area was
found in ibandronate and strontium groups with average
value of 5,302.23 p? and 5,488.33 p?, respectively. This
increment was significantly higher than in the control group
(2,447.92 p?). The strontium group had a larger trabecula
area than the ibandronate group, but it was not significantly
different (p > 0.05). Increased cortical thickness was found
in both groups (244,92 n?vs 305,78 u?), significantly higher
than the control group (136,17 p?). There was a significant
difference in cortical thickness between strontium and
ibandronate groups. Strontium is superior to ibandronate
in increasing bone density. It can increase bone turnover
stability as it increases osteoblast activity and exhibits a
mild suppression on osteoclasts, causing bones to become
denser which is characterized by a wider trabecula area and
a thicker cortex.

Ibandronate as a strong antiresorptive drug has a direct
effect on inhibiting and differentiating osteoclasts that
subsequently decreases bone resorption process. It should
be noted that bone turnover is a coupling mechanism, in
which bone resorption will be automatically followed by
bone formation or deposition process by osteoblasts. It
could be inferred that ibandronate inhibits the bone turnover
process. Short-term bisphosphonate usage still reluts in
normal bone microarchitecture quality; nevertheless in
long-term usage (> 5 years), bisphosphonate may cause
atypical fracture in long bones [16].
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CONCLUSION

Strontium and ibandronate have been found to  osteoclasts. Strontium is more effective than ibandronate
increase the number of osteoblasts, trabecula area in osteoporosis treatment since it increases the number of
and cortical thickness, and to decrease the number of osteoblasts and cortical thickness.
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