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Morphology of Proximal Cortical Epiphysis Bone of Ovariectomized
Rattus Norvegicus
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Abstract

Objective: Osteoporosis could affect anyone, both men and women and young and old. This study aimed to analyse the morphology of
ovariectomy (OVX) to the proximal cortical epiphysis bone using scanning electron microscope (SEM) and transmission electron microscope
(TEM) on ovariectomised rat models.

Materials and Methods: The analysed bones were the cortical femur bones taken from ovariectomised female Rattus norvegicus.
Characterisation was performed from the third week of OVX and continued at the fifth, seventh and ninth weeks. The analysis was focused
on two levels of structure, including the microstructure level with a magnification of 100 um, which was obtained from SEM images to
analyse the shape and intensity of the bone cavity, and the nanostructure level with a magnification of 50 nm, which was obtained from
TEM images to analyse the bone apatite crystals.

Results: At the microstructure level, the cavity that appeared in 9-week-old ovariectomised rats was found to increase by 68.9% compared
to that of the control group (non-OVX). In addition, at the nanostructure level, the plate, tablet and overlapping apatite crystals were present
in both the non-OVX and OVX rats. However, a tendency of the tablet size of apatite crystals to decline was observed in the ovariectomised
rats group.

Conclusion: White female Rattus norvegicus showed osteoporosis conditions based on the morphology and percentage of cavities at 9
weeks of OVX. In addition, OVX lowered the size of apatite crystals.

Keywords: Osteoporosis, ovariectomy, morphology of bone, bone cavity, bone apatite crystals

Amag: Osteoporoz tim yaslardaki kadin ve erkek bireyleri etkileyebilir. Bu ¢alismanin amaci ovariektomi (OVX) proksimal kortikal epifiz
kemiginin morfolojisini, ovariektomize edilmis sican modellerinde taramali elektron mikroskobu (SEM) ve transmisyon elektron mikroskobu
(TEM) kullanarak analiz etmektir.

Gereg ve Yontem: Analiz edilen kemikler ovariektomize Rattus norvegicus disi sicanlardan alinan kortikal femur kemikleriydi. OVX'in besindi,
yedinci ve dokuzuncu haftada devam etmesinden bu yana Uclincl haftadan itibaren karakterizasyon yapildi. Analiz, TEM yapisindan elde
edilen kemik gukurunun ve nanoyapi seviyesinin seklini ve yogunlugunu analiz etmek icin SEM géruntilerinden elde edilen 100 pym blylitmeli
mikroyap! seviyesi olan iki yapi seviyesine odaklaniyordu - TEM gdriintilerinden elde edilen 50 nm’lik bir blyltme ile nanoyapi seviyesinin
analiz edilmesi - kemik analizi apatit kristalleri.

Bulgular: Mikroyapi diizeyinde, OVX'ten bu yana 9 haftalik sicanlarda ortaya ¢ikan boslugun kontrol grubuna (OVX olmayan) kiyasla %68,9
arttigi tespit edildi. Nanoyapi diizeyinde, plaka, tablet ve ortlisen apatit kristallerinin hem OVX olmayan hem de OVX sicanlarinda mevcut
oldugu anlasiimaktadir. Bununla birlikte, ovariektomize edilmis sicanlar grubunda, apatit kristallerinin tablet boyutunun disme egilimi vardi.
Sonug: Rattus norvegicus beyaz sicanlarinin disileri OVX'ten bu yana 9. haftada morfolojiye ve oyuklarin ylzdesine dayanan osteoporoz
kosullari gdstermistir. OVX ayrica apatit kristallerinin boyutunu da distrdi.

Anahtar kelimeler: Osteoporoz, overiektomi, kemik morfolojisi, kemik boslugu, kemik apatit kristalleri
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Introduction

The process of bone regeneration is influenced by many
hormones, including the estrogen hormone (1,2). Changes in
hormone levels can affect of bone density (3). In women, the
estrogen hormone is needed to maintain bone health (4). After
menopause, the estrogen levels in the body decrease which also
results in a dramatic decrease in bone density (5). In women who
are still fertile there can be also a decrease in estrogen levels, one
of the contributing factors is the ovary removal [ovariectomy
(OVX)] (6). Therefore, the interference with estrogen-producing
organs can be at risk for osteoporosis, because estrogen helps
to absorb calcium into the bone, so that bone density decreases
and this condition causes bones to become porous and prone
to cracking (7-10).

Osteoporosis can occur to everyone, but some people are more
at risk and experience this condition more quickly than others.
Osteoporosis is generally only known after a fracture is founded
in the bone, after a person has experienced a mild fall (11-13).
Fractures usually occur in the spine (14), wrist (15) or groin (16).
People with osteoporosis rarely know early that they suffer
from osteoporosis, because there are no special characteristics.
Usually the people are aware when the osteoporosis at an
advanced stage.

Hierarchically, bones were divided into five levels, namely
nanostructures (ranging from few nanometers to several
hundred nanometers), sub-microstructural level (spanning 1
to a few microns), microstructural level (tenths to hundreds
microns), mesostructural level (several hundred microns
to several millimeters), and macrostructural level (several
millimeters to several centimeters, depending on the species)
(17,18). Bone quality can be investigated visually based on its
shape and structure using scanning electron microscope (SEM)
and transmission electron microscope (TEM) observations. SEM
is used to analyze the surface of the bone at the microstructure
level, while TEM is used to analyze the crystal structure in the
bone at the nanostructure level (19,20). There has been no
advanced study about ovariectomized rats in certain times in
their micro and nano structure levels. In this study, SEM and TEM
were employed to analyze the morphology of the femur from
ovariectomized rats.

Most previous studies have reported a result of characterization
with SEM or TEM for normal bone and osteoporosis (21,22).
In a microstructure level, osteoporosis has more cavities than
normal bones. However, there were no studies that show the
number of cavities that were owned by each normal bone
and osteoporosis bone. Likewise on the nanostructure level,
osteoporosis rats have a smaller apatite crystal size compared
to normal rats, but no one has mentioned how fast the crystal
size decreases. Futhermore, we aimed to determine the
cavity intensity and crystal size of apatite from rats that were
ovariectomized every two weeks until the ninth week since
OVX.

Materials and Methods

Sample Preparation

Proximal cortical epiphysis bone material was extracted from a
femur of female Sprague-Dawley rats (Rattus norvegicus species)
at 12 weeks of age and (235.0£5.2) g of weight. Samples were
collected at National Agency of Drug and Food Control. The
rats were fed with a control diet (AIN 93G), water, and fed ad
libitum. The animals were divided into two groups: unoperated
basal control rats (non-OVX rats) and ovariectomized rats (OVX
rats). The non-OVX rats were sacrificed at 12 weeks of age,
and their femur bones were dissected, which will be hereafter
designated as control femur (FC). The rats ovariectomized at 12
weeks of age were sacrificed at 3 (FO3), 5 (FO5), 7 (FO7) and 9
(FO9) weeks after OVX and the femur bodies were harvested.
Animal maintenance and OVX were carried out at the
Laboratory of Experimental Surgery, Division of Surgery
and Radiology, Department of Animal Husbandry, Faculty
of Veterinary Medicine, Bogor Agricultural University. Bone
sample preparation and morphological characterization were
carried out at the SEM and TEM Laboratory University of
Indonesia.

Characterization

Bone microstructure and nanostructure can be identified based
on the analysis of images from SEM and TEM respectively.
One indicator of osteoporosis is enlargement of the cavities in
the bone which results in bone loss. The femur bone was the
proximal cortical epiphyseal part. This part is one of the parts that
are often found in fractures of bones that have osteoporosis.
SEM images were processed using the Image) application
and the data were presented in the form of histograms and
percentage of cavity intensity. TEM characterization was carried
out to analyze the crystal structure of the bone and measured
apatite crystal size.

Statistical Analysis

Numerical data were presented as the mean and standard
deviation. The data were presented as the number and
percentage. An unpaired two sample ttest was used to
analyze the statistical significance of crystal size in normal and
ovariectomized rats. Statistical significance was set at p<0.05.

Results

Microstructure

The SEM image of the control group (Figure 1a) shows that the
surface was still flat and compact. In the group of rats which
were ovariectomized starting from FO3 (Figure 1b), it is clear
that the appearance of fine fibers and more holes, almost evenly
on all the bone. The fibers in the FO5 (Figure 1c) group were
rougher and the holes were deeper. In the FO7 (Figure 1d) and
FO9 (Figure 1e) groups they are appeared to be mixed of flat and
fibrous texture and visible holes unite, so that the hole becomes
wide and the surface becomes coarser. The rough and enlarged
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surface of the hole indicate the presence of minerals lost in the
bone. One of the minerals lost in the bone that is calcium (23).

Percentage of Cavity Intensity

In addition to visual observations of SEM images, pixel analysis
of SEM images were also carried out through histogram data
with the Image) application as shown in Figure 1f. Based on
that figure, the group of ovariectomized rats had histograms
which increasingly shifted more black areas. Areas that were
black or dark relate to cavities in the bone. In the control
group, the histogram was more dominant in the white area,
which means fewer cavities. The longer the time since OVX, the
lower the average intensity. The average value of intensity was
proportional to the white area.

f. Histogram of FC
Mean + SD: (225.8 + 32.7)

|
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g. Histogram of FO3
Mean + SD: (207.3 + 46.3)

[ |
255

h. Histogram of FO5
Mean + SD: (193.2 + 45.3)

o
=3
>
>

i. Histogram of FO7
Mean = SD: (143.0 £ 43.9)

j- Histogram of FO9
Mean + SD: (97.1 + 45.3)

Figure 1. Electron microscopy and histogram of femur (1,000 times):
(a) non-ovariectomy (OVX) rats; (b) rats were sacrificed at 3 weeks
after OVX; (c) rats were sacrificed at 5 weeks after OVX; (d) rats
were sacrificed at 7 weeks after OVX; (e) rats were sacrificed at 9
weeks after OVX; (f) histogram for non-OVX rats; (g) histogram for
rats were sacrificed at 3 weeks after OVX; (h) histogram for rats
were sacrificed at 5 weeks after OVX; (h) histogram for rats were
sacrificed at 7 weeks after OVX; (j) histogram for rats were sacrificed
at 9 weeks after OVX.

FC: Non-ovariectomy rats, FO3-FO9: Rats were sacrificed at 3-9 weeks after
ovariectomy, SD: Standard deviation

The average cavity intensity from the histogram data of the SEM
image of the femur bone is shown in Table 1. From that table,
the average intensity for the control group/FC (225.8+32.7) pixel
and for the FO9 group (97.1+45.3) pixel, with the percentage of
cavity intensity respectively at 14.5% and 46.6%. Based on the
percentage of cavity intensity, nine weeks after OVX, the cavity
in the femur bone increased by 68.9%. The cavity that appears
in FO9 group rats can lead bones to become brittle and easily
broken if the bones are exposed to a hard object (24).

Nanostructure

The results of TEM characterization are shown in Figure 2.
Based on the TEM images, the basic shapes in each image were
visible, which were crystal structures that resemble plate, tablet
(elongated oval) and overlapping apatite. The three forms are
shown in different signs in the figure. The arrow signs are for
plate-like parts, the dashed arrow signs are for apatites which
form tablets, and the circle-marked signs are for the overlapping
parts.

Apatite Crystal Size

Plate apatite crystals were scattered randomly, irregular shapes,
and bumpy edges. These forms are similar to the research that
was previously (25). Apatite crystals that resemble tablet form,
in the control group have a longer size (Figure 2a), and for
groups of ovariectomized rats there was a decrease in size both
length and width (Figure 2b-e). The overlapping parts of apatite
crystals were difficult to analyze, so the size of apatite crystals
only measured in the tablet shaped part. The results were shown
in Table 2.

The values listed in Table 2 show the average length and width
of the apatite crystal with the standard deviation. Based on
Table 2, the group of ovariectomized rats has a range of apatite
crystal lengths ranging from (43.0£7.4) nm to (56.2+4.0) nm.
This range of value was shorter than the length value of the
crystal size of the control group (57.6+2.3) nm. Independent
ttest of control (non-OVX) and OVX groups exhibited significant
differences in apatite crystal length (p<0.05). In a previous study,
obtained a crystal length in the form of tablets from normal rats
are (50.7£9.1) nm (26) and (63.9+23.5) nm (27). Some of the
factors that lead to differences in the results obtained include

Table 1. Percentage of cavity intensity from histogram

data of scanning electron microscope image (mean *
standard deviation)

Group :I'otal c_avity_ Favity_
intensity (pixel) intensity (%)
FC 225.8+32.7 14.5
FO3 207.3+46.3 22.3
FO5 193.2+45.3 23.5
FO7 143.0+43.9 30.7
FO9 97.1+45.3 46.6
FC: Non-ovariectomy rats, FO3-FO9: Rats were sacrificed at 3-9 weeks after
ovariectomy
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Figure 2. TEM image of rat femur (50 nm): (a) non- ovariectomy (OVX) rats; (b) rats were sacrificed at 3 weeks after OVX; (c) rats were sacrificed
at 5 weeks after OVX; (d) rats were sacrificed at 7 weeks after OVX; (e) rats were sacrificed at 9 weeks after OVX.
FC: Non-ovariectomy rats, FO3-FO9: Rats were sacrificed at 3-9 weeks after ovariectomy, SD: Standard deviation

Table 2. Apatite crystal size that is shaped like a tablet

(mean * standard deviation, n=10)

Crystal size (nm)
Group -

Length Width
FC 57.6£2.3 7.6+1.2
FO3 56.2+4.0 7.5+1.2
FO5 55.7+3.6 7.5£1.3
FO7 48.2+5.3 7.241.2
FO9 43.0+7.4 6.7£1.2

FC: Non-ovariectomy rats, FO3-FO9: Rats were sacrificed at 3-9 weeks after
ovariectomy

different technique and sample preparation methods, sample
grinding and sifting techniques, and light or dark quality in the
image.

When viewed from the size of the width, the average was
almost the same. The difference was not significant between
the control group and the OVX group of rats at p<0.05. In a
previous study, also obtained results that were not significantly
different for width measurements, both in normal bone apatite
crystals and osteoporosis bone (28-31). The low size of the
crystal, both its length and width, shows that in ovariectomized
rats a decrease in bone density. Low bone density is more fragile.
This condition is a feature of osteoporotic bone (32).

Discussion

SEM examination showed that OVX causes increased bone cavity
and based on TEM observations showed that apatite crystal size
decreased in rats which were ovariectomized. Healthy femur
bone (FC) had cavity intensity of 14.5%. Cavities in healthy
bones were needed to produce red blood cells. The research
conducted previously showed that healthy bone cavities were
12% and 18% (33,34). This value confirms that the femur bone
used as a control is a healthy bone standard. When the cavity
widens and gets bigger, the bones will break easily (35,36).
From the SEM images, it can be seen that starting 3 weeks
after OVX (cavity intensity 22.3%), the cavities appear deeper
than the SEM image of the control femur. This result supports
of a research conducted previously (37). Likewise, at the fifth
week (23.5%), the seventh (30.7%) to the ninth (46.6%), the
cavities widen. Estrogen deficiency caused an increase in cortical
vascular porosity and an increase in cortical vascular ductal
diameter in the proximal tibia of rats (38).

Similar with most previous studies, researchers observed a
morphology of bone with SEM and TEM (39). Maximum cavity
in the normal bone was 24-28% (40), so the results of the study
showed that the intensity of cavity was 46.6% in the ninth week
after the OVX has crossed the normal bone cavity threshold.
The TEM characterization results supported SEM results. Apatite
crystals in ovariectomized rats were smaller in size compared to
groups of rats which were non-OVX. For 9 weeks since OVX,
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the length and width of apatite crystals decreased by 25.3%
and 11.8% respectively. A decrease in crystal size indicates that
there is a decrease in ions in the bone. This support with a
previous study which reported that a decrease in apatite crystal
size is 68.2% (41). However, these results contradict from the
other research that osteoporosis rats had a larger crystal size. A
previous study obtained that porosity was proportional to the
crystal size (42). The difference of crystal size due to the diversity
of individuals used and the method of research conducted.

Study Limitations

The present study has several strengths and limitations. A
limitation is the qualitative data in the form of images that are
subjective. There are also important limitations in taking pictures
in the laboratory and adjusting the brightness level of the image.
SEM and TEM images provide only information on bone structure
and not on bone chemistry or its properties. Furthermore, they
only give two-dimensional information on a partial structure of
three-dimensional data are inferred. Further research is needed
to evaluate the level of overlapping and distinct chemical data
distribution pattern of apatite crystal.

Conclusion

In summary, SEM and TEM analyses of proximal cortical epiphysis
bone of Rattus norvegicus showed that 9 weeks since OVX, rats
were already in osteoporosis. This condition was characterized
by the percentage of cavity intensity of 68.9% which exceeds the
maximum limit of cavity intensity in normal bone. This condition
was supported by a decrease in the size of the apatite crystal
length by 25.4% and its width reduced by 11.8%.
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