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Objective: To study the effect of aspirin on healing process of osteoporotic fracture (OPF) in
rats. Methods: A total of 50 female Wistar rats aged 3 months were randomly divided into
observation group and control group, castration method was adopted to establish the osteoporosis
(OP) model. After artificial preparing fractures on the midpoint of left femur, fixing gram needle
intramedullary, OPF modeling was complete. Aspirin lavage of 33 mg once a day was adopted
in observation group after modeling, same amount of normal saline was used in the control as
placebo. From each group, selected 5 rats at the 2nd, 4th, 8th and 12th week after modeling to
measure the bone mineral density (BMD) and histological examination of the fracture callus,
radiology observation was conducted at the 8th and 12th week. Left femur biomechanical
measurement was taken at the 12th week. Results: BMD values of observation group at each time
point were significantly higher than that of the control group after modeling (P<0.05); Histological
observation showed that at the 8th week, the endochondral ossification process of observation
group was faster than that of observation group, with fuzzy fracture line in observation group and
clear fracture line in observation group; at the 12th week, fracture line disappeared in observation
group, fracture line of the control group was fuzzy at the same time; three—point bending load of
the left femur in observation group rats was significantly higher than that of control group after
12 weeks (P<0.05). Conclusions: Aspirin can accelerate the healing of new callus in OPF rats,
increase bone density and biomechanics strength, and promote fracture healing of osteoporotic
rats.

1. Introduction

and wrist, with the highest incidence and mortality at hip
fracturel4l. At present, the main drugs used in the treatment

of OP have effects of resistanting to re—absorption,

As the population aging process Increased, the diseases
caused by physiological changes due to aging are
increasing|ll. Osteoporosis (OP) is a common systemic bone
metabolic diseases in the elderly, causing serious harms to
this group of peoplel2l. Primary pathological manifestations
of OP are the decrease of bone mass and the damage of
bone microstructure, resulting in an increase in brittleness
and a decline in intensity of bones, and easy to progress
into Osteoporoticfracture (OPF)31. OPF is one of the most
serious complications of OP, drawing an extensive attention

clinically. OPF often occurs at the hips, vertebral body
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promoting bone formation and bone mineralization drugs,
etc.; Clinical treatment of OPF mainly include surgery and
conservative treatment, combination therapy of surgery
with effective treatment target for the primary disease
OP after fracture reduction and fixation can reduced
complications and mortality, and can significantly increase
the rate of fracture healing/5l. Aspirin is a common drug
with long history of clinical use, its new pharmacological
effects have been found during the process of clinical
applicationl6l. Studies have shown that(7l, small doses of
aspirin can promote trabecular bone reconstruction in
postmenopausal OP rats, improve the three—dimensional
structure of trabecular bone, increase bone density and
mechanical strength. To observe the effects of aspirin on
OPF healing process, the author selected female Wistar rats
of 3 months to establish the model of OP, prepared fractures
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on the midpoint of the left femur, followed by aspirin lavage
treatment to observe the fracture healing, bone mineral

density and histological changes at different time points.

2. Materials and methods
2.1. Experimental animals

A total of 50 healthy female Wistar rats of 3 months were
selected, which were grade clean, 245-300 g, offered by the
experimental animal center of our hospital. Free access to
water and food was provided. The condition was as follows:
class 1T, raising humidity of 30%—45%, temperature of 20—
30 °C, regular ventilation and lighting. Packing was changed
once a day, experiments on animals strictly followed the
related provisions in the Regulations for the Administration

of Affairs Concerning Experimental Animals.
2.2. Reagent and instrument

Aspirin (Batch number: H32026201, Astrazeneca
Pharmaceutical Co., LTD.); 10% chloral hydrate, provided
by the National Medicine Group Chemical Reagent Beijing
Co., LTD.; DR digital camera (Philip, Germany); Discovey—
Wi dual-energy X-ray absorptiometry bone mineral density
instrument (HOLOGIC, USA); BI-2000 medical image
analysis system (Western Science and Technology Co., LTD.
Wuhan); Optical microscope (Leica Company, Germany); 1.2

mm gram needles.
2.3. Model establishment

2.3.1. OP model preparation

Intraperitoneal injection of 10% chloral hydrate of 3 mL/kg
was used for anesthesia, bilateral ovaries were resected
from the rats’back, then the wound was sealed. In order to
prevent infection, 80 000 units of penicillin was injected
intraperitoneal continuously for 3 d, 2 times a day; They
were provided with free access to water, food and activity.
After 8 weeks, BMP was measured using dual energy X-ray
absorptiometry testing, and compared with normal rats. BMP
of normal rats and experimental rats was (0.260+0.005) g/cm’
and (0.208+0.008) g/cm’ respectively, which confirmed the
establishment of OP model.

2.3.2. OPF model preparation

After the success of OP model establishment, they were
intraperitoneal injected with 10% chloral hydrate anesthesia
of 3 ml/kg. Then regular disinfection was performed, and
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they were incised along the unilateral femoral middle. The
layers of tissue was separated, the femur was exposed;
Midpoint of the femoral periosteum was cut, femur was
sawed and fixed with the gram needles, then the incision
was closed. In order to prevent infection, they were
intraperitoneal injected with 80 000 units of penicillin for 3 d
continuously, 2 times a day. Free access to activities, water

and foods were provided to rats.
2.4. Animal groups

A total of 50 female Wistar rats aged 3 months were
randomly divided into observation group and control group.
After OPF modeling, aspirin lavage of 33 mg once a day was
adopted in observation group after modeling, same amount

of normal saline was used in the control as placebo.
2.5. Experiment method

2.5.1. Femoral determination of BMP

From each group, 5 rats were selected on the 2nd, 4th,
8th and 12th week after modeling, the gram needles were
removed. The bone mineral density (BMD) was measured
around 2 .0 mmx1.5 mm of the fracture callus using Discovey
—Wi dual-energy X—ray absorptiometry.

2.5.2. X-ray

Chloral hydrate anesthesia was conducted in abdominal
cavity of rats on the 8th and 12th week, X-ray radiography
examination was used for observing the fracture healing.

2.5.3. Histological observation

After testing the BMD, the lateral femoral of surgery side
was intercepted. The middle part of femoral and callus
tissue was cut out, and was conventional fixed. They were
decalcified with 20% EDTA for 4 weeks, gradient ethanol
dehydrated, transparented, embedded with xylene paraffin,
sliced in 4 ¢+ ¢+ m section, and stained by HE. The changes
of bone tissue at each time point was observed under
light microscopy, BI-2000 medical image analysis system
was used for calculation of density per unit area of new

trabecular bone.

2.5.4. Biomechanical measurement

After 12 weeks of treatment, serum calcium (Ca),
phosphorus (P), alkaline phosphatase (ALP) concentration
of peripheral blood were tested before the execution of
rats. The soft tissue was exiracted from the lateral femoral,
the needles were removed, covered by saline gauze, and
stored at 20 °C, three point bending load test was made for
biomechanical test.
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2.6. Statistical methods

SPSS19.0 statistical software was used, ¢ test was used
for comparing the difference between groups; P<0.05 was
considered as statistically significant difference.

3. Results
3.1. BMP value comparison of two groups

BMD values of observation group after treatment of 2, 4,
8 and 12 weeks were significantly higher than that of the
control group after modeling (P<0.05) (Table 1).

3.2. Fracture healing at 8th and 12th week of treatment

On the 8th week, callus was connected closely at fracture
end in observation group, with blurred fracture lines, after
12 weeks, callus density was significantly higher than that at
8 weeks and fracture line disappeared in observation group;
at the 8th week, fracture line of control group was clear,
became faint after 12 weeks of treatment, fracture callus
density was lower than that of observation group (Figure 1).

8 weeks

Observation group

Control group

Figure 1. Fracture healing at 8th and 12th week of treatment.

3.3. Histological observation

Three—point bending load of the left femur in observation
group rats was significantly higher than that of control
group after 12 weeks (P<0.05). 2 weeks later, fracture cell
mass, fiber callus and cartilage island began to form in
observation group, with more cartilage island area; 4 weeks
later, a large number of new cartilage cells, osteoclasts and
osteoblasts can be observed in the observation group, with
a small amount of original trabecular bone, and a few new
cartilage cells, original trabecular bone was not observed in
the control group, as shown in Figure 2; 8 weeks later, the
trabecular bone formated in great quantities in observation
group, between which the capillary distribution was rich.
In the control group, the trabecular bone formation was less,
a large number of mast cartilage cells were still visible, as
shown in Figure 2; 12 weeks later, in observation group,coarser
trabecular bone displayed in higher density in the same
direction. In the control group, finer bone trabecular gap was
larger in a disordered orientation (Figure 2).

12 weeks

8 weeks

Control group

Figure 2. Callus histological observation at different time points (HE,
x200).

Table 1

Femoral BMP value at different time points (g/cm’)

Groups 2 weeks 4 weeks 8 weeks 12 weeks
Observation group 0.094+0.005" 0.172+0.006" 0.201=0.005" 0.252+0.006"
Control group 0.080+0.006 0.152+0.005 0.182+0.006 0.206+0.008
Note: * compared with controls (P<0.05).

Table 2

Serum concentration of Ca, P and ALP between two groups after 12 weeks of treatment.

Groups Ca (mmol /L) P ( mmol /L) ALP (U/L)
Observation group 2.60£074" 2.61+0.34" 97.8+9.8"
Control group 3.48+0.20 2.26+0.74 165.0+23.5

Note: * compared with controls (P<0.05).
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3.4. Serum concentration of Ca, P, ALP and biomechanical

measurement results after12 weeks of treatment

Observation group showed a significantly lower levels of
serum ALP and Ca, and a significantly higher serum P level
after 12 weeks of treatment, compared with control group
(P<0.03), as shown in Table 2. Observation group showed a
significantly higher three—point bending load test results of
(175.9£3.41)N, compared to the control group with (164.9+3.42) N
(P<0.05) (Table 2).

4. Discussion

OP refers to bone microstructure degeneration and systemic
bone disease characterized by low bone mass, according to
statistics, OP rate is as high as 50%—70%in our country older
womenl8l. With the increase of population life expectancy,
and changes in diet and lifestyle, the OP incidence increased
year by yeari9l. OP patients tend to occur fractures, seriously
affect the quality of life. BMD is reduced in OP patients,
bone quality significantly reduced, bone load ability is
reduced, its own gravity or minor external force can lead to
fractures|10-13]. OPF is a serious complication of OP, OP is
one of the most serious consequences of OPF, often occurs in
the spine and femur bone, but also different from traumatic
fracture, most belong to complete fracture, only a few cases
are simple intramedullary trabecular micro fractures|!s-
17]. combination therapy of surgery with effective treatment
target for the primary disease OP after fracture reduction
and fixation can reduced complications and mortality, and
can significantly increase the rate of fracture healing[18].
This study established OP model by ovarian castrated
surgery followed by 8 weeks feeding, BMP showed was a
significant reduction in the observation group, compared
with the normal rats, suggesting that ovarian castrated
surgery to build OP model is fast and effective. Preparation
of OPF model mainly adopts closed and open typesl19l.
Preparation methods of closed fracture model causes ild
injury of surrounding soft tissue, periosteum complete
can be conducive to fracture healing, but this method has
difficulties in control, and the model standards are hard to
determinel20l. This study adopted open preparation methods
for modeling causing relative severe trauma, but similar
degree of trauma in this model can ensure the comparability
of experimental rat fracture healing211.

Aspirin clinical has a long time application in a wide
range of disease treatment with relatively minor side

effects. its new uses are still being discovered constantly.
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Aspirin can prevent thrombosis, has inhibition to the
platelet aggregation, can be used to prevent temporary
cardiac and cerebral vascular thrombosis after operation;
it can also be used in the treatment of unstable angina,
rheumatoid arthritis, ankylosing spondylitis, diseases such
as osteoarthritis; and for diabetes, athlete’s foot, gestational
hypertension, migraine, senile cataract, gastrointestinal
cancer, senile dementia, lower limb varicose ulcer(22]. In
recent years, studies have shown that23], BMD of the old
people who take aspirin regularly for a long time is higher
than that of the elderly without regular medication of
aspirin. Another study based on micro CT analysis found
that24], low doses of aspirin treatment in castrated mice for
3 months showed significantly improved bone trabecular
and cortical bone mineral density, suggesting that aspirin
may have an impact on rat bone reconstruction process,
with an obvious dose—dependent trend. In this study, after
establishing the OPF model in the observation group, after
treatment with aspirin for 2, 4, 8, 12 weeks, BMP at each
time point were significantly higher than that of control
group (P<0.003), confirmed that aspirin can improve the BMP
of OPF, has significant promoting effect on fracture healing
in OPF rats. Other experiments further confirmed thatl16],
aspirin can improve the three—dimensional structure of
bone trabecular in OP rats, increase the bone strength and
density. The experiment results show that the 12 weeks of
treatment, biomechanical strength of observation group was
significantly higher than that of control group (P<0.05), and
also confirmed that aspirin can increase the bone mineral
density and mechanical strength in OPF rat; X-ray and
histological observation in this study, at the 8th week, the
endochondral ossification process of observation group was
faster than that of observation group, with fuzzy fracture line
in observation group and clear fracture line in observation
group; at the 12th week, fracture line disappeared in
observation group, fracture line of the control group was
fuzzy at the same tim, also suggests that aspirin can
accelerate fracture healing in OPF rats with distinct curative
effect.

This study showed that Aspirin can accelerate the healing
of new callus in OPF rats, increase bone density and
biomechanics strength, and promote fracture healing of

osteoporotic rats.
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