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Establishment and evaluation of a modified animal model of steroid-induced avascular necrosis

of femoral head
Li Chuan-jiang', Wang Wan-ming?, Zhuang Yan-feng?, Li Zheng?, Li Jie?

Abstract

BACKGROUND: So far, the pathogenesis of steroid-induced avascular necrosis of femoral head was still unclear; furthermore,
the valid animal model was lack, and the developments of different treatments were based on the animal models, which could
simulate the natural pathogenesis course.

OBJECTIVE: To explore the feasibility of setting up animal models of steroid-induced avascular necrosis of femoral head by
combining low-dosage methylprednisolone (MPS) with equine serum (ES).

METHODS: Twenty healthy Japanese white rabbits were randomly divided into experimental group and control group.
Experimental group was intravenously injected with ES, and another injection of ES was performed two weeks later. MPS was
intramuscularly injected at 24 hours after the first ES injection, once a week for 8 weeks in total. Control group was injected with
the same dose of saline. Hematologic studies were performed before the first ES injection, 2, 4, and 8 weeks after MPS injection.
Meanwhile, other examinations were carried out including magnetic resonance imaging (MRI), hematoxylin-eosin staining, and
transmission electron microscope at 4 and 8 weeks after MPS injection, respectively.

RESULTS AND CONCLUSION: Compared with control group, triacylglycerol and cholesterol levels were significantly increased
in the experimental group after 2, 4, and 8 weeks (P < 0.05), but partial thromboplastin time was significantly decreased (P <
0.05). MRl in the experimental group after 4 weeks demonstrated that local signals were changed in some animals and subcortical
hemorrhage was observed after 8 weeks. Compared with control group, necrotic bone marrow cell debris was located surrounding bone
marrow in the experimental group after 4 and 8 weeks, and blank bone lacuna rate was gradually increased (P < 0.01). Structure of some
osteocyte was unclear in the experimental group after 4 weeks, and large vacuoles were observed. After 8 weeks, part of osteocyte had
caryorrhexis and caryolysis, apoptotic cells appeared abundantly, and the structure of bone collagen was confused. Combination of ES
and steroid significantly increased incidence of osteonecrosis in rabbits and contributed to set up animal models of steroid-induced
avascular necrosis of femoral head.
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Figure 1 Concentration of triacylglycerol (TG) and total

cholesterol (CHO) at 2, 4, and 8 weeks after

modeling
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Table 1 Partial thromboplastin time in two groups at various

time points (xxs, n=6, s)

Group 2" wk 4™ wk 8" wk
Experimental 25.10+£0.36% 17.87+0.47° 17.10+0.51°
Control 39.22+0.33 39.16x0.17 38.68+0.26

P < 0.01, vs. control group
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a: T1WI sign of normal
femoral head (arrow)

b: T2WI sign of normal
femoral head (arrow)

c: Local signal increasing
region (yellow allow: dou-
ble-line sign)

d: Fat-inhibiting PdWI signs
(yellow allow: MRI sign of
subcortex hemorrhage)

Figure 2 MRI examination of femoral head in the two groups
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Table 2 MRI signal characteristics of necrotic tissue (n=6)
Grade 4™ wk group® 8" wk group®  Control group
A 2 2 0
B 0 2 0
(0} 0 0 0
D 0 0 0
Normal 4 2 6
P < 0.01, vs. control group
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a: Normal trabeculae of bone was even in density, and hematopoietic
cells were rich

b: Bone trabecula (black arrow) was sparse, and empty bone lacuna rate
increased

c: Bone trabeculae (black arrows) were thinner, and fat tissues and
cells were increased
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d: Bone trabeculae were vanished and fat cells(allows) were fused

Figure 3 Histological observation of femoral head in the two
groups (Hematoxylin eosin staining, x100)
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Table 3 Both empty bone lacuna rate and adipocyte diameter in
experimental group and control group (Xts, n=6)

Time Empty bone lacuna (%) Adipocyte diameter (um)
(wk) Experimentalb Control Experimentalb Control

2M 30.40+5.67 11.56+7.86 37.66+11.13 22.29+4.83
4" 38.20+7.43 13.3649.08 46.71+10.12 24.70+3.51
8" 55.21+9.45° 14.54+5.76 49.75+8.62° 26.55+5.80°

°P < 0.01, vs. control group; °P < 0.01, vs. the 2" group

a: Steocyte of control group was located in lacuna (yellow allow),
and process of osteocytes penetrated into canal of bone (blue
allow)

b: Karyopyknosis of osteocyte in experimental group at the 4" wk
(yellow arrow)

c: Karyolysis of osteocyte at the 8™ wk (yellow arrow)

Figure 4 Transmission electron microscope observation of
femoral head in the two groups (x12 500)
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