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The Effect of Nitric Oxide Donor on Steroid-induced Avascular
Necrosis of the Femoral Head in Rabbits

Seong Hwan Moon, Jun Seop Jahng

Department of Orthopaedic Surgery, Yonsei University, College of Medicine Seoul, Korea

The steroid-induced avascular necrosis of femoral head results from loss of osteocyte in lacuna,
fat embolism in end artery of subchondral bone, and subchondral collapse from secondary
osteoporosis. Nitric oxide (NO) has diverse biologic effects on bone metabolism. The purposes
of this study was to evaluate the protective effect of exogenously administered NO donor
(nitroglycerine) on steroid-induced avascular necrosis of the femoral head in rabbits.

Seventy five Korean rabbits were used in this study. Group 1 received injection normal saline
for 8 weeks. Group 2 had intramuscular injection of methylprednisolone. Group 3 underwent
methylprednisolone injection and application of transdermal nitroglycerine releasing system daily
for 8 weeks. Group 4 underwent same protocol with group except femoral head specimen were
stored 96 hours in 4 degree celsius after sacrifice. After 8 weeks, Hematoxylin-eosin and oil red
O stain of femoral head were performed. Emptiness percentage of osteocyte in lacunae,
histomorphometry of trabecular bone, histomorphometry of fat cells, intramedullary change, and
fat embolism in end artery were evaluated.

Emptiness percentage of lacunae in group 1, 2, 3, and 4 showed 11.9 = 42 %, 285 £ 4.0 %,
203 + 5.1 %, and 42.1 &= 7.0 % (p<0.01). The histomorphometric data of trabecular thickness,
trabecular area percentage, and separation of trabeculae showed protective effect of NO donor on
methylprednisolone induced osteoporosis. The histomorphometric data of fat cell showed no
significant effect of NO donor on methylprednisolone induced fat cell change. In group 2 and 3,
there were increased fat embolism in end artery of subchondral bone, and increased intramedullary
cellular infiltration comparing with those of group 1.

In conclusion, although there was no significant effect of NO donor on fat cell histomorphometry,
there were partial but significant protective effects of NO donor on steroid-induced avascular
necrosis in terms of increased survival of osteocytes in lacunae and anti-resorptive effect.
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Figure 1. Empty lacunae (arrow) in Group 2
(methylprednisolone treated) (H-E stain after de-
calcification, origincal magnification x400).



Figure 2. Trabecular bone of femoral head. a:

L

Group 1 (control) b: Group 2 (methylprednisolone treated) c:

Group 3 (methylprednisolone+nitroglycerine patch treated). Marked loss of trabecular thickness and area in
Group 2 and less marked bone resorption in Group 3 (H-E stain after decalcification H-E stain, original mag-

nification x200).

Figure 3. Intramedullary fat cells stained with oil
ted O in Group 2 (methylprednisolone treated). Fat
cell morphometry (diameter, fat cell number, fat cell
area) was performed with this stain (original mag-
nification x400)
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Figure 4. Fat embolism in end artery of sub-
chondral bone of the femoral head in Group 2
(methylprednisolone treated) (oil red O stain, ori-
ginal magnification x400)
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Table 1. Comparison of histopmorphometric data after 8 weeks of experiment

Group 1' Group 2* Group 3° Group 4*
(n=10) (0=17) (n=15) (n=5)
Empty lacunae percent (%)" 11.944.2% . 285440 20351 42170
Tr thickness (Lm)® 117.1+£42.5% 29.5+14.2% 60.1:£13.8%
Tr area (%)° 56.6+10.5™ 29.14+11.3% 40.3+8.3"
Tr separation (um)’ 90.4+£13.9% 207.5+36.9% 159.3429.2%
Fat cell diameter (um)® 65.6+£20.8 76.7+15.5" 75.2+19.8
Fat cell number” 20.6£3.5" 17.1£23° 18.3+2.8"
Fat cell area (%)" 34.4+8.4% 39.549.2° 40.7+6.T
Fat embolism 0.6 2.5 2.1
Cell infiltration 0.2 19 1.7

Tr: Trabecular, n: Number of rabbits
1: Control group
: Methylprednisolone injection for 8 weeks

« BN

: Statistical differcnce with group 1
: Statistical differcnce with group 2
- Statistical differcnce with group 3
: Statistical differcnce with group 4
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: Methylprednisolone+nitroglycerine patch for 8 weeks
. Femoral head stored for 96 hours after sacrifice as a negative control group
. One way ANOVA (p<0.01) and Tukey's honestly significant difference test (p<0.05)
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