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Fig.1. Light micrographs of ear artery in the control group. There are no abnormalities in intima, media, and adventitia (A,

HE; B, EVG). Bars indicate 30 gm.
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Fig.2. Light micrographs of ear vein in the control group. No remarkable changes are seen (A, HE; B, EVG). Bars indicate
20 um.

Fig.3. Light micrographs of ear artery in the steroid-treated group. Vacuolarization of the tunica media and mild intimal
thickening (arrows) are seen. The vessel lumen is at the top of the picture (A, HE; B, EVG). Bars indicate 30 gm.

Table 1. Histopathological changes of arteries in 30 steroid-treated rabbits

Number of rabbits showing

Intimal thickening
or
disruption of internal elastic lamina

Vacuolarization of

Arteries the tunica media

Artery around

the femoral head 9 0
Ear artery 17 6
Femoral artery 0
Aorta 1 0
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Table 2. Histopathological changes of veins in 30 steroid-treated rabbits

Number of rabbits showing

Foamy cells in the intima
Veins and
vacuolarization of the tunica media

Disruption of
internal elastic lamina

Vein around
the femoral head

4
Ear vein 2 1
Femoral vein 2
Inferior vena cava 1

Fig. 4. Light micrographs of ear vein in the steroid-treated group. Proliferation of foamy cells in the intima (arrows) and
vacuolarization of the tunica media are seen (A, HE; B, EVG). Bars indicate 20 um.

Fig.5. Light micrographs of femoral vein in the steroid-treated group. Proliferation of foamy cells in the intima and disruption
of internal elastic lamina (arrows) are seen. The vessel lumen is at the top of the picture (A, HE; B, EVG). Bars indicate 20
. ;
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Fig.6. Light micrographs of vein around the femoral head in the steroid-treated group. Proliferation of foamy cells in the
intima is seen. The vessel lumen is at the left side (A, HE; B, EVG). Bars indicate 20 um.

Fig. 7. Immunohistochemical staining of ear vein in the steroid-treated group, using antimuscle cell antibody HHF35 (A), and

antimacrophage antibody RAMI1 (B) by the avidin-biotin complex method. Note that the foamy cells in the intima are
HHF35-positive, but RAM11-negative. Bars indicate 20 pm.

Fig. 8.
group.
X 50.

Indirect fluorescence micrographs for type I collagen of inferior vena cava. A, the control group; B, the steroid-treated
There is no significant difference between the control group and the steroid-treated group. Original magnification
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Fig. 9. Indirect fluorescence micrographs for type Il collagen of inferior vena cava. A, the control group; B, the steroid-treated
group. There is no significant difference between the control group and the steroid-treated group. Original magnification
% 50. '

Fig. 10. Indirect fluorescence micrographs for type V collagen of inferior vena cava. A, the control group; B, the steroid-treated
group. Note an increase of type V collagen in the intima of the steroid-treated group compared with the control group. The
vessel lumen is at the left side. Original magnification X50.

5 5 ,, e A

Fig. 11. Scanning electron micrographs of the luminal surface of an ear vein. A, the control group; B, the steroid-treated group.

Note that the endothelial surface in the steroid-treated group is uneven. Bars indicate 10 um.
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Fig.12. Transmission electron micrograph of ear vein in the
steroid-treated group. *, degeneration of the myofilame-
nts in the smooth muscle cells; An arrow, vacuoles in the
endothelial cells. Bar indicates 3 um.
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Abstract

Steroids are one of the causal factors of avascular necrosis of the femoral head, although the mechanisms are unclear. In
recent years, more attention has been paid to the venous factors because steroid treatment brings about an increase in the
intraosseous pressure in spite of a decrease in the blood flow in the femoral head. To clarify the pathogenesis of avascular
necrosis of the femoral head, the present study was performed to examine the changes in the veins of steroid-treated rabbits.
Forty adult rabbits were used: 30 rabbits (the steroid-treated group) were injected with methylprednisolone acetate (4 mg/kg)
weekly, while 10 rabbits, as the control group, were treated without steroids. The veins around the femoral head, ear veins,
femoral veins, and inferior vena cava were obtained 8 weeks after the treatment, and were examined by
immunohistochemical staining and electron microscopy. In the steroid-treated group, proliferation of foamy cells was
observed in the intima of the vein in seven of 30 rabbits. Immunohistochemical studies, using monoclonal antibodies for
smooth muscle cells and macrophages, demonstrated that the foamy cells were mainly derived from smooth muscle cells in
the tunica media. Indirect immunofluorescence studies, using monoclonal antibodies for type I, III, and V collagen, showed
an increase of type V collagen in the intima of the vein. Scanning electron micrography showed that the endothelial surface
of the vein was uneven. Transmission electron micrography showed degeneration of the myofilaments in smooth muscle
cells and vacuoles in endothelial cells. These results indicated that steroids damaged not only the arterial system but also the
venous system. It is suggested that steroid-induced disturbance of draining veins causes stasis and increases intraosseous
pressure of the femoral head and that steroids are one of the important factors responsible for avascular necrosis of the
femoral head.



