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Summary. The effect of the B-adrenoceptor agonist

isoproterenol on the denervated orbicularis oculi muscle
was studied. We cut the facial nerve on the right side of
eight rats and injected isoproterenol (5 mglkg) into four
rats every day. The animals were sacrificed after three
weeks, and small pieces of the orbicularis oculi muscle
were removed. Muscle fibers were separated into single
fibers. Cytochrome oxidase enzyme staining was
applied, and density of cytochrome oxidase enzyme
product and diameter of individual muscle fibers were
analyzed by computer. Some of the muscle fibers were
observed under electron microscopy. The results showed
that diameter and cytochrome oxidase enzyme activity
of the orbicularis oculi muscle decreased by denervation,
otherwise, it increased to near the normal level by
administration of isoproterenol. Electron microscopic
observation showed that the myosion filaments became
thin and their arrangement were disordered by
denervation and their findings recovered to be almost
normal by isoproterenol administration. We concluded
that isoproterenol could prevent the orbicularis oculi
muscle from atrophying which caused by denervation.
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Introduction

In conditions such as those showing unfavorable
prognosis associated with Bell's palsy or Ramsay Hunt's
syndrome or in such cases where anastomosis was
performed after dissection of the facial nerve,
regeneration of the facial nerve takes a long time. The
target muscles have often been atrophied by the time the
regenerated nerves reach them, resulting in insufficient
muscle strength (Schwarting et al., 1984). Prevention of
disuse atrophy of the muscles during the period until
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they are reinnervated would therefore considerably
improve the results of the treatment. At present,
however, there are no effective methods of preventing
atrophy except for physical therapy such a s lowfrequency stimulation. On the other hand, isoproterenol,
a B-agonist of the sympathetic nerve, has been reported
to increase the amount of actin in myocytes of smooth
muscles and cardiac muscles (William et al., 1994). We
also showed that isoproterenol increases the thickness of
myofibrils and elevates the activity of cytochrome
oxidase, a respirative enzyme in mitochondria in the
facial muscles of normal rats (Zhai et al., 1995; Ishii et
al., 1997). In the present study, we examined whether
administration of isoproterenol prevents facial muscle
atrophy caused by denervation.
Materials and methods

Twelve normal rats (body weight 150-200 g, male)
were used. The facial nerve of eight animals on the
right-hand side was cut at the position beneath the ear
and the cut ends were ligated to prevent reconnection.
After excision of the facial nerves, a-isoproterenol ( 5
mglkg) was administered intraperitoneally to four
animals daily over a period of 3 weeks (Versura et al.,
1988). After three weeks, the orbicularis oculi muscles
of right sides were taken from all the animals, fixed in
1% glutaraldehyde for 5 min, washed in distilled water,
and separated into single fibers. The isolated myofibrils
were then reacted with 1% MnC12 solution containing
DAB and H202 at 37 "C for 1 h to visualize cytochrome
oxidase activity (Seligman e t al., 1968). Color
photographs of the embedded samples were taken, and
the printed images were recorded on a computer using a
scanner (Canon, 1x4015) at 72 dpi and 8 bit (256
grades) gray scale. The diameters of the myofibrils were
determined using NIH imaging software and the density
of staining was quantified using values from 0 to 255. A
small portion of the muscle fibers were fixed in 2%
glutaraldehyde, postfixed in 1% Os04, embedded in
Epon after dehydration, and ultra-thin sections were cut
for transmission electron microscopic observation.

