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Fig. 1. Diagrammatic representation of the frontal view of the spatial aspect
of the orbital muscle of the mouse. Lines marked j indicate the muscle (m)-
tendon (t) junction of the orbital muscle. Arrows represent the running
courses of the veins (¢} connecting the orbital venous sinus with the venous
system of the head, the lacrimal artery (1a), the zygomatic nerve (z), the
supraorbital artery (sa), the frontal nerve (fr), the superior oblique muscle
(s0), and the inferior oblique muscle (io).



RESA~OMREE, BELAHEHTE O EE> T
REGHTOBECEL, ZORCIHT S,

| BERGMIRE, IERANEE» S ORERERY
Toie, BRER PRI AMEE L T RTEEE R 2 R E T AR
rzAhNnG, Z0d HETEHEMREITEHELCAS
25, FOHEBIT 1~ 2EKD/E £ DD, TONED,
HIFEL CIREHIESOSEcSHT 5.

YRR 1, IRE R R > & ORI 2,
R 0 SR D B ) o %58 - THHRA AN 5 43
O, WEAEER L EEAEL L St NE, IO
5 BIEBEERSS, FHRADE  TIRBAAT~ET
5 1~2ARQ/MERHT. BRRTERG~IMI2R
g, REREEES, TREOARCEENO

BEA~ES,

. TYRBEEHL S U ICHABRIRMEOMES
1. XEAAR

1) BREHOHEE
IREHOBER R & I HTE O M HESRIIE s 1
20~30 g T, 5~10 B FRUMAME & Lo £/
Bemeiksd, [REFOLERES S ICEERIZIZR
B OMIc LB OMMERESE ENTVL (BHES),
BRESSEESIREALHCH TR, TOHE L RBIZR
BEIRAONEICEEL, b RERKAORT
HarOLd hMERETS (BHR4, 17),
AN L, MEIREE TR S 100 4, EEHNS 4
DEHHEHBEEL, FOREBTRCEHMATEOMEE

Fig. 2. Diagrammatic representation of the dorsal view of the nerve branches
supplied to the orbital muscle, and their topographical relation to the
nerves of the orbit. ae: anterior ethmoidal nerve, an: abducent nerve, bl :
branches from retro-orbital nerve plexus, b2: branches from anterior
ethmoidal nerve, b3: branches from zygomaticofacial nerve, dp: deep
petrosal nerve, ec: external carotid nerve, fa: facial.nerve, fr: frontal
nerve, gb : ganglionic branch of maxillary nerve, gg: geniculate ganglion,
gp: greater petrosal nerve, ic: internal carotid nerve, ip: internal carotid
plexus, it: infratrochlear nerve, In: lacrimal nerve, m: belly of orbital
muscle, mn : maxillary nerve, n: nasociliary nerve, np : nerve of pterygoid
canal, o: ophthalmic nerve, ob: orbital branches of pterygopalatine
ganglion, pg : pterygopalatine ganglion, ro : retro-orbital nerve plexus, sc:
superior cervical ganglion, st : sympathetic trunk, tg: trigeminal ganglion,
z: zygomatic nerve, zf : zygomaticofacial nerve, zt: zygomaticotemporal

nerve.
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Explanation of Photographs
Photos. 1~16 are photomicrographs, and Photos.
17~29 are electron micrographs.

Plate I
Photos. 1, 2 and 3. Frontal section of the mouse
orbit. The origin, the muscle belly (m), and the
insertion of the posterior portion of the orbital
muscle are observed in Photos. 1, 2 and 3, respec-
tively. fb: frontal bone, H : Harderian gland, mm:
masseter muscle, t: tendon of orbital muscle, tm:
temporal muscle, v: orbital venous sinus. Resor-
cin-fuchsin stain. X 40.
Photo. 4. The orbital venous sinus (v) extending
between the posterior portion of the orbital muscle
(m) and the Harderian gland (H). Toluidine blue
stain. X400,
Photos. 5 and 6. Sagittal section of the mouse
orbit. The upper (t) and lower (m) parts of the
anterior portion of the orbital muscle are observed,
respectively. H: Harderian gland, i: intraorbital
lacrimal gland, 1: levator palpebrae superioris
muscle, m: muscle belly, mm : masseter muscle, s :
orbital septum, t: tendon, v: orbital venous sinus.
Resorcin-fuchsin stain. x40,
Photo. 7. Longitudinal section of the belly of the
anterior portion of the orbital muscle. Hema-
toxylin-eosin stain. X 700.
Photo. 8. Longitudinal section of the muscle (m)-
tendon (t) junction of the posterior portion of the
orbital muscle. H: Harderian gland. Resorcin-
fuchsin stain. x175.
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Plate 1L
Photo. 9. Tangential section of the anterior
portion of the normally innervated muscle. Note
varicose axons (arrows) forming a plexus on the
surface of the muscle belly. Photographic silver
method. X240,
Photo. 10.

posterior portion of the normally innervated muscle

Catecholamine fluorescence in the

(m) in frontal section. Note nerve fibers (arrows)
on the orbital and bulbar surfaces of the muscle
belly. H: acinus of Harderian gland. FGS
method. X 480.

Photo. 11. Thin spread of the posterior portion of
the normally innervated muscle. Catecholamine-
fluorescent fibers demonstrated by the FGS method
are distributed densely throughout the muscle
belly. x240.

Photo. 12. Catecholamine test in the posterior
portion of the denervated muscle (m) in frontal
section, 24 hr after superior cervical ganglionec-
tomy. Note complete disappearance of catechola-
mine fluorescence in the muscle belly (m). The
fluorescence-positive fibers (e) which are seen
among the Harderian gland (H), the orbital venous
sinus and the orbital muscle, correspond to the
elastic fibers. They assume a deeper green
fluorescence which differs from the yellowish green
fluorescence. FGS method. X480.

Photo. 13. Acetylcholinesterase activity in the
posterior portion of the normally innervated muscle
(m) in frontal section. Note nerve fibers (arrows)
on the orbital and bulbar surfaces of the muscle
belly. H: acinus of Harderian gland. Rubeanic
acid-enhancement method. X480.

Photo. 14. Thin spread of the posterior portion of
Acetylcholi-
nesterase-active fibers stained with the rubeanic

the normally innervated muscle.

acid-enhancement method are found. They are less
dense in distribution than catecholamine-fluore-
scent fibers as shown in Photo. 11. X240.

Photo. 15.
posterior portion of the denervated muscle (m) in

Acetylcholinesterase test in the

frontal section, 4 days after pterygopalatine
ganglionectomy. Note complete disappearance of
acetylcholinesterase activity. H: acinus of Har-
derian gland:
method. X 480.

Rubeanic acid-enhancement

H

Photo. 16. Thin spread of the anterior (a) ane
posterior (p) portions of the normally innervated
muscle. Acetylcholinesterase-active fibers stained
with the rubeanic acid-enhancement method are
seen in the posterior portion, while they cannot be
found in the anterior portion. %240,

Plate III

Photo. 17. The orbital venous sinus (v) extending
between the orbital muscle and the Harderian
gland (H) as shown in Photo. 4. ns: smooth muscle
cell of orbital muscle. X% 8,000.

Photo. 18. Longitudinal section of smooth muscle
cells of the orbital muscle. Note the caveola-rich
zone (r) and the caveola-free zone (f). These two
zones respectively pair with the same kind of zones
of the adjacent cells. x30,000.

Plate IV
Photo. 19. Transverse section of smooth muscle
cells of the orbital muscle. Note a gap junction (g)
between smooth muscle cells. x30,000.
Photos. 20. and 21. Longitudinal section of the
tendon of the orbital muscle. Elastic fibers (e) are
hardly stained by the uranyl acetate and lead
citrate double staining method as shown in Photo.
20, but deeply stained by the tannic acid method as
shown in Photo. 21. X13,000.
Photos. 22 and 23. Transverse and longitudinal
sections of the muscle-tendon junction of the orbital
muscle, respectively. e: elastic fiber, ns: smooth
muscle cell, x13,000.

Plate V

Photo. 24. Type 1 axonal expansions (I) in the
nerve plexus in the posterior portion of the normal-
ly innervated muscle fixed by the aldehyde method.
The axonal expansions contain many synaptic
vesicles and mitochondria, and face the caveola-
rich zone (r) of smooth muscle cells (ns), intervening
a relatively wide tissue space of 0.1 to 1.0 g in
width, to prepare the so-called “Synapse auf
Distanz.” X20,000.

Photo. 25. Types I (I) and 11 (II) axonal
expansions in the nerve plexus in the posterior
portion of the normally innervated muscle fixed by

the dichromate method. The Type I axonal
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expansions contain a various number of small
granular symaptic vesicles, which are more con-
spicuous than those fixed by the aldehyde method
as shown in Photo. 24.
expansions contain no small granular vesicles. ns:

The Type II axonal

smooth muscle cell, S : nucleus of Schwann cell. X
20,000.

Plate VI
Photos. 26 and 27. Two types of axonal expan-
sions in the posterior portion of the normally
innervated muscle. Type I expansions (I ) contain
many small granular vesicles, and Type II expan-

sions (II) contain many agranular vesicles but no
small granular vesicles. ns: smooth muscle cell.
Dichromate fixation method. x20,000.

Photo. 28. Degenerating axons (d) and surviving
Type 11 expansions (1I) in the posterior portion of
the denervated muscle, 2 days after susperior
cervical ganglionectomy. S: Schwann cell.
Dichromate fixation method. X 20,000.

Photo. 29. Degenerating axons (d) and surviving
Type 1 expansions (1) in the posterior portion of
the denervated muscle, 24 hr after pterygopalatine
ganglionectomy. S: Schwann cell. Dichromate
fixation method. X20,000.
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Structure and Innervation of the Orbital Muscle of the Mouse Hiromasa Tanaka, Depart-
ment of Anatomy, School of Medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med,
Soc., 91, 1 —20 (1982)

Key words: smooth muscle cells, adrenergic nerve fibers, cholinergic nerve fibers,
orbital muscle.
Abstract

The structure and innervation of the orbital muscle of the mouse were studied by light,
fluorescence, and electron microscopy.

The orbital muscle has a relatively small muscle belly of smooth muscle tissue and large
membranous tendons containing abundant elastic fibers, and encloses almost all of the orbital
contents.

The cell membrane of the smooth muscle cells specializes into two kinds of alternate zones;
caveola-rich zones and caveola-free zones. The latter come into close contact with the same
zones of another cell with a minute gap of about 400 A which contains only one basal lamina,
Gap junctions were occasionally observed between smooth muscle cells.

The photographic silver method shows that the orbital muscle is supplied with unmyelinated
nerve fibers passing through each branch of the retro-orbital plexus, the anterior ethmoidal, and
zygomaticofacial nerves. The nerve fibers form a plexus on both the orbital and bulbar surfaces
of the muscle belly. They show many varicosities along their course.

The histochemical techniques demonstrate both catecholamine-fluorescent varicose fibers and
acetylcholinesterase-active varicose fibers in the muscle. In the posterior portion of the muscle
the former are more numerous than the latter, while the anterior portion is supplied with only
the former. After superior cervical ganglionectomy the catecholamine-fluorescent fibers dis-
appear, while after pterygopalatine ganglionectomy the acetylcholinesterase-active fibers vanish,
After sectioning the nasociliary and zygomatic nerves, the catecholamine-fluorescent fibers in
the anterior portion of the muscle disappear.

In electron micrographs, the varicosities appear as axonal expansions containing many syn-
aptic vesicles, The axonal expansions lack their Schwann cell sheath and directly face the tissue
space. A relatively wide space, 0.1 to 1.0 u in width, lies between the axonal expansion and the
muscle cell. The expansions can be classified into two types; Type I always having small granular
vesicles and Type II having many agranular vesicles. In the posterior portion of the muscle Type
I is more frequent (36.4%13.2/10*u? area of muscle) than Type II (6.6+4.3/10*u?), while in the
anterior portion only Type I is present (37.5%£9.6/10%4%). After superior cervical ganglionec-
tomy Type I undergoes degeneration, while after pterygopalatine ganglionectomy Type II de-
generates,

These observations indicate that Type I axonal expansions correspond to the synaptic endings
of the adrenergic fibers originating from the superior cervical ganglion, and Type I expansions
correspond to the synaptic endings of the cholinergic fibers derived from the pterygopalatine
ganglion.
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