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Structure and Innervation of Mouse Parotid Gland. Masao Inoue, Department of
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o OB, ESEMREE (superior cervical
ganglion, sc) O BMIERIC 5 U ASEBINR I (£173 % SHE
EHIR#HFE#E (external carotid nerve plexus, e) #%
SR FHEREIR &, BEMEANE (facial nerve, f) O%F
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(zygomatic branch of facial nerve, z) 25 5L
THRE S5 %5, BE 1 HTREHERO KT

Fig. 1. Schematic drawing (ventral view) of the cervical region of mouse. Symbols: a,
auricula ; ad, adipose tissue; an, anterior belly of the digastric; d, deltoid; el, exorbital
lacrimal gland ; ej, external jugular vein ; 1, lymph node ; m, mandible ; ma, masseter ; my,
mylohyoid ; p, parotid gland; pd, parotid duct; pe, pectoralis major; pl, platysma; s,
sternocleidomastoid ; sh, sternohyoid ; sl, sublingual gland ; sm, submandibular gland.
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Fig.2. Schematic drawing (ventro-lateral view) of the nerve branches supplied to the parotid
gland of the left side. Symbols: a, auriculo-temporal nerve ; ab, auricular branch of vagus
nerve ; b, buccal nerve; bb, buccal branch of facial nerve; c, chorda tympani; d, deep
temporal nerve ; e, external carotid nerve plexus; f, facial nerve; g, genicular ganglion;
gp, greater petrosal nerve ; i, inferior alveolar nerve ; ic, internal carotid nerve ; In, lingual
nerve; m, masseteric nerve; mf, motor root of facial nerve; mp, nerve to medial
pterygoid ; N, Nervus intermidius; ns, nerve to stapedius; o, otic ganglion ; p, parotid
gland ; pa, posterior auricular nerve; pd, parotid duct; r, root of vagus nerve; s,
sympathetic trunk : sc, superior cervical ganglion; t, trigeminal ganglion; tt, nerve to
tensor tympani; ty, tympanic nerve; v, vagal ganglion; z, zygomatic branch of facial
nerve.
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SR AR RO E £ B CENRIEMSE &
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HIRERMETEREN EED, ETBRMCAS LD

Photo.1. Horizontal section of the parotido-
masseter region of the mouse. Small nerve
bundles (arrows) are seen arising from the buccal
branch (b) of the facial nerve and running to the
parotid gland. Many unmyelinated and some
myelinated fibers are contained in the bundles.
Photographic silver stain; X240.

Photo. 2. Frontal section of the base of the mouse
skull. A nerve bundle (arrow) is seen origin-
ating from the otic ganglion and penetrating
through the sphenoidal bone to join the auricu-
lo-temporal nerve (a). Hematoxylin-eosin
stain; X80.
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Photo. 3. Acini of parotid gland. Secretory

granules in the apical portion of the glandular
cells are seen. Toluidine blue stain; x320.
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FEREEA LT A I VABEE PL4YY T
N—REERORF/RICLE E, BETHOEEL S
CICEIBRICHAT U TIRPNICEEA 3 2 1R 313, TE 4
DETIBREFIERD b v 4 2> 70— BABfER O SEFER
KR E I, ZNENSHOESRADIEH, L
L3~ 5 RD/NEERREEEATHLE, Ths
DEBEMED S B, WP 7 DEIREEIH L
SELTLRVCICHEL 2, SEEFRBEICLIROb
REREBHT 2. —7, BYOBEHGMHE, Rtz E
WL T, REHICART 2, BRPUSEA L 72H 2R
Mt BERE S O TIREEREEARDNEGEST T &
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i PRARIVE b+ s
Photo. 4. Nerve bundles running to the parotid
gland. Myelinated nerve fibers (arrows) are
seen in the nerve bundles (b) located near the
parotid duct (p) and arteries (a). Toluidine blue
stain; X240,
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Photo. 5. Fine nerve plexuses around and within
the acini and around the artery. Photographic
silver stain; X480.

6

Photo. 6. Catecholamine fluorescence in normally
innervated parotid gland. Dense plexuses of
thin nerve bundles with many varicosities are
seen around and within the acini and around the
artery. FGS method; x480.
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Photo. 7. Acetylcholinesterase activity in
normally innervated parotid gland. Activity
positive (black) dense plexuses of thin nerve
bundles are observed around and within the acini
and around the artery. Rubeanic acid-enhan-
cement method ; X480.

Photo. 8. Secretory granules of the parotid gland-
ular cell. Electron density of the peripheral part
is high, and that of central part is low, when fixed
with 0.25% glutaraldehyde-1% osmic acid and
stained in a block with 5% uranylacetate. A
condensing vacuole (c¢) is seen beside the Golgi
apparatus. X17,500.

LIEWSFED ST,

2. BEEFR

1) =9 2RETROMEE

YR OEBEGERTR LEEKREIC 81 2 R0
2EEBEEROIILLY, 2R REORR I~
HLTwi, Thbb, KREORMRIE, BRE:
a2 0.5~1.5 um ORI O S WER 25T 3,
SHOFRAL S BRIERI O M E R EE L T3, KEK
DEFMFFROARE, BEECL>TRL SN, BF
FEEICELOHEERZRT RO BUSICE S h,
BERALED 2BHELSET 2., REL—H0OSRE

N 9)
Photo. 9. Secretory granules of the parotid gland-
ular cell. Electron density of the peripheral part
is high, and that of central part is low, when fixed
with dichromate. Arrow indicates exocytosis of

a secretory granule. X17,500.

Photo. 10. Secretory granules of the parotid
glandular cell. Electron density of the periph-
eral part is low, and that of central part is high
when fixed with 49 paraformaldehyde and
postfixed with 0.259% glutaraldehyde-1% osmic

acid and stained in a block with 5% uranvl-

acetate.  X17,500.
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FEBWEI>TC A% ST 74V LT AT ENR
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i, BE0BLUILIKREND & CHLEIITE
FHEEANR, BARTETFEE N RS, X, BRI
TR D EREE IC 8B\ T, SRR O R TRt
FOMRE L BA L T, SUERONE A EREERN A~
MR N AN RO BRNED stz Golgi EE
BB L, BRE/MIDIES, EH0.3um D
Golgilax BT 3., LELEBEESERT LK
Golgi EBWHE L TEMNITum D Vb % EiER

(condensing vacuole) R\ Fa N3, EHERILR
RE2EL, NHREFEETEEOMETHED SN
w3,

WA D Z OO MY NEE P RRES X U LR
HlE, AERL S CICEE L EOEEDOEEMRER,
BEOIFEEDORENITIT—HL Tz

2) BRAERRRAE O HARE

HETIROEE L & BRI T L TIRM & 0 BRE
WHEAT ARG, WTRLEOHRAKETHEE
Tird, WHREIL 4 ~TAREEL, 22N 200~300
ROEEEEE S TIEH», WROEREL 1.0 um, B8l

Photo. 11.  Secretory granules of the parotid glan-
dular cell. Their peripheral part is moderately
electron-dense and their central part is
more electron-dense when fixed with 2.5%
glutaraldehyde, postfixed with 0.25% glutaral-
dehyde-1% osmic acid and stained in a block with
5% uranylacetate. Some of the granules show

moderately electron-dense core in the central

part.  X17,500.

DESH 0.3 um ONEEHRMEE 3~5KFATL
3 (EHE12),

FRE IR, MRAEE K MV EREE D
5720, 1~10 AOEFEEHEHS, Schwann ML & -
TEEN TV 5. WEERERMOMEBRE2ES B, L
THEKXKL., #DIEAE T Schwann 8% —&/k &, 88
BCEL WS, BEI3ICTRT & 5 CHREREHE,
ZFOREICERO Y F 7ANEEI by FU TS
%, MEBRMEROEERE 0.1~1.0um DR/ D %
Lo THELTWS, BERBOREREERETESD
nTwb, ZOBOWMRENIIL, ELEOFRET
BEahl b0 25y 7 7 AN YT 5, |

BIIRBEMRIRAEE, S AT B EBERE R 0 &
%%, ZOEBERMERG, BREMMEEOES &R
OWMEERHERT., ZOROHREXRLR T, BH 14
TRLIE P EOFEHME L 0.1~1.0 gm O

. 12
Photo. 12. Cross section of a nerve bundle running

to the parotid gland. A small myelinated fiber
and many unmyelinated ones are seen. X 8,000.

3

Photo. 13.  Axonal expansions in the nerve plexus
around the acini of parotid gland. Small
granular synaptic vesicles in type- I expansions
(I) and agranular synaptic vesicles in type-II
expansions (II) can be differentiated. x10,000.
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S EDETORL TEREREZHRL, £ORER
REBROVF7RAPNEEI PRI TS, B
RI5WCRT LI CEHREAS &, BEEH 2 WL
RHIRE & R O MBI A7 20 nm D ML %
boTHEEL TR, WIFhoRIOMBEE K b, B
EZDMOROBEMLER Do, TOED
BREARG, HEOFRH TRV ahvbO 3
BB F7AVCHEYT 3.

BERTCRVZaNS LEDOREHS 7 72550
BEEYF 7R 2T 2MREALIZ, XETKR, B
B, 27307 I VEBRE, HB2VRTEFL
) YIAT I -EEEREERIC & o TR AN R
HEDRRER YT 2,

PR FIHERY - BHIREEMIRE « REMEEOBIRE
KEBIE, TTCEBRALE I CHEHOYF T AR S
ATWEY, Zhe0yF 7A/NIE, Richardson®
& Honjin D3RI > TRD 35, /NERMN
e, REERMEAME, EEREMICRSEND,
INERIME/NIL I, B0 50 nm THERICEFEE AL
LEOEN 2HT 5. RERME/EE, ZH100nm T
PRI PR E Y 1ESATY S, EERM/
faik, #H50nm TEAZSATYRY, ETFEOH
FREXRERIE, TOoORBEEEh 3 LEY 7 RPED
BRI LD, THEOMEcRSERS, T8I, &

Photo. 14.  Axonal expansions in the nerve plexus
around the artery of parotid gland. Small
granular synaptic vesicles in type- I expansions
(1) and agranular synaptic vesicles in type-II
expansions (II) are shown. % 10,000.
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WETRE, BEFE, #73—1L7 3 VEXRBRHE,
TEFNIAVUVIRAT S —CEEREE, BXUEHR
BEIZL->THRLT.
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Photo. 15. Axonal expansions in the nerve plexus
within the acini of the parotid gland. Small
granular synaptic vesicles in a type- I expansion
(1) and agranular synaptic vesicles in a type-1I
expansion (II) are seen. x10,000.
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Photo. 16. Catecholamine fluorescence test in the
denervated parotid gland, 24 hr after superior
cervical ganglionectomy ; complete disap-
pearance of catecholamine fluorescence. Lysos-
omes in the glandular cells show yellow fluo-
rescence but not bright green catecholamine
fluorescence. FGS method; X480.

Photo.17. Cross section of a nerve bundle running
to the parotid gland, 24 hr after superior cervical
ganglionectomy. Degenerating axons (dg), a
surviving myelinated fiber and many unmyel-
inated axons are seen. X 8,000.
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Photo. 18. A degenerating axon (dg) and a surviv-
ing type-II axonal expansion (II) in the nerve
plexus around the acini in the denervated parotid
gland, 24 hr after superior cervical gangli-
onectomy. X8,000.

Photo. 19. A degenerating axon (dg) and a surv-
iving type-II expansion (II) in the nerve plexus
around the artery in the denervated parotid
gland, 24 hr after superior cervical ganglio-
nectomy. 'X8,000.
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Photo. 20. Acetylcholinesterase activity test in the
denervated parotid gland, 7 days after auriculo-
temporal neurectomy ; complete disappearance
of acetylcholinesterase activity. Rubeanic acid-
enhancement method ; X 480.

Photo. 21. Cross section of a nerve bundle running to the parotid gland, 24 hr after auriculo-
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temporal neurectomy. Degenerating myelinated fibers (dgm) and unmyelinated axons (dgu)
are seen. A surviving myelinated fiber and unmyelinated axons are also seen. X 5,800.
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Photo. 22. A degenerating axon (dg) and a surviv-
ing type-I axonal expansion (1) in the nerve
plexus around the acini in the denervated parotid
gland, 24 hr after auriculo-temporal neurec-
tomy. X16,000.

Photo. 23. A degenerating axon (dg) and surviving
type- I axonal expansions (I) in the nerve
plexus around the artery in the denervated
parotid gland, 24 hr after auriculo-temporal
neurectomy. X 8,000.
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Photo. 24. Cross section of a nerve bundle running
to the parotid gland, 24 hr after facial neure-
ctomy. A degenerating myelinated fiber (dg)
and surviving myelinated fibers and unmyel-
inated axons are seen. X 8,000.
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secretory granules in salivary glandular cells of the

Structure and Innervation of Mouse Parotid Gland ~ Masao Inoue, Department of Anatomy,
School of Medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 93, 534—549
(1984)
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Abstract

The structure and the innervation of the mouse parotid gland were studied by histochemistry
and electron microscopy. The secretory granules of the mouse parotid acinar cell were composed
of two parts, central and peripheral which were different in electron density from each other. The
photographic silver method showed that the parotid gland was supplied with many unmyelinated
nerve fibers forming fine nerve plexuses around and within the acini and around the arteries,
The nerve fibers exhibited many varicosities along their course in the plexuses. The histochemi-
cal techniques demonstrated catecholamine fluorescence and acetylcholinesterase activity in
these nerve plexuses. After superior cervical ganglionectomy the catecholamine-positive fibers
disappeared, while after auriculo-temporal neurectomy the acetylcholinesterase-positive fibers
vanished. In electron micrographs, the varicosities were revealed as axonal expansions containing
many synaptic vesicles and mitochondria. The axonal expansions around the acini and the
arteries were so-called distant synapses, while the axonal expansions within the acini were so-
called contact synapses. The expansions could be classified into two types ; type-l always had
small granular vesicles and type-I did many agranular vesicles. After superior cervical ganglionec-
tomy, type-l expansions disappeared, while after auriculo-temporal neurectomy, type-I ex-
pansions degenerated. These histochemical and electron microscopical observations indicated
that type-I expansions corresponded to the synaptic endings of adrenergic fibers originating from
the superior cervical ganglion, and that type-I expansions corresponded to the synaptic endings
of the cholinergic fibers probably derived from the otic ganglion. The ratio of type-1 : type-1 in
number was 2:1 in the nerve plexus around the acini, 7:1 in the nerve plexus around the arteries
and 3:1 in the nerve plexus within the acini, The parotid gland was also aupplied with a few thin
myelinated sensory fibers derived from the auriculo-temporal nerve,



