Fine StruCture, Origin, and Distribution Density
of the Autonomic Nerve Endings in the Thyroid
Gland of the Mouse
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Fig. 1. Diagrammatic representation of the ventral
view of the nerve branches supplied to the
thyroid gland of the mouse. Symbols: cst,
cervical sympathetic trunk; ecn, external
carotid nerve; icn, internal carotid nerve: iln,
inferior laryngeal nerve; mcg, middle cervical
ganglion ; ptg, parathyroid ganglion; rn, rec-
current nerve; scg, superior cervical ganglion;
sen, superior esophageal nerve; sg, stellate
ganglion ; sln, superior laryngeal nerve; stn,
superior thyroid nerve; th, thyroid gland; vg,
vagal ganglion; vn, vagus nerve.
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Photo 1. Fine nerve bundles (arrows) of un-
myelinated nerve fibers located among the
glandular follicles (f) and around the artery (a) of
a normally innervated thyroid gland. Photo-
graphic silver staining, X 480.

Photo 2. Parathyroid ganglion located between
the thyroid gland (th) and the cricothyroid muscle
(cm). The extrinsic axons form nerve endings
around the nerve cells (n). a, artery. Photo-
graphic silver staining, X 480.
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Photo 3. Catecholamine fluorescence-positive
nerve axons in fine nerve bundles located among
the follicles (f) and around the artery (a) of a
normally innervated thyroid gland. Note the
numerous varicosities located along the nerve
axons showing a bright green catecholamine
fluorescence. Lysosomes in the follicular cells
show a weak yellow fluorescence. FGS method,

X 480.

BER ZOBERFLE SO TRCEETH-: (BE
3). Schwann HIfIZIZA 7 I — L7 3 V&M T D
Sz,

BRI A OMEMIE L, Zigb 2
BRicl, MERCHTFI—A7 2 v &EHRIFL TS
Shizinoiz,

2) PEFLAY YT RF I~ E MR

TR 2 & UM BIAR B B AR A D A R R
2, BENCBEBIIRE LT EFLaY) >R F
7 —CEEBEOMBIRECTEERED SN, T
FaY I RT T - IR DR, ik
THEROBAZEL, Z0BALICEICROERE!S
VRO SN (BEE 4), Schwann filIIZ 7 £ F 12
UYL AT 7 —CEENTED SHieh o,

HBRRBIEEN ORI, TRTHTEFL
AV YIRAT I —EEMBEERL, WO
2, 7EFNaV) IR T5— CENEYEOMSRREK
BERREVLEENS: (BES),

3) FEFEDRRA LSRR o S

LEEOMILE S & iz ByR A B AR R R T
B, AT AT I UBEEGHERME, e T R
Nal) v I RT 5 —CIEEREEER, FERETE
W ENIERIER %2F T 2 SRR EH cHY T
5., BRIBNIC B 20 73— 7 3 VA
WL, 7¥FLa) > 1R T 5 — PERBLMSRG




FARBRA O BRI R 873

Photo 4. Acetylcholinesterase activity in the fine
nerve bundles located among the follicles (f) and
around the artery (a) of a normally innervated
thyroid gland. Note the numerous varicosities
located along the nerve axons. Rubeanic acid-
enhancement method, X480.
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Photo 5. Acetylcholinesterase activity in the
parathyroid ganglion. The nerve cells (n) and
the nerve endings (arrow) show strong acetyl-
cholinesterase activity. Rubeanic acid-enhance-
ment method, X480.
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Photo 6. Type I (I) and Type II (II) axonal expansions in the interfollicular nerve
bundle of a normally innervated thyroid gland. They lack a Schwann cell sheath (S) on
the side facing the tissue space. Type I contains many small granular synaptic vesicles
and several agranular synaptic vesicles. Type Il contains many agranular synaptic
vesicles. f, follicular cell ; pt, parafollicular cell. X20,000.

b

Photo 7. Type I (I)and Type II (II) axonal expansions in the periarterial nerve bundle
located near the smooth muscle cells (m) of the arterial wall of a normally innervated
thyroid gland. They lack a Schwann cell sheath (S) on the side facing. the tissue space.
Type 1 contains many small granular synaptic vesicles and several agranular synaptic
vesicles. Type Il contains many agranular synaptic vesicles. X 20,000,
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Fig. 2. Diagrammatic representation of a longi-
tudinal section of a fine nerve bundle in the
interfollicular or periarterial nerve plexus of the
thyroid gland. The unmyelinated axons have
numerous expansions which contain many synap-
tic vesicles and lack a Schwann cell sheath (S) on
the side facing the tissue space (ts). The axonal
expansions can be divided into two different
types: Type I axonal expansions (I) having
small granular synaptic vesicles and a few
agranular or large granular synaptic vesicles, and
Type II axonal expansions (II) having agranular
synaptic vesicles and sometimes, a few large
granular synaptic vesicles.
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Photo 8. Axo-somatic (as) and axo-dendritic (ad) synaptic endings in the parathyroid
ganglion of a normally innervated mouse. The synaptic endings of both types contain
many agranular synaptic vesicles. Arrows indicate the thickning of the synaptic
membranes. n, nerve cell body ; den, dendrite of the nerve cell. X 20,000.
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Fig. 3. Diagrammatic representation of synaptic
nerve endings located in the parathyroid
ganglion. The nerve endings appear as contact
synapses coming into close contact with the
ganglional neuron. The synapses show the
thickening of the synaptic membranes, and
contain many agranular synaptic vesicles and
sometimes, a few large granular synaptic
vesicles. They can be classified into two types :
axo-somatic synapse (as) and axo-dendritic
synapse (ad). d, dendrite of the nerve cell ; ts,
tissue space; n, nerve cell body: S, Schwann
cell ; s, satellite cell.
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rostral portion of the operated side of a denervat-
ed thyroid gland, 24 hr after superior cervical
ganglionectomy. Note the complate disappear-
ance of the bright green catecholamine fluores-
cence in the interfollicular and periarterial nerve
plexuses. The yellow fluorescence of the
lysosomes remains in the follicular cells. f,
thyroid follicule ; a, artery. FGS method, X 480.
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Photo 10. Degeneratmg axon (d) in the Schwann cell (S) and surviving Type II axonal
expansions (II) in a fine nerve bundle in a longitudinal section located among the follicular
cells (f) in the rostral portion of the operated side of a denervated thyroid gland, 24 hr after
superior cervical ganglionectomy. Many agranular synaptic vesicles are seen in the
surviving axonal expansions. c, blood capillary. X 10,000,

Photo 11. Degenerating axon (d) in the Schwann cell (S) and surviving Type Il axonal
expansions (II) in a fine nerve bundle in a transverse section located among follicular cells
(f) in the middle portion of the operated side of a denervated thyroid gland, 24 hr after
superior cervical ganglionectomy. Many agranular synaptic vesicles are seen in the

surviving axonal expansions. X 20,000.
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Photo 12. Degenerating axons (d) in the Schwann cell (S) and a surviving Type Il axonal
expansion (II) in the fine nerve bundle located near the smooth muscle cells (m) of the
arterial wall in the rostral portion of the operated side of a denervated thyroid gland, 24
hr after superior cervical ganglionectomy. Many agranular synaptic vesicles are seen in
the surviving axonal expansions. X 20,000.
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Photo 13. Acetylcholinesterase activity test in the
middle portion of the operated side of a denervat-
ed thyroid gland, 7 days after parathyroid
ganglionectomy and superior esophageal neu-
rectomy. Note the complete disappearance of
acetylcholinesterase activity in the interfollicular
and periarterial nerve plexuses. f, thyroid
follicle; a, artery. Rubeanic acid-enhancement
method, X480,

Photo 14.

Degenerating axon (d) in the Schwann cell (S) of a fine nerve bundle located
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among follicular cells (f) in the rostral portion of the operated side of a denervated thyroid
gland, 24 hr after parathyroid ganglionectomy and superior esophageal neurectomy. No
surviving axonal expansions is found in the fine nerve bundle. X 20,000.
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Photo 15. Degenerating axons (d) in the Schwann cell (S) of a fine nerve bundle located
near the smooth muscle cells (m) of the arteriar wall in the middle portion of the operated
side of a denervated thyroid gland, 24 hr after parathyroid ganglionectomy and superior

esophageal neurectomy. No surviving axonal expansions is found in the fine nerve
bundle. x20,000.

Photo 16. Degenerating axon (d)

in the Schwann cell (S) and surviving Type I axonal

expansions (I) in a fine nerve bundle located among follicular cells (f) in the caudal
portion of the operated side of a denervated thyroid gland, 24 hr after parathyroid
ganglionectomy and superior esophageal neurectomy. X 20,000.
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Photo 17. Degenerating axons (d) in the Schwann cell (S) and surviving Type I axonal
expansions (I) in a fine nerve bundle located near the smooth muscle cells (m) in the
caudal portion of the operated side of a denervated thyroid gland, 24 hr after parathyroid
ganglionectomy and superior esophageal neurectomy. X 20.000.

Photo 18. Degenerating axon (d) in the Schwann cell (S) and surviving Type I(I) and
Type II (II) axonal expansions in a fine nerve bundle located among follicular cells (f) in
the middle portion of the operated side of a denervated thyroid gland, 24 hr after superior
laryngeal neurectomy. x10,000.
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Photo 19. Degenerating axon (d) in the Schwann cell (S) and surviving Type I (1) and
Type II (II) axonal expansions in fine nerve bundles located near the smooth muscle cells
(m) of the arterial wall in the rostral portion of the operated side of a denervated thyroid
gland, 24 hr after superior laryngeal neurectomy. X10,000.

2

Photo 20. Degeneration of the axo-somatic nerve ending (d) in the Schwann cell (S) of a
parathyroid ganglion, 24 hr after superior laryngeal neurectomy. n, nerve cell body. X

20,000.
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Fine Structure, Origin, and Distribution Density of the Autonomic Nerve Endings in the
Thyroid Gland of the Mouse.  Jun Kamo, Department of Anatomy, School of Medicine,
Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 93, 868 —889 (1984)
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Abstract

The present study was pursued to examine the fine structure, origin, and distibution density
of the autonomic nerve endings in the thyroid gland of the mouse by light and electron micro-
scopy. The unmyelinated nerve fibers were found to form the interfollicular and periarterial
plexus in the thyroid gland. When studied after histochemical methods, both the interfollicular
and periarterial plexuses in the normal thyroid gland showed both catecholamine-positive and
acetylcholinesterase-active varicose fibers. Most of the catecholamine-positive fibers disappeared
after superior cervical ganglionectomy, while some of the catecholamine-positive fibers located in
the caudal portion of the gland disappeared after middle cervical and stellate ganglionectomy.
All acetylcholinesterase-active fibers disappeared after parathyroid ganglionectomy, while only a
few acetylcholinesterase-active fibers disappeared after superior laryngeal neurectomy. In
electron micrographs, the varicosities of the unmyelinated axons were shown to be axonal
expansions containing numerous synaptic vesicles. The axonal expansions appeared as distant
synapses partly lacking a Schwann cell sheath and facing the follicular cells and the smooth
muscle cells of the artery at a relatively wide distance of 0.1 to 1.0 um. The expansions could be
classified into two types: Type I synaptic endings having small granular synaptic vesicles and
Type I synaptic endings having agranular synaptic vesicles. Most of the Type I endings under-
went degeneration after superior cervical ganglionectomy, while some Type I endings located in
the caudal portion of the gland degenerated after middle cervical and stellate ganglionectomy.
All of the Type I endings underwent degeneration after parathyroid ganglionectomy, while a few
Type II endings underwent degeneration after superior laryngeal neurectomy. This indicates that
Type I corresponds to the synaptic ending of the adrenergic fiber originating in the superior
cervical, middle cervical and stellate ganglia, and Type II to the synaptic ending of the cholinergic
nerve fibers derived from the parathyroid and vagal ganglia. The ratio of Type I to Type I in
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number was 3:7 in the interfollicular plexus, and 7:3 in the periarterial plexus., The nerve
endings in the parathyroid ganglion showed strong acetylcholinesterase activity and had many
agranular synaptic vesicles. They represented contact synapses in the form of axo-somatic or
axo-dendritic synaptic endings. They underwent degeneration after superior laryngeal neu-
rectomy and corresponded to the synaptic endings of the presynaptic and cholinergic nerve fibers
derived from the vagal nucleus.



