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A Horseradish Peroxidase Study of the Innervation of the Internal
Eye Structures in the Cat Showing the Existence of a Nonsynapsing
Direct Parasympathetic Pathway to the Eye

Yasuyuki Tanemoto, Shigekazu Uga, Kazuo Mukuno and Satoshi Ishikawa
Department of Ophthalmology, School of Medicine, Kitasato University, Sagamihara, Japan
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FAARHRZBHEXR >V TEEBEH L OR T F 7RANSHLVEEROBED M &,
Horseradish peroxidase (HRP) # b L—H—& L THW#&ET L 1-. HRP #BERA (FI2EHE), £
EEEN R, ERMREBES CTAFAEAL, HEELFEMN CERSRE, ko HRP EEMR+BES
L1z, £0#ER, BERA, ERSEHEERHEIALSTE, EBNSHO =2 -9, EHRGEHEHEL,
PR TREB S Az B, ERSEHS LUV L IEIERSRAOTMECEV T TR EMELVERD
#L % direct pathway D#g# (L, AM &, EW &, Perlia Z(CEEHBEE»H 5 2D x4 b hf. EHEHR
ENENRGMEEARI TIER & 1, IRERAFEALI TRER X v L ERfiI & L T Ventral tegmental area (VTA)
HEAL A LN, FORMER, VOO IBIERNEN T TRENT AN HEZ A EBEA LN, £
ERMEEENGRRMRE S &, REAS L UERAHEMEERMEEAEMMERLEZ LS C1cLn, £
#HEHM T F T RAENT 2RO AOREMBEEDME L T, D OKBENIEI b . UESSFRIIE
WT b, YL EHFEICHE-BRE T+ 7244 & 4 direct pathway OBEEVER AN, F0EH,S
direct pathway £ & U+ 72 %7 5% indirect pathway (25U TEILRIGH £ UHRE 2 W TH#EES1E
DFEEMA R S ntz, (HEE 92 1380—1389, 1988)

F—0—F RERAMRES, EARWEE, AP0+, HiER, HRP (Horseradish peroxidase)

Abstract

The parasympathetic pathways to the internal eye structures of the cat were investigated by
applying horseradish peroxidase (HRP) as a retrograde transport tracer. Particular attention was
paid to the evidence of a direct, nonsynapsing pathway terminating in the intraocular muscle through
the ciliary ganglion. Three kinds of experiments were carried out with HRP being injected into the
1) ciliary body, 2) postganglionic nerve (short ciliary nerve), and 3) ciliary ganglion. Cells in the
ciliary ganglion and the midbrain were labelled following injection. HRP-labelled cells were found in
the ciliary ganglion and in the midbrain in every experimental condition even following injection to
the ciliary body. Cell bodies in the anteromedian (AM) nucleus, E-W nucleus and Perlia nucleus were
labelled after injection to the ciliary body and the short ciliary nerve, as well as to the ciliary
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ganglion. The direct nonsynapsing pathway is considered to originate from cell bodies in these
midbrain structures. The ventral tegmental area was labelled only following injection to the short
ciliary nerve and ciliary ganglion, except the ciliary body. These facts suggest that the pathway from
the ventral tegmental area (VTA) may synapse at the accessory ganglion near the eyeball. Cell bodies
in the central gray area were labelled only after ciliary ganglion injection, suggesting that fibers from
the central gray area may synapse at the ciliary ganglion. The results strongly suggest that non-
synapsing direct pathway of the parasympathetic innervation of the internal eye structures exist in
the cat, as in the case in the monkey. The functional significance of the direct pathway is discussed
concerning accommodation and pupillary reflexes. (Acta Soc Ophthalmol Jpn 92 : 1380—1389, 1988)

Key words: Internal ocular muscle, ciliary ganglion, anteromedian nucleus, direct pathway, HRP

(Horseradish peroxidase)
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RoNR CEREHRCIEY) oMELiic-o
VT, ORI EE (anteromedian  nucleus=
AM), Edinger-Westphal # (EW nucleus), Bz Per-
lia ICFTET B BIZEME = = — = v 2%, BYIRFRRIR
A, EHRMERSC=a—rv2E2id 2T (W
W % indirect pathway) HEEHME L vy, BEI
#EL, ERGEH, TEHrZRETS &5 E2HEL
FHANBRAT WS, ZhiL, Warwick?o 4 4 0 ZE#:
RBICLHBERVIFHARBhTELERTHELE
bhad, LL, Westheimer?%(2, A TESER
FHNCBIRMER S L UAR, BREEHOMECs
THRAERICEDER L =35 v FE L 2EHLE
L UHMORIG KA L, TR, ERMEDT
= a — e VR Z DRI D LT,
WAENCB ST 5 BRRGH RARR = 2 — e v R B2
THEYRETHDL EVIEETNEWEERLREL
o, L#sL, RuskellPZ, + A2\ ~TEIR MR GIMT
ATV, T OTEREFERITITE A 5 £ T O Bl58 B Lt
W, BRI T — e v R E 2B EHMEL TV S,
19804 Jaeger X, # A, ¥4 F =2\ T Horse-
radish peroxidase (HRP) # tracer & L TH\>,
Westheimer®?® £ L - B EH F O T= 2 —
By R I WEESTRE#E (VP B direct path-
way) A bh b ETHRERER LI, Ticbhb, HfT
PEEhREIR + v — % —HRP #FIfH L, RERAIC HRP
L L, bl AM #, EW B0 higEin ki f s 8
WX AEAIRL, direct pathway O iEHlR 4 3F
L7, Lol, ThboRRFLd bbby, HE
Liskizl A EOHHEE L, = 0 direct pathway OFF
IR TH 5,

i

AWFFETIL, & % C direct pathway OB & A
EfrbhTthvr a2 BuBitd T, bbb,
PIRE CERRGEH R OMLFA), Rk R a0 i i M
(postganglionic fiber), FEMEEIE SicFhLha
THEESX v - —THD HRPEZEAL, Th
WX BERMEEET A4S X Uh i oo fE M A 85T L
fo. ZOFER, B b A direct pathway £ 2 R 5
iAo BFEH K Lz, Fio, BBEM HRP #5112
L HEBMROMRIC L b EIEREMES (accessory
ciliary ganglion) OFEICDOWTHRE I hi-OTE
CREDERERET S, MR T TomE L,

Il BT

Hidf (2.5kg~3.5kg) 1978 (HRERAIEIZERREE A
B30I, ERFMEEEEEMHETEAS O G, TR
A 3 44, sham surgery 4 B %\, My #
F—A2ml BEERTFCiT-o7,

KER1 BAME Mo CHEABEBTHL D 2mm o
fromEa Mimm CHEL, BREXTLBEHL,
BERTFTWOulo=4 21020 v 2i2150% HRP
(Toyobo type 1-c, Tokyo), 20ul~50yl % F iz Ekk
N, BEHiBEA~b T RBOEA LT, HEA
B, =A42m>) v IBMREEEEOMEES L,
HEDZLFRECTEL, T X | 2HEhn
BEALK, ZoRf, HRP 0 hufhdie®, +4ic
Wiz s, W< DEAL, BIREAKIE, X<
BrfTote, BilEfFoREH, 7rvy 7770
TRECHEER % 5 & ¥ HRP ORh 2%, —7F,
sham surgery & LC, 2 NORIERAIICIE, 20u]~504]
O HRP &AL £ - RERA B HRP 2/ F L,
L0 HIC B BEd e T - 7.
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EEZEBRL, EEFEEH L, @l LA
L, il HacbhkE L THREO—BLED
THER L, AHER L EEHORRAFETICZ A%
oF, MO FRE TR L, i m L
PlBrA b B & AR TIRER L D #91.5cm #7
Z#91.0mm~1.5mm @ K 5 & O F R 2 8o
%, XM ERE T & LSRR EIET A
FRAED )~ R A D HI R AR AE, CRRAMEERS, HiHl
WD ERAYBHTS, L.0plo=A 272 ) v
T, k2 & L CERMESIHE#I50% HRP %
0.0501~0.1pl %, XHER3 & L CERMENE HiIC
0.1ul~0.3u] %, ¥ 1EFENFCHEA LA, AR
i3, HRP ojRhic L 2D AL & ET 5ot
e A RKIC L AR T2, —7, sham sur-
gery & LT, GHMESIABEIC HRP 2T L, 910
DEEEET ok, LRERF 2, FiR L D24

HEREEE 92% 8%

W 20 & 48RRI R ISR IR B B 21T - 7o, RITREIE I,
0.5%-5F 74 bTATEFE2EBIALE—LT L
7 e FORAHTEEE FICl0%EEE CRTET
Vs, BRI SR RMOMHE AT, £08, 30%
R C 1 BRE 3 HEEFERAF Lz, Pk, *x=
HoOBEN < » 70 0 A X 9 ATH~2mm & h12mm
¥CE LA, FHHERR HE 7 e F—2TER0
pm AT 2 ER L, £ o, HHIX Mesulam
TMB B TRIG &1, 3R, PR To
Vv, BB TR X ORHE Mic T LA, 105l
KL, EToPRE=s v LTHRLE. 4, B
R, AM B, EW BEofNRE, SPREAGER &
i L TEEBoMEY FRICEELFERLE, X, K
1, 2 O&MAITHE IHOWF % 1o LicFERT
Zeoy b LiRL7:, BEMESIL, RECH- TR
PR L, RIS eELie,

Intraocular injection

QD

AM EPMM#

EW([:)/®
a

b
Y

-Q

o

(4 oc

Aq

N4

c O EW

©-

of) 0 \
0 9 oH ON
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1 BERA HRP HEAGIOPREEESMRL R 2R L T35, H¥a, b, cid, ]
BIMDTWE 27 e » b Lz, Hb ko AM, EW, OC (3, FRiK#EDRIE
2 2EHE - U CIERECAHBI LIERR L7,
a, most rostral ; C, most caudal ; @ : spindle cell ; & : polygonal cell ; Aq,

Aqueduct ; AM, Anteromedian nucleus ; EW, Edinger-Westphal nucleus; OC,
Oculomotor complex ; ON, Oculomotor nerve ; VTA, Ventral tegmental area.
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Postsynaptic injection

. qO

“ Y
%VTAM\\\ 4% OQ%C\ \\ wVTANQ

VTA

2 ERMEEEEREME HRP B Ao PRMESRMa RS2 RL Tv5, M
a,bc;® 4A;Aq AMEW,OC ON,VTA X, K1 &@E—FR. d, most caudal.

3 MRERA HRP EAMOBEEMRES 2R L T\v5, (BEEFFX130) HRP #, £
FHESMOMMEEH LB L TV5, N, THEABESSHEEHEL H BN
HTRTRRAE I IV HRP 2 EREMEETA &3, EERA TV 2008T D bR 5,
CG, Ciliary ganglion ; Po, Postganglionic nerve ; Pr, Preganglionic nerve.
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I & %

BB 1, HIRG CGERERTS X CILEH) OfEAR
T, GRS ARS L, E#REhTED,
iREk 726 HRP 2 E#E L O EHMa~EiEh, —i
O o 5 3 A e B D B o0 SRAE P B R AR AE 1A 0 5
HRP 2%, hii~@h-TwAEAR LR (K3),
gD v ATk, K4 R AM#, Fic Per-
lia #%, EW oo, AM Eo#iaoi
fivE, FHEER (F915pm) FE L Tufo, BHIRMERAK

HER&EE 92% 8%

oo IEFE Perlia #2438 671 (258 (F915
am)BED B, T, EW SR b g
e iAo, BlEnksicEL L
TEFH R L CroRERAR LR, BAEER
(Ventral tegmental area=VTA) 2id, EEafas
@pbhich -1, —7, HRP 2BiEAEA, B
A PEH LEE HRP #4 L % sham surgery @£
Bax 2, PhckuC, ElMko HE RS b
iz oiz,

RER 2, TERMEMEEHMEEAM TR, AERHE
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M ORI B (X 160), b KL, BIREMEEHMO Perlia #2456 D%
SRR (X160), c:bofhik (x480)

Al s A ERBEDTE E L CESRTHA IR A
i, EL RTINS, BEREESoEEaE -,
HRTHRAEC 2 5 HRP ofthd @ bhts, Zhi,
YT AN SRCREOFEYTRT. B6RTZ
ELER2THLLHBLASKE LT, VTAK
EEMRrRe bhicETh B, VITA KB IT5HER
ik, EVOMEEZRLTED, BHcks tH
R LT, THEBRIC IR, B 930pm) T
HhH, #EE==—rv (#50um) L H/ETHHT,

EBR 3, BRMEREF~0FEAMTE, T,
L3 AM #, Perlia#, EW E—#, VTA LFicE
MRS EEAMACERRED bW LKEEIZE
FAl R bhte, £ 2 3L 'EE 3 © sham
surgery T icd b BRI HRP # T L7
F2EBVTIE, FMcsTERARSED bR
Mmote, SOADERYELHTHTEFLE.,




126—(1386)

K1 SENIREROEARR, TAR, PRz
LMo BB AR L Tw B, g AM,
EW, VTA i, ®1 &F—Fr. Perlia, Perlia
nucleus ; PAG, Periaqueductal gray.

KO F Lo
AR " A B EEE AL
HEE1 | E B 20p1~5041 AM - EW . Perlia

1 " . AM « EW .« Perlia
S 2 | EEARAE | 0.05u0~0.1pl | yrp

. ERm
K3 | i

AM - EW . Perlia

0.1u0~0.341 | {70 PAG

v %

AP TE, AR ZZET 2 RZEMED 5 b
B —REECERMEM oM Ty S AR S
direct pathway OFENF* i W THEE S iz L
25, ToERELT, F-cHEH RBERAEC
TR, H I THEMRESERRIE, =B
B E S HRP AL, EHAMEETME L o
By FE L, FO’BE PRk uTERY

(X90), b:=FE
FREEEMEAATRMED HRP offth 47~ L T\v5 (x420) CG, Ciliary ganglion ; Pr,
Preganglionic nerve

Biiro Ty 7 AN EHR VWY B direct
pathway &, 7 7 A% /-7 5 indirect pathway &
ot RECHE bhicER L bR, Fig,
RER L 0 ERMEH E CORICHFRET S LShbhTu
5@ L EIEEMREOFE RETEL, Tihb
, direct pathway o\ Tk, AM #%, Perlia &,
Kb EW Bic i th#ifa 2 B 6 vz, Ineirect
pathway 22\ Tk, EFRofl, $HRMCHLKREE
DEBEHELE o TWAZ LABE SR, VTAD
EiERCEL T, Wb EIER R T
FARAFLTWB EBbhi,

LSEOWR T, BECHEY B 5 BHRMREICE
# HRP #FE AT 5 HEoflic, #1HCEERP(ELL
TERER), CHREMROIHEMERRA~EEEATS
FHEL T, ToRBREM IO S TERL
Fo. EBR1 (REBRPEICERE) K2 (EERRHE
TOEGMRY e L, ¥, BHEREREET
KREHHDEM S h, T, EREMRHOER,L, W
SR & B, R S 5 R R AR X
hiciEm b cind, £odic HRP &1 2o



FEFI634F 8 H10H

-

F = PR ST L B 3R PR R BR - A

127—(1387)

-

B6 HEEERHE HRP EAGIO PREOBEHMBAL R L T3, (SRHD (¥R x57)

b, direct pathway ODHEZXRER L1, Rz Lig 2
SDEBOFR L S LoETIE, AME, EW K,
Perlia #1368 L @M 2 Boies, VTA Itk
W, TERRTEAT M A G0 2 Bk A A A3
o bhfe, TORBR, AR EBRMCL 5 —
DDYFT T RN THMEHIFEL TS LD
HlEh, TRV EIERARESTHA S L&
Zbhiz,

wiz, EBFEMEREAGOBRERMRL b, HIR
B (RERP EIC B ) AR & OEIHRMETE A M
OB RMAROMI A E LS\ TEET S L, B
MM T > 7 AT 4R REMEO FEL
M Licd 2h, PLKEESBELME L7,

&mERD bht: AM £, Perlia 803555 4k,
MR TCEEHERZRHLISum T H H, Loewy”,
Toyoshima®, Burde®, Akert'® o [d] & L 7= Y IR 0 3
BomiiEslifia & 2iE—8+ 5. —7, VTA oMk
1%, Ml siee ki TH30um TH b, Toyoshima® »
GCHE L 7z poligonal cell G LTwWa 2 Lk
L,

SEIOWRERICO2WT, FOMICEETNEAL
LT, RO IEHETFORS, TTH 1, HwehiE
LicADiX, HRP ORI X B3R YIARTH B, Hik
D& AT &<, HRP ofhis, A1
BAL, X, #rELOoRBRCRIEOFRELY TS
B HRt L, ¥, 2+ b »—2 & LT sham surgery
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T oK TR, WThoBs b4 < Eias 2
bhTRhoR VAR BERITFTETEDL, i
HBk 2 125\ T ik, HRP OEARESY0.05u1~0.1ul &
T MBEBAYHCAEALERTES, H2sAhlikiT
E bz bR UGEM S, BRHOMEMENLLDE O
Tihis\ s EBERIS AT B 45, HIEMEED K5 EE
FREkEE, CEH-LOMERTHD, ThAbELLT
ESXMWEH~FHL VB EELBR, Mo THREM
FHEOTREM AR, 3 ICHEmcER >+ 7
ABNELTCHWTHRP Az 2 EALTELETS
TTREME IS, RIS oMM I EE HRP ©
BhErBATETWAZ bbb E 28, FiT,

HRP #4560 4 f7F5f 2324 ~ 48RF R T,  HBRYERF
MiThbizdis, WTFhoMaidEuEREELC
L, BEYF FARNET S LITE B, L,
F 2 BRI ORI LEE OLFE > > 7 AREET
HBHEREShTEY,

Lhbkmt, hioRBRBHEEL= = — 7 vicid, B
MRS X OV A EIERMERM Ty T AN T
% indirect pathway & + + 7 A % 41 & 7z \~ direct
pathway @ 2 oW fFEETHZ 25, FHTHLML
itoie.

Z ® #% ¢ direct pathway (%, Bernheimer'® <
Jampel™iz X W BEc#E Xh Tk b, Jeager(diZ k
Wb TH A& oy FTHBEINCER A DT
H A, A TIE, Perelman 54 4 L TEZOFEHELH
HLTBY, v FTUBFENTH S, SEOH~ T,
FOHFEX X aTHRYDTHLNZ LI LD TH 5,
Westheimer (1973) i, =2 F v % % A EREA A
CES L, BIRMEERHETS &, WERICEHEE
T58, BERGERIIATVW2E, Wfli=a—»
vABSRET A &, REIXI000Hz ¥ TIBET 5,
L OEELL, HAEIERMER TS > T ARNE
% (direct pathway), @iz + 7 A% NHT5 (in-
direct pathway) &DOREXFIDHTRIEL, ThbHD
AMEHERYERTH L, SEELh AM#,
EW #, Perlia#d =2 —r vEHL, & LTHEEIIC
BIfRL, FLREHE, VTAD = = —r B, B
WSZBRT AR & WO FICTE B,

Sillito BN, & 2 OBEFLEIE & % o v 7 o sRiK
PESERNEE»bRFEL, POUKABERCVTA
DBESHB T, BAOHMEIELhIHELRELTH
h, SEOKADEFELIHAE X —FKT5, X,
HoEBTIX, AME, Perlia oRI#Td, HEH

HIR2E 2% 875

CERES A B, Fio, ORI, fekE sk
HELALBRT WD, ThboWELSEOREL %
HRTE LD &, MRG58 L #EE S hiz,
X, Ponsford'®, Slamovits'”, KEFH*®¥L, EHEpE
HiETRTE o B IR MR Iz s T, Bz 2
vick L TR ABRUE S BT 5 C EAWEL T
WA, X, BItuvbd b EALEERAE I S T
BALL b b R OEEIhsHELELZHBELT
WAY, ZoEHE LT, direct pathway OFFAE# ()
ETHE, CORBOEENRMCARBLSLT, BEK
BRI hBERDOBHLEZATH S,

WE#nE 50, [+ 2 ORI BT b ICRBHR
HEboBEEMEaMR rEERS R, (HE 92
103—111, 1988) = o Rix, SEIOKBIER TR LA-EIE
BAMESOFEOTHM L X < HIETH, X, BELIE,
direct pathway =2\ T HRP O RiIBHEAD A TE D AL
B low, BEEMEHTHMERO Z0REEARLTVv5, F
RcoESMiE, RuleTuiny, Z0XRR, S$EO
It LA LW B & { AIFEEAD %O sham
surgery Tk, SR RV e TiRVWEHEL X<
—HLTHEH, WFEOILLEONY AL TR E
BEhLWC ERBWTFBL TS, B3R, BEHICER
LTHEAZTY, BYRAZRE RS- m TS EOERY
bhTuwab,

FAr#zrwehich, EREMFRPEFEEHELTHEmR
Bo#lwE#e L EFET,
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