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ABSTRACT

Neuroanatomical Studies on the Acupoints Related to the Large Intestine

Chang-Soo, Kang' - sang-ryoung, Lee” - Chang-Hyun, Lee™

Yong-Jae, Nam - Kwang-Gyu, Lee

Department of Meridianology’, Anatomyzand Oriental pathology
College of Oriental Medicine, Woosuk University

The purpose of this morphological studies was to investigate the relation between the
meridian, acupoints and viscera using neuroanatomical tracers. The common locations of the
spinal ganglia, sympathetic chain ganglia, spinal cord and brain projecting to the large intestine
meridian were observed following injection of transganglionic tracer, WGA-HRP and transsynaptic
neurotropic virus, pseudorabies virus(PRV), Bartha strain(Ba) and PRV-Ba-Gal (Galactosidase))
into the the large intestine(cecum, colon and rectum), ST37 and LI4.

After survival times of 96 hours following injection into the thirty rats with WGA-HRP,
PRV-Ba and PRV-Ba-Gal. They were perfused, and their spinal ganglia, sympathetic chain
ganglia, spinal cord and brain were frozen sectioned(30um). These sections were stained by HRP
and X-gal histochemical and PRV immunochistochemical staining method, and observed with a
light microscope.

The results were as follows :

1. WGA-HRP labeled neurons innervating the large intestine were observed bilaterally within
the T13-L4 sympathetic chain ganglia, and T9-11 spinal ganglia. WGA-HRP labeled neurons
innervating ST37 were observed within the 13-5 sympathetic chain ganglia, and L2-4 spinal
ganglia. WGA-HRP labeled neurons innervating LI4 were observed in the middle cervical
ganglion and stellate ganglion, and C5-8 spinal ganglia.
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2. In spinal cord, PRV-Ba labeled neurons projecting to the large intestine, ST37 and LI4 were
found in thoracic, lumbar and sacral spinal segments. Densely labeled areas of each spinal cord
segment were founded in lamina IV, V, Vil(intermediolateral nucleus), X, X and dorsal nucleus.

3. In medulla oblongata, PRV-Ba and PRV-Ba-Gal labeled neurons projecting to the large
intestine, ST37 and LI4 were commonly found in the Al noradrenalin cells/C1 adrenalin
cells/caudoventrolateral reticular nucleus, dorsal motor nucleus of vagus nerve, nucleus tractus

solitarius,
gigantocellular nucleus.

raphe obscurus nucleus,

raphe pallidus

nucleus,

raphe magnus nucleus and

4. In pons, PRV-Ba and PRV-Ba-Gal labeled neurons were commonly found in locus
coeruleus, Kolliker-Fuse nucleus and A5 cell group.
5. In midbrain, PRV-Ba and PRV-Ba-Gal labeled neurons were commonly found in central

gray matter.

6. In diencephalon, PRV-Ba and PRV-Ba-Gal labeled neurons were commonly found in

paraventricular hypothalamic nucleus.

These results suggest that PRV-Ba and PRV-Ba-Gal labeled common areas

projecting to the

large intestine may be correlated to that of the large intestine meridian, ST37 and LI4. Especially,
These morphological results provide that interrelationship of meridian-acupoints -viscera may be

related to the central autonomic pathways.
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2. MBHE

Ay e 3712 el o3te AAEEd
A# transganglionic tracer$l
agglutinintWGA)-horseradish  peroxidase(HRP,
sigma, USA)E Ztz&t Kig, &4 2 LE&A F
glate] S L LEiAEEY EAE 1X99E
HRP histochemistry ol 2o]dte] AP
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transsynaptic tracerq! pseudorabies
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virus(PRV)¢] Bartha strain(Ba)& X, &4 %
FE gl FU8te Zh4e] 9ol fEHH
A EE g9E g ERagd oo #
et stk AR Zzte] FE9 &5
LEEY) PRV-Bag FY# F oAl KB
pseudorabies virus(PRV)#| Bartha strain(Ba)el
B —galactosidase(Gal)9] &1 2& €< ¥EFEE F
g3t Y HHAANM 27HA Y virus7t EME B
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1. Transganglionic tracer : WGA-HRP F¢

K, FEE 2 4844 FASIE 35 9
FPAAAe F9& #FEFEA WGA-HRPE
Fsigch WAL B, LiTHEE, TiITEE 2
Ehgatel s ZSFAleld FAsgen, 4
Azl FFE AAe AP F&IE FHe
g8 &3] AAY T FEk ot BRYE F
10g¢ hamilton syringeo] glass capillary@& 2
st FEAch AFFAAE 25% WGA-HRP
0uE Ztzte] B9lo) HE (A, Hezd), 2§
9 pgEkel ety 283 Abold] FEATH
WGA-HRPE F94% ¥ & %A AAE ¥
o AFE Y FEKo S AniHsie JHAA
EOEE Tt 250me] AelAdgen R,
prmAHY #EREES WA 01 M sodium
phosphate buffer(PB)ol  heparin(1000 IU/1000
mh& e £9g 10¥3¢ #AFAIR 4%
paraformaldehyde-lysine-periodate® 3027 #
FA A 14 F thA] 20% sucrose-phosphate
buffer& o2 3083 BFAN F SHAAE A}
g3te] Ztzte] AR glel FHUP FAIHES
g#stna ¥4 2 ARARAES AU 3
FHetdh 49 Ay 2 uANBEEE 44
HIE o439 0m FAe BFHREMIFE A
At 34 2 A4 FHHE HRP 2
A3s JAYE AFPsHct do] 9 AW
Z U3 HEL 1% 0sO48 4oz NAAXA L
gt e Z7HN2 F BRASL ERLE AA H
A & BedEv s FX-HRITTEKEGEeE &
Zah g ot
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2. Transsynaptic tracer : PRV-Ba2t PRV-

Ba-Gal ¢

1) vpol2j= B R HA

Virus¥ pseudorabies virus® 7% H94o]
Ha, AeFEe ol 2 dM4E& H<2 Bartha
strain{PRV-Baz} hHa PRV-Bacl 24
-galactosidase®] #Ax}7t  insertion®  HEFEQY
PRV-Ba-Galg& HH3lg o o] viruss AFo
gao Al Eddel ARSI o] viruse
porcine kidney fibroblast (PK15-cel)olld 7]&
Ao g ALgA] plaque forming unite T | x
10° pfu/m Atk o] viruse -70 T olstelN ¥
Baslga FA 2 Ao =o sonicatorE o] -3}
o virus® & WHET F AMF AE AR
t}. PRV-BaFd< Ztzte] 589 Al LEE
2 &Re QA AdHd Agse RYE I:
Holl o]ate] HAF F 1040 hamilton syringeol
glass capillary® ¥-#3le 2z 10uE R (E
5, B FHED), 2% 2 iBere sET GRE A
olo] F<¢istgctt. PRV-Baol W@ g4 o
virus straing acetone22 B¥AF A7 A&
E7o) FAsle} AL rabbit anti-PRV-Ba(1x}3}
AE ol &3t WA AR A3}
Ak, 23y PRV-Ba-Galg A& PRV-Baste
dMMe] Holdtmz ki HEE ¥ AR
A9 RAEEE BURAAM M2 wlLE)
st Argstgcl. WA PRV-Bag A2 ¢&
&2 bkHEES 444 FUF OF oA
PRV-Ba-Galg& 5Y4& FE2 KB FUsd
96AI 7kl AEAIZE] AR F HAANA FYH
H ol A PRV-Ba Hoz2 58 A M 2}
PRV-Ba-Gal &44t&ol o3l BAH T
49 g gelUua &HHrt

2) EigEn

WGA-HRP$} Pseudorabies virus FY¥F o
WA LS & dg AT #dFELS
oA Y v Aoz o HAI L LS FEA
BHEEE 2A8ET #Fade 94 01 M
PBel heparin(1000 IU/1000 mD& 4& €4&

1087 @HAIIL 4%  paraformaldehyde-
lysine-periodate® 3087+ B-FAHATH #VHF A
o] B¢ ¥ XM, H&7), HHE(%afs, weE e
HEE) £ WRHIES WS o Y 2 Y
oA HEE F9d 2F Al 01 M PBE F4
8l 20% phosphate buffered sucrose &8¢ 12
AZF B E7t R 2Ed HHg 23
€2 BHHEAZE  (Leica,  JungCM3000,
Germany) ©l€&to] ¢ 30um FAL EhiEMY)
& ©Eo] 6-well plated] =AHE RA3H 1,
FE BEEERYE S WEY 9A 6-well plate
of #ME RAF F free floating methodZ
HEZzAHTANE APt
a) WGA-HRP H#t8 713
HRP 233 714& Mesulam'®e] o)
uel AHZAE He @ aFAEEY d&dEug
FHFE 6 FAH F AL N (2225mg FFHSF +
0.3gm sodium ferrocyanide + 15m¢} 3. 3
acetate buffer® g 8A)g WAEA o
Al® A22 EAE 3, BEN( 4md 100% ethanol
+ 15mg tetramethy! benzidine- & £#iA]z] &d)&
whE A 1xo] Bl B2 BAISEH WA Al
Blg B&% 902 FiEA 2083 vrgA 7
H A2¢} B2E E§E &4d FAslas £
9O EFT + 30% peroxide 1ml) 3-4mE &%
& fqog H2AM 2087 BHEAA 2H9
Aol g Hx o] duj7x] A} L
A & PRSRE%Y(post reaction storage and
rinsing solution)o. 2 28] Hx4 M7o] Apeh
A7z AT F gelatinel Y Egol=
HolA ZAHHE RATAE AZAAGY 4o
o] ¢ d¥ F dEEELE 1% OsO,8d0s
ARNEANSY NAEFe REKdE F/HARHLH,
AR = 0.15% cresyl violet® XA Foj fe
Kot BHEE AH HAT F RX-REHREFEEN
y EEMEe s BRI
b) PRV-Ba %F#l@{L2 3
HHe FIFEY 942 11100022 H4g 1
A 2AHAEL YUt A2 UANTLE
ot WhgA AT old 189 sME 0.1M PB
o] 1% normal goat serum3 0.3% Triton X-~100
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o] Mo & AL ALY 1 F MBUHE
& AgoA 15%7 23 01M PBE KL
o, 2zx18419)  biotinylated goat anti-rabbit
IgG(Vector Laboratories, Inc.)& 1:2000.2 314
o] Aol 2417 e Wb A" oA 15
22 28 01 M PB XA¥EZHAEE AXFE
peroxidase’} ¥x1¥ ABC £d¢ @7t A-20lA
1A12F 7he dhg At 2 F oA 01 M PBR
A#est A 30mgel 3-3' diaminobenzidine$
150 mi¢l 0.1 M PBell %<1 §ofolo 5837 w&
N7 & AR KEE 0005% HA Hrbstd #7
o] wrahute 2 oF 5EIF A FIYTt wgol ¥
W z2xEL A 01 M PBE atd A3
21 % OsOq S0 2 MSHIMIEESL MEMKE
geepte F7HA70 Foll gelatine]l YFHA Fetol
=9o Az o AxAAY 2 F FA4H
ol while] wel g4 FHPE AN ¥
permount2 ¥ 3dtd KEBEMEoZT BEIA
t}.

c) PRV-Ba-Galactosidaseo] ol & #3%&
PRV-Ba-Galol o3 FAREES 37CAA ¢
3Nz BEERES  AAEAT BAvge
Panicali et al’¢] ®Wdol wWxrh @A 40mge]
X-gal(Sigma, USA)E& 1mt2] DMSOd] %< &9
& whEo] -20Ce WEA Wo nasigrt 7l
AgBe 0.021mge] potassium ferrocyanide, 0.017
mg®l potassium ferricyanide, 0.001mg2] sodium
deoxycholate® 240¢] Nonidet P-409} % *
100¢] 2M magnesium chlorideg& 493l 2
% 25082 X-ga/DMSO&-H4& F718 H HA
7]1A o] 0.IM PBE Hdd 10m= TEALH
pHE 73-74% AR89 1 HEBKS g4 A8
AHo} 5o A AL AE3AY. AL
15m 9] eppendorf tubedo] Wl 37Ce #F&+
ZoA o 3AZF B gFolol MM WE Ad
3t 5wk AT AANEgo]l B 2FEL 3A
42 1870 #4892 olojq PBE 15%
37CoAM 23 FAHFHC 1 F 01M PBE
83 3 4CoAA 3087 $Xg 5§ gelatinol
239 slided] AUz g8 FAAHJA Sy
o}l MRk et #EBIEFHEE AAH permountZ ¥

Rl &L o o

3R] AL17E 2%

sl stPde EFE-REKES FeduHEe
2 fFs4r

3. BRAF

dMe] B 2SS ¥U|FE o839 gAY
FHE =AS] mElfbdtn F-HEE MRKE
Axtsted Aujdgdz AAANEAE HEES
B3k o

Abbreviation :
L IO O Iv, vV, VI, VII, VIII, IX, X, lamina area
7, facial nerve
Al, Al noradrenalin cells
A5, A5 noradrenalin cells
AMB, nucleus of ambiguus
AP, area postrema
C1, C1 adrenalin cells
CC, central canal
CG, central gray matter
CIC, central nucleus of inferior colliculus
CVL, caudoventrolateral reticular nucleus
RVL, rostroventrolateral reticular nucleus
D, dorsal nucleus
DMV, dorsal motor nucleus of vagus nerve
DR, dorsal raphe nucleus
FN, facial nucleus
GIA, gigantocellular reticular nucleus(Gi), alpha part
GIV, gigantocellular reticular nucleus(Gi), ventral
part
HN, hypoglossal nucleus
IML, intermediolateral nucleus
IMM, intermediomedial nucleus
KF, Kolliker-Fuse nucleus
LC, locus coeruleus
LH, lateral hypothalamic nucleus
LPB, lateral parabrachial nucleus
MPB, medial parabrachial nucleus
LPGi, lateral paragigantocellular nucleus
MDD, medullary reticular nucleus, dorsal part
MDV, medullary reticular nucleus, ventral part
MO5, motor trigeminal nucleus
MVE, medial vestibular nucleus
NTS(SOL), nucleus solitary tract
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OPT, optic tract

PR5, principal sensory trigeminal nucleus
PVN, paraventricular hypothalamic nucleus
PYX, pyramidal decussation

PY, pyramidal tract

RCH, retrochiasmatic hypothalamic nucleus
RF, rhinal fissure

RMg, raphe magnus nucleus
ROb, raphe obscurus nucleus
RPa, raphe pallidus nucleus
SubCA, subcoeruleus nucleus
SP5, spinal trigeminal tract

Im. &% %

Transganglionic tracer¢] WGA-HRP, trans-
synaptic tracer¢] pseudorabies virus¢] PRV-Ba
% PRV-Ba-Galg® W3 (3%, 482%, st4483
2 2A), FAEH € §Fo2 Yo FYUY ¥
96A1tel MEAZIe] A3 F HAYAH HRP
zA g3 Ay, dgzH3eday 9 543
3 JAaYgel] oste] fEEEE L JAE BXE
JHYEL vE BT v g B AYE A
At

1. WGA-HRPE Felfh ¥ M Hol mxE
I

A Aujdle AFNALS F9 T3 2y
AAAA L4AnZNAH EAEed HAUG
-5 EAHAG ZFHAAFAEAE TI-L1
HFAAA EAHY e F2 Po] ¥xg o
9 T9-T119 G IR chFig. 1). FASE A3
' AR L F2 L3-5ZFANR P 2-577
EXHen ZAARBAXAE F2 12-4 A
A7AA- 2-3747F BAHJAKHFig. 2). EFE A
e mANAL FE2  FENA H(middle
cervical ganglion)®} W47 d(stellate ganglion)
olen F=2 WAAAY FAHUYL FFAH
MEAE C5-C8 HFANZ-d F2 BAHAL
o 7H4 Wol EXY dHL C6%9 9ol ArHFig.
2).

2. PRV-BaE FYUE F X{Ho EX|E
=R

a. Higol BHE HE

Nl A FE] FAME 99 s i 1
B 2 EEEgon, HidANE A2 As-dy A
9 ¢ L I, MY S UE 29
Xgdddl EAHAJD REANE HEEY 55
R L O, IV, vV, VIg e W& a8n 3
¥ VI, IX, X#HE 2 I 7] % (dorsal nucleus)dl
EAHAG B3] F9 9 VIS RS
(intermediolateral nucleus)®] 784 FEA =)
JEEEN M MRt 28 L IV, V 2 X9
ol EAHUTL EFEAME 9 18 XFG9
EX ¥ AHFig. 3, 7).

AAHNAN #HEEl FAE 9 ks EEE
L EEoldEd BfEdlMe W I-M999 W
2%, F9 V-VIg UEH, 9 VIe i
%, 7HE71E, IX 2 X9l A3A A H
At EfEME 39 [-MY9Ye) U2y 21
Vel vdge] &y 2 X3dge ZAsiA g3
Hoch EfEolMe 29 L 0 99 AAd 29
IV-vgdd 25 thFig. 3).

el A HEF FALE 99 GEEES WEEo)
Nen HEEEANME Hre 29 IV, V € X949
o EAHoT, WEENME 5% 29 Ve
VEde &9 9 VI RN e
71 2 X9 9o ZAslA EX = AHFig. 3).

b. Bl BHE SR

Aol PRV-Bag FU F 4AHMALE 3
kel o3t dol EXE dHg #EAF nt
(Fig. 4-6) (€8l + Al noradrenalin X ¥/Cl
adrenalin A ¥/¥ 9l 7}%& 1. & # (caudoventrolateral
reticular nucleus)oll X 2§ dAN LS BET,
AP 28 (nucleus solitary tract)d ©U|FAASE
#(dorsal motor nucleus of vagus nerve)dlAl %
Aure-g JellAHFig. 8). 7189 A% oty
9l E93<£7¥(raphe obscurus nucleus), F&
7| &(raphe pallidus nucleus) R &%7)8(raphe
magnus nucleus)ollA] F30H3-& By A4l
X M (gigantocellular nucleus)ol = BEAFHYT
(Fig. 9-11). dgH(pons)elide ZYAFZY

Yo g

e

Y

e
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(Kolliker-Fuse nucleus), A5 noradrenalin A ¥,
& & BB (locus coeruleus) 2 AEY
(subcoeruleus nucleus)ell 7% BHMIEE 2
I(Fig 12), #folA e Gl KEaH(central gray
matter)o| A 9t [BHRKHES B Mg ME @R
KTES =2 #(paraventricular hypothalamic
nucleus)ol A [B#ERES-& B Ao (Fig. 13).

A4 PRV-BaZ FEASIH o] FAA o
a5 #FEHEE  4-6) EREAME Al
noradrenalin M ¥/Cl adrenalin A ¥/71& 51
EeoA e BHKES B aga vFy
BAEE a1z % 2ot 7 % (area
postrema)l| A B KES JElT. &7]8 9
A4 ol BEHENY, FuErY 2 245719
oM AWML HY: B MK J1Z2AY
M ¥ A M(lateral paragigantocellular nucleus)ol
FA AR (Fig. 4-6). tdEHdMe ZHAF=2
3 HEME 2 A5 noradrenalin AlE A 7§
B EES BRI (Fig. 4-6), gl E fiK
EIEANA M RES 2Rt MM E @{ET
el MEZZAA Bt RES EAHFig. 4-6).

gh3rel PRV-Bag& HEASIY fol EAE 499
& #23HH (Fig. 4-6) EgFN A = Al
noradrenalin A ¥/C1 adrenalin A} ¥/v]7}& 2
E8oA GANLS rYo - aga uFAASF
Zay nyPz A B KES Bt £71Y
9] 79 ol BRIy Ausrd o 24
718 ol BBtk K ES HYn E KMt
(giantocellular  nucleus)ol®  E#E A cHFig.
4-6). daHdMe  FZEAFZ=H(Kolliker-Fuse
nucleus), FEME £ A5 noradrenalin 4| 3 o A
AAdukE L UelAHFig. 4-6). A=
LR H (central gray matter)ol 5t [BHRES B
Aot Mgl A AldshRe] EEAHANA Bt
KHES BTt

3. HFole PRV-BaE Fstn RO
PRV-Ba-Gal& Fe& ¥ =30l 28

H oz EXE ¥94A

@l PRVE FY&x #Fo PRV-Ba-Gal
E FYY ¥ 4sERE REikd ddsto ¥

WA TR A7E 2%

o EAE F4g T v EfdME Al
noradrenalin M ¥/Cl1 adrenalin A ¥/5Iuj7}Z& 1
& ¥ (caudoventrolateral reticular nucleus)ol A 7
g AN E Hxn, nY2W(nucleus solitary
tract)¥} vFA 5% ¥ (dorsal motor nucleus of
vagus nerve)o]A <FAubgg el oHFig.
14). &€719e] A5 opyel EHE7 ¥ (raphe
obscurus nucleus), M < 7] (raphe pallidus
nucleus) % &4 71 ¥(raphe magnus nucleus)ell
Al S RYn AdAH X (gigantocellular
nucleus)dl = EAHUcHFig. 15-17). oheld
(pons)o| M= A5 noradrenalin M| ¥, HBpn
(locus  coeruleus) 2 A4 (subcoeruleus
nucleus)ol 73 BHEXES BN L(Fig 18-20),
Mg E HAETEHS =2 Y (paraventricular
hypothalamic nucleus)ol A [B¥Eurg& 2ot
(Fig. 21).

4. ol PRV-BaE Festl &HS o=
PRV-Ba-Ga& F & F =0 &
Ho2 BXEH &9

Aol PRVE st 4A3 o] PRV-Ba-Ga
E FYT F 4508LE el 9y o
o ExXd ¥5d 99& #Ed% vlFig. 2) g
ol Al noradrenalin A} ¥/Cl adrenalin M ¥/
# ¥ 7} % 21 & ¥ (caudoventrolateral reticular
nucleus)oll Al 7§ dAut-e-& HYu(Fig. 25
26), @2 (nucleus solitary tract) v|F A7
5 Z%(dorsal motor nucleus of vagus nerve)dl
A GAAEE JEMNRATHFig. 52). £7189 A
$ ool E9H<E 7| 8l(raphe obscurus nucleus),
&7 ¥ (raphe pallidus nucleus) ¥ 2&7|¥
(raphe magnus nucleus)oll A AQ¥r-¢& HYD
Ao A X H(gigantocellular nucleus)ell = E A ¥

H(Fig. 24, 25).
tha] X (pons)ol Al A5 noradrenalin A ¥, H
& BB (locus coeruleus) L AUy

(subcoeruleus nucleus)ol]l 3% BHKEE 1%
IL(Fig 27-29), MM+ BRKRTHY KE2Y
(paraventricular hypothalamic nucleus)ol A [B#
w88 RAHFig. 30).
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Table 1. Brain nuclei labeled after PRV-Ba injections into the large intestine,

ST37 and LI4.

Brain area LI ST37 LI4
Brain
Diencephalon
Paraventricular hypothalamic nucleus *okok ok ok
Mesencephalon
Central gray matter * * *
Pons
Kolliker-Fuse nucleus * * *
Locus coeruleus *k wok *%
Subcoeruleus nucleus *
A5 cell group *% ok *x
Medulla oblongata
Area postrema *
Nucleus tractus solitarius * * *
Dorsal motor nucleus of vagus nerve * * *
Caudoventrolateral reticular nucleus(Al1/Cl1) * *ok -
Gigantocellular nucleus xok Kok *ok
Raphe pallidus nucleus * * *
Raphe obscurus nucleus *k *k %
Raphe magnus nucleus *k *ok *%
Spinal cord
Cervical spinal cord
Lateral cervical nucleus *
Lamina I-X area I-ILV.X IV-v.X
Thoracic spinal cord
Intemediolateral nucleus *x *ok *K
Dorsal nucleus * * *
Lamina I-X area LIIV,V, I-v,VIi v-v,
VILIX, X IX,X VILX
Lumbar spinal cord
Lamina I-X I IVVX I-v X
Sacral spinal cord
I X LILIVV

Lamina I-X

*xx © 10 cells or more/section
+* : 5 cells/section
* @ 3 cells/section
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Fig. 1. Schematic representation of the location
of labeled neurons within the sympathetic chain
ganglia(A) and dorsal root ganglia following
injection of WGA-HRP into the large intestine.
@, labeled neurons; L, left; R, right.

Sympathetic Chain
Ganglia
Symp.fhetiq Chain
Superior Cervical Ganglix
Ganglia (
Dorsal R
Canglia. ( Dogtal Root
(U
Middle Cervical
Ganglia
Slillalu [
Gang |
, Ganglia -'{L 4
(L)
19
(L14) (8737)

Fig. 2. Schematic representation of the location
of labeled neurons within the sympathetic chain
ganglia(A) and dorsal root ganglia following
injection of WGA-HRP into the LI4 and ST37.
@, labeled neurons; L, left.

Fig 3. Projection drawings of coronal section
taken from cervical(C), thoracic(T), lumbar(L)
and sacral(S) spinal cord following injection of
pseudorabies virus into the large intestine( @ ),
LI4( A ) and ST O ). @, O, &, labeled
neurons; I, I, I, IV, V, VI, VII, VIII, IX, X,
lamina area; CC, central canal; D, dorsal
nucleus; IMM, intermediomedial nucleus; IML,
intermediolateral nucleus.

Fig. 4. Projection drawings of coronal section
taken from rostral(A) to middle(C) level of the
medulla oblongata following injection of

- 103 -



K. A. M. S. Vol. 17, No. 2, 2000

pseudorabies virus into the large intestine( @ ),
LI A ) and ST37( O ). @, O, A, labeled
neurons.

Fig. 5. Projection drawings of coronal section
taken from middle(A) to caudal(C) level of the
medulla oblongata following injection of
pseudorabis virus into the large intestine( @ ),
LI4( & ) and ST O ). @, O, A, labeled
nurons.

Fig. 6. Projection drawings of coronal section
taken from  pons(A), midbrain(B) and
prosencephalon(C) level of the brain following
injection of pseudorabies virus into the large
intestine( @ ), LI4( & ) and ST37( O ). @,
O, &, labeled neurons.
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7. Distribution of B -galactosidase labeled
neurons in thoracic spinal cord following

PRV-Ba-Gal injection into the large
intestine. Dense labeled neurons were
detected in lamina III, lamina X and

intermediolateral nucleus(IML) of lamina VI
of thoracic spinal cord.

8. Distribution of A -galactosidase labeled
neurons in medulla oblongata following
PRV-Ba-Gal injection into the large
intestine. Dense labeled neurons were
detected in dorsal motor nucleus of vagus
nerve(DMV) of medulla oblongata.

9. Distribution of B -galactosidase labeled
neurons in 'medulla oblongata following
PRV-Ba-Gal injection into the large
intestine. Dense labeled neurons were
detected in raphe pallidus nucleus(Rpa) and
gigantocellular nucleus(Gi).

10. Distribution of B -galactosidase labeled
neurons in medulla oblongata following
PRV-Ba-Gal injection into the large
intestine. Dense labeled neurons were
detected in raphe magnus nucleus(RMg),
raphe obscurus(ROb) and gigantocellular

nucleus(Gi).

11. Distribution of B -galactosidase labeled
neurons in medulla oblongata following
PRV-Ba-Gal injection into the Ilarge
intestine. Dense labeled neurons were
detected in raphe pallidus nucleus(Rpa),
raphe magnus nucleus(RMg) and

gigantocellular nucleus(Gi).

12. Distribution of B -galactosidase labeled
neurons in pons following PRV-Ba-Gal
injection into the LI4. Dense labeled
neurons were detected in A5 cell
group(A5).

13. Distribution of B8 -galactosidase labeled
neurons were detected in diencephalon

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
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following PRV-Ba-Gal injection into the
large intestine. Labeled neurons were
detected in paraventricular hypothalamic
nucleus(PVN).

14. Distribution of labeled neurons in
medulla oblongata following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into LI4. Dense labeled
neurons were detected in dorsal mortor
nucleus of vagus nerve(DMV). Blue
reaction, PRV-Ba-Gal labeled neuron(arrow
head); Brown reaction, PRV-Ba labeled
neuron.

15. Distribution of labeled neurons in
medulla oblongata following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into LI4. Dense labeled
neurons were detected in raphe magnus
nucleus(RMg) and gigantocellular
nucleus(Gi). Blue reaction, PRV-Ba-Gal
labeled neuron{arrow head), Brown reaction,
PRV-Ba labeled neuron.

16. Magnification of Fig. 15.

17. Distribution of labeled neurons in
medulla oblongata following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into LI4. Dense labeled
neurons were detected in raphe magnus
nucleus(RMg) and gigantocellular
nucleus(Gi). Blue reaction, PRV-Ba-Gal
labeled neuron(arrow head); Brown reaction,
PRV-Ba labeled neuron.

18. Distribution of labeled neurons in pons
following PRV-Ba-Gal injection into the
large intestine and PRV-Ba injection into
LI4. Dense labeled neurons were detected
in A5 cell group(A5). Blue reaction,
PRV-Ba-Gal labeled neuron(arrow head);
Brown reaction, PRV-Ba labeled neuron.

19. Distribution of labeled neurons in pons
following PRV-Ba-Gal injection into the
large intestine and PRV-Ba injection into



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

LI4. Dense labeled neurons were detected
in A5 cell group(A5). Blue reaction,
PRV-Ba-Gal labeled neuron(arrow head);
Brown reaction, PRV-Ba labeled neuron.

20. Distribution of labeled neurons in pons
following PRV-Ba-Gal injection into the
large intestine and PRV-Ba injection into
LI4. Dense labeled neurons were detected
in locus coeruleus(LC). Blue reaction,
PRV-Ba-Gal labeled neuron(arrow head);
Brown reaction, PRV-Ba labeled neuron.

21. Distribution of
diencephalon following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into LI4. Dense labeled
neurons were detected in paraventricular
hypothalamic nucleus(PVN). Blue reaction,
PRV-Ba-Gal labeled neuron(arrow head),
Brown reaction, PRV-Ba labeled neuron.

labeled neurons in

22. Distribution of labeled neurons in
medulla oblongata following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into ST37. Dense labeled
neurons were detected in dorsal mortor
nucleus of vagus nerve(DMV) and nucleus
tractus  solitarius(NTS). Blue reaction,
PRV-Ba-Gal labeled neuron(arrow head);
Brown reaction, PRV-Ba labeled neuron.

23. Distribution of labeled neurons in
medulla oblongata following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into ST37. Dense labeled
neurons were detected in raphe magnus
nucleus(RMg) and gigantocellular
nucleus(Gi). Blue reaction, PRV-Ba-Gal
labeled neuron(arrow head); Brown reaction,
PRV-Ba labeled neuron.

24. Magnification of Fig 23.

25. Distribution of labeled neurons in
medulla oblongata following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into ST37. Dense labeled

Fig.

Fig.

Fig.

Fig.

Fig.
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neurons were detected in rostroventrolateral
reticular nucleus(RVL) and gigantocellular
nucleus(Gi). Blue reaction, PRV-Ba-Gal
labeled neuron(arrow head); Brown reaction,
PRV-Ba labeled neuron.

26. Distribution of labeled neurons in
medulla oblongata following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into ST37. Dense labeled
neurons were detected in rostroventrolateral
reticular  nucleus(RVL). Blue reaction,
PRV-Ba-Gal labeled neuron; Brown
reaction, PRV-Ba labeled neuron.

27 Distribution of labeled neurons in pons
following PRV-Ba-Gal injection into the
large intestine and PRV-Ba injection into
ST37. Dense labeled neurons were detected
in A5 cell group(A5). Blue reaction,
PRV-Ba-Gal labeled neuron(arrow head);
Brown reaction, PRV-Ba labeled neuron.

28. Distribution of labeled neurons in pons
following PRV-Ba-Gal injection into the
large intestine and PRV-Ba injection into
ST37. Dense labeled neurons were detected
in locus coeruleus(LC). Blue reaction,
PRV-Ba-Gal labeled neuron(arrow head);
Brown reaction, PRV-Ba labeled neuron.

29. Distribution of labeled neurons in pons
following PRV-Ba-Gal injection into the
large intestine and PRV-Ba injection into
ST37. Dense labeled neurons were detected
in  subcoeruleus nucleus(SubCA). Blue
reaction, PRV-Ba~Gal labeled neuron(arrow
head); Brown reaction, PRV-Ba, labeled
neuron.

30. Distribution of labeled neurons in
diencephalon following PRV-Ba-Gal
injection into the large intestine and
PRV-Ba injection into ST37. Dense labeled
neurons were detected in paraventricular
hypothalamic nucleus(PVN), Blue reaction,
PRV-Ba-Gal labeled neuron{arrow head);
Brown reaction, PRV-Ba labeled neuron.
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