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ABSTRACT

Morphological Studies on the Localization of Neurons
Projecting to the Meridian Points Related to the Facial Nerve Paralysis in
the Rat Using the Neural Tracers

Jum-Young Kim#*, Chang-Hyun Lee**, Sang-Ryoung Leex
Department of Meridian Point#, and Anatomy#*x*
College of Oriental Medicine, Woosuk University

In order to the location and local arrangement of nerve cell bodies and nerve fibers projecting
to the meridian points related to facial nerve paralysis in the rat using the neural tracers, CTB
and WGA-HRP, labeled neurons the were investigated by immunohistochemical and HRP
histochemical methods following injection of 25% WGA-HRP and 1% CTB into Hyopko(Ss),
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Chichang(Ss), Sugu(GVs), Sajukkong(TEzs) and Yangbaek(Gis).

Following injection of Hyopko(Ss), Chichang(Ss), labeled motor neurons were founded in facial
nucleus, trigeminal motor nucleus, reticular nucleus and hypoglossal nucleus. labeled sensory
neurons were founded in trigeminal ganglia and Ci-2 spinal ganglia. sympathetic motor neurons
were found in superior cervical ganglia. Sensory fibers labeled in brainstem were found in
mesencephalic trigeminal tract , sensory root of trigeminal nerve, oral, interpolar and caudal part
of trigeminal nucleus, area postrema, nucleus tractus solitarius, lateral reticular nucleus and Ci-
spinal ganglia.

Following injection of Sugu(GVs), labeled motor neurons were founded in facial nucleus.
Labeled sensory neurons were founded in trigeminal ganglia and Ci% spinal ganglia. Sympathetic
motor neurons were found in superior cervical ganglia. Sensory fibers labeled in brainstem were
found in spinal trigeminal tract, trigeminal motor nucleus, mesencephalic trigeminal tract, oral,
interpolar and caudal parts of trigeminal nucleus, area postrema, nucleus tractus solitarius, lateral
reticular nucleus, dorsal part of reticular part and C;-2 spinal ganglia.

Following injection of Sajukkong(TEz) and Yangbaek(Gii), labeled motor neurons were
founded in facial nucleus, trigeminal motor nucleus. Labeled sensory neurons were founded in
trigeminal ganglia and Ci—» spinal ganglia. sympathetic motor neurons  were found in superior
cervical ganglia. Sensory fibers labeled in brainstemvwere found in oral, interpolar and caudal
parts of trigeminal nucleus, area postrema, nucleus tractus solitarius, inferior olovary nucleus,
medullary reticular field and lamina I-IV of C;-2 spinal cord.

Location of nerve cell body and nerve fibers projecting to the meridian points related to.the
facial nerve paralysis in the rats were found in facial nucleus and trigeminal motor nucleus.
Sensory neurone were found in trigeminal ganglia and C;-» spinal ganglia. Sympathetic motor
neurons were found in superior cervical ganglia. Sensory fibers labeled in brainstem were found
in mesencephalic trigeminal tract, oral, interpolar and caudal parts of trigeminal nucleus, area
postrema, nucleus tractus solitarius, lateral reticular nucleus, medullary reticular field.
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MBS 2 KW E FEC3tE MR
kel B E PEMERAA BES7] A3
o @FEdE BITH A#E i (Cohen et al,
1970), Golgi =2 (Scheibel et al., 1969) £ H
F R gk (Lasek et al, 1968) o] FIH =
Ren, 1 ¥ evans blue(Kristensson, 1970),
fast blue(Ewart et al, 1988) % horserdish
peroxidase(HRP)(Elfvin et al., 1982; Gwyn et
al, 1985)7} MEGEMFE ol FAEHAT. o
£ BHF 724 HRPE fluid-phase endocy-
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membrane)°] %<& GM, ganglioside®} So]& o
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60

MUst=

o] MHEGRE W3

A BBEANE HId Zol FAEE e
LIEY) BT WGA-HRPSF CTBE FiEs
o FHIRAA ®ol FIASE d2mWERE B
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3 ARSI E  HEGERFFY BAL 25%
wheat germ agglutinin-horseradish  pero-

xidase (WGA-HRP)(Sigma, USA) 30p88t 19
cholera toxin B subunit(CTB, List biochem.
lab, USA) 20iE Zzt © & FE 1044
hamilton syringe® FIFAsY 3FH<e oA
A FHEAY FAZNA ®HFst EE
A9, FTFHE L HAd UFre #iNE T
2-5uUAEY EASAY. EBWTE EHT F
B TFIY AEAKC A FEE A
FAluteS %Ry BREdln HECE FEM
Be AR es Folddo. KER(GVs)
2 33 vHY B4l e LEY EFR
fizoll, 28] AF HIrZE(TEs)H BB (Gl)
< BE5 s lEF HEHY BEESE
Adse WEE WHWEAZ HERA FEASE
FHik A—3stA AR
(2) fHskERE _
WGA-HRP$} CTBE HFEAZ # <oF 48-96H%H]
o] | ol FHAE F— MIWSZ HATHF
go] HEAA kS do] TABIES YEE
g AELBL B3lo 250me] 4AHMAMKOR B
W, BFmAI T 2 %% 4% paraformaldehyde®
BEE #% ThA] 20% sucrose-phosphate buffer
BEoR EHRAZ % FFAE FASI HE
B B EHCE  BEID XS F
BE(CT Cp ASENE AHFSAY AF-EE
Ci«® ZFEAE FHA 1, T3 =ZRIHEHI,
SEAAE E C.¢ BEWREGES FHS F
309% sucrose-phosphate buffer#&#iol 24417k ¥
o B#% ¥ sucrosed| sttt AEE &<
T gHe AFag yre sA%Es s
o] &5t 40m FAY T ASHEHE AR
o HRP #f{L8 e rEd CTB st
B geemiks MiTeA T
(3) WGA-HRP #f# L& Frk

HRP #H&tE H#k2 free floatingikol uhel
Azd HE7], B 21 WREEY HEY

& REBKE 6W KES R ABK(2225mg 7%
@K + 0.3gm sodium ferrocyanide + 15m¢} 3.
3 acetate buffer& E&T BHH)S WE4 Ur
o] A% A2 EURSIT, BB 100%
ethanol + 15mg®] tetramethyl benzidine & #iEA)
1 BRE 49 U B B2 EREH
A4 AT B BES BRLE A4 208
7 RIEAZ § Ax¢F BB EHAES B 8
{bkFE BHR( 9nl BHBK + 30% BESLAKE 1
m) 3-4ME RET BHRo=2 H2d44 2087
HEAA el AZo] FHIF Higol 2o
A FEEAIZHT EE % PRSRIESW (post reaction
storage and rinsing solution) 2.2 e FH#k
e AMzo] AlgtAw7lx] KPES # gelatino]
37 &Etol= oA MEUMN S 12EAE
HERAAY. #Ee] Y UN F —EHEkRS
1% OsOuBIR o2 Tisiakel mReimifte] 3%
S ®mA Y el ket EUEE AA &
A% & HF-dAokEn] 7 (polarized darkfield
microscope) ¥ XM BEC 2 Bt
(4) CTB % e g hik

GIEMG SR o évidin—biotin-peroxida se
(Vector lab. Inc. ABC kit)E& o]&3 free-
floating®Holl 93t o3 72 &AM ue}
173l eh. CTBE EAS HE719 MgH
£ 1k¥FEEQ goat anti-CTB(List biochem. lab.
USA)E 1:10,00082 FFEste] 4TColA] 48R
M OREAZD. I #% fABEES A4
1587 23] 01M PBZ ifes F 2Kk
biotinylated anti-goat IgG(Vector lab. Inc.)& 1
125002 fRREste] A2olA 2 RUEAIR T
Al 0.IM PBE #iEe ¥ peroxidase’} 1=k
¥ ABC(Avidin-biotin complex, Vector labora-
tories Inc.)& 1:5022 FES B 2o 4
2o A 1R = KEAZEY 2 ¥ 01M PB
2 %S F 30mgel 3-3 diaminobenzidinedt
200mge] nickel chloride® 150m¢e] 0.1M PBej
59 BHAIM 583 REAZ ¥ BEELKES
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0.005% HA fHmsted oA 58 BEAA
o KMol Bd MMES Kk # gelatino] ¢
7 &efol= HelA 12BHAE BREART
HWEol B Y F 8 HAL 1% OsOMH
o2 SHMES REs BNAY T BKe
HYLE AR HAT & KBEMHECZ BE
4

(5) mAsE EHE ek HEOTL
vgE A b wEE hoEst e
PR 3%e Mpgste] e wHEAiRA BE
FHEste] fi EEtsl AT

m & £

AN A HFapHE S BRE AL (E
BR(Se) 3 Hi AR (S), KEER(GV) LI ##
HEAR(TER S BRA(GW)E ZEEHE et
fak 2R OEEMS e ERHNE WRENTE
ol gdte] WEEEOZ HIZZS] At 25%
WGA-HRP 30t CTB 20uE 7zt ot @)
o] REFBALS) B, BN 2 A vy
of HASATE I & 48-96M:Rie] ATERFR o]
e ® HEV), BiE —Xigdi(trigeminal
ganglia), $EihfHi(superior cervical ganglia),
LEETHR Bi(spinal ganglia)oll BEkE HEEIT K

Bk R MRS R E HRP

MGLE B33 CTB fiSMlis(bs ik <
o] WS KRe oS 2o
BEEU(Se) T HAA(SHE FESHE AR
kel gz e HEW EEmRERdE €2
&% (facial nucleus), = X R IEEIZ%(motor
nucleus of trigernirial nerve), L& 3l (reticular

nucleus), 3 Q% (hypoglossal nucleus)el A &
o(Fig. 1), RBREWRHlEGRE =Xk

(trigeminal ganglia), #FFEEmiEEi(spinal ganglia)
9] Cip Throl E#E Ao RREM Mgks
2] E-jilRe i superior cervical ganglia)oll k= 2
ot HE7)d E#E REMREEs =X
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F1 /& % (mesencephalic trigeminal tract), = s
9] REBTREE) (sensory root of trigeminal nerve)
9 YEZEE =N EEI(spinal trigeminal
nucleus)®] oral part, interpolar part 28X
caudal part®] o}#]Z, Mol S (area postrema),
1Y 28 (nucleus of tractus solitarius), 7+&1E
(lateral reticular nucleus)(Fig. 1) ¥ #H##2 Ci»
9o {EHFEU HEV EHE 4AEY
T = WibkGHENIG S g4 wet 47 7-36, 6-36
MAE o] iEMiakrt e Iz FEHEARL
o EHY EHEAE 3479 (multipolar
neuron) & 24 7A€ 7|(dendrite)7t 2 22 =H AT
LTS Ak e R T2 e 24849
fheE] e YAE Fi 101140707 B
Attt WMEBMLMRGAE F2 Co ML FHem
Faghiol 2-3/M A= A At ZRmrcaiol EE
B REmERGE e s ANed
PAD 185+320 4 E M AT
KRER(GV20) & ZAisHe Mgk

e 923 2 2% EHEAT HE7]

ma e I GE EWEIR e
(Fig. 2) Re@mfeimiakes =Xmieel, Ciz &f
(9] FFiEmfegiol RN o, RREMIEHIE
e 9 Sikegiol EHEA. HE7 FEl
BB = WieEEER, =XmrED)
¥, =Xl ofel®, S XNnmSREE
oral part, interpolar part 212} 3 caudal part
Z72E doldTd, nYRY, tZIEY
&2 EHE oM (Fig. 2) FiElA
i) Croiffrel EHERT. DS
kel whek 10-190F =] isHmiaksT 2
HEo 2 EHE AT TR ERAe]
e X2 Y EaicE 2o TS UL
o, A EHE WRaEks 9% £ 29
+5271, LEZL 1052877t EHIAT. &
BRMRMANEGE F2 Co Mo FREMKEA
2-4NMAE EEEUAY. =R EEE &

e
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Fig 1. Projection drawings of coronal section taken from rostral(A) to caudal(E) level of the
pons and medulla oblongata following injection of WGA-HRP and CTB into S¢ and Sa.
small ‘dots : labeled sensory fibers; filled circles : labeled motor neurons; SCP, superior
cerebellar peduncle; Me5, mesencephalic trigeminal nucleus; MoS, motor trigeminal
nucleus; 7, facial nucleus, g7, genu of facial nerve; S5, sensory root trigeminal nerve;
PRS5, principal sensory trigeminal nucleus; PY, pyramidal tract; SP5, spinal trigeminal
tract, SP50, oral part of spinal trigeminal nucleus; SP5I, interpolar part of spinal
trigeminal tract; SP5C, caudal part of spinal trigeminal nucleus; DMV, dorsal motor
nucleus of vagus nerve; AP, area postrema; NTS, nucleus of tractus solitarius; CC,
central canal; MD, dorsal part of medullary reticular field, PYX, pyramidal decussation
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Fig 2. Projection drawings of coronal section taken from rostral(A) to caudal(E) level of the

64

pons and medulla oblongata following injection of WGA-HRP and CTB into GVz. small
dots : labeled sensoryb fibers; filled circles : labeled motor neurons; SCP, superior
cerebellar peduncle; Me5, mesencephalic trigeminal nucleus; Mo5, motor trigeminal
nucleus; 7, facial nucleus; g7, genu of facial nerve; S5, sensory root trigeminal nerve;
PR5, principal sensory trigeminal nucleus; PY, pyramidal tract; SP5, spinal trigeminal
tract;, SP50, oral part of ‘spinal trigeminal nucleus; SPSI, interpolar part of spinal
trigeminal tract; SP5C, caudal part of spinal trigeminal nucleus; DMV, dorsal motor
nucleus of vagus nerve; AP, area postrema; NTS, nucleus of tractus solitarius; CC,
central canal; MD, dorsal part of medullary reticular field; PYX, pyramidal decussation
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Fig 3. Projection drawings of coronal section taken from rostral(A) to caudal(E) level of the pons
and medulla oblongata following injection of WGA-HRP and CTB into Gis and TEg. small
dots : labeled sensory fibers; filled circles : labeled motor neurons; SCP, superior cerebellar
peduncle; Me5, mesencephalic trigeminal nucleus; Mo5, motor trigeminal nucleus; 7, facial
nucleus; g7, genu of facial nerve; Sb, sensory root trigeminal nerve; PR5, principal sensory
trigeminal nucleus; PY, pyramidal tract; SP5, spinal trigeminal tract, SP50, oral part of
spinal trigeminal nucleus; SP5I, interpolar part of spinal trigeminal tract; SP5C, caudal part
of spinal trigeminal nucleus, DMV, dorsal motor nucleus of vagus nerve; AP, area postrema;
NTS, nucleus of tractus solitarius; CC, central canal; MD, dorsal part of medullary reticular
field; PYX, pyramidal decussation
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Beiaks mcE 28 &fFs Ao
I 9 £ Fi#g 2314070, A 78123
A7 EHE A ‘

BT ER(TER S BHR(Gu)S ZESHE
Rmtkel EHEME HEZNA EEEM
HARE =XWEEHZYS dEmzoloy
(Fig. 3), BREMEMEAE =Xiigd, C2 3B
fro] HEEMRE E#ME A R M
= SEmmEel ZEEEAY HEV Y E#RR
REMREHME —XiSHEZS oral part,
interpolar part 283 caudal part®] ofgiZo]
Rod, T3 wWelHFY, TYHEZY, oly&TH
8 9@ £FIEH FAHJLH HiEAAM<
B Cio el 5Z%(posterior horn)8 %
H(lamina) 1,0, M, VE$l ZstA ZHIAA
thFig. 3). TiMErxe Yol =2k 10-1974
Hxo] ikt 22 £Eo 2 FEHE A
ZREMSMAAAY EERTNEe T2 J5AEA
of s ARen HFH G FH 5114707
AT AT RBRMEMAEAE F2 Co e
BRMSHY 2-4MBE EHEUen, =X
fegiol EaY RMEMRMEAE WRE
Zhale] fEWe R EREAL AT T 356
+7.37F E#E A

V. & £

TSEIRE TMEEER O Z BHfstE kS B
Fole GRITHE AR, &XWEI horse-
radish peroxidase(HRP)E FIfg Fik, 2elz
HRP4| cholera toxin® wheat gérm agglutinin
& #4272 cholera toxin B subunit-HRP
(CTB-HRP)$®} wheat germ agglutinin-HRP
(WGA-HRP)E FIAS Hik S FIAA

# 2ol ¥ bacterial toxin¥ virusel FEAHgE
L& FeHkg FASIY RMEESHRE ZEss
TR 2 MBS PIEMmER A B
gt ol BT e M BHAEA ol
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L& HRPE @RI MiakAlels #HEBE)
(axoplasmic transport)® FEE  FHEASI =T
FIAED e o B¥TFE MES &I Mig
N FAC o3ty g T KRB ey
T 54& 71 dov, HREY gL 28
EASFEE KigolA FiEER @ FEszmz
AHZ FHol7A HA %KD wTaEkEcl Eof
ERERMQ HEREE BKIE =S fHE] Uk
Jv FHZole WS GM; ganglio-
side?} #HRMASZ KA MiERN KAS 8
MAAA KA PIER fESE EBHFFA
CTB-HRP$t WGA-HRP7F %ol FIFHZ <
o} o] BT W& BER ¥L £5& HAS
dx AFFEAANAA K2 LSE7F 9o A
Bojl o]&H & Bttt

EBYFE A micliake) EMmarl o
g WRe iR, EERRE, FRY 2 KM
e ol HEASAY FiEmERe #(nucleus)
of B HASHE I EE ol Ao} i
BB FE FIASY RREME FASIE
fifatkel W3 FEs & B(1996)°] Bt B
e Ba&ns ZFRY BETME BERsid T,
F(197)7F B MBE B&RAY mZPIRY
EHMr e BEstded Wase Mme BHEA
I FHRAS BEES BES fstte mieime
he] BRI Y] SR REFHZZ kg8
o2 BT BAR7F Jotn ®Gsta o

A EEBAME MEBHFTFY WGA-HRPS}
CTBE Fifste ko= 2ol FIFEE H
EARRE S BRRE REAAIS SEEA(Se)H
A TS, KBR(GVs) 18I MAZER(TER)
I BRAAGWS st FF A o9 HIE
3te HMAE ZESHE MCHRGE ] I
g pEeE o s BRI

C WM ATE RASMLE FHEY
o2 HEH fFEste d 2 F BRAAM B
o] FlAEE ABY RAEEQ EEAN(S)H
K(Ss), KHEA(GVE) 23 M EA(TER =
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BBER(Gl) B %ol FIA=ER Ut} WMERLS
BAB A, HEEAFEIRME, FIFHE S AL X
VA B, FEE, SRR W
# S EAED, MARS A, @R F
B, BRESEAE 59 M-S UM BRI
B, OEREN WELE, BEH=XmMER S &
AEY, KA HERER, Wk FIES,
BB, EbgkE 59 AMES AWA EREHAN
#, NEES hRENEE AFTY, = UlRE, &
EREE S ERAED 1, TERE F
FHEE, B E R, HAHE BA-HERE 59
RS YN ARTAERIE, =X, R
8 REE, R ol BN, BRAS &
Ak, EEWE 59 RS AUA BRI
WO, HRPEE, =XoWASdm, IRERTE, BRIERH
o ERE L ATk

e MEIBR REs MEST ZHA8
ANA, BAA, AETAEE EFHo

P
=

o] freEstd, st e woldAd

247 2 AdeFTAF ofRAEFT Yol 2EF

&L 5, 1991). AlBolA #EEAT HEN
2 dFAgME A2 Yol HoMmEH,
fee ol YA A FHAQ RulAFAAT, &
A7 2 iAol At oled HEHEMA
friget FiEmME RN EHE HE ABY &
W WIEAT AR Al AEZ B2
A=, duag g, oldidevd s, g8
2 YeEZo] A4fstn den, odd &l
Filigsle EmRe FAIE Higste 424
Aol 712, RAZEHE A¥ste = WiMkee] 7t
2, HEE NYrhe Aol HEistn o,
RS oleig e ZHA] AupANAE
EA7E, A2-3 mipsee] 7Fx)Q et 4 A o)
FEEI T ok EF RREHRE o]lF-fd o
St dEEAYE I FHe Yo 5435
A ERRE Y AuiE w3 AH(Moore, 1992).
AERINME EEA(SE)T HAA(SDS i

r

uo 4

DRt s dFiERs, = XRGEE,
B8, suzolden REMSHEAs =
XS E, BEEwEEie] Cio v EHINL
B RO Mifade AEANF A E#sE
Kz ZECSte WREY MEMEEE
hiEmRR RN et — &S AT

KL GEHS, wHoleald, 42474,
GBI, AdesHe] Sttt 3
M dEd 3] ofmsted o HHe
gAY 7HxQ E&el@NA G S EA
A8 XEE ¢a ATHHEH F, 1991). AfEd
KR = dEHZC] FESHH o BE &
ficsle EECE QEFA17F9] 7R o)H, RS
e YN A w8oteil e TEE
By Ul RIS olfiE Avs dd<E
W Hol SHfiste AFAAHo] FZEFTH
(Moore, 1992). AEEAAE KBA(GVe) S X
flshes AR Y] EEEmALE 9% QLEF
off EEEEUTE HE| EHE EBmS A
= 4EAAdgolon, REMRMaGE =
RSN, =X El, Cio #re] BhEmAEE
of EisIdor, ZEMEMEAE HENAEAE
o] O] MIAGHME THldte MRESY
B —¥sEk

MITERS EEAS, At SAAAE, =X
Bhiol oAisly, MEL L, FRoAFHo)
ot g BEAL RIESTS RET
FIEEmMRE T} = goleal o) sy, mEe &
ol ez FauAFHe & ¥1 Qo
I St THELE T, 1991). Af5e] Mirzesial
PBEREE 8FdM s FEHS, oviz ¥
FAZo] pAiske, olfd WS =Xk
A7 e 7EARD olekalA, HEAAY AU
FoiERAAA 2 Al 2 EipRe HEE w1
AT AR A o] e TEHZ, THFEZ,
ojul @ FaZo] HAEEIH o] HAHL =
=N dENA Y ZEE 21 Y KR

e MRMlakS] EEBLE HErIHdA
a

67



- dggel sz - Aigd A1z §A 333 -

e FZ SRS AU 8944,
z2fga43 dEAFe 7R BB
A, A1-2 \iwko]l FEET Aot RREHR S
F2AAFH 7EAQA onrR & FAILA],
9o 7MY Y sUY 2 ey o
o EX3e HFAAHe] FiLIHMoore,
1992). AEEAME ®HMEAR(TE2NFH BEAN
(G14)& ZEete ERmMEMiatke] EEEirs
=N R S ol o, REMRK
latke =R eN, Cio LS FEETRREN
EHEAY. WM S &
#E ol KIBHME FESE WMRE FEMR
FN EEBEY —HE AT EXmREERS
gg 295 RS ZESESY HAN muscle
spindle 7 -efferent motoneuron® 24} pricipal
sensory trigeminal nucleusol #%§t3ctn 3%
T (Jacquin et al., 1983), =X fEfsik el mw
Ruladhs AE2dS R A2 (Cody et
al, 1972), AgEERe] #EERT g st
< META EE S MBS B
= XimiREEN% 3} principal trigeminal nucleus,
=X chigis et BeEtA Z#EsEAn. =X
iR REMERMEAE dYE =gl
LE7EshY AMEZ9 muscle spindle® =X
il fLEITT S THCody et el, 1972).
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