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Central Localization of the Neurons Projecting to the Kidney,
UB23 and GB2S Using the Pseudorabies Virus

Lee, Chang-Hyun', Lee, Si-Sup , Yook, Tae-Han™

*Department of Anatomy and
**Acupuncture & Moxibustion, College of Oriental Medicine, Woo Suk University

Objective : To investigate the relation to the organs, shu points and mu points. The labeled common
locations of the spinal cord and brain were observed following injection of pseudorabies virus(PRV) into
the the kidney, UB23 and GB2S.

Methods : After survival times of 96 hours following injection of PRV, The fifieen rats were
perfused, and their spinal cord and brain were frozen sectioned(30um). These sections were stained by
PRV immunohistochemical staining method, and observed with light microscope.

Results : In spinal cord, PRV labeled neurons projecting to the kidney, BL23 and GB25 were
founded in cervical, thoracic, lumbar and sacral spinal segments. Dense labeled areas of cervical
segments were overlap in lateral cervical n. and lamina II-V area. Thoracic segments were overlap in
lateral spinal n. intermediolateral n. and lamina V-X areas. Lumbar segments were overlap in lamina
I-V areas. Sacral segments were overlap in lamina IV, V and X areas. In brain, PRV labeled areas
projecting to the kidney, UB23 and GB25 were overlap in the Al noradrenalin cells/Ct adrenalin
cells/caudoventrolateral reticular n./rostroventrolateral n., raphe obscurus n, raphe pallidus n., raphe
magnus n., gigantocellular reticular n., locus coeruleus, subcoeruleus n., AS cell group and paraventricular
hypothalamic n..
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Conclusions : This results suggest that PRV labeled overlap areas of projecting to the kidney may be
correlated to shu and mu points related to the kidney. These morphological results provide that
organs-shu(transport) and mu(alarm) points interrelationship may be related to the central autonomic

pathways.

Key words : kidney, pseudorabies virus, UB23, GB25, immunohistochemistry
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Rigs QA SlojA HAE B\igsty ANE
Bifsty RE g dAEH @ sl
713 dAY BiEESS =S AP I K
& Fme Y= FEIA GBE ARSHg
BoR: MEHE FIF RMEA FERER
o Weldshlde] lojX s ZhF e WgAR
Ms 2 FRE ATA,

RS F2 HIA L ANAFo] LS ¥
97 EE= AALEFR 9 A 9801 89
o olid A7ATe] Jabd Bk KR B
¥, Ay, Hyaizxd, 29, 2K gFzPYele
FH3n vekstd T2AAF Fo] FEH ¢
A ARzE, 88, 9ud T3 YA #A o
e g i o 3 RS Bz
ol ¥, d94d T3 A o HAY wRR
folety] Brke o8 F79 23R o A A
Fo] BEFoz o|Fojux A HPEYE A
oo WS Aojgtn £ £ oH o]t o
59 FFHS AAA} FEFoR T &9
Fojstz ok Apdolg,

FUeME F8e A7 A7 #¥HY Qe
A& 79817t transganglionic tracerg ©]43t
o Y3 gAsjel HYY LB BAY FYE
o ARAEASS 497 dhsl] RusAx, B
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5 9 AR 3Ad FeAY EEATYY 35
Jodg utaly) et e, ek 2 &3 BN,
BR, 7S Asis 997 va BEsel o
AW T HERSS 2~33A 7o) @
31 A€ AT Ty ol Az
RS Bde EBHi R A%
9 FGEAIAE TS Fohigith HIoE o]
He e Had NS MEEAE FHA
herpes simplex viridae®| %3&}+= pseudorabies
virus7t o] 5=t o] virus 7HHl Bage
22| jRfEo] A43te Bartha straino]l Ru T
o] vlojejAy WRARHMS HuAoT GAHsA
REES Y o)Fdhe Q0] Jorg 135 F4
o2 AA e TAo] sksdith o2& virus
olgdtod EF RS Pramstae] ¥ AT
ZolHE EBY SN Ru=Rm, el
o] ¥V FEL AoZ RS vl iut.

olo] F#= transsynaptic tracer?l
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AF 250g el AR J< Sprague
—Dawley#l 87 159}2]§ U4 FEQLo] AH-&
gow, Fepdz Suild wiAste] R, B
(UB23)®, mFI(GB25)BoZ Uyol sl
o] 833t}

2. RBH

1) diojA a5 X FA

Pseudorabies virus % Bartha strain(PRV-Ba
g L AFosties oo}l AL o]
strain porcine kidney fibroblast (PK15—cell)
oM 71¢ Zeg AMHEA] plaque forming unite
B 1x10° pfu/mdch o] virusE -70To]3}e]
A 3% B8 n FAF A =9 sonicatorg
o] g3t virus ¥Wg FHHF F AAE A& AHE
&gt} 12k A= o] virus straing acetone 22
AEHALA A& E7lo] FALSt] 8L rabbit
anti—-PRV-Bag A|&3to] AMg3ldch

(1) &R

APFES APA 7% chloral hydrate® A
% 100gm3 0.4mE H7ue] FAsl s AQ

R BZ AFAY nis} 2858 Al
Wds 281 HE RS 2R 28 A
Aol g ool 10g¢ Hamilton FAF7]e] glass
capillary® #3389 pseudorabies virusE F¢
. FYA AR 4FFH A%l 2mtALR
7T~8F98 Uvo] RAdE HF 1~2u¥ 20
9 virusg FY&At

(2) Bk

YRS SHINT T AN RS 33
e #E Aol s MREd §39 2
RS 23 2P °g e8| AN ¥
A29%9) FE71248 3502 LswAR o

R (A9 9 HetzA) 9 28] Hamilton FA7IE
o] &3] ok 20ule] pseudorabiesH}olHAE F9
83t

(3) mFim

APFESE AL F I35 Al125399 of
RZ 9% 1.6enFHo FRAI FIH £33 ¥
WO R virusE FY3HA

2) MR Y RAEMILE R

(1) Sgzse

Pseudorabies Hlolgix FUF oF 494719 Q&
NE & o 449 A5 oA 59 e
L2 viHA7IL ARE oo BREES AAE
Aot #HEES WA 0.1 M sodium phosphate
buffer (PB) ¢l heparin(1000 1U/1000 ml) & 4&
L4948 1087 #EWAIL 4% paraformaldeh -
yde—lysine—periodate® 30%3t B} #E
EEel d ¥ d¥, HE71(H7) % (A,
5 87, AF) T2 3% US Y 2AY
4 °CollM 4A7E ¢ 271 FE APt
1 % A 0.1 M PBE 1A ¢ FA3n
20% phosphate buffered sucrose £ 12A]7t
¢ 27 st RUE MEEHBES 52
H#7](Leica, JungCM3000, Germany)& ©o]43}
o ¢f 30m 49 “‘ﬂktﬁﬂﬁﬂ# < “}501 6-well
plated] ©HUZ BH3UY, HrE JdASEH
£ WEo] A 6-well plate"ﬂ T"‘lﬂli B
¥ free floating method2 WHZAJGAMAE A]
Pt

(2) RS e
AL 1:10,00028 HAS 1x43Ae] 2R

HES @71 Ao0M 24A7H5<H whgAlAT) o]
o 131842 342 0.1M PB| 1% normal goat
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serum® 0.3% Triton X—-100 (Sigma)°] 44 9
=R AHgEith O F AR 158 23
0.IM PBZ Al33&g e, 2a 342 biotinylated
goat anti—rabbit IgG(Vector Laboratories, Inc.)
€ 1:20022 At FilelA 241z 7HF g
ARG A 1583 2319 0.1 M PB $A#HA3 L
ARE peroxidase’} EA@ ABC £ &7} A
Lo M 1A 74 AT O F A 0.1 M
PBE A3t YA 30mge 3~3' diamino -
benzidine& 150 mi¢] 0.1 M PBel 5Q £oo)A
S5E WA F BMILKEE 0.005% A H
7hste] 2449 HAE-E o 5E7 ARG W
g0l B¢ ZAEL 1% 0s04 §d02 AAAXE
A} AAHFY FAYE T Fol gelatin©]
UYA SeolEgolM ARAID F FAAL U
o} @2} permount® ¥t FEHv|FoE B/
At

3. HRME

Fo] BY Z4EL WL olgsto] gan
Ag 2] AEHHD FEE AEFE AN
st} AGeEz AFATAE Asale EAl3)
s

Abbreviation : 7, nerve Al, Al
noradrenalin cells A5, A5 noradrenalin cells

facial

AMB, n. of ambiguus AP, area postrema Cl,
Cl adrenalin cells

CC, central canal CG, central gray matter
CIC, central n. of inferior colliculus

CVL, caudoventrolateral reticular n. RVL,
rostroventrolateral reticular n.

D, dorsal n. DMV, dorsal motor n. of vagus
nerve DR, dorsal raphe n.

FN, facial n. GIA, gigantocellular reticular
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n.{Gi), alpha part

GIV, gigantocellular reticular n.(Gi), ventral
part HN, hypoglossal n.

IML, intermediolateral n. IMM, intermedio -
medial n. KF, Kolliker—Fuse n.

LC, locus coeruleus LH, lateral hypothalamic
n. LPB, lateral parabrachial n.

MPB, medial parabrachial n. LPGi, lateral
paragigantoceliular n.

MDD, medullary reticular n., dorsal part
MDYV, medullary reticular n. ventral part

MO5, motor MVE, medial
vestibular n. NTS, nucleus solitary tract

OPT, optic tract PR5, principal
trigeminal n PYX, pyramidal decussation

trigeminal n.
sensory

PVN, paraventricular hypothalamic n. PY,
pyramidal tract RF, rhinal fissure

RCH, retrochiasmatic hypothalamic n. RMg,
raphe magnus n.

ROb, raphe obscurus n. RPa, raphe pallidus
n. SubCA, subcoeruleus nucleus

SP5, spinal trigeminal tract SOX, supraoptic
decussation

m 2 3

Transsynaptic tracer®! pseudorabies virus
(PRVE #FS BERW BH&(UB23) ¥ mM(GB
25)°] FYT F 4U7e AL AHE F
YA AGzHRIN Asol 4og Mo
EAE 338 952 vlm A e P
3 2,

1. B, BR ¥ 7P0M X0 SAE 99
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AR o FAE 4FL A5, 5, 2
Y HFQY. Agedd 3AE 992 943FAF
(lateral cervical nucleus), F% I~V 18
VII~X d9oled 1 F 38 IXYGe| Bo]
EAHUASG. Frelde AFY FEE 3@ v
Vage &8 g2n F¢ VI, IX, X349 &
A=geH, 53 §F59 FTH VI FUISY
(intermediolateral nucleus)®ll 78tA B2 =Yt

Roa2

L7 EAE 992 T8 IV~VII gFoIueH,

AFolde 8 V~VIH XFde] EAHATD
(Fig. 1).

H&(UB23) oM 7o FAIE 99 4+ ¥
F, 85 9 AFolnh A BXFAL IFH
8 FW M~VYFoln FoXe 9535
® (lateral spinal nucleus), $&%%9 ZF¥¢ [~V
4 VI 925, 8 VIIY FU058, 71&
71% (dorsal n.), 3% IX Y X4 Al B
HAg Qs SR 1 IV H vEd g%
9 X999 BAHAT FFoMes T8 IV~VY

Fig 1. 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 kidney(@®), UB23(a) and GB25(C). @, O, 4,
labeled neurons; 1, U, WM, 1V, V, VI, VI, Vil IX, X,
lamina area; CC, central canal: D, dorsal nucleus; IMM,
intermediomedial nucleus; IML, intermediolateral nucleus.

HP(GB25) oM FHol FAME JdL AF, F
F, 8F % FFoEd AedMe &35,
T8 I~VYY € X¥Yel BAHAT FFAMe
&AW F@ [V~VIYLY JZ8, 38 VI
9 FUFY, ¢ X Y X9 AeHA BEAH
Atk LFoME 8 VY V99 938 9 X
e BAHG oA AFQME FH IV~VEH
A& o XYgel BAHA}(Fig. 1). -

2. BR, B& ¥ =0 o FAE 39

Hhgol PRVE F4I% F Hof BXd 99 H
AzxA35 QA ol osto] FAF up AFoMe
Al noradrenalin M¥/C1 adrenalin A|3/¥8)7}1%
&% (caudoventrolateral reticular n.)/&wl7}E

288 (rostroventrolateral reticular n.) oA 73t

Fig. 2. Projection drawings of coronal section
taken from rostral(A) to middie (C) level of the
meculla oblongata fo! -lowing injection  of
pseudorabies virus into the kidney(@®), UB23(A)
and GB25(0). @, O, A, labeled neurons.
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Fig. 3. Projection drawings of coronal section
taken from middle {A) to caudal(C) level of the
medulla oblongata following injection of pse -
udorabies virus into the kidney(®), UB23(2) and
GB25(0). @, O, 4, labeled neurons.

oFgure-g BAT (Fig 2A, 2B, 11, 12). 18
¥ (n. tractus solitarius) ¥} v|FAAEEH (dorsal
n. of vagus nerve)el Zg kg Yehigit
(Fig. 2, 3A). £7189 7§ of¥l EW&rd
(raphe obscurus n.), 3#¥£7]¥ (raphe pallidus
n) % 2&7|¥(raphe magnus n.)oA FAHHE
€ HAn 9® ARAHE# (gigantocellular ret -
icular n)olE EAHUTD(Fig. 3A, 3B). tH
(pons)*iA & A5 noradrenalin A|¥, FHEME(-
ocus coeruleus) R Y (subcoeruleus n.)el
38 Pk HATHFig 3C, 4A). UHAE
A2l =A@ (paraventricular hypothala -
mic n.) oA FPEE B}(Fig. 40).
E&(UB23)e] PRVE EASY Heo E3d 9
o4 #AIY A= Al noradrenalin HE
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Fig. 4. Projection drawings of ¢ - oronal
section taken from pons(A), midbrain(B) and
prosencephalon{C) level of the brain following
injection of pseudorabies virus into the ki - dney
(@), UB23(2) and GB25(C). @, O, A, labeled
neurons.

/C1 adrenalin A|&/Huj7}%1E&8/du)71Z 18
oA 73 dAure-g RAY(Fig. 2A, 2B, 3A).
£7189 A4 of¥gl
27180 FHES By AtMEdE ¥
A=tk Fig. 2C, 3, 4A). taHdE BRY
(parabrachial n.), Te|AF2Y, HEME, Y4

¥, Puer8 o

~ 8 9 A5 noradrenalin M Eo|A] ¥Auk-S e}

WtH(Fig. 4A, 20~22). FHME F4394
oA FPEE Yeth(Fig. 4B). oAM=
AF3HE HAZHe|A Fdut3E HTH(Fig.
4Q).

#PI(GB25)%] PRVE ALY Hof ®x|® 9o
dE gaAshd AFolME Al noradrenalin AJX
/C1 adrenalin M X/HW71E2E8/Gu71E1EY
oA 7 Fguee B oH(Fig. 24, 2C, 25),
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A9 ®eZF(caudal portion)} WolHFHR S
(area postrema portion)elME WIFARFTEY
(dorsal motor n. of vagus nerve)olA] <FAdukg
< JERAH(Fig. 2A, 2C). £7|189 A o9
ol BPE7|Y, Fudr|e 9 F£7)8e) Purs
g BYn =3 AgAEsdz EA =Nt (Fig.
3A, 3B, 24). tEidol s HEHE, ANYH 3
A5 noradrenalin XA FJuks-E BHSTHFig.
4A). THelXE AR HARYO M gt
$+& EAHFig. 40).

V.23

AR &R FRE HHER AR BEF
BRHEA 59 S AUA AP, wagy
7148 Fol S451 lon AR HFRA R
RS BEE BAR SFEE BBAK 59 [t
£ YA BEL BEER BOm BE B b
Bam 3o EAER Atk oMY RBEERAS
ARARS BE AgTwo] ohd AT Wi F
L3ttt 53] HRS Wk A= &R RUE
o figEstel Jlomg Bl 71 led 1w
$ol o go] Yehdt

BRL 53R I AZNAY AWE 2o
LmERY FI9E A Fo BB A
o AL Auske AR RE AEdes
A2 Fxol el @Y &, JEF HAEAA
4 renin ¥HE Aoy mEH mKE T A
sty Wse zAs= LmE BRAHFEM (car -
diovascular baroreflex) el #ojgtcin gtH?,

HIol= ER aesre] @Al st ®2
BHLE 7HA HRew AFE Aues 2EAA
Afe dorg Al 9 @A e
2 PP aa z23d gtz ?.

Al AR RE AU e A3
9 dAREE A5 Ho 3uE AFsn'®, 3
9} nFAA Qe AFHAEANN ezt A
A 0T #N TAEBL LB TEB/M B
ARE FFRAFAAN Adsh: 4EE 2 ok
E3 o] A7E AFIE NERAE A= Al
ARl HE719 AAAXA ZFgste] @Al
Ao g4 HiRES) F3E e A,

AR zA % AR7IF A diol FHE
of we} Ao AZAX|we] #e HF-8A A7}
o whgk2 A 2} (retrograde tracer) 9 332z}
(anterograde tracer)& ©o|&3t W79 Hitk
Emagast A3 ZAAAFATAY 99E 9y
SHS1® - g2t oleld @FE transganglionic
tracero| 22 A& 7j5& 2A3le AU FF
AAAL e g F goerE E dffMe
transsynaptic tracer® ©ol &3t NAQ FFA1H
AW 4493 A ghE FRAH BERQ B
& FPIRCNN F52 FASRE 498 ME v
bk ed=d

2 BRI B Bk 2 mfdA A5 &
A g wifE, KiE BB o Bl 25 ¥4
Hed 5307 EXE B A 9
ZR585 F@ [M~Vadelsien, FgdAe
&Y FU9EY 9 28 V~XFGolAt
LFNE S8 [~VYFolglon, AxdMe F
B 1V, V 4 X999 AU

duiz o g Hyo 2@ 1% VYL BAHER
7 e AEo) WieE dAY HEr|9 5
of Z7HE o] FEEHS e #dE 7]
52 3o, w8 59 250 3¢ VI 999
HisHEE 28 X 2gA49e) 9oz ¢
AQlth 3 38 IXE o9 r SFABATAEY
dohoz A oo +F#H U] Bofdhs IY
o gy’
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AFHANM Her FABR: A% 723739 4
A& #EH7) Astq HRPE AL Awjsh= Al
Aol FAsAY AR A FYshd, FFaAL
F59 T6~13 FHFA73- BXEHY H$e T
7T~L1¥sEd0 EXdd1 dgoq, 8% A
B9 A7 49 BN JdIEn 4F
of gty s,

BHAM AL Auighe A9 &4 Liss -
auer's tractd UHe| BX¥ain FHEY FFHE
gate] YdE wet Auste o ReM e ArA &
¢ 19 U4, ¢ 018 IV ¥ $%9 dorsal
gray commissure®l FA#T Rt 3o 7
A7 (visceral afferents) H59 F® I, V~
VI 283 X FA 8k} Mz 7 (somatic af -
ferents) & @A3A ch2op?,

2 A¥ B B 2 mfA e FAke
+5E 99 &M= Al noradrenalin c-
ells/C1 adrenalin cells/caudoventrolateral reti -
cular nucleus/rostroventrolateral nucleusol*] <%
Aike-& YeRJTh Schramm §& Aol &

AHe AAAEAE H€7]8  caudal vent
rolateral nucleus(CVLM)o]=!¥ o] 92 ro-

stral ventrolateral medulla(RVLM)& 27417
RERR Rl nPgAA] AnEES s
Folgtn #YH?. Schramm $& CVLMY A7
AEAE RVLM, ASAIZMEAN T HAZY
Ae AFAEAL M2 dFHAUG T 3o
RVLMS AlZBAEAE sympathetic output®
Agte] A RPANAY 3B T JAEP
& 1 st

A8 Bh, B ¥ 5fIAM Kel 418
TEE 992 7189 Ay ofd EWEVY,
&7 9 F&7|defA PdurgE Eon
T3 AQAEYE XS o] & JRed £
H&7|0y Fusr|Ne gAY FANFAE
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Aol serotoninergic ABARE FAls Aels
Hog wAAY AAH 29} Bo] glon, A
9] serotoninergic £7|%& QA wi7lE Ao
FARS] AEE ALY stz g 24
78L& 59 859 FUAF U T X FA}
3t &2 2% I, 119 V, VIGF] Fx§)

2 AP B BH& 2 mPeA Hel FAlR
TEE 992 deHdA FAuy, NP 9
ASHET NN PeeE B4 Schramm%E Al
FellA FASHE 992 ASAIAAMEA Y HEAEHE
B2 o] AAMEAE F59 FUYEY AHRY
of £Aste? o] RYE A3k A P
Ze FEAUGT &9, Bauge 4444
2+ XA HOogA o] ARMRE HHEY WFE
A< (anterior funiculus) @  YEAH<(lateral
funiculus) 28 Jjel7tHA #HEE Adolol HAA
HZ3 M pRIKEE FE&S] TAARFAE
A9 2gE FAAY dAA LR} iy
9 g% 233 &%) Schramm FE A%
X FAHe ¥4 awgold d{9n™, o
3} Yo FHEY EFLE M2 dFHUT
T 399, A5 noradrenergic group %8
IR BRAANBHEA Y92 &Y nora-
drenergic FAIE 3l §5 KgEe] FE/IEZA R
W (dorsolateral funiculus) 22 FoJ7t 5&%% A
9 8 IV~VI, $193%¥ 9 dorsal nucleus
of FAdTIL HYFY. HFgx AYEAEHE
A5 neurond Y$¥FEAHY AFATe] st =
Adoin sy,

2 A TR F& 2 7FeA Kol TR
FFE 99E HdMe BHKTHY MEAY
A FRreE Btk NSRS HARHE e
AzAT AZYEY B AR E 2 2o
AN FZFHHAA, @Y hrIZR a8, dF
g} Ao Y= 2A Rag 3 IPAAAEAYS
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BEY T2 FARY®. QAAN HAre K
9 ENAe Sao) KgEs mES agY B
27 BANRAEAZIES At 9o

V.4 &

Transsynaptic tracerol® A48 virus¢l
pseudorabies virus(PRV)E &, & 2 mfil
FAF F 4947 AEI|T] ART F AP/AA
A%, Ag QL FEA FARIY HE o] EAE
TFE YAES WARAEs G oste] @
g A9 oS5 g2k

1. Bl BF& 2 mfeld Hao) FAlE 992
A7, 7, &F % AF] 2F BAHY=H §
FFoz BAE FHAx AviMe 538
F¥ NM~VIFelRen, Frxe d53+4,
FU8EY 2 F® V~-X¥Folglitt. 2adME
FE [~-VEFolglen, AsdMe SR IV, V E
Xggel #2530

2. BR, B& 2 mfeA Ho fAE 3FE

4L deliE
adrenalin cells/caudoventrolateral reticular n./
rostroventrolateral n.o|4] du-g-& vERIct.
£7189] A% op¥A EWE7IE, FNEY o
F&7180A FJikgE Bon EF AGAE
el BAHAT thElHel = A, F4Y
® 9 ASHETAM FINEE BRI, THA
B A HAR S A kg BT,

olde] ARE FY3d A FAEE 99
I EH&RY mZPAAM FAEE H3Y $5E R
AFAEL HRY JAE wrd

£
FASE 993 o| dBdE TR

Al noradrenalin cells/Cl

AUth= AMIE AgAos & F 9lgley ojs K
B-ER7T-BEHEAE ) E0] central autonomic
pathway®l &t M2 AAHUSE AF3= F
L3 d7tn Al
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