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THCHO|M CH| Z| & 7}X] Pseudorabies

virus(PRV)E 0|83 7MY HAZZMNZ=0| 25
ATls - gyl - Y8 - THE
A4iE e oo e M| aEtn A
£ X "uyXtolth tholl Z1AIE £+ 2 EMIt U XIHA MEAXRI = MA 2] ZH| Ho{ste 7|50 U= A
2 F FEL|OIC. SFRITH 7|74|75| A2 EXol = E7ot MUNXQITfe] Lt NALBH 2FE Chx| o A2
a8 ML NAZ = oFF o] XX ATt ZHE MARSY EXX0|H NAEFS A 29, Mst=
pseudorabies wrus(PRV)—S—O Z310d AR Y MY LHLUFEZE FHSEIA} 61
CHAY U B9HH: PRVE (o MUMXIQICHO| &8t & oF 677 MAGHE A HMoIEE o8BS & 24219| F|E 3|4,
TFRSIAUC o2t 48 HF2FEH 22510 HIEE 22 XEg ¥ PRVE] EXK{ FE Z0Isi3iCt.
d Ik PRVO M 2MEHE MAMEE H4ERE T H0l| O|27|7HX] o IX|0|M LHE 4 AAUCt. E5], |22
LUHEMA O B|AAH TN Z YL, SATIA ZYLE AT Z UL ZS B EXBES 20t
HE: 7o MAYXIOIC S NAUTHE M w2 U LT EE FAEICH E8H MEMXIQICHO| EXots METHoZR
BHo thel A R0 FAM MNAZ0A UAELH T ZR25 AEtg e 22 FEEICL
MOl o] AN HMAZTZLNAE R, MU RIQICY, MAUCH psedorabies virus, F
M OE Aoz 23t dA, Addzklde 7143 84 ¢
3t B AAANE e FHo] FAR WolEAqA| 1 Y,
A YAEsY oz A¥xzxr A7 AW AR ol 7IAA FEAEL FAY 71Ts FIttn FeElAsiT
&4ol Ftete FAoln, AR A¥e §F 2¥2 ¢ ®% Gomez-Barrena $ & 2% O]% o] &g+ AgA A
Zog BARE $59 HARsl /M8 283 2kt HAARINZRE Hxe] 44 AARE Hadt
HEZd il Aze APAYE daHoz AAF A AT 259 A7 A 4 7§i4 F& o] MR A
wazleldle] gostd J)se & oA ok 2y Ad A7 el FaAdx E3dtn Hud7x e 244
AARIge &4 3 £3-dE P24, YA g or FHgst AAZE A £3 9471 JAh Martin & Dolivoe™
A= ZHo] BA olde] Axzy|soz FHES nsiAe 7} A&o2 AAHAY EXAH(transneural markers)Z Hlo]
gFett’. ol AWl HAA 7% fxlde Ade HAE AT o3, o} FRFY wlolelart ABAG :qu}
A 71599 g7 Ay} Bdls = AL ujsiy A7 2 AMEAR, T247A SAABALY 9dE 353
289 A 7|Ao a3 AFL & Hoz gzt el $83% $doz Agdn g /Mg E3) ALHE b
(Michael: 2002). A7ATE9 24 7|1 @3 d72E o]8 2~ Pseudorabies virus(PRV)Z t& 112349l FX
Kennedy §° € 2% 4xlde Az e A 2 AETH B AAo] gitk A WAE T AARAA Hag

A AL (Free nerve ending) & ZFX(Golgh) fFAR-&A 2]
ZAE LAY Schultz $* = <17+e] AAdo)A 7]

AFEAY EAT 28U, olRel AUHE FFshe
SMMRE o g 9

A E 234 AHE 90
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IH oldel ANFAERE olF & AAEA 7} FhsY, T
A2 Becker strain®] A% 744 2 44 A3F
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FUz Az A AFRe o] Folsie, Moz
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F2A7A oz FAY AAzel FA0 §§F EAR
ol AHARRY AL

230~350 grtolel Sprague-Dawley 3 # 37012l & o]

golgda, d2FoR gutel, A¥EoR 29718 Algedl
o} 25 d¥A PRVY o] &2 Biosafety level-29l &
B Al delM o Roinch. 7o) 4EFE Ketamin
(0.75 mg/kg)? Xylazine(Img/kg)sl EHER 27h) #
Atate] v st |

2. PRV ¢

oz ZF o] o 5 mme FRANE 7R F 2
o SoA3e AN G2, B3PS JFINA A4
AAQUE RS =E2AZT ANHARIdeY BERIARE
ARz ursle] PRV Y& 40|38k ¥ & Hamilton

syringeZ ©]&38 10 49 PRV &4 (Becker strain:
7.9 x107 pFU/mD<& #%9 1 wel =2 A7s FUsd
o} FU3 g QA ¥ KolHA FAIE AASH
o F9 2A oz nlo|gart ARHA Y& PRV FUF
o} FAZNE BEOR 7] Foldn #AY, &/l ¢
HEE LEAADE. PRVZE B 2 Ajolupebs] e +¢]
29| AlAAYe] Lol 7l s wiAEY] fetd dzdS

Fod v melgch. dzre Ade A AxRl
o]l PRVE FU% 3 #d @S Aoz AR of
AAAT. A Aol He Z47e] £

al

voleiz 49E 4HE BT

3. 25 (Perfusion)
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Ad#AE PRV FY ¥ ¢ 150~180A17e] At
Sodium Pentobarbital (60 mg/kg)S E7 FYstd g
A7, 18°C 4 E4 100~200 mlT 400 mlel 4%
paraformaldehyed-lysine periodateg |2 ddoz &
FAA. He H4E AREZRE BT F 4°C sucrosed
Mol 24-36A12F FF H A

4. M= X315 Immunohistochemistry)

Aot HE delde ngstn, 4 vAAEE (freezing
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microtome) & ©]&3to] 30 um A O 2 MGt} ¥} A
9 HPAEL Avidin Biotinylated enzyme Complex
(ABC) £9(ABC Kit, Vectastain, Inc. Peterborough,
England)® PRV ##% o &3le] PRV &A1& degetn
oz Zolfigltt, 7 WA A& polyclonal rabbit
anti-PRV &H4](1:20,000)°] 38 CollM at&% Fot kA
2 ¥ x3& 0.1M PBSE 7o} Wa, ABC §93} o3}
FAE ofgdtdq AHeddd. L 2FE 3. 3-
diaminobenzidine 30 mge] E&® 0.1M PBS 7|12 &9
100 mlZ A8t 0.1M PBSEYLZ Al Hojd &
Adejelo] FRE FElolmdd FAAA AZRAZ F gycerol
PBS(29:1)& ©]83d cover slide® BTt v dloA
GAE MZA7F F83] Hold FPEAZ WFstATt A

= Gerendai SV o WS WYsel, FAREE 235G
Y. 7 Ave) EABEE 2 AAAEY 34 e He
o4 o Y. FEE P 7 FHoE AFNAG LHe
Auge] XA 948 A gl A0 ado o o
Aol A% 1~107). 255 el ALE 11~207) Al
7} e AGE 2l o4 gAY AT g AT Ao
St

Addaiddel PRVE 9 ¥ PRV Bonkg %A e
F3A2A9 948 2 #AE F Uit AdE
PRV-4HE A ¥ ¥k e nF FY3i vewdixz, o
ZFE M9} H4o WAL} gt

1. ¥

RE AP A7te] ApAnitt 598 dAPRe
WA BEQAE AFE, FRE, 23N AS(dlg

] % 3
Al e Be 255 P40 EATEE B A3RoNE
FU% o] o By, FAN GE HolME 249 BAY
A 29

2. |7k

Hitol e B AE B AN AN 7 Fel &
NS B (Fig. 2, Table 1). 53943 (mesen-
cephalic reticular nucleus, MRN)& 4& 2FoA 7}
del BAEEE Bt oA X743 (magnocellular
reticular necleus, MARN), FANAELI& (paragi-
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- Fig. 1. PRV-immunoreactive neurons in the spinal
5 - cord (X 40) a: cervical segment; b: thoracic
—— . . .- segment; c: lumbar segment (arrows: injec-
tion side, arrowheads: non injection side).
—_—

Table 1. Quantitative analysis of the PRV-immunoreactive neurons in the spinal cord, brain stem, and cerebrum.

Segment or Nucleus Injection side Non-injection side
Spinal cord Cervical + -
Thoracic +++ ++
Lumbar ++ +
Brain stem MRN +++ +++
MARN +++ ++
PGi +++ ++
Gi +++ +
NTS + +
LC ++ ++
POR ++ ++
Cerebrum AVPV + +
AHN + +
LHA + +
SPFT + +
PAG + +
PVN ++ ++

Labeling intensity: -, negative (no labeled cells per section); +, weak (one to ten labeled cells per section); ++, moderate (ten to twen-
ty labeled cells per section); +++, strong (more than twenty labeled cells per section)

The abbreviations used are: MRN, mesencephalic reticular nucleus; MARN, magnocellular reticular nucleus; PGi, paragigantocellu-
lar reticular nucleus; NTS, nucleus tractus solitarius; LC, locus ceruleus; POR, periolivafy nucleus; AVPB, anteroventral periventric-
ular nucleus; AHN, anterior hypothalamic nucleus; LHA, lateral hypothalamic nucleus; SPFT, subparafascicular thalamic nucleus;
PAG, periaqueductal gray matter; PVN, paraventricular nucleus
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gantocellular reticular nucleus, PGi)3 Al E%da)
(gigantocellular reticular nucleus, Gi)< FUg FolA]
4 e 324 3dE 1o, FUsA g FoMe
oF oFde A wEE 2AY. 28 (nucleus tractus
solitarius, NTS), 4 (locus ceruleus, LC)T #&
H& periclivary nucleus (POR)AME 4& EF $E5:
Yo gALHE EYct(Fig. 2, Table 1).

3. Ci x|

e 28 FA7F FEelA FLEA UERT dES
A28 (anteroventral periventricular nucleus,
AVPV), AAA3E3 (anterior hypothalamic nucleus,
AHN), €3 A48%38(lateral hypothalamic nucleus,
LHA), Zs5% 344 (periaqueductal gray matter,
PAG) ¥ Wop#E A8 (subparafascicular thalamic
nucleus, SPFT)& 2% o kg9 IAEHE Vet
4 Z & (paraventricular nucleus, PUN)E 255 94
o] FAYHE BYHFig. 2, Table 1),
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Fig. 2, PRV-immunoreactive neurons in the brain stem and cerebrum (X 40) a: Paraventricular nucleus(3V: the third ventricle,

arrows: injection side, arrowheads: non injection side); b: Mesencephalic reticular necleus; c: Locus ceruleus (4V: the fourth

ventricle); d: Paragigantocelluar retucular nucleus; e: Magnocellular reticular necleus; f: nucleus tractus solitarius (arrows),

and the area postrema (arrowheads)
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=ABSTRACT =

Somatosensory Afferent Pathway Tracing from Rat
Anterior Cruciate Ligament Nerve Endings to Cerebral
Cortex Using Pseudorabies Virus

Jin-Su Kim, M.D., Hyung-Bin Park, M.D.,
Soon-Taek Jeong, M.D., Se-Hyun Cho, M.D., PhD

Department of Orthopaedic Surgery, College of Medicine,
Gyeong Sang National University, Jinju, Korea

Purpose: The anterior cruciate ligament(ACL) has a neuromuscular control function as evidenced by
the presence within it of mechanoreceptor. Although these mechanoreceptors have been identified,
the afferent somatosensory pathways from ACL to the cerebrum have yet to be demonstrated in their
entirety. In order to trace these afferent pathway, we conducted a viral trans-synaptic tracing experi-
ment using the neurotropic pseudorabies virus(PRV).

Material and Methods: The PRV was injected into the ACL of rats and allowed to replicate and
spread trans-synaptically for 6 to 7 days. The brain and spinal cord of each sacrificed rat was then
removed and processed immunohistochemically to detect the presence of PRV.

Results: PRV-immunoreactive neurons were found to be localized in several different regions from
the spinal cord to the cerebrum. Four nuclei in the reticular formation of the brain stem demonstrated
strong positive labeling: the mesencephalic reticular nucleus, magnocellular reticular nucleus, paragi-
gantocellular reticular nucleus, and gigantocellular reticular nucleus.

Conclusions: This finding suggests that the nerve endings of the rat ACL project into the cerebrum
and that the reticular formation may play an important role in the afferent pathway of those nerve

endings.

Key Words: Somatosensory afferent pathway, Anterior cruciate ligament, Nerve endings,

Pseudorabies virus, Rat
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