Chgt2~obx|msta] x| 28(2) 2001

X522 TN AZHRE| MAAZ 22UHZ0IMS| AESA
HiEE - 0|28 - zol7| - 25y - ZAEY” - Hedr - 4G
ZAEoista A A e sl F-eta A, Aolx| et w Al
— 3zzs
ARG F- A ot FellA] Feliste A=< dg 3 A7) & olsstalal horseradish peroxidased 2|4
A A ABARE FAS § AFFelA nAlF2 3 AHFEE B G e 2e AHE AUt
FATEE g9 2 ALaYI HEAEHE Y (SY) 2 vl ABAEE Fishe Y (LDCVE) 5 2T/E &7
g SIStk ST 9 LDCVE FA4 58] A ¢S frAkstslon, tarel 245 2o] 170 52 2709 neurofile? 973
= o|Fo] tdhe] Tt AP Fe Bt HAFTEE VHREVA Bube v ZE7I7A 9 AR S ol HlErt
=0kt 23] AlZA E oldf] e ZAF HEV9 At AtE EEACH, Aol 4F LA pending
7 At A5 B
FAFE] A4, 2UA ARAQ AA, neurofiled} Hate W2, AR WA GEAFUG AHAT =L A
Haxe] HEed H2 e ASAE Ueililen, o= S3 9 LDCVE F2)F% Ateld f<] &t ato] 7} §1AT.
olde] Azg n|FojHol AFFo| A X &Fef FAA AAAF T AH SN2 179 EHLZ Holy, o] 4174 3]
29| 715 WA FABAE A = Ao E AT A
FR0{ : XFA] A, PIAFRE, AH S, AFF4
[.M 2 AX|7} =2 59 dgel Hofgit),
AT AT AeFe] AT obex ¥EoldlA
2GS Al AANGE gEFe] ¢ AS 2 AR tractomy?] W59 tAgde] Aald A= 2 =42
Tl o, JAAS FEldA Feldte AR AR 3 2 F42 A9 P A P02t d e
WAL a7t EXEO] YFC 2N, 559 FFU F o] Al A2 AFFe St AdHm, &2 1
ARE G g el FE ATl A3t 2F o 2A A T, 7 T 2L VIAA AFL olHY A e F
F=o] A7 A uf o]l thatol M= B2 A7} o] Foi A gt} A8, 38 2 A4S Bole] uYHTFE AEHE A
A8 AfE AAo] 7t Holy A FEA oS P33t oz A gith. 28y obex FHolA tractomyS 3 F
At AoprA|A] ZtellA = Z1AA A4S, SRS 3 1EEY o Fe] FEo] ¢s] glolAA] &om, tractomyE P+
sucrose &l oJs ST} ole mAaA o], AX|7} v gate] A5 A7IAFA Al S50l flAA] fa’, AFFzt
delgt g5 Aol Holsh F2 AJobd I AJopd <l B} A9le] A A E sl 99 S8l o
Aok ol EE3IT T3 C e WEelF] AAAFEA T AW, tractomy F TG A A5l gk A3 Al
240 T F2 BEAT ol I35 27|d BAHE 79| Rhgo] glojAx] kom0 A9 7] AHilel| 9]x] 3}
bradykinin®} 22 W14 FEEZ] 9fs] A= 2t © AR AT EAlsle A Ae felAlS, 5EHA
Atell 2l8] CGRP (calcitonin gene related peptide) 2 SP 2 92 A= ga jkgett e AT7EASE EdE
(substance P)& 2] @l = HEFo2A A 4 5 1Al (perioral area) 2 9] e dz=2 A2t
oo AR S STkt AFUUS ST EA oplE = BT} 499 IR S BalM T g AEE e AR

#o] =S 19999 = S

219

=S AT (KRF-1999-041-F00282) Aol ¢J3] A= 5.



J Korean Acad Pediatr Dent 28(2) 2001

7187 =9l

M -
—1>~
-

offl
of
1o
rE
I U D A T <
O o 4 N ojo Ho AN N

A <k 260g2] WAE sodium pentobarbital(40mg/kg)
2 a3 & F Ao 44 (anterior belly of digastric
muscle) & HAIA st sHEoA TR & &
hamilton microsyringe®] <143t 30gauge] needles ©]&
st AZAFAAL F 0.34E A 5ol oF 307 Bt FUHA
ot XA AN FES EA ] S84 AAFAAEAN =
HRP(horseradish peroxidase)°ll B]3l] gHite] & 5w 83
A ogk a7t Ax, HAET Hold wheatgerm ag-
glutinin conjugated horseradish peroxidase(WGA-HRP)
(1% WGA-HRP in saline, List Co)S AFH&-3}51

WGA-HRP 9 ¥ oF 16/ A= $52 AEAN § 3]
A& e AeddeE BFT T (AN 15259
100ml), 500ml¥ 2.5% glutaraldehyde, 0.5%
paraformaldehyde®} 0.1% picric acidE gf3ste 23 <
(in 0.1M phosphate buffer, pH 7.4) 2.2 45% F<F #F 1
gatgom, Wik AAT o5 AN 4%9] THI A 34|
AT 1S YTt

1 3 ¥7FS vibratomel E 60um TA2 Itk ALEHHS
3438 & tungstate/tetramethylbenzidine protocol el <]
g HRPS| 7MA8tE Al¥g ths diaminobenzidine(0.25
mg/ml in 0.1M phosphate buffer, pH 6.0)2.2 AH-& <t
Aatstant. 1 ¥ B At AFTaE HA s
HRP ®HgAEo] F58M EAet= A S 22 1% osmium
tetroxide §olA NI = & 23S Al 1 F A
g dghE2 AX dHE F 49 Aclar plastic (Ted Pella:
Redding CA)Aelol] ¥o] Durcupan® & Erjsle] A4 58%
oAl 48A17F B3t A}l BAE Fate] dfEo U=
HAHRLE F3lo] F P blockell A Z 9l o2,
ZHPH S At formvar AR S A GF grid
A& U uranyl acetate E3H8 2 1% lead citrate
= gAsieitt. 1 F FadAgnd o2 HRpY whE
AAEE7) A8 crystale]l grElo] e B2 FA)
T99 HFA FAET 9 7 EE 23s)
A AHAE HH 27T g AL

]

lo

g

e F

B
+

I ofN 2 oo do g
>~

rin s e 1 L2 JIp

X Ao 4
2 4

™
tlo

gfate] (W&, 12,000: AshElE, 25,000) F2F2H F9
] neurofile59] VA2 3 AL = B85

FAF T gk A A4S HslA= Macintoshi com-
putercl]l A3 digitizerg ©]-§3td (software, NIH image
1.60 NTH, Bethesda, MD), QIS}x]/dolA #2]F52e] i
A, AFEAY AR, F909 neurofileEde] dF 4o, YT
Qo] o] TF At BAT LY BWA, AA, AHEA
AA B 9] neurofiles2te] AXWA 9 SAJF9)o] wA,

hyA

5}.O = = =]
FrAH 2T 5 ST

(]

iy

2 AFolME 13 4 [ 3 Exsle 84T
e tFe R nAl 2 g A RNE TAGI = BAEY
< ddstA wxH] 3l 27)1(A7A 45~55nm) 3 Fefrt
T4 7o AXE dfsta AT FAFLE 7o &
29} 3 2 Aafe Z AEAX (A7, 80~120nm)7t
#AE = T8 (SF) 2 v & AEAEE Fshe T
(LDCVE) & &8 Adaxo] drd wgt 24 2F/E
EHE F Ag

SE % 1LDCVE #F3 e 22 dome &2 A& &
&, w3 FH FFEHoA AFeld FAFE % =T
AHE olF= ZMEY (scalloped shape) &2 E

(glomerular) 7} 4= .
2 AT 19719 SE F4 T 2 18719 LDCVE %

= o ¢ fo
i
i
kY

R o
A F0e oz AP TS EAsEd S8 2 LDCVE
EAFE 39 el BHFY (ST 52.6%. LDCVE:
50.0%)°] 17} && 2709] neurofile®t A& o] Fo] th<]
F2Eo] gk wedt AP Bom, 5ol

neurofile?t AHE o|F= 4% (SF: 15.8%, LDCVH:
16.7%)= =& HTable 1).

@9 FAF U A3l neurofiled] F& 2.78+1.55
(mean+S.D)7} e ol S8 2 LDCVE #AFH Ao]
o felgk xko] 7t fldTh. EAFTEE RA 5719 7HAE7]
A FIHAEZIZIAIGE AP ol A eE T BATER
24711709 7HRAEZIA B 7EE7I7HA 8 A& o] 7
3 S% 2 LDCVE x4 T4 F38] 7HAE71A (0.84+
0.83, mean®S.D.) Eth= 7FA1E7]17H4] (1.59+1.54, mean
+S. D) AL ol F= A7 2R o BE FdE Both

Table 1. Frequence(%) of occurrence of labeled boutons of pulp
afferent fibers according to No. of synaptic contacts in trigeminal
caudal nucleus.

1lor2 3or4 5 or more

S 52.6(10) 31.6(6) 15.8( 3)
LDCV 50.0(9) 33.3(6) 16.7(3)
Total 51.3(19) 32.4(12) 16.2(6)
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Table 2. Frequency of Occurrence of Different Types of Contacts per Labeled Boutons of Pulp Afferents in Lamina | and Il of Medullary Dorsal

Horn.
Types of No. of Soma.ta or Dendritic Dendritic Dendritic . . Total No. of
boutons proximal . shafts or P-endings Triads
Boutons . . shafts spines . Contacts
examined dendrites spines
S type 19 0 0.79+£0.92 1.68%£1.49 247+1.12 0.32£0.58 0 2.79+1.27
(n=15) (n=32) (n=47) (n=6) (0) (n=53)
LDCV type 18 0.06£0.24 0.89+0.76 1.50£1.62 2.39x1.24 0.33£0.77 0.11£0.32 2.78+1.83
(n=1) (n=16) (n=27) (n=43) (n=6) (n=2) (n=50)
Total 37 0.03+£0.16  0.84+0.83 1.59£1.54 2.43+1.17 0.32£0.67 0.05+£0.23 2.78+1.55
(n=1) (n=31) (n=59) (n=90) (n=12) (n=2) (n=103)

Table 3. Size (m) of Dendrites Postsynaptic to the Labeled
Boutons of Pulp Afferents in Lamina | and Il of Medullary Dorsal
Hom.

S type LDCV type Total

AVTaE® -y 011052 1.12+0.51 1.08+0.51
diameter

(n=16) (n=16) (n=32)

Table 4. Quantitative Ultrastructural Analysis of Labeled Boutons from Pulp Afferents in Lamina | and Il of Medullary Dorsal Horn.

No. of boutons Surface Mitochondrial Total Active
Types of Boutons . Volume
examined Area Volume Zone Area
S type 9 1.460.70 8.022.80 0.190.11 0.430.20
LDCV type 20 2.180.91 9.813.09 0.220.14 0.450.34
Total 29 1.950.90 9.253.07 0.210.13 0.450.30
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Explanation of Figures

Electron micrographs of WGA-HRP (wheatgerm agglutinin conjugated horseradish peroxidase) labeled boutons (*)
from tooth pulp afferents in lamina | and Il of medullary dorsal horn. A and B, C and D, and E and F are electron micro-
graphs of a adjacent ultrathin serial sections of a labeled bouton each. HRP-reaction products were seen as electron-
dense rods or crystallines of various sizes in the cytoplasm. A and B: A labeled bouton, which contains round synaptic
vesicles and few dense cored vesicles, is presynaptic to two dendritic shafts (d1 and d2) and postsynaptic to pleo-
morphic vesicles containing ending (p). C and D: A labeled bouton, which contains round vesicles and many large
dense cored vesicles, is presynaptic to dendritic shaft (d) and it s spine (s). E and F: A many large dense cored vesi-
cles containing labeled bouton, which is presynaptic to dendritic shaft (d), are connected to the unmyelinated axon
(arrows). Scale bar in F = 500 nm, which is also applicable to the other sections.
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Abstract

ULTRASTRUCTURAL ANALYSIS OF TOOTH PULP AFFERENTS TERMINALS IN THE
MEDULLARY DORSAL HORN OF THE RAT

Yong Chul Bae, Eun Hee Lee, Min Ki Choy, Su Hyung Hong,
Hyun Jung Kim*, Soon Hyeun Nam*, Young Jin Kim*

Departnent of Oral Anatony and Pediatric Dentistry* llege of Dentistry,
Kyungpook National University, Taegu, Korea

Little is known about processing mechanism of pain sensation of the oral cavity at the 1st synapse of trigemi-
nal sensory nuclei.

Serial ultrathin sections of tooth pulp afferent terminals, identified by the transganglionic transport of 1%
wheatgerm agglutinin conjugated horseradish peroxidase, were investigated with electron microscope.

Quantitative ultrastructural analysis was performed on digitizing tablet connected to Macintoshi personal
computer (software; NIH Image 1.60, NIH, Bethesda, MD).

Labeled boutons could be classified into two types by the shapes of containing vesicles : S bouton, which con-
tained mainly spherical vesicles (Dia. 45-55 nm) and few large dense cored vesicles (Dia, 80-120nm), and LD-
CV bouton, which contained spherical vesicles as well as large number of large dense cored vesicles.

Most of the parameters on the ultrastructural characteristic and synaptic organization of labeled boutons were
similar between S and LDCV boutons, except shapes of containing vesicles. Majority of the labeled boutons
showed simple synaptic arrangement. The labeled boutons were frequency presynaptic to dendritic spine, and to
a lesser extent, dendritic shaft. They rarely synapsed with soma and adjacent proximal dendrite. A small pro-
portion of labeled boutons made synaptic contacts with presynaptic, pleomorphic vesicles containing endings and
synaptic triad.

Morphometric parameters of labeled boutons including volume and surface area, total apposed area, mito-
chondrial volume, active zone area, vesicle number and density showed wide variation and these were not sig—
nificantly different between S and LDCV boutons.

The present study revealed characteristic features on ultrastructure and synaptic connection of pulpal affer-
ents which may involved in transmission of oral pain sensation.

Key words : Tooth pulp afferents, Ultrastructure, Synaptic organization, Medullary dorsal horn
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