SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

&yVEb/®$MW%&$G§%ME%917X

B
, = » —
EARBRZARZYNEY T—Y a3 VvER

=M, B
ERL

https://doi.org/10.15017/1809686

ARG : (RS2, 108 (3), pp.75-82, 2017-03-25. BEEFS
N—=2 3

HEFIBAMR

% KYUSHU UNIVERSITY




fERERE  108(3) : 75—82, 2017 75

NVEL  OXREHBES JUBRBERERY T ABEIC
RIFTIERICEET 2%

VREARMERI RS ) AE Y 7= 3 v 3F
D7 R B

H e wY, EH A B2

Effects of Benzo [a] pyrene on Conduction Velocity of the Rat Dorsal
Root and Synaptic Transmission in Substantia Gelatinosa (SG)
Neurons of the Rat Spinal Dorsal Horn

Min-Chul Suw! and Megumu Y osumvura?’

UKumamoto Health Science University
2 Nogatanakamura Hospital

Abstract

In the present study, we analyzed the effects of benzo[a]pyrene on conduction velocity (CV) of action
potentials (APs) generated by electrical stimuli applied to the dorsal root in acutely isolated rat dorsal
root ganglion (DRG) preparations using intracellular recordings. We also measured the effects of benzo
[a] pyrene on spontaneous excitatory and inhibitory synaptic responses (sEPSC and sIPSC) and
excitatory synaptic responses evoked by dorsal root stimuli in substantia gelatinosa (SG) neurons of the
spinal dorsal horn, which receive inputs predominantly from A 0 and C afferent fibers, using
patch—clamp recordings. In the present results, benzo [a] pyrene did not affect on resting membrane
potentials of AB, Ad and C neurons. In addition, benzo [a] pyrene did not exhibit any effect on
conduction velocities of Ad and C fibers, but that of A fiber was significantly decreased. The
amplitude and frequency of both SEPSC and sIPSC in SG neurons of the spinal dorsal horn were not
affected. In addition, the synaptic responses elicited by stimulation of AB, A0 and C afferents were not
changed by benzo [a] pyrene. From the present results, benzo [a] pyrene causes a change in the
conduction velocity of A but not Ad and C afferent fibers, suggesting that this change causes
paresthesia, such as numbness and loss of sensation. However, benzo [a] pyrene does not affect the
synaptic transmission in SG of the spinal dorsal horn.

Key words : benzo [a] pyrene, nerve conduction velocity, synaptic response, dorsal root ganglion
(DRG), substantia gelatinosa (SG) neuron
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SN REALE LTI A 2 ED R VNE 72
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F R TR AIRRE S 7 & D ISR I Z DWW TIE R
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WV, BT SRR AR L ER L,
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1) EBEXENY

4~8 i D Sprague-Dawley (SD) AT >
FEHWZ, Iy MImRofk B X UUKE Bl
WIS, Bdr o FBE 12 e 2 & (2B
DAy tua—)LL, FiEEEIL22.0CL 55 £
5% DA TFCHE L7z 1B oIS’ O,
IE®T v METIX Cornoil 2, XYV EL VHET
IR VYL »0.3mg/kg, 30mg/kg % 1 D&,
RO 545 % FVC 200 pl % BICERS L 72
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W OFE B L OFERICE LT, REARLRER
FRFGUHELZBROFT (B&Fs B 14
- 016) #f3TiTo7. EFRHTIZT v D%
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JEPNZ B G- L7212, DiE - RIE 2 YJ L C
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Corn oil XiINY V¥ L v 2 F 2N OHKS
L, 7H®IZY VY v (EENEKS 1.2~1.5
g/kg) LT TT v b2 O AR |2 PR
A LR ZER L 7. IR 2B ) 6
AR EEECEREL, T = N ICRE
L7z Wi — Ficiifli e ¥ o ClEE L. #IiE%
R oW 5 | AR E L 72, EHT >~
/N— % fiNii L 72 Krebs i (36 = 1 C) THHYIZ
VEUT L7z, BN T AR Z O A 2
OB NFLER 2 17\, i IR R AL R SR AR IS
Lo THE SN/ EBEMOIRNE & (ZEHE % 7
N, IEETy Mo ELNL O L EBRE L7
(Fig. 1). XML AR, Ay BIUC =2 —
OYuatizo, {402 2—0rhoitskefT
WIEFHZ a2 -0y L OMEZBE L. MigED
FRHEMIZAME 1.5 mm, N 0.86 mm DT A
% (Model BF150-86-10 ; Sutter Instrument) %
Xy FEBAERHE (Model P-97 ; Sutter Instru-
ment, Novato, California) (ZC/E# L7z fEH L
727 L7 AEOMA (mM) 1, NaCl 117, KC1
3.6, CaCly, 2.5, MgCl, 1.2, NaH, POy4 1.2,
glucose 11 & NaHCO3 25 25 7% 1), 95% O —
5% COg H A TR L 72, #H A% 1Z 4M potas-
sium acetate # i L72. 37X CTOEERIL 36 +
1 CTiro7-. HBIENM (AP) 1%, Axoclamp2B
(Axon Instruments/Molecular Devices, Sunny-
vale, CA) # HH\WwT7Y v ¥ E— FTHIEL 7.
ZL 7T, A/D ar,x—% (Digidata 1440A ; Axon
Instruments, Foster City, CA) IZX>TTF T4 v
ftL, PCLAMP10 v 7 b = 7 (Axon Instru-
ments/Molecular Devices) (2 & V) f #r L 7-.
Za—urpbEELzT—F OHFT-50 mV &K
il O 1L EAL & FRIEAS 60 mV L ) /S v AP
(&, BWFZED SIEBRA L7z, AT RN (R
0.1 ms) (I FEME FHVCTITo 72, Hil0HE
B, 7V NVIBIIT A v L—% (S5-202], HA
N, B, HAEA) TE=F— L7z mE#EE
AP DEREBEMROESHLE L 72
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Fig. 1 Three types of DRG neurons classified by conduction velocity and
stimulus intensity
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A, Schematic representation of the intracellular recording. B, Typical traces
of action potentials elicited in AB - type neurons (B). C, Typical traces of
action potentials elicited in A d type neurons. D, Typical traces of action

potentials elicited in C type neurons.

(6~8 M) * L&y (ERENIEES 1 1.2~1.5
g/kg) TIRmFER, BABOHES YR %17 - 72,
$1.56~2.0cm OESTHEMZRH L, BHLz
MR 7 L7 A (1~3T) ICAN. Pk
HEHIZTy MOBEOY LY % ERERIZBINT
5L, GGlE - K& x28I5 LCHImt S 472, %
TRBAMER T C, BEfRR 7 B, #KiEA Rk L7z
2, ERT7O Y ZICERIFEICES, vM270A
T A =% HWTEEH 600 um OFERTA 7 4 A
AEEL L7z BIREN LERE S L SA121,
—lO L5 OFMWEFER L, MOFIRPLHERE £T
PIBR L, FolfFL-RIROFMERE 7 EEE
BRI 2 B s L 727212, T2 S 49 650 pm Ok A 5
A ABEBE L 72, TR T A AERZ FHREEICE
ELRFHT 2 =D F A0 Ay ad
FiciEE, EM 7V v FCREZE L2, # 36
TR L CEHEAM L2 L7 A CHEG
(156~20ml/43) L7z, T2oHHAT A AILE
WA YT L, ERBEMEE T I8V CHRRA
DBRE LB N Y P LTHED BT R
Tholz. COBKE—2—0 IZ7F314 V8-
K=t - Ny F 75y TdEEAL CEEG
rELERL 72, 28y FEMBAEOME (mM) 122
WO, BUEMY ST A%E (EPSC) % 5Ldkd %

(29)

B 121X K-gluconate 135, KC1 5, CaCly 0.5,
MgCl, 2, EGTA 5, HEPES5, Mg-ATP5 (pH=
7.2) %, WS T ARER (IPSC) % iiékd
5 B2 1% Cs—sulfate 110, CaCly 0.5, MgCly 2,
EGTA 5, HEPES5, TEA 5, Mg-ATP5 (pH=
7.2) #H\WTiTo72. EPSC (Z-70 mV (Cl-F ¥
AIVEIO SRR <) ORFFEEA T IPSC
DRLFREN L VEH T TIT o7z, —75, IPSC I3 0
mV (EPSC O #izfEN T <) 28T EPSC 5L
FRENLWEMLT TITo 72, BRIRFIBGED
EPSC % il#kd A1, WolEME HATT A
VL =% — %S LRI E 2 O Fifi R 0.1 ms
DIFRW OB E 5- 272, W L 5
IPSC itk d AEEICIE, EPSCO 70y 1 —T
»H%H CNQX (10 pM) fF7E T ICRLERTEM DI <
(150 m PAN) (ZFIBMFEMR % 51 & L TR %
To7z. TNHORBITFENOS &% E 0.2
Hz O#ETITo 72, FI#EBRIEIFEA~ A 710
YZabElL =% —THMWE T HAEICHEZEL
(Fig. 2).
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Fig. 2 Schematic representation of the patch clamp recording in substantia
gelatinosa (SG) neurons of the spinal dorsal horn

A, Spontaneous excitatory and inhibitory synaptic responses (SEPSC and sIPSC)
in SG neurons. Aa, SEPSC. Ab, sIPSC. B, Excitatory synaptic responses evoked
by dorsal root stimuli in SG neurons of the spinal dorsal horn. The synaptic
responses elicited by stimulation of Ad (Ba), C (Bb) and Ad, C (Bc) afferents.
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B, HZEMEBEMLZRCE L2 W oME
2BV TH HEMOWENEMITRLER SR h o 72,

(//'(\/"C RARRNIC & > THR SN LB EMD
D & Ok & RIS O R S 2 F/EICL
TlrEEEEE L. EHTy FETIX. AR

HEDO B LI BEATIEZ-68 = 1.7mV TZ OfnEH
FE1X20.9 £ 0.6m/s Td o7z, Ay ML L
EFEALA-68 = 3.0mV TEFDIREEEIX 8.8 =
0.8m/s THol:. F72, CHMOEIKENS
IOMEEHEEIIZNEN-71 £ 3.7mV, 0.8 +
0.8m/s TH o7z,

KNT, RYVEL Y ERORG L7277y b
S L 7o AR Eii e 2 H C Rk 328k %
1To7z. ZO#EE, 0.3mg/kg, 30 mg/kg X/
L raib L7z y MEOFIEBEEMIZIES T
DEVPRONDL b DOHFETIE Shr o7z, KRIZE
B2 I L 720 ABMHMED (RS HEE TIX 0.3
mg/kg XY VEL Y HELGHET15.8 = 1m/s (p
< 0.05), 30mg/kg N> VKL yFEE5HETIX
13.3+0.1m/s (p<0.05) THEIZIEHEZ v b
LD E,Po Ay fMEOEEEE TIZ0.3
mg/kg XV VYL UFEERET8.3+0.6m/s, 30
mg/kg Xy VYL VG TIE8.4 £ 0.4m/s
THEBELRERERD N oz, 72, CHk
TH Ay ML I 0.3mg/kg X V¥ L~
W5 T0.8+0.4m/s, 30mg/kg X V¥ L
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Fig. 3 The effects of benzo [a] pyrene on bodyweight

Sham Con, Sham Control ; Benzo, benzo [a] pyrene

Table 1 Comparison of electrophysiological properties between DRG neurons obtained
from Sham control and benzo [a] pyrene treated rats

RMP (mV) CV (m/s)
Sham Control
AB neuron (n = 20) -68+1.7mV 20.9x0.6m/s
Ad neuron (n = 15) -65+3.0mV 8.84+0.8m/s
C neuron (1 = 10) -71£3.7mV 0.8%+0.8m/s
Benzo |a] pyrene
AB neuron (n = 13) -66+2.6mV 15.8+1.0m/s*
0.3mg/kg
Benzo Ad neuron (1 = 14) -69£1.0mV 8.3£0.6m/s
C neuron (n = 11) -68+1.4mV 0.8%+0.4m/s
AB neuron (n = 15) -67£0.6mV 13.3+0.1m/s"
30mg/kg
Benzo Ad neuron (n = 16) -71£3.7mV 8.4%0.6m/s
Cneuron (7 = 9) -69+2.2mV 0.9£0.4m/s

RMP, resting membrane potential ; CV, conduction velocity ; Mean £ SE.;* » <0.05

YEGRETIZ0.9 £ 0.4m/s THEZRZALIZFR
HHN%h o7z (Table. 1).

) NVELUEEPBEEHED B HEM
EPSC (sEPSC) & IPSC (sIPSC) ¥+ 7 X
REICRIFTEE

FREAAIZB W CUMT 2 2 T 2 (L3 L

TWAhEMRE L7z, EWT v MEREME? S
FLER A AT\, FEEREFEN-70 mV T sEPSC O#HEE
CIEMEZ 30 mg/kg NV VL v FE5 TSy b OE
o EBRE L2, FELREZTIRROONE
o7z WIZEEEAL OmV T sIPSC @ Lg%

(31)

To7z2%, RIES L OHEICITERELEIR SN
oz (Fig 4).

4) NXJELCBEPBIRBEY F 7 ARE
ICRIZFT &

H SIS E N 2 TR X - Cafiie s
5 WEEINEORBEY Tz 3TEHEOBIES
e F T RASEORBETIIIER T v ME, X
VE L EGHEL QICRBEICEEREIR SN
irotz (Fig 5). 7z, HREO Ay e M
O C MAERBIZ X - THiE S b EPSC % Bk
EHIfE 2 HRiER L, ENENOIRIFIZ OV TG
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Fig. 4 The effects of benzo [a] pyrene on SEPSC and sIPSC

Sham Con, Sham Control ; Benzo, benzo [a] pyrene ; Freq,
Frequency ; Amp, Amplitude ; ns, no significance ; Mean +

SE.
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Fig. 5 The effects of benzo [a] pyrene on synaptic responses elicited
by stimulation of AB, Ad and C afferents

Sham Con, Sham Control ; Benzo, benzo [a] pyrene ; Mean + SE.

L7z Ay #HERIBC X - TEREOF W EPSC 725,
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EHBHE LD EELREIIFRO SN2 o /2
(Table. 2).
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Table 2 The effects of benzo [a] pyrene on EPSC amplitude elicited by
stimulation of AB, Ad, and C afferents

Sham control

Benzo [a] pyrene

APB neuron 53pA
A0 neuron

C neuron

n= 1)
50+46pA (n = 30)
39+35pA (n = 21)

43pA n= 1)
49+31pA (n = 18)
42+32pA (n = 18)

WEEINTWE, I BEOIMEH R )Y
T = )R F A T X B A
TEIEETH 5Y. Dioxin HHEMLE&M (PCB,
PCDF, dioxin %) (2 & % gt o |3 B ek s
ENETHY), KEHEEEICLL2bDEEZD
NTW5, HEREOMRBRAEICB VT, Ky
REEOFEBINIRETH L7 F L ARG OKT
RO D NFUIFIERS 34.8%, 33 E DRI
17.4% E RIS L, IEFHBETOT XL A
fE AR T 213 14.6% 123 o T B, —,
BB H R XS AE R 12132 39.1% TH - 72 b
DA, 33LEHDTITITIE59.4% WML TV 5.
ANS, ZEIAICEFIE S 2 KRR AR 3 2ss L
TWAH D2, HEWEREEE IR ICHEE S 5
EV ) TEBEDSRRD 5D
12 8 A4 OB E L AR R L SOV OZALE
AHNBYTD . g A JMERE TR, Ao LY
TUBR EE SRR D F8 A 72 & D RIS HhEbE E B L O
AR E A% i ShTw Y SEo%
BClINy Ly RO8S L2 7THEDO T v
NV, BRARA & AR BT A A © FAY AR
DOFFILEEMN LREREETEF T v FOZhs
ERBMET Lz, TR, Xy EL v RS
T b OBRRMEE O AR TIEERENHE
WIRT LW KR 215720, Ay Stk & C ik
TIRETOEIRONPEEREIEP72. L
L, BIEEEMCIIFMAEE REEZ AW
TR Do 72, ABBRHMEDIRE R EE OREIRAL
1, RO LIV L BRAE 5 W REEA D 5.
ABMRHEIZ Ay R C Kl & Foie L THMY 72 108
WL o THREERELZ RS IR T2 2 e N T
WY SRR, BRI B O (5

DR ESURL L O EHRICBEL TB Y,

IEHERFICIE R WEME» S EEEZ 21, Mo LU
REEIR A RTHR LM T 2. ZAUTIER
BHDFHFZ D LONBEREREHMRE B —HLTB
D, ZNHIEEICKEHEORRRREICL > TH
AELTWLHREREVWEEZ SNL. 2 2T

COTREDFERK E LT,

(33)

RH|Z 72 5 DX ABMHEIZ D AAH B AL R &
N, FEUHEEO Ay M S A F 227
LN olzl b THAH. ZORIZOVTOME
BB 2 THETRPAS 2T L2 LR
REE 2 b, Sk, WRILFM, 5TEDT
B 7 Fikx W@z nEE Bbihis, BT T,
L F TDE L DIEFEWTED O RGO R I1IE
IZHEMANTONE 2251 2B 32 LD
HMHENTWG, ZOOEFANTHMS 20%AL
PERINTVELDDEEZ N HE-T, K
WIZE CTIEHEMBEAICBIT 5 2 F T ARG O
BELIZOWTERA T 4 ANBRE AT L 7R
W THEF L7z, L2 L, sEPSC B & 1N sIPSC
WIN S FEARZEE R VWEZTZ itk o
72, F7, Ay B IO C MRS EPSC ORIEIC
bHBELEIASN D o7 BEEE LR
\ZPE- TR A 2 &, BHHN T ZRZ1L
BRONZNZ LG, KHMREOMRERE 2L,
AR MRHMEZ T BERSC BT B B, B2 X
EOMEREZLENL. b —ODOWEMEE, 4
FIFCER % 17 o 2 BARE ML T2 Ay & CHifED
ANEZTTBY, ABHMMEN S D ATNEIA %\,
FEENZ BRI & > THAR SN2 BEEISED
FBRE B D & ABRHMEDOINENIT & A LFREERT
ERV. FOROATA AMERE T2 FEEBRTIE
ABMHMEDIRERE DK TIZ L 2 BN %
BAREICBIT 20 B2 b2 2 5 2 Eh3 ik
o 72 REED D . ABRMEZIBERRE L 1) 111
BUTFOEHIZAT LTS 720, FEEOMIEA
LORENLEEEZ ONDL. S, BHEDOA
Th EBEOMIE, S bRidkaiT, FRINICE
WT L EENERIN TV ED2ED % FEMICTH~N
HLVEEDNH 5.

i

EHT Y PERYVEL VG T b ORI
FEETMIE A S MIENFLSRZ 1T > 72, £ ORER, A
BMEDIREHE S H ISR RIL L Twa 2 e %

%



82 H B
RW7ZL72%, Ay R CHMICIIEEZ G 2%

Mol UL, #EEEVTEETORTHEE
EERWIET LG R e o7 T2, B
EFTAFTR LG T NOBFWMAT A AERE
v, BFREBREME 2 SRtk E 1T, BFREINT
DOWYBR) AL R MR L7228, A & O BE
M CIEELZLIER SN D57z SO
RPONY YL Y5 AR BRAEDIREHE D
e L, Lo EOREREZT| &k
FHREVEDRIR S L7z,

B &

AWrgeid, EETFEHER AR MBI S (A
DR EMERHERENERE (I 4 IUEIZB S 2 b
7)) (FMEE S H27-Em-f57E-017) OBz

ZFADOTHL, WL THEAELT T,
2 £ X

1) Aoki Y : Polychlorinated biphenyls, polychlorin-
ated dibenzo-p-dioxins, and polychlorinated
dibenzofurans as endocrine disrupters—what
we have learned from Yusho disease. Environ
Res. 86 : 2-11, 2001.

BUAFRARE, Iz, =HHE RS
B MEAWET R, REER 60 @ 462-463,

2)

—+=
=

8)

¥

1969.

N, EHERIUAL, BN RvlE R E
BT BEEN, WURLSE R L A PCB. fREE
&% 68 1 139-144, 1977.

WA, RAKRERE, (AR, =0, e
B, &R 36 4ELL ERGE L7 iE R E 2B
T 2 MREERE. fRMERE 96 1 152-156, 2005.
Chia LG and Chu FL : A clinical and electrophy-
siological study of patients with polychlorinated
biphenyl poisoning. J. Neurol. Neurosurg.
Psychiatry. 48 : 894-901, 1985.

Michalek JE, Akhtar FZ, Arezzo JC, Garabrant
DH and Albers JW : Serum dioxin and peripher-
al neuropathy in veterans of Operation Ranch
Hand. Neurotoxicology 22 : 479-490, 2001.
Thomke F, Jung D, Besser R, Roder R,
Konietzko ] and Hopf HC
function in workers exposed to polychlorinated
dioxins and furans. Acta Neurol. Scand. 106 :
155-158, 2002.

EHRIRN, WNEGE, N3, PrbkE g, FF
— B PEHEMERIA ANV = T2 BT B current
perception threshold. [&R#EZFEA/LEF 38 : 301-
305, 2003.

: Cranial nerve

(Received for publication February 24, 2017)



