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Acrylamide 1219584F Kuperman® @ &) ¥ £ 5 L #
MERLELTHERSh, BECIREMEREOTR
& < iz dying-back neuropathy #{ER L, % D Fea:i
FrBRTILDORFELTHERATH S,

4 B3 it acrylamide FEERD 1 > TH BB
o, BETREENRET7H 5> 7THERRLI S0,
¥R EDL ) RFRBFCRE 200y EREREN
BIUVBEMNBERIZL - TREL, B hLIIERIL
T & 7oA Averbach f#E#E DM LA BT »
SUTIRIERA ST ERTBALL S E LT,
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19924 3 B11 B ZE> BIRIFERE - HJIl REB

T105 EXEFE I —25—8 HEBESERXFE
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»%. Acrylamide (CH2=CHCONH2) monomer f&
5 DR R A TR B KIS L 200mg/ml D KIS A faR
wiEE LT (Tmg/kg/day) & 27z, RBFY 3HCY
i, #18 (n=5) X acrylamide Dk~ - 1o f
B 78, 28 (h=5)ICIPIZEME 2. B

3% (n=10) THBECEBLETEE 21,

Acrylamide # 51 X 2 ¥ 8% 1 x OEBRKIER, &
4k (ataxia), HEM (muscle weakness), W&
H-(vomiting) I oW CEBEL, AEHELE 1ET-
7.

Pentobarbital - Na25mg/kg » #iE#, #ELAL
HRFIARERCHEEL, MBREBIR2LRY =
FLvFa—-TREE, bHUBRYHE L, BN
CEERBEALE—2 7L EBY A, MEMICAE
&% (barium) 17V, X R EOTHAERKAKEL
Rt

AHEAEHZC LR TV AS 2 —F—Flp 5 —
FAxHWED, 357 —-FARER2mm, EE1m D
polyurethane 8! T4 ¥ 2 H5cm MfRic £ v+ —% 3
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Gaeltec #:8116—307type). B AL HI A X b EfER
ELMBAMICAT ~TAXBHLOBENETTHEAL,
R, IREVDLETHOYHER L CRAIEAEB L.,
BA»SL A7 —F A %1Imm/sec DEXCTH| X 284
®, Imm/sec DE I TRE|IN TV BEN LR ERA
LcBET, SO TH T —~F LI D,
THKSIEH VT B ETHREBEENHE (lower
esophageal sphincter pressure LA F LESP) 2 X
h, PHTEENFRECBTL W&, EE TS
BRERNECR ->TRRAT, BEY T - FACHERSH
7o, 2ODMOMOERAYHAIL, Thix THAERE
##5% (lower esophageal sphincter length LAF
LESLY& Lie, ZhboBFx 3B ERKGL, +0
FEHEx S - T, LESP kX O LESL ki, ik
0 BXBEAESKETH 5.

TS TR EHE LT & D nodosa ganglion @
THTORL, SENAETXESFZCIEOOLER
YEM I, BREBIZX 5 LES ORNFEZE{LizoWT
DOBE H ML I,

BESFB L 2 LESkx+2WERELoEEL L
T*%Fall” (B IENE—E SR BB RATER)/81E
HE) X100% % AV e, BXHEIBO LT, intensity
1~20volts, frequency 1~50Hz, pulse duration
0.1~6msec, train length 1~10sec DEHEHE L L
T (HBEFIYERE DPS-065 1 Y A F 4 Ao AT
L8 BEXFIBOEEY, 8E, pulse duration @
PEYEH, BRiEET-7.

RENE, RESHHE OERETHERES (B
AERZH1253A 38 X U'1258) 12 & B ATIREIEOHE,
BRARRY 777 (ARBRZH365—12) WEE, i
FLARKCEF v v HRALTF—4 -1 a—4— (TEAC
MR-30) A\, LEOHEREBYHET — 7t
FLi, RRUERIBERFEC X -7,

1. 7— 28847

A, LEXR-RMERECOEFHREK

B 7-7"%B4EL, T2 HBWH=z v a—
2 —(HABER=ER, v 717wy 3 TT- 1D % H
WTLENDO RREREZOEHFRE (500X E D
R-R [Wlf@ DBEE(RZE/SEHE) X100) KD,

B, #EHERBENT

HEBEREhLh, FHEl L CERRELRD,
t-BE, X2-REXALV, p<0.05% b > THBZLL
7o,

TZIAT I VBECIBARET NI 7HEFACEITAREENRE DMLt 5% 682

IV, fRIBMAGFaRET

A, REORBAGFR

Acrylamide #5 A TREKRIER, X—HREZ%E, RE
BEDELRET 5 7o THEBWLERD L XE
BL, BPFIMYEDLABEERFIZOVT~= b F
) v =i v RE ATV Auerbach BEEO L
Hlf, SBRSHOBEAEY MR E L.

B. ZRNEFEMBE C L o2 EBE, I UCHE
THoBE

XA 4 B, acrylamide ##5 K 7 BHiext LT, &
BT, BERAMTe ATV RERE, KX
CHARTHOEAMUGEKTEMIL L v, SEKY K
L, 7c72Hi glutaraldehyde % (pH7.3) WMICEE L
7o b Millonig EEBHK 1 %A 2 ¢ v o8 (47T,
pH7.3)T#H 2 BREABEE X T\, =4 7/ — AV BERIIC
X iK% LT Epon8l2ic /A L7z,

V. & &8

A, TBHEEL I UEELL

Acrylamide #¥ 5K, HBH LRI
T8% 5. Acrylamide #5B58%£208 & A5 HEK
B BRESEIILY, BRI LIk LIL
O T E SR TR BB EHAY RS, #
5845 BEICL S EX AR A 3l Hizs 5
DERLTRD, FLHTRBELTLERDSL O
xRt (ataxia k). Acrylamide #5449 788
HrLHEBEOBRNIB S Dbh, BEIEAMBAY &
D, ELLTHIRTBILET 2T 5Lk
(muscle weakness, HEAZEM.

BHETRRERPEL v 2B h EY, THIHE
L7z, Table 1 ® Al~AS5itEr HHEREHER Y 1T L
7o (38 1 ). Table 1 ® A6~A10i M8 M- & 7
acrylamide DB &% 4 81TV, ERERKETLL
FE2BI0TH5. FEILHAFSHCBRI LW
HIRE, RIBEE WA RII0BEETD - & D
Licod ATOHC15% TH -7 (Table 1),

B. A0 X-BE%E

Fig. 112 ASDREEH CH B HEEW 485
DHDT, THEEOIEEGELALN, BHHIHEH
LEANOPHHERER LT\ 7z, THAERAKE
B, WBRELEIRCEXTHE2ETREE (p<
0.01) offFRxFH% (Fig. 2),

C. EAEAE

1. LESP & X O LESL

LESP 2% BFICH# L € acrylamide 58 ©H
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Table 1 Clinical features of acrylamide neuropathy in the dog

Ataxia | Muscle Weakness Regurgitation -Weight loss
Animal Day Dose Day Dose Day Dose Kg
W) (mg/kg) W) (mg/kg) | (W) (mg/kg) |
A 5 252 8 s 8 392 10 —9
A 5.7 219 | 8.2 402 8.3 407 10 — 9
As 55 | 270 79| s 8 392 14 —12
Ay 5.2 255 8 Y 402 14.5—-13
As 5 252 8.3 407 85 | 417 13.3-12
Ae 5 245 6.5 319 s o 135512
A 46 225 7.2 353 W 5’82)_ 11.8-10
As 5.2 w5 |7 343 o oy 14,3013
As 4.8 235 8.3 wor | &5 gy | 14 -1
Ato 5.1 250 7.8 382 & o 13.2-12
Mean 5.11 251.8 7.72 378.0 e o1
CSEM | 0.3 15.4 0.61 29.95 &3 an

Fig. 1 Barium swallow examination of the lower
thoracic esophagus in a control (left panel) and
acrylamide affected (right panel) dog (A-8). AAM
total dose is 7,990mg. The uniform dilatation of
the thoracic esophagus in the affected animal
contrasts with the tear drop shaped bolus of the
control stage. AAM ; acrylamide

E(p<0.01)wJjtE L T\~ (Fig. 3, Fig. 5 iX1mm/
sec D5 XK EEED LESP O HABFIX R LA D
¢, acrylamide 5 XTAEL T\ i, LESL 2R
Bz b~ T acrylamide # EHTIXEE (p<0.01) T

Fig. 2 Maximum transverse diameters of lower
esophaguses. There are no statistic differences in
control and early stage of AAM affected dog.
However, there are statistic differences in control
or early stage and late stage of AAM affected
dog. AAM ; acrylamide

Maxmum transverse diameters
of lower esophaguses
—p<0.0I—

{mm)

[ 3
304 oo
[ ]
[ ]
p<0.01
(-]
s o °
20 o
L]
Q0 O Controt
Q © {n=86)
= 16.81.85mm
scrvamide affscted dog
A 1 =5} earh
NS AEE2 e stage
104 ® (Au_io.n=5).late stage
28.937 3mm
(Mean%S.D)

NS : no significantly

gEmL (Fig. .
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Fig. 3 Lower esophageal sphincter pressure. The
lower esophageal sphincter pressure are
significantly lower in control dogs.
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Fig. 4 Lower esophegeal sphincter length (LESL).
The lower esophageal sphincter length are
significantly smaller in acrylamide affected dogs.
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train length : 4sec).

FIWO B A1Hz 2»550Hz ¥ CLREXR®B LY
Fall {Ei3xfBAf i b8 LU ¢, acrylamide # 5 8 3.
ERFTHEZ (p<0.0D) WA L7 (Fig. 6, TA),

b, BEXFI MO EE (intensity) 0 F&E (<5
# — & ; frequency : 10Hz, pulse duration: 2msec
train length : 4sec),

FIBDOFEE #1volts 7> H20volts T TLR I ¥ 5 &
F @k o %Fall ik, SR LE L T acrylamide
BEFTRERHTERER (p<0.01) B L (Fig.
7B).

TZINTIVBRECIDARET A5V THREFACKIT 2GSRI BHALE 5% 68

Fig. 5 Resting pressure profile of lower eso-
phageal sphincter in control and acrylamide
affected dog as detected by microtransducer.
above ; control below ; acrylamide affected dog
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== e
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acrylamide affected dog

c. EXFI ¥ D pulse duration DEE (Lo <5
#— & | frequency : 10Hz, intensity : 10v, train len-
gth : 4sec),

X T0.1, 2, 3, 6msec FIEE D Y%Fall fHiX
81.2+4.3, 79.6x2.1, 80.2+1.8, 79.6+2.7%T,
acrylamide # 58 Tk 3 D 3 010.0+2.5, 11.6+
3.8, 12.1+4.3, 10.5+5.1% C&HBMTcHEK (p<
0.0D @A L1z (Fig. 70).

D, LEXD R-R kg &+ D EBERK

ANBEOLEN O RR B 2350.9msec~706.1
msec O & F T, acrylamide # 5 B © % h 13371
msec~815.5msec DEFHTEN b o7, LU RR
HRE O EB R acrlyamide H# EHETHE (p<
0.05) P LT 7z (Table 2).

E. WEEBFAIBR

1 ERwR X 2Bz

Table 2 Effect of acrylamide on ECG of dog

N R-R interval Range . Mean SD CVr_g

Animal {(msec) (msec) | %)
Control 10| 350.9-706.1 | 481.7 | 7.57 | 1.49
Acrylamide

affected 9 337.1—815.5 490.9 | 4.0 0.77*

dog

*:p<0.05

N : Number of experimental animals. SD : Standard deviation.
CVg-r : Coefficient of variation of R-R intervals
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Fig. 6 A typical response of the lower esophageal sphincter (LES) with stimula-
tion of the peripheral end of the vagus in the control and acrylamide affected
dog. The peripheral end of the left vagus is stimulated after bilateral cervical
vagotomy, with stimulus of 10v, square waves of 2msec duration at 1, 5, 10Hz
for 4sec. Note a fall in LES pressure a little after the onset of the stimulus. The
LES relaxation lasts longer than the vagal stimulation. Also note that after the
relaxation is over, the LES pressure returns to prestimulatoin base-line pres-

sure.

control

VS{5Hz
| =

LESP

a0

t 1 S —

1} e LA A
o EARW W
0 | 4] LI |

VS(10Hz)
i

_

0| whk LT 3 ;
_\\ i ! .\‘l‘. =
10sec. e 10sec 10sec
acrylamide affected dog
V'S(1Hz) VS(5Hz) VS{10Hz
{ |
ol i A
‘n — - - 5. _—— ‘D : A 4 — .
LESP 0 Amammdimod Bl AAAAan AR AR
b1] SRR S b n =
10 L 0 0 |
? — ) [o—" ] —_
10sec. 10sec. 10sec.

Fig. 7 Effect of frequency, intensity, pulse duration of stimulation of the periph-
eral end of the vagus on the lower esophageal sphincter pressure. Peripheral end
of one of the vagus nerves is stimulated in animals who have bilateral cervical
vagotomy.(A) shows the effect of varying the frequency of stimulation from 1
~50Hz with square wave pulses of 2msec duration, 10v and with a tain duration
of 4sec. Each point is mean+S.D in 5 animals. Note that the degree of LES
relaxation increases with increasing frequency of stimulation. Note that note of
the frequencies of stimulation causes a contraction of the LES. The maximal
fall in LES pressure occurs at a frequency of 10Hz.(B) shows the effect of
varying the voltage of stimulation from 1~20 with square wave pulses of 2msec
duration, frequency=10Hz, and train duration 4sec. (C) shows the effect of
different pulse durations with square wave of frequency =10Hz, 10V, and train

length 4sec.
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Fig. 8 High-power view of esophagus. Auerbach
cells have peripheral distribution in ganglion
(above, arrow). Note no absence of Auerbach
cells with mononuclear infiltrates have peripheral
distribution in ganglion (below, arrow).
(hematoxylin eosin stain, X400) above: control
below ; acrylamide affected dogs

Fig. 9 (A) Electron micrograph showing vagus-
neurofilaments from non-intoxicated, control
dog. X10,000. (B) Electron micrograph showing
myelinated and unmyelinated axons of vagus
nerve from acrylamide-intoxicated dog. All the
axons observed contain increased neurofilaments
in their axoplasm. Mitochondria are un-
changed. X 15,000

WIER I, BRI L O acrlyamide FE R O
ETRERYBD e o1, HEREBOBEEMEED
Elbx4hn &, FBECIHMEROERVR, BKog
MoOEMBIIRDT, acrlyamide hE AT, 1HI0 %R
CEMREOR OB AL A RD T, SRRICHE
L TEAbizish - 7= (Fig. 8,

2. BRREFEHEC L AAEME BLOBRKT
O BENRIRK TEZORE

REMBEOBRBROBEMNENEBRRL 2785 18
(acrylamide % 7 BRIBEHHE LRI O, £ 2 8
(acrylamide # 128MHE H %5 LB O mBE T X IBEE
WIES L, EEMEOEBEICT A\ A IBHEE D
L BE I,

FTiebb, FE1IHOIEFIBERSIVPHE2HEDOLE
A&, BHit - BEEOREOEED S THLE
MROWEIEBE AL h, @&M# 4
(neurofilaments) ® B# i ZElB R & 225 1.
¥, UBMEHERRFEAK DI EI I CABCY

Fig. 10 Electron micrograph showing one

myelinated axon distributed vagus nerve within
esophagus from acrylamide-intoxicated dog. Un-
like those in the previous micrograph, axon here
are severly damaged to such an extent that the
interiors surrounded by myelin sheaths contain
only axoplasmic debris. On the contrary, myelin
sheaths appear as intact. X 100,000
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Fig. 11 Electron micrograph showing serevral
nerve fibers distributed vagus nerve within esopha-
gus from acrylamide-intoxicated dog. With
regard to myelin wrapping such axon, lamellar
pattern still remains a normal appearance, but
the itself protrude into the axonal side in several
places so that, similar to axon, myelin sheaths
also exhibits bizarre configuration X 10,000

o TERBELTW-(Fig. 9. Ebic, F2FHD4LH
FIFETR—MOMBHRMHOBMBRITMIEHI A, &
BEROMEYRL CTEHREBRE ST CCHRE #E
LT, $-EBEOMRBEERY L >FHHEHEO W
OO SDIBTIL, BE¥EA Schwann Mg T
BERREE & 7z » T 7 (Fig. 10),

Fie, 2O 4HEPIETIE, HHOME~ ORBIK
WEECEELRD VN, HHESEORBHIEBD T
TELY, BRACA» > TEFT TR ELREW
LT\ (Fig. 11,

DEW, B2HOAEPFIHECRTREATHROE
PAIBK TR CBEL W2 HHEERO L D
BRIETVENK, REMEL <AL To b0 & R
BMAORE M, #ME (microtubules) DZETY
@D, EHBOBRES, & < A (major
dense line) PIREABRIZTE » 7,

VI £ %

BEMESEO—& TH % acrylamide ¥ 575 &
BE7H 7 v 7THREC L BEH:, WTEEARET
HOTRIEVHECIEEEET, RRETARIER
Lic, 7% 7 & TREMOIER T, LES Ot~ £
FEBE T O REEIRE X RECTEMROBREE
YRR TEILDOYRDBIELFIET S &) DOFER
O—HLI-BRTH B, FEROEIIHNL, 12%~35%
EHEOEL KLY, BHEAR S ETCHRTTHHE

7(1367)

B8, LA L Z OB TR N8% B L,
BHEAHBELCLTCIRETTAI &L, Mied
b - THETE L,

SEOKRBERYBRET 2 7 v THESXOX RS
EYCHTik® 5 &, acrylamide © B B 5407mg/
kg DRI S0 THAER AT ORAHRIL, 19156
mm THEBE L EVERL, REERXIETHLH,
RO L5 & FHEEIELERIC->TE D Sp
(spindle) type & 08 T ¥ %, Fig. 10 FH il
acrylamide ¥ 5% (EEE£603mg/kg) DEFET
THEERAXTOHBEH0Mm LEREL V50
T, WEEGIE, #RERLF (flask) type 12785,

b b T X RINRE &R B EE D DR
WA 1 EARB CRILEE [ EXERUET, 54
U EofEFTcRIRENRITE MU E280%% 5T
%. & EOH% T3 acrylamide ¥ 5% #9128 © Sp
type, 2438 T Ftype 7= L, RMEIRSE < fdudin
ERLERL, D07 H Ty TEMRLTLSS, &
it acrylamide DEE S ENERBERCBEGRL TV
BRIz THAD, ThIvT7HEHWO LESP X L&
L, LESLiEfitsE@Emds0, EHEOBRD
LESP 1#520cmH,0, LESL Z14mm & GISHER DO
BL—FKL Tk, BERALYIEET» 7 7R
5 LES O LR Z ¥ EMEROBEEC L 28N D
DTHBHERNTD, ZThKBELTREELIFAE
Rths,

BLEW B0 BWEYE (frequency), E (intensity)
BT &, %Fall b #INT % 25, 8D RD fre-
quency 7°10Hz, intensity 2310v @ & ERNEREF
REES oo te, OB b BB R L O acrylamide
BEROHHTH LI, %Fall HixRBEDCT%
I~ C acrylamide # 58 TC1T% LET LA, Zh
i2 acrylamide # & = X % % 7 ## & © axonopathy
2, GEBEYRBIELLDTHELELRD, W
FIREME L UM L CRERPBESRIRT 2 &, R
DHE s b SRR IC X » T LES D i g R I 23584k
T 501, LES Ok EBEORLEFERAELT
Rz 5ol by, Rattan b b AR KREMHE
DOXRMWWRB X b, BT LES OMBRIGC % D
e, THA G THTAERTERVELT NSO, &
Rl B o5&k LES O & e - 745, LES I
BT S ORI R EREPZXFERT, T
A AR RO RENE T RS, BRET S
57 CRMEMRERBMEOT v A7 Vv ARRL
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L, REMEFOREROFE LRI BAIT LD
LES DIk s &2 - THRE LES W ERT 5,

BE7H 5 7DEKLE LT Auerbach BE#E+F 0
MRS OZEME, BEADTF LR TV B D,

SBIDEESD acrylamide I X A BETH T 7
BRADHEBBR T, 1Mo mEHARoEOE X
ACEBDIHETT, HBREL LAt IO
B B & L Tacrylamide neuropathy T i sensory
receptor DEMLHEHMBO T h X b X 2 RKE
Lictcdddy, BHEEETFTATIIHREOBEE b
RUDTE Y HESHRE~OEENER TS £ 21,
EREESERb0ELELLRD, ¥, @ERMME
REEL 5 BT, HILELQCEEND -
ELBRERNRERLC TV Ebubh b,

DOER, FIBRIVUE2HOMB OB LE
LT, EEMROEER IS WAL BRSO TLs
BEINL, LrL, BIHTRE2HC HAABE
MR D RE MR e SR oA, BN
ECEEINLY, BELEOYEYR L THEBRK
GOEE, MERITHZ Lot

e, B2HO4HEFPIBECHCTRKTHOESH
HEMROE L OBMBRFEVEMT, KBFHELrLTO
b0 L FEBROTEMROEME RS, FREERCEK
TE2EEDFEEGLED LRI,

LA E DB 704 R A SR 25 D T B PR 45 HE S L R
HiehbsZ b, ILKHMBELE QICHEMADORE
RN LB ELCIFERTAE Z EAELMIZER
7.

Lo TRIET 7 7 v 7 Tl r o ERY S
AR D B TR, FRALEHETOLS
A THENEELY ST L X RRIHbDEE LT
FREVOTI RV EB S,

SEORRYIZHTAME L LT Tanaka b0
HEBEHMRLHASWORELH S,

HROWRBERMIZT » 57 LM S hi-BED
F1iZ Auerbach MEZ#E2UITIEE C, HS10EH
LBHRETRE, TORBKRIZLAERL DD D,
HRRESLHBROEMIC L 5, MREEBXNOEEY
FRELT\5,

Acrylamide (2 FCHEE 28 L TR S g
REECTIBL D bREMWE, &KX ORKIRE L
Bhidith, EBFOBRACEADOAA 7 & F YA
LKA LIS BEREL D D, FOBKEIRES
BLEEEERS B,

TIZIAT I VBRI BRETH S 7THREFACKTHAREERIEIE BNALE 25% 65

Acrylamide i X % fEEE O REBF oW T
BB TOBE IR TG, ZOBFBIL T, -
hETESOWREYD Y, OBBRTERARB~OE
Y, QfBEEHI~D T 1/ BOR Y AL~DEES
® axonal flow ~DEE O/ AT I AT 5,

hoDHENLZORERF L TkRko Z &3
HRTED, TbbiEEM - L T acrylamide 12
MEEALES L CRERENREETE, chik&s
2 axonal flow DEEA~LHEE L XBAEOMERY
FETHRBEME CEBROBE TR E, MRER
OERZT,

MEROERIEEZCEERRELRELL TV HEEK
2, BHREOLEWE YT 5 BB BRAHX
EXIERBRETH S, ZOBBIREREHE - T,
EOEA, BROBR EBECEETOHENRS,
WSO DOHBERBETAD S LEEZE LN
acrylamide /23E B U BB, T A VEBRAEX Y E
ELEDDTH5,

Acrylamide & & % 83 O F 1L X B & A9 /¢ dying
back #¢# %, Dying back BZEM &3, FEHEAEMH
ROBRBEDCEENERTHEOCr1HLT, XD
R & CICEBROBEALNIELS, T OEMEIRIBICE
TEICEE D BRI o DT ETT5
HDHLH20,

4[a], E# 5L acrylamide 57 5 L K E/HE
BECBRFEVENCHEMANEECHEEAT D%
BHETHEZ LT, Prineas?®i}, ZOBRAYRFEHFOHE
BRI OTHD LV T B2, FOfofbEE
ROWTORKOEBRBREYRE TS L, WEMAD
RELBEMEER» O L 2 BBRT(LI—PHBCBEEY
eB|E Tt/ <, dying back o B R b b TN
TOFBILBLILEERTHD LHEI LS,

LDERO RRHEBOEDE L BEMEEE LS
AR & ORI X FEICBEA D Y, BRI R-R
HROEHREA 2 BT & i@ meE, F
#, BTFRELEOFERPFET E 522, Acrylamide
5T DL ERBEO—DTH B REMRLER D
axonopathy ##&£ = L, LER®D R-R HROEBEEN
BATBHh0EELZLRS, Acrylamide k0B
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Esophageal Achalasia Induced in Dogs by Prolonged Acrylamide Administration

Tatsuro Nakagawa, Yasuto Fujisaki and Kenji Sakurai
The First Department of Surgery, The Jikei University School of Medicine

Twenty dogs orally given acrylamide developed an esophageal achalasia-like lesion, and esophageal motility
and axonal degeneration of the vagus nerve were investigated electrophysiologically and electron microscopically.
From 7 weeks after the start of acrylamide administration, vomiting, diarrhea and weight loss were observed in
addition to neurological distrubances such as ataxia and muscle weakness of the hind limbs. The largest transverse
diameter of the lower esophagus was 16.8 £+ 1.85 mm in the control group and was significantly (p<<0.01) increased
to 28.9 + 2.26 mm in the late stage of administration in the treated group. Lower esophageal sphincter pressure
(LESP) was significantly (p<0.01) increased to 29.6 + 4.4 cmH,0 in the treated group. By a set of electrodes
stimulating the cervical vagus nerve, the percentage of the fall values [(LESP-LESP with vagal stimulation)/LESP)
X 100%] was decreased significantly in the treated group. The coefficient of variation of the R-R interval in ECGs
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was 1.49 = 1.09% in the control group and was significantly (p<<0.05) decreased to 0.77 £ 0.45% in the treated group.
In the histologic examination, no changes in the esophageal ganglionic cells were observed in the treated group.
Axonal degeneration of the vagus nerve in the treated group was revealed by electron microscopy. From these
observations it seems mandatory to seek the cause of esophageal achalasia not only in the esophageal ganglionic
cells but also in the central to peripheral nervous system.
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