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Developmental Mechanism of Low Myopia and

Therapeutic Possibilities. A Review

Takashi Tokoro
Department of Ophthalmology, Tokyo Medical and Dental University School of Medicine

Abstract

We studied the developmental mechanism of low
myopia and the possibility of its drug treatment.

I. Prevalence of myopia

According to surveys by the Japanese Ministry of
Education, Science, Sports and Culture, the fre-
quency of myopia in school children has gradually
increased. We examined office workers from 20 to
60 yvears of age over a 3-year period. Myopia pro-
gression was observed in the thirties and fourties.
Late-onset myopia is an important problem around
the world.

II. Developmental mechanism of low myopia

1. Reduction of refraction after cycloplegia was
statistically significant in adults after their twenties.
We measured accommodative hysteresis after a
close visual task. Accommodative hysteresis per-
sisted for a long time in late-onset and adult- onset
myopia. Continuous ciliary contraction seems to be
related to late-onset myopia.

2. Bovine ciliary muscle strips were suspended in
a Magnus double tube. The changes in isometric ten-
sion of the strips, when chemicals were added, were
measured with a force-displacement transducer. Af-
ter the addition of the cholinergic agonist carbachol,
the strips of ciliary muscle produced a tonic contrac-
tion. When the muscarinic receptor antagonist cy-
clopentolate was added, relaxation was produced.
After the addition of ET-1, a dual response oc-
curred which consisted of a moderate relaxation and
a long - lasting contraction. The mean contraction
caused by ET-1 was weak but continuous compared
to carbachol. The contractile response was inhibited
by an ET. receptor antagonist. Also, when takusha,
one component of gorei-san, a Chinese drug, was
added to the ciliary muscle strips, contraction with
ET-1 was attenuated.

Contraction of the ciliary muscle with ET-1 was
attenuated after addition of sodium nitroprusside
(SNP), an NO donor. This reaction suggests that NO
causes relaxation of the bovine ciliary muscle
through the activation of guanylyl cyclase and an in-

creace in cyclic GMP,

Currently, at least 5 muscarinic receptor subtyes
are recongnized ; they are named M, to M;. The ef-
fects of My, M, and M; on the contractile response to
transmural electrical stimulation of the bovine cili-
ary muscle were studied. The contractions produced
by transmural electrical stimulation were greatly at-
tenuated by 4-DAMP as an M; antagonist.

3. We measured autofluorescence of the lens by
fluorophotometry. A statistically singnificant rela-
tion was found between autofluorescence of the lens
and refraction.

4. Possiblility of axial elongation : The anterior
and posterior suprachoroidal spaces are different
anatomically and physiologically. When the choroid
is stretched forward by accommodation, the in-
traocular pressure may exert more influence on the
posterior part of the sclera, than on the anterior
part. Using a fluorophotometer, fluorescence leak-
age at a site 3 mm in front of the retina was exam-
ined. Intensity of fluorescence 3 mm in front of the
retina was strong in late-onset myopia. This may in-
dicate disturbance of the barrier of the retinal pig-
ment epithelium. When cultured fibroblasts of the
sclera of the chick embryo was stretched by a
stretching apparatus, proliferation of the cultured
cells was inhibited. Therefore, some influence may
involve the posterior part of the eyeball.

II1. Possibility of drug treatment of low myopia :
From these results, muscarinic receptor antagonists
(especially M;), ET receptor agtagonists, and NO do-
nors are possible drugs for low myopia treatment.

As there are many causative factors of low myo-
pia, there are several treatment methods to be
evaluated. (J Jpn Ophthalmol Soc 102 : 796 — 812,
1998)

Key words: Late-onset myopia, Endotheline, Nitric
oxide (NO), Accommodative hysteresis,
Low myopia
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1 DaE,
IR BTy 2 F 00583 T BAR N Ol 0 A D5k
gahis.

:tﬁﬁmv)fh W Ll OIS, EB S
THEENRMG LT A ERRE 200, ET-1 24
NJ LHICERM ET, 2 BEHRHERTH 2 BQ123 %
Pel L7z 2A, 1412 02k & ARG o G I Z400H) =
72 S B BIRN ET, 2 54641 JE <& 5 IRL

59 EEIT O SE L & e - 803

1620 & &4 % &, THART O AR 72 A5k S ™
(B113). 2D Z B 6, ET-1 12 & 5 ERAR o I BOs
(i3 ET. 28405, £ 72, TOMEE IS IZ1E ET, Z 514k
DO GAE Z b,

(4) TARH o it T 0 Bk

A BT & 1 2 72 s B IRE A S BT o IRE £ T
Ak T & 2, Wb W S RERA OFIEIZ DWW TGS
WARFEAY, ZD L) EN S, AR f"fh')la)ﬂrfﬂi]@]'u‘
W& L CEMMAN QNG RTIE A <, bR o R
A B LM, TRRIR) O NG & bk o BEHE £, j:i_llli'-in iel:
a0 A, 72, MR T FL ) ARt S E
UL B EEZ LN TR, ), M5 Z Dbz fF4¢
T 5 BT ET 0 BUG %2 &5 L, 2 st
Iy SRR BUS IE - BIEEENO) ZALAEKIETH S
CEDHHINTE TRV 22 C LR THh b
THAMATIZ S ET (2 X 2 Bl S i3 % NO EE) Pk
DO A E 2 6D, F LT, Z O
fioshRe R EICH G L H D

AN LA A AT ONEHITLNIC A S & B A

O 7B (eNOS) DG L S h, 2O, L-7 V¥
Z 60O NO KA LAY, CAATMAT O i i A
TOEPED guanylyl cyclase (GC) % ¥ 4. £ 72, NO
B Y 3 @ sodium nitroprusside (SNP) #* 5 @ NO T &
GC & A4, 29 L T cyclic guanosine monophospha-
te(cGMP) 2% 1434 &, cGMP 70 7 £ » ¥+ — A5G
PE{k = 41, adenosine triphosphate (ATP) F T g #

W HEEY YL A ZOAEMmA, IR T )
Wil 3 o o S B CREL Tl AL S & 2h
TWD " EHAEHIZBCTH, ZORKIFET o0 %
e % 72DIZFHH HIE ET-1 12 X 2 BAET O 4L 12
HLTNOMM&T&&S@%%ULL&%&%H%
iih AR AN = B A2, GC TEN B3 % i f% 53 5 £ NO

B il BUC L ENH S 402 20, F 72 cGMP Z {514+
DY A3 A L NO 2 X 2 ibkk SO 3854 2 A
W ThRat L 7-.

FBRYE N EREAR D 7 2 O TR ERTE o b o L B
DOHOEM L2 107 M ET-1 TULH L 72 TR
(ACEM 2 A NPED NO B h3E o SNP® 107 M % % 4-
THEMUIEARTEIACEEL-RENFE SR
Jzn = ZC,NO & ¢GMP O BUCBERM OB fET S
GC™'@ 5 ] WL % 4 T & % methylene blue (MB)*’ 3X
10°M # {453 % &, SNP @il b i #4722

(B4 15) . KU, cGMP™ & i 2 i S L 1EH 2 3 5
phosphodiesterase 5545 Td % 3-isobutyl-methylxan-
thine (IBMX, 10 * M) & i 5-4 % &, SNP @ ili#g bt
ZH5R = 7z (14 16). & D NO OFEMIE, A v N3 —
12X 2 BN O T b Mo Bl AR S Tw 2

/Iy i

O A 7By FL—=FMIXAHEDIF 20 EOK
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(mg) o
10 mSNP
200
e
i
+ 100
0 P
10 MET-1 | |
10min

14 NO {EENEE (SNP) ( & 2 B AHIE O SSH).
Iy Fe) T L7z BRI IC NO K H 3 o SNP
Y515 LA A S 172, SNP : Sodium nitroprus-
side

(mg)

-5
200 10 M SNP
ik
100
h
0 -8
Iy =10 MET-1
-5
3x10 M Methylene blue

T0min

15 Guanylyl cyclase fE A EE(MB)(C & 2 £ 4
FEHEOEE,
GC TEMBLEE 0 MB O i 25 C SNP @il KU (3
P & 7z, MB : Methylene blue

(mg) s
10 M SNP
200 —
ik
100
h
0 -8
} = 10 MET-1
-5
10 MIBMX l

10 min

X 16 Phosphodiesterase fA & #(IBMX) (2 & % £ #
1R ERot R D TLIE.
cGMP Difith b % 425 22 A 1EM % & 2 IBNX D i
& 5T SNP @il 48 B 1 39 ad L 72 IBMX : 3-isobu-
tyl-methylxanthine

AT B SNz, @ 5% ) @ F5 e W ] 1, 0F 51,
early - onset myopia, late -onset myopia, adult - onset

myopia PMHTERE L Tz, O A TIHRAET 2O I
B L OHETICIEEE OREAE G L T RetEAR
W 3 A7z, TR O O TG 1E 3 ) A EEE
BN O S, F 2 X ETOM S bRl shiz £
LT, SHET-112& T;f%ﬁi’ifo)lllﬁni X ET. %
K, h#% (213 ETs 2 HEROMSHE 2 5 M. OB
finouREREEICIE T FL ) /1‘|—I!b‘1¥i-.l19{~0)ﬁﬁ%.1§llx
ENO MG O HEMEDH S, £72, ET-1 12 & 2 Bk
LR 1E NO fEBSEIC X » Tz L, & Ot o817 12

Fiin (5%)

17  Elp EKBFED density & DREE.
i #5 B A O MBI B R A S 7.

3007
(ng/ml) "
o Q o
o
W 200
¥
£
B 100
0 o]
24 25 26 27
iR#hE (mm)
0@t OERER - 0FEOEBESR

H18 KBEBRELEBITE EOREE.
20 8, 30 {CCH HoOMMMERA A S,
® 201t O:301C

iZ NO-GC-cGMP F#O B -AVRME S 47z,

2) KRR O B

AA AT I AT 3 2 WA & L KRR AT o
1*“'*1”1 {u # Z b b, DeNatale™ i, I[‘ "ﬂia)i‘f”'{l'l‘t’\"ffﬁf
opacity meter # W TR L7z, £ 2T, ?' # 5 1% Nidek
1 M o i B S5 2 P T 3 1 EAS-1000 % AT AR A
¥ @ density %l L 7= 4 i & KSR O 8% @ density
& 0)|i]‘f¥’£‘/knﬁ%@ﬁffﬁﬁt A A LTS

VEMDYE { 72 513 E density 2 L 72 (14 17) (FHBE R
9}5{ 0.637 A &7 p<0.001). L& L, 47 ¥ & density &
OMEFREREINC 208 E 300 E THAL &, m#RIZAT
HoMHBEEALN Lo 72,

K, 70t b <A ¥ — FM-2 % (OcuMetrics
FHED 12 X B HEEOLE RIT R LM IE B o320 5
iR 0~—5.00D F T 20 1% 15 i, 30 1L 10
W, &1 25 IR IZ 2Tl LT, BT & K&k o | 548t
Yo EE & O PR % BT, FORE, 2018, 30 1L & & 12
TSI AL A 12 AL TR IR 588 60 B 128



Tk 10 12 H 10 H

19 WRIGHR & PR & DIEBIRAE.
SR As A S R LD A TR & SR oD 435 1355 <,
AE TR 6 HEIC A THER 12y, (Moses 1995)

L 7= (FH B4 4% %0 20 1€ 0. 663, 30 18 0. 669 5 4 4 7% & 20
{€ p<0.01, 30 1€ p<0.05) (4 18).

A

AR D density & IITHE & OHEIE 2 Ao 7oL )
EEASHT3UE &R RO S8 00 EE AT L 7z, A3 4
JEERIE & AT 2 o B AT v ads, AREEE B
LI HOREIM OB H L E Bbh.

2. B#MOEE

McBrien " #1512 X 5 £,21~63 % £ T?D 166 %
322 R 2 AE B DB T, 0. 37 LEDOEMIC R -5 D
12 39%, SO L72b Did 48% T, Wb Tk
EOREESRALNIEHTL TWa, Jlang ™1 19 i#%
DULYEDIER T, BRI IEH TH - 72H%, 3 EITD
LR R TIE, 4TI 2.625 D, AR 3.00 D @ UL #
D, oK WEHOW FARRIZAIRT 593
mm, ZZRT 15.73mm TH o7 b DA%, 3E®RICIZER
ZN,16.74 mm, 16.71 mm & & 0, i FEOEE I
WOFEEE & WATL TWA2OT, 2O BALD 5 H 13651
HREDEREHELTVE. INLOWMEZRATHIR
A ERET eI METHL. Z2C, M, LiEEE
& T E e o Wt D W THGT 5 5.

R N 7 B I~ D B A5 | 2 HLER A 00 L AR T A & bt 12
TR <, R D S ARETRIZ 2T TR WIRETH
L7(19). Kz, FIRMEEEOWE O AL L, &
HOXIBKRTFORECLDERROBENICANS
ECAWFR TS AREEBIZ E F D IR B A S HRA S

I A8 &G - i 805

Fz 4 RN 600mg L7 V) OIRIEEORERE

MBI | s )i Ha Ak Ji1n)

A (mm) (mm)
AR 1.34 = 0.35 1.01 = 0.34
(n=8)
A R 1.32 £ 0.32  0.93 = 0.26
(n=28)
o8 e 1 1.33 £ 0.38  0.88 + (.23
(n =8)
(BEAH 1 X 4 x 6mm)
(mmHg)
20—
15— + + +
fiR
E 104
S_
0 v ' ¥
24 25 26 27

R (mm)

20 6.00D LI TOEMOIREE & RE & DREE.
& PR - e

(SEES) LRSI
o i
7 P
[ 1 =

: S’ ﬁﬁﬁ
(SFEmEHS i

21 FAEICLY Bruch BARIAICES | Eh 3 & LR
BEREASBE,BEOAFTEBICE L HH B ATREM
Hb,

P a T s ™, LA L, Inomata & ™™ X L, 0.5
t, 1.Op @ latex Fi-1-TiE 3 Wr M THRER M EBIZEL, 2
52/ E V0.1 p @ latex #i T % thorotrast T I3, 20 43
THAFEMAIET L2 MG SN TS, LA TR
Homif gt L T, BEMICOBRNICLR LD &
Z1bh5.

1) BRAs I (i

Hi 7 L 72 EER 2 4l Ty v DRI O3 1 600
mg T OB EE % G172, F 050, 1l #2510, 85Ik 7 10
& b VIIRAR I BE (&, SRR, ARl SR, ARl R )
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10007 R
(ng/ml) BEFI3mm 7 S
1001
B
x -
8
B
14
.1_}0 6 10 2'0 3'0 4'0
E22 TNART A b A bY—ICLSMRE 3 mm O
{37 8 T OB HH D RIE.

32 i, W, AR, IR 25,2 mm, O AN, @ : iF
A1 IR

(#HIEME) 14]
(ng/ml) 121 *
1 10]
B
8
&l
- 6
D 4]
L
& T 1
g8 O, 25 26 27

iRES R (mm)

23 AT 3 mm SOBAIRE & E#ME & OB,
2010 L 301U CTH EOMMIEBRA AR ST,
® 201 O :301C

TIREA LT~ Th o 7 w7 R &L b
R IZdh - 72 (F4)7.6.00D LLF Ot # 30
%40 I THEIR A G Tl L2z IR & B & & o B4R
B LE R REICE > TIREIZIE RS 22
o7z (4 20). 2 2T, IRis B oAl B & RE & o P 4R
73"::fﬂn‘.ﬁllli_‘i%@“]'ﬁﬁf’l‘LZ’)b\'C‘HF“ F 4. van Alphen"”
Lk BRI b R e O TR e A

< HFH?HF" L il & o o> LR NRLIEE ) ) cimr:étﬁuf"@
g THRE & 0 v, B X o T Bruch AT WZ#
FlENd L, Al L 0Tk BRI S, 2o
W, DA O M IE A3 1] — CHEAS 2 TH B & IRIED
B B 2l < A B T REE A B (M 21). LA L
O Lps, IREREHEIZM SO 5 2 LA
fEgshs.

2) M Ek b oo B

7t a b yv R Y —FM-2 8 (OcuMetrics $1 #)
2 T T, IRER P 00 82 00 i AR TE 2 G~ 725000 )
S, I H DA IR 2 A7 L 2o\ (il 5 24~27 mm £

HR&EE 102% 12%

EE7L— b

EmEY a8l
____f:/
\\\ ‘ .

T K E

Rr7

X 24 HEHERGEEEICLIRNDATORIE,
BAe 7L — b L@l B el S igd 5.

e (%)

10

1 )

coFy 120%) 24B5I#RT
25 FRNGET (HE)DHE.
5 B 6 Mo & 30 F W OO IRTE & 24 B[R Ff
L7

[

TOIEH 4T, 20 1€ 10 Y, 30 1€ 10 IR Td - 7=, %546 T
e O A IR R IERTLOT, 20 A — /1 —
74— FL»ZX(Volk #13) & MBI BfE 2 T
BB T ARH MR NS LR MEELI. TN L L
7 mg/Kg HHER £ 60 7 H O a6 % A & MO [ J 3
mm D ERA O 4 ik 1 % 2R b 7z e L 7z 88 A L i
H T NOENAM A CTHE LAz 22 e 1 61
AR 32 B O LR T, IR 25,2 mm OF R T
HaH. 2T, MO ) TEGER Od S & S h AR
il 3 mm O RO A ik % HlE L7z, & O R, #gBo
il /7 3 mm D& OS8R & 20 18 & 30 14 Tilikih e
B ol & < A 54 (p<0.05) (X 23) , kil O IR
D23 T OWIENE Z S,

3) REFEMINELC X 2 fp Sl

Reiner 5™, e I aROFFH Flz=aF > % 2 H[H]
(Zh o 7o THSF Ll T, 184 H’JU);ﬁiillie*‘Jiéﬁlﬁf.LﬁilTé =
WAL & R i AtA b L i L Tw 5. 72,
Gottlieb 5 ™13, & 3 I FEBRABLIR 12 35 v T ol Bt it e i
DO IEMAL AT S A, SIS A S 42 IR oo Ak
WS HAZ ST e I O F5 B TlE 4 <, R BEAAE R 35 L OF
T ORELRRIZIZIEILZLOTHE LB TNS

Z 2T, IRERBER A e AT - 72 & & @l A
AL OB OIRTE A = 7 b ) W o5 48 5 5 R 4
I Tlin vitro TR JEER % 77w, B i 2 O AL £
R TR AR A2 5 2 5 e 2 <7,

S )y ik

14 H g ="7 b 1) WA & nl s 21 e & Hi g L, 10%
7 ¥R WM RN DMEM 285 & L TR T L — b
BioFex" collagen I culture plate (Fexcell Intl Corp)



Pl 104512 H 10 [

HRa

(X10° /well)
7

] p <0.01

Mann-Whitney U #&3&

tension

O = N W h D

W@ WES  BEE
(0BE) (3HE) (4BE)

26 SRNATIC & B IFFEBIRH T O BB IF].
3 HBIE SR MRl % 5 A 72 & 24, MURIET I
R B RA AN & A7z, CPIE R ) (n=6)

IR L 7. 2 L T,37C,5% CO, O5A T T 3 HilKEE
L 7=k, M4t F TRl F oM filf % 5 2 7. 928k i
Hepeil 2 Becol X4 2 (30 24) . ko Kk 5
L 21 PR R A 60T T 6 Mz, ZOid 30 Bk

el 60 Bl 4 2 VT, T 24 W D R L 72

[—I 25) . i o] S £ 407 U K AE NN P A % i Flexercell”

Strain Unit (Fexcell Intl Corp, Model FX-3000, Mc-
keesport, PA, K [E) & Bl v, 8% 10% THr- 7. 2 2T
i L7257 L — M A S ) 3 »Blo 2 o
HHOLOT, 207 L — O ETRFESINME, F
> 7 TRIE {rullx B2 BT AL S AURROY P o) 3
G2 O D im0 E ISR ML E
0.05% b1 73 >»—0.02%-ETDA T 30 4511, 37C Tl
BLL, BULL 72z i s oEiciza—nhy v ¥ —%{k
JH L, A o) g £ A B 2 R IR [R] o0 25 D A R B L2
& Mann-Whitney U B % flv 7z

FDREYE, Fr T 2, 0% 10" oo e 2 3ERE L, 3 H
e o i S ) S 5497 I8 0202 (1. 6940, 13) X 10°/Well (n=
6) & 70 1), 24 WE R o P o A 20, U RE T A (3,31
+0.49) X 10°/well, xF I # T 13 (6. 0630. 70) X 10°/well
E D MRS IC A EEMSR SN (M 26).
+ 2 b, M B o BB L e T oo B Rl L 4] X
N7z, O BIT Gottlieb LD R E FIF LR WE#E
ZAbNab,

NI

MRdh AR WIE CIRER R BRSO S LRI W2 L h
B, REIE R (2 X » THREHBOIRM D 23 7 R0
DifBE b T2, MREBRICI>T=7 UKD
He iR I O B R REAME P L 22 2 L 5, i
B X o THINE L RV T SO ELDHE 2 5 2 L 2F
AN R 1 > O b/ T3] s AP ot A N e VNP &
T ARMEEO T RENEAH DL EE L SN L L, i
W e L CHRENAE A5 & 2 n PR IR R E IR T E 2w,

SR O &

wae - i 807

128 ¢

M2PHESE
A Toar Methoctramine
=3 75 | M1pEESE
iR
5

Pirenzepine

50t
25t
5 M3fHEEE
§ . . . 4-DAMP
8 7.5 Fi 5
PBHEFRE  (-log M)

27 BRAMICEZEBEFBHIHICKHL T M, M,
SAEFFEPEESEC L 2 UEIHITIER.
M, Z 2R BILE O Fi 1% - T TR 00 UG 1358 < 41
i) = 7.
4-DAMP : 4-diphenylacetoxy -N-methylpiperidine

IV G5t o iGHED ] HETE

CHFTHBARTE G EENROBER T OHRD» 5,
XF X FRifmon R shd. bbb, BRE
i DN R LT & BRRIR ORI L TE D
HWOWHEMEIZ W TEZ NS,

3, CHAHGOINH R ICH L TOHRBICE, I~

(LAHY) P)HERE ETHERL EXH L. 0% H
W EET RO S EEINNa) Y (A A A )z
{rﬁ:m HWANEH SR TVEY T L, IRAIZZEDTT
ARG 2N TS M~M; FTORIRMWLAH Y 7%
ﬁW@v%M%MEﬁW%mm&ﬁwmﬁﬂﬁam
W 5-25% Z2 6, OB 2 A RBL 3o &) R A% H
ENTWBEH,

TR 2 2 oI M, B L E ROz R %
BT 572D FOEREIT 72 Bl <720 &
OTRART O EER T T T 3 BRI B A % B 450
# (10 Hz ; 0. 3 msec) (2 X 0 I = &, #R0 M, 7 1F
{5 1) FHL 55 34 (4- diphenylacetoxy -N-methylpiperidine, 4-
DAMP) @YU 0] o % H % BRI M, 2 75 R Bl FHL &
3% (pirenzepine) 33 X OF 3 IR 19 M. 52 7 K 14 B) B 5 38
(methoctramine, MET) | :ﬂ ER-E ! L EYE Rl Al
FORERE, M, S RBILE5E ciﬂﬁ%ﬁ%@ﬂlfﬁw i JiE 40
il 24, M. T L <, My SEAARBH 388 ¢ i < Hi
whz (2D ™. T4bh, Thhd M, ZHEEROTRE
WAL~ D[ G- DR X 4, & ORI RS o g
Phidh s L Bbhb,

X502, ) MBI OIGE TCHED EHREE & LT
ODILHEZLNL. ZDO1HELT, Bm: iafr L v Fiy
a2 miErE FAl s L COBEMENEA TS
BQ 123 &= ¥ @ ET, THEAEHERE R E 75‘25'§U bR
2500z ofih, fi 4 O ET SAHEHEE L HREE L
TOWHREPED S 5 (14 28).



%gg ST CONRESITOC
BQ-123 BQ-485 BQ-788
e000 gﬁg
FR139317 TA44
Ae (tn Yool pem) e Y e Y )
PD142893

28 I K+ AEEET, ZEFEEER) 0ER.
(EFDHWH  170: 380, 1994)

a.
(mg) 10°M ¥ 7asy kb L—F
L 100
ik 10 ET-1
h }
0
—_—
10min
b. 107 {54
(]TI") [ P VAN
= ¥y
1 l
'5& 10%m ET-1
J
: m
—_
10min

29 7 EHEEICHT BIEFREOEREE.
ET-112& 2 BHIEH ONMiE > 2o~y b L— Tl
AR L% WD, A HOLERED D THhDH Y 7 ¥ v &k
Hth Ly 5.

AFPIIIHHEEEHIZBE L T, w2 ORI RED
REFNZ AR R B AL )y DS 938 B F LN &
LT, il ofE" " oh b EEy 7o v %
AOREHOERIC D VWTRE LA ET-1 THEES L
7= EAFARAG O WU LRI BT 2 75 0 BIL 5 3 T 1l
SNLN, ZONHIZL AN ) AAERIERTH D ¥
raNyhl—FrTcEMEER LW (E29a). Z Z Tl
U BRI O A 1| HPIREE D T-2000 1 82 Y
TEHEEEY Vx5 T 5L, ET-1 THERESALE
e AR Aok L7z (M 29h). 2D Z A6, A
W R ORI A3 B T HEYEARIE Sh, F ol
NRIRIT~DRYFAZ D E BRI IHET L 7.

DEoiaEE 2T, —4.00D L F OO L THIC
DWTI FY YRl EHFHOWNIRE 1 2 HikA T, 3
FU S IREE AT 1 Mok T7~21 @ E T 12
% 23 M, AR OMNIRERE L H 3 MIPIRT 7~23 T
DTHIIBTH D, 3 FY) ¥ AIREET,0.50 D L&) #
DI 7zb DT 6 MR 26%, 7% o PO EETIE 1R 9%
Tdo 7z WH OB L 5 O T, Wi & % 6EH L7
TRIFAICL> THROALNRERL 5 TR D - 72

HIRZRE 1025 12 %

o
e

T RYS+AESH A
-1.04 . =

F 5 F Ok m
)
=]

BEFEM+IRUY A
E

._3‘0, ‘_:%.

WA SRR GHA 1 AH R

B30 INULRREAFHARGRAGIOBRNER
EOZEAL.

H,CO
ON OH
o - 5E o oH | & o
N ) = =
Z N H |
= 0/ N =
O P 07 “NH, 0
FK409 NOR | FR144420
(NOR 3) (NOR 4)

31 NO BhEFEEEOEE.
(R#rEs:  52:958, 1997)

()

e P T
EREFHD EREGHD |
R eE
i) T | AR

RMER |
B —
32 WERBOREHFEOELR.

(30). G NEIERE L Lo, TG HMLE L, 5
e, RWNAEBI B % B L CHi 3 2 0823 5.

Zofls, 7 F L) ARG LA o B O i,
T4bbH NOMERDILHLEZLL. ZD 1HIE LT,
BUE, IR TP 2 e LWt > 2 v 72 oif
L LCTOMAEH S Tw b FK 409 72 £ @ NO
38 2 o fthAs EvF S5 (3 31) ™),

Lo 2E J2 V2 0k B i SR O W REPE (2D W T, S9N
BUCIZIRENAE 213 1 & L C BRAT O NGH 1 B3 2
ZEZONDOT, AT 2HEBETI V. L
L., ad AP L WHREAE S & # 2 55 O T, £k
HUZ & B RGN ZE BRI O IR R L B2 104 5 L lbh
B F 2T, BUE, EBOE SO s, S OFE#EE X LTI,



THE 10412 H 10 H

HWECEHT 2 EvhbhTwa M a) Y (LAAA) V)
Pl s — % 3 o {EBHHT ™), vasoactive intesti-
nal peptide (VIP)",NO™'7% Edidb ), 2o b, 55
RO HHNAT R A S 2 04 HldL T v,

B R 32)

59 K T O F8E B (Xl D RS K o TR A
WG9 2 A%, SRS KN -0 6 H O BEEN 1A b
B o TH BRI NG D R T S, Z O FF
P IUAE 1 TARARND 0 L 2 WA O 5de 2, TARIR T o it
BOMEIZLIAZEEZONL. ZNIZL D IHEIEHASE
g B, B A vid, ZAUHTIENE B L 2R OV T A
BETLHORHLHDHEEDND., X512, KK
OELL BT A0 MR 22T, EWHAEO g
P& LT, QERARE oI RIS LT, iR =) »
(LA A ) EBhBLESE, 2 VRS 3E DL o DL T e
HHEE, P A BT BLEER L, 2o NI & E0%E
AoND. T, OFEMHEHoOWHERIZH L TE, 7 FL
F 1) o AEEYE LU o R B G, 19 2 1E, NO B
LA EZ LML, F Iz, WO SIS O P b B4
BHLPLENEW, 2O L) RSO R ILH—
ThH L, Ldos T 42 OBHKEOTREESEZ 6N
LH, 2D L TIERIDHED -FTHY, 5HOI LR
LWFZEN LT N5,

Fa#Z51I2h20 HlEOBE 252 TFE2wE L
HARBFZEEFEEEM, EREZHED TWELVw %R
HEFIZ O BE#EH LT

AWFSE (&, SCER )27 0 78 4 Bh 43, JL 0 98 A GRAE R 5
07407049) 7 & — iR # S22 b %, ST 2 L Tl %
#LET.
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