B EREERRS MRS 5528 % 45 SF134E10 A 171

R &

AL EARERIC K B v T A R GRS E B DOZEkE, 75 5 CICSH MIROMHINE G
I M21F 9« - isoproterenol D55 2%

R A, N kT, M ER?

Effects of a-isoproterenol on the Atrophy of Soleus and Tibialis Anterior Muscles after Sciatic Nerve
Crush Injury, and on Microstructure of Submandibular Gland

Takashi Inomata, Eiko Murata”, Masumi Akita® (Department of Physical Therapy, Saitama Medical School Junior
College, "First Department of Anatomy and ?Division of Morphological Science, Saitama Medical School, Moroyama,
Iruma-gun, Saitama 350-0495, Japan)

o -isoproterenol was administrated to study its effect on the soleus and tibialis anterior muscles after sciatic
nerve crush injury.

ICR mice were divided into 3 groups; nerve crush injury (NC group), «-isoproterenol administration after
nerve crush injury (NC-IPR group) and control (CNT group). At three weeks following crush injury, soleus and
tibialis anterior muscles were sampled for light and electron microscopic observation. Irregular banding pattern of
myofilaments was seen in NC group. Administration of « -isoproterenol induced prevention of muscular atrophy
in all muscles in NC group. Notably, the size of cross-sectional area in the red muscle dominant soleus muscle in
NC-IPR group was significantly larger than that in NC group. However, there was no significant difference in the
white muscle dominant tibialis anterior muscle. The result suggested a substantial effect of « -isoproterenol on red
muscles in prevention of muscular atrophy after nerve crush injury.

Investigated also was the influence of «-isoproterenol on the submandibular gland in Wistar rats in addition
to the same mice as above. Electron density of secretory granules in the granular duct cells differed between
o - isoproterenol administrated group and control group. Whereas control group showed many secretory granules
equally with high electron density, «-isoproterenol administrated group showed variability in electron density
among secretory granules with reduction in the number of secretory granules with high electron density. GS-II
displayed little reactivity in secretory granules of the granular duct in both groups, while WGA induced intensive
effect in the granules with high electron density in the both groups. These results indicated that lectin staining
in the granular ducts derived from sialic acid within the electron-dense granules. Hypertrophy of acinar cells of the
submandibular gland was observed in both species. The rat acinar cells developed peculiar lamellar inclusions in
the secretory granules, which exhibited WGA reactivity.

In the application of «-isoproterenol for prevention muscular atrophy, one should be consider its side effects
on the submandibular gland as observed in the present study.

Keywords: sciatic nerve, nerve crush injury, «-isoproterenol, soleus muscle, tibialis anterior muscle, electron
microscope.
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SIEAHRENE D B- VEFNHE T B % a-isoproterenol 1, D
I T7ES % myosin OHEHO B A HIINE ¥ 57 . Fz,
WERET, © 2 Xiiha EOFEHOERZ K T5LF
bNTWV3BY . E5IC, a-isoproterenol N ARG, 7
TIEHH LT, DT A X2 Tk, F
s o— L EEERTE N EREE5 2 e lmE TN
729 . ¥ 51T, a-isoproterenollC (F, A Ml Mt P IC
X2 IR D2 Bk 3 28D EDHEN TV
27, 2DXSIT, a-isoproterenoliEfHic X B A
RZEMECHT T B TR ONTOMEN RSN S
W, ZTORRD, i, RHOmAFICFERRICAERT %
DM, HHIVIEWTN—HICKDELSMEHT %D,
R EICDWVTOMSEITHDNR. K IEFRIVICIE
ER & U CTHAICEEE S N TV R WA,  a-isoproterenol
DEBREGICKZFEHE L TEILALNTNSEDIC
MERIRORE A3 % . Mehansho & Carlson® (ZAEK7Z
1} T/ <, a-isoproterenolf%5-1C K O MEE R D 77 WA TH
Rilc, Fela7my) JCESHEEADHIET % L b
TW3. T 5lda-isoproterenol D AR L T ORI
TEHELTHEEIXRESHETH 5.
AWZEE, ABEHREIARE, a-isoproterenol AV Y
FIOZEFEICH LT EDHEMRZE 5T DD, X
7o, ZOVERIEARE & Bl & TIRRZSDMICDN
RO N T X, E RO & OETE
%Hﬁ”f%h%’hnﬂ’\ﬁ. & 51, a-isoproterenol
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BiEmnT ens, ZEIREMICA, FhEE
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O3 > (GleNAe) Z585% 9 % Griffonia simplicifolia 1T
(GS-ID), GIcNAc & > 7 )V 7% 3R 3 % Wheat germ
agglutininin WGA)IC K % L 7 F 2 KISDZE{RIT D
TNz,
Ml ERE
g ICRFRAEAS 7 A (ff - fAEH 34 ~ 43 g) 15
ICEV, ZRFENS5IETD, ar hoa—)UEE E
PR PRIAEE, AR itk a-isoproterenol 5 5 HE D
SEHC T Tz, WINBEERIMIZ3EMTH - Iz
AR IR PR S T — T VR FICBW T, e RBRER
T F MR % T H U 72 1% White & Vaughan @ /71 212
fEWE >ty (Dumond No. 5) TAH#iFE%E 10 7
g D2 [E0E < T AL 721% 3BEMEE L.
a-isoproterenol % 5-Ff (& [E] £k I #i i 72 4k U 72 1%,
a-isoproterenol 7 JEENIC 5 mg/kg 7 3 HRICH T2 D
WHRG Lct%, REZGHIR T XTORO LMD
T AMB X OIS 2R Uz, fil U7zl
gt I Y] U 2.5% glutaraldehyde T 2 KF [,
X 51T 1% osmic acid TEEE L, ik, TRFT
MIEIC e U7z, DA, I A F A4 T TREY)
DY & L, toluidine blue THf U F= Wil E D YEEEE
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IC D EAE 2 12 A TS RRAfE (n=500) oD I 1 A 72
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ZC, A Wistariz= v ~ (M - (A 250 g) 6 Lz
FNFN3PLT DIy ka—)UEE L a-isoproterenol £
BRI Wz, a-isoproterenol ¥ GREIZ < ™ A &
[l kI I e N IC a-isoproterenol « 5 mg/kg 7 i H % 5-
U7z, WInd 3 EMRICH O & [RIRFIC S FIR7Z
FaHi L, ERZEHI% 2.5% glutaraldehyde )2 U 1.6%
paraformaldehyde % & 5 0.1M cacodylate buffer % FJ
W ACTC 3 IREIEERS, ki, Wik, TRFTEHEIC
WUz, AU 7zslBHE T AF A4 7 TREYID YK
& L, toluidine blue THth, JEFABIZ L7z, T 51,
BAYEY R P A7 CTHEYIFZ/ERK L, Versurad
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Zir-o k.

¥, EREHEB X UHEICDONTE, WEERK
FEIY SRR GREEFES 000120) 1€ 7z,

woR

1. KEBXUHEREOZ(L
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TldTable. 1179, AEICBEHL TEXZFNZFNOEEC
BOWTEERIZ TOEEATRD N> .

i B s Table. 11”9 X HIC, BT AMTIEH
BER C LI E 7S (P<0.05) DR 5N, wilsE
T AL B PRI RE & AL B it I % -isoproterenol
BEHOMICITAREAITRD S N> Tzhy, M
L CRERMTHER (P<0.05) MEEs 5N .
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b — U BE & AR B R P R Ny O A B R P TR
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a-isoproterenol % 5.1, A H (b AR IO D IELC 7l D
WimAg i/ N <& D, ZFhFNEEAE (P<0.01) MR

doNl. milSEHICBEL TH, Fig 21R7T X1,
[EIRRDIEMDN A S NTh, LB R & AR5 Rt

P a-isoproterenol ¢ 5B & DN I3 A EAIEE
oz

B AR OIS D2 kIC DV T, Fig.3, 4
RS EBD, AEHRHIEE TR ET, BI X
RIS T 4 5 A > S DR S 2 — > ORI B R
51, sarcoplasmic reticulum DML KEMICH O, AfT
I B ISR DX FIDFR E Do o, A it
k1% c-isoproterenol 2 5 Tld, ALF R D X
3 IRZMEE D75 <, FHCHTIEE ) TR I OPEAN
JEWK DT R Z 2D AR R D I T O K AN BHIEE T,
AR R PRI & LU B EBHRICHI T 0 T A R D
RO 2 — 272 R LTz (Fig. 4-¢). i, TDXS
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a-isoproterenol $% 5-EEIC 35\ THAKREBO AR FEHHaC
HERDEED HNThY, FEARIMEEE O LR I3RS
MRKIEERBDEN> . 7 WEAOKE I
a-isoproterenol ¥t 5., > b — )VEETHRICEWIZ

Rofaholz, a2 bo—)U#ETIIE FEEDRE,
BRI ERICZ 7 HD TV zhY, a-isoproterenol %

HRETIE, BRISEWEN TE FEEO®mWERAZ <
Ronizs 00, BER < TIEE FEE ORWEER D
ZHbENTz., iz, 2> ha—) Ui, a-isoproterenol
BERHRICERE <ICiE, EFEEMN IR ED D/
TRFERINZ < A LTz, TERIEESE O i EER

Table 1. The change of body weight before and after the
experiment, and muscle wet weight of each group

Body weight Muscle wet weight
Pre Post Soleus TA
] mg
CNT 39.1+2.7  39.0+2.9 12.3+1.2 96.0+£14.4
]* }
NC 38.4+2.8  38.2+2.9 7.7+0.9=2 [¥ 69.9% 4.5 K
]* ]N.s
NC - IPR 37.1+£3.7 36.6+3.3 10.1+1.4 743+ 9.7

* ; P<0.05

The change of the body weight before and after the experiment
in each group, there was no significant difference. The
significant difference was not found between the isoproterenol
administrated group and the nerve crush group in tibialis
anterior (TA) muscle on a muscle wet weight, though there was
significant difference (P<0.05) between other groups. CNT:
Control group, NC: Nerve crush group, NC « IPR: a-isopro-
terenol administration after nerve crush group.
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TGS L Cld, mifrtichh ERICH R 5 Nx
Motz WGAICX LT, WifFLICE FHEEDO N
RIS BRI T OfEEDRA LN, B TEEORWER T
W ERRN TFONMNENR S NE D> 7z (Fig. 5).
a-isoproterenol ¢ 5. TlX, T ha—)LEEX D & E
TG DRNEER DA Z W28, fRmiciday hba—
JVBED T W WGAIC K U TN T B R DN Z >

e, BARBOBEMICAARN T A, Fv b
ii\h_uu?fb%?hkb‘ Zw MW TG R I B i
PN ERCRELE 2R S YE N R S5 N (Fig. 6a, b).

Cross sectional area of Soleus

CNT NC NC - IPR

* ; P<0.01

Fig. 1. Comparison of cross-sectional area between each
group in the soleus muscle. There was significant difference
(P<0.01) between each group; control (CNT), nerve crush
(NC) and «-isoproterenol administration after nerve crush
(NC - IPR).
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* ; P<0.01

Fig. 2. Comparison of cross-sectional area between each
group in the tibialis anterior (TA) muscle. There is no signif-
icant difference between nerve crush group (NC) and a-iso-
proterenol administration after nerve crush group (NC + IPR).
However, there was a significant difference (P<0.01) for
control group (CNT) in nerve crush group (NC) and a-isopro-
terenol administration after nerve crush group (NC ¢ IPR).
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COEHCRMEEIE, T AICB W TIERES 5N
Mo fe. BREHIIC I 2 70 WRIRL N O R~ 7 5
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(Fig. 6¢). 735, FERLMEEE O BRI 13 s Hilid
DRI TR B N7 & 5 IR 2R 772 75 9 i
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Fig. 3. Electron micrographs of the soleus muscle. Bar=
500nm. a: Control group. Mitochondria are abundant
among myofibrils. b: No treatment after nerve crush.
Striated pattern of the myofibrils is obscure. Sarcoplasmic
reticulum is enlarged. c: a-isoproterenol administration
after nerve crush. Striated pattern of the muscle fiber is
well preserved compared to the nerve crush group.
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A AR AR ME D B-1E#) 3K T H % a-isoproterenol |&
B- AR, Ofie b TIickGE, HIEEREIC
FAET B e Zx KIE L, O Eon, i
EPLOm A & &0GE, WHALE O 18 i O st g =
tlebd R L<ALENTWVLBE™Y | F Iz,
a-isoproterenol D % 5- WO D 2 > 87 &7 L,
a-isoproterenol Z B #IRIC M ARG E T 5 &, DD
myosin O HE{O DT % T & % William 57 13 #
BLTW5S. Tk, #HEICEBRREX S, B&H%
JERERY, RG-S, 77 IBMmcB0TIETF
O— LB EBERTEEDN R T 5 2 e mE SN TWw
%00 X BT, BRI A U B mEE O B
W& D2 kid, a-isoproterenol D51 X > TIZIXIE
WICRIENT WA T eh D, BEmRREIIRIC K 20D
M E T 2 TERD RO SN TVB™Y .

SHORETE, HEMMIEICBV T T A,
HIISEDHIICH 7 0 5 X > b OFRHNE PR IE A
HI 72D, M4 Da-isoproterenol D 51 & >
THi7 42 A2 FOESNZa Y bo—) VR < R 7z
N, FOZZERT RS b T, wRtHEm
HBOY T XHITHBWT, a-isoproterenol 2 5.5 Tl
OWEREAME LT ey, il Emic B0 Tl o
HEOEIMIA SN, FREENERONEN >z, [[H
FEOFERD I ERICERED SNz, BB T 5H
Bk OREICHEEANRONZWT &b, Thb
DEACIFAREDZAL DB 321 TR N T & DR
TNz, ITRILEBIT BT AHIERHLEENE DD
T, mEmEIATGDEMNOR THS L IN T
%9, SEOFERMN S, a-isoproterenoll X 3 i ZE fi
DFHRIE KO FRINCMEHT 2D TH S L HEE
n3.

HrH”1C & % &, a-isoproterenol$ 51 & © 7,
M E BICF M a—LIEEDN EF U, FHCHC®
SHEHT 2 EMELTWS. F 7 a—LiEoriE
BB THE SN TVS XS ICERIICBNT
LINFEEOOBRMNIEMEL 253 L EbNs. Ly
L, SBOMWMETEMMMMEDORIICDODVTIE
a-isoproterenollZ RN BNMIC/EH LTz, Fhora—
LIEHEDOTTENEREH OIEKIHET DM E S MICD
WTIRE SICHFZET 2 A, o &R0 & b
DEBHREICE>THEINDEEILNS. C
AUC B LT, Watson-Wright™ 5 1& 1 & - HH 0 g2
ZRROBRICONT, KRicE TRV e
LTW3%. a-isoproterenolld B2 ZAKICH LT EH&N
RMH D, Watson-Wright 5 D#i % a-isoproterenol
DNBEDRHEBLLOF TH % & T AFIENIC/ER L
TEARBI R OFERE AT 5. IO K SITDOV TR
TR, BB CENRSND, HIEESEICE L TR
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i, Bh & IR X O & bR 1R
a-isoproterenol ¢ 58 TIX IR LGE 2R B, JRfh, H
TEMELNEN T2 LI L TEW L DHhOH
HAEZ5N%. B-TEEEEIE I/ MaA» 5 D Ca™ DY
WAL ORI DR ER BRI, X 5I1Cp-1F
B3I myosin OHSHD 7 AV T + — LD E finffax

Fig. 4. Electron micrographs of the tibialis anterior muscle.
Bar=500 nm. a: Control group. b: No treatment after nerve
crush. Cross striation with A and I bands of the myofibrils
is missing. Sarcoplasmic reticulum is enlarged. Note the
staggering and disintegration of Z discs. c: a-isoproterenol
administration after nerve crush. Cross banded-pattern of
the myofibrils is well preserved compared to the nerve
crush group.

T U, A2 A 7 DOmyosin OHED 7 AV
T — LN EEEEHS 57 b S D
SIS BT ZCLNEALNS. £iz, BZAMKD
B AW BRI T 2 FEHTER DFIAITE L AR K
DEEMICIRNT P 5, BRZEEDOIET TR L
a-isoproterenol D /Rfffi, D BRI T 2 A
MOENEFETZENEZLNS. LM LAY
5, INHOMCEHL TR T SICHET 208D D
5. IR, EfNCIT % BZAAOR, B-TEE)SKICH
T EBMMEDE W LI K 0 RE & T R-TEE 3
WK BINBFICEENDELCTL B EbNnsh, b
7z & & a-isoproterenol \ i % 4 7 D i KR #E I AF
L, BRI OZE M 2k 5 X5
IZ, BZAMRITHT 2 FrE RN 7 « = X2 b D
ARG 75 & CICEY Z IR DDICEE R & 2T 5 &
DEEbNS.

DL RIS T E T2 28 IS X 4 % a-isoproterenol ©
SRE, EABARSEHEG R I X > T THosbiE

Fig. 5. Electron micrographs of granular duct cells after
labelling with WGA. Bar=1 um. a: Control group. There are
many granules with high electron density. These granules
are labelling with WGA. b: a-isoproterenol administration
group. The granules with high electron density is reduced
in number. The granules with low electron density are not
labelled with WGA.
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Fig. 6. Electron micrographs of secretory granules of
submandibular gland acinar cells. Bar=500 nm. a: Control
group. b: a-isoproterenol administration group. Secretory
granules with peculiar lamellar inclusions are present in the
acinar cells (arrows). c¢: The peculiar lamellar inclusions
exhibite WGA reactivity (arrows).

BN T E RV DICHHZ MR, EHEORKRERE
ICHRIET 5 C LI U ThAFENHIT 231810 H %
EEbNG. —fRIC, ANOVNOBICHWSN S Wb
WAHHENFD S B, KBS, WRLT, B,

LI A ERFRMEMNOHTHE EENTNSEY.
a-isoproterenol DWRFICHRIHICE T 5 & L1256, Th
5 OPLESIHOMZERICH T 2 THshRNARF T X
5. TN, ZOBOUNE)TF— g ice->TIE
WICANTH S, MZEMTHOMA L LT, BIENA
INHED T E IR WIRRED I U CESRIEZTTS &
SHENRDH B . LML, TOHERBEEENTN
BEc @ ER O G OMT MR 2 T 57289, H
LIEDRABELES. TORY, BEHIIFIKERAL
LAZMABZ L &2, B FCDOEMND ik
V. FORNICIX, a-isoproterenol i G &N 7z D —D
ELTEALNS. £z, EFIE, EXHEEHECE
WT BRI TR % 2 & THERDDVIRVITIET
RIS LTV & A 5N, a-isoproterenol &
Ot EEEAZENS. LML, FHEICHEHT
BHICHT=>TI&, a-isoproterenolldBl, B2, B3 ZH
HRIEH T2 ENTEHD, LIHINOHEZEET S
&, XOBERMWICE2 ZAKIHEH T 28 25
REERHLHE LN, ChucD0TX, 5%
ez 5.

LT AT, RRISHT BEICIE, ZDHFIDEIEH
WKOWTEELETNIEER SRV, a-isoproterenol O
MR RIC X9 2 BRI R EIEH & U T ORI RN &
DD, FICERRS UG AICERIRZIEAE &
5T LS N, RIZT Tk N Fivks
MEEYVIMHELT %75 £ 2 < OB E D BEBE 2R LTV
%5#%) | q-isoproterenol ¢ 5.4 D BH R R OO E Y
25kl DWT, Mehansho & Carlson® (3 24E (L2 7%
ITiC & D, T o) VICESEEADSHELL,
WciE~y /—X, 527 b—=X, N-7XF)IL7 )
P (GIeNAe), 7aA—Ri LTI T IV & &
NTVWsEHMELTWVWAS. £z, a-isoproterenolz5-
I Ko THEIRADOTIWATTHET 5 T & ISy EEIIC
LIRENTWVB? . LAL, Versura IFWGA, SBA,
ConA, PNADEL 7 F 2 KIGDZA O EE 1 BB
EE(EZE B TRV, PNAICHT 2 KISHEERZED 5%
WA, TNLAE T RTHAT B M LTS, &
W%, S MR U Ca-isoproterenol Z2# 5. L, WGA
NMUGSINC X5 LT F UG ZNZNITY, #F
RO IR AR D AEA N O Versura D51 ) LT WGA
DI IEED R RD TS, Fiz, GSUD KL
{LEEST &M D, a-isoproterenol ¥ 5.1% D K ik
DEE D IEGINACOBEINC X BEDEEZTWVS.
KFZICIBNTE, a-isoproterenol D5 Tl FEHlfd
DIERNED NIz, Fiz, DwERIcBV T,
P ERE LTS K SIS A ik 2 R 3 RS
M H S NI, ORI LWGAIC XS LY
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IS UGS RIS R S NZNT e bhEE L
TR 7IVEBEPEZEOLEEDNS. UEiXD
a-isoproterenol ¢ 51 X 0 {221 7 Ak 72 7R 9 id
MW 2 2 &SN TV, REFFRICK >
T, TOMEMICY 7 IVEENEZENS T EDREIAE N
7z, MR 331 % a-isoproterenol D 28 DWW T
X2 OHEDD BN, BEEIOFRIC DN TOME
EHLP D INCHRE L TWEDORTHS. HIl™
lZa-isoproterenol % 515D Z v k OYERMEE I I
BN DOEbZZDORETX LEFHEEICKD 3
FHOERIBEAC L, T b a—) UL bhlg U/ Nk
ML, BRESED ISRt C/NER OB B i <
BoTWVWBHERELTND. LML, RIFFETIE, H
KDY A Xk, 2> ba—)UE, a-isoproterenoliz 5
FHNGEWVIZRS BN, BEIGED <IKhE-> T/NE
RLOBE N O & WA BV TEWIEEERSD b
Molz. THUCBIL T, FRMEEER, TN
DR 22T, o U BZERIFEIFR DR G-I K
DB WA 3 & I, AKBFEE 3D
122 B SH%OMETH B OISR L, Fili® o
1% a-isoproterenolf% 5.4 6 KOOSR TH D, BT
W LIEEROMERTH ST DK S TEND
HizenbBbnsg, iz, oS LRI,
a-isoproterenol#¢ G- R DR OB FHEEITZHTH >
oW, ZFOHRITONTIE, AfZRICBEBNTEL 7 F
Y R 4T 5 1z 8 glutaraldehyde I [E & TdH - 2D
T, osmic acid B [EE D H DO & B R EDE
WIC KB HEIETERY. LIZFURIGIEDWVTIE,
I ha—)VEE, a-isoproterenol % 5-#E 3 1C GS-1IIC
B ERIGD R BNT, WGAICKH L TIEE FHEED
FEWERIIEmBHLIC KIS LTV, #EThid
Nz &30, WGAIZGIcNAc & > 7 VB D i & 7 585
L, GS-IIIZE GleNAcIZ & D RIS KIS T 5 T &b,
FERIPEEE ORI T 5 L7 F V RISIC DN T
Z, BFBEOEWERICEENS Y 7 IVEBIIKIGL
TVWasDEEbhiz. ETEEDmONERICHT S
WGAIC X B )alE, 3> ha—) Ui, a-isoproterenol
BREBTEILITR S NEh 5 72hY, a-isoproterenol %
HRECIEIWGAIZBG UIn W E 55 OO 77 Wb e ki
DItENEE -7z &5, a-isoproterenol 51 X
DT IV E R IRV IR MBI L 722 & 2R L
TW5. BTFHEEDRN IR OLERNEE -2
L¥, %5 { a-isoproterenol 5.1 & O 7 Vg%
BUER OB >t Bbns. B
&, a-isoproterenol$%5-1C & > THREHINE D 77 Wb FERT
BT EZWCAKR U GSINC T 5 &K IntED & E b i,
GIeNACOIINIC K BB D EEZTVDH, HFhilkE
BRI IS T IVBZELTHHEDEE X
5N%. SIREMEEORIC X 0 OB O IER DY
ENBEICHRZTLEEIHENT NS, MEROK

RIS T7IVBOGEMVMEEZEHEZLTED, o
isoproterenol$% 5-1C X © & 7 )VEE 7 AR O L Y
L0, MERORMEICE(EDN NS T EREZ ENS.
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a-isoproterenol % 5-1C K D ALF MR Z D & T X
77 B O wit IS5 73 D PGS 35 b D28 M 72 B S SR AVER
SNz, FFRHEOWIIHRLIE, & T A Tl et
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