Effect of Myocardial Myosin Isoenzyme and
Collagen Changes on Short-term Myocardial
Mechanical Defects in Experimental Diabetic Rat
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Ir

EREERE 7 » LI BT 5 RHOBERZEORFAYBALACTHEMNT, OBIEE O § 4 ¥ v OBEBEL, O

ME=5-7vORYK, ANELE OBEERC O VTR L.

OBAMHEMY 4 AX—F%F 9 PCAI VIS by

(streptozotocin, STZ) 2 ¥ LSRR E2ER L, 8% STZ FRIEFK (STZ-induced diabetes, DM) B - L, B b DEHK %

4 vA Y VIREERR (insulin-treated DM. 1) 8. L7,

ZHIIEEH R (normal control, C) & iz Th Eh 438, 88,

2B TOERYT-7. DM BTRE&BES4TOAEL, MEELLCHCLLEBCEETH -, [ BTRCHLE
Wik ot BEAEDGSERMEMRBRTIIRARERD, BIEBENLIEBSTIHCERL) ok, BAENEIZERH,
1/ 2 3bABeSR, B ATREERMII B4 TCRICLL DM BTHECER L, BANMBEE, BAUSREERERCET
LT, [ BTRCREIASOLEBIERECER b -, ColBy L BSREECIINELL I+ v v T A Vg
LOIETIE, %BV3 KB4 TCHREL DM BTHEEREMET, DM B CHOS.3ETH -7, LBME=7 -7 viIeo
WTIE, A Fadvre ) VOBEBK IV 25— v OBWEME, FFEUARBF VY ARV T I IAT I FYLESR
KB [ Has—yvilBas—yvolk®R (I1H/ IR 2WEL 27— VOBRNFMEET R, £bbi &
BTEEEIRTh o7, ¥V EOEBERIEEL 0BMEC VT, BAENDERME, BTSSR L bAZ DB

2B, TOMOBRECOVGTLRARCERELHEBESED bR,

PUEXbEROERKS » POIBWLTIL, BEHL 0 IRME

B, WIS L LEEXR, FO—EELT, 4vvORNELABES LT ATERARE S R,

Key words diabetic heart, isometric contraction, myosin isoenzyme, collagen

EBRFETIE, DRENSHLR T2 EgbhTE Y,
FORRE LT, YEBBIRE(LEIC X 2 B RE»RE X >
ATuz. LA L Rubler 5212k b, BIMECTEHIRKEEY Z
Bl ERBEBARREE(LELF THHRLICBTHFLL
HOLBEDOHFAENRE IR, IHKAKEORH R Hamby
B X - THHE S h, BEBEME O (diabetic cardiomyo-
pathy) LFHER D L S Icie»To. FOHK, BRRMELBECD
LTS O ges & h, TORRBEL T, BELCH
WERU/NIAERE, OOHREEE, ARMREE LI ELLR
TWhH, ERERBELERL . Ei, BERFEEHOLBEERE
FIZOWTH ERTRPSTHAIh T TeL,

Kita 5913, EBHEERRS » b OO OIERSE L ARES
EOBEIOWTRE L, REMESE LN I2BLBICELS
LEERREL, REHOOBEREEIIABERCL Y HEN
BT EHER L. FZTESZIT, ERBRCEITARE
OB EEEORRAY BT/ BT, REWERKS » MO
YAV, HEIEGEREIERRIC L DOBEL R ) VR
FLBEREKEECTHELEOH I AV v 7 A4 V1 A0%F(E

TR 54 6 A29H %A, SFE 54 8 AI3AXHE

BIOANA FeForrle ) vEEETAI LI EDD
BEEas - VB, FFUARBFI YT A—RIT 20
7 I P ALBEK kB (sodium dodecylsulfate-polyacrylamide
gel electrophoresis, SDS-PAGE) Tl Lz [ H a5 -5 v
EN#=5 -y w0k (1 8/ & oBEEOVTHR
L.

MRELUVHE

. &

thE 270g FIEO 9 BAD Y 4+ A 2 —RHEMS » P2 HV,
A MV 7 b b v (streptozotocin, STZ) (F¥e, KBR) %
0.05M 7 = vEps b Vv AR (PHAD) I, EHICEH
WXL b 50mg/kg EHL, 1BREKCmEEEL 300mg/dl LL
EERRLETy VRERBES » PE LI, T LT, TOXK%E
STZ #H3BERB (STZ-induced diabetes, DM) Bt & L, B h 0¥
BcmA L, KLy T4 vAYy (UEK, BR) 158/
kg RTFHEHL, 1 vA ) vEEERRK (insulin-treated DM,
) BELE., TACEESE (normal control, CY & LT

Abbreviations : C, normal control; DM, STZ-induced diabetes; DT, developed tension: I, insulin-treated
DM; RT, resting tension; SDS-PAGE, sodium dodecylsulfate-polyacrylamide gel electrophoresis; STZ,
streptozotocin ; +7T", peak rate of tension rise; —T’, peak rate of tension fall; TPN, time from peak tension
to peak rate of tension fall; TPT, time to peak tension; T1/2R, time to 1/2 relaxation (50% DT)
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0.05M 7 = vBF ) Y o BBOARBIELLES v P2 AW,
Che 3Bl STZ 5% 4, 8, 12BUTOERY
fTotz.

I. HR7L SRS RENEAR

7o MY, BEREER Y M AR —% 50mg/kg KR
RS LB Lok, BB LARORIRE » mENER oMK%
BRL, #eric Ul lt L, BROBEREF A TESE
KUK COERBE LIz Licy v — LIZB L. AR
BRE, 2 200AEBDO I bARARDFEERL, LEAHLEHROR
FBEMAC CRELTHEER LI DL, SHCOBEMES L
DB L. FLEBUREOLHIL I AV Y, a5 -FvilE
B —80CIC TARRF Lz, B SN HABHOLENY =
1 7rer v (BER, KR CTHCKATEEL, EFE
MICEED O Tk, Bl (&7F, &R &, 36CK AL
L, 95%0,, 5%CO, DESE ¥ A THBK L7 Krebs % (NaCl
120mM, KCI 5.9mM, NaHCO,, 25mM, NaH,PO, 1.26mM, #
2 — A 555mM, CaCl, 2.5mM, MgCl; 1.2mM) % 3ml/4r D X
TERL, ERERLBREY A TER L.

ZOEREPRIC S ) T LA EGOREROEALER
MEN LT VAT 2 —H— TB-65IT (HANE, HN) CELE
L, oMM, EEMhsZ &R I3 FRES
BErE . BEXABMEE SEN-3301 (BAXE) 2V, 18
5msec DEMRM Y, FMEBEEDO0%HELOBEET, 0.1Hz @
BETHBEGERRL, ERUEBETHE. BHLS v
Fa—V—%EELBBA~=7Vv-%— (EE)TT, &HE
BOBERDY 1lg WHREL, RETHIREREIVLETS %
THIHEBERE L. RERIVEELLLIAT, BBE~
=TV —RRMLCHEENRELE Y, BERORBERED
BELNRD L EOIEET (resting tension, RT) B X OALED
& (L max) R, ZOERBIBOREENS LI CED
1 kB BEHx, TEAMK 200mm/BOFEITRELE. Uk
DIRFERERIR T Lictk, AEHEELZAE L.

HFEALKER LD, BRAXREALEES (developed tension,
DT) L Zh%e BT 5L &0 RT, NMHEESSRRXENE TD
R T 5 R AR DBFEBER (time to peak tension, TPT), &
KENDE 1/ 2 DRI THET - TH S 1/ 2 g
f (tome to 1/2 relaxation, T1/2R), ¥ 7= 1 kKD BIT B\
T, JAIFEHEE (peak rate of tension rise, +7T7) & & KibiE
HEE (peak rate of tension fall, —T') % & O'EKIIMH Sk
AR ¥ T ORI T B B R ATAREIEREM (time from peak
tension to peak rate of tension fall, TPN) %# & 5 IR HIE
L, TDOFHERRD.

O. CHIFSLTAYHFA LORATE

EBLED 3 4~ v ORHIZ Martin 59D H83I28 U THT »
To. TichbAEEE B 100~200mg #MEH, F7e v —3
FAREDTFAY— (5ml) XAV, O 50mg 474 b 1ml o
e (40mM NaCl, 54g/ml E-64-C, 3mM Na- ) v B2 Eiw
(pHT.0)) &N 2 KEENT THE I Lictk, X1,000g 12T 154F
BOSKELL. CoOMBCEEARESER MR, B
#®, BHRAEEICOE 50mg M2 h Iml © 34> K
(6mM =F VY EARA—(B-7 I ) =Fz—F ), 5mM |, 4-2
FA4 b LA b=, 5ug/mlE-64-C, 0.1IM Na-¥ = V v ERIEHHE
(pH8.6)) &Nk, FLCHEPEMRE L0 KBS, x30,000g
TR, BoALBOERBE Y Lowry Bz

THEL, EARBEY 20mg/ml KHEL, kB EThon
LizIml O ) e —niz, BERE L ERF 1.0ml #inz,
Bt ETHSBE L. ULEOMEREIR, 0~4¢C
(kg L) Tf-7c.

M Ihiz 34 vk Hoh BYOFERIZENE = ) vy L
BEIKBTT A V¥4 2B L. RERILSE TR Bk
DL OXAV, [BRE L EEEY 200~250ml/4 DHE CBE
Lz, kB2 — A P — AT, kB (10% 7 ) +
==k, 20mM Na-¥' = ) VEEEEI (pHS.8)) 213 CLIFTh
BT EERHERL, 80V OFEE (13.3V/cm) T 1 BRI O 5E)
BT ot BB TH 100 OREE 5mm, X 6cm
T B8% 727IATIF, 0LI2%N,N-2FLVvERT7 I
AT IF) EoR, 80V OEBE CSRMkE Lic. BEE
Sl AREIY Tml OEEEK (200g Y 7 2 LEEEE, 100ml
AR =A200ml) DA oTeF 2 =T HFARBL, ABKYE
fTote. EEH, REK 005% 22 —FV VTV T a—,
25961 v oty —ov, 10%EE) LTHRL, KB TH16E
MG L. BHER, T.0%FE, 5%2 %/ — AT THERLL
2 2 BTV, ToHF v v b 4 — 2 — CS-830 (B, &
) A, 600nm DFEETHF AR AF v L, 74 V¥4 4
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Fig.1. Representation of tension (upper panel) and rate of
tension change (lower panel). ——, normal control; =,
streptozotocin-induced diabete.
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1. 18/ MREOREH

EEOH% SmM =5 L v o7 § VOB E IM LS Y
v A% &t 0.05M b U AEEEER pHT4) wTHARI L
#, FGEERTA'C, 245 L, X3000g, 154FEL L
Fo. FOELEY 0.5M BRI TR 4 C T 24R 2%
L, X3000g, 155 &L L. BohREEOBERDI0GE
o 0SM EEBREBREED 1/100 & D <7~ v (Boeringer,
Ingelheim, Germany) #M%, 4 CTIC24EM =S5 -4 v i

H L, 10000g, 18FMEI&EL L. B SN K@kt v v a
iz pH % 8 & L, BRI T2ARFEKEHR x10000g, 1M
EOLE. Boht-irdEy 5mM BB CTE B L, LUTo
SDS-PAGE #{T~7c. kB, 5% DkBAS Vv E3%DE
RS VA A&EHE, Hayashi 5" 0OHBECE L, M RERF
ETTH-%. Fvovbti—2—-TEBbhizal (1)§#E al
() $HDZE A PO -7 DEE%E 7 5 = * — % — PLANIX
(EB, ¥5) CTHlEL, 18/ 0#8kesEH L.

2. "M Fe*v7e) VOEERE

EREOHCBERDIMGED 6N HEEY N2 110°C T 248

120 &

TPT (msec)

C

Cardiac mechanical parameters in the 3 groups of rats.
insulin-treated DM ; TPT, time to peak tension ; T1/2R, time to 1/2 relaxation (50%DT); [], 4 weeks; [, 8 weeks; W

Fig. 2.
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C, normal control; DM, streptozotocin-induced diabetes; 1,

12 weeks. Each bar represents mean=£S.D.. **, p<0.01 vs normal control in each group.
Table 1. Isometric contraction date
4weeks 8weeks 12weeks
Parameters C DM I C DM I C DM I
RT (g/mm?) 0.89 0.85 0.74 0.89 1.07 0.85 0.84 0.86 0.95
+0.26 +0.40 +0.24 +0.18 +0.18 +0.18 +0.15 +0.16 +0.26
DT (g/mm’) 1.63 1.51 1.49 1.45 1.93** 1.51 1.38 1.46 2.25
+0.73 +0.58 +0.47 +0.22 +0.17 +0.26 +0.34 +0.52 +1.23
TPT (msec) 71.8 95.5%* 78.4 71.0 105.1** 66.4 74.6 96.7** 72.1
+ 6.1 + 9.2 + 8.6 + 5.7 + 9.1 + 2.6 + 3.7 * 6.7 + 3.2
T1/2 (msec) 39.1 62.5%* 35.6 35.6 72.6** 33.4 39.3 59.3** 37.0
+ 6.5 +15.7 + 5.6 + 2.7 +15.7 + 3.8 + 2.0 + 7.1 + 5.9
+T' (g/mm’sec) 36.8 21.7* 29.1 30.8 23.6** 31.4 32.8 23.8* 44.6
+12.3 + 7.9 + 8.0 + 4.2 + 5.1 + 4.2 + 6.2 + 7.2 +24.5
—T' (g/mm?*ec) 32.6 19.4* 27.9 29.8 25.0* 29.1 29.0 18.9** 37.8
+ 9.7 + 8.0 + 8.2 + 3.0 + 5.5 + 5.4 + 6.0 + 6.4 +16.8
TPN (msec) 38.3 61.3** 39.3 36.5 73.5%* 35.9 39.4 62.0** 40.1
+ 8.8 + 6.9 + 7.4 + 6.2 +17.9 + 4.6 + 3.2 + 7.5 + 4.9

C, normal control ; DM, streptozotocin-induced diabetes; I, insulin-treated DM ; RT, resting tension; DT, developed
tension ; TPT, time to peak tension; T1/2R, time to 1/2 relaxation (50% DT); +T', peak rate of tension rise;
—T’, peak rate of tension fall; TPN, time from peak tension to peak rate of tension fall, p values refer to
comparisons between group C and DM, and between group C and [, *, p<0.05; ** P<0.01. Valuse are expressed

as the mean+S.D..
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BREMBIDOH lg ¥eh D A Fedr o) VvaBYR
Wiz, B, 25— VviIBERNIBALD AT FrFo e
Vgl b kb, "M FeFor o) vaBIZT 6%
O 1g ¥heboa5— 4y vEEY mg BATEH L.

V. SEHERRTE

REFERZTNTREEL | EEEFEECRELE.

ZREBS B, Student © t MEER TV, BRE
p<0.05 xHEZDH D LHE L.
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L. O EL & mbEE
DEE/FER, DM BTk 484 0324003 (%), 884
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Vi V2 v
S

A
)

Fig.3. Representation of myocardial myosin isoenzyme
pattern analyzed by pyrophosphate gel electrophoresis in
the 3 groups in rats, C, normal control; DM, streptozoto-
cin-induced diabetes; I, insulin-treated DM.

0294002 (%), 8B4 0.32+0.03 (%), 1284 027+00]
) CHLAERCEELR LAY, [ HTICEEEI S
7o. MEEED, DM B Cik 4 B4 618+13]1 (mg/dl), 834
663118 (mg/dl), 12384 559+137 (mg/dl) T, CBED 4 B4
192413 (mg/dl), 8384 198124 (mg/dl), 1284 174+33
(mg/d) W L BB EHELT LA, [BTIRCREEIR
Mo,

I. BRI EHERMENBERRE K1, 2, 1)

fEfEER e LT, TPT B4&B4TCHICHL DM BTHE
CEREL, +T' X DMBTHELET 2R Lic. Mi@isEs L
To T1/2R, TPN 3K BSTCHICELL DM BTEECEE
L, -T2 DM BETHERELE T2 R L. | BCIRIRMESE,
MBI L S CHLER M 1.

M. 3XT7A VL LN2—2 (K3, 4, F&2)

CHTIR V] BESE Y — 22 L, KIZ V2, V3 L
578 —VERLIDIZH L, DM BETIZ V3 BB b B —
ZEFBRL, RIZ V2, VI LB 88 —vdRm L. 72, |
BTRCHLABO AT —VvERLE. V3 iy 71 v
1 AGE (BVI) IZZBLSTCHICEL DM BETEBRRSES
L, DM BT 484 73.8+3.6 (%), 8B4 795129 (%),
1284 83.01£14.3 (%) L WA, B4 BNt 58
RARH -7z,

V. 0#a5—4RE TER/MAEE (E3)

BEOLBELDD2S - v B, DM B, [ BLL&8S
EEBNTCHEBEERX o, 12, 1R/ IHE B
TL DM B, [BELEBSCOREARSZ I eh 1,

Vo AL TAVHA LAEABESHNRRBAE & OMEH

(®5)

%V3 1k, DEEETHD TPT LAEREDMHE (r=083
p<0.01) ZZDSh, WEIEETH B TI/2R, TPN & 4 Fh #
HEBLIEDHHEE (r=0.76, p<0.01, r=0.77, p<0.01) 2T 5

100 {

80 -

o

%V3 e

40 ¥

20 -

C

Fig. 4. Myocardial myosin isoenzyme in the 3 groups of
rats. C, normal control; DM, streptozotocin-induced
diabetes; I, insulin-treated DM ; %V3, V3 percentage of
myocardial myosin isoenzyme analyzed by pyrophosphate
ger electrophoresis; [, 4weeks; %, 8weeks; M.
12 weeks. Each bar represents mean+S.D.. **, p<0.0l
vs normal control in each group.
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hiz., E7c +T, =T LR EhEREELADHEB (r=039,
p<0.01, r=0.43, p<0.01) AFD LN,

£ =

BESHOBERF B OBFFIL, von Mering & Minkowskie 43
FOREERHEL, BRESEBORTCHRELLEETHS
TLERBELNELICOBRTHS. ERERFS » + 7
ARERTAHEL LTS, ARBCER Y FH T2 HE0r’
P, {LEHER S L AR A MROBEIEEND S . (L¥YE
LLTRBET redvE STZ BHEVLRTWAR, STZ X
7u sV IENEENDEL, IR AR HEL
OE~NOBEEMNEEIRCEIhTW5., 2, BEERK
R LB MERENER I hBd, BRERIC L ZEENLO

Table 2. Myocardial myosin isoenzyme data
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BEAOHEYBHTAIE, ¢ BV TRIEE 2 TBIREL
OEFBERYIV KL TRNTELFIENR DD, $ENL STZ ¥ fF
AL,

SENERENTHERKET » P OF#LE LT, BEIIEESE
LOBIZH L DM BCELWEA 2D, DMETIIREAY
ERIMIBD o, LDEEL DM BECTRCHETHELBS
MIZNTHoTedy, DEE/MENRIT4HTT TR DM B TX
ERDERENCIROIEAYE LT, mEET, LU EE
YRLBBATRBMERR LY, FOBENLLTL B Ll
Mote. Zhik, STZRREERC LAFRA LW &R L2
LbDEEZ BB

DEEOURE, MRy vy A (Ca) ik EIEIH,
DI ERRIC B\ TG/ Motk Ca®-ATP S EEERE N E Ok

4weeks 8weeks 12weeks

Isoenzyme C DM 1 C DM I C DM I
V1 (%) 63.7 9.9** 61.5 59.0 6.8%* 60.1 49.2 4.3%* 55.9

* 6.8 + 1.2 + 6.7 + 2.9 + 1.2 + 3.6 +10.2 + 4.4 + 6.1
V2 (%) 26.5 16.3** 27.5 28.1 15.1** 27.3 30.1 12.7** 28.5

+ 5.5 + 2.6 + 5.1 + 2.1 + 3.5 + 2.2 + 3.1 +10.3 + 4.0
V3 (%) 9.9 73.8*%* 11.0 12.8 79.5%* 12.7 20.7 83.0** 15.6

4 2.3 + 3.6 + 2.8 + 2.8 + 2.9 + 1.7 + 7.2 +14.3 + 3.4

C, normal control

; DM, streptozotocin-induced diabetes; I, insulin-treated DM ; V1, V2 and V3, myocardial

myosin isoenzyme analyzed by pyrophosphate gel electrophoresis, p values refer to comparisons between group
C and DM, and between group C and I. ** p<0.0l. Values are expressed as the mean+S.D..

Table 3. Myocardial collagen data

4weeks 8weeks 12weeks
Parameters C DM 1 C DM I C DM 1
Collagen content 173 158 178 90 146 134 235 164 253
(ug/g) + 95 + 95 + 101 + 55 + 84 + 69 + 187 + 82 + 188
Type 1 /1 ratio 1.78 1.73 1.69 1.64 1.80 1.73 1.71 1.55 1.64
+0.21 +0.28 +0.26 +0.21 +0.35 +0.38 +0.30 +0.29 +0.21

C, normal control; DM, streptozotocin-induced diabetes ; I, insulin-treated DM ; Type 1/1I ratio, the rate of type
I to type Il collagen, p values refer to comparisons between group C and DM, and between group C and L

Values are expressed as the mean+S.D..
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RelationsHip between %V3 and mechanical parameters of papillary muscle contractions.
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%V3, V3 percentage of

myocardial myosin isoenzyme analyzed by pyrophosphate gel electrophoresis; TPT, time to peak tension; TPN, time from peak

tension to peak rate of tension fall.
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DB E R Rz L, ATP D4 B/ akpg Cat 21
DRAGERYEL, MilRA Ca* » ETIeMErtE- 2.
7o, WREABIC K TIRAD LA LA B D Ca® 2
Beleh, BIREPSEED Ca ABERIARERAE -
B0 BEREZ » b T2, BNEEO Ca-ATP SMEEERIEN
DETHEDLATE I, ZANLGORBHERED —
HeEXDhTW5D. SEOEMAFRHOERUIBRERICH
VT, DM BHTIRR4BTTCRINBIEEE LTto TPT A EE

L, #ggHEE L LTDTI/2R, TPN $EE LTz, Zhiz
DM BT DAFRAERE, Mg EE A & ICBL 2 LR RLT
¥hH, ABTTCRHNIECIT AR ~D Ca* =
BMORBZEEMET LTS 5DEHRMI R A9, STZ B
7y P TRERBEESBEETT2" b h T
BhH, ZTOBEBLELTENLFAERS. LrLixsb
ERNFRBEEET 7 v + T2, BH/EECRT 2R~
D Ca™ OAAMET T 5, BEHRS v + D Ca” B hik
SOETIIFERBERLVEVEBER I > TIHRELALVEE S5
Edb0, SEAOLHIMEEE, MEEECETIERR
LHBEELLRD. BRI, SEOEBERECE T
ERFOTREBICEERERELARD LN D = L 2R
FUPERT B0, IS & BRI LT LD
FIRACEET, EESY BHE LT3 & 5 IC— BTk
REENRMBEECEAT LTHETZ2LE25R T\ 3. 40
DEEOEMAFHER I, IR, hBSEEERL e
WLo@odohiclbdy, DESEE LTRIRBEZCN L
TIROBEIEEIZ X5 A b VAR S0 RERE MG o
HU, BRBERECIAEEBE L, BMcRitERED
SZOEMET LD LHA X R,

OB BT EBRBERE - T3 I+ v i3, BR
DRNT 4 T2V 2ERTARMEAT, 2A0EHE 4K
DERIOED. v VvEHEIE, B\ ATP HREEREE
EEHL, EEENEL, DO A NF-HROE - a T A ¥
7 #—Ah& ATP SREERIEMEIMEL, IWEEENEL, »o
TANF—BROBENBT AV T 4 — L NFEET DD, + 1
Zo bOLSTRNEHTIE, DEFHI A YY) VEESA
BESUBTBHEOKREWELZ VI, V2, V3 D 32507 4 v+
1 2EHBEIN, ATP HEEEREEE VI T&E L, V3 TFE
<, V2 TREDOFMERTY. ATP HMERENAE L
AYVFFRT 2 F v ERBETAEEMEE SR, ThAR
MEEECRKIE A TELRB—, T2 E - FTRPKIIET
THEELLNRD®, ZHIEDWTEN Yamashita 5203, L
AHEEN A A2 —DOBE DHH UTs § 5o o & Bl o SR
BO7 75 v e BURERRCE T, S+ vEHEDED
HEYEUSETCHNEL, BORELaT7 1V 7 4 — D% E
* Ca™-ATP HBEEREMN & ORI A B BEEEY b7 &
BRELTHD., —F, DBARRICIZAT AV 74— sk a—
FLTWAREFORRSEIML, ZhE L TARCEE
THHBT, BALVSATIR VI S4v VT4 V1 o 5803
BT ERMLRTWBY. SEORETIE, DM BTz 4B T
TTI %V3 AL CTE D, %V3 & TPT, TPN & Ofics
ERECHBPE® b, 20z &2t DMBETIE 48CF
TRIAYVEREDaTA V7 3 — AQEERES LTRD,
T DIDIFEEE, WEEEDET ¥k L, TPT, TPN RIE
RLAELOLEZBRKL, 2k, LHEORE= 31— 12

ATP&%@z*»#—ﬁ&LT%b,r»:~z&ﬁ%ﬁ%
Btz ATP »EATHREL LTEETHS. L, b
ﬁﬁm%bf@%vzuvﬁﬁ@tbm,ﬁ»:—x%ﬁ%ﬁ
%@ﬁ%@ATPEéﬁﬁ%éh,#O,SP:VFDTWT
EééhkATP@:*wﬁ—ﬂ%%ﬁééhémW:@Q%
MIRTD ATP EADETENL, LDHHEELHET 5150
ﬁmﬁ%&LT,£*77747$4AN5—VﬁEk?6§
DEEZHLRTD. DM BT LETTTIC %V3 sl ¢
WeDH IO XS eBEIEREOR bR EEL SH,
LEORIGERIZE N TL, #Ifgs~ 1tV » 225 LToa
7YV ORE, DHOBMILARID, DMERATF 4 TR0
BINe B s T HIEMEREEY X9, —pas_py
CREZC I,ILVV, M BHOSEEOBEERDN DI T
DI, — R THE DHOLEY 25— 5 v OBRRLEHO
#FRELTAVBRT VS, Medugorac 5911, 5 ., -1
RRBHWEROTIE 27 —# v OMME R L~
Shimizu H¥14%, & MCRIF HERRLCTIHBERFICHL L TR
ATV VORELENERD T EREL D, SEORKE
TREMOLHLEL OO 25— F VEIZEBAICH T 3 BB
EEBDAD oI, e, [H/MBRCLABCErEnE,
25— VOEMBREBMEL bt o, ZOBHE LT
B, ERRRERHTILOHMIEE 0 R MIEREE LT,
BEOEIZL VBBCHE LT 2D TIRAV R EEL A
7.

BEX hERMERFS » FOIBS T, BT IR
BE, MUBEREL SBE LR, FO—HL LT, 4 vDHEY
Bl EORBURT RS LT 5 AT I At

= ]

APVT RV MY VIR I BERIERES » M OIRELT,
BRFE OM B), 1 VR VARERFRE (18, HER
(CB) O3Bt L, BRFIERE 4, 8, 12 {Ic e Fps
RUEERER, o) VB VEBREBE SIS 40 v 71
YFALDWE, LHFT—FVE (A FrsrTryy
B), [H/N3L (SDS-PAGE) DHlERT, BERRICHITS
BHOOBEEREL s> v T4 V1 2a0E LB L UOHE =
7=V OEL L OBEBERIC ORI L.

1. DM BTRCHICH L 4BTT T, OEEL, miEH
ELABRBERRLEN, [ BTRCBIAEZIN,-
7.

2. DM BHTRCHEILL {BTT T, RMEELLTO
TPT REBEREL, +T REBRCETF LT, £, i
RBIEEE LT TI/2R, TPN BEBREEL, —T BHEK
BEFLT, [HTIRCHEZALDMEIEIEECEEER
A I A

3. IFVUTAVFEL LDOENTIE, 1AV EDB
V374 VS a0EE (%V3) RA4BTTTIWCREKEL
DM B THEBEICEETDM B TilB4 s fey R 2 o sim
THOHAK D - 7chs, | BTIRRCHELATEReh-7.

4. HBE=a5 -7 voFLTR, 25—+ vE, | B/I8KL
EHBBTHEREER .

5. %V3 & TPT, TPN L OB ELTEDHEEN S, £
DAL D LBEEFEIC OV T b RIS BN B - K.

BEXDAP LAY by v X 2 RBRMERES » PO




BRROORMOLBERS 573

BOTIE, B D ILMEEE, MEREL SEESh, 00—
HELT, $A4YVOBENELMNEE L T2 REENTREE
nr.

& 23

BERRZHCER, HEE, HaMYEL D ¥ Uk B H S
CERELABMEYRELET. ¥, KAHKBERS : LESRAZESY
WME—ABEKRDETN, SRAERIBLEBADFIZEIRHL, F
FROFTEE LS KL 2HBIEEE & LSRAEEERFE AR
BEFREORMICERMELET. b, 4+ v v OBKKEICH
L, RENHBIERHE ¥ LR A KE S E B KEFTREARXE
¥, REGEHEE, SRAXEEREERXBOBREFTITELR
MK LET.

frds, FMIOEEX, 8 ERELHAMFESL, FFRERRES
@TsEHERE 4, H5THH ABRBEECEVCTRRLL.

X 8
1) Kannel, W. B. & McGree, D. L.: Diabetes and
cardiovascular risk factor: The Framingham study. Circulati-
on, 59, 813 (1979).
2) Rubler, S., Dlugash, J., Yuceoglu, Y. Z., Kumral,
T., Branwood, A. W. & Grishman, A.: New type of
cardiomyopathy associate with diabetic glomerulosclerosis.
Am. ]. Cardiol., 30, 595-602 (1972).
3) Hamby, R. I., Zoneraich, S. & Sherman, L.:
Diabetic cardiomyopathy. J. A. M. A., 229, 1749-1754 (1974).
4) Kita, Y., Shimizu, M., Sugihara, N., Yoshio, H.,
Shibayama, S. & Takeda R.: Correlation between
histopathological changes and mechanical dysfunction in
diabetic rat hearts. Diabetes Res. Clin. Pract., 11, 177-188
(1991).
5) Martin, A., Pagani, E. & Solaro, J.: Thyroxine
induced redistribution of isoenzyme of rabbit ventricular
myosin. Circ. Res., 50, 117-124 (1982).
6) Hoh, J. F. Y., McGrath, P. A. & Hale, P. T.:
Electrophoretic analysis of multiple forms of rat cardiac
myosin : Effect of hypophysectomy and thyroxine replacema
nt. J.Mol. Cell. Cardiol., 10, 1053-1076 (1977).
7) Hayashi, T. & Nagai, Y.: Separation of the a chains
of type | and @I collagens by SDS-polyacrylamide gel
electrophoresis. J. Biochem., 86, 453-459 (1979).
8) Inayama, S., Shibata, T., Ohtsuki, J.& Saito. S.: A
new microanalytical method for determination of hydroxypr-
oline in connective tissues. Keio J. Med., 27, 43-46 (1978).
9) Fein, J. E., Kornstein, L. B., Strobeck, J. M.,
Capasoo, J. M. & Sonnenblick, E. H.: Altered myocardial
mechanics in diabetic rats. Circ. Res., 47, 922-933 (1980).
10) XZFkth, BENE, SEHEE: OHIHE - S0 R
K. A%, 71, 806-810 (1993).
11) Malhotra, A., Penpargkul, S., Fein, F. 8.,
Sonnenblick, E. H. & Scheuer, J.: The effect of strepto-
zotocin-induced diabetes in rats on cardiac contractile
proteins. Circ. Res., 49, 1243-1250 (1981).
12)  Dillmann, W. H.: Diabetes mellitus induces changes in
cardiac myosin of the rat. Diabetes, 29, 579-582 (1980).
13) Penpargkul, S., Repke, D. 1., Katz, A. M. & Scheuer,

J.: Effect of physical training on calcium transport by rat
cardiac sarcoplasmic reticulum. Circ. Res., 40, 134-138 (1977).
14) Komuro, I. Kurabayashi, ,M., Shibazaki, Y., Takaku,
F. & Yazaki, Y.: Molecular cloning and characterization of
a Ca**+Mg’*-dependent adenosine triphosphatase from rat
cardiac sarcoplasmic reticulum. J. Clin. Invest., 83,
1102-1108 (1989).

15) Fein, F. S., Strobeck, J. E., Malhotra, A., Scheuer,
J. & Sonnenblick, E. H.: Reversibility of diabetic cardiom-
yopathy with insulin rats. Circ. Res., 49, 1251-1261 (1981).
16) {£<kE, BRETS, kBHB. XARBE, x¥
£ FREBEETOOLHEARMCRIZTHE. LHOBE
&3, 4, 379-388 (1981).

17) Dillmann, W. H.: Influence of thyroid hormone
administration on myosin ATPase activity and myosin
isoenzyme distribution in the heart of diabetic rats. Metabol-
ism., 31, 199-204 (1982).

18) Suko, J.: Alterations of Ca’*-uptake and Ca?*-activated
ATPase of cardiac sarcoplasmic reticulum in hyper-and
hypothyroidism. Biochem. Biophys. Acta., 252, 324-327
(1971).

19) Tahiliani, A. G. & McNeill, J. H.: Lack of effect of
thyroid hormone on deabetic rat heart function and biochem-
istry. Can. J. Physiol. Pharmacol., 62, 617-621 (1984).

20) Shapiro, L. M., Leathrdale, B. A., Mackinnon, J.
& Fletcher, R. F.: Left ventricular in diabetes mellitus 1 :
Relation between clinical features and left ventricular
function. Br. Heart J., 45, 129-132 (1981).

21) Roxann, R., Lawrence, C. K., William, A. Z.,
Marian, C. L. & Miguel, A. Q.: Determination of paramet-
ers of left ventricular diastolic filling with pulsed Doppler
echocardiography: comparison with cineangiography.
Circulation, 71, 543-550 (1985).

22) Kahn, J. K., Zola, B., Juni, J. E. & Vinik, A. L.:
Radionuclide assessment of left ventricular diastolic filling in
diabetes mellitus with and without cardiac autonomic
neuropathy. J. Am. Coll. Cardiol., 7, 1303-1309 (1988).

23) Shimizu, M., Sugihara, N., Kita, Y., Shimizu, K.,
Shibayama, S. & Takeda, R.: Increase in left ventricular
chamber stiffness in patients with non-insulin dependent
diabetes mellitus. Jpn. Circ. J., 55, 657-664 (1991).

24) {AEZE—RR, FAKNXH, HFHT, BXEE, LEERE,
WEEE, BAEHE, SBET LREAF, WEHEEX, |l
B BRBOOEERAS ORI MmMAEBRED 547, Ipn. ]
Med. Ultrasonics, 13, 416-424 (1986).

25) Yazaki, Y. & Raben, M. S.: Cardiac myosin adenosi-
ne triphosphatase of rat and mouse: Distinctive enzymatic
properties compared with rabbit and dog cardiac myosin.
Circ. Res., 35, 15-23 (1974).

26) Ebrecht, G. H., Rupp, R. & Jacob, R.: Alterations
of mechanical parameters in chemically skinned preparations
of rat myocardium as a function of isoenzyme. pattern of
myosin. Basic Res. Cardiol., 77, 220-234 (1982).

27) Pagani, E. D. & Julian, F. J.: Rabbit papillary



574 3 i

muscle myosin isozymes and the velocity of muscle shorten- ventricie. Circ. Res., 64, 1041-1050 (1989).

ing. Circ. Res., 54, 586-594 (1984). 34) Doering, C. W., Jalil, J. E., Janicki, J. S., Pick, R.,
28) Yamashita, H., Sugiura, S., Serizawa, T., lizuka, M, Aghili, S., Abrahams, C. & Weber, K, T.: Collagen
& Sugimoto, T.: Sliding velocity of isolated cardiac myosin network remodeling and diastolic stiffness of the hypertrop-
on actin filament correlates myosin isozyme content. hied rat left ventricle. Cardiovasc. Res., 22, 686-695 (1988).
Circulation, 82, (suppl 1), -216 (1990). 35) McLain, P. E.: Characterization of cardiac muscle
29) Nadal-Ginard, B. & Mahdavi, V.: Molecular basis of collagen. J. Biol. Chem., 249 2303-2311 (1974).

cardiac performance J. Clin. Invest., 84, 1693-1700 (1989). 36) Borg, T. K., Gay, R. E. & Johnson, L. D.: Changes
30) Dhalla, N. S, Pierce, G. N., Innes, 1. R. & Bermish, in the distribution of fibronectin and collagen during
R. E.: Pathogenesis of cardiac dysfunction in diabetes developmental rat heart. Collagen Relat. Res., 2, 211-218
mellitus. Can. J. Cardiol. 1, 263-281 (1985). (1982).

31) HEZ: BRBRCBSITHLERBEE. BE0Hd A, 37) Adomian, G. E.: Existence of type V collagen in the
144, 523-526 (1988). extracellular network surrounding myocytes in the newborn
32) Jalil, J. E., Doering, C. W., Janicki, J. S., Pick, R, and adult human heart. J. Mol. Cell. Cardiol.,, 17, 15 (1985),
Clark, W. A., Abrahams, C. & Weber, K. T.: Structural 38) Medugorac, 1. & Jacob, R.: Characterization of left
vs. contractile protein remodeling and myocardial stiffness in ventricular collagen in the rat. Cardiovasc. Res., 17, 15-21
hypertrophied rat left ventricle. J. Mol. Cell. Cardiol., 20, (1983).

1179-1187 (1988). 39) Shimizu, M., Umeda, K., Sugihara, N., Yoshio, H.,
33) Jalil, J. E., Doering, C. W., Janicki, J. S., Pick, R., Ino, H., Takeda, R., Okada, Y. & Nakanishi I.: Collagen
Shroff. S. G. & Weber, K. T.: Fibrillar collagen and remodelling in myocardia of patients with diabetes. J. Clin.
myocardial stiffness in the intact hypertrophied rat left Patho., 46, 32-36 (1993).

Effect of Myocardial Myosin Isoenzyme and Collagen Changes on Short-term Myocardial Mechanical Defects in
Experimental Diabetic Rat Hearts Shinsuke Shibayama, Department of Internal Medicine (I ), School of Medicine,
Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 102, 567— 574 (1993)

Key words  diabetic heart, isometric contraction, myosin isoenzyme, collagen
Abstract

To elucidate the mechanism of short-term myocardial dysfunction in experimental diabetic rat hearts, the author studied
the relationship between papillary muscle function and myosin isoenzyme pattern, collagen contents and the ratio of type I
to type Il collagen (type I /I ratio) of the myocardium. Male Wistar rats were made diabetic at 9 weeks of age with a sin-
gle intravenous injection of streptozotocin. Diabetic rats were studied along with age-matched control and insulin-treated
rats after 4, 8 and 12 weeks of diabetes. Blood glucose was 3.3 times and heart weight/body weight was 1.2 times higher
than in the controls at each interval in the diabetic subjects. In the isometric papillary muscle contractions, resting and
developed tension were similar. Time to peak tension (TPT), time to 1/2 relaxation, and time from peak tension to peak rate
of tension fall (TPN), were prolonged in the diabetic contractions. The peak rate of tension rise and the peak rate of tension
fall were depressed in the diabetic tracing. The general features and mechanical data of the insulin-treated rats were similar
to those of the controls. In the diabetic subjects, %V3 of myocardial myosin isoenzyme analyzed by pyrophosphate gel
electrophoresis was 5.3 times higher than in the controls at each interval. The collagen content was measured by determin-
ing the hydroxyproline content within the myocardium, and the type I /II ratio by SDS-polyacrylamide gel electrophoresis.
These values were similar to those of the controls. There was positive correlation between %V3 and TPT, and %V3 and
TPN. These data suggest that the mechanism of short-term myocardial mechanical defects in the experimental diabetic rat
heart is related to the change in myosin isoenzyme pattern,




