Effect of Myocardial Histopathological Changes
on Myocardial Mechanical Defects in
Experimental Diabetic Rat Hearts
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Abbreviations: DT, developed tension; e, eccentricity ; %F, percentage of interstitial
fibrosis ; H-E, hematoxylin-eosin stain ; MD, diameter of myocytes; PS, peak shortening ;
RT, resting tension; 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; TPS,
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Fig. 1.
contraction.

L

Krebs solution

Schema of instrumentation for recording of isolated papillary muscle
The muscle was stimulated with rectangular pulses 5 msec in

duration with a voltage 20% above threshold at a frequency of 0.1 Hz,
provided through platinum electrodes on either side of and parallel to the
muscle preparation. The bath was gassed continuously with a 95% 04/5% CO.
mixture and maintained at a temperature of 36 °C.

time to peak shortening; TPT, time to peak tension; T1/2R, time to 1/2 relaxation
(50%DT); TVr, time from peak shortening to peak velocity of relaxation; Vr, peak
velocity of relaxation; Vs, peak velocity of shortening
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b; Isotonic contraction
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Parameters of papillary muscle contractions.

a) Representative isometric contraction. Tension (upper panel)and the rate of
tension change (lower panel)were plotted against time. Mechanical parameters

were indicated by arrows pointing to the tracing.

RT, resting tension; DT,

developed tension; TPT, time to peak tension; T1/2R, time to 1/2 relaxation
(50% DT); +7T’, peak rate of tension rise; —T’, peak rate of tension fall;
TPN, time from peak tension to peak rate of tension fall.

b) Representative isotonic contraction. Relative loads (total isotonic load/total
isometric load) were similar. Muscle length (upper panel) and velocity (lower

panel)were plotted against time.

PS, peak shortening; TPS, time to peak

shortening ; Vs, peak velocity of shortening; Vr, peak velocity of relaxation;
TVr, time from peak shortening to peak velocity of relaxation.




BRI DR E 2

V. HEEHEMRE R

BIEEE, FIE LEREETRL.

—EEESBOTE, Student O t RER TV, &
BEP <0.052FEEHD L.

B ##

EERT v b OB (E1)

Sy bOEER, 4. 8, 12, 24:BB L LR
W UBRREET/NE L, F0ERIZ4, 8, 128
BIEERAERT/IE L, MLERENBHLEREN
motz. LERE/MRERE, SHEMUBV TN L ERE
HTRTHY, AL LBERERD. 1R
VIREHORE, SHEY e b NEBEOBELER Y
molr. MBEEE, BRFEETEESCLELLR
potzh, BEC L3RBT, 4

AV REREOMPBEE G, WEBELEEELS IV b
a—n 7.

. BEEEIEGEREIRRREE (R2)

Fig.3. Point-counting method using a square grid. The length of one grid was 10 g m. The points
of each grid intersection were recognized as the points lying on the myocardial fibers or the points

lying on the interstitial fibrosis.
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More than 2000 points were counted, and the percentage of

fibrosis was obtained by dividing the counts of the interstitial fibrosis by the total counts.

Mallory-Azan stain. (Original magnification x 400)
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Table 1. General features of diabetic, control and insulin-treated rats

4

weeks

8 weeks 12 weeks 24 weeks

C DM I C DM I C DM I C DM

BW (g) 375 237 373 429 267 420 478 299™ 461 529 370**
*+19 +33 +20 +27 +53 +30 23 +52 +28 +57 +34
HW (g) 1.15 0.79*™ 1.15 1.16 0.91* 1.23 1.36 1.16* 1.28 1.34 1.23
+0.11 £0.06 *0.05 =+0.11 =*£0.14 =+0.08 +0.11 =£0.17 *0.12 +0.13 +0.12

H/B (%) 0.31 0.34 0.31 0.29 0.34* 0.29 0.28 0.39™ 0.28 0.25 0.33*
*£0.03 £0.03 £0.01 =#*0.02 =*0.03 =+0.02 =£0.02 £0.04 =+0.01 £0.02 +0.01

BG (mg/dl) 227 733" 160 277 583* 157 214 638" 189 204 614
t14 *106 +35 +58 +67 £120 +18 +£117 +190 +35 £132

C, age-matched controls fed ad libitum ; DM, streptozotocin-induced diabetics ; I, insulin-treated rats; BW,
body weight ; HW, heart weight; H/B, heart weight/body weight ratio; BG, blood glucose, p values refer

to comparisons between group C and DM, and between group C and I. * p<0.05; ** p<0.0l. Vaues are

expressed as the mean+S.D..
Table 2. Isometric contraction data
4 weeks 8 weeks 12 weeks 24 weeks

C DM I C DM I C DM I C DM

RT (g/ mm?) 0.75 0.94 0.77 0.70 0.60 0.59 0.59 0.86 0.66  0.52 0.79

+0.20 +0.46 £0.12 £0.27 *0.23 +0.20 *0.14 £0.56 =+0.06 =*£0.13 =*0.15

DT (g/mm?) 0.94 0.59 1.44 0.69 0.55 0.78 0.49 1.43 1.17 0.55 1.15

+0.56 =*0.23 =£0.46 =+0.49 =+0.40 =*0.59 =£0.28 +1.16 =£0.47 +0.29 +0.38

TPT (msec) 74.2 89.0* 73.3 69.8 83.3* 68.4 68.2 91.0* 78.2 65.0 79.0*

+7.7 £7.0 *x5.2 *£9.1 8.9 +£7.7 *+6.5 *£14.3 6.0 =£6.0 *+4.0

T1/2R (msec) 39.3  54.2* 43.3  37.2  46.6* 359 36.2  56.0* 43.3  35.0  42.0*

*+8.0 *12.3 *£4.8 *6.4 *+9.2 *£6.1 =*£6.5 *22.0 =*1.6 =*£5.0 x3.0

+T (g/mmsec) 38.7  13.0* 54.4 308  18.5* 32.8  34.5 29.3* 542 315 21.9*

*+13.5 #£5.5 £20.9 =*17.8 =*12.6 =*+£18.5 =*=17.3 =£16.0 =*£23.0 *15.5 +7.6

=T (g/mmsec) 33.2 10.3* 44,4 29.0 15.4*  30.6 31.5 22.3* 458 29.4 19.1*

+10.6 +£4.7 +16.2 =*£17.7 +10.2 *=19.3 =*14.4 =£12.3 =+20.0 =*£13.9 =*6.6

TPN (msec) 37.2 51.2*  40.0 36.3 45.1*  33.3 33.8 55.4%  41.9 32.0 41.5*

+£8.5 +9.0 =*4.4 £6.9 =£9.6 =*£57 =*+6.4 =247 = 2.9 £4.7 £3.0

C, age-matched controls fed ad libitum; DM, streptozotocin-induced diabetics ; I, insulin-treated rat; 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 I. *

p<0.05; * p<0.01.

Values are expressed as the mean+S.D..
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Table 3. Isotonic contraction data

4 weeks 8 weeks 12 weeks 24 weeks
C DM I C DM I C DM I C DM
PS (%ML) 5.65 4.05 8.68 4.71 3.97 4.82 2.46 5.98 10.5 2.26 1.75
+2.97 +92.70 +4.33 £2.27 *2.82 £3.27 *+1.40 +5.28 +3.3 +0.66 =£0.43
TPS (msec) 77.3 97.4*  78.7 67.5 87.3* 73.4  66.5 97.3* 88.7 69.0  86.0*
+8.4 +11.7 =+3.3 =*8.2 =£11.5 *8.1 =£7.3 +20.8 +7.3 *4.0 £5.0
Vs (ML/sec) 3.92 1.57* 5.70  3.05  1.73* 2.92  3.92 2.75* 7.52 6.47  12.1
+1.93 +1.07 +£3.32 +1.54 *1.45 =2.82 =*£1.14 =*£1.95 +2.56 +2.46 +5.04
Vr (ML/sec) 5.61 1.89* 8.65 4.04 3.12* 4.56 3.36 2.25"  6.74 7.40 17.5
+3.36 +1.61 =+6.30 *+3.19 +3.01 =£4.67 £1.80 +3.80 +4.58 +3.34 £9.29
TVr {msec) 22.0 38.2%  24.7 22.3 31.4*  24.5 22.3 30.8* 27.3 22.8 27.3*
+9.4 +12.3 +0.8 +2.3 +59 3.3 +£6.4 6.4 +3.1 +0.4 *2.6

C, age-matched controls fed ad libitum; DM, streptozotocin-induced diabetics; I, insulin-treated rats; PS,
peak shortening ; TPS, time to peak shortening; Vs, peak velocity of shortening; Vr, peak velocity of re-
laxation; TVr, time from peak shortening to peak velocity of relaxation, p values refer to comparisons be-

tween group C and DM, and between group Cand L * p<0.05; * p<0.01. Values are expressed as the
mean=+S.D..
Table 4. Pathological findings of diabetic, control and insulin-treated rats
4 weeks 8 wee’ks 12 weeks 24 weeks
C DM I C DM 1 C DM 1 C DM
MD (um) 13.4 12.3 14.5 14.7 13.3 15.8 13.8 14.3 16.6 15.9 15.7
0.4 419 419 +1.3 +0.9 +0.9 +0.7 *1.2 04 *1.8 =*1.0
%F (%) 7.53 9.34 7.16 8.04 9.43 7.42 7.79 9.67* 7.66 7.50 9.77*
+1.95 +1.52 =+1.04 +0.98 +0.91 +1.12 +1.65 =£1.56 +1.21 +0.97 =*£2.08
e (x107) 9.601 9.594 9.689 9.729 9.543 9.701 9.715 9.522* 9.690 9.731  9.410"
+0.086 +0.561 +£0.094 +0.068 £0.065 +0.065 +0.058 +0.170 £0.154 £0.034 £0.212

C, age-matched controls fed ad libitum ; DM, streptozotocin-induced diabetics ; I, insulin-treated rats ; MD,
diameter of myocytes; %F, % fibrosis of interstitium; e, eccentricity of disarrangement, p values refer to
comparisons between group C and DM, and between group Cand L * p<0.05; *, p<0.0l. Values are ex-
pressed as the mean+S.D..




FERRIR M OB BERE - R TR BN E LD R

120

110

)
o}
7}
E
'_
o
’—
L n=237
60 * r=0.65
p<0.01
St 200 300 400  S00 600 700 800 900
BG (mg/dl)
120
n=37
r=0.58
100+ - p<0.01
2
2 8o
E
z
o
'—
%0 200 300 400 S0 600 700 800 900
BG (mg/di)
Fig5. Relationship between blood glucose and mechanical

TPS {msec)

TVr (msec)

403

120

60

n=237
r=074
p<0.01

t T t
5(‘)0 600 700 800 900

BG {mg/dl)

t t
300 400

50+

r=0.72
p<0.01

! P P O S P
BG (mg/dl)

parameters of papillary muscle

t 1
100 200 3(‘)0 400

contractions. BG, blood glucose ; TPT, time to peak tension; TPN, time from peak tension to peak
rate of tension fall; TPS, time to peak shortening; TVr, time from peak shortening to peak

velocity of relaxation.

WTh, BB ERIERERIC B 5 LA CER
ZEORY STZ 2B 5L uh oL MERHLZES R
L, EBROBE L -KLTWS. BEXY, STZRE
BLEES522 2 L BREEZREL LEO LI
BEXRFT 2 e THRSRFEBREEZSNS.
SEERE N STZ Wk 2ERKT v M Tk, &
BOMMSELKETLLEEZLBEINEZRD L
B, LER/|EEL SEUBOBRKETRKLED
RN EREEL T/, CRIERERBTO
BEME ST Fein 5% Factor 5 0D#E &
—BLTwa. BRET v bOMmBEE, 488 TR
BEEEZTRLEFNUBOBTESEMBE 22 L%
Ztidkhots. Thiz STZ &5 EZZERL,
BorkloRESMIE ZNIBBIET 2 Lok n
ERIRHOLHEEZ ONDLYY. EROBETY
STZ w X 2 HWRE CREM R CELE T, &»
KiREHS9D &5 1 —EiHEESREBEL TS 7 v
FYEELEVwoTWS, STZ 12 Lk 2 i EERE
DERERKRER L 2,97, SEMAVLE (50mg/
kg BE) 2B VT, EIFLBCHROBERBORE *

B, FRUBICNBEHEACBECE TREIWREL
E¥MEEEsRELbDE 17 . WEEIBL
T b MEEIEBS T204~27Tmg/dl EE» > 72D
it, BRMASFEHEBRET, FRaY bV ES — VAR
BEIiThbN- L L 2BEY L EZ Nk,
DL TERAE S NIERRO LHBEEEE
HT2HBICHL, £ MR TThA Ty
ZEERNTORETEC L30T LERLLBED
EENAEL, TENTFELEETHE. £ I TLH
ERDBAE & BB T 270113, A HHERE
PEBCHRETSE 3 BEATHERENERTH Y,
F 72D RS & AR RS S MR A LR MR I
WBILHTELLDLELAHVSRTWE, SETT-
- LB AR R, BRI & D BRI D B
KEEFESH (DT) LEAIGER (PS) ICISHREE & =
ol bD0, TOEMIET S E TOREIE
ELTBD, TbblEEENEBL I EHREN
fo. ZRAHBEEC DLT L[ART, BAMBECET S
ETORMNEMBEEERBEL T, ZO0H;
BeEEE R, ASEE-oTELTAIEREL, IO



404

ERIIERD STZ 12X 2MHEEESSES I LB
Lokl EMELTWS.
ERERERCIOL D R LDBEEREERRLC
rH, LEGEREO 7 F v EEE ((Glu]=5.5
mM=100mg/dl} FERTOBMBEFRELDEICL S
LOTHLEEEDEZ TS»ETAEZ SRV, L
L, ZhIEHLTEERED 7 F vERE 2L
B TCIT- R B EGRBRCHH OER ER L ¥ O
£ B D DTN LEBREO T F Y EBEE B
THIEmEEoRBER R D SR o7t LT
3. FERECA YAV VERNTA 2L S0
BEEOWECEL TR, FhE2BETIHREY Lt HE
THHECOWMENHOVRIEERERL TV 5.
FEEGE FOFEICDVT, EMEBLTIEZED
BERREEOHEOBSSREFHNRN s SEEL T
22rbdbh, MEOBRMEBE™™, LEH R
A LEREAMEET R ERB TS NTWS. L
L STZ i & 2 EERMIERBE 817 2 OHHE M
ORFEL~LTOEREDVTE, Ty bRBVLTY
BRI O LB R AR TG L AL 2 R0
RurT2EET—RLTWVEY, Zhll EoRERM
nBE=E B L Tk, Factor 5% Tahiliani 5“0
RE(ERD I ETELOL, KELPD T
rDESHE O BRI EORAEECRELEE,
OEEAR COMENH D —EL TRV, LaL,
FNTHOME THERROBECRERAMICELD S
OB REESLETHSE. T ITEFRTHE,
OEMEEAOEE, MEOBRKE LR HIEM ORI
(L4, B X USRI 2 CBFORTIOEI
BRTELE (€) 2w TEENRIE 2 ERITT-
o, FRICE D, Dl X bFERBERMEZR26BET
IR S i MIRAE R R 2 3, 123 AR 0 BEIRBEE
ThEhCHEORE RO L LRI ORLE
DERZTDT-. L Lo ORBHEBELIZEER
HEMAE O THY, b VERBELHETRENT
WEEIRBEERTLERESHLZWYY. SE 48
Llgs e, BREICLI2EHERLTEE2ELL
THELET v bt ot Z 5 HE L WER
WEFEUZh-RbDEEL SN, XELOHBE
LOHBORIIZILS 5 EHMOBENLELEZ
shte. RERRCELE:2EHLLERET VIS
BWTiE, HEEERES XN b ERELSBE
WERTL 3 EOHREL R EINTBD, t DX
RO CRBRBLECBMEELEGH T L
b%<, b MERBEOEEOHEBELEE L SR
BAENLOERGLEL TELALERNDHAD . gl >

It

Z Y REIC & D LEEBRES ER IR N ED I,
MBELLPHIETE 2 LIIBRNBEEL A TLE
BEThrrEZLNT.

EFEMSEL OV TOHRE TIREENE L 0 il
BERRVWEINTED, HERBHEOR{L, S bay
Y 7o%dt, iR REOER, REFEEYDE
OWwE, 7V a—rrBEROERZ ST AT
2%-®_ Thompson® i3, ZNOBELOE(LIX?2
b0, SN ELIIRBERLCET 2 86T
DA YA VBB L DA TH S DXL, i
BERELEEEORRSHEELTHE.

t F OEREELEECSVT, DEBEEECER
LM RE O BRHECEEE cBEL T3 »E
DOV TIREROBEN—BL T, HEELR
BDTVBHLO™ LIS EENZTVETSY
DOPEPHY, THENRERSTBEHDECYTE
B D20 S ERNEECHTROBUTDEGIZL
LD LEZ BN, 35 THEBEHEBE L UHRER
=yt MzBLTRERICERLT 2 2 L EER:
DREOEEERE L RER IETHEL, 5
H, ZEROERRFT Y LB TRE L. 1288
BOBRFERTEEOE 2RO HERELR
(percentage of interstitial fibrosis, %F) % & ULl
FIORNE»RTEOE (o) I, BEEALEGIERR
EBIZWThOEEr oMz bEEERD T,
7. LU, ZLEESIHESRBO UBEERED 5 b IH
figiEcH 5 TPT, T1/2R, TPN, TPS, TVr ®#E
ETH2+T , =T , Vs, Vi dZhZThsHi
ERFEO GEE» S BEELRL, ST R
BELZcw—7, MEEE: oM CHEEEEOLIL
i, Pl L b EREREGEB TOLREREL
i3, BREFCLIABEEESEFCESL TR 0L
£z 507, Z0OLIRERRC LS LHOREES
WEIL TR, TRAF—REEI ATP EEIKBIS
BEwop [WEEETHDLIZTYYOTAVYYAL
DEAOI, Ca (RBEE O CIRERBRES, FRR
BWEEE L OBEY 2 LRSS omES s T
3.
DX D, EEREBRET v MLITB T 5 HEHE
O LEEEER T CRBESCL > TheEN,
BEEL AL TO LSBT MEELRTL, £
NHAERCT 2 LY~V OEBEESEL, 1~
Y IR T b R A AR R P DR
REELETLLOLEESND. Sk E 5 ICRIH
bl B EE OB, BLLBMNE, 7 &
R EEEDR VA YA Y VIEEERERRET VT




BRI OBEERE I BT TREERENE Lo B 405

OB ENRELEZSNSG.
= Bl

ARV MNY P YK BEBRWEERBET v OO
DEsEECRIZTREBEERENECOREII DOV
€, BEALESIERER & B RO BRI R o
= BESEG %, BERMIERR 4, 8, 12, 2B LB
HicRE L, UTOMER/RREEE:.

1. STZ50mg/kg AEDOKREC L DFELLEME
PETHERES v MOBERE LY, BRE2E-TO
wERES shk ok, FERESES L & HERFE
ohEL, LER/MAENRI SBEUBOBERBERTK
v ) HERR R DIBARERD . A YA ERICE
DIEERER I bu—L &R, KE, LESEE
YRBREEN Lo,

2. BEABEGEREIERRCBL T, BARE
B, BIEEHCEBESESTER L oy, BX
EHEERR, 1/230BEER, B AR BI5E R R 3 0
FRECTEELTHBY, [UEEES & UiEEEIZE
TLTWwi. &L b, BER2E-> TOELEED
ot Eiz, 4 YA VEERIVLTNOE
EyWEBELER D 5.

3. BEAEHERENERARII BV T, BRAINE
Br&BRSESTEREDSNE» o2, BRINE
BEmER, SAMEREERMEREECERL TS
D, PUHEES L CHEEEIRETL vz, BEE
LHESEE- TOBMIERL, £t AU VK
BENBHELENLI ST,

4. EEHABIB T 2B RORS T, ([LHH
REEIEHSES L VERES S, 2B ORK
RETOAMERE RN L LHETIOENDE
WETD.

5. JLEEASINGHEEABRIEHE L M RIEE » OBE %
BatL7ens, BB 2RT b3 a7, L
L, FLEMIERBRAE & (FHE & oM EEDEM
HERw

PEEDn, STZ w £ 2 EBIERIK 7 v b.LD.0
BREEERERCIREEES LI DERZS N, R
FEREBENE L T2 b0EEZLND.

Eii B

MERZBICHS, iR, HEMEBY £ L2 BETH
RERBCEL T OBBELERLET. AR, HIEEES
ELLSRAEELHE AR, BAEEAEE CE R
B, RPFROBTCHL AR MWHIEES £ LLERK
FEFRE_ARBERE /S V- 7OEMICE BBBL
7.

LBARYOESIE, EREHABREFS, F6EAE
BRAEMESIIBLTRRELR

X [

1) KXannel, W. B.,, Hjortland, M. & Castelli,
W. P.: Role of diabetes in congestive heart
failure : The Framingham study. Am. J. Cardiol,,

34, 29-34 (1974).

2) Abbott, R. D., Donahue, R. P., Kannel, W.
B. & Wilson, P. W, F.: The impact of diabetes
on survival following myocardial infarction in men
vs women : The Framingham study. J. Am. Med.
Assoc., 260, 3456-3460 (1988).

3) Blumenthal, H. T., Alex, M. & Goldenberg,
S.: A study of lesions of the intramural coronary
artery branches in diabetes mellitus. Arch. Pathol,,
70, 13-28 (1960).

4) Rubler, S., Dlugash, J., Yuceoglu, Y. Z.,
Kumral, T., Branwood, A. W. & Grishman, A.:
New type of cardiomyopathy associated with
diabetic glomerulosclerosis. Am. J. Cardiol., 30,

595-602 (1972).

5) Hamby, R. 1., Zoneraich, S. & Sherman,
L.: Diabetic cardiomyopathy. J. Am. Med.
Assoc., 229, 1749-1754 (1974).
6) Ledet, T. : Diabetic

quantitative histological studies of the heart from

cardiomyopathy :

young juvenile diabetics. Acta Pathol. Microbiol.
Scand., 84, 421-428 (1976).

7) Seneviratne, B. 1. B.: Diabetic cardiomyo-
pathy: the preclinical phase. Br. Med. J., 1,

1444-1446 (1977).

8) Factor, 8. M., Okun, M. &Minase, T.:

Capillary microaneurysms in the human diabetic
heart. N. Engl. J. Med., 302, 384-388 (1980).

9) Regan, T. J., Ettinger, P. O., Khan, M. J.,
Jesrani, M. U., Lyons, M. M., Oldewurtel, H. A.
& Weber, M.: Altered myocardial function and
metabolism in chronic diabetes mellitus without
ischemia in dogs. Circ. Res., 35, 222-237 (1974).

10) Dillmann, W. H.: Diabetes mellitus induces
changes in cardiac myosin of the rat. Diabetes,
29, 579-582 (1980).

1) HEED ERECS U2 LHRHEEE. Bob
WA, 144, 523-526 (1988).

12) Penpargkul, S., Fein, F., Sonnenblich, E.



406

H. & Scheuer: Depressed cardiac sarcoplasmic
function from diabetic rats. J. Mol. Cell. Cardiol,,
13, 303-309 (1981).

13) Miller, T. B.:
isolated perfused hearts from alloxan diabetic
rats. Am. J. Physiol,, 5, H808-H812 (1979).

14) Pierce, G. N. & Dhalla, N. S.: Cardiac
myofibrillar ATPase activity in diabetic rats. J.
Mol. Cell. Cardiol., 13, 1063-1069 (1981).

15) FIREA, 51 1§, kB F:ERECLLL0
BeEEOREET W | LBRBOEL»S .
FR5, 26, 1316-1317 (1983).

16) Makino, N., Dhalla, K. 8., Elimban, V. &
Dhalla, N. 8.:
streptozotocin-induced diabetic cardiomyopathy in
rats. Am. J. Physiol., 253, E202-E207 (1987).

17) Afzal, N., Pierce, G. N., Elimban, V.,
Beamish, R. E. & Dhalla, N.:
verapamil on some subcellular defects in diabetic
cardiomyopathy. Am. J. Physiol.,, 256, E453-E458
(1989).

18) Xiang, H., Heyliger, C. E. & McNeill, J.
H.: Effect of myo-inositol and T3 on myocardial

Cardiac performance of

Sarcolemmal Ca transport in

Influence of

lipids and cardiac function in streptozotocin-indu-
ced diabetic rats. Diabetes, 37, 1542-1548 (1988).
19) Page, M. M.: The heart in diadetes: auton-
cardiomyopathy. Clin.
Endocrinol. Metab., 6, 377-388 (1977).

20) Zola, B., Kahn, J. K., Juni, J. E. & Vinik,

A.: Abnormal cardiac function in diabetic patie-

omic neuropathy and

nts with autonomic neuropathy in the absence of
ischemic heart disease. J. Clin. Endocrinol. Met-
ab., 63, 208-214 (1986).

21) Giacomelli, F. & Wiener, J.:
myocardial disease in the diabetic mouse. Lab.
Invest., 40, 460-473 (1979).

22) Ahmed, S. S., Jaferi, G. A, Narang, R. M.
& Regan, T. J.: Preclinical abnormality of left
Am.

Primary

ventricular function in diabetes mellitus.
Heart J., 89, 153-158 (1975).

23) Sanderson, J. E., Brown, D. J,, Rivellese,
A. & Kohner, E.: Diabetic cardiomyopathy? An
echocardiographic study of young diabetics. Br.
Med. J., 1, 404-407 (1978).

24)

of impaired ventricular function in

Shapire, L. M.: Echocardiographic features
diabetes

i

mellitus. Br. Heart J., 47, 439-444 (1982).

25) Avenavoli, T., Rubler, S., Fisher, V. J,
Axelrod, H. I. & Zuchrman, K. P.: Exercise
testing with myocardial scintigraphy in asympto-
matic diabetic males. Circulation, 63, 54-64 (1981),
26) Uusitupa, M., Siitonen, O., Pyorala, K. &
Lansimies, E.: Left ventricular function in newly
diagnosed non-insulin-dependent (type 2) diabetics
evaluated by systolic time intervals and echocar-
diography. Acta Med. Scand., 217, 379-388 (1985).

27) Regan, T. J., Lyons, M. M., Ahmed, S.,
Levinson, G. E., Oldewurtel, H. A., Ahmed, M.
R. & Haider, B.: Evidence for cardiomyopathy in
familiar diabetes mellitus. J. Clin. Invest. 60,

885-899 (1977).

28) FG)IIZEA, BA B : EREUELHE. EObY
A, 144, 544-547 (1988).

29) Penpargkul, S., Schaible, T., Yipintsoni, T.
& Scheuer, J. : The effect
performance and metabolism of rat hearts. Circ.
Res., 47, 911-921 (1980).

30) Schaible, T. F., Malhotra, A., Bauman, Ww.
A. & Scheuer, J.: Left ventricular function after

of diabetes on

chronic insulin treatment in diabetic and normal
rats. J. Mol. Cell. Cardiol., 15, 445-458 (1983).

31) Fein, F. S. & Sonnenblick, E. H.: Diabetic
cardiomyopathy. Prog. Cardiovasc. Dis., 27,
255-270 (1985).

32) XHEGE, HAWD, DHRS: FE RO ERE
~EREFLEBLTO—BE. HRREL LIEEE
(T —E AR, KT FoiR), B 1K, 107-116H,
EdsR R, Hx, 1985

33) Nunoda. S., Gemda, A, N,
Nakayama, A., Mizuno, S. & Takeda, R.:
Quantitative approach to the histopathology of the

Sugihara,

biopsied right ventricular myocardium in patients
with diabetes mellitus. Heart Vessels, 1, 43-47
(1985).

34) Bhimiji, S., Godin, D. V., & McNeil, J. H.:
Myocardial ultrastructural changes in alloxan-
induced diabetes in rabbits. Acta Anat., 125,

195-200 (1986).

35) Thompson, E. D.: Structural manifestations
of diabetic cardiomyopathy in the rat and its
reversal by insulin treatment. Am. J. Anat., 182,
270-282 (1988).




SRR L BRI 12 12 T A L0 107

36) WihENE, RIGHWME: £HEB L L—EERE. N
¥.iy, 34, 110-115 (1987).

3 FHENEB: LHEALT7 4 AR — - L ITHA
HOHEBEWORF . HELE, 4, 166-171
(1986).

38) KXEBEEH, TERCD, "WE#E_, FUEH, &
# &, ®REHEME: BB/WZ v F DR HRIC
owT. BRREY (B BR), B, 1627H,
E#Y v — TN, KER, 1987

39) rh#* &=k, Mordes, J., Rossini, A.: Cell
transufusion {2 & %2 BB 7 v SR FHEENEIER .
AASEEE, 62, 473-480 (1986).

40) hikER, BHETF, FHEXRER, ERAkX, &
M #:NOD 7A@, 1. ICSA B8 X ¢
insulitis DEEAT. $EFRAE, 29, (Suppl 2), 281 (1986).
41) Yamamoto, H., Uchigata, Y. & Okamoto,
H.: Streptozotocin and alloxan induced DNA
strand breaks and poly (ADP-ribose) synthetase in
pancreatic islets. Nature, 294, 284-286 (1981).

42) Uchigata, Y., Yamamoto, H., Kawamura,
A. & Okamoto, H.:
dismutase, catalase, and poly (ADP-ribose) synth-

Protection by superoxide

etase inhibitors against alloxan-and streptozotoci-
n-induced islet DNA strand breaks and against the
inhibition of proinsulin synthesis. J. Biol. Chem.,
257, 6084-6088 (1982).

43) Rerup, C. C.: Drugs producing diabetes
through damage of the insulin secreting cells.
Pharmacol. Rev., 22, 485-518 (1970).

44) Fein F. S., Kornstein, L. B., Strobeck, J.
E., Capasso, J. M. & Sonnenblick, E. H.:

Altered myocardial mechanics in diabetic rats.
Circ. Res., 47, 922-933 (1980).

45) Factor, S. M., Bhan, R., Minase, T.,
Wolinsky, H. & Sonnenblick, E. H.: Hypertens-

ive-diabetic cardiomyopathy in the rat: an
experimental model of human disease. Am. J.
Pathol., 102, 219-228 (1981).

46) :FHFRHE - Streptozotocin BERK O A KR I
VWCHRIERBLIE B T 2 RERIPFE. ORSWEEE,
51, 129-147 (1975).

47) Ganda, 0. P., Rossini, A. A. & Like, A.
A.: Studies on streptozotocin diabetes. Diabetes,
24, 595-603 (1976).

48) Price, H. L. & Dripps, R. D.: The Pharm-
acological Basis of Therapeutics. In L. S. Goodm-
an & A. Gilman (eds.), General Anesthetics, lst
ed. p79-92, Macmillan, New York, 1970.

49) Tahiliani, A. G. & McNeil, J. H.: Diabete-
s-induced abnormalities in the myocardim. Life
Sci., 38, 959-974 (1986).

50) Factor, S. M., Minase, T., Cho, S., Fein,
F., Capasso, J. M. & Sonnenblick, E. H.:
Coronary microvascular abnormalities in the
hypertensive-diabetic rat: a primary cause of
cardiomyopathy? Am. J. Pathol,, 116, 9-20 (1984).
51) Takeda, N., Nakamura, I., Hatanaka, T.,
Ohkubo, T. & Nagano, M. : myocardial mechani-
cal and myosin isoenzyme alterations in strepto-
zotocin-diabetic rats. Jpn. Heart J., 29, 455-463
(1988).

52) Hoh, J. F. Y., McGrath, P. A. & Hale, P.
T.: Electrophoretic analysis of multiple forms of
rat cardiac myosin: effects of hypophysectomy
and thyroxine replacement. J. Mol. Cell. Cardiol.,
10, 1053-1076 (1977).

53) Garber, D. W. & Neely, J. R.: Decreased
myocardial function and myosin ATPase in hearts
from diabetic rats. Am. J. Physiol., 244, H586-
H591 (1983).



408 it

Effect of Myocardial Histopathological Changes on Myocardial Mechanical
Defects in Experimental Diabetic Rat Hearts Yoshihito Kita, Department of
Internal Medicine (II), Schoool of Medicine, Kanazawa University, Kanazawa 920—],
Juzen Med. Soc., 99, 395—-408 (1990)
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Abstract

Recent clinical and experimental studies have suggested that diabetics might develop
myocardial dysfunction in the absence of coronary artery disease, hypertension and valvular
disease. However, the effect of histopathological changes of the diabetic myocardium on
the mechanical defects has not yet been described. In this study, the influence of
histopathological changes on myocardial dysfunction was studied in experimental diabetic
rat hearts, by means of serial and quantitative examination of papillary muscle function
and histological findings of the myocardium. Male Wistar rats were made diabetic at 9
weeks of age with a single intravenous injection of streptozotocin, 50 mg/kg. Diabetic rats
were studied along with age-matched control and insulin-treated rats after 4, 8, 12, and 24
weeks of diabetes. At the same intervals, isolated papillary muscle contraction studies and
histological quantitative studies, to determine the diameter of myocytes, eccentrictiy e,
which indicates the degree of myocardial disarrangement, and percentage of interstitial
fibrosis, were performed. Blood glucose was several times higher than in the controls at
all durations of diabetes. Body weights were significantly lower in the diabetic rats than in
the controls. Heart weight/body weight ratios were increased at 8, 12 and 24 weeks in the
diabetic group. In the isometric papillary muscle contractions, resting and developed
tensions were similar. Time to peak tension, time to 1/2 relaxation, and time from peak
tension to peak rate of tension fall, 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.
In the isotonic contractions, the extent of muscle shortening did not differ between the
diabetic and control contractions. Time to peak shortening and time from peak shortening
to peak velocity of relaxation were prolonged in the diabetic muscle and peak velocities of
shortening and relaxation were lower in the diabetic contractions. Mechanical parameters
did not worsen in parallel with the duration of diabetes, but correlated with the blood
glucose values. The general features and mechanical data of the insulin-treated rats were
similar to those of the controls. On histological examination of the left ventricular free
walls, the diameters of myocytes were similar at all durations. The percentage of
interstitial fibrosis and eccentricity e were slightly increased in the diabetic hearts. No
correlations between mechanical parameters and histological changes were found. These
data suggest that short-term myocardial mechanical defects in the experimental diabetic rat
heart result from the metabolic disorder itself, with histopathological changes occurring
later.




