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Changes in Diameter Size and F-
Actin Expression in the Myocytes of
Patients With Diabetes and
Streptozotocin-Induced Diabetes
Model Rats

Michiko KAWAGUCHI, MD
Tsukasa ASAKURA, MD
Fujiko SAITO, MD
Osamu NEMOTO, MD
Kazuhira MAEHARA, MD
Katsuya MIYAKE, MD*
Naonori SUGAI, MD*
Yukio MARUYAMA, MD, FICC

Diabetes mellitus may be an independent risk factor for disturbance of cardiac function, but the detailed
mechanism remains unclear. In the present study, histological examinations were carried out on 25 hearts
from diabetes model rats as well as myocardial biopsy materials from patients with diabetes (n = 25).

The mean diameter of the cardiac myocytes in humans was 12.2 = 0.5 zm in the control group of
patients without diabetes mellitus or hypertension (n =6), 13.7 £ 0.8 «m in the hypertension group (n =
3),9.0 £ 1.7 m in the diabetes group(n = 8), and 11.9 & 2.0 «m in the diabetes with hypertension group
(n=18). The cardiac myocytes of diabetic patients appeared to be atrophic. Comparison of the size of
myocytes in the control rats vs streptozotocin-induced diabetes model rats (n = 7, each) was 5.4 £ 0.2 vs
52+03um at 2 weeks; 5.9+ 0.1 vs 4.9+0.9xm at 12 weeks, and 5.7 0.1 vs 40+ 0.2 um at 24
weeks, respectively, and gradually decreased in streptozotocin rats with aging. Immuno-histochemistry
with phaloidin was used to assess F-actin in the cardiac myocytes. The relative cross-sectional area of F-
actin in the cardiac myocytes of streptozotocin rats was compared to that in non-streptozotocin rat
myocytes. F-actin fluorescence in streptozotocin rats was 89.9 =3.9% at 2 weeks, 77.9 £ 6.4% at 12
weeks, and 56.8 &= 5.7% at 24 weeks, indicating a decrease in F-actin.

These results suggest that the smaller myocytes observed in patients with diabetes and streptozotocin
rats are related to the decrease in F-actin in myocytes.

J Cardiol 1999; 34(6): 333—339
Key Words

H Diabetes mellitus

i U &I

FERBOHEEZEORRICOVWTIERE (T T, m
BOREL LHMBEORENEZONSL. BIHEIZOV

EMyocardium (myocyte, F-actin)

H Pathology

TiE, ATV r—Yarvredlb LhnEREs
HEH SN, MEREEREDRER MEEOFEI#E
ENTWBIY, LA L, Factor 58 IIHERBO AT
BB ZREES ISR ST, BIEDEHFTH

BREZEMAE £—AR, *STMEHY: T960-1295 BEEEEH LRI
The First Department of Internal Medicine, * The Second Department of Anatomy, Fukushima Medical University, Fukushima
Address for reprints: MARUYAMA Y, MD, FICC, The First Department of Internal Medicine, Fukushima Medical University,

Hikarigaoka 1, Fukushima, Fukushima 960— 1295

Manuscript received February 15, 1999 ; revised July 15 and September 3, 1999 ; accepted September 6, 1999

333



33¢ O - &E - Wk 3

HIRENAONDL LHELTWS., —F, LMo
BEEIZDWTIE, 19744E (2 Regan 527, HEIi 2 £
BRIHERIFRBRE O OB HREICELSEL B &
WIHORBEERZEBRLL. Z0O%, LHERNBETAL
F—) YEEARORI, H/EED Cally Aa
DEFTBLIOT7Z2 340", 3FP V- TF/ Y
¥ F1)AA7T 7% — ¥ (adenosinetriphosphatase :
ATPase) iEHEDET V%2 &8s shTEBY), Ths
BLHOIEEEEORR L LTEIFLNTE .
72, ORI ba Yy B 7 CORBEBRBEE,
ThbbTEFIVCoAD BBILDOEEIXT T/ ¥
5"-=1) > B (adenosine 5 -triphosphate: ATP) ¥z 5 % [&
EL, IANVF-EEBEIZL A ORERELT S
CTEEZLNTWVERY 5 ILLHBEKDNa Y,
K*-ATPase [FHENE TS FHEF SN TS, LAL,
FE R O U AR IR RE = 1250k 2 BIRE 2 R B R
HEZ LV, ZITRAGERBEEOEBRLBIV
FERRIR T v MO RESEMEE, EFBEME CHEMICR
FL, HRFRICB A LHMEEE 2R L )R
L7-.

MR EHE

1. ®

&R BE I 1988 - 1991 FOMILREVEDN
TLBEA 7 — 7T VIRELR TSN, KELZHRT, A0
Z L) OBERIITONIZEROFR LY, BEERICHE
RiFhdbBETRNRE L. LALINLDEEC
REMEOAHIEEA SN0, SIMEOBEFERE
bREMNR L Lz, #RAE, SLECBEENF 2L, &
LICEERER L, REFREEST, LHERLD
ERAIIRAIAT R % 7R & 2 b o 7 EBI % xf BREE (6
e L7, oXIZEMEERDOLNE 0D, LA
F—FVHRMBEET, 2oLk, SmEELERE
2 EEhE BT R S ik b o ER & B IERE (3
Bl), HERBOBEN DY, ARERE TZEMREE M
fE120mg/dI LA E, 2, 75¢BO7 FUBARRERT
2 B E AT 140 mg/dl LA _E > IAEAE % 7R L 7= FE B % #E IR
FREE(160) & L7z, & 5122 OFERKBEICIEEME
ERTEGNE TN TWAOT, ERFEME L S
FEABEERIREE I, £FRELTUTOIE 48
WAL

1) »ERE 6%l HERIR (—), WIE(-)

2) BIMER 3B BRI (-), BMUE(+)
3) FERREIMEE 8B MR (+), BIME(-)
4) T IE A BERE R EE
8Bl MR (+), BHMME(+)
B, BIEE, 22 CidIUERAMDE 160 mmHg L
E, T IEREAME 95 mmHg B E & L7z, ¥ERTR
ORBFHEIC OV TIE, FERF B & & IE & G-
RFEBIE, ZRENOFHH12.74F(1-254F), 164
(1-214F) & R R0 Mg JR I HUMRE 0516 MU & DR A8 PR R BE
ICHRED o7 OBERTEONAMENE VY L
TIVFe FEELADL, TR GHE L, semithint]
FEERL, MAT Y TV—Ffm%k L. £72%5
TAVEBLATINEVY Y - F Y BRERITY,
FEFEME T OHMEORE S ERE LA FHIlCIE
BrH b b UHMBOEEEZ Y4 702 —5 =TI
FEFNIH L TERENI0OETOFHML, €0FHHE
REH LT OMETLE LT 7.

2. BMEER

Wister rats GA#7:8) DR#ER L OV A LT PV B
v v 50mg/kg % ESE, 238, 12:8, 24:8% (% 760)
128% /8T RV AT VT Nl v Bk & LB AR
K CHREGREE L 7.

¥ /- [7 8% D Wister rats T, 28 (£#9:8), 128
(£#19:8), 24BH(ER3IB)OZTHRZNEE L
. FhERL VBRI OHEEEREL, 27U 4
A% v FTTum I & IZH Y] tetramethylrhodamine B
isothiocyanate (TRITC) -phalloidin (Sigma #) % Fi\» T,
F7 7 F r#BGEEERIT L. & 61O MR
BEELAEMEREZ L-EEZHEBNTEE
(Dedigrama Mode G, Mutoh ) T7 7 F ¥ & ek LR
SoEHI % TV, HEeROKRE ST AEE6%2E
L7z, Flo—8oOHEBHEHZ T 74 AL, N
bRV Y IFVURBBIUTFIREL, ¥
DFEET H.OHMlROERE YA 70X —% —T%KHA
o1 EEKICOVWT30EEHIIL, ZOFHELEL
LTHhb, Meti#lzetro 7.

LBEHEIT N TRy BEERFEETERL, FEER
FE I — TR B S8, Bartett#RE = AV, p<
005%b>o THEEZD) LHELL.
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Fig. 1 Photo micrographs depicting toluidine blue staining of the cardiac muscle tissue
A a control patient (Case 6)
B: a patient with hypertension (Case 9)
C: apatient with diabetes mellitus (Case 13)
D: a patient with hypertensive diabetes (Case 24)
Original magnification X 40.
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1. B
ENTNDIEBFDERERI V8T 7 4 YYIF %2 1E
BL, "RV - ZF I VRELE R
CEM Y DIER E N semithinI 2 v Y7
V—Zets L7z, Fig. 1E VA VU T —3efmic L b
HMik% T, TNENOROREN LERH S ONEE
HTHhb., AIXTIEEE, BIIEIMERE, CIIHRRHE
M, DIBMEEERFHCHD. FushiT
LT — MERZ RFHMETBE L, Zraohb
LM OEREE <A 78 X2 =% — T30 oHlE
L ¥ % S L 72 (Table 1) &80T EAS, * IR
HTid122+£05,m, SMEMHTIZ13.7+0.8 4m,
PEPRIFHMEE Tl 9.0 £ 1.7 pm, 15 ILE A DFHE R B
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B AHBIBAfRIE e A2 o 7.

2. BMEER

Table 2IZ7RL7-&H12, ANLT MY b VR
T v MIKE, LERLOIFHIEIS LTV F
TenNT 74 VPR~ MY Y 2F VB I
TH GG L, OFEET 500 EEEZEHIL,
Table 2IZ7RL72. AML 7MY MY VHERIES v b
DLFHMIEOMER, o FREHERER I, 2 8% T
54+02vs 52+03um, 12:BH%T59+0.1 vs 49+
0.2um, 2438 % T 57+ 0.1 vs 4.0+ 0.2um*
(*p<0.05 vs [EIE R EEE) & BERHSHE T I2HE - THE
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Table 1 Patient characteristics and diameter size of myocytes

Group Case  Sex Age(yr) D(l)\:s(isars After therapy HT D:;n:;zi;lt: ((Zl;a;l)
Control 1 M 40 - - - 13.2
2 F 54 — — — 10.6
3 F 56 - — - 13.0
4 M 60 — — - 10.1
5 F 63 - - - 13.3
6 M 83 - — - 13.0
Mean=+SD 59.3+3.6 12.2%+0.5
HT 7 M 52 - - + 12.4
8 M 60 - - + 14.1
9 F 75 - - + 14.5
Mean=+SD 62.3+9.9 13.74+0.8
DM 10 F 41 +( 1) Diet — 8.0
11 F 71 +(3) Sulfonylurea - 123
12 F 66 +(9) Sulfonylurea - 6.5
13 M 56 +(12) Insulin - 72
14 F 65 +(14) Insulin - 9.7
15 M 77 +(24) Insulin - 9.7
16 M 74 +(25) Diet - 7.8
17 F 74 +(25) Insulin - 9.0
Mean=+SD 66.0+£16.6 (14.1£9.4) 9.0+1.7
DM+HT 18 F 66 +(1) Diet + 12.6
19 M 66 +( 2) Diet + 12.8
20 M 58 +(3) Diet + 14.5
21 M 71 +(3) Sulfonylurea + 12.9
22 M 50 +(7 Insulin + 10.7
23 F 69 +(11) Sulfonylurea + 9.7
24 F 51 +(13) Diet + 12.7
25 F 54 +(21) Diet + 11.5
Mean=+SD 60.6t74 (7.616.8) 11.9%+2.0

HT=hypertension ; DM =diabetes mellitus ; M=male ; F=female.

RIFEE TR L7z (Fig. 2).
LDEBAGAOBMEILIZ L (IZhbhedh o,

3. PTUFUORERGBEREHR

2 F RSy b THEY L AEKEY R % TRITC-phal-
loidinT7 7 F v ¥t L7z, 238, 12:8, 248 L E#
DFEBE L BT, LHMBEOKE SR RM/MEAR D
AbND L)ooz, &5 LHMREMEAND T
7 F VGHEDBEFTIOENDA LN, HEEHEISHNR
A LTz, Fig. 3132488 A L7 MY b VR
%J v b (Fig.3-T) L FBKONET v b (Fig. 3-1)

DHEWE D LHHRNET 7 F v &AL ETH
5. LEHHBAOFET 7 F Y OEXEBERRFTDO LD 5
EEDEEIZIRA L TV:7z. Table 212 &L R
WEOT 7 F v OEAGERSTOEE LR LD, L
BLT 7 F ¥ BRSO HHERFEEH M
WG UBEE L o /e,

% =

L83 1997F, ERLEHAWT, BFEEME,
EFEMENREZITY, OEFOEXEEORE, L&
A OBHEL, LHHBEAOX Y 70~y —%RT
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Table 2 Characteristics of rats and histological findings of rat cardiac fibers

2W 12W 24W
C DM C DM C DM
(n=17) (n=17) (n=7) (n=7) (n=17) (n=17)
Body weight (g) 232428 166+32% 32243 12242 37249 120%6*

0.72+0.04 0.55%0.04*
107£10.3 384+73.4*
54%£0.2 52103

Heart weight (g)
Blood sugar (mg/d[)
Size of myocytes ( z2m)

Actin immunofluo-

92.8+28 89.9+39
rescence (%)

0.97+0.1 0.64%0.08*
99.9+11.7 465+41.9*
5.9+0.1

93.6£42 779%6.4

1.20£0.04 0.65%0.03*
116123 529+54.7*

49+0.2 5.7%0.1 4.0£0.2*

942436 56.8+£5.7*

Values are mean=SD. *p<<0.05 vs control. 'p<<0.05 vs 2W DM rats.
2W =rats at 2 weeks, 12W =rats at 12 weeks, 24W =rats at 24 weeks ; C=control. Other abbreviation as in Table 1.

Fig.2 Photo micrographs showing cardiac muscles by azan
staining in a control rat at 24 weeks(upper)and a
diabetes rat at 24 weeks(lower)

Original magnification X 40.

VA Y2 TN = EAERIRREBIIC B\ T
mL, SMEEHEITIESSICHERT S EeiMEL
7. T & RS ORI O R I IR EE, SIMER,
PEPRIRHLSREE, SILESPHERPFEEO M CTHEEIIR
DOV, FERFEMRFE O LHMEI R S /AE v
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Fig. 3 Photo micrographs showing actin fibers in cardiac
muscle (transverse section)by immunofluorescence
in a control rat at 24 weeks(upper)and a diabetes
rat at 24 weeks(lower)

Original magnification X 40.

ZlEHmELL.
ZFITHEBAMLVT M Y VHERIET v M EE-
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Whb, 7L, TYIFTIUA, ATA-NVT
IVEEDBEERTENLAEEEIHY )BT, &
BEFEERTEIOLL2RFAPLELEbNS,

PEFRIFAES T LA ZEASIEEE & ) /& WiER
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VMNUUBERET v P ERERL, MHMEOoKRESE
FHL7-. 2R, BRHICOHMIZNSRS
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WEBE 5 X5 EAFEHSIN. &SI OHMRERN
DT I FVBMEEZ T 704DV ERRBETRELLE
25, LHHBADT 7 F VBHEEREIIZEA LT
WAHZEFBEIN:., ThILHBHBREREDO—D®
ERTRZVWIALEbhE, LA L, HBERY:Y
DT 7 F v ERR EOELFENBT ZITo TR 2RVD
T, SBREILICKRFHETMA ZTNE R b wEER
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