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ABSTRACT

The smell intramyocerdial arteries were in-
vestigated in 25 streptozotocin-induced diabetic
rats at 11 to 4o weeks of diabetic state. The
morphometric analysis was made using an eye-piece
micrometer on a definite microscopic area. The
mean arterisl diemeter and the mean arterial wall
thickness * standard deviation were determined in
diabetic rats et 11, 19, 26, 33 and 4o weeks and
compared with nondiabetic rats of the same age.
The difference was statistically significant for
the arterial wall thickness in animals with dia-
betes longer than 19 weeks: 8.84 * 1.34 ,um in
diabetic rets at 19 weeks after the streptozoto-
cin injection, versus 7.09 ¥ 6.69/um in control
group, 10.87 * 0.89,um in diabetit rats at 26
weeks versus 8.5% * 0.66 um in controls, 12.55 *
1.0% ,um in disbetic rath at 33 weeks versus
8.66 é 0e22 /o8 in controls and 12.75 * 0.66/um
in diabetic ats at 40 weeks versus 8.71 ¥ 0e52
aun in conitrols. In nondisbetic animals the arte-
¢ial wall thickness increased with the normal
ageing, but in a lower proportion. Our results
are an experimental srgument to the fact that the
thickening of the small arteries could play a
role in the disbetic cerdiac damage. ‘
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INTRODUCTION

The pathogenesis of the diabetic cardiomyo-
pathy is still under debate. &therosclerosis of
the extramural coronsries has been associated
with the increased cardiovascular risk in diabe-
tice(Bell,1952; Crall and Roberts,1978; Boucher
et al.,1979). But a correlation between arterial
atherosclerosis and the severity of diabetles
mellitus has not been found by Vigorita et al.
(1980). Their study on 185 cases suggest that
the diabetic cardiomyopathy is rsther caused by
a form of microangiopathy. This point of view is
also supported by the following findings in the
small arteries of diebetic myocardiumi endothe-
1iel proliferation (Blumenthal et al., 1960;
Zoneraich et al., 1980; Gherasim et al., 1985),
P.A.S. positive material deposition in the medila
(Ledet,1968), capillary and arteriolar microaneu-
risma (Factof,lQSo), and bridges accompanied by
subendothelial thickening (Zoneraich and Silver-
men, 1978). Ultrastructural studies have shown
the thickening of the capillary basement membra-
ne in the disbetic human myocardium (Fischer
1979). In a more recent study,Fector(1981) did
not noticed changes of the vascular wall thick-
ness st 8 weeks streptozotocin induced diabetic
rzts. '

In order to investigate the pathogenesis of
the héert disesse in experimentally induced dia-
betes, we applied morphometric analysis on the
intramyocardial arteries.

MATERIAL AND METHODS

Female Wistar rats 10 weeks old (mean body
weight 180 g) fasted for 24 hours, received a
single i.v.injection of 3o mg/kg streptozotocin
in citrat buffer, pH 4.4. Controls of the same
age were injected only with buffer. Blood sam-
ples were collected after 24 hours of fasting
for measurement of plasma glucose concentration
by a glucose oxidase method. In every group the
mean plasma glucose concentration was the average
of atleast four determinations.Fifteen diabetic
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animels died spontaneously during the experiment
period. All the animals (diabetic and controls)
were fed with a low carbohydrate diet.

Five diasbetic rats and five controls were
gscrificed under mether anesthesia 11, 19, 26,35,
and 40 weeks after the streptozotocin injection.

Heart specimens were tsken from each sscri-
ficed animsl.Tissue fragments were fixed in for-
maldehyde and processed routinely. Faraffin sec-
tions were stained with hematoxylin-eosin and
picrofuchsin ven Gieson's. In morphometrical ana-
lysis the direct meagsurement on transverse sec-
tions was made using an eye-piece micrometer.for
each case a number_of 200 microscopic fields,i.e.
a surface of 19 mm® at a 4oo x magnification was
scanned. The mean arterial dismeter, the mean
arterizl wall thickness and the mean &rterial
wall thickness/mean arterizl diameter ratio were
determined. Student's t-test was used for the
gtatistical analysis.

RiSULTS

The mean plaesma glucose concentraiion was
157 * 8.66 mg/loo ml in diabetic snimals snd
8%.5 + 5.65 mg/loo ml in controls.

he results of the morphometric snalysis
sre summarized in Table 1. wWe found the mean
arterial wall thickness significantly increased
st 19 weeks after the streptozotocin injection.
The difference between disbetic and control ani-
mals becomes more end more significent with the
experiment duration.

In order to establish the importznce ol the
arterizl wall thickness in decressing the vasca-
12y lumen 2nd to exclude a possible error intro-
duced by measuring lerger vessels, we computed
the me=n srteriasl well thickness/mean =2rterial
diameter ratio. This parameter is increased
after 26 weeks.

On the other hand, the thickening of the
amall srteries wall is quite constant in the nor-
mal process of ageing.
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Table 1. Morphometry of the small intraiural coronary
arteries in disbetic and control rats.

EIBERII(»BLI)!T DURATION 713 19 26 33 40
A

Hean arterial 602040493  8484+1e34 10.8710.89 12.55%1.03 12,75%0.66
wall thickness D % Xrk e "
(/um 4 SD) Lefe -

C 6.86£0.76  7.09%0.69 8.5310.66 8.66+0,22 8.71+0.52

Uean srterial [ 21'90%7.32 26.7213.24 17.9745.18 20.01t3.88 16.86:2.32

diameter Ne 8o i NeSe . NeBo R
(/J.m + SD)

C 2.4611.41 23.55#2.11 21.4840.99 20.71%6.34 22.01%4.75

Mean arterial ) R . . .
wall thic 0,28 0. 30 0.60 062 0.75
Mean arterial . -
diameter C 0350 0.30 0.39 0.41 0.39
w = weeks
D = disbetic rats (five for each group)
C = control nondisbetic rats of the same age (also
five for each group)
nes.= sptatistically not significent
%% = p et 0,010; *** 3 pe 0.00l; the comparison waa
made between the same parameter at disbetic
and control rets of the same age
SD = standord deviation
DISCUSSTION

The main problem in producing an experimen-
t21 disbetic coronary microangiopathy is to de-
velop a diabetic state which lasts long enough
to cause cardiac damage. In our experiment the
moderate mean glucose plasma concentration (157
+ 8.6 mg/loo ml) was due to the small streptozo-
tocin dose and the low carbohydrate diet recei-
ved by the animsls. In any case, the difference
between the disbetic groups and the controls in-
iected with buffer alone is statistically signi-
cant (p=< 0.001).

The thickening of the erterisl wall in dia-
rete became significsnt compared with con-
of the same age et 19 weeks of diabetic

In this group &n increase of the mean

izl dismeter (28.72 & 3.24 um versug 23.55

11 4 in non diabetic rats)’was also noticed

4 the meen arterisl wall thickness/mean
dizmeter ratio was the saxe as in the
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control groups (0.30). The dilatation of the
small intramural arteries could represent a com-
pensatory asdaptation to the vascular wall damage
(MaMillan, 1975). B '

- After 26 weeks the wall thickening was more
important, so that the adaptative capacity of '
the intramyocardial arteries was exceeded and
the mean arterial wall thickness/mean arterial
diameter ratio increased in disbetic rats(0.60
versus 0,30 at 26 weeks, 0.62 versus 0.41 at 33
weeks and 0.7% versus 0.3%9 at 40 weeks). ‘

Although™ the thickness of the arterial wall
is 2lmost the same 2t 33 and 40 weeks in disbetic
groups (12.55 ,um and 12.75 ,um)the important daif-
ference betweeh the wall thickness/diameter
ratio (0.62 versus 0.75) is probesbly an expres-
sion of & significant vescular narrowing secon-
dary to the arterial wall thickening.

We suppose that the difference between
Factor's data (1981) concerning the wall
thickness/dismeter ratio (0.124 in 8 weeks dia-
betic rats) and our date (0.30 after 11 weeks)is
due to the determination in the present study of
the internal (luminal) and not of the external
dizmeter. |

hccording to Fein et al. (1981) and Factor
et 2l.(1981) the intramyocardial arterial damage
in experimentally induced diabetes can not be
due to malnutrition. Although in our experiment
both diabetic and nondiabetic animals received
the same diet, the diabetic rats showed a signi-
ficant arterial thickening compared with nondia-
betics. In their study, Fein et al. (1981) pro-
ved that streptozotocin is not directly cardio-
toxie; by giving the streptozotocin inhibitor
3-0-methyl glucose to a series of rats recel-
ving the drug they showed that mechanical abnor-
malities in papillery muscle function were not
observed in the nondisbetic animals given strep-
tozotocin plus inhibitor.

The vescular wall thickening in the normal
process of ageing and in disbetes mellitus too,
but 2t a higher level argues the theor{ of
Vracko (1979, 1982) that diabetes accelerates
the rate of cell death and cell renewal.

Moreover, in electron microscopy we found the
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thickening of the capillery bassl lamina in & con-
centric¢ manner before the beginning of the arte-
rial wall thickening{unpublished data).This fin-
ding agrees with the observations of Vracko(1982)
in skeletal muscle of aged and diabetic pstients.
Probably,the capillary bed damage precedes the
slterations in emall arteries.However it is dif-
ficult to.esteblish a csusal relationship.

Whatever the cause, we suppose that the re-
‘sults presented here demonstrate the intramyocar-
disl arterisl involvement in experimentsl diabe-
tic heart disease,2nd are an useful model for
explaining the couse of the human diabetic car-
diomyopathye.
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