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LIGHT AND ELECTRON MICROSCOPE STUDY OF
THE DIABETIC RAT MYOCARDIUM AFTER
TRIMETAZIDINE (VASTAREL) TREATMENT

Gamal A. Mohamed & Adel A. Al-Hawary

From
Anatomy Department, Faculty of Medicine, Mansoura University

ABSTRACT

Diabetic patients with ischaemic
heart disease have a greater liability
of myocardial ischaemia, and an in-
creased incidence of heart failure
compared to the non-diabetic ones.
The goal of this study was to clarify
the effects of trimetazidine on the ar-
chitecture of the myocardium of dia-
betic rats. Thity adult male albino
rats (200-250 gm) were used in this
investigation. They were divided into
three equal groups; control, diabetic
non-treated and diabetic TMZ- treat-
ed. At sacrifice, small pieces of the
myocardium of left ventricle were pro-
cessed for histological, histochemical
and immunohistochemical study.
Myocardium of diabetic rats showed
an apparent increase of endomysium.
The muscle fibers showed areas of
degeneration. Ultrastructurally, the
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cardiac myocytes of diabetic rats
showed distortion of cardiac myofi-
brils with loss of cross banding in
many areas. The nucleus had a cor-
rugated nuclear membrane and the
mitochondria were swollen and dis-
torted. Histochemically, myocardium
of diabetic rats exhibited a weak suc-
cinic dehydrogenase reaction and a
strong positive immunoreaction for
NF-kappa B and caspase-3 in myo-
cardial sarcoplasm. On the other
hand, TMZ- treated diabetic rats
showed an improvement in the histo-
logical architecture and in both histo-
chemical and immunohistochemical
reactions. So, TMZ should always be
advised for diabetic patients to allevi- .
ate the cardiac hazards.

INTRODUCTION
Diabetes mellitus (DM) is a chron-
ic metabolic disorder charatcterized
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by widespread complications. Cardio-
vascular problems have become the
major causes of morbidity and mortal-
ity in the diabetic population. (Kamal
et al.,, 2005; Marzilli and Affinito,
2005). The long-standing DM can re-
sult in the development of cardiomyo-
pathy regardless the coronary artery
affection and may be accompanied
by myocardial fihrosis (Kerrie et al.,
2002; Akula et al., 2003). Several
mechanisms are implicated in the
pathogenesis of the functional and
morphological changes of the myo-
cardium of diabetic patients (Rosano
et al., 2005).

Marzilli and Affinito (2005) report-
ed that direct modulation of cardiac
metabolic alterations associated with
DM appears as a promising choice
for the management of ischaemic
heart disease. They found that trimet-
azidine (TMZ) could improve anginal
patients without causing haemody-
namic changes. El- Kady et al. (2005)
and Saeedi et al. (2005) found that
TMZ improves post-ischaemic func-
tion of pressure overload hypertro-
phied hearts. This drug intake with
the routine treatment up to 18 months
is well - tolerated and induces an im-
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provement of the left ventricular func-
tion (Di Napoli et al., 2005; O'Meara
and McMurray, 2005). Kara et al.
(2004) said that TMZ protects the
heart against ischaemia-induced ar-
rhythmias and reduces the myocar-
dial infarct size in anaesthetized rats.

A review of the available literature
revealed a lack of studies pertaining
the histological effects of TMZ on the
diabetic myocardium. Consequently,
the present investigation was carried
out with an intent to throw light on the
histological, histochemical and immu-
nohistochemical effects of TMZ on
the myocardium of the diabetic albino
rats.

MATERIALS AND METHODS

Thirty adult male albino rats (200-
250 gm) were used in the present
study. They were equally divided into
three groups. Group | rats served as
control. Group il and Ill animals were
experimental and were given a single
dose of streptozotocin (Sigma, St.
Louis, MO, USA), 60 mg/ kg i.p., to in-
duce diabetes by specifically damag-
ing pancreatic beta - cells. Success-
ful induction of diabetes was
confirmed by elevated blood glucose
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levels (more than 300 mg/dl) (Aoki et
al., 2001; Evelson et al., 2004). Eight
weeks after injection of streptozoto-
cin, group | and Il animals were given
normal saline (1ml/ day orally for six
months). Diabetic animals of group Ill
were given TMZ (Blister of modified
release film coated 35 mg-tablets of
trimetazidine dihydrochloride manu-
factured by Servier Egypt Industeries
Limited, 6th October City, Egypt, in a
dose of 70 mg per day orally, dis-
solved in 1 ml normal saline). Doses
were given orally daily by a modified
plastic syringe for six months (Qiu et
al.,, 2005). The human dose of TMZ
was corrected according to formula of
Paget and Barnes, (1964). All ani-
mals were housed under the same
conditions and allowed food and wa-
ter ad-libitum.

Histo!gicallstudy 3

Twenty-four hours after the last
dose of TMZ, rats of all groups were
anaesthetized by ether and sacri-
ficed. Small pieces of the myocardi-
um of left ventricle were immersed in
10 % formalin, dehydrated, cleared
and embedded in paraffin. Paraffin
sections (6 pum) were prepared and
stained with haematoxylin & eosin

(H&E) to study the general histologi-
cal architecture of the ventricular
myocardium (Drury and Wallington,
1980).

For electron microscopy, fine frag-
ments of the left ventricle were fixed
in glutaraldehyde (2%) in 0.1 M phos-
phate buffer at pH 7.4. They were,
then, transferred to 1% osmium te-
troxide in the same buffer, dehydrat-
ed in ascending grades of alcohol
and propylene oxide, embedded in
epon (Hayat, 1989). Ultrathin sections
(40-50nm) were cut, using a glass
knife, stained with 4% uranyl acetate,
2% lead citrate and examined by
JEOL 100S electron microscope.

Histochemical study :

Fresh frozen cryocut sections
(10um) were processed for nitro-blue
tetrazolium (NBT) staining to estimate
the succinic dehydrogenase enzyme
(SDH) activity (Kiernan, 1999)

Immunohistochemical study

Paraffin sections of left ventricle (5
um) were stained by peroxidase anti-
peroxidase enzymatic immunohisto-
chemical method(PAP) (Sternbargar
et al., 1970), using anti nuclear factor-
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kappa B (NF-kappa B, Santa Cruz,
USA) (Jones et al., 2003) and anti
caspase-3 (Lab Vision, USA) antibod-
ies, invasion system with 3- 3" dia-
minobenzidine tetrachloride hydrogen
peroxidase solution (DAB) as chro-
mogen. The sections were counter
stained by Mayer's haematoxylin, de-
hydrated and mounted (Cai et al.,
2002).

RESULTS

Histological changes :

The myocardium of the left ventri-
cle of control rats (group 1) showed
branching and anastomosing striated
muscle fibers separated by a narrow
endomysium. They possessed acido-
philic cytoplasm and central vesicular
nuclei. Flat fibroblasts were noticed at
the periphery of the fibers (Fig. 1).
The myocardium of diabetic rats
(group 1) showed an apparent in-
crease in the endomysium between
cardiac muscle fibers with numerous
fibroblasts. Muscle fibers exhibited ar-
eas of degeneration. Some nuclei ap-
peared small and dark (Fig. 2). TMZ-
treated diabetic rats (group IlI)
showed a slight increase of the endo-
mysium. Cardiac muscle fibers were
more or less similar to the control
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(Fig. 3).

Ultrastructural changes :

The cardiac myocytes of group |
rats exhibited evident cross striations
formed by myofibrils. Sarcomeres
were bounded by two successive Z
lines and showed a dark A band and
two halves of light | band. A band
showed a lighter H zone in its center,
which was bisected by dark M line.
The sarcoplasm lodged numerous mi-
tochondria in rows between myofibrils
and the nuclei had smooth outlines
(Fig. 4). The cardiac myocyte of
group Il rats showed loss of the nor-
mal architecture with focal areas of
degeneration. The mitochondria were
swollen and distorted. The nuclei pos-
sessed corrugated nuclear mem-
branes (Fig.5). An improvement in the
histological picture of the cardiac
myocyte of group lli animals was ob-
served in the form of reappearance of
cross banding of sarcomeres. Normal
dark bands were bisected by H zone
and the light bands appeared very
narrow. The nucleus was oval with
smooth nuclear membrane. Some
myofibrils were still degenerated. The
mitochondria were arranged in rows
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between myofibrils (Fig.6).

Histochemical changes :

The myocardium of control rats
(group 1) showed an intense succinic
dehydrogenase (SDH) reaction,
which appeared as small purple gran-
ules scattered in the sarcoplasm of
the muscle fibers (Fig. 7). In diabetic
rats (group 1), the reaction was most-
ly moderate (Fig. 8). TMZ treated dia-
betic rats (group Ill) exhibited an in-
tense reaction in most fibers and a
moderate one in some areas (Fig. 9).

Immunohistochemical changes :

1) Nuclear factor kappa B (NF
kappa B) : Group | rats showed a
weak expression of NF kappa B in
the sarcoplasm of cardiac myocytes
(Fig. 10). In group |l rats, there was a

strong positive immune reaction to
NF kappa B, which appeared as
brownish dots in the cytoplasm
(Fig.11). In TMZ-treated diabetic rats
(group lll), the level of NF-Kappa B
reaction in most of cardiac myocytes
returned nearly to the control level
(Fig.12).

2) Caspase- 3 : Group | rats
showed a negative immune reaction
to caspase-3 in their myocardial sar-
coplasm (Fig. 13). A strong positive
immune reaction to caspase-3, was
encountered in the cardiac myocytes
of group Il rats in the form of brown-
ish punctate in the cytoplasm (Fig.
14). Group Il animals exhibited a
very weak reaction to caspase- 3 in
most of their cardiac myocytes and
strong reaction in the degenerated
ones (Fig.15).

MANSOURA MEDICAL JOURNAL
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Fig. (2) :

LIGHT AND ELECTRON MICROSCOPE STUDY etc..

A photomicrograph of a control
rat (group |) myocardium show-
ing longitudinal striated muscle
fibers with central vesicular nu-
clei (N).Notice the peripheral
flat fibroblasts (F) and the nar-
row endomysium (arrows).
(H&E.X400)

A photomicrograph of the myo-
cardium of diabetic rat (group
Il) showing muscle fibers with
areas of degeneration (D). The
nuclei are small and dark (DN).
Notice the numerocus fibro-
blasts (F) and the apparently
increased endomysium (ar-
rows). (H&E.X 400).
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Fig.(4) : An electron mi

Fig.(3) : A photomicrograph of the myo-

cardium of TMZ- treated dia-
betic rat (group lil) showing a
slight increase of endomysium
(arrow).Muscle fibers are more
or less similar to the control.
Notice the vesicular oval nuclei
(N) and scattered fibroblasts

(F). (H&E.

Py (e

crograph of a con-
trol rat cardiac myocyte show-
ing cross banding pattern of
the myofibrils. Sarcomeres (S)
lie between 2 successive Z-
lines (Z) and showed dark
bands (A) and light bands (1). A
band showed a lighter H zone
in its center, which was bisect-
ed by a dark M line (M). Mito-
chondria (m) lie between myofi-
brils in rows. Notice the oval
nucleus (N). (Uranyl acetate /
lead citrate X 10000).
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e By

Fig.(5) : An electron micro? aph of a car-

diac myocyte of group Il rat
showing distortion of cardiac
myofibrils with loss of cross
banding in many areas. The
nucleus (N) has corrugated nu-
clear membrane and the mito-
chondria (M) are swollen and
distorted. (Uranyl acetate /
lead citrate X 10000).

: An electron micro?raph of the

cardiac myocyte of group lil rat
showing regular cross banding
of sarcomeres (S).The dark
bands are bisected by H zone
and the light bands appear
very narrow. The nucleus (N) is
oval with smooth nuclear mem-
brane. Some myofibrils are still
de%‘enerated (d).Notice the mi-
tochondria (M) arranged in
rows between myofibrils.
Uranyl acetate / lead citrate
x10000).

Fig.(7) : A photomicrograph of a control

rat myocardium showing in-
tense SDH enzyme activity of
muscle fibers with no staining
of intercalated disc (arrows).
(NBT X 200).

Fig.(8) : A photomicrograph of a diabetic
rat myocardium showing most-
ly a moderate SDH enzyme ac-
tivity. (NBT X 200).
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Fig.(9) : A photomicrograph of myocardi- Fig.(11) : A photomicrograph of myocardi-

um of diabetic rat treated with
TMZ showing an intense SDH
reaction in most fibers (arrows)
and moderate reaction in few
areas. (crossed arrows).
(NBT X 200).

Fig.(10) : A photomicrograph of a control
rat myocardium showing weak
expression of NF- kappa B in
the cytoplasm of myocardium.
(PAP x 400).
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um diabetic rat showing strong
NF-Kappa B reaction in cadri-
omyocytes. (PAP X 400).

Fig.(12) : A photomicrograph of myocardi-

um of TMZ- treated diabetic rat
showing control level of NF-
Kappa B reaction in most of
cadiomyocytes. (PAP X 400).
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Fig.(13) : A photomicrograph of the con- Fig.(14) : A photomicrograph of the myo-

trol rat myocardium showing cardium of diabetic rat showing
negative reaction to caspase- strong reaction to caspase- 3
3 in the cytoplasm of cardiac (PAP X 400).

myocytes.

(PAP X 400).

e

Fig.(15) : A photomicrograph of the myocardium of TMZ- treated diabetic rat showing a
very weak reaction to caspase- 3 in the majority of cardiac myocytes with area
of strong reaction (arrow) in the degenerated fibers. (PAP X 400).
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DISCUSSION

The prevalence of ischaemic heart
disease complicating diabetic syn-
drome is growing rapidly. Manage-
ment of such a problem remains a
challenge; treatments are less effec-
tive in diabetic patients than in non di-
abetic ones. The greater occurrence
of ischaemic heart disease is partially
due to coronary artery disease and,
more importantly, due to the dia-
betes-induced abnormalities in the
myocardium, termed diabetic cardi-
omyopathy (Marzili and Affinito,
2005; Stanley, 2005). This cardiom-
yopathy may be accompanied by
myocardial fibrosis (Akula et al.,
2003). Rosano et al., (2005) found
that the increased uptake and oxida-
tion of free fatty acid by myocardial
tissue is responsible for the increased
susceptibility of the diabetic heart to
myocardial ischaemia compared to
the nondiabetic ones.

in the present study, the myocardi-
um of diabetic rats showed an in-
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creased endomysium between cardi-
ac muscle fibers with numerous fibro-
blasts. Muscle fibers showed areas of
degeneration. Some nuclei appeared
small and dark. These alterations
could be due to the diabetic hypergly-
caemia and coincides with Thompson
et al. (1991), Kerrie et al. (2002) and
Adeghate (2004). The wide endomy-
sium, noticed in the present work,
could be due to the decreased size of
degenerated cardiac muscle fibers.
In the current investigation, the myo-
cardium of the TMZ- treated diabetic
rats, more or less, regained the
control features. This could be due to
the effect of TMZ which might combat
the hazards of DM on the myocardi-
um. El-Kady et al. (2005) postulated
that TMZ improves the ischaemic at-
tacks in patients with ischaemic cardi-
omyopathy clinically without haemod-
ynamic alterations. Moreover, Parang
et al. (2005) claimed that TMZ works
by enhancing the efficiency of the
myocardium, rather than decreasing
its work.
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advisable to widen the scale of its use
for patients at high risk of diabetes
mellitus to alleviate the diabetic unde-
sirable cardiac hazards.
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