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EFFECTS OF TRIMETAZIDINE ON OXIDATIVE
STRESS IN STREPTOZOTOCIN-INDUCED
DIABETIC NEPHROPATHY IN RATS

By

Vivian Boshra and Amany Shalaby

From
Department of Clinical pharmacology,
Faculty of Medicine, Mansoura University, Mansoura, Egypt.

ABSTRACT

Oxidative stress induced by hyper-
glycemia in diabetes mellitus is a ma-
jor cause for development and pro-
gression of diabetic microvascular
complications such as nephropathy.
Thus, the protective action of trimeta-
zidine "TMZ" against oxidative stress
was investigated in a rat model of dia-
betic nephropathy. Diabetes was in-
duced in male Sprague -Dawley rats
using streptozotocin (65 mg/kg). Ei-
ther TMZ (10 mg/kg) or captopril (50
mg/kg) was gavaged daily for 12
weeks. After the end of the experi-
mental period, renal functions and re-
nal oxidative stress markers were as-
sessed. Either captoprii or TMZ
exhibited significant improvement of
the renal function that was correlated
with significant decrease in the renal
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oxidative stress markers. In conclu-
sion, the antioxidant property of TMZ
may offer a potential therapeutic
source for the treatment of diabetic
nephropathy.

Keywords : diabetic nephropathy,
oxidative stress, renal functions, tri-
metazidine.

INTRODUCTION

Diabetic nephropathy associated
with diabetes mellitus is a leading
common cause of end stage renal
disease (ESRD) in many countries
(1). Renal disease is usually attribut-
ed to metabolic consequences of ab-
normal glucose regulation manifested
by elevated blood and tissue levels of
glycosylated proteins and hemody-
namic changes within the kidney tis-
sue (2),
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Diabetic nephropathy is character-
ized by a progressive accumulation of
extracellular matrix components in
the glomerular mesangium and tubu-
lar interstitium, which eventually leads
to proteinuria and renal failure @),
The exact mechanisms underlying
the evolution of diabetic nephropathy
are complex and not well defined.
The microvascular complications of
diabetes share a common pathophy-
siology that may be explained as a di-
rect or indirect consequence of hyper-
glycemia-mediated overproduction of
reactive oxygen species (ROS) that
occurs before structural changes and
mesangial matrix deposition (4). ROS
attacks the unsaturated fatty acid in
the biomembrane to yield lipid peroxi-
dation such ketone, hydroxyl radical
and malondialdehyde (MDA) known
confounders of nephropathy in type 2
diabetes (5). ROS-mediated the tran-
scription factors nuclear factor Kappa
beta (NF- B) and activated protein-1
(AP-1) which lead to activation of hu-
man transforming growth factor beta-
1 (TGF- 1) and deposition of extracel-
jular matrix and tissue fibrosis (6).

So, this microvascular deteriora-
tion could be prevented either by
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modulating the blood glucose levels
or by the inhibition of free radicals ac-
cumulation (7, and among several
microvascular disorders, nephropathy
can be improved by the use of antiox-
idants (8.9) .

Trimetazidine "TMZ" is a pipera-
zine derivative (1-(2,3,4-trimethoxy-
benzyl)-piperazine dihydrochloride)
with anti-ischemic properties as TMZ
decreases ischemic stress and im-
proves cardiac performance during is-
chemia(10). At the cellular level, TMZ
preserves ATP production and reduc-
es intracellular acidosis and calcium
overload and thereby maintains the
cellular homeostasis (19). It has been
also improved that TMZ has antioxi-
dant properties in vitro (11. 12) and in
vivo (13,14), TMZ decreases oxidative
damage to mitochondria and protects
tissues from ischemia reperfusion-
induced damage to mitochondrial res-
piration (11).

Thus based on reported properties
of TMZ, we investigated the antioxi-
dant and the protective effect of T™™Z
against the development and the pro-
gression of diabetic nephropathy in
comparison to captopril in rats.
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METHODS
Drugs : Trimetazidine dihydrochlo-
ride (metacardia tablets 20 mg, Glo-
bal Napi Pharmaceuticals, Egypt) and
captopril (Capoten, tablets 25mg Bris-
tol-Myers Squibb, Egypt).

Study design : This study was car-
ried on male Sprague-Dawley rats
weighing 300 to 350 gm. They were
maintained under standard conditions
of temperature 22+ 20C with regular
12h light/12 h dark cycle and allowed
free access to standard laboratory
food and water. All experimental pro-
cedures were performed in accor-
dance with guidelines of the Institu-
tional Animal Care and Use
Committee of Faculty of Medicine,
Mansoura University. The rats were
divided into two groups; Control and
Streptozotocin (STZ)-induced diabetic
nehropathy rats. Each group was
subdivided into three groups (8 ani-
mals in each group); non-treated
group: rats received saline (1ml); cap-
topril group: rats treated with captopril
(50 mg/kg body weight) (15) and TMZ
group: rats treated with TMZ (10 mg/
kg body weight /day) (16),

Diabetes was induced in the sec-
ond group by intraperitoneal injection
of STZ 65 mg/kg body weight (Sigma
Chemical Co., St Louis, MO) dis-

solved in in 0.1mmol sodium citrate

buffer, pH 4.5.(5) Seventy two hours
after STZ injection diabetes mellitus
was confirmed by measuring venous
blood glucose levels. Rats with fast-
ing blood glucose level less than 300
mg/dl were excluded from the experi-
ment. The final number of animals of
each subgroup was eight. The rats re-
ceived saline or medication by oral
gavage via gastric tube once daily for
twelve weeks .

At the end of the experimental pe-
riod, twenty four-hour urine samples
were collected in individual metabolic
cages for measurement of urinary al-
bumin excretion (UAE) one day prior
to sacrifice. Urine microalbumin con-
centration was measured according
to the rapid colorimetric method using
commercial kit (Randox Laboratories
Ltd., Antrim, United Kingdom) (17),

On the next day, rats were
weighed and sacrificed after fasting
for 12 h and blood and kidney sam-
ples were collected. Blood were col-
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lected and centrifuged at 2000g for
10 min to measure serum glucose
and creatinine. The fasting serum glu-
cose was measured according to the
glucose oxidase method (18). The
serum creatinine was determined us-
ing creatinine-colorimetric kit (Dia-
mond diagnostic, USA) (19). Kidneys
were removed, weighed and kidney /
body weight ratio (KW/BW%) was cal-
culated. The kidneys were homoge-
nized (1 g/10 ml ice-cold potassium
chloride, 150 mM). The homogenate
was then stored at -80°C till time of
assay of the oxidative stress markers.
The lipid peroxidation product; MDA
was determined on the base of its re-
action with thiobarbituric acid (TBA)
to form a pink complex with absorp-
tion maximum at 535 nm using the
method described by Uchiyama and
Mihara (20), The reduced glutathione
(GSH) content in the kidney homog-
enate was determined using the
method described by Van Dooran et
al. (21), The basis is the reaction of
Ellman's reagent 5,5-dithiobis (2-
nitrobenzoic acid) (DTNB) with thiol
group of GSH at pH 8.0 to give yellow
color of 5-thiol-2-nitrobenzoate anion.
The activity of superoxide dismutase
(SOD) enzyme in kidney homogenate
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was determined according to the
method described by Sun and Zig-
man (22). This method is based on
the ability of SOD to inhibit the auto-
oxidation of epinephrine at alkaline
pH to adrenochrome and other deriv-
atives, which are easily monitored in
the near-UV region of the absorption
spectrum. The catalase (CAT) activity
was determined by measuring the ex-
ponential disappearance of H202 at
240 nm and expressed as units/mg of
protein as described by Aebi (23). The
total proteins content in kidney was
determined according to the Lowry's

method and as modified by Peterson
(24),

STATISTICAL ANALYSIS

The statistical analysis was carried
out using SPSS version 10 statistical
programs (SPSS Inc., Chicago, IL,
USA). Differences among groups
within an experiment were analyzed
by the one-way ANOVA analysis of
data followed by post hoc test of Tu-
key HSD. The results are presented
as mean +SEM. A P value of <0.05
value was considered significant. Cor-
relation was expressed by Kendall's
rank correlation, while regression for-
mulation was obtained by regression
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analysis. A P value < 0.05 was con-
sidered significant.

RESULTS

The body weight of all diabetic
groups was significantly decreased
compared with the control groups. Al-
though captopril or TMZ caused in-
crease in the body weight, it is statisti-
cally still below the normal weight of
the control groups. Meanwhile kidney
weight (KW) was significantly in-
creased in the non-treated diabetic
group compared with the control
group. Treatment of diabetic nephrop-
athy group with either captopril or
TMZ caused significant decrease in
the KW in comparison to the control
groups (table 1).

UAE was significantly increased in
diabetic nephropathy group in com-
parison to the control groups. Either
captopril or TMZ - treated diabetic
nephropathy group showed signifi-
cant decrease in UAE versus that of
non-treated diabetic group (table 1).

The fasting blood glucose level of
the diabetic groups was significantly
increased in comparison to the con-
trol group, without significant changes

of glucose level between untreated
and captopril or TMZ-treated diabetic
groups (table 2).

The serum creatinine level was
significantly increased in diabetic
nephropathy group in comparison to
the control groups. Treatment of dia-
betic nephropathy group with capto-
pril or TMZ caused significant de-
crease in the serum creatinine as
compared to that of non-treated dia-
betic group (table 2).

Renal MDA in diabetic nephropa-
thy groups was significantly increased
while renal SOD, CAT and GSH were
significantly decreased as compared
to the control groups. Captopril or
TMZ treated diabetic nephropathy
groups showed significant decrease
in renal MDA associated with signifi-
cant increase in renal SOD and GSH
as compared to those of non-treated
diabetic group. TMZ only caused sig-
nificant increase in renal CAT versus
those of non-treated diabetic neph-
ropathy group (table 3).

Importantly,
significant difference of the renal

there was non-
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function parameters between capto-
pril and TMZ treated diabetic neph-
ropathy groups. However, the anti-
oxidant effects of TMZ were statisti-
cally more significant versus than
those of captopril-treated diabetic
group.

Correlation and Regression analy-
sis : Kendall's rank correlation analy-
sis and regression analysis of the pa-
rameters in table (4) show that either
UAE or KW was negatively associat-
ed with SOD/ CAT/ GSH, and posi-
tively with MDA, respectively

Table (1) : Effect of oral TMZ (10mg/Kg) versus captopril (50mg/Kg) for 12 weeks on
the BW, KW, KW/BW% and 24 h UAE in STZ-diabetic nephropathy rats

(Mean = SEM, n=8.)

BW KW ‘ UAE
Groups KW/BW%
v (gm) (gm) ° | (mg24n)
Non-treated | 5 . 9g¢ | 242017 | 0.75%+005 | 0.24% 001
Control Captopril-
group treated 316+254 2.1+0.08 | 0.66%=003 | 0.21+0.01
TMZ- 2
et 319+30.1 | 22+0.14 | 0.69%+005 | 0.22+0.02
Non-treated | 197 +15.4* | 3.8+0.21* 1.9%+0.14*% | 2.62+009*
STZ-
disbetic | - ptopril-
nephro- S 202+ 184* | 22+0.09" | 11%+004* | 0272002"
treated
pathy
group
TMZ- | 5054 13.5% | 2.540.18% | 12£001+* | 028001
treated

Values were considered significantly different in the case of P< 0.05

* versus control group

* versus non-treated STZ-diabetic nephropathy group

Trimetazidine; TMZ, body weight; BW, kidney weight; KW, urinary albumin excretion; UAE, streptozotocin;

STZ
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Table (2): Effect of oral TMZ (10mg/Kg) versus captopril (50mg/Kg) for 12 weeks on
fasting blood glucose and S.Cr in STZ-diabetic nephropathy rats (Mean =

SEM,n=38.)
- Fasting blood glucose S.Cr
i (mg/d1) (mg/dI)
Non-treated
126.2+11.2 0.84 +0.07
Control Captopril-
group treated 123.6+ 10.9 0.85+0.05
TMZ-
1284+ 12.5 0.91 +£0.08
treated
Non-
436.0 +26.9* 2.16 + 0.09*
treated
STZ-diabetic Captopril-
nephropathy i 442.6 + 39 8% 0.91+0.08*
treated
group
TMZ- "
427.2+32.7* 0.93 +0.07
treated

Values were considered significantly different in the case of P< 0.05
* versus control group

* versus non-treated STZ-diabetic nephropathy group Trimetazidine; TMZ, serum creatinine;
S.cr, streptozotocin; STZ
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Table (3): Effect of oral TMZ (10mg/Kg) versus captopril (50mg/Kg) for 12 weeks on
renal MDA, CAT, SOD and GSH in STZ-diabetic nephropathy rats (Mean =

SEM ,n=38.)
MDA CAT SOD GSH
Groups (nmol/mg | (unit/ mg (unit/ mg | (nmol/mg
protein) protein) protein) protein)
Non-treated
0.72+0.04 | 35.58 £2.61 3.690+029 | 3532+286
Control Captopril-
group treated 0.75+0.06 | 33.89+282 | 4224032 | 3856=3.11
TMZ-
— 0.80£0.08 | 35.12x3.11 3.99+027 | 36.45+2.98
Non-treated | 2.64 £0.07* | 20.5+1.78* | 1.51£0.12* | 16.04+1.43°
STZ-
Diabetic Captopril- ;
L * ad
nephropathy pioeicd 1.95 £ 0.09 21.75+247% | 2.87+009 25.65 + 1.90
group
TMZ- ™ o5 s s
Sasbad 0.99+0.08 30.46 +2.65 344£0.16 31.89£2.57

Values were considered significantly different in the case of P<0.05
* versus control group
¥ \ersus non-treated STZ-diabetic nephropathy group

-treated STZ-diabetic nephropathy group

% versus captopril
Trimetazidine; TMZ, Malondialdehyde;

SOD, catalase; CAT, streptozotocin; STZ
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MDA, reduced glutathione; GSH, Superoxide dismutase;
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Table 4: Correlation and regression analysis among UAE (mg/24hr), KW (gm) and CAT
(U/mg protein), SOD (U/mg protein), GSH (nmol/mg protein), MDA
(nmol/mg protein).

Y X r b
UAE CAT 0,645 <0.001
UAE SOD -0.537 <0.001
UAE GSH -0.568 <0.001
UAE MDA 0.675 <0.001
KW CAT -0.613 <0.001

. KW SOD -0.448 <0.05
KW GSH -0.425 <0.05
KW MDA 0.645 <0.001

UAE; urinary albumin excretion, KW ; kidney weight, MDA: Malondialdehyde,

GSH:; reduced glutathione, SOD; Superoxide dismutase, CAT; catalase.

MANSOURA MEDICAL JOURNAL
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DISCUSSION

Our results, STZ-diabetic rats
showed signs of renal nephropathy
such- as increase in kidney weight
that were associated with an increase
in the serum creatinine and albuminu-
ria. The involvement of oxidative
stress in diabetic nephropathy was
also demonstrated by the increase of
lipid peroxidation products MDA and
decrease activities of the enzymatic
antioxidants of SOD, CAT and GSH
in the renal tissue which correlated
with the UAE.

The noticed microalbuminuria in
our results are consistent with those
of previous reports (5. 26), Much of
great interest about microalbuminuria
derives from the fact that albumin ex-
cretion predicts the onset of overt re-
nal disease in diabetic patients and
reflects glomerular dysfunction (27).
Several factors have been shown to
influence the progression of diabetic
nephropathy after onset of albuminu-
ria as TGF- 1, angiotensin II, and ad-
vanced glycaton end products.
These factors are thought to con-
verge and to promote glomerular and
tubular fibrogenesis (28).

Vol. 40, No. 1 & 2 Jan., & April, 2009

Correlation analysis indicates that
the UAE or K. W. was negatively as-
sociated with SOD/ CAT/ GSH, and
positively with MDA, respectively
which implies that increased lipid per-
oxidation and decreased antioxidant
enzymes in renal tissue may play a
role in the progression of diabetic
nephropathy (5).

These results are in agreement
with others (29) who found that elevat-
ed glucose level per se, could cause
oxidative stress in isolated rat glome-
ruli in vitro. Generation of ROS by di-
abetic hyperglycemia is evident
through many biochemical pathways
such as glucose autoxidation and pro-
tein glycation (30 31), The diabetic
rats had also shown decreased anti-
oxidant activities in the renal tissue
that are consistent with those of previ-
ous studies (32-34)_ 1t is well known
that a number of enzymatic systems
exist to protect cells from the damage
that would be caused by excessive
production of ROS(35). Hyperglyce-
mia not only generates ROS but also
attenuates antioxidative mechanisms
through glycation of the scavenging
enzymes (36), It has been suggested
that the production of intracellular an-
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tioxidant enzymes in response to high
glucose may be defective in patients
with type 1diabetes and nephropathy
(37), This defect may be part of the
genetic predisposition to nephropa-
thy, although there have been no sub-
stantive studies of polymorphisms of
the genes coding for the antioxidant
enzymes (38). Moreover, the de-
crease in GSH levels during diabetic
nephropathy was probably due to its
consumption during oxidative stress.
Also, increased aldose reductase of
the activated polyol pathway in dia-
betes decreases the GSH level to
promote oxidative stress (39),

In our research, captopril normal-
ized the elevated serum creatinine
and prevented renal enlargement and
albuminuria that occurred in STZ-
diabetic nephropathy rats. The renop-
rotective effect of angiotesin convert-
ing enzyme inhibitor was previously
established experimentally and clini-
cally (40-42). The renal antioxidant ef-
fect of captopril was also shown in
our result but with no effect on the re-
nal CAT enzyme activity. These re-
sults are in agreement with Gurer et
al,(43)  who observed that captopril
showed decreased MDA concentra-

tions and high GSH level in the kid-
neys without significant effect on the
catalase activity.

In the present study, TMZ im-
proved the renal function as well as
ameliorated the oxidative stress
marker in STZ-diabetic nephropathy
rats by decreasing the renal MDA that
correlated with increasing the antioxi-
dant enzymatic activities. However,
TMZ did not affect the high blood glu-
cose level. This provides a support
for the effect of TMZ in attenuation of
microalbuminuria that may be linked
to their antioxidant activity indepen-
dent on the anti hyperglycemic effect
(44, 45) The antioxidant activity of
TMZ had been evidenced previously
by Belardinelli et al., (13) who report-
ed that TMZ decreases plasma levels
of free radicals in conditions of high
oxidative stress, such as diabetes
mellitus. Moreover, long-term admin-
istration of TMZ significantly reduced
superoxide anions generation and
MDA after renal ischemia (46) and
myocardial ischemia (47). In vivo, pre-
treatment with TMZ significantly de-
creases membrane MDA content of
red blood cells incubated with super-
oxide dismutase inhibitor diethyldithi-
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ocarbamate (48). Other in vitro stud-
ies have confirmed the antioxidant ef-
fect of TMZ (11:49), In human, plasma
levels of MDA were decreased after
pre-treatment with TMZ during coro-
nary artery by pass surgery (50, 51),
So, TMZ seems to be particularly effi-
cient as a free radical scavenger.

In conclusion, the results of the
present study demonstrate that TMZ
ameliorates oxidative stress and im-
proves renal function in STZ-diabetic
nephropathy rats. The improvement
of diabetic nephropathy induced by
TMZ may have potential therapeutic
and prognostic implications clinically.
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