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ABSTRACT

Diabetes mellitus (DM) is a clear
risk factor for stroke. Furthermore, di-
abetes has been shown to be a
strong determinant for the presence
of multiple lacunar infarcts in stroke
patients. There has been a recent ap-
preciation that peroxisome prolifera-
tor-activated receptors (PPARs) and
their ligands may play an important
role in the brain. An increasing num-
ber of studies have reported on the
effects of PPAR agonists in animal
models of neurological damage and
disease, including the excitatory dam-
age that occurs in stroke. The PPARy
agonist, rosiglitazone, a synthetic li-
gand of the thiazolidinedione class
was currently used as an antidiabetic
agent because of its insulin-

47

sensitizing effect. So, the purpose of
this study was to determine whether
rosiglitazone may be neuroprotective
in a model of permanent focal cerer-
bral ischemia in diabetic rats. Meth-
ods: This study was carried on 96 al-
bino rats. Rats were divided into 8
equal groups: Group (1): Control
group, Group (2): Diabetic control
group, Group (3): Non-treated is-
chemic group, Group (4): Diabetic
and non-treated sham operated
group, Group (5): Diabetic and non-
treated permanent left middle cere-
bral artery occlusion group, Group
(6): Treated ischemic group, Group
(7): Diabetic and treated sham oper-
ated group, Group (8): Diabetic and
treated permanent middle cerebral ar-
tery occlusion group. Treated groups
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were received rosiglitazone at a dose
of 3mg /kg /day IP for successive 7
days. Neurobehavioral evaluation
was started on the next day after sur-
gery and carried out for successive 6
days. On the 7th day of occlusion,
fasting venous blood glucose level
was measured, and then the rats
were killed by decapitation. The fore-
brains of the rats were removed and
randomly classified to two groups.
One group was for measuring the in-
farction size using TTC stain, and the
other was for determination of the lev-
els of nitric oxide (NO) and malondial-
dehyde (MDA) in the forebrain tissue
as oxidative stress markers. Results:
Treatment with rosiglitazone caused
significant improvement in the somat-
omotor function detected by signifi-
cant improvement of the neurological
score, significant attenuation of the in-
farction size. Also, it caused signifi-
cant decrease in the blood glucose
level, brain NO and MDA in compari-
son to the non-treated diabetic is-
chaemic group. Conclusion: The
present study suggests that PPAR
agonist may be useful in the glycemic
control of the macrovascular compli-
cations of diabetes mellitus, including
stroke.
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INTRODUCTION

Peroxisome proliferator-activated
receptors (PPARs) are nuclear recep-
tors that function as ligand-activated
transcriptional regulators of genes
controlling lipid and glucose metabo-
lism [1]. There has been a recent ap-
preciation that PPARs and their li-
gands may play an important role in
brain. Whereas a handful of early re-
ports described expression patterns
of PPAR mRNAs and proteins in
brain [2l. An increasing number of
studies have reported on the effects
of PPAR agonists in animal models of
neurblogical damage and disease, in-
cluding the excitatory damage that
occurs in stroke [3-5]. Research has
implicated PPAR in macrophage biol-
ogy, cell cycle regulation, cellular dif-
ferentiation, and atherosclerosis
[586], Together, these additional "in-
sulin-independent" properties and
functions of PPAR agonists and acti-
vation have sparked a rapidly increas-
ing interest in their potential therapeu-
tic use. In vivo, PPAR agonists have
been shown to modulate inflammato-
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ry responses in the brain (€] and to re-
duce infarction size against transient
focal ischemia [5:7]. Cerebral ische-
mia is frequently accompanied by in-
flammation, which can worsen neuro-
nal injury. Activation of PPAR
reduces inflammation and the expres-
sion of nicotinamide adenine dinucle-
otide phosphate (NADPH) oxidase
(8], In addition, PPAR activators in-
crease levels of Cu Zn-superoxide
dismutase (SOD) in cultured endothe-
lium, suggesting an additional mecha-
nism by which it may exert protective
effects within the brain [°].

Diabetes is a clear risk factor for
stroke [10], Diabetes mellitus (DM)
was significant independent predic-
tors of recurrent stroke in different
studies of stroke [11: 12] in the eval-
uation of 2-year stroke recurrence in
the Stroke Data Bank, patients at the
lowest risk had no history of diabetes
[13], Furthermore, diabetes has been
shown to be a strong determinant for
the presence of multiple lacunar in-
farcts in 2 different stroke cohorts [14,
15], Glycemic control had shown to
reduce the occurrence of microvascu-
lar complications (nephropathy, reti-
nopathy, and peripheral neuropathy)

in several clinical trials [16], Data on
the efficacy of glycemic control on
macrovascular complications, includ-
ing stroke, are more limited.

The purpose of this study was to
determine whether a PPAR agonist
may be neuroprotective in a model of
permanent focal cererbral ischemia in
diabetic rats. So that, we used the
PPAR agonist rosiglitazone which is
a synthetic ligand of the thiazolidined-
ione class and currently used as an
antidiabetic agent because of its insu-
lin-sensitizing effect. Rosiglitazone is
soluble in water and can cross the
blood brain barrier [17].

MATERIAL AND METHODS
Drug used :
Selective PPAR agonist: rosiglita-
zone, (Avanda 4 mg- GlaxoSmith
Kline)

Animals used :

This study was carried on 96 male
albino rats weighting 250 grams/ rat.
Animals were having free access to
food and water. They were exposed
to the same housing conditions of
heat and humidity.
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Animal grouping :

Rats were divided into 8 equal
groups (12 rats for each).
Group (1): Control group (1c.c sa-

line).

Group (2): Diabetic control group
(1c.c saline).

Group (3): Non-treated ischemic

group (left MCA occlusion +
1c.c saline)

Group (4): Non-treated diabetic and
sham operated group (anaes-
thesia+ labarotomy+ic.c sa-
line)

Group (5): Non-treated diabetic and
ischemic group (left MCA oc-
clusion + 1c.c saline)

Group (6): Treated ischemic group
(left MCA occlusion + rosiglita-
zone)

Group (7): Treated diabetic and
sham operated group (anaes-
thesia+ labarotomy+ rosiglita-
zone)

Group (8): Treated diabetic and is-
chemic group: (left MCA occlu-
sion + rosiglitazone).

Induction of diabetes mellitus :

Diabetes type Il was induced by a
single IP injection of streptozotocin
(35 mg/kg, Sigma chemical Co.) dis-
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solved in O.immol/l sodium citrate
buffer, pH 4.5. 72 hrs after streptozot-
ocin injection, diabetes mellitus was
confirmed by measuring venous
blood glucose. Rats with fasting blood
glucose level less than 300mg /dl

were excluded from the experiment
(8],

Surgical procedures :

Either diabetic or non-diabetic rats
were exposed to left permanent mid-
dle cerebral artery (MCA) occlusion
described by Tamura et al., [18], Each
animal was anesthetized by thiopen-
tal sodium at a dose of 30 mg /kg
body weight intraperitoneally [20],
Briefly, the MCA was approached
through a temporal incision, and the
bone overlying the vessel was re-
moved using a dental drill. The dura
was opened, and the arachnoid mem-
brane was gently removed. The ves-
sel was occluded by bipolar coagula-
tion, from a point proximal to the
lenticulostriate branches to the rhinal
fissure. The incision was closed, and
the rats were returned to their home
cage after full recovery from anaes-
thesia. The sham-operated rats
were subjected to the same surgical
procedure as focal cerebral ischae-
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mia groups but without diathermic oc-
clusion of the middle cerebral artery.

The animals received saline or
medications within 5 minutes after
surgery and then once per day for
successive seven days intraperito-
neally. The doses of drugs were dis-
solved in saline in order to obtain a
dose required for each animal in 1c.c
saline. The dose of rosiglitazone was

3mg /kg /day IP for successive 7 days
[21],

Consequent steps after left MCA
occlusion :
|- Neurobehavioral evaluation :
Neurobehavioral evaluation was
started on the next day after surgery
and carried out for successive 6 days.

It consisted of the following six tests

(23],

1- spontaneous activity : The animal
was observed for 5 minutes in its
normal cage. The rat's activity was
assessed by its ability to approach
all four walls of the cage. Scores
indicate the following: Score 3: Rat
moved around, explored environ-
ment, and approached at least
three walls of the cage. Score 2:
Slightly affected rat moved about

the cage but did not approach all
sides and hesitated to move, al-
though it reached at least one
upper rim of the cage. Score 1:
Severely affected rat did not rise
up at all and barely moved in the
cage. Score 0: Rat did not move at
all.

2- Symmetry in the movement of four
limbs : The rat was held in the air
by the tail to observe symmetry in
the movement of the four limbs.
Scores indicate the following:
Score 3: All four limbs extended
symmetrically. Score 2: Limbs on
right side extended more or less
slowly than those on left. Score 1:
Limbs on right side showed mini-
mal movement. Score 0: Limbs on
right side did not move at all.

3- Forepaw out stretching : The rat
was brought up to the edge of the
table and to walk on forelimbs
while being hold by the tail. Sym-
metry in the outstretching of both
forelimbs was observed while the
rat reached the table and the hind-
limbs were kept in the air. Scores
indicate the following: Score 3:
Both forelimbs were outstretched,
and the rat walked symmetrically
on forepaws. Score 2: Right side
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outstretched less than the left, and
forepaw walking was impaired.
Score 1: Right side moved mini-
mally. Score 0: Right forelimb did
not move.

Climbing : The rat was placed on
the wall of a wire cage .Normally
the rat uses all four limbs to climb
up the wall. When the rat was re-
moved from the wire cage by pull-
ing it off by the tail, the strength of
attachment was noted. Scores in-
dicate the following: Score 3: Rat
climbed easily and gripped tightly
to the wire. Score 2: Right side
was impaired while climbing or did
not grip as hard as left side. Score
1: Rat failed to climb or tended to
circle instead of climbing.

Body propioception : The rat was
touched with a blunt stick on each
side of the body, and the reaction
to the stimulus was observed
.Scores indicate the following:
Score 3: Rat reacted by turning
head and was equally anxious by
the stimulus on both sides. Score
2: Rat reacted slowly to stimulus
on right side. Score 1: Rat did not
respond to stimulus placed on
right side.

6- Response to vibrissae touch : A

£ N
]

O
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blunt stick was brushed against
the vibrissae on each side ; the
stick was moved toward the whisk-
ers from the rear of animal to
avoid entering the visual fields.
Scores indicate the following:
Score 3: Rat reacted by turing
head or was equally startled by
stimulus on both sides. Score 2:
Rat reacted slowly to stimulus on
right side. Score 1: Rat did not re-
spond to stimulus on right side.

The score given to each rat at the
completion of the evaluation is the
summation of all six individual test
scores. The minimum neurological
score is 3 and the maximum is 18.

ll-Blood glucose level : On the 7th
day of occlusion venous blood sam-
ples were obtained from the tail veins
of rats that were fasted over night to
measure the fasting blood glucose
level according to glucose oxidase
method of Trinder [22]. Then the rats
were killed by decapitation.

lll. Evaluation of ischaemic area
by 2,3,5 tripheny1 tetrazolium chlo-
ride (TTC) staining of the brain [24].

After decapitation, six brains of
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each group were quickly removed
and placed in ice-cold saline for 5
minutes. Both hemispheres were cut
into 2-mm. coronal slices. Sections
were incubated in TTC-containing sa-
line solution (Sigma chemical Co.) for
20 minutes. Then, the slices were re-
frigerated in 10 % formalin over night.
The infracted areas were outlined in
white [25]. The longitudinal and trans-
verse axes were measured in mm.
between the farthest two points. The
percentage of infracted size was
. measured by adobe photoshop-5 pro-
gram.

V- Assay of oxidative stress mark-
ers in the forebrain tissue :

Parasagital brain slices of both
hemispheres of each forebrain of the
other six rats were weighed and
equally divided for the assay of nitric
oxide (NO) and malondialdehyde
(MDA).

A. Assay of nitric oxide metabo-
lites (nitrate and nitrite) level in the
forebrain tissue :

The parasagital slices were placed
in a 5¢c.c plastic tube containing 1 ml
krebs-Ringer's solution and preincu-
bated in a water bath at 370 for 1

hour with continuous carbogen (5%
Op / 95% COo) areation. Krebs-
Ringer's solution had the following
composition (mM): Nacl 129, Mg S0,
1.3, Na HCOg3 22.4, KH3PO3 1.2, KCI
4.2, glucose 10.0 and CaCly 1.5. Fol-
lowing the completion of incubation,
the slices were transferred into an-
other 5c.c plastic tube containing 0.5
ml of ice-cold tris buffer (50mM, pH
7.4). The slices were homogenized,
sonified and the homogenates were
centrifuged at 2500 xg (Heraeus Pep-
atech Biofuge 17RS) for 30 min at
4%c. Resultant supematants were
kept at- 409 until assay within 6
weeks [26]. NO was quantified in the
brain tissue via the nitrite method
based on the Griess reaction [27]
The nitrate present in the sample is
reduced to nitrite by reduced nicotina-
mide adenine dinucleotide phosphate
in the presence of the nitrate reduc-
tase. The nitrite formed reacts with
sulfanilamide and N- (1-naphthyl)-
ethylenediamine dihydrochloride to
yield a red violet diazo dye, which is
measured on the basis of its absor-
bence in the range of 546 nm using
UV. visible spectrophotometer.
Known concentrations of sodium ni-
trite (1umol/ pL) were included as
standards.
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B. Assay of lipid peroxidation prod-
ucts (malondialc-nyde) level in the
forebrain tissue :

The parasagital brain slices were
transferred to ice-cold tris buffer (100
mM, pH 7.4). The tissue was then ho-
mogenized, sonified and centrifuged
at 1200 xg (Heraeus Pepatech Bio-
fuge 17RS) for 4 min. at room tem-
perature. Resultant supernatant was
stored at-209 until assay within two
weeks [28], At the time of assay, the
supernatant was deproteinized with
trichloroacetic acid (TCA) and sub-
jected to incubation with thiobarbituric
acid (TBA) 38 mM at 959 for 15 min.
to determine the extent of lipid peroxi-
dation to thiobarbiturate-reducing
substances (TBARS) according to
Draper & Hadley, [29]. Quantification
was achieved spectophotometrically
by measuring the optical density at
532 nm with a microplate reader, and
the amounts of TBARS were calculat-
ed using a standard curve prepared
with malondialdehyde in different con-
centrations. Protein levels were deter-
mined according to Lowery et al., [30]
by standard microassay methods (DC
protein Assay; Bio Rad. Munich, Ger-
meny). Protein forms a colored com-
plex with cupric ions in an alkaline
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medium. Colorimetric assay was
achieved by measuring the optical
density at 546 nm. MDH production
was expressed as nanomoles per mg
protein.

Statistical analysis :

The statistical analysis was per-
formed with the aid of personal com-
puter Pentium 1l 300 using Statistical
Package for Social Science (SPSS)
program version 6.01. Because our
data are of multiple groups (more
than two) and of parametric quality,
one-way ANOVA analysis of data
was done followed by post hoc test of
Tukey HSD between pairs of results
(P < 0.05 was considered to be signif-
icant) (31), Data were presented in
the form of mean, and standard error
(SEM) of mean.

RESULTS

I- Effect of rosiglitazone on the
neurological score in permanent focal
cerebral ischemia (MCA occlusion):
[table 1]

The mean neurological scores of
control and sham groups (either dia-
betic or non-diabetic) were 18 starting
from the second postoperative day
and maintained till the end of duration
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of follow up (7days). The mean neu-
rological scores were significantly de-
creased in the focal cerebral is-
chaemic group as compared to sham
groups starting from the second post-
operative day until time of sacrifac-
tion. There was a significant increase
in the mean neurological scores start-
ing on the 3rd day of occlusion and
manifest until time of sacrifaction in
comparison to the neurological score
on the 2nd postoperative day in all fo-
cal cerebral ischaemic groups (either
treated or non- treated). Treatment
with' rosiglitazone caused significant
increase in the mean neurological
score starting on the 3rd postopera-
tive day and till the time of sacrifac-
tion in the ischaemic groups (diabetic
or non diabetic; gps 6,8) as compared
to the non-treated ischaemic groups
(gps 3,5).

Il- Effect of rosiglitazone on the
mean levels of fasting venous blood
glucose in permanent focal cerebral
ischemia (MCA occlusion): [table 2]

There was significant increase in
the mean level of fasting venous
blood glucose in the non- treated dia-
betic groups (gps 2,4,5) in compari-
son to that of control group (gp 1).

There were non significant differenc-
s in the mean levels of fasting blood
glucose between the non-treated con-
trol, sham or ischaemic diabetic
groups.

There were significant decrease in
the mean levels of fasting blood glu-
cose in the rosiglitazone treated dia-
betic sham or ischemic groups (gps
7.8) in comparison to that of the non-
treated diabetic groups (gps 4,5).
This decreased level of fasting blood
glucose was not significantly differed
than that of the control group.

llI- Effect of rosiglitazone on the in-
farction size [stained by 2,3,5 tn-
pheny1 tetrazolium chloride (TTC)] of
brain sections in permanent focal ce-
rebral ischemia (MCA occlusion) [Ta-
ble3, fig.1]

The infracted size was significantly
decreased in the diabetic or non dia-
betic MCA occluded groups treated
with rosiglitazone (gps 6.,8) versus
that of non-treated MCA occluded
groups (gps 3,5).

1V- Effect of rosiglitazone on the
mean levels of oxidative stress mark-
ers (nitric oxide or malondialdehyde)
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in the forebrain tissue in permanent
focal cerebral ischemia (MCA occlu-
sion): [table 2]

There were significant increase in
the mean levels of nitric oxide (NO) or
malondialdehyde (MDA) in the fore-
brain tissue of the non-treated diabet-
ic groups (gps 2,4) in comparison to
that of control group (gp1). Also,
these oxidative stress markers were
significantly increased in the non-
treated ischemic group (gp 3) versus
the control group (gp1). There were
significant increase in the mean lev-
els of NO or MDA in the forebrain tis-
sue of the non-treated ischaemic dia-
betic group (gp 5) versus that of
sham diabetic group (gp 4). The co-
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existence of diabetes and focal cere-
bral ischemia (gp 5) led to significant
increase of the oxidative stress mark-
ers in comparison to that of either di-
abetic (gp2) or focal ischemic group

(gp3) alone.

There were significant decrease in
the mean levels of NO or MDA in the
forebrain tissue in the rosiglitazone
treated non diabetic ischemic, diabet-
ic sham or diabetic ischemic groups
(gp 6,7,8) in comparison to that of the
non-treated groups (gps 3,4,5).
These decreased levels of NO and
MDA were not significantly differed
than that of the control group.
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Table (1) : Effect of rosiglitazone (3mg/Kg IP for successive 7 days) on

neurological score after 7 days of permanent focal cerebral ischemia
(MCA occlusion) in diabetic rats
(MeantSEM, , n=12)

Non- Non-treated| Non-treated| Rosiglitazone | Rosiglitazone
ischemic ischemic diabetic treated treated diabetic
groups group ischemic | ischemic group | ischemic group
(gps 1,24,7)  (gp3) group (gp6) (gp8)
(gp3)
2" day 18+ 0 4.0£02°| 3.9+03° 43+£0.1° 4.5£0.3°
3" day 18: 0 5.6£0.3°4 55£02 °*  8.6%0.7 8.8+ 0.6
4" day 180 | 5.6+0.3°* 55:02 “*| 119+ 08%¥| 12.1£04 >
5™ 7" day] 18£0 | 5,603 °* | 55:02 “4 12.8+09°%¥| 132+03 ™
P<0.05 a versus non-ischemicgroup

b versus non-treated ischemic group

¢ versus non-treated diabetic ischemic group
# versus the 3"’day

* versus the

2" day
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Table (2): Effect of rosiglitazone (3 mg/Kg IP for successive 7 days) on blood
glucose (mg/dl), brain nitric oxide (nmol/gm tissue) & malondialdehyde levels
(nmol/gm protein) after 7 days of permanent focal cerebral ischemia (MCA

occlusion) in diabetic rats ( MeantSEM)

Groups Blood glucose Nitric oxide Malondialdehyde
(mg/dl) (nmol/gm tissue) | (nmol/gm protein)
n=12 n=6 n=6

Control group (gp 1) 124.2+ 3.1 92.9+4.8 9.7+0.3
Diabetic control group 418.8£25.3*° 215.8+3.5" 17.9£0.7*

| (p2)
Non-treated ischemic 126.57.2° 290.6 +7.2* 20.1+ 1.1°

|__group (gp 3)
Non-treated diabetic 450.4£26.1" 210.97+2.9° 16.2£0.5"
sham group (gp 4)
Non-treated diabetic 430.819.1* 470.0£7.9 *> 31.4+2.3%
ischemic group (gp 5)
Rosiglitazone -treated | 127.4+53%° | 110.8+52°%% 103 £ 0.5 %
ischemic group
(gp 6)
Rosiglitazone -treated | 142.8+4.5° | 102.5+3.6>% 11.5+ 0.8 >
diabetic sham group

__(gp7)
Rosiglitazone -treated | 143.9+9.7 % 100.8£4.3 > 12.140.4 >
diabetic ischemic group
(gp 8)

P<0.05

a versus control group

¢ versus non-treated ischemic group

b versus control diabetic group

¢ versus non-treated diabetic ischemic group
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d versus non-treated diabetic sham group
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Table (3) : Efiect of .c:..xghw.zo.ig \a my
on the infracted size of brain
triphenyi tetrazolium chlo

o 11” for successive 7 days)
ctions stained by 2,3,5

C) stain after 7 davs of

permanent focal cerebrai ischemiz (MCA ccclusion) in

diabetic rats (MeanzSEM, , n=6)

.Aﬂ

Tiwv 2

Percentage of total infrac

Non-treated ischemic

172408
group (gp 3)
Non-treated diabetic e
ischemic group (gp 3) 8. 7205

Rosiglitazone -treated
ischemic group

(gp 6)

Rosiglitazone -treated

diabetic ischemic group

i

(gp &)
1
P<(.05 * wversus non-treated ischemic group

+ versus non-treated diabetic ischemic group

Fig [1] : TTC stain of non-treated(A ), rosiglitazone treated

(B) ischemic forebrain section of rats.
A
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DISCUSSION

This study demonstrates that treat-
ment with rosiglitazone at a single IP
daily dose of 3 mg/kg IP after perma-
nent occlusion of the left MCA for
successive 7 days caused significant
decrease in the fasting blood glucose
level as well as improvement of the
markers of cerebral ischemia com-
pared with the non- treated ischaemic
diabetic group.

Treatment  with  rosiglitazone
caused significant decrease in the
mean level of fasting blood glucose
level in the diabetic groups in compar-
ison to that of the non-treated diabetic
groups. The improvement of glucose
tolerance by the thiazolidinediones,
the synthetic agonists of PPAR-y,
was explained by enhancing insulin
sensitivity and restoring the function
of B-cells in either diabetic subjects

[32,33] or Zucker diabetic fatty rat
[34],

Treatment  with  rosiglitazone
caused improvement of the mean
neurolegical score since the 2nd post-
operative day, which was significantly
increased by the 3'd day. This in-
crease was maximum by the 4t and
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5th postoperative days, a level that
was maintained till the 7th day. These
levels of scores were significantly
higher than those obtained in the
non-treated ischaemic group, but still
significantly less than those of non-
ischemic groups. Pantoni et al., [35]
stated that the neurological score de-
signed by Garcia et al., [23] repre-
sents a useful tool for the assessment
of functional outcome in animals with
ischaemic brain damage. It does not
require training of the rats or pur-
chase of expensive equipment. In ad-
dition, results could be expressed in a
numerical score compatible with anal-
ysis by statistical means.

The neurobehavioral result was
agreed with the result of Shimazu et
al., [71 who noted that, the pioglita-
zone exhibited significant improve-
ment in neurological score one day
after transient MCAO compared with
the vehicle group. PPAR agonists of
the TZD family can modify glucose
metabolism in brain glial cells by in-
creasing astrocyte glucose uptake
from the media and lactate production
and release from the cells [36], Since
the astrocytes are the main source of
energy for neuronal activity 371, TZDs
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" can be beneficial in the neurological
conditions e.g stroke [3] where glu-
cose availability is reduced through
modification of astrocyte metabolism
and mitochondrial function. Also, Sun-
dararajan et al., [8] reported that ad-
ministration of troglitazone or pioglita-
zone 24 h before and at the time of
cerebral infarction dramatically re-
duced infarction volume and im-
proved neurological function following
middle cerebral artery occlusion in
rats. They argued that the beneficial
effects of these drugs were likely due
to reduced expression of the inflam-
matory mediators such as interleukin-
1beta, cyclooxygenase-2 and induci-
ble nitric oxide synthase which were
known to exacerbate ischemic injury
following stroke.

Treatment with rosiglitazone also
caused significant decrease in the in-
fracted size in the diabetic or non-
diabetic ischemic groups versus the
non-treated ischemic groups. This re-
sult was in accordance to Sundarara-
jan et al.,[ 38] who administered tro-
glitazone, a PPAR- agonist, to non
diabetic rats twenty-four hours before
and again at the time of MCA occlu-
sion in doses of 35, 70 or 100 mg/kg .

They found that there was significant
reduction in infarct volume in rats
treated with 35 mg/kg and 70 mg/kg
troglitazone. Troglitazone, reduces in-
farct size following cerebral ischemia
was likely due to the drug anti-
inflammatory properties. As the im-
munoreactivity against the proinflam-
matory cytokines II-1B and TNF «
was reduced in the peri-infarct region
of troglitazone treated rats. Further-
more, immunoreactivity against other
markers of inflammation, intracellular
adhesion molecule, major histocom-
patibility complex antigen | and cyclo-
oxygenase-2 was also reduced in tro- -
glitazone treated animals compared
with vehicle treated animals. Also,
Shimazu et al., [7] noted that treat-
ment with pioglitazone reduced the
total infarct volume after transient
MCAO compared with vehicle-treated
rats. They hypothesized that the
PPAR- agonist pioglitazone induces
CuZn-superoxide dismutase, and this
increase in the antioxidant CuZn-
SOD is responsible for the decrease
in infarct size in cerebral ischemia.
Moreover, Pereira et al., [39] tested
the effect of TZD-unrelated PPAR
gamma agonist L-796,449 after per-
manent middle cerebral artery occlu-
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sion (MCAQ) in the rat brain. They
showed that L[-796,449 decreases
MCAO-induced infarct size and im-
proves neurologic scores via inhibi-
tion of MCAQ-induced brain iNOS ex-
pression and reactive oxygen species
production. Zhao et al., [40] also
found that intracerebroventricular in-
jection of pioglitazone promotes neu-
roprotection by attenuation of neuro-
nal cyclooxygenase-2 overexpression
after focal cerebral ischemia in rats.
Furthermore, Park et al., [41] noted
that both pioglitazone and rosiglita-
zone significantly decreased the le-
sion size after spinal cord injury (SCI)
in adult rats. The treatment was effec-
tive only when the first injection was
given by 2 h after SCI. Either pioglita-
zone or rosiglitazone significantly de-
creased the induction of inflammatory
genes [interleukin (IL)-6, IL-1 , mono-
cyte chemoattractant protein-1, intra-
cellular adhesion molecule-1, and
early growth response-1] compared
with the vehicle group. They also sig-
nificantly enhanced the post-SCI in-
duction of neuroprotective heat shock
proteins and antioxidant enzymes.
Pretreatment with a PPAR antago-
nist, 2-chloro - 5-nitro - N- phenyl-
benzamide (GW9662), prevented the
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neurcprotection induced by picglita-
zone or rosiglitazone.

In our study, the diabetic ischemic
group showed more significant in-
crease in the generation of MDA (a
net product of oxidative stress) and
nitric oxide in the brain tissue in com-
parison to that of either ischemic or
diabetic group only. These results
were according to Mastrocola et al.,
[42] who found that alongside en-
hanced reactive oxygen species
(ROS) levels, both nitric oxide (NO)
levels and mitochondrial nitric oxide
synthase expression were found to
be increased in brain mitochondria, in
STZ diabetic rats. And so, oxidative
and nitrosative stress may cause di-
rect injury of neuronal cells by dam-
aging brain mitochondria.

Treatment  with  rosiglitazone
caused significant decrease in the
mean level of NO or MDA in the fore-
brain tissue in the treated ischemic di-
abetic or non-diabetic groups in com-
parison to that of the non-treated
groups. This result was in agree with
that of Collino et al., [43] who investi-
gated the effects of two PPAR-y ago-
nists, rosiglitazone and pioglitazone,
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on oxidative stress and inflammatory
response induced by ischemia/
reperfusion in the rat hippocampus af-
ter occlusion of common carotid ar-
tery for 30 min followed by 1 h reper-
fusion. The ischemia resulted in a
significant increase in the generation
of reactive oxygen species, nitric ox-
ide and the end products of lipid per-
oxidation as well as markedly re-
duced endogenous antioxidant
glutathione levels and up-regulated
superoxide dismutase activity. Pre-
treatment with either rosiglitazone or
pioglitazone significantly reduced oxi-
dative stress and nitric oxide. Also,
Heneka et al., [44] demonstrated that
7 day oral treatment of PPAR agonist
pioglitazone resulted in a reduction in
the number of activated microglia and
reactive astrocytes in the hippocam-
pus and cortex of mice. Drug treat-
ment reduced the expression of the
proinflammatory enzyme inducible ni-
tric oxide synthase (iNOS) in parallel
to the suppression of inflammatory
markers of neurodegenerative diseas-
es. It is becoming increasingly clear
that oxidative stress and excessive in-
flammatory response are implicated
in the pathogenesis of ischemia and
reperfusion injury to many organs, in-

cluding the brain [45]. The brain is
very susceptible to the damage
caused by oxidative stress, due to the
high rate of oxidative metabolic activi-
ty, high polyunsaturated fatty acid
contents, relatively low antioxidant ca-
pacity and inadequate neuronal cell
repair activity [46], Overproduction of
reactive oxygen species results in oxi-
dative damage, including lipid peroxi-
dation, protein oxidation and DNA
damage, which can lead to cell death
[47]. Furthermore, reactive oxygen
species can activate diverse down-
stream signalling pathways, such as
mitogen-activated protein kinases
(MAPKs) or the transcription factor
nuclear factor-kB (NF-kB), thus regu-
lating expression of genes encoding a
variety of proinflammatory proteins.
Overexpression of cyclooxygenase-2
(COX-2) and of inducible nitric oxide
synthase (iNOS) have recently
emerged as important determinants
of post-ischemic inflammation, which
contributes to the progression of brain
damage [48],

Finally, we noted that the improve-
ment of the neurological score was
the same in both non-diabetic and di-
abetic ischemic groups (gps 6&8 re-
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spectively) indicating that the anti-
ischemic effect of rosiglitazone did
not depend on its anti-diabetic effect.
Also, treatment with rosiglitazone
caused significant decrease in the
mean level of both NO or MDA in the
forebrain tissue and blood glucose
level in the diabetic ischemic or non-
ischemic groups (gp 8,7) in compari-
son to that of the non-treated group.
While the decrease in the NO &MDA
was not associated with decrease in
blood glucc;sa level in the non-
diabetic ischemic group (gp6) indicat-
ing that the anti-oxidative effect and
the anti-ischemic effect of rosiglita-
zone did not depend on its anti-
diabetic effect.

The pleiotropic effects of PPARy
explain why its activation has been
tested as a neuroprotective agent in
cerebral ischemia [49). The neuropro-
tection observed after treatment with
PPAR agonists is related to several
mechanisms including both oxidative
siress  modulation and  anti-
inflammatory effect. PPARy agonists
are able to prevent neuronal death re-
sulting from NMDA (N-methyl-D-
aspartate) excitotoxicity induced in
brain in vitro or in vivo [40]. PPARYy is

Vol. 39, No. 1 &2 Jan., & April, 2008

able to inhibit macrophage and micro-
glial activation that contribute to many
degenerative, ischaemic or inflamma-
tory processes leading to neuronal
death [S0l. PPARy agonists inhibit
both post-giutamate-and low-
potassium-induced neurotoxicity in
cerebellar granule neurons [3l.
PPARs are also able to inhibit the en-
try of inflammatory cells into the CNS
(central nervous system) from the pe-
riphery by inhibition of chemokines,
adhesion molecules and metallopro-
teinases [50]. PPARy agonist-induced
neuroprotective effect is also asso-
ciated with a decrease in cerebral oxi-
dative stress depending on the in-
crease in activity of numerous
antioxidant enzymes, in particular Cu/
Zn superoxide dismutase and glutath-
ione peroxidase [7]. This modulation
of antioxidant enzymes is responsible
for a decrease in ischemia-induced
reactive oxygen species production
and lipid peroxidation. This effect on
oxidative stress could be related to a

- direct effect on antioxidant enzymes

expression, because PPREs (PPAR-
response elements) have been found
in the gene of Cu/Zn superoxide dis-
mutase [43], The neuroprotective ef-
fects of PPAR agonists are also relat-
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ed to inhibition of ischemia-induced
inflammatory markers (interleukin-1p,
COX-2 and inducible nitric oxide syn-
thase) [43]. There is a link between
PPAR-induced modulation of oxida-
tive stress and inflammation, since
prevention of COX-2 induction results
from oxidative stress inhibition [40].
The cellular target of these anti-
inflammatory effects is probably mi-
croglial cells, since PPARy agonists,
such pioglitazone, are able to de-
crease microglial activation when ad-
ministered intracerebrally [51]. The
key target of this anti-inflammatory ef-
fect is NF-kB, which plays a crucial
role in neuronal death [52], PPARg
activation is responsible for inhibition
of the NF-kB p65 monomer as well as
induction of IkBa (inhibitory kB) [39].
The role of suppression of activation
of p38 mitogen-activated protein ki-
nase has also been demonstrated re-
cently [43],

Beyond this direct effect on ische-
mia-induced deleterious pathways ex-
plaining neuroprotection, the chal-
lenge will be to demonstrate that a
part of the neurological improvement
induced by PPAR activators could be
the result of neurorepair, since

PPARys are also involved in the regu-
lation of neural stem cell proliferation
and differentiation [S3]-

In conclusion, we showed that the
PPAR-y agonists rosiglitazone exert
neuroprotective effects against cere-
bral ischemic injury by reducing oxi-
dative stress and inflammatory re-
sponse. This anti-ischemic effect
does not depend on its anti-diabetic
effect. So, this protective effects of
the PPAR-y agonists rosiglitazone
might suggest a potential role of
PPAR-y agonists in modulating the
events occurring late after permanent
ischemic attacks that occur as a vas-
cular complication of diabetes mellit-
us.
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