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Abstract

Objective: Flavonoids are important group of recognized antioxidants in plants. Luteolin
(LUT) is a natural flavonoid in the plant kingdom. This study was aimed to investigate the
effects of the LUT in the liver, kidney, brain of pentylentetrazol (PTZ)-induced seizure and
the relationship between nitric oxide synthases (iNOS, eNOS) and matrix metalloproteinases
(MMP2, MMP9).

Material and Methods: LUT (10 mg/kg) was given intraperitoneally during two weeks prior
to seizure induction. Single dose PTZ 80 mg/kg i.p. administered and seizure were observed
and evaluated regard to latency, frequency and stage for one hour.

Results: Seizure frequency after PTZ administration was significantly decreased in LUT
pretreated rats (p<0.05). An increase of immunhistochemical reactions of iINOS, MMP2, but a
decrease of eNOS activity were observed in rat hippocampus and peripheral tissues during the
PTZ induced seizures. LUT pretreatment reversed the iNOS, MMP2 activity to the control
levels and significantly increased the eNOS activity (p<0.001).

Conclusion: LUT seems to have an effective role in reducing the seizure frequency and
protective role on peripheral organ injury in animal model of seizure. The protective effect of
LUT in seizures and the seizure induced peripheral tissue damage warrant further

investigations.

Keywords: Luteolin; Pentylentetrazol; Seizure; Metalloproteinases; NOS
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Introduction

Flavonoids are also common constituents of plants used in traditional medicine to treat a
wide range of diseases. LUT and its glycosides are widely distributed in the plant kingdom.
Flavonoids have many biological and pharmacological activities that may play a role in
antioxidative properties (1) cancer prevention (2, 3) neuroprotection (4), antihypertensive
effects (5). In vitro studies have been shown to reduce the expression of proinflammatory
molecules (6). Epilepsy is a common neurological condition associated with some alterations.
Patients with epilepsy may suffer from hepatic or renal dysfunctions that interfere with their
antiepileptic drug treatment. (7). PTZ induced seizures are still the most widely used animal
seizure model employed in the research for epilepsy and new antiepileptic drugs (8). It is
reported that free radical generation plays a crucial role in neuronal cell death in the PTZ
induced seizures in rats (9). Some studies suggested that proinflammatory molecules
(e.g.proteolytic enzymes, reactive oxygen species or nitric oxide) may potentiate the damage
to brain and peripheral tissues in epilepsy (10-12). Nitric oxide (NO) has been suggested to
exert both anticonvulsant and proconvulsant effects. Recent studies demonstrated a strong
correlation between the upregulation of MMP9 and epilepsy, and showed that kainate induced
seizures result in elevated MMP9 expression (13). Flavonoids are compounds occurring
naturally in food, which scavenge oxygen radicals and have anti-inflammatory properties.
Recent investigations have reported that oral administration of LUT reduced clinical
symptoms of experimental allergic encephalitis (14) and could protect the mice from the
hepatotoxicity caused by carbon tetrachloride (15). MMPs are expressed as inactive
zymogens in which the cysteine residue in the propeptide binds to Zn?* present at the active
site of the enzyme. MMPs which are locally inhibit by endogenous tissue inhibitors of
metalloproteinases oparete in extracellular matrix. These enzymes are critical for maintaining

tissue allostasis (16). It was observed that morin (a natural flavonoid) could lead to decreased
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enzyme activities of MMP2 and MMP9 and was found to inhibit inflammation and tumor
promotion (17). Co-administration of bioactive flavonoids in preoperative nutrition,
attenuated ischemia-reperfusion injury and decreased apoptosis in the intestine (18). In
another study, it has been reported that LUT treatment prevented ischemia reperfusion-
induced renal injury and LUT exerted renoprotective effects probably by antioxidant activity
(19). Studies have demonstrated that quercetin a natural flavonoid, reduced global ischemia-
induced neuronal damage through inhibition of MMP9 activity (20). However, studies on

MMPs inhibition of some flavonoids have not yet been analyzed in seizures.

Hippocampal region is the most damaged part of the brain in epilepsy. Moreover, it is
reported that epileptic patients have liver and kidney damages both because of the epilepsy
itself and antiepileptic drugs. In pathogenesis of epilepsy, the role of MMPs and NO is
known. However, their role in the damage of liver and kidney is not studied. Hence, we
studied the effects of LUT in liver, kidney and hippocampus on MMP2, MMP9, eNOS,

INOS, which are most important in epilepsy, in PTZ- induced seizures.

Methods

Animals

Wistar albino male rats (200-250g) were housed in cages and maintained on a 12h light-
dark cycle with free access to water and food. Procedures involving the experimentation on
animals were done in accordance with the guidelines of our institution (Istanbul University,

DETAE).

Experimental design
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Animals were divided into four groups each containing five rats; Group I; Control group
(%0.09 NaCl administered). Group II; PTZ group (single dose of 80 mg/kg i.p. administered).
Group I1I; LUT group (10 mg/kg i.p. LUT was given each day for two weeks). Group 1V;
LUT+PTZ group (rats were treated with 10 mg/kg i.p. LUT for two weeks and 80 mg/kg PTZ
administered 30 minutes after the last LUT injection).

Drugs and Doses

Luteolin (Istanbul University, Faculty of Pharmacy, Department of Pharmacognosy) was
administered i.p. 10 mg/kg. The effective dose for flavonoids administered in experimentally
studies were between 5mg/kg/day and to 10 mg/kg /day (21, 22). Thus, it is reasonable to use
a dose of 10mg/kg LUT in this experiment. Also this dose is previously tested in animal
studies (23) and researchers have also been reported that quercetin doesn’t have treatment-
related clinical signs of toxicity. PTZ dissolved in saline and seizures were induced with a
single dose of 80mg/kg i.p. PTZ (SIGMA, USA). This dose was selected as it achieves the

most successful convulsive response and with least mortality (8).
Pentylentetrazol- induced seizures

The behavioral characteristics; stage, latency and frequency of seizures were observed for
60 min in individual animals after PTZ injections. Convulsion stage: Stage was scored using
the following scale (24, 25). Unresponsiveness=0, ear and facial twitching=1, myoclonic body
jerks=2, clonic forelimb convulsions=3, generalized clonic convulsions, turn over into side
position=4, generalized clonic-tonic convulsions=5. Seizure stage for each animal was
calculated as mean of the phases. Convulsion Latency: Latency was measured as the time
between injection of PTZ and appearance of the first clonic convulsion, which was indicated
by a sudden twitching of head or jerky movement of body (26). Convulsion Frequency:

Number of seizures during 60 min after PTZ injection, regardless of seizure stage.
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Matrixmetalloproteinases and NOS Immunohistochemistry

At the end of the experiment, animals were decapitated. Liver, kidney and brain tissues
were removed, formalin fixed and after routine laboratory methods they were embedded in
paraffin. Four-micrometer paraffin tissue sections were mounted on poly-L-lysine slides. The
slides were air-dried and the tissue deparaffinized. Mounted specimens were washed in
0.01mol/L phosphate-buffered saline (PBS). After three washes with PBS, an antigen retrieval
solution (0.01 M citrate buffer, pH 6.0) was given for 10 at 100°C in a microwave oven,
endogenous peroxidase was eliminated by incubation in 3% H,0, in pH 7.4 in phosphate-
buffered saline (PBS; 0.01 M) for 10 minutes. After washing, the specimens were treated with
a blocking serum (Labvision, TR-060-UB) at room temperature for 10 minutes. The sections
were incubated with rabbit polyclonal anti-eNOS (Neo Markers, dilution 1: 100), rabbit
polyclonal anti-iNOS (inducible nitric oxide synthase, Neo Markers, dilution 1: 100) and
mouse monoclonal MMP2 (Santa Cruz, dilution 1: 100) and goat polyclonal MMP-9 (1: 100)
was applied and reacted with tissue specimens at room temperature for one hour. The sections
were washed three times with PBS, and incubated with biotinylated secondary antibody (Ultra
Vision Detection System-HRP kit, Lab Vision, Fremont, USA) and then streptavidin
peroxidase (Ultra Vision Detection System-HRP kit, Lab Vision, Fremont, USA) was given at
room temperature for 30 minutes. Diaminobenzidine (DAB) was used as a chromogen, and
the sections were counterstained with hematoxylin. The specificity of the
immunohistochemical staining was tested using PBS in the same dilutions. Control tissue
sections were used as positive control. The semiquantitative evaluation of the INOS, eNOS,
MMP-2 and MMP-9 immunohistochemical staining was done using H-score (27, 28). Briefly,
the tissues stained with antibodies against eNOS, iINOS, MMP-2 or MMP-9 were evaluated
using an Olympus microscope with a special ocular grid on 10 different fields at x400

magnification by 2 blinder observers. Positive stained cells were counted and graded
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according to the staining intensity: 0= no staining, 1= weak, 2= mild, 3= intense, 4= high
intense. For each tissue, the H-score value was given by the following formula: H-score = S
Pi (i + 1) where “i” is the intensity score and “Pi” is the corresponding percentage of cells
presenting a given staining. Slides were examinated by using Kameram 390CU Imaging
system (Mikro Sistem) and photographed.
Statistical analysis

All results were expressed as means+SD and p<0.05 was regarded as significant. Results
were evaluated with the Graphad Prism statistical program (version 5.0). Values were tested,
groups were compared to seizure stage, seizure latency, seizure frequency with nonparametric

Mann-Whitney U test and also with H-score non parametric one way ANOVA.

Results
Evaluation of PTZ-induced seizures

Pentylentetrazol induced generalized clonic-tonic seizures in all animals. Results of
behavioral characteristics in PTZ-induced seizures were shown in Fig 1. In our control and
LUT administered groups, there was no seizure activity. For this reason, these groups were
not shown in the figures. Following intraperitoneal PTZ injection, generalized seizures started
in the first minute with facial clonus (stage 1). After the forelimb muscles’ contraction added
with neck and tail extensions (stage 2), wild running and usually with extended clonic
activities has been observed (stage 3, 4) then we see loss of straightening reflex with tonic
flexion-extension (stage 5) and the seizures intermittently lasted in 60 minutes. Seizure stage,
frequency and latency in PTZ group were measured as 4.5+0.57 (Fig.1A), 19.2+4.26
(Fig.1B), and 79+15.16 sec (Fig. 1C) respectively. Seizure stage, frequency and latency in
PTZ+LUT group were measured as 4.6+0.54 (Fig.1A), 9.4+1.67 (Fig.1B) and 78+16.43 sec

(Fig.1C) respectively. No effect of LUT was observed on seizure duration (not shown in
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figure). LUT pretreatment showed significant attenuation in the seizure frequency (p<0.05)
(Fig.1 B).
Morphological Findings

Pentylentetrazol receiving rats showed sinusoidal enlargement, bleeding areas, many red
blood cells in the liver and markedly renal injury was including distal tubules and glomerular
atrophy as compared with the control group. LUT +PTZ group showed an increase in
connective tissue and slightly glomerular injury and invagination in distal tubules as
compared with the PTZ group. Animals receiving LUT+PTZ showed reduced number of
bleeding areas and fewer erythrocytes in liver. Only LUT treated groups exhibited similar
morphological features to the control group.
Qualitative and semiquantitative evaluation of MMP2, MMP9

Matrixmetalloproteinase 2 immunohistochemical reactions of liver (Fig. 2) and kidney
(Fig. 3) tissues were markedly increased in PTZ group and this effect was found to be
reduced in LUT administered group. MMP2 immunohistochemical reaction was observed in
kidney glomerulus and distal tubules (Fig. 3). A strong MMP9 immunohistochemical reaction
was seen in the central vein of liver and connective tissue areas in PTZ administered rats (Fig.
4). Immunohistochemical reaction of MMP9 was weaker than MMP2 which was detected in
the blood vessels of the glomerulus and in the connective tissues (Fig. 5). These findings were
supported by H-score for semiquantitative evaluation. H-score results were shown together
with all figures.
Endothelial nitric oxide and iNOS immunhistochemical reactions

Endothelial nitric oxide activity decreased dramatically in liver (Fig.6), kidney (Fig. 7) and
hippocampus of rats with single dose PTZ administration (Fig. 8) while iNOS activity was
markedly increased in the same tissues (Fig. 9, 10, 11) respectively. LUT pretreatment

significantly increased eNOS activity in the liver, kidney and hippocampus as compared to
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PTZ administered rats. LUT also prevented the increase of iNOS activity in the same tissues
(Fig.9, 10, 11) respectively. iNOS activity was higher in PTZ received rats but the lowest
amount of eNOS was detected. This result indicated that chronic LUT pretreatment might
restore eNOS and iNOS activity in hippocampus and peripheral tissues of PTZ administered

rats. The results of these findings are supported by H-score.

Discussion

Although there are many studies related to epilepsy, its effects on peripheral tissues are not
deeply investigated yet. Patient with epilepsy may suffer from renal or hepatic dysfunction
that interfere with their antiepileptic drug treatment as well as from their seizures. Recently
there has been an increasing interest in the biochemical effects of medical plants with
antioxidant properties as they could be the candidates for the prevention of oxidative damage.
LUT and other natural flavonoids have recently been reported to have an antioxidative, anti-
cancerogen, antihypertensive, proinflammatory effect and neuroprotective activities (1, 2, 4,
21, 6). Therefore we investigated the protective effect of LUT on brain, liver and kidney
which are damaged by PTZ as well as the other effects on the seizure characteristics. In the
present study, it was observed that the administration of LUT 10 mg/kg i.p. for two weeks
decreased the seizure frequency. This result may be at least partly due to the antioxidant effect
of LUT as described by some studies (19). Recently one study revealed that flavones exerted
their neuroprotective effects via direct interaction with the apoptotic caspase pathway

independent of their antioxidant activity (29).

Our findings have shown that, LUT has no significant effect on seizure latency and seizure
stage while it significantly decreases seizure frequency. This result shows a protective effect

of LUT on seizure frequency. Some studies suggested that flavonoid glycosides are easily
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metabolized by the organism and it could be possible that secondary metabolities may activate
GABAA receptors to mediate sedative effect (30). On the other hand, LUT metabolites might
show a higher affinity for the benzodiazepine receptor and anxiolytic like effects through a
GABAergic mechanism has been reported (31). Hence, our finding that the reducing in
seizure frequency by LUT supported by these studies.

Our findings depict that LUT treatment markedly decreased iNOS levels in PTZ induced
seizures. This data might be explained by the antioxidant effect of LUT. In our study,
antioxidant effect of LUT has not been revealed directly, but increasing of eNOS on brain and
other tissues and decreasing of iNOS, shows that LUT has an indirect antioxidant effect.

There are also many studies reporting that iNOS can create an oxidative stress (32, 33).

On the other hand, hippocampal damage is the most common pathology in epilepsy. High
seizure frequency and duration are risk factors for hippocampal damage in epilepsy (34). We
observed that the seizure frequency and iNOS activity in hippocampus and peripheral tissues
significantly decrease in LUT+PTZ group. Hence we suggest that there is a protective effect

of LUT on hippocampal and peripheral tissue damage in PTZ-induced seizure.

In recent years, it has become an increasing evident that the drugs used for epilepsy may be
associated with hepatotoxicity. In our study, the liver was affected more than the kidneys in
the PTZ administered group. Recently, the various types of glutamate receptors have been
identified in liver, kidney, lung, heart and endocrine cells (35). In addition we suggest that the
hepatotoxic effect caused by PTZ may be associated with glutamate receptors in liver. PTZ-
induced convulsions have been modulated by endogenous NO production and ionotropik
glutamate receptor-mediated stimulation. Our findings show that, the protective effect of LUT
may elicit to nitric oxide mediation. eNOS activity was significantly increased in the liver,
kidney and hippocampus tissues of rats chronically treated with LUT and LUT+PTZ as

compared to PTZ group. We suggest that the protective effect of LUT against PTZ induced
10



245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

seizures in rats is possibly via eNOS activity. This finding is congruent with the result of other
researchers who also reported that some of flavonoids are potent inhibitors of NOS2 (iNOS)
induction at the same time they may increase endothelial NOS3 (eNOS) activity (36).

Matrixmetalloproteinases are also activated during epileptic seizures. The extensive data
indicate that MMP9 is a molecule of great importance for neuronal physiology and pathology.
Its activation appears to be intimately linked to glutamate acting as a potent neurotoxin (37).
Recent studies indicate that MMP9 is an important participant in aberrant plasticity and
neuroinflammation and neuronal death and it is upregulated in experimental epilepsy models
(38). Despite many studies about the pathophysiology of seizures and specific target of
MMP9 in seizure related neuronal death are unclear. It is reported that, MMP9 was related to
synaptic plasticity. Recent studies demonstrated that MMP9 induction might exhibit functions
like homeostatic synaptic plasticity rather than neuronal death (12). Moreover, MMP9 might
be a promising target as a neuroprotective agent to prevent seizure induced hippocampal
damage (39).

Interestingly, in contrast to other studies there are no changes in MMP9 were found in
tissues from different experimental groups in our study but PTZ administration caused an
increase in MMP2 activity. However, LUT treatment decreased MMP2 and iNOS activity in
hippocampus, liver and kidney tissues while eNOS activity was dramatically increased in the
same tissues. We suggest that MMP9 doesn’t seem to be responsible for PTZ induced seizures
and related peripheral tissue damage. In the present study, MMP2 immunohistochemical
reaction markedly increased only in PTZ administered rats. This novel and interesting finding
suggests that increase in MMP2 may be responsible for seizure frequency possibly via
aberrant synaptic plasticity. iNOS is induced in diseases associated with inflammation and
oxidative stress. It is reported that reactive oxygen/nitrogen species regulate iNOS function

(35). In our study there was an increase in the iNOS activity in the hippocampus and

11
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peripheral tissues (indicator of the oxidative stress due to reactive oxygen radicals) and LUT
reversed the increased INOS activity, thus confirming the hypothesis that, the protective effect
of LUT is possible via antioxidant effect. Moreover, pretreatment with LUT also reversed the
PTZ induced increase in MMP2 activity. Our result congruent with the result of other

researchers who also observed inhibition of MMP2 and MMP9 by LUT (40).

Conclusions

Our results indicated that LUT not only decreases seizure frequency but also reverses the
increase in MMP2 and iINOS with no significant difference in MMP9. In addition, according
to our results, interestingly MMP9 doesn’t seem to be responsible for PTZ induced seizures.
We suggest that the findings presented here underline the important roles of MMP2 and iNOS
in seizure frequency and possible seizure induced tissue damage. Therefore, LUT could offer

a useful support to the basic drug treatment by preventing the tissue damage caused by PTZ.

Conflict of interest Disclosure

None

Acknowledgements

We are thankful to Prof Dr A.H Merigli and Assosiated Prof G. Melikoglu for flavonoid support from Istanbul

University, Faculty of Pharmacy, Department of Pharmacognosy.

References
1. Benavente-Garcia O, Castillo J. Update on uses and properties of citrus flavonoids:
new finding in anticancer, cardiovascular and antiinflammatory activity. J Agric Food

Chem. 2008; 56: 6185-205.

12



295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

. Huang YT, Hwang JJ, Lee PP, Ke FC, Huang JH, Huang CJ et al. Effect of luteolin

and quercetin, inhibitors of tyrosine kinase on cell growth and metastasis. Associated
properties in A431 cells overexpressing epidermal growth factor receptor. Br J

Pharmacol. 1999; 128: 999-1010.

. Lin CW, Hou WC, Shen SC, Juan SH, Ko CH, Wang LM et al. Quercetin inhibition of

tumor invasion via suppressing PKC /ERK/AP-1-dependent  matrix
metalloproteinase-9 activation in breast carcinoma cells. Carcinogenesis. 2008; 29:

1807-15.

. Dajas F, Rivera F, Blasina F, Arredondo F, Echeverry C, Lafon L et al. Cell culture

protection and in vivo neuroprotective capacity of flavonoids. Neurotox Res. 2003; 5:

425-32.

. Duarte J, Perez-Palencia R, Vargas F, Ocete MA, Perez-Vizcaino F, Zarzuelo A et al.

Antihypertensive effect of the flavonoid quercetin in spontaneously hypertensive rats.

Br J Pharmacol. 2001; 133: 117-24.

. Kotanidou A, Xagorari A, Bagli E, Kitsanta P, Fotsis T, Papapetropoulos A et al.

Luteolin reduces lipopolysaccharide-induced lethal toxicity and expression of

proinflammatory molecules in mice. Am J Respir Crit Care Med. 2002; 165: 818-23.

. Lacerda G, Krummel T, Sabourdy C, Ryvlin P, Hirsch E. Optimizing therapy of

seizures in patients with renal or hepatic dysfunction. Neurology. 2006; 67: S28-33.

. Uziim G, Sarper Diler A, Bahgekapili N, Ziylan YZ. Erythropoietin prevents the

increase in blood brain barrier permeability during pentylenetetrazole induced

seizures. Life Sci. 2006; 78: 2571-6.

. Patsoukis N, Zervoudakis G, Panagopoulos NT, Georgiou CD, Angelatou F, Matsokis

NA. Thiol redox state (TRS) and oxidative stress in the Mouse hippocampus after

pentylenetetrazol-induced epileptic seizure. Neurosci Lett. 2004; 357: 83-6.

13



320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

10.

11.

12.

13.

14.

15.

16.

17.

Banati RB, Gehrman J, Schubert P, Kreutzbeg GW. Cytotoxicity of microglia. Glia.
1993; 7: 111-8.

Giulian D, Corpuz M. Microglial secretion products and their impact the nervous
system. Adv Neurol. 1993; 59: 315-20.

Takacs E, Nyilas R, Szepesi Z, Baracskay P, Karlsen B, Rosvold T et al. Matrix
metalloproteinase 9 activity increased by two different types of epileptic seizures that
do not induce neuronal death: A possible role in homeostatic synaptic plasticity.
Neurochem Int. 2010; 56: 799-809.

Jourquin J, Tremblay E, Decanis N, Charton G, Hanessian S, Chollet AM et al.
Neuronal activity-dependent increase of net matrix metalloproteinase activity is
associated with MMP-9 neurotoxicity after kainate. Eur J Neurosci. 2003; 18: 1507-
17.

Hendriks JJA, Alblas J, van der Pol SMA, van Tol EAF, Dijkstra CD, de Vries HE.
Flavonoids Influence Monocytic GTPase Activity and Are Protective in Experimental
Allergic Encephalitis. J Exp Med. 2004; 200: 1667-72.

Domitrovic R, Jakovac H, Milin C, Radosevic-Stasic B. Dose-and time dependent
effects of luteolin on carbon tetrachloride-induced hepatotoxicity in mice. Exp
Toxicol Pathol. 2009; 61: 581-9.

Malemud CJ. Matrix metalloproteinases (MMP’s) in healty and disease: an overview.
Front Biosci. 2006; 11: 1696-701.

Sivaramakrishnan V, Niranjali Devaraj S. Morin regulates the expression of NF-Kb-
p65, COX-2 and matrix metalloproteinases in diethylnitrosamine induced rat

hepatocellular carcinoma. Chem Biol Interact. 2009; 180: 353-9.

14



343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

18.

19.

20.

21.

22.

23.

24,

25.

van Hoorn DE, Nijveldt RJ, Boelens PG, Hofman Z, van Leeuwen PA, van Norren K.
Effects of Preoperative Flavonoid Supplementation on Different Organ Functions in
Rats. JPEN J Parenter Enteral Nutr. 2006; 30: 302-8.

Kolankaya D, Korkmaz A. Luteolin prevents ischemia/reperfusion-induced damage
in the rat kidney. Toxicol Lett. 2008; 180: S50.

Cho JY, Kim IS, Jang YH, Kim AR, Lee SR. Protective effect of Quercetin, A natural
flavonoid Against Neuronal damage after transient Global Cerebral Ischemia.
Neurosci Lett. 2006; 404: 330-5.

Duarte J, Jimenez R, O’Valle F, Galisteo M, Perez-Palencia R, Vargas F et al.
Protective effects of the flavonoid quercetin in chronic nitric oxide deficient rats. J
Hypertens. 2002; 20: 1843-54.

Yamazaki KG, Romero-Perez D, Barraza-Hidalgo M, Cruz M, Cortez-Gomez B,
Rivas M et al. Short and long term effects of (-)-epicatechin on myocardial ischemia
reperfusion injury. Am J Physiol Heart Circ Physiol. 2008; 295: H761-7.

Dunnick JK, Hailey JR. Toxicity and carcinogenicity studies of quercetin, a natural
component of foods. Fundam Appl Toxicol. 1992; 19: 423-31.

Rundfeldt C, Koch R, Richter A, Mevissen M, Gerecke U, Loschen W. Dose-
dependent anticonvulsant and proconvulsant effects of nitric oxide synthase inhibitors
on seizure thereshold in cortical stimulation model in rats. Eur J Pharmacol. 1995;
274: 73-81.

Homayoun H, Khavandgar S, Dehpour AR. Anticonvulsant effects of cyclosporin on
pentylentetrazol-induced seizure and kindling: modulation by nitricoxidergic system.

Brain Res. 2002; 939: 1-10.

15



366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

26.

27.

28.

29.

30.

31.

32.

33.

Jayakumar AR, Sujatha R, Paul V, Asokan C, Govindasamy S, Jayakumar R. Role of
nitric oxide on GABA, glutamic acid, activities of GABA-T and GAD in rat brain
cerebral cortex. Brain Res. 1999; 837: 229-35.

Senturk LM, Seli E, Gutierrez LS, Mor G, Zeyneloglu HB, Arici A. Monocyte
chemotactic protein-1 expression in human corpus luteum. Mol Hum Reprod. 1999;
5: 697-702.

Tagkin EI, Akgun Dar K, Kapucu A, Yagci A, Caner M and Dogruman H. Effects of
concentrated grape juice (enoant®) on eac and its relation with NO. Revue de
M¢édecine Vétérinaire. 2008; 159:123-29.

Kang SS, Lee JY, Choi YK, Kim GS, Han BH. Neuroprotective efects of flavones on
hydrogen peroxide-induced apoptosis in SH-SY5Y neuroblostoma cells. Bioorg Med
Chem Lett. 2004; 14: 2261-64.

Fernandez SP, Wasowski C, Loscalzo LM, Granger RE, Johnston GA, Paladini AC et
al. Central nervous system depressant action of flavonoid glycosides. Eur J
Pharmacol. 2006; 539: 168-76.

Coleta M, Campos MG, Cotrim MD, Lima TC, Cunha AP. Assessment of luteolin (3,
4', 5, 7-tetrahydroxyflavone) neuropharmacological activity. Behav Brain Res. 2008;
189: 75-82.

Suzuki J, Ogawa M, Maejima Y, Isobe K, Tanaka H, Sagesaka YM et al. Tea
catechins attenuate chronic ventricular-remodelling after myocardial ischemia in rats.
J Mol Cell Cardiol. 2007; 42: 432-40.

Sun J, Druhan LJ, Zweier JL. Reactive oxygen and nitrogen species regulate
inducible nitric oxide synthase function shifting the balance of nitric oxide and

superoxide production. Arch Biochem Biophys. 2010; 494: 130-7.

16



390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

34.

35.

36.

37.

38.

39.

40.

Park KI, Chu K, Jung KH, Kim JH, Kang KM, Lee ST et al. Role of cortical
dysplasia in epileptogenesis following prolonged febrile seizure. Epilepsia. 2010; 51:
1809-19.

Gill SS, Pulido OM. Glutamate receptors in peripheral tissues: current knowledge,
future research and implication for toxicology. Toxicol Pathol. 2001; 29: 208-23.
Olszanecki R, Gebska A, Kozlovski VI, Gryglewski RJ. Flavonoids and nitric oxide
synthase. J Physiol Pharmacol. 2002; 53: 571-84.

Michaluk P, Kaczmarek L. Matrix metalloproteinase-9 in glutamate-dependent adult
brain function and dysfunction. Cell Death Differ. 2007; 14: 1255-8.

Wilczynski GM, Konopacki FA, Wilczek E, Lasiecka Z, Gorlewicz A, Michaluk P et
al. Important role of matrix metalloproteinase 9 in epileptogenesis. J Cell Biol. 2008;
180: 1021-35.

Kim GW, Kim HJ, Cho KJ, Kim HW, Cho YJ, Lee BIl. The role of MMP-9 in
integrin—-mediated hippocampal cell death after pilocarpine—induced status
epilepticus. Neurobiol Dis. 2009; 36: 169-80.

Ende C, Gebhardt R. Inhibition of matrix metalloproteinase 2 and 9 activities by

selected flavonoids. Planta Med. 2004; 70: 1006-8.

17



415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

Figure legends

Fig. 1. The effect of luteolin treatment on the development of PTZ induced seizure stage (A),

seizure frequency (B) and seizure latency (C).

Fig. 2. Immunohistochemical detection of MMP2 staining (arrows), in liver sections in
control and experimental groups (Bar: 50 um) and semiquantitave evaluation (H-score) in
liver (L) of all groups. Immunostaining intensity was assessed by semiquantation of MMP2
on arbitrary four-point scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high

intense). Data are reported as means + SD (one way ANOVA).

Fig. 3. Immunohistochemical detection of MMP2 staining (arrows), in kidney sections in
control and experimental groups (Bar: 50 um) and semiquantitave evaluation (H-score) in
kidney (K) of all groups. Immunostaining intensity was assessed by semiquantation of MMP2
on arbitrary four-point scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high

intense). Data are reported as means = SD (one way ANOVA).

Fig. 4. Immunohistochemical detection of MMP9 staining (arrows), in liver sections in
control and experimental groups (Bar: 50 um) and H-score values in liver (L) of all groups.
Immunostaining intensity was assessed by semiquantation of MMP9 on arbitrary four-point
scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense). Data are reported

as means = SD (one way ANOVA).

Fig. 5. Immunohistochemical detection of MMP9 staining (arrows), in kidney sections in

control and experimental groups (Bar: 50 um) and H-score values in kidney (K) of all groups.
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Immunostaining intensity was assessed by semiquantation of MMP9 on arbitrary four-point
scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense).Data are reported

as means = SD (one way ANOVA).

Fig. 6. Immunohistochemical detection of eNOS staining (arrows) in liver sections in control
and experimental groups (Bar: 50 um) and H-score values in liver (L) of all groups.
Immunostaining intensity was assessed by semiquantation of eNOS on arbitrary four-point
scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense). Data are reported

as means = SD (one way ANOVA).

Fig. 7. Immunohistochemical detection of eNOS staining (arrows) in kidney sections in
control and experimental groups (Bar: 50 um) and H-score values in kidney (K) of all groups.
Immunostaining intensity was assessed by semiquantation of eNOS on arbitrary four-point
scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense). Data are reported

as means = SD (one way ANOVA).

Fig. 8. Immunohistochemical detection of eNOS staining (arrows) in hippocampus of brain in
control and experimental groups (Bar: 50 um) and H-score values in hippocampus (B) of all
groups. Immunostaining intensity was assessed by semiquantation of eNOS on arbitrary four-
point scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense). Data are

reported as means £+ SD (one way ANOVA).

Fig. 9. Immunohistochemical detection of iINOS staining (arrows) in liver sections in control
and experimental groups (Bar: 50 um) and H-score values in liver (L) of all groups.

Immunostaining intensity was assessed by semiquantation of iINOS on arbitrary four-point
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scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense).Data are reported

as means = SD(one way ANOVA).

Fig. 10. Immunohistochemical detection of iINOS staining (arrows) in kidney sections in
control and experimental groups (Bar: 50 um) and H-score values in kidney (K) of all groups.
Immunostaining intensity was assessed by semiquantation of iINOS on arbitrary four-point
scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense).Data are reported

as means = SD (one way ANOVA).

Fig. 11. Immunohistochemical detection of iINOS staining (arrows) in hippocampus of brain
in control and experimental groups (Bar: 50 um) and H-score values in hippocampus (B) of
all groups. Immunostaining intensity was assessed by semiquantation of iNOS on arbitrary
four-point scale (0= not detectable, 1= weak, 2= mild and 3= intense, 4=high intense). Data

are reported as means + SD (one way ANOVA).
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