ISSN 2347-6893
Attenuating effects of pentoxifylline on memory, oxidative stress and
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ABSTRACT
Aim :

Lithium – pilocarpine (Li-Pc) - induced seizures in rodents serve as convenient animal models to study the
mechanisms of epileptogenesis particularly with reference to the development of status epilepticus (SE), memory
retention, neurotransmitters and oxidative stress systems in the brain hippocampus which may be involved in the
modulation of SE. In the present study, adult male mice were used to study the neuroprotective effects of pentoxifylline
(PTX) against Li–Pc induced SE.

Materials and Methods : All SE-induced animals were pre-treated with 0, 20, 40, and 60 mg/kg PTX and were
examined for all peripheral cholinergic signs, stereotyped and clonic movements, seizures, tremors, latency to and
frequency of SE, and mortality if any within 24h. For assessing the memory retention capacity, the animals were subjected
to shuttle-box test. Alterations in the oxidative stress indices like thiobarbituric acid reactive substances (TBARS),
glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT) and the monoamine levels of dopamine (DA) and
serotonin (5-HT) were determined in the hippocampus of the SE-induced animals.

Results :

Pre-treatment with PTX attenuated the severity and frequency of epileptic seizure activities and learning
capabilities significantly and dose-dependently in the SE-induced animals. Animals sacrificed 24 h later after SE induction
resulted into a significant depletion of the monoamines and oxidative stress in the hippocampus and PTX pre-treatment
reversed this condition.

Conclusion : It was concluded that PTX may be having neuroprotective effects through possible involvement of
brain monoamines and oxidative stress as prophylactic/therapeutic potentials in seizure mechanisms against SE.
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INTRODUCTION
Seizures and status epilepticus (SE) can inflict harmful effects in the brain of the developing child resulting into cognitive
impairment (1, 2). Thus, there is a need of therapeutical agents that can ameliorate the seizure-induced changes and
impairments in the developing brain. In spite of extensive research, aetiopathology of SE remains far from clear. Various
neurotransmitters like adenosine, norepinephrine (NE), dopamine (DA), serotonin or 5-hydroxytryptamine (5-HT),
glutamate, γ-aminobutyric acid (GABA), in different brain areas are known to be affected by seizure and SE activities (3 –
9). Alterations in many other neurochemicals related to seizures, memory retention and oxidative stress have also been
detected in seizure-induced rats (10 – 12). Due to high mortality of animals in pilocarpine (alone) model (13), a
combination of lithium chloride and pilocarpine (Li-Pc) model is often preferred as an ideal experimental model that has
been frequently used to study the pathophysiology and management strategies of SE (14, 15).
Pentoxifylline (PTX) is a methylxanthine derivative and a nonspecific type 4-phosphodiesterase inhibitor. PTX has shown
to attenuate ischemic brain injury in rats (16, 17), improve learning and cognitive processes following lesions in the
hippocampus of the rats (18) and prevent brain injury in stroke prone rats (19). In recent years, PTX was found to exert
neuroprotective activity possibly by improving cerebral functions in various experimental models (18, 19). Furthermore,
PTX has been demonstrated of potentiating anticonvulsant effects in various animal models of epilepsy by improving
neurotransmitters and neurochemical changes in their brain (20 – 22). In perspective of the association of Li-Pc induced
seizure activities with monoamine levels and oxidative stress in different brain regions, the aim of this study was to
investigate the effect of PTX on various monoamines and oxidative stress in the hippocampus of mice induced for SE by
Li-Pc treatment.

MATERIALS AND METHODS
Animals:
Adult male Swiss-Webster strain mice (8-10 weeks old), housed in the animal facility under controlled conditions with 12
hour light-dark diurnal cycle, temperature 22±1°C, humidity 50-60% and free access to food and water ad libitum were
used in the present study. All precautions were taken to minimize animal stress and suffering by following the approved
study protocols and animal handling procedures of the Research and Ethics Committee of College of Science, King Saud
University, Riyadh, Saudi Arabia.

SE induction and drug treatment:
The animals were randomly divided into seven groups with 10 animals in each. The animal groups 1 to 4 were induced
with SE by administering a saline solution of lithium chloride (Li) in 3 mEq/ml/kg concentration i.p., followed by (20 h later)
pilocarpine hydrochloride (Pc) administration s.c. in 20 mg/ml/kg concentration. PTX (Sigma, USA) was also dissolved in
saline solution and was administered at doses of 0, 20, 40 and 60 mg/mL/kg i.p., 30 min before Pc injection, to all 4
groups of animals. The pups in groups 5, 6 and 7 served as controls and received saline, Li and Pc respectively in same
doses as mentioned above.

Behavioral assessment:
Observations for seizure activities
The animals were observed for the behavioral signs of convulsions and seizures in a sequence of peripheral cholinergic
signs (PCS), stereotyped movements (STM), clonic movements of forelimbs, head bobbing, tremors and seizures, which
later developed progressively into SE within 1– 2 h (23) and mortality if any, within 24 h, was also recorded.

Shuttle-box test (active avoidance responses)
The learning capabilities of the animals were measured in a shuttle-box (Ugo Basile, Comerio-Varese, Italy) as described
elsewhere (24). During the 50 trials session of each animals, the total numbers of avoidance (reinforced crossings) and
the latency of avoidance (escape latency in seconds to avoid the shock treatment), were measured.

Biochemical studies:
For biochemical assessments, the animals were sacrificed by decapitation 24 h after SE induction and the brains were
dissected on ice and the hippocampus were removed and frozen in liquid nitrogen (-70°C) for determination of
monoamines and oxidative stress indices.

Determination of monoamines
The monoamines were estimated using the modified method of Patrick et al. (25). A 10% homogenate of the tissues were
prepared by homogenizing for 10 seconds in 0.1M HClO 4 containing 0.05% EDTA, centrifuged at 17,000 rpm at 4°C for
5min. The supernatants thus obtained were micro filtered and analyzed by high performance liquid chromatography
(HPLC) to estimate the levels of dopamine (DA) and serotonin or 5-hydroxytryptamine (5-HT) using a calibration curve and
the results were expressed as ng /mg tissue weight.
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Determination of oxidative stress indices
Lipid peroxides ( TBARS)
The lipid peroxides in the form of TBARS was determined spectrophotometrically according to the method of Ohkawa et
al. (26) and the activity was expressed as nanomoles of TBARS formed oer gram tissue weight.

Glutathione (GS)
Total GS was measured enzymatically (27) and the activity was expressesd as nanomoles per gram tissue weight.

Superoxide dismutase (SOD)
The SOD activity was assayed using xanthine and xanthine oxidase to generate superoxide radicals (10) and the results
were expressed as U/mg protein. Protein was assayed by the method of Lowry et al. (28).

Catalase (CAT)
CAT activity was determined by the method of Chance and Maehly (29) and the activity was expressed as mmol/min/mg
protein. Protein was assayed by the method of Lowry et al. (28).

Satistical analyses:
The mean values of the data of all study groups were compared by ANOVA with respect to the controls and within
the experimentally treated groups using post-hoc testing and Student-Newman-Keuls Multiple Comparisons Tests.
Results were expressed as means ± SEM and the differences were considered to be statistically significant when p<0.05.

RESULTS
Development of seizures and SE:
After Pc injections, the animals started developing a gradual and significant change in their behavior. The convulsive
episode (PCS and STM) consisted of the bobbing of heads with intermittent forelimbs and hindlimbs clonus, loss of
posture, hyperextension of tails, , falling back and myoclonic jerks. These sequential behavioral changes built up into SE
in 100% of the animals. The developed SE lasted for more than one hour on average and only 10% mortality was
observed in the SE animals over a period of 24h following Pc injections. PTX significantly and dose-dependently increased
the latency to seizure and reduced the severity, frequency and intensity of seizure, PCS and STM characteriatics (Table
1). Furthermore, pre-treatment with PTX caused no mortality at all in all the three doses as compared to the Li-Pc (SE)
treated group (Table 1). The control groups that received Li or PTX (20, 40 and 60 mg/kg) alone, did not show any signs of
seizure or SE in any of the control groups (data not shown).
Table 1: Effect of pentoxifylline (Ptx) on lithium pilocarpine-induced seizures and SE related behavioral changes
in young rats.

Ptx
(mg/kg)

Seizures

Latency to seizure

(%)

(min)

SE
(%)

Latency to SE

Mortality (%)

(min)

Within 24 h

------------------------------------------------------------------------------------------------------------------------------------------------

0

100

10.74 ± 1.78

20

80

17.35 ± 1.53

40

50

26.83 ± 1.38

60

10

43.51 ± 2.32

Abbreviation : SE – status epilepticus;
a

ns

100
ns

60

a

30

a

10

21.52 ± 1.18

10

a

41.48 ± 1.73

a

0

a

52.41 ± 2.16

a

0

a

97.46 ± 2.83

a

0

– non significant ;

p<0.001 compared to control (0 mg/kg) by ANOVA followed by Student-Newman-Keuls Multiple Comparisons Test
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Learning capabilities in shuttle-box test:
In the shuttle-box test, the SE-induced animals showed a statistically significant (p<0.001) decrease in the number
of avoidances during the reinforced trial period as compared to the control group (Fig. 1A). Furthermore, the total time
taken by these animals to enter the other compartment to avoid the shock treatment (latency of avoidance or escape
latency response in seconds) was significantly (p<0.001) greater as compared to the controls (Fig. 1B). Animals induced
with SE were poor learners and took significant time in avoiding the shock treatment. However, PTX pre-treatment
attenuated these effects significantly in a dose –dependent manner (Fig. 1 A and B).

Mean latency to avoid
shock treatment in
avoidance test ( in
seconds ± SEM )

[A]

#

200

*

Control
Li
Pc
LiPc (SE)
Ptx 20 mg/kg+(SE)
Ptx 40 mg/kg+(SE)
Ptx 60 mg/kg+(SE)

**
***

100

0

[B]
#

Mean number of
reinforced crossings
 SEM

60

***

45

**
30

*
15

0

Experimental groups of male mice
Figure 1: Effect of Ptx pretreatment on the cognitive (learning) capabilities of the seizure-induced mice in the
shuttle-box test showing the total time taken by the animals (total latency) in avoiding the shock treatment (1A)
and the number of reinforced crossing of the chambers by the animals (1B) for avoiding the shock treatment
during the light and sound stimuli.
Abbreviations : Ptx – pentoxifylline; Li – lithium; Pc – pilocarpine; SE – status epilepticus.
# shows significantly (p< 0.001) different from control and *, ** and *** show significantly (p<0.05; p<0.01 and
p<0.001 respectively) and dose-dependently different as compared to SE group by ANOVA followed by Tukey’s
and Student’s tests.

Biochemical studies in hippocampus tissue:
Levels of monoamines
A significant (p<0.001) depletion in the DA and 5-HT (Fig. 2A and B) of the SE group was noticed as compared to the
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controls. Animals pre-treated with PTX, significantly and dose-dependently ameliorated the Li-Pc induced effects (Fig. 2A
and B).

DA activity as
ng/mg tissue wt ±SEM

[A]

#

5
4

***
3

**
*

2
1

Control
Li
Pilo
Li-Pilo(SE)
Ptx20-SE
Ptx40-SE
Ptx60-SE

0

5-HT activity as
ng/mg tissue wt ± SEM

[B]

#

0.5
0.4

***

0.3
0.2
0.1
0.0

Experimental groups
Figure 2: Levels of dopamine (DA) and serotonin (5-hydroxy-tryptamine or 5-HT) in the hippocampus of male mice
(2A and 2B respectively). The levels of DA and 5-HT were significantly (#, p<0.001) depleted in SE groups as
compared to controls whereas Ptx pretreatment showed a dose-dependent and significant (*, ** and *** showing
p<0.05, p<0.01 and p< 0.001 respectively) attenuating effect as compared to the SE groups by ANOVA followed by
Tukey’s and Student’s test.
Abbreviations are the same as in Figure 1.

Levels of TBARS
TBARS in the hippocampus were significantly (p<0.001) increased in the SE-induced animals and pre-treatment with PTX
had a significant (P,0.001) and dose-dependent attenuating effect (Fig. 3 A).

Levels of GSH
GSH was significantly (p<0.001) depleted in the hippocampus of SE-induced animals and pre-treatment with PTX had a
significant (p<0.001) and dose-dependent attenuating effect (Fig. 3 B).
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[A]

TBARS (nmol/g tissue wt)
mean value  SEM

#
50

Control
Li
Pc
Li-Pc (SE)
Ptx 20 mg/kg+SE
Ptx 40 mg/kg+SE
Ptx 60 mg/kg+SE

*

40

**

30

***
20
10
0

[B]

GSH (  mol/g tissue wt)
Mean value  SEM

#
5
4
3

***
**
*

2
1
0

Experimental groups
Figure 3: Effect of LiPc induced SE on the oxidative stress depicted by increased level of thiobarbituric acid
reactive substances (TBARS) shown in Figure 3A and decreased level of total glutathione (GSH) shown in Figure
3B in the hippocampus of the male mice as compared to the control (# showing p<0.001). Ptx pretreatment
showed a dose-dependent and significant (*, ** and *** showing p<0.05, p<0.01 and p< 0.001 respectively)
attenuating effect as compared to the SE groups by ANOVA followed by Tukey’s and Student’s test.
Abbreviations are the same as in Figure 1.

Levels of SOD and CAT
The levels of SOD and CAT remained unaltered in the hippocampus of the SE-induced animals and pre-treatment of
these animals with PTX increased the activity of SOD and CAT significantly (p<0.01) and dose-dependently (Fig. 4 A and
B respectively).
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[A]

SOD (U/mg protein)
Mean value  SEM

4

***

ns
*

3

Control
Li
Pc
Li-Pc (SE)
Ptx 20 mg/kg+SE
Ptx 40 mg/kg+SE
Ptx 60 mg/kg+SE

**

2

1

0

CAT (mmol/mg protein)
Mean value  SEM

[B]
18

ns
15

**

***

*

12
9
6
3
0

Experimental groups
Figure 4: Effect of LiPc induced seizures on superoxide dismutase (SOD) and catalase (CAT) activities showing
no changes in the level of enzyme activities in the hippocampus of the male mice of SE group as compared to the
control as shown in Figure 4A and 4B respectively. However, Ptx pretreatment showed a dose-dependent and
significant (*, ** and *** showing p<0.05, p<0.01 and p< 0.001 respectively) increase in the level of SOD (4A) and
CAT(4B) as compared to the SE groups by ANOVA followed by Tukey’s and Student’s test.
Abbreviations are the same as in Figure 1.

DISCUSSION
The present results demonstrate that pharmacological intervention using PTX, significantly attenuated SE induced seizure
activities and learning capabilities and also ameliorated the levels of monoamines and oxidative stress in the hippocampus
area of the brain. The mechanism of neuroprotective effect of PTX is not fully understood, however, it has been shown to
exert neuroprotective effects in many seizure models (18, 21, 22). PTX is a dimethylxanthine derivative and is known to
exert its pharmacological effects by different mechanisms (20, 30). cAMP plays a major role as a second messenger in
biochemical processes regulating the cognitive and memory processes (31, 32). Alteration in the cAMP content in the
cerebral cortex has been reported in the chemically induced epilepsy (33, 34). Like rolipram, PTX also has the ability to
increase cAMP levels that may also exert neuroprotective effect (22, 35). Furthermore, PTX is an adenosine receptor
antagonist and it plays an important role in the progression of seizures and SE (36). Furthermore, adenosine is a natural
neuroprotactant with anticonvulsant action (37). Impairment of learning capabilities in rodents with SE has been reported
by several investigators (38, 39). In the present study, pre-treatment of mice with PTX dose-dependently attenuated the LiPc – induced seizure activities and neurobehavioral abnormalities.
Several neurotransmitters have been associated with the pathogenesis of SE (8, 9). Altered brain monoamine contents
have been reported following experimentally induced SE in rats (6, 9) and in human epilepsy (40). The results of the
present study showed that DA level reduced significantly in the hippocampus of the SE-induced animals (Fig. 1A). Role of
DA mediated inhibition of D2 type receptors has been reported in depressing the hyperexcitability of hippocampus neurons
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which are considered to be involved in SE (40, 41). Furthermore, in the present study, a decrease in 5-HT level in the
hippocampus (Fig. 1B) is consistent with the hypothesis suggesting a significant decrease in synthesis and release of 5HT during SE (9). A definite role of 5-HT has also been suggested in myoclonic epilepsy (42). In spite of numerous
studies, a definite role of monoamine neurotransmitters in SE is yet to be established.
The significant increase in TBARS and decrease in GSH in the hippocampus of mice with SE in the present study clearly
suggests for a high level of oxidative stress through increased free-radicals production. Moreover, the neuroprotective
effect of PTX may be due to reduction in the formation of free-radicals during Li-Pc – induced seizures. On the contrary,
there was no alteration in the SOD and CAT activities suggesting that these enzymes were not activated or affected during
the phase of seizures development. It has further been demonstrated that PTX pre-treatment increased these antioxidant
enzymes in the hippocampus which was probably a necessary consequence due to inhibition in the formation of freeradicals by PTX during convulsion process. Such increase in antioxidant enzymes activities in presence of PTX, while
reduces free-radicals formation, also produces a significant decrease in the susceptibility to seizures induced by Li-Pc.
Earlier study with buspirone also supports this finding (43).

CONCLUSION
The result of the present study showed antiepileptic effect of PTX accompanied by attenuation of convulsions and learning
capabilities in the SE-induced animals. Furthermore, attenuating effects on the SE related brain monoamines and
oxidative stress indices suggest for evidence that free-radical formation has a relevant role in the propagation of seizure
activities and PTX could be used as anti-convulsion drug. Although it is evidenced from the present study that
monoamines and oxidative stress have a definite role in epileptic activity, the exact mechanism of epileptogenic activity of
PTX warrant further studies.

ACKNOWLEDGEMENT
The authors would like to extend their sincere appreciation to the Deanship of Scientific Research at King Saud University
for its funding of this research through the Research Group Project no RGP-VPP-240.

REFERENCES
[1] Holmes, G.L., Khazipov, R. and Ben-Ari, Y. 2002. Seizure-induced damage in the developing human: relevance of
experimental models. Prog. Brain Res. 135: 321 – 334.
[2] Holmes, G.L. and Ben-Ari, Y. 2001. The neurobiology and consequences of epilepsy in the developing brain. Pediatr.
Res. 49: 320 – 325.
[3] Meldrum, B. and Garthwaite, J. 1990. Excitatory amino acid neurotoxicity and neurodegenerative disease. Trends
Pharmacol. Sci. 11: 379 – 387.
[4] Cavalheiro, E.A., Fernandes, M.J., Turski, L. and Naffah-Mazzacoratti, M.G. 1994. Spontaneous recurrent seizures in
rats: amino acid and monoamine determination in the hippocampus. Epilepsia 35: 1 – 11.
[5] Khan, G.M., Smolders, I., Ebinger, G. and Michotte, Y. 2000. Flumazenil prevents diazepam-elicited anticonvulsant
action and concomitant attenuation of glutamate overflow. Eur. J. Pharmacol. 407: 139 – 144.
[6] Freitas, R.M., Bezerra Felipe, C.F., Nascimento, V.S., Oliveira, A.A., Viana, G.S. and Fonteles, M.M. 2003a.
Pilocarpine-induced seizures in adult rats: Monoamine content and muscarinic and dopaminergic receptor changes in the
striatum. Comp. Biochem. Physiol. C Toxicol. Pharmacol. 136: 103 – 108.
[7] Freitas, R.M., Sousa, F.C., Vasconcelos, S.M., Viana, G.S. and Fonteles, M.M. 2003b. Acute alterations of
neurotransmitters levels in striatum of young rats after pilocarpine-induced status epilepticus. Arq. Neuropsiquiatr. 61: 430
– 433.
[8] Freitas, R.M., Vasconcelos, S.M., Souza, F.C., Viana, G.S. and Fonteles, M.M. 2004. Monoamine levels after
pilocarpine-induced status epilepticus in hippocampus and frontal cortex of Wistar rats. Neurosci. Lett. 370: 196 – 200.
[9] Nascimento, V.S., Oliveira, A.A., Freitas, R.M., Sousa, F.C., Vasconcelos, S.M., Viana, G.S. and Fonteles, M.M. 2005.
Pilocarpine-induced status epilepticus: monoamine level, muscarinic and dopaminergic receptors alterations in striatum of
young rats. Neurosci. Lett. 383: 165 – 170.
[10] Freitas, R.L., Ferreira, C.M., Ribeiro, S.J., Carvalho, A.D., Elias-Filho, D.H., Garcia-Cairasco, N. and Coimbra, N.C.
2005. Intrinsic neural circuit between dorsal midbrain neurons that control fear induced responses and seizure activity and
nuclei of the pain inhibitory system elaborating postictal antinociceptive processes: a functional neuroanatomical
neuropharmacological study. Exp. Neurol. 191:225-242.
[11] Barros, D.O., Xavier, S.M., Barbosa, C.O., Silva, R.F., Freitas, R.L., Maia, F.D., Oliveira, A.A., Freitas, R.M. and
Takahashi, R.N. 2007. Effects of the vitamin E in catalase activities in hippocampus after status epilepticus induced by
pilocarpine in Wistar rats. Neurosci. Lett. 416:227 – 230.
[12] Liu, J., Wang, A., Li, L., Huang, Y., Xue, P. and Hao, A. 2010. Oxidative stress mediates hippocampal neuron death in
rats after lithium-pilocarpine-induced status epilepticus. Seizure 19: 165 – 172.

411 | P a g e

April 17, 2014

ISSN 2347-6893
[13] Turski, W.A. 2000. Pilocarpine-induced seizures in rodents – 17 years on. Pol. J. Pharmacol. 52: 63 – 65.
[14] Boukhezra, O., Riviello, P., Fu, D.D., Lui, X., Zhao, Q., Akman, C. and Holmes, G.L. 2003. Effect of the postictal state
on visual-spatial memory in immature rats. Epilepsy Res. 55: 165 – 175.
[15] McKay, B.E. and Persinger, M.A. 2004. Lithium ion “cyclotron resonance” magnetic fields decrease seizure onset
times in lithium-pilocarpine seized rats. Int. J. Neurosci. 114: 1035 – 1045.
[16] Eun, B.L., Liu, X.H. and Barks, J.D. 2000. Pentoxifylline attenuates hypoxic-ischemic brain injury in immature rats.
Pediatr. Res. 47: 73 – 78.
[17] Bruno, R.B., Marques, T.F., Batista, T.M., Lima, J.C., de Arruda, K.G., Lima, P.F., Santos, N.S., Cunha, G.M., Vitor,
H.V. and Viana, G.S. 2009. Pentoxifylline treatment improves neurological and neurochemical deficits in rats subjected to
transient brain ischemia. Brain Res., 1260: 55 – 60.
[18] Cunha, G.M., Bezerra, P.J., Saldanha, M.D., Cavalcante, M.C., De Brun, V.M. and Viana, G.S. 2000. Pentoxifylline
improves learning and memory in glutamate-lesioned rats. Pharmacol. Biochem. Behav. 66: 687 – 694.
[19] Banfi, C., Sironi, L., De Simoni, G., Gelosa, P., Barcella, S., Perego, C., Gianazza, E., Guerrini, U., Tremoli, E. and
Mussoni, L. 2004. Pentoxifylline prevents spontaneous brain ischemia in stroke-prone rats. J. Pharmacol. Exp. Ther. 310:
890 – 895.
[20] Tariq, M., Ahmad, M., Moutaery, K.A. and Deeb, S.A. 2008. Pentoxifylline ameliorates lithium-pilocarpine induced
status epilepticus in young rats. Epilepsy Behav. 12 : 354 – 365.
[21] Godlevsky, L.S., Drozdova, G.A., Kobolev, E.V., Mustyatsa, V.F. and Polyasnyi, V.A. 2013. Pentoxifylline potentiates
antiepileptic activity of diazepam on the model of treatment-resistant focal epilepsy. Bull. Exp. Biol. Med. 154: 326 – 328.
[22] Hosseini-Zare, M.S., Salehi, F., Seyedi, S.Y., Azami, K., Ghadiri, T., Mobasseri, M., Gholizadeh, S., Beyer, C. and
Sharifzadeh, M. 2011. Effects of pentoxifylline and H-89 on epileptogenic activity of bucladesine in pentylenetetrazoltreated mice. Eur. J. Pharmacol. 670: 454 – 470.
[23] Persinger, M.A., Bureau, Y.R.J., Kostakos, M., Peredery, O. and Falter, H. 1993. Behaviors of rats with insidious
multifocal brain damage induced by seizures following single peripheral injections of lithium and pilocarpine. Physiol.
Behav. 53: 849 – 856.
[24] Abu-Taweel, G.M., Zyadah, M.A., Ajarem, J.S. and Ahmad M. 2014. Cognitive and biochemical effects of
monosodium glutamate and aspartame, administered individually and in combination in male albino mice. Neurotoxicol.
Teratol. 42:60-67.
[25] Patrick, O.E., Hirohisa, M., Masahira, K. and Koreaki, M. 1991. Central nervous system bioaminergic responses to
mechanic trauma. Surg. Neurol. 35: 273 – 279.
[26] Ohkawa, H., Ohishi, N. and Yagi, K. 1979. Assay for lipid peroxides in animal tissues by hiobarbituric acid reaction.
Anal. Biochem. 95: 351 – 358.
[27] Mangino, M.J., Murphy, M.K. and Glabar, G.G. 1991. Protective effects of glycine during hypothermic renal ischemic
reperfusion injury. Am. J. Physiol. 261: F841 – F848.
[28] Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, A.L. 1951. Protein measurement with Folin phenol reagent. J.
Bol. Chem. 193:265-275.
[29] Chance, B. and Maehly, A.C. 1955. Assay of catalases and peroxidases. Methods Enzymol. 2:764-768.
[30] D’Hellencourt, C.L., Diaw, L., Cornillet, P. and Guenounou, M. 1996. Differential regulation of TNF alpha, IL-1 beta, IL6, IL-8, TNF beta, and IL-10 by pentoxifylline. J. Immunopharmacol. 18: 739 – 748.
[31] Imanishi, T., Sawa, A., Ichimaru, Y., Miyashiro, M., Kato, S., Yamamoto, T. and Ueki, S. 1997. Ameliorating effects of
rolipram on experimentally induced impairments of learning and memory in rodents. Eur. J. Pharmacol. 321: 273 – 278.
[32] Rose, G.M., Hopper, A., De Vivo, M. and Tehim, A. 2005. Phosphodiesterase inhibitors for cognitive
enhancement.Curr. Pharm. Des. 11: 3329 – 3334.
[33] Higashima, M., Ohno, K. and Koshino, Y. 2002. Cyclic AMP-mediated modulation of epileptiform after discharge
generation in rat hippocampal slices. Brain Res. 949 : 157 – 161.
[34] Pi, X., Lee, J., Howard, F.L. and Rosenberg, H.C. 2004. Decreased expression of brain cAMP response elementbinding protein gene following pentylenetetrazol seizure. Mol. Brain Res. 127: 60 – 67.
[35] Giorgi, M., Modica, A., Pompili, A., Pacitti, C. and Gasbarri, A. 2004. The induction of cyclic nucleotide
phosphodiesterase 4 gene (PDE4D) impairs memory in water-maze task. Behav. Brain Res. 154: 99 – 106.
[36] Avsar, E. and Empson, R.M. 2004. Adenosine acting via A1 receptors, controls the transition to status epilepticus-like
behavior in an in vitro model of epilepsy. Neuropharmacology 47: 427 – 437.

412 | P a g e

April 17, 2014

ISSN 2347-6893
[37] Kochanek, P.M., Vagni, V.A., Janesko, K.L., Washington, C.B., Crumrine, P.K., Garman, R.H., Jenkins, L.W., Clark,
R.S., Homanics, G.E., Dixon, C.E., Schnermann, J. and Jackson, E.K. 2006. Adenosine A1 receptor knockout mice
develop lethal status epilepticus after experimental traumatic brain injury. J. Cereb. Blood Flow Metab. 26: 565 – 575.
[38] Rutten, A., van Albada, M., Silveira, D.C., Cha, B.H., Liu, X., Hu, Y.N., Cilio, M.R., and Holmes, G.L. 2002. Memory
impairment following status epilepticus in immature rats: time- course and environmental effects. Eur. J. Neurosci. 16: 501
– 513.
[39] Kubova, H., Mares, P., Suchomelova, L., Brozek, G., Druga, R. and Pitkanen, A. 2004. Status epilepticus in immature
rats leads to behavioral and cognitive impairment and epileptogenesis. Eur. J. Neurosci. 19: 3255 – 3265.
[40] Turski, W.A., Cavalheiro, E.A., Sieklucka-Dziuba, M. and Schwarz, M. 1987. Only certain antiepileptic drugs prevent
seizures induced by pilocarpine. Brain Res. 12: 281 – 305.
[41] Turski, L., Ikonomidou, C., Turski, W.A., Bortolotto, Z.A. and Cavalheiro, E.A. 1989. Cholinergic mechanisms and
epileptogenesis. The seizures induced by pilocarpine: a novel experimental model of intractable epilepsy. Synapse 3: 154
– 171.
[42] Welsh, J.P., Placantonakis, D.G., Warsetsky, S.I., Marquez, R.G., Bernstein, L. and Archer, S.A. 2002. The serotonin
hypothesis of myoclonus from the perspective of neuronal rhythmicity. Adv. Neurol. 89: 307 – 329.
[43] Freitas, R.L.M., Santos, M.S., de Souza G.F., Tome, A.R., Saldanha, G.B. and freitas R.M. 2010. Oxidative stress in
rat hippocampus caused by pilocarpine-induced seizures is reversed by buspirone. Brain Res. Bull. 81:505-509.

Author' biography with Photo
Dr. Mohammad Ahmad

completed his Ph.D. from Aligarh
Muslim University, India, and visited Queen's University of Belfast, UK.
as a Visiting Fellow under the sponsorship of British Council to
persuade his Post Doctoral studies. He has a vast experience of
research and teaching. He is involved in applied research on various
neurological diseases of human health importance. At present, he is an
Assistant Professor in Medical Surgical Department of King Saud
University, Riyadh and has published more than 45 papers in
International Journals of repute and of high impact factors and is
member of many scientific societies.

Dr. Mohammad Ahmad
Department of Medical Surgical Nursing
College of Nursing
King Saud University
P.O. Box 642
Riyadh – 11421
Saudi Arabia.
Phone: +966-505195887
Email: mbadshah@ksu.edu.sa

413 | P a g e

April 17, 2014

