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Abstract

Aims

Antioxidant compounds have been extensively investigated as a pharmacological alternatives to prevent

epileptogenesis. Rosmarinic acid (RA) and caffeic acid (CA) are compounds with antioxidant properties, and RA has

been shown to inhibit GABA transaminase activity (in vitro). Our aim was to evaluate the effect of RA and CA on

seizures induced by pentylenotetrazole (PTZ) using the kindling model in mice.

Main methods

Male CF-1 mice were treated once every three days during 16  days with RA (1, 2 or 4 mg/kg; i.p.), or CA (1, 4 or

8 mg/kg; i.p.), or positive controls diazepam (1 mg/kg; i.p.) or vigabatrin (600 mg/kg; p.o.), 30 min before PTZ

administration (50 mg/kg; s.c.). After the last treatment, animals were sacrificed and the cortex was collected to

evaluate free radicals (determined by 2′,7′-dichlorofluorescein diacetate probe), superoxide dismutase (SOD) and

genotoxic activity (Alkaline Comet Assay).

Key findings

Rosmarinic acid 2 mg/kg increased latency and decreased percentage of seizures, only on the 4th day of observation.

The other tested doses of RA and CA did not show any effect. Rosmarinic acid 1 mg/kg, CA 4 mg/kg and CA 8 mg/kg

decreased free radicals, but no dose altered the levels of enzyme SOD. In the comet assay, RA 4 mg/kg and CA 4 mg/kg

reduced the DNA damage index.
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Some doses of rosmarinic acid and CA tested showed neuroprotective action against oxidative and DNA damage

produced in the kindling epilepsy model, although they did not produce antiepileptogenic effect in vivo.

Introduction

Epilepsy is characterized by unprovoked episodes of aberrant synchronous excitation of brain regions that disrupt

normal functioning and cause successive seizures [7], [47]. According to the World Health Organization (WHO), about

50 million people are affected worldwide, and approximately 70–80% of patients with new-onset epilepsy enter

remission when they are treated with antiepileptic drugs currently prescribed. Antiepileptic drugs, now commonly

referred to as antiseizure drugs (ASDs), provide symptomatic benefits by preventing the occurrence of seizures in

patients. In spite of these benefits, ASDs fail to control seizures in 20–30% of patients, or present troubling side effects

[14], [20], [27]. The development of therapeutic strategies to prevent the recurrent seizures and the establishment of

status epilepticus has been the main goal of the contemporary epilepsy research [20], [43].

The mechanisms underlying seizures are complex, and vary across the numerous seizure types that have been

characterized. A failure is believed to occur in the ability to maintain the balance between brain excitation and

inhibition process. Thus, neurotransmitters involved in neuronal inhibition, such as gamma aminobutyric acid (GABA),

or neuronal excitation such as glutamate and aspartate, have attracted the interest of researchers aiming to elucidate

the mechanisms involved in epilepsy pathogenesis [7], [33]. Furthermore, it is known that neural tissues are especially

sensitive to oxygen levels, and oxidative stress is thought to be involved in epileptogenesis. Levels of reactive oxygen

species (ROS) increase in response to sustained neuronal electrical activity and seizures. Therefore, antioxidants have

been suggested as therapeutic design strategies for the treatment and modulation of epilepsy [43].

Rosmarinic acid (α-O-caffeoyl-3,4-dihydroxyphenyl lactic acid; RA) and its major metabolite caffeic acid (CA) are

compounds that occur in many plants, and present several biological activities ([3], [18], [35], [36], [37], [53]), among

which antioxidative activity [12], [21], [28], [37], [39], [55]. Furthermore, RA was able to inhibit the enzyme GABA

transaminase in vitro [4], which would increase the levels of GABA in vivo. This finding makes these compounds

interesting targets in investigations about the treatment of epilepsy.

The aim of this study was to evaluate the possible antiepileptogenic activity of the RA and CA using the chemical

kindling induced by pentylenetetrazole (PTZ) in mice. We also investigated the effects of RA and CA on the production

of free radicals, on the activity of antioxidant enzyme superoxide dismutase (SOD), and on deoxyribonucleic acid (DNA)

damage in total cortex of mice after the kindling model.

Section snippets

Animals

Male CF1 mice (2–3 months of age, 30–40  g) were obtained from State Foundation for Health Research and Production

(FEPPS). The animals were divided into ten groups: 9 groups were used in the kindling experiment (N  =  8–11) and one

group Sal/Sal (N  =  7) was used as negative control in other measurements, totaling 82 animals. Mice were housed in

plastic cages (5 per cage), with water and food ad libitum, under a 12-h light/dark cycle (lights on at 8:00 AM), and at a

constant temperature of 23  ±  2  °C. All…
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Results

This work aimed to evaluate the effect of RA and CA on seizures induced by PTZ. In the Sal–PTZ group (negative control)

only 45.45% of the animals presented clonic forelimb seizures as long as or longer than 3  s on the first day of treatment.

Nevertheless, after the last treatment, 100% of animals in this group showed seizure behavior (p  =  0.0124). Moreover,

on the first day of treatment, Sal–PTZ group took around 21.34 min to present clonic forelimb seizures of at least 3  s,

while on the last day…

Discussion

The main activities of antiepileptic drugs in synapse include GABAergic inhibitory neurotransmission enhancement, a

decrease in glutamatergic excitatory neurotransmission and interference with intracellular signaling pathways. The

ability of PTZ to elicit convulsions and to induce a state of kindling begins with its influence in the release and

postsynaptic action of GABA [52].

This study evaluated the effect of RA and CA on seizures induced by repeated subconvulsive doses of PTZ. Here, the…

Conclusions

The results of this study demonstrated that, although RA and CA are not able to prevent the establishment of “kindling

state”, both compounds exhibit potential to reduce free radicals and the genotoxic damage caused by the PTZ-kindling

model, in some doses.

These findings suggest that these compounds have neuroprotective activity, which can be important in the prevention

and management of various neurological disorders, such as epilepsy. These results point to the need to carry out new…

Conflict of interest statement

The authors declare that there is no conflict of interest.…

Acknowledgments

This work was supported by CNPq (National Council of Technological and Scientific Development) (N. 307064/2013-1)

and FAPERGS (Foundation for Research Support of the State of Rio Grande do Sul) (N. 002100-2551/13-9).…

Recommended articles

References (55)

T. Alkam et al.

A natural scavenger of peroxynitrites, rosmarinic acid, protects against impairment of memory induced by
Aβ25–35
Behav. Brain Res. (2007)

M.M. Bradford

https://www.sciencedirect.com/science/article/pii/S0166432807001313


A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the
principle of protein–dye binding
Anal. Biochem. (1976)

L.F. Da Silva et al.

A neuropharmacological analysis of PTZ-induced kindling in mice
Gen. Pharmacol. (1998)

N.C. De Oliveira et al.

Rosmarinic acid as a protective agent against genotoxicity of ethanol in mice
Food Chem. Toxicol. (2012)

A.S. Driver et al.

MundyWR. Age-related changes in reactive oxygen species production in rat brain homogenates
Neurotoxicol. Teratol. (2000)

M.V. Frantseva et al.

Oxidative stressisinvolved in seizure-inducedneurodegeneration in thekindlingmodel of epilepsy
Neuroscience (2000)

D.G. Fujikawa

Prolonged seizures and cellular injury: understanding the connection
Epilepsy Behav. (2005)

A. Kumar et al.

Possible nitric oxide mechanism in the protective effect of hesperidin against pentylenetetrazole (PTZ)-
induced kindling and associated cognitive dysfunction in mice
Epilepsy Behav. (2013)

O.M. Larsson et al.

Differential effect of gamma-vinyl GABA and valproate on GABA-transaminase from cultured neurones
and astrocytes
Neuropharmacology (1986)

C.P. LeBel et al.

Organometal-induced increases in oxygen reactive species: the potential of 2′,7′-dichlorofluorescin
diacetate as an index of neurotoxic damage
Toxicol. Appl. Pharmacol. (1990)

View more references

Cited by (67)

Proteomic analysis of zebrafish brain damage induced by Microcystis aeruginosa bloom
2021, Science of the Total Environment

https://www.sciencedirect.com/science/article/pii/0003269776905273
https://www.sciencedirect.com/science/article/pii/S0306362397004230
https://www.sciencedirect.com/science/article/pii/S0278691512000555
https://www.sciencedirect.com/science/article/pii/S0892036299000690
https://www.sciencedirect.com/science/article/pii/S0306452200000415
https://www.sciencedirect.com/science/article/pii/S1525505005003343
https://www.sciencedirect.com/science/article/pii/S1525505013002850
https://www.sciencedirect.com/science/article/pii/0028390886902145
https://www.sciencedirect.com/science/article/pii/0041008X90902783
https://www.sciencedirect.com/science/article/pii/S0048969721039371


Show abstract

Ethanolic extract of Hyptis mutabilis (Rich.) Briq.: An effective sedative and antioxidant agent in fish
2021, Aquaculture

Show abstract

An evaluation of bioactive compounds, fatty acid composition and oil quality of chia (Salvia hispanica L.)
seed roasted at different temperatures
2020, Food Chemistry

Citation Excerpt :

…With regard to the literature, interestingly, some studies have reported findings on the bioactive potential and proximate

composition of chia seeds that differ from those given here. For example, Oliveira-Alves, Vendramini-Costa, Cazarin, Júnior, Ferreira,

Silva, and Bronze (2017) discovered that the total phenolic content was 1.16 mg GAE/g, Coelho, Vieira, Souza, Moysés, Basso, Papke,
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Coates (2001) identified 23.0% protein and 4.6% ash.…
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