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1-Triacontanol Cerotate Isolated from Marsilea quadrifolia
Linn. Safeguards Hippocampal CA3 Neurons and Augments
Special Memory Deficit in Chronic Epileptic rats
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SUMMARY: Currently many people with epilepsy do not have seizure control even with the best available medications. Moreover
various antiepileptics have adverse cognitive impact with other side effect. Thus, need for new antiepileptic drugsistthalfeage.
However, many of the natural components have antiepileptic action and this fact remains scientifically unexplored. This study w
designed to check the behavioral and neuro-pathological outcome of 1-Triacontanol cerotate (1 TAC), isolstacsfiearguadrifolia
Linn. (MQ) on chronic Pentylenetetrazol (PTZ) kindling model of epilepsy in rats. Two-month-old adult male Wistar rats éne60) w
randomly divided into six groups; Group | (Cage Control), Il (Vehicle Control), Il (Positive Control), IV (Standard drad)tréat
(1TAC: 40 mg/kg) & VI (L TAC: 80 mg/kg). To induce kindling a 35 mg/kg dose of PTZ was injected i.p. in every 48 hrs fori80 days
Group Il to VI. Spatial memory performance was tested using Morris water maze, following which brains were further prarcessed f
histopathological investigations. Interestingly, 1. TAC was able to minimize the loss of pyramidal cells in hippocampal @ABTeggo
cellular changes were behaviorally responded as improved special learning and memory, a better spatial navigation awt object pl
configuration. The current study strongly implicates that 17 TAC from MQ has potent neuroprotective role and augments spegial mem
deficit in chronic epileptic rats. The isolated component which attenuates spatial memory performance could be benefieidboutco
retain cognitive blunting in chronic epilepsy.

KEY WORDS: 1-Triacontanol cerotate; Marsilea quadrifoliaLinn.; Pentylenetetrazol, Epilepsy; Hippocampal CA3 zone;
Pyramidal cells; Brain antioxidants; Cresyl Violet.

INTRODUCTION

Epilepsy is a chronic neurological disordeiseizure control even with the best available medications
characterized by seizures, current estimates between {wanet al, 2010). Above all, various antiepileptics have
2 % of the global population being affected (Nasgtat, adverse cognitive impact with other side effects. The major
2009). More than half of the epileptics had some sort obgnitive impacts of these side-effects in human are
cognitive problems with abnormal behaviouralanguage and working memory which are negatively
manifestations (Rodiet al, 1977). Common side effectsaffected (Bittigauet al, 2003; Yanget al, 2016). Thus,
of epilepsy include slowed motor and psychomotor speatew antiepileptic drugs with least cognitive side effects
poor attention and mild memory impairment (Meaéelbr or beneficiary role in cognitive enhancement till remains
al., 2005). Over 30 % of people with epilepsy do not hawechallenge.
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However, many of the natural components exeRTZ-Kindling for chronic chemical induced generalized
antiepileptic action and this fact- remains scientificallgpilepsy:Kindling is progressive increase in susceptibility
unexplored. In the traditional Indian Ayurvedic medicine antb evoked seizures. Kindling model, induced by PTZ, is one
also in folk medicineMarsilea quadrifoliaLinn. (MQ) is  of the unique and well-established models to create chronic
used for the treatment of behavioural and epileptic disordesgilepsy in experimental conditions. Kindling is progressive
since Vedic days. Furthermore, we are able to isolate ificrease in vulnerability to evoked seizures. PTZ, inhibitor
Triacontanol cerotate (1TAC) also known as marsilin frorof chloride channel associated with GABAA, is one of the
M. quadrifolia Linn., having potent scavenging activity inrmost preferred substances to induce chemical kindling. A
different brain regions against reactive oxidative mutilatioB5 mg/kg dose of PTZ (Sigma, St. Louis, MO, USA) was
on lingering PTZ induced kindled epilepsy, as described injected intraperitoneally in each 48 hours for 30 days to
one of the earlier studies (Snehuesal, 2015). The current induce kindled (Goddard, 1967; Chenal, 2002; Wuet
study was designed to explore the behavioural and neusb, 2006; Szyndleet al, 2010; Snehunset al, 2015; Erkeg
pathological outcome of 1TAC on chronic epilepsy modei Arihan, 2015).
induced by PTZ.

Water Maze Task: Spatial memory performance was tested
using Morris water maze task. A water maze is a round pool

MATERIAL AND METHOD (diameter 180 cm, height 75 cm)), filled with water to a depth

of 50 cm. One escape stage (4" X 4”) was submerged bellow
the water surface (1 cm) and kept constantly in the target

Study designAdult male albino rats (n=60) of two monthsquadrant of the tank. The water was made opaque by adding

old, weighing between 140 to 180 g were used in the studhgilk. The pool was situated in a 3.6 X 3.3 raom. Four

Rats were obtained from the central animal house stockmdints on the rim of the arena were designated as north (N),

Kasturba Medical College, Manipal, India. They wereaouth (S), east (E) and west (W), thus dividing the pool into

retained at a precise temperature mentioned roomzdt 25our quadrants. Two black and white pictures were hung on

°C, were daily exposed to light and dark cycle of 12 houtke walls to provide extra-maze indications for allowing the
duration and provided with food and water ad libitum. Theats to learn a spatial atlas approach. Throughout the experi-
entire research protocol was scrutinized and permitted byental period, room cues were kept in the same position

the Institutional Animal Ethics Committee (IAEC) of (Morris, 1984; Abel & Reddy, 1997; Kumat al, 2009).

Kasturba Medical College, Manipal, India.

Acquisition of the task: All the experimental trials were

Atotal of 60 rats were indiscriminately separated intperformed at the evening time of the day. All the rats were
six groups (n=10). The study groups were as follows:  given four trials per day from four different quadrants with

an inter trial interval of 5 min. The trials were carried out

- Group | (Cage Control): Rats of this group remainefbr consecutive 5 days to train the rats in the water maze
untouched in the cage throughout the trial date. acquisition performance to locate the unseen stage using

- Group Il (Vehicle Control): Rats of this group receivedeference memory. Rats were free on the water surface with
normal saline (0.9 g% NacCl) i.p. and distilled water orallyhe face towards the wall. All the rats were allowed to swim
for 30 days. until the escape platform or for a maximum of 120 s in case

- Group Ill (Distilled water + PTZ): Rats of this groupthe rat was unable to navigate to reach the platform within
received 30 mg/kg b.w. of PTZ i.p. in every 48 hrs anl20 s; it was gently guided to the platform and allowed to
equal volume of distilled water orally for 30 days. remain there for 15 s during the inter trial interval rats were

- Group IV (Sodium Valproate 200 mg/ kg + PTZ): Rats okept warm by tungsten lamps. All the events were captured
this group received 200 mg/kg Sodium Valproate 30 minutesing a colour video camera (Morris; Abel & Reddy; Kumar
prior to the PTZ challenge (30 mg/kg b.w. of PTZ i.p.) iret al).
each 48 hours for 30 days.

- Group V (1TAC 40 mg/kg + PTZ): Rats of this groupHistopathological analysis:Histological study was carried
received 40 mg/kg 1TAC (Marsilin) 30 minute prior to theout to detect structural organization of pyramidal neurons
PTZ challenge (35 mg/kg b.w. of PTZ i.p.) in each 4& hippocampal CA3 zone, and their survival upon chronic
hours for 30 days. epilepsy. Followed by transcardial perfusion, animals were

- Group VI (1TAC 80 mg/kg + PTZ): Rats of this groupdecapitated, brains were carefully removed and processed
received 80 mg/kg 1TAC (Marsilin) 30 minute prior to thefurther for paraffin embedding. The coronal brain sections
PTZ challenge (35 mg/kg b.w. of PTZ i.p.) in each 486 mm) were obtained using rotary microtome (Leica
hours for 30 days. RM2155, Germany). Each sixth section of the hippocampus
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were stained using Cresyl violet (CV) staining and rest @RESULTS
with Haematoxylin and Eosin staining.

Quantification of pyramidal cells hippocampal CA3 Latency to find the platform by rats in various groups
region: Pyramidal cells were quantified by direct visuaduring consecutive trials of Morris water maze
counting of viable neurons using a light microscope (Motic
Image Plus 2.0, China) under the total magnification of 400Xffect of 1. TAC on Water maze performance during the
Cells were counted in each section out of every sixth sectitraining: During the five successive days (four trials/ day)
(30um apart from each other). Such types of three sectioager twenty trial sessions learning deficits were analysed.
were considered from each animal. In each section, bd@im the 2nd trial chronic untreated epileptic animals in Group
right and left hippocampus were considered. The cell couritshad longer latency to find out the unseen stage, compared
were expressed as the number of cells in unit length of tteethe normal control animals in Groups Il (Fig. 1, Group llI
cell turf (cells/ 12@uim?). For unbiased cell counting, slidesvs Group Il qqgp<0.001 using one-way ANOVA, followed
were made double-blinded after coded by a person who waspost-hoc Tukey’s test). It was found that Group VI showed
unaware about the experimental conditions. Only cells withetter response than other treatment groups (Fig. 1, Group
evident nucleus and nucleolus were included in the countH. vs Group V and VI were respectively ££p<0.01,
A photograph of each section was captured in 5X, 10X aritfp<0.001; one-way ANOVA, followed by post-hoc
40X magnifications using Motic Image Plus 2.0. The cellukey’s test).
densities were assessed offline using the same software
(Govindaiahet al, 1997; Veenat al, 2009; Shafret al, Next, upon 3rd trial chronic untreated epileptic
2012). animals in Group IlIl had longer latencies to find out the
hidden stage compared to the normal control animals in
Statistical Analysis: The entire test results were expresse@roups Il (Fig. 1, Group Il vs Group Il qqgp<0.001; one-
as meant standard error of mean (SEM). One-way ofvay ANOVA, followed by post-hoc Tukey'’s test). Our result
analysis of variance (ANOVA), followed by post-hocclearly revealed that Group VI showed better response than
Tukey’s test was done to find out the significance odther treatment groups (Fig. 1, Group Il vs Group V and VI
differences among the groups. The ‘p’ values less than 0.@&re respectively ££p<0.01, ***p<0.001; one-way ANOVA,

were considered as significant. followed by post-hoc Tukey’s test).
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Fig. 1. Learning curves during twenty successive trials (four trials/ day) of training sessions in the Morris water mazges izt
learning of rats in different groups. Data were represented as#r®BM. qqq, £££ and ***p<0.001; qq, ££ and **p<0.01; q, £ and
*p<0.05; where g, £ and * respectively represented comparison of any group with Group I, V and VI.
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Group VI

Fig. 2. Photomicrographs showing hippocampal pyramidal cells in CA3 region with Haematoxylin and Eosin staining,
magpnification (10X) under the low power microscope.

Group IV Group VI
Fig. 3. Photomicrographs showing hippocampal pyramidal cells in CA3 region with Haematoxylin and Eosin staining,
magnification under the low power (10X) microscope.
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Fig. 4. Photomicrographs showing hippocampal pyramidal cells in CA3 region with CV staining, magnification under the high power
(40X) microscope.

Consecutively, learning curves (Fig. 1) obtainewere severely damaged, in disorderly arrays, significantly
during the entire twenty successive trials revealed deficgduced in number, and characterized by pyknotic and
of progressive spatial learning in Group Il rats. They haiddistinct nuclei (Fig. 2-4). In group IV (received treatment
longer latencies to find out the hidden platform comparesith Sodium Valproate of 200 mg/kg b.w.), less number
the normal control animals in Groups Il (Figs. 1-4, Groupf apoptotic cells were found compared to group Ill, but
Il vs Group Il qqgp<0.001; one-way ANOVA, followed the total number of normal pyramidal cells were markedly
by post-hoc Tukey’s test). However, rats of Groups | artecreased. The pyramidal cells in CA3 were found to be
Il originated to find out the secreted stage from 8th trialormal with significantly decreased cell death and least
onwards, and continued to retain their learning abilitgpoptosis in the group VI, which received treatment with
throughout the training period. Results suggest thaTAC in high dose. In the group V, which received
treatment with 1TAC (both the doses) in the Group V artteatment with 1TAC in low dose, retention of normal cells
VI facilitated progressive learning and exerted protectiweas under challenge, but shown a better effect compared
effect in rats. to the group IV.

Effect of 1TAC on Neuro-pathological Evaluation of Effect of 17TAC on Neuropathological Evaluation of
Hippocampal CA3 Hematoxylin and Erosin Staining: Hippocampal CA3 regions by Cresyl Violet Staining:
The distribution of pyramidal neuronal cells inRound, clear, medium or large neurons with distinct
hippocampal CA3 regions were examined under lowucleus and cytoplasm is evenly filled with Nissl substance
(X10) power objective. As shown in Figs. 2-4, in the cornwere counted. Cells with darkly stained cytoplasm,
trol group | (Cage) and Il (Vehicle), pyramidal cells wershrunken cells and cells with fragmented nuclei were
typically layered, and were having large, roundexcluded from the count. The normal neuron cell bodies
transparent, intact nuclei. From the result of our curreappeared with distinct nucleus and nucleoli. Degenerating
study it was found that chronic untreated epileptic animatell bodies were having pyknotic nuclei and vacuolar
in group 111, the pyramidal cells neurons in the CA3 regioapaces.
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Effect of 1TAC on neuronal cell count in the Hippocampal learning sessions compared to normal control animals.
CAS regions: Effect of 1TAC on Pyramidal cell count in theOur study revealed that 17TAC ameliorated the spatial
Hippocampal CA3 regions: Neuronal cell count in thenemory impairment in PTZ-induced rat model. The
hippocampal CA3 regions in square mm area was found to lixeneficial effects of 40 mg/kg b.w. of 1TAC on spatial
223.8@&7.79 and 211.26/.05 respectively in groups | and Il. learning was found to be beneficial than SV 200 mg/kg
This cell count was significantly decreased by ~ 2-times, in grobpw. It has been shown that the hippocampus is closely
[l animals (Fig. 5, Group Ill vs Group Il £E££p<0.001; one-waynvolved in learning and memory, and especially spatial
ANOVA, followed by post-hoc Tukey’s test). Form the resultcognitive function. Hippocampal long-term potentiation
it is clear that after various drug treatment cell count was nfatcilitates synaptic activity and is an important molecular
reduced as seen in group Il (Fig. 5, Group 11l vs Group IV, Yhechanism of synaptic plasticity. Changes in the
and VI £££p<0.001; one-way ANOVA, followed by post-hocsynapses have a direct impact on the performance of rats
Tukey'’s test). Also denotes, Group VI has got highest efficaay Morris water maze learning and memory tests (Malone
to prevent the reduction of cell loss in the hippocampal CA& al, 2008).
zones compared to other treatment groups (Fig. 5, Group VI vs
Group V ***p<0.001and IVAA p<0.01; one-way ANOVA, Several experimental studies in rodents
followed by post-hoc Tukey'’s test). demonstrated that inflammatory reactions in the brain
can increase neuronal excitability, damage neuronal cell
Group| survival, and increase the permeability of the blood-brain
220001 et barrier to blood-borne components and cells (Jankowsky
gk v & Patterson, 2001; Vezzani & Granata, 2005).
oy as GawV  Experimentally developed seizures in rodent produce
200,00 marked inflammatory response in brain areas involved
% ggg in 'Fh_e commencement_ a_nd propagation of_ epileptic
== activity. Some of the clinical studies clearly indicated
that patients with tonic-clonic seizures induce a pro-
inflammatory marker cytokines in plasma and CSF,
60 comprising of greater IL-6 levels and lesser IL-1Ra—to—
== IL-1a ratio (Peltoleet al.,, 1998, 2000, 2002; Hulkkonen
et al, 2004; Vezzanet al, 2013).

150.00

Neurons/mm2

100.00+

Moreover, some therapeutic treatment with anti-
50.00-] inflammatory drags itself reduce seizures in experimen-
tal models and, in some instances, in clinical cases of
epilepsy (Peltolat al, 1998, 2000, 2002; Hulkkone
00- al.; Vezzani & Granata; Vezzamit al). Numerous
Fig. 5. Effect of 1TAC on Pyramidal cell count in Hippocampal CA3€esearchers have reported that oxidative stress lead to
regions of chronic epileptic rats. Sodium valproate and 1TAC (botiver production of ROS which aggravates epilepsy
doses) were significantly shield to retention of neuronal cell count, b{waldbaum & Patel, 2010; Shét al, 2011; Rowley &
the high dose of 1TAC shows a significantly improved effect compargzhtel, 2013). One of the previous studies has clearly
to low dose. qqq, £££, *** p<0.001A p<0.01 and) p<0.05. revealed that upsurge in malondialdehyde and diminution
GSH concentration in frontal cortical as well as
hippocampal areas of the brain regions of PTZ kindled
DISCUSSION AND CONCLUSION rats. Furthermore, 1TAC, isolated from MQ attenuated
reactive oxidative damage in those brain regions
(Snehunset al, 2015). Number of current studies from
The results of the Morris water maze place navigatidine crude extracts of MQ claimed to have marked
test in this study indicate that PTZ-induced epilepsy led tnmtioxidant effects (Zahaet al, 2011) and free radicle
impairment in spatial learning ability and reference memory scavenging activity (Jagadeesanal, 2011). Some
the rats. Many of the experimental and clinical researches haaglier findings have clearly shown that methanolic
confirmed that a number of factors lead to cognitive dysfuncti@xtract of MQ effectively improved PTZ-induced EEG
after seizures. Chronic epilepsy affected the acquisition of leanfitanges in rat. This was further evident by one of the
responses in MWM test. The chronic untreated epileptic animaarlier research where methanolic extract of MQ was
exhibited longer latency to reach the hidden platform in theroofed to have antiepileptic potency when
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in the pathogenesis of epilepsy (Sendrowski & Sobaniefrabia for the installation of the setup of Morris Water Maze

2013). Wide range of the patients with drug resistant terat Kasturba Medical College, Manipal which was

poral lobe epilepsy have a characteristic pathology of tleclusively used for this research.

brain structure — hippocampus sclerosis, characterized by

loss of pyramidal neurons, severe glial reaction and

remodelling of neuronal networks (Sendrowski & SobaniecPpNEHUNSU, A.; NAYAK, S. B., KANDWAL, M.; PIYALI,

Observations from the morphological analysis clearl§.; ADIGA, M.; SAHOO, P.; MEDABALA, T.;

indicated pyramidal cells in CA3 region were severelfAGHAVENRA, R. K. & JOSEPH, A.  Cerotato de 1-

challenged in chronic untreated epileptic animals of grogfjacontancl aislado dstarsilea quadrifolialinn. protege las
IIl. Neuronal cell count was significantly reduced, euronas CA3 del hipocampo y mejora el déficit de memoria es-

. . ; L ecial en ratas epilépticas crénidas. J. Morphol., 37(2R65-
characterized by cells with pyknotic and indistinct nucl%72 2019. PIER P (1P

compared to control group. In group IV (received treatment

with Sodium Valproate with 200 mg/kg b.w. doses), less RESUMEN: Actualmente, muchas personas con epilep-
number of apoptotic cells were found compared to groujia no cuentan con un control adecuado de las convulsiones, in-
[ll, but the total number of normal pyramidal cells wereluso con los mejores medicamentos disponibles. Ademas, va-
markedly decreased. The pyramidal cells in CA3 were fouritps antiepilépticos tienen un impacto cognitivo adverso ademas

to be normal with significantly decreased cell death and le&t efectos secundarios. Por lo tanto, la necesidad de nuevos
apoptosis in the group VI which received treatment witfffmacos antiepilépticos sigue siendo un desafio. Sin embargo,
uchos de los componentes naturales tienen accién antiepiléptica

1TAC with high dose. Though the retention of neurond' o )
este hecho permanece cientificamente inexplorado. Este estu-

Integrity Wz_is under_ challenge_ in the animals recew%jo se disefi6 para verificar el resultado conductual y neuro-pato-
treatment with 1TAC in low dose in the group V, but showeggico del cerotato de 1-triacontanol (1TAC), aisladdidesilea
relatively better neuroprotective action compared to th@adrifolia Linn. (MQ) en el modelo de epilepsia en ratas del
group V. pentilenetetrazol (PTZ) crénico (PTZ). Ratas Wistar adultas de
dos meses de edad (n = 60) se dividieron aleatoriamente en seis
Damage to the various brain regions like th&rupos; Grupo | (Control de jaula), Il (Control de vehiculo), I
hippocampus, striatum, basal forebrain, cerebellum and frdjf-ontrol positivo), IV (Medicamento estandar de tratamiento), V
tal cortex have shown impaired MWM performance in rats/AC: 40 mg / kg) y VI (1TAC: 80 mg / kg). Para inducir la
(D’ Hooge & De Deyn, 2001). Moreover, evidence indicate'gﬂamamon se inyect6 una dosis de 35 mg / kg de PTZ i.p. en

h he hi is th ior brai . | Cada 48 horas durante 30 dias en los grupos Il a VI. El rendi-
that, the hippocampus Is the major brain structure involv ento de la memoria espacial se probé utilizando el laberinto de

in the acquisition and storage, as well as retrieval of spatig)a de Morris, después de lo cual se procesaron los cerebros
information of information (Riedekt al, 1992). parainvestigaciones histopatoldgicas. Curiosamente, 1TAC pudo
Hippocampus has a specific role in spatial aspect of MWMinimizar la pérdida de células piramidales en la region CA3 del
learning (Clarket al., 2007; Talpost al, 2008). The hipocampo. Estos cambios celulares respondieron de manera
hippocampus is associated with the spatial navigation af@nductual como una mejora del aprendizaje especial y la me-
with hippocampal lesion animal will not be able to form th@°ria, una mejor navegacion espacial y la configuracion del lu-

object-place configurations that are important in spati%f’”hje' tcinrj]eto.nEI etst:tdio aculj"’r‘: irr;pli(r:atfui:rtremrint_erquel éTlfA.Cn
memory (Broadbergt al, 2006). e MQ tiene un potente papel neuroprotector y mejora el defic

de memoria especial en ratas epilépticas crénicas. El componen-
o . te aislado que atenua el rendimiento de la memoria espacial po-

Current study clearly indicates that treatment Witlyy{5 ser un resultado beneficioso para retener la reduccién
1TAC has a substantial beneficial effect on chronic animabgnitiva en la epilepsia crénica.

model of epilepsy. Hence, the isolated component 1TAC

(marsilin) from MQ which attenuates spatial memory per- PALABRAS CLAVE: 1-Triacontanol cerotato;
formance in PTZ kindled rats; it could be beneficial even iMarsilea quadrifolialinn; Pentilenetetrazol; Epilepsia; Zona
humans in the future as an antiepileptic drug, with le$! hipocampo CA3; Células piramidales; Antioxidantes ce-
cognitive knock-on effect. rebrales; Violeta de cresilo.
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