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Recently zebrafish larvae have emerged as a high-throughput model for screening pharmacological activities. 
The present study was undertaken to investigate the effect of established anticonvulsants, such as valproic acid, 
carbamazepine, gabapentin, diazepam, lacosamide and pregabalin against pentylenetetrazole (6 mM) seizures in 
adult zebrafish. Different phases of seizures (increase swim activity, rapid whirlpool-like circling swim behaviour 
and brief clonus-like seizures leading to loss of posture) were elicited in zebrafish on exposure for 15 min to 6 mM 
pentylenetetrazole. The exposure of zebrafish to an increasing concentration of the anticonvulsants alongside 6 
mM pentylenetetrazole showed concentration-dependent elevation of seizure latency against pentylenetetrazole-
induced seizures except for pregabalin, which failed to produce any anticonvulsant activity in zebrafish. Moreover the 
proconvulsant activity of caffeine was also evaluated using suboptimal concentration (4 mM) of pentylenetetrazole in 
adult zebrafish. Decrease in seizure latency of different phases of seizures was observed with increasing concentration 
of caffeine compared with its respective control group. In view of the above findings, the results of the present study 
suggested that adult zebrafish produce the expected anticonvulsive and proconvulsive effects and could potentially 
be used as a screen in future epilepsy research.
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Seizure liability is an undesirable property and is 
typically detected only in later stage preclinical 
safety studies using rodent assays[1]. To date, a 
vast majority of antiepileptic research has been 
performed in rodents, due to their homology to 
humans and ability to display key epilepsy-related 
phenotype[2-4]. Various animal models with chemically 
and electrically induced seizures as well as several 
genetic and reflex seizure models are used for initial 
screening. None are capable of identifying all the 
antiepileptics currently used and all are of relatively 
low throughput. Therefore there is a need for new 
approaches and experimental models to understand 
the pathogenesis of epilepsy and as tools for initial 
screening of new compounds.

Over the past decade, Zebrafish (Danio rerio), one of 
the unique vertebrate models, has risen to prominence 
in biomedical research because of its fully sequenced 
genome, genetic and physiological homology, 
convenient and ethical experimentation and many 

molecular biological methods are being developed and 
have been made available[5-7]. Lots of studies proved 
that the zebrafish has emerged as an experimental 
model for central nervous system (CNS) studies due 
to its similarities in overall organisation of the brain 
to other vertebrates[1,8-10]

.

Recently an epileptic model was described 
in zebrafish larvae[8,9].  Due to limitations of 
underdeveloped neural system and small size of 
larvae, assessment of certain behavioural parameters 
like different stages of seizures is difficult in zebrafish 
larvae; therefore, adult zebrafish may represent 
another promising approach in epileptic research. 
The present study describes the effects of selected 
antiepileptic agents in adult zebrafish exposed 
to a known chemoconvulsant, pentylenetetrazole 
(PTZ). The same screening approach was also 
used to investigate the effect of caffeine, a known 
proconvulsant compound in zebrafish.

Around 4- to 5-month-old stock of wild-type adult 
zebrafish (Danio rerio) of either sex was purchased 
from a local vendor (Big Fish, Gurgaon, India) and 
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acclimatised for at least one month before starting 
the study. For all experiments zebrafish were housed 
in a 40 l tank, filled with deionised water maintained 
at 28-30° and a pH between 7.0 and 8.0 with 
constant filtration and aeration. Water conditioning 
and environmental quality was maintained according 
to the aquarium system use and care manual and the 
zebrafish book[11]. A dark-light cycle of 12 h light 
and 12 h dark (on: 8:00 am; off: 20:00 pm) was 
maintained. Utmost care was taken to ensure that all 
the animals were treated humanely. Zebrafish were 
fed twice daily with tetrabits adult zebrafish diet 
(Spectrum Brands Company, Germany), supplemented 
with live artemia. Behavioural testing of drug effects 
took place during the light phase between 10:00 am 
and 5:00 pm.

Caffeine, valproic acid, carbamazepine and PTZ 
were purchased from Sigma-Aldrich (Bangalore, 
India), diazepam injection (Calmpose) manufactured 
by Ranbaxy Laboratories Limited (Mumbai, India), 
gabapentin, lacosamide and pregabalin were procured 
from Ranbaxy Research Laboratories (Gurgaon, 
India). All drug solutions and PTZ solution were 
prepared daily. PTZ was dissolved in deionised 
water (1 l). Caffeine, valproic acid, gabapentin, 
pregabalin, diazepam and lacosamide dissolved 
in 6 mM PTZ solution and carbamazepine was 
dissolved in polyethylene glycol (PEG) 200+6 mM 
PTZ (10:990) solution. Table 1 shows the doses 
of different drugs used in this study. Selection of 
concentrations were based on the literature report[9] 
and the preliminary experiments conducted in our 
laboratory, such that the selected concentration of 
a drug would cause suppression of PTZ-induced 
seizures in a concentration-dependent manner.

The test was conducted in zebrafish placed 
individually in black boxes, which contained different 
concentrations (2, 4, 6 and 8 mM) of PTZ solution 
(1 l). Another set of black boxes contained the 
mixture of solution of PTZ 6 mM and the different 
concentrations of antiepileptic drugs (AEDs). Tests 
were conducted separately for each AED and PTZ 
combination in a different set of black boxes. During 
the test, fish were observed for the onset of different 
types of seizures by a trained blind observer. The time 
latencies from start of fish exploration in the bath 
medium to the appearance of stage I (characterised 
by increase swim activity), stage II (characterised by 
the rapid whirlpool-like circling swim behaviour) and 

stage III (characterised by a series of brief clonus-like 
seizures leading to loss of posture, for example fish 
falls on one side and remains immobile for 1-3 s) 
was recorded manually using stopwatch (Cole Parmer, 
US). Latency at different stages (stage I, II and III) 
of seizures of AEDs treatment group was compared 
with the latency of corresponding 6 mM PTZ group.

Proconvulsant activity was determined by keeping 
the zebrafish in a black box containing suboptimal 
concentration (4 mM) of PTZ or combination of PTZ 
(4 mM) with proconvulsive agent caffeine at 1 or 
10 or 30 µM. The time latencies from start of fish 
exploration in the bath medium to the appearance of 
stage I, stage II and stage III was recorded manually 
using a stopwatch (Cole Parmer, USA). Latency at 
different stages of seizures induced by caffeine was 
compared with the latency of a corresponding PTZ 
4 mM concentration group. 

The mean time latency in seconds (Mean±SEM) to 
seizure response of AEDs and caffeine for all the 
three stages were calculated from the individual 
values of each fish and compared with the vehicle 
control group (6 mM PTZ for anticonvulsant activity, 
PEG 200+6 mM PTZ for carbamazepine and 4 
mM PTZ for proconvulsant activity) by one-way 
analysis of variance (ANOVA) followed by Dunnett’s 
post hoc test. PTZ (2, 4, 6 and 8 mM) and PEG 
200+6 mM PTZ (vehicle for carbamazepine) groups 
were compared with control group (deionised water) 
by one-way ANOVA followed by Dunnett’s post hoc 
test. EC50 value of each drug was calculated using log 
probit analysis[12]. P<0.05 was chosen as the criterion 
for statistical significance.

Fish exposed to normal bathing medium up to 15 
min did not show any symptoms of seizures. The 
convulsive effect of PTZ in zebrafish was determined 
at different concentrations of PTZ (2-8 mM) during 
15 min of exposure. Convulsive behaviour was 
confirmed by brief clonus-like seizures accompanied 
by rapid movement across the well followed by 
brief loss of posture. Exposure to PTZ showed a 
decrease in seizure latency (seconds) at all the stages 
of seizures (fig. 1) in a concentration-dependent 
manner as compared with the normal bathing medium 
group. Lower concentration of PTZ (2 mM) evoked 
only stage I (10/10) while only one (1/10) fish 
showed stage II. None of the fish showed stage III 
at lowest concentration. All the fish exposed to PTZ 
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(4, 6 and 8 mM) solution showed stage I and II 
seizures, while only 3/10 fishes showed stage III at 

4 mM. All fishes showed stage III seizures at 6 and 
8 mM PTZ (Table 1). As 6 mM PTZ was the lowest 
achieved concentration, which showed significant 
seizures in all the zebrafish at all the stages without 
mortality compared with the deionised water group, 
it was selected as a dose for further evaluation of 
anticonvulsant compounds. The rationale for the 
selection of suboptimal concentration of PTZ 4 mM 
was as it failed to induce stage III seizures completely, 
while the latency of stage I and II was significantly 
decreased when compared with the deionised water 
group. 

The anticonvulsant effect of standard AEDs with 
known effects in a rodent model of PTZ-evoked 
seizure was explored in adult zebrafish. All 
animals were exposed up to 15 min to monitor 
their convulsive activity in a solution of PTZ 6 mM 
(1 l) with standard AEDs valproic acid (100 µM to 
10 mM), gabapentin (100 µM to 10 mM), diazepam 
(1-100 µM), carbamazepine (1-100 µM), lacosamide 

Fig. 1: Effect of PTZ on different stages of seizures
Effect of pentylenetetrazole  (PTZ) at concentrations of 2 ( ), 
4 ( ), 6 ( ) and 8 ( ) mM on different stages of seizures. Latency 
of seizures are expressed in mean±SEM #P<0.05, as compared to 
respective vehicle ( ) group (Dunnett’s post hoc test following a 
one-way ANOVA).

TABLE 1: SEIZURE LATENCY OF DIFFERENT ANTICONVULSANTS AT STAGE I, II AND III
Treatment Concentration Stage I Stage II Stage III

n/N Latency (s) n/N Latency (s) n/N Latency (s)
Control (Deionised water ) ‑ 0/10 900.0±0.0 0/10 900.0±0.0 0/10 900.0±0.0
PTZ 6 mM 13/13 206.5±16.5 13/13 250.7±20.6 13/13 374.9±23.6
Valproic acid 100 µM 10/10 199.8±24.0 10/10 258.0±16.3 10/10 396.1±45.5

300 µM 10/10 241.8±27.6 9/10 407.5±71.5 4/10 796.3±58.1*
1 mM 10/10 381.1±38.6* 9/10 532.3±63.4* 0/10 900.0±0.0*
5 mM 10/10 439.9±42.0* 8/10 575.1±66.8* 2/10 863.5±24.5*
10 mM 10/10 399.9±42.6* 10/10 552.5±42.9* 1/10 865.0±35.0*

Gabapentin 100 µM 10/10 214.0±14.9 10/10 280.7±24.9 10/10 395.6±32.5
300 µM 10/10 230.8±33.2 10/10 388.1±55.7 10/10 467.1±73.1
1 mM 10/10 361.6±57.3* 5/10 689.5±83.3* 5/10 733.7±64.5*
3 mM 5/10 774.1±50.0* 4/10 790.4±49.6* 0/10 900.0±0.0*
10 mM 1/10 886.0±14.0* 1/10 886.6±13.4* 0/10 900.0±0.0*

Diazepam 1 µM 11/11 377.2±65.5* 5/11 756.4±68.4* 3/10 812.5±51.5*
10 µM 10/10 459.3±70.4* 4/10 878.4±13.1* 1/10 899.0±1.0*
30 µM 6/10 823.5±32.6* 0/10 900.0±0.0* 0/10 900.0±0.0*
100 µM 3/10 842.4±32.9* 0/10 900.0±0.0* 0/10 900.0±0.0*

Lacosamide 1 µM 10/10 199.5±18.7 10/10 283.8±38.9 9/10 450.7±91.5
10 µM 10/10 225.5±31.2 10/10 330.3±42.2 7/10 519.8±90.8
100 µM 10/10 243.0±14.8 9/10 420.4±56.8 7/10 612.5±71.5*
1 mM 10/10 412.2±68.7* 5/10 689.4±71.3* 4/10 746.8±63.8*
3 mM 4/10 777.8±61.8* 2/10 867.5±26.0* 0/10 900.0±0.0*

Carbamazepine 1 µM 10/10 196.5±21.8 10/10 237.0±21.4 7/10 580.5±93.1
10 µM 10/10 364.7±40.1a 6/10 633.2±78.5a 4/10 778.9±57.3a

30 µM 10/10 439.9±43.8a 5/10 690.2±75.2a 3/10 823.5±52.9a

100 µM 10/10 468.6±36.3a 1/10 893.4±6.6a 0/10 900.0±0.0a

Pregabalin 10 mM 10/10 231.3±10.4 10/10 256.5±11.4 10/10 325.9±16.6
PEG‑200+PTZ 6 mM 10/10 213.0±18.4# 10/10 265.1±22.4# 10/10 390.1±22.9#

Latency of seizures was expressed in Mean (N=10 fish/group, except N=11 in dizepam 1 μM group and N=13 in PTZ 6 mM group; n=no of fish showed seizures) ± 
SEM. *P<0.05 as compared to respective vehicle (PTZ 6 mM) group; #P<0.05 as compared to respective control (deionised water) group; aP<0.05 carbamazepine 
(1‑100 μM) as compared to respective vehicle (PEG‑200+PTZ 6 mM) group (Dunnett’s post hoc test following a one way ANOVA)
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(1 µM to 3 mM) and pregabalin (10 mM). The 
latency at all the stages (I, II and III) of seizures were 
recorded manually as shown in Table 1.

Valproic acid, gabapentin, lacosamide and 
carbamazepine showed a concentration-dependent 
increase in latency at all the stages of seizures, 
which was significant for valproic acid at 300 µM 
to 10 mM, gabapentin at 1-10 mM, lacosamide at 
100 µM to 3 mM and carbamazepine at 10-100 µM, 
while pregabalin failed to increase in seizure latency 
at all the stages compared with vehicle (PTZ 6 mM) 
group similar to the reported literature[3]. Gabapentin 
at 1 mM onwards and diazepam at 10 µM showed a 
saturated response, however, at higher concentration 
of diazepam (30 and 100 µM) group; complete 
inhibition of seizure was noticed at all the stages.

Carbamazepine at 100 µM showed a complete 
protection at stage II and stage III and noticeably 
showed almost equal potency to diazepam and more 
potent compared with other AEDs specifically valproic 
acid. EC50 was calculated using percent (%) change 
in seizure latency against the log dose of all the 
AEDs except pregabalin for all the stages (fig. 2 and 
Table 2). We considered stage II EC50 to evaluate the 
anticonvulsant potential of all the AEDs because the 
seizures were more prominent in stage II. 

Proconvulsant effect of caffeine at different doses (1, 
10 and 30 µM) was recorded using the sub threshold 

concentration of PTZ (4 mM) in adult zebrafish. 
Fish were observed for 15 min in a bath medium, 
containing a combination of PTZ 4 mM and caffeine 
(1, 10 and 30 µM). A concentration-dependent 
decrease in latency of seizures at different stages 
were observed, which was significant at caffeine 
(30 µM) compared with the latency of vehicle (PTZ 
4 mM) group (fig. 3). All the fish (12/12) showed 
stage I seizure at 1, 10 and 30 µM, 10/12 fish showed 
stage II seizure at 1 µM while all the fish showed 
stage II seizure at the concentration of 10 and 30 µM 
of caffeine. Overall, 7/12, 9/12 and 12/12 fish showed 
concentration-dependent stage III seizures at 1, 10 and 
30 µM of caffeine, respectively.

In this study, different AEDs were dissolved in 
PTZ solution and latencies of different stages of 
seizure were recorded up to 15 min and compared 
with the latencies of different stages of PTZ group. 
PTZ reliably elicited seizures in adult zebrafish 
similar to zebrafish larvae[8]. PTZ is a well known 

Fig. 2: Dose-response curves illustrating % response in seizure latency at stage II
Dose-response curves of valproic acid (a), gabapentin (b), diazepam (c), carbamazepine (d) and lacosamide (e). EC50 values were calculated 
according to the method of Litchfield and Wilcoxon (1949). Dose regression curve were calculated using GraphPAD software.
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TABLE  2: EC50 CALCULATION OF DIFFERENT AED’S 
AT STAGE I, II AND III
AED’s Stage I (µM) Stage II (µM) Stage III (µM)
Valproic acid 505.82 219.78 142.23
Gabapentin 489.77 227.50 406.44
Diazepam 19.31 0.89 0.005
Carbamazepine 5.69 3.40 1.07
Lacosamide 470.97 76.03 94.62
The calculation of EC50 values were performed according to the method of 
Litchfield and Wilcoxon  (1949). Dose regression curve were calculated using 
GraphPAD® software
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chemoconvulsant that competitively antagonizes 
the GABAA receptor, likely through an allosteric 
interaction in the Cl– channel and the site of PTZ is 
the benzodiazepine site of the GABAA receptor[13]. 
Many non-GABAergic drugs also prevent PTZ-
induced seizure[14]. This makes the zebrafish PTZ 
screening relatively nondiscriminatory, in contrast to 
rat and mouse where PTZ seizures can be used to 
identify those anticonvulsants acting through GABA[9].

Inter animal variability in the onset of clonus in this 
model has been associated with brain concentration 
of PTZ. As described by Wayne et al. and Mandhane 
et al., the specific threshold concentration of PTZ in 
the brain is required to induce seizures in mice or 
rats[3,15]. Various investigators have reported that the 
onset time of myoclonus and clonus depends on the 
route of administration which determines how rapidly 
PTZ reaches optimum levels in the brain[15]. However, 
time of onset of stage I, II and III seizures depends 
upon the time required to attain the threshold brain 
concentration of PTZ in zebrafish, which might lead to 
inter animal variability in the onset of seizures. 

Since, pharmacokinetic data of AED distribution 
in zebrafish are not available, all AEDs and 
other drugs concentration used in this study were 
chosen on the basis of reported literature[8,9] and 
the preliminary experiments conducted in our 
laboratory, such that the selected concentration 
of drug would cause suppression of PTZ-induced 

seizures in a concentration-dependent manner. A 
concentration-dependent decrease in latencies of 
stage I, II and III seizures were observed at PTZ 
2, 4, 6 and 8 mM. In the present study, we used 
6 mM concentration, as all the three stages of 
seizures were prominent and significant compared 
to vehicle (deionised) group at this concentration. 
Moreover, no mortality was observed at 6 mM in 
contrast to 8 mM in which few fish were dead. 
Further to this, chemically induced seizures at stage 
I, II and III was inhibited by concentration-dependent 
manner using conventional AEDs (valproic acid, 
carbamazepine, gabapentin, diazepam and lacosamide) 
as observed in their protection effect in zebrafish 
larvae[1,8,9]. Potency of all the AEDs used in this 
study was evaluated on the basis of EC50 calculated 
for stage II seizures and gradation was found as 
diazepam>carbamazepine>lacosamide>gabapentin>val
proic acid>pregabalin. 

It is well established from the available data in rodent 
model that much higher concentration of valproic 
acid is needed to demonstrate an anticonvulsant 
effect and both valproic acid and benzodiazepines 
(diazepam, nitrazepam and oxazepam) effectively 
inhibit PTZ-induced seizures[3]. Similarly data 
presented in this study also showed the high valproic 
acid concentration and very low concentration of 
diazepam required to nullify zebrafish seizures. It 
was also observed that carbamazepine and lacosamide 
were also equally effective compared with diazepam 
and more potent to valproic acid against PTZ-
induced seizures. Though both lacosamide and 
carbamazepine were already reported highly potent 
against MES-induced seizures, but were relatively 
ineffective in the threshold PTZ test in rats and 
mice[16]. The high protective effect of lacosamide 
and carbamazepine against PTZ-induced seizures 
in zebrafish and very low EC50 might indicate the 
possibility of high systemic exposure of both the 
compounds in zebrafish. 

It is interesting to note that the majority of AEDs were 
positively identified in this screen except pregabalin, 
which failed to protect seizures unexpectedly. The 
anticonvulsant activity of pregabalin in rodents was 
already reported in PTZ-induced seizures[3], however, 
we could not find any anticonvulsant activity even up 
to 10 mM. Pregabalin is completely ineffective for 
all types of GABA receptors and does not interfere 
with either GABA release; uptake or it does not 

Fig. 3:  Effect of caffeine on different stages of seizures in zebrafish 
exposed to 4 mM PTZ 
Effect of caffeine at concentrations of 1 ( )10 ( ) and 30 ( ) µM 
on different stages of seizures in zebrafish exposed to 4 mM 
PTZ. Latency of seizures are expressed as mean±SEM. *P<0.05, as 
compared with respective vehicle group ( ), Dunnett’s post hoc test 
following a one-way ANOVA.
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get metabolised into a GABAergic compound[17]. 
Studies have shown that the anticonvulsant action 
of pregabalin and gabapentin is due to their binding 
affinity to the alpha-2-delta regulatory subunit of 
voltage-gated calcium channels (VGCC), inhibiting 
activity-dependent calcium influx in nerve 
terminals and consequently reducing the release of 
neurotransmitters such as glutamate, norepinephrine 
and substance P[18]. At the same time gabapentin 
showed the concentration-dependent decrease in 
PTZ-induced seizures in zebrafish. Though we could 
not find out the reason of different activity behaviour 
of gabapentin and pregabalin, but the possibility of 
low systemic exposure of pregabalin in zebrafish 
might be the probable reason of its failure to protect 
PTZ-induced seizures. While in case of gabapentin; 
its high systemic exposure in zebrafish and the 
reports of increase in cellular GABA within 2 h of 
oral dose of 20 mg/kg gabapentin in human subjects, 
increase GABA levels in the hippocampus in in vitro 
preparations and an increase in GABA synthesis in 
some brain regions[19] might be the probable reason for 
gabapentin showing the activity in zebrafish. 

Proconvulsive effect of caffeine was also evaluated 
at different concentration range using the sub 
threshold concentration of PTZ (4 mM). The timing 
of induction of seizures of stage I, II and III was 
greatly decreased in concentration-dependent manner. 
Caffeine is known proconvulsant in rodent model[20] 
and administration of CNS stimulant caffeine along 
with PTZ lowers the PTZ-induced seizure threshold[4]. 
The worsening effect of caffeine on seizure are 
thought to be due to its antagonist effect on A1 
receptor[21] or by interfering with GABA-BZD receptor 
complex and may decrease the cerebral blood flow in 
situation such as hypoxia, ischemia and seizures[22]. 

Findings of our study in caffeine group are also 
corroborating with the previous studies and provide 
the support for the utility of this model as screening 
tool. Overall, the data of present study concludes that 
adult zebrafish might be an option to develop different 
stages of convulsions and can be utilised for testing 
CNS effects (anticonvulsant and proconvulsant), that 
is efficacy and safety of the potential of new drugs as 
regular early stage screening.
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Murti and Mishra: Flavanones as Anticancer Agents

A few flavanones were synthesised by cyclisation of corresponding 3-(heteroaryl)-1(2-hydroxyphenyl) prop-2-en-
1-one with sodium acetate in alcohol–water and evaluated for activity. Synthesised compounds were assayed for 
their in vitro anticancer activity against three human cancer cell lines, mammary adenocarcinoma (MCF7), human 
colon adenocarcinoma (HT29) and human kidney adenocarcinoma (A498) using sulforhodamine B dye. Results 
indicated that most of the compounds exhibited significant in vitro anticancer potential. Among them, compound 
having furan ring showed most potent activity against all the tested cell lines.

Key words: Flavanone, chalcone, anticancer activity, SRB dye, MCF7, HT29, A498

Flavanones (2-phenylchroman-4-ones) are a class 
of natural product that show extensive biological 
activities with low toxicity. Compounds with 
promising activity can be used as leads for synthesis 
of novel compounds with high efficacy and low 
side effects to improve drug therapy. Synthetic 
flavanones have attracted considerable attention 
because of their various pharmacological properties 
including antifungal[1,2], antibacterial[1,3,4], analgesic[4], 
antioxidant[4], vasorelaxant[5], AChE inhibitory[6] 
and antiVSMCs vegetation[7] activity. Flavanones 
have been a potential source in the search for lead 
compounds so investigation of synthetic routes and 
chemical modification is a new direction in flavanone 
research. Flavanones have been reported as a potent 
anticancer agent[8-14] also, but there were very few 
literature that reported the bioactivity of heteroaryl 
derivatives, which prompted us to synthesise a 
novel series of flavanones to investigate the effect 
by changing the B ring (fig. 1) to a heterocycle ring 
on in vitro anticancer activity. We herein, report the 
synthesis and evaluation of flavanones. The first step 

was Claisen–Schmidt reaction between heterocyclic 
benzaldehyde and 2-hydroxy acetophenone to 
form 2-hydroxy chalcone derivatives, which on 
intramolecular addition reaction, gave flavanone 
derivatives as shown in Scheme 1. The structures of 
target compounds are described in Scheme 2.

All the chemicals used for the synthesis of the 
compounds were obtained from Merck Ltd., Mumbai 

Fig. 1: Flavanone (2-phenylchroman-4-one).
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