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ABSTRACT - PURPOSE. We examined the
effect of safranal, a constituent of Crocus sativus, in
acute experimental animal models of generalized
absence seizures. METHODS. the effect of acute
systemic administration of safranal on latency to
seizure onset as well as spike and wave discharches
(SWD) duration following pharmacologically-
induced absence seizures was investigated in wild-
type mice. We further characterized its effects on
the GABAergic system through the regional
modification ~ of  [’H] flunitrazepam, a
benzodiazepine agonist binding site and [H]
CGP54626A, a GABAg receptor antagonist binding
site in mouse brain. RESULTS. The systemic
administration of safranal resulted in a significant
and dose-dependent attenuation in experimental
absence seizures elicited by either y-butyrolactone
(GBL), baclofen (BAC) or low doses of GABA4
receptor antagonists; pentylenetetrazole (PTZ),
picrotoxin (PTX) and bicuculline (BMC). After a
single intraperitoneal administration of safranal
(291  mg/kg), no changes in  baseline
electrocorticographic  (ECoG) recording were
observed, however, a significant decrease in [*H]
flunitrazepam binding was seen in the cortex
(33.16%, p<0.001), hippocampus (27.36%, p<0.01)
and thalamus (29.91%, p<0.01) of mouse brain,
while the [’H] CGP54626A binding did not show
any modification in the same brain regions.
CONCLUSION. These data indicate that there is
an antiabsence seizure property in safranal and its
effect may be due to modifications on the
benzodiazepine binding sites of the GABA,
receptor complex.

INTRODUCTION

Generalized absence (petit mal) seizures are
clinically, neurophysiologically and
pharmacologically unique and differ from other
seizure types (1). Typical absence seizures are
characterized behaviorally by a paroxysmal loss of
consciousness of abrupt and sudden onset and offset
that is associated with bursts of bilaterally
synchronous spike and wave discharges (SWD)
measuring about 3 Hz in the electroencephalogram
(EEQG), with no aura or postictal state (2). Absence
seizures are pharmacologically unique, responding
only to ethosuximide, trimethadione, valproic acid,
or benzodiazepines and being resistant to or made
worse by phenytoin, barbiturates, or carbamazepine
(2,3). The mechanism that generates absence
seizures appears to involve an alteration in the
circuitry between the thalamus and the cerebral
cortex (2-4,5) and perturbations in the presynaptic
release of glutamate and GABA within the
thalamocortical circuitry have been demonstrated in
several animal models of absence seizures (6-8).
Safranal (2, 6, 6-trimethyl-1,  3-
cyclohexadiene-1-carboxaldehyde, C;,H;40) is a
monoterpene aldehyde, formed in saffron (Crocus
sativus L.) by hydrolysis from picrocrocin during
drying and storage. Safranal is a main constituent of
the essential volatile oil responsible for the
characteristic saffron odor and aroma (9).
It has been previously reported that saffron extract
and some of its active constituents (i.e. safranal)
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have anticonvulsant effects in both
pentylenetetrazole (PTZ) and maximal electroshock
(MES) models in mice (10, 11). Moreover, safranal
attenuated cerebral ischemia induced oxidative
damage in rat hippocampus (12) and also had a
protective effect against both clonic and tonic
phases of PTZ-induced seizures. This protection
was abolished by flumazenil, a benzodiazepine
binding site antagonist (12). It was also documented
that agents affecting the clonic phase of PTZ-
induced seizure may have anti-absence seizure
activity (13, 14). Therefore, we conducted this
study to test the effect of safranal on experimental
animal models of generalized absence seizures. For
further characterization of the safranal effect on the
GABAergic system, we also studied regional
modification of [‘H] flunitrazepam, a
benzodiazepine binding site agonist, and [H]
CGP54626A, a GABAg receptor antagonist binding
site in mouse brain by safranal.

MATERIALS AND METHODS
Animals

Male C57BL/6 mice (Charles River Labs,
Wilmington, MA), weighing 20-30 g, were used for
all experiments. These animals were housed in a
pathogen-free facility on a 12 hr light/dark schedule
and with ad lib access to food and water. The same
animals were used for all experiments with 4-5
recovery days between the experiments.

Drugs

v-Butyrolactone (GBL), pentylenetetrazole (PTZ),
picrotoxin (PTX) and (-) baclofen (BAC) were
obtained from Sigma (St. Louis, MO). (-)
Bicuculline methochloride (BMC) and [’H] CGP
54626A with specific activity of 40 Ci/mmol were
obtained from Tocris Cookson Inc (St. Louis, MO).
[*H] flunitrazepam with specific activity of 85
Ci/mmol was obtained from New England Nuclear
(Boston, MA). Safranal was purchased from Fluka
(St. Gallen, Switzerland). Safranal is a yellow liquid
(d= 0.98 g/ml; Mw= 150.22) that was injected in a
volume of 0.1, 0.2 and 0.4 ml/kg using a Hamilton
syringe.

All other =~ chemicals used  for
autoradiography study were obtained from Sigma
(St. Louis, MO).

Surgery and electrocorticographic  (ECoG)
recordings

Anesthesia was achieved with a single
intraperitoneal (i.p.) injection of pentobarbital (35
mg/kg, MTC Pharmaceuticals, Canada) and lasted
for approximately 2 h. All surgeries consisted of
chronic stereotaxic implantation of two frontal and
two parietal monopolar epidural electrodes. All four
electrodes were stabilized using dental acrylic and
two small screws. Following surgery, animals were
returned to the animal facility for a 3-day recovery
period. All ECoG recordings were made with
animals in the freely moving state within shielded,
heated, clear Plexiglas containers so that the
behavioral response to the drug could be observed
and correlated with any drug-induced ECoG event.
The ECoG was recorded continuously for 1 h
before and for 2 h after the administration of any
seizure inducing drug, between 10:00 h and 13:00
h. The digitized ECoG were amplified and filtered
between 1 and 100 Hz and stored for off-line
analyses. SWD were quantified in the ECoG
activity on the basis of published criteria (15-17).
Briefly, a spike and wave discharge was identified
as such if it included a train of sharp spikes and
slow waves with an amplitude 2-fold or higher than
baseline and a frequency between 5 and 9 Hz,
whereas the minimum duration of the train was one
second.

Acute absence seizure model

Experimental absence seizures were induced by
administering either y-butyrolactone (100 mg/kg,
i.p.), (-) baclofen (20 mg/kg, i.p.), or one of the
GABA, receptor (GABAAR) antagonists PTZ (30
mg/kg, i.p.), BMC (5 mg/kg, i.p.) and PTX (1.5
mg/kg, i.p.) (17). With regards to the GABAAR
antagonists, the doses were selected based on the
preliminary studies to determine the CDjq
(minimal dose to induce absence seizures in 100%
of animals).

The absence seizures induced by these
agents were characterized by 7 Hz bilaterally
synchronous SWD that were associated with
behavioral arrest, facial myoclonus and vibrissal
twitching (17).

In all experiments, safranal (either 72.75
mg/kg, or 145.5 mg/kg or 291 mg/kg) was
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administrated i.p. 30 minutes before these seizure
inducing agents.

Autoradiographic studies

Four male wild-type mice (20-30g) were treated
with safranal (291 mg/kg, i.p.) and 30 minutes after,
the mice were sacrificed by decapitation and the
brains were rapidly removed and immediately
immersed in 2-methylbutane at -35 °C. Coronal
sections were cut from anterior to posterior
boundaries of cerebral cortex at 20 pm at -20 °C
and thaw-mounted onto gelatin-coated slides that
were dried and stored at -80 °C until used (18). Four
control mice received saline solution, only. Timing
and dose were selected based on preliminary studies
as well as ECoG recording data.

[*H] CGP54626A autoradiography

[’H] CGP54626A autoradiography was performed
as described elsewhere (19, 20). The slides were
kept at room temperature for 1-2 hours and then
preincubated for 15 minutes in Krebs-Henseleit
buffer (containing 120 mM NaCl, 6 mM glucose,
20 mM Tris, 4.7 mM KCl, 1.8 mM CaCl, 2H,0, 1.2
mM KH,PO,, 1.2 mM MgSO,, pH 7.4). Total
binding was performed by incubating [’H] CGP
54626 (2 nM) for 2 hours at room temperature in
Krebs-Henseleit buffer with the appropriate tissue
sections. Nonspecific binding was defined in the
presence of 10” M (-) baclofen.

[*H] Flunitrazepam autoradiography

[*H] Flunitrazepam autoradiography was performed
based on the method of Carlson and colleagues with
some modification, as reported before (21, 22).
Briefly, after preincubation in 50 mM Tris-HCl
buffer (pH 7.4) for 30 minutes at 4°C, the slides
were incubated with 1 nM [*H] flunitrazepam for 60
minutes (4°C). A total of 10 uM flunitrazepam was
used to determine nonspecific binding.

Quantitative densitometry

The autoradiographic data were analyzed as
reported previously (23). Dried tissue sections were
opposed to hyperfilm-bmax film (Amersham,
Arlington, IL) with [’H] microscale standards

(Amersham) for 2 to 3 weeks at room temperature.
The films were developed in D-19 (Kodak,
Rochester, NY), fixed, and air-dried. Quantitative
analysis of the resulting autoradiograms was
performed densitometrically using a
microcomputer-based densitometer system (MCID;
Imaging Research; Ontario, Canada). Briefly, a
standard curve between the optical density of [*H]
standards and tissue radioactivity equivalents
(pmol/mg of tissue) were constructed using a
nonlinear regression analysis. The average optical
density values of the selected brain regions were in
the linear portion of this standard curve. The value
(measured in pmol/mg) in each brain region (cortex,
hippocampus, and thalamus) was calculated by
interpolation using the image analyzer. For each
structure, 10 optical density readings were taken
from at least three sections and averaged (20, 22).

Statistical analysis

Data were expressed as means = SEM. Analysis of
variance (one-way or two-way) followed by
Tukey’s or Bonferroni’s post hoc test as well as
two-tailed unpaired student t-test was used for
statistical evaluation. The p-values less than 0.05
were considered to be statistically significant.

RESULTS

Effect of safranal on experimental acute absence
seizures

Safranal had no effect on baseline ECoG recording
(Fig. 1A). The systemic administration of either A-
butyrolactone (GBL, 100 mg/kg) or baclofen (BAC,
20 mg/kg), resulted in absence seizures in all mice
which  were  characterized by  bilaterally
synchronous SWD on the ECoG (Fig. 1B, D) and
behaviorally associated with facial myoclonus,
vibrissal twitching, and arrest of motor activity.
Similarly, the systemic administration of the low
doses of GABAAR antagonists (either PTZ, 30
mg/kg; or PTX, 1.5 mg/kg; or BMC, 5 mg/kg) (Fig.
1F) resulted in ECoG and behavioral changes
consistent with absence like seizures. Figures 1C,
1E and 1G illustrate ECoG on safranal pretreated
mice with absence seizures induced by GBL, BAC
and BMC, respectively.
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Figure. 1. Electrocorticographic (ECoG) recordings of wild type mice received safranal and GBL, BAC or BMC alone or
together with safranal. In all ECoG figures, F-F and P-P represent the differential recording from the left and right frontal
and parietal electrodes, respectively. (A) Baseline ECoG 20 min after safranal administration (291 mg/kg). (B) ECoG 20
min after 100 mg/kg of GBL. (C) ECoG 20 min after 100 mg/kg of GBL in a mouse pretreated with safranal (291 mg/kg).
(D) ECoG 20 min after 20 mg/kg of BAC. (E) ECoG 20 min after 20 mg/kg of BAC in a mouse pretreated with safranal
(291 mg/kg). (F) ECoG 30 min after 5 mg/kg of BMC. (G), ECoG 30 min after 5 mg/kg of BMC in a mouse pretreated
with safranal (145.5 mg/kg). All drugs were administered intraperitoneally. Administration of these pro-absence agents
resulted in the bilaterally synchronous SWD shown. These paroxysms were associated with absence-like behavior in all
animals that were tested, namely facial myoclonus, vibrissal twitching, and arrest of motor activity. Administration of PTZ
(30 mg/kg, i.p.) and PTX (1.5 mg/kg, i.p.) produced EEG and behavioral findings similar to those shown for BMC and
GBL.




J Pharm Pharmaceut Sci (www. cspsCanada.org) 11 (3): 1-14, 2008

Except for PTZ induced seizures, latencies to seizure onset elicited by GBL, BAC, PTX and BMC were
significantly increased by safranal, in a dose-dependent manner (Fig. 2A-E).
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Fig. 2. Effect of safranal on latency to seizure onset induced by GBL (100 mg/kg), BAC (20 mg/kg), PTZ (30 mg/kg), PTX
(1.5 mg/kg) and BMC (5 mg/kg). All drugs were administered intraperitoneally. (A) Effect of safranal on latency to seizure
onset induced by GBL (100 mg/kg). (B) Effect of safranal on latency to seizure onset induced by BAC (20 mg/kg). (C)
Effect of safranal on latency to seizure onset induced by PTZ (30 mg/kg). (D) Effect of safranal on latency to seizure onset
induced by PTX (1.5 mg/kg). (E) Effect of safranal on latency to seizure onset induced by BMC (5 mg/kg). Values are
mean = SEM (n=6-8). **p<0.01, ***p<0.001 as compared to control group (One-way ANOVA followed by Tukey’s test).

Pretreatment with safranal resulted in a significant and dose-dependent decrease in the SWD duration following
GBL, BAC, PTZ and BMC administration. All doses of safranal significantly decreased SWD duration
following PTX-induced absence seizures (Fig. 3A-E).
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Fig. 3. Effect of safranal on duration of SWD induced by GBL (100 mg/kg), BAC (20 mg/kg), PTZ (30 mg/kg), PTX (1.5
mg/kg) and BMC (5 mg/kg). All drugs were given intraperitoneally. (A) Effect of safranal on duration of SWD induced by
GBL (100 mg/kg). (B) Effect of safranal on duration of SWD induced by BAC (20 mg/kg). (C) Effect of safranal on
duration of SWD induced by PTZ (30 mg/kg). (D) Effect of safranal on duration of SWD induced by PTX (1.5 mg/kg). (E)
Effect of safranal on duration of SWD induced by BMC (5 mg/kg). Values are mean £ SEM (n=6-8). *p<0.05, **p<0.01,
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***p<0.001 as compared to control group (Two-way ANOVA followed by Bonferroni’s test).




J Pharm Pharmaceut Sci (www. cspsCanada.org) 11 (3): 1-14, 2008

Effect of safranal on regional binding of [*H] flunitrazepam and [°*H] CGP 54626A binding

In all autoradiographic experiments, non-specific binding was less than 10% of the total binding. The data were
expressed as percentage of ligands specific binding in control animals. Safranal-treated animals, showed
reduced [*H] flunitrazepam binding in cortex (33.16%), hippocampus (27.36%) and thalamus (29.91%),
compared with the saline group.

No significant modification on [’H] CGP 54626A regional binding was seen after single administration of
safranal (Fig. 4A-F).
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Fig. 4. Effect of a single systemic administration of safranal on regional binding of [*H] flunitrazepam and [*H]
CGP54626A, in mouse brain sections. Mice were treated with either saline (10 ml/kg, i.p.; control) or safranal (291 mg/kg,
i.p.) and after 30 min the brain was removed and subjected to autoradiography for either [*H] flunitrazepam or [*H]
CGP54626A. (A: control, B: safranal-treated) Representative autoradiograph of [*H] flunitrazepam in mouse brain
sections. (C: control, D: safranal-treated) Representative autoradiograph of [’H] CGP54626A in mouse brain sections. (E)
Modification of [*H] flunitrazepam-specific binding in various mouse brain regions by safranal. Values are percentages of
[*H] flunitrazepam-specific binding in control mice (mean + SEM, n=4). **p<0.01, ***p<0.001 as compared to control
group (two-tailed unpaired t test). (F) Modification of [*H] CGP 54626A-specific binding in various mouse brain regions
by safranal. Values are percentages of [’H] CGP 54626A-specific binding in control mice (mean £ SEM, n=4). No
significant modification was seen. Cx: Cortex, Hip: Hippocampus, Th: Thalamus.

DISCUSSION GABAergic mechanisms have long been

hypothesized to be involved in the pathogenesis of
There are three major findings in our study. First, generalized absence seizures (2). While low doses
safranal attenuated acute experimental absence of GABA, antagonists induce absence seizures in
seizures elicited by GBL, baclofen and low dose of experimental animals (probably through a decrease
GABA, receptor antagonists (BMC, PTX and PTZ) in recurrent inhibition in thalamic reticular nucleus,
in mice. Second, while safranal dose-dependently TRN) and both GABA, and GABAjg agonists
decreased the SWD duration following GBL, exacerbate experimental absence seizure activity,
baclofen, BMC and PTZ induced absence seizures, only GABAg antagonists attenuate or block absence
no dose-dependent effect on reduction of SWD seizures (2, 24). The exception is benzodiazepines
duration following PTX administration was seen. (BDZ) which are known to augment GABAergic
Third, following a single administration of safranal, function in the brain but still have therapeutic
[’H] flunitrazepam binding significantly reduced in efficacy in generalized absence seizures. It has been
the cortex, hippocampus and thalamus of mouse suggested that BDZ enhance GABA,-mediated
brain. In contrast, [’H] CGP 54626A binding did inhibition within the reticular neurons of thalamus
not show any modifications. and thereby suppress GABAg-mediated inhibition

in relay neurons (2, 25). y-Hydroxybutyric acid

11



J Pharm Pharmaceut Sci (www. cspsCanada.org) 11 (3): 1-14, 2008

(GHB) is a naturally occurring GABA metabolite
that has been proposed as a
neurotransmitter/neuromodulator that acts via its
own receptor. The role of GHB on absence seizures
has also been well documented (18, 26, 27).

GBL, baclofen and low dose of GABA,
receptor antagonists-induced absence seizures are
useful models for the study of generalized absence
epilepsy (28). These models have also shown a high
predictive value in assessment of clinical efficacy
of several anti-absence drugs (2, 3, 29, 30).
Therefore, the present data of a dose-dependent
attenuation of absence epilepsy following i.p.
administration of safranal may have some
implications for human therapy.

In these experiments, a significant and
dose-dependent decrease in SWD duration of either
GBL, or BAC, or BMC or PTZ-induced absence
seizures was seen after the systemic administration
of safranal, while all doses of safranal decreased
SWD duration following PTX administration.
Except for PTZ, safranal also increased the
latencies to seizure onset induced by GBL, BAC,
PTX and BMC, in a dose-dependent manner.
Moreover, following single administration of
safranal (291 mg/kg), a significant decrease in [*H]
flunitrazepam binding was seen in the cortex,
hippocampus and  thalamus, without any
modification in regional binding of CGP 54626A, a
GABAjg receptor antagonist. These findings are
consistent with a previous study that showed a
protective effect of safranal against both clonic and
tonic phases of PTZ-induced seizures and this
protection was abolished by flumazenil, a BDZ
binding site antagonist (31).

Several hypotheses may explain the
attenuation of absence seizures by safranal. Safranal
may interact with BDZ binding site of GABA,
receptor complex and therefore like other BDZ, acts
to facilitate GABA, mediated recurrent inhibition
within TRN and decrease its GABAg-mediated
inhibitory output onto the ventrobasal nuclei of the
thalamus. Safranal could be also acting by
enhancing GABAergic inhibition in the cortex
and/or hippocampus. This assumption was
supported by the finding that [°H] flunitrazepam
binding was modified by a single systemic
administration of safranal in three brain regions
were examined.

A large body of evidence indicates that
GABA, receptors are the targets of a variety of

pharmacologically and clinically important drugs.
In most cases, these compounds do not interact
directly with the GABA binding site but exert their
action by binding to additional allosteric sites at
GABA, receptors. This binding induces a
conformational change in the GABA, receptors that
in turn influences the binding properties of other
binding sites present on these receptors and
modulates GABA-induced chloride ion flux (32,
33).

It has been suggested that a single GABA,
receptor complex has several BDZ binding sites and
each of these binding sites probably have at least
two different conformations: one exhibiting a high
and one a low affinity for BDZ agonists. In the
undisturbed  receptors, these conformations
presumably are freely interconvertible (33, 34-36).
[’H] flunitrazepam reversibly binds to the high
affinity conformation (33, 35) and it is possible that
binding of a BDZ ligand to one of the several
benzodiazepine binding sites on GABA, receptors
could allosterically change the conformation and
thus the affinity of the other sites for flunitrazepam.
This assumption is supported by experiments
suggesting cooperative interactions between BDZ
binding sites of GABA, receptors. It was
demonstrated that the rate of dissociation of [*H]
flunitrazepam from its binding sites in brain
membranes is accelerated by the occupation of
unlabeled binding sites by diazepam, flunitrazepam,
or other BDZ binding site ligands (37, 38). A
cooperative interaction between several BDZ
binding sites present in a single GABA, receptor
might be one explanation for the observation that a
single systemic administration of safranal seems to
decrease [*H] flunitrazepam binding. However, it is
also possible that decrease in [*H] flunitrazepam
binding by safranal is not necessarily due to an
allosteric interaction of binding sites, but could also
be due to a competition for individual attachment
points on the same binding site (33, 35). But
depending on the conditions used, discrepancies
between the in vivo action of compounds and their
apparent in Vitro activities (agonist, antagonist or
partial agonist) do occur (33, 35). The techniques
used to determine receptor-binding and brain areas
studied, may also affect the results. For example,
using brain homogenates, it was recorded that 30
min after systemic acute PTZ injection, as well as
chronic administration, the [*’H] diazepam binding
was enhanced (39, 40) but other authors failed to
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show significant changes of BDZ-binding 30 min
after administration of convulsive doses of PTZ
(41). While other authors, using brain slice, showed
that [*H] flunitrazepam binding was decreased after
single or chronic systemic administration of PTZ in
different brain regions (42).

It might be also assumed that safranal
interacts with GABA, receptor-chloride inophor
complex on a specific binding site. Therefore, it is
necessary to investigate the kinetics of safranal
binding using brain membrane preparations and

different probes.
In conclusion, the current experiments
showed that safranal attenuated the acute

experimental absence seizures and this effect may
be due to some modifications on benzodiazepine
binding sites of GABA 4 receptor complex.
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