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Galanin receptors type 1 (GalR1) and/or type 2 (GalR2) represent
unique pharmacological targets for treatment of seizures and epi-
lepsy. Previous studies have shown that the endogenous peptide
ligand galanin exerts powerful anticonvulsant effect through acti-
vation of these two G protein-coupled receptors, which are highly
expressed in the temporal lobe of rodent brain. Here we report the
characterization of a putative GalR2-positive allosteric modulator
CYM2503. CYM2503 potentiated the galanin-stimulated IP1 accu-
mulation in HEK293 cells stably expressing GalR2 receptor, whereas
it exhibited no detectable affinity for the 125I galanin–binding site
of GalR2 receptor, an effect consistent with that of a positive allo-
steric modulator. In the rat Li-pilocarpine status epilepticus model,
CYM2503, injected intraperitoneally, increased the latency to first
electrographic seizure and the latency to first stage 3 behavioral
seizure, decreased the latency to the establishment of status epilep-
ticus, and dramatically decreased the mortality. In a Li-pilocarpine
seizure model in mice, CYM2503 increased the latency to first
electrographic seizure and decreased the total time in seizure. CYM-
2503 also attenuated electroshock-induced seizures in mice. Thus,
CYM2503 provides a starting point for the development of anti-
convulsant therapy using the galanin R2 receptor as target.
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The neuropeptide galanin (1) is widely expressed in the cen-
tral nervous system (2–4), in which it regulates a variety of

physiological and pathological processes, including pain, learning
and memory, mood, addiction, and food intake (5–16). In ad-
dition, converging lines of evidence suggest a critical role for
galanin in seizure control. Galanin has been shown to exhibit
potent anticonvulsant effect in both acute and chronic seizure
models in rodents. Intrahippocampally injected galanin strongly
and irreversibly attenuated the status epilepticus (SE) induced
by perforant path stimulation in rats (17). Mice with null mu-
tation of galanin were more susceptible to develop SE after
perforant path stimulation or systemic kainic acid injection, and
exhibited more severe seizures following pentylenetetrazol in-
jection (18). In contrast, mice that overexpress galanin under
a dopamine-β-hydroxylase promoter had increased resistance to
seizure induction in these three models (18). A separate line
of transgenic mice that overexpress galanin under the platelet-
derived growth factor β promoter was found to exhibit delayed
epileptogenesis induced by kindling stimulations (19). Moreover,
galanin delivered to the rat brain via adenoassociated viral vec-
tors has been shown to suppress kainic acid-induced seizures
(20, 21), attenuate inferior collicular stimulation induced wild
running seizure (21), and delay kindling development (22).
The aforementioned anticonvulsant effects of galanin were

most likely mediated through galanin receptor type 1 (GalR1)
and type 2 (GalR2). GalR1-knockout mice exhibited spontane-
ous seizures (23) and developed more severe seizures when
subjected to perforant path stimulation and Li-pilocarpine in-
jection (24). Down-regulation of GalR2 expression in the rat
hippocampus with an anti-GalR2 peptide nucleic acid antisense

significantly increased the severity of perforant path stimulation-
induced SE (25). Both GalR1 and GalR2 are G protein–coupled
receptors that are expressed at high levels in the hippocampus (26,
27). GalR1 receptor is predominantly coupled to Gi-mediating
suppression of forskolin-stimulated cAMP accumulation. In ad-
dition to being weakly coupled to Gi, GalR2 is found to couple to
Gq, resulting in membrane lipid turnover and inositol phosphate
(IP) accumulation (28). GalR1 and GalR2 represent unique phar-
macological targets for treatment of seizures and epilepsy.
Much effort has been made in recent years toward deve-

lopment of systemically active agonists/ modulators for GalR1
and GalR2 receptors and, as of today, two nonpeptide, system-
ically active agonists, Galnon (17) and Galmic (29), and a CNS-
penetrating peptide, galanin analogue Gal-B2 (30–33), have
been synthesized and characterized. All three galanin receptor
agonists have been shown to exhibit potent anticonvulsant effect
upon systemic application. However, Galnon and Galmic, the
two nonpeptide agonists, were found to interact with multiple
important targets in the CNS, raising concern of possible side
effect profiles (34). The newly synthesized B-25 was estimated
to have an impressive in vivo half-life of more than 10 h (33),
but production of peptide drug might prove to be expensive.
Therefore, there is a continuous need for selective, systemically
active nonpeptide GalR1/R2 agonist or modulator.
Here we report the characterization of a putative GalR2-

positive allosteric modulator CYM2503. CYM2503 potentiated
the galanin stimulated IP1 accumulation in HEK293 cells stably
expressing GalR2 receptors, whereas it exhibited no detectable
affinity for the 125I galanin–binding site of GalR2 receptor, an
effect consistent with that of a positive allosteric modulator. In
the rat Li-pilocarpine SE model, CYM2503, injected intraperi-
toneally, increased the latency to first electrographic seizure and
the latency to first stage 3 behavioral seizure, decreased the la-
tency to the establishment of SE, and dramatically decreased
mortality. In a Li-pilocarpine seizure model in mice, CYM2503
increased the latency to first electrographic seizure and decreased
the total time in seizure. CYM2503 also attenuated electroshock-
induced seizures in mice.

Results
CYM2503. The chemical name of CYM2503 is (9H-fluoren-9-yl)
methyl((S)-1(((S)-6(tert-butoxycarbonyl)amino-1-((4-methyl-2-
oxo-1,2-dihydroquinolin-7-yl)amino)-1-oxohexan-2-yl)amino])-
3-cyclohexyl-1-oxopropan-2-yl)carbamate (Fig. 1). The synthesis
and structure–activity relationship will be published in due course.
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CYM2503 Potentiated GalR2 Signaling. CYM2503 was first identi-
fied from our screen of a chemical library for modulators of the
GalR2 receptor. The endogenous ligand galanin stimulated IP1
production in HEK293-GalR2 cells was used as a functional
index of GalR2 receptor activation. In the absence of CYM2503,
galanin stimulated IP1 accumulation in HEK293-GalR2 cells
with an EC50 of 0.3 ± 0.6 μM (mean ± SEM; n = 10). The initial
screen was carried out in the presence of 100 nM galanin,
CYM2503 was found to concentration-dependently potentiate
the effect of 100 nM galanin with an EC50 of 0.69 ± 2.7 μM
(n = 2) and an efficacy of 9.7 ± 3.2-fold potentiation (Fig. 2A).
We then tested the effect of CYM2503 on the galanin con-

centration–response curve. As shown in Fig. 2B, CYM2503 shif-
ted the galanin concentration–response curve to the left. The
EC50 was shifted by 50.4 ± 17.8-fold (mean ± SEM; n = 4),
with 100 μMCYM2503. Smaller shifts of 12.5 ± 3.2-fold and 3.4 ±
0.7-fold were seen with 10 μM and 1 μM CYM2503, respectively.
CYM2503 also increased the maximal galanin response by as
much as 25 ± 9%.
In HEK293-GalR2 cells, CYM2503, by itself, did not stim-

ulate IP1 production in the absence of galanin (Fig. 2D). In
125I-galanin competitive binding assay to membranes prepared
from HEK293-GalR2 cells, CYM2503 at concentrations as high
as 100 μM failed to displace 125I-galanin from its binding sites
on GalR2 (Fig. 2C). The lack of affinity of CYM2503 at the
orthosteric site of the GalR2 as well as the absence of base-
line agonist-like activity suggests CYM2503 might be a putative
GalR2 allosteric modulator with no intrinsic activity.

CYM2503 Had No Effect on GalR1 Signaling. CYM2503 exhibited no
affinity for the galanin binding site on GalR1 receptor (Fig. 3A) at
up to 100 μM. A FRET-based cAMP assay was then used to test
if CYM2503 modulates GalR1 signaling. Inhibition of forskolin-
stimulated cAMP accumulation in CHO-GalR1 cells by the en-

dogenous ligand galanin was used as a functional index of GalR1
receptor activation. In this assay, galanin suppressed forskolin-
stimulated cAMP accumulation with an IC50 of 7.3 ± 6.8 pM
(Fig. 3;mean± SEM; n=10), which is approximately two orders of
magnitude lower than the observed affinity for GalR1 (Kd = 0.23 ±
0.45 nM). To ensure that the observed inhibitory effect of galanin
on cAMP is indeed mediated by the GalR1 receptor, we compared
the galanin response in CHO-GalR1 cells to that in the master
CHO cell line, which was used to construct the CHO-GalR1 stable
cell line. As shown in Fig. 3B, galanin had no effect on forskolin-
stimulated cAMP production in CHO cells that are lacking the
rat GalR1 transgene, confirming that the cAMP response to gal-
anin in CHO-GalR1 cells is indeed mediated by GalR1 receptor.
CYM2503 did not shift the galanin dose–response curve in cAMP
assay (Fig. 3D), and it, by itself, had no effect on forskolin-stimulated
cAMP production in CHO-GalR1 cells (Fig. 3C).

Anticonvulsant Effect of CYM2503 in Mice. Pilocarpine at the dose of
150 mg/kg s.c. induced brief episodes of electrographic seizures
with an average duration of 0.7 ± 0.4 min (mean ± SEM; n= 32)
in LiCl (3 mEq/kg, i.p. 16–20 h before pilocarpine) and methyl-
scopolamine (1 mg/kg, s.c., 30 min before pilocarpine) pretreated
mice. Seizure started approximately 30 min after pilocarpine in-
jection and, by 8 h, all mice were seizure-free. Only 10% of mice
developed SE (3 of 30) at this pilocarpine dose. All EEG tracings
were analyzed up to 8 h.
Pretreatment with CYM2503 (15 min before pilocarpine) at-

tenuated Li-pilocarpine–induced seizures in mice (Fig. 4). The
effects were significant at 60 mg/kg i.p. (Fig. 4C): the latency to
first electrographic seizure was prolonged by approximately
fivefold, from 36.7 ± 8.0 min in vehicle group to 180.7 ± 76.2 min
(P < 0.05; mean ± SEM; n = 9); total time in seizures decreased
from 9.5 ± 1.9 min in vehicle group to 0.2 ± 0.06 min (P < 0.05;
n = 9); the total number of spikes decreased by 50%, from
614.4 ± 52.52 in vehicle group to 341.3 ± 34.2 (P < 0.05; n = 9);
total number of seizure episodes decreased from 13.9 ± 1.1 in
vehicle group to 4.4 ± 1.7 (P < 0.05; n = 9). Overall, the effects
of CYM2503 (60 mg/kg, i.p.) were comparable to those of lev-
etiracetam (50 mg/kg i.p.) in this seizure model.
The electroshock seizure model is frequently used to predict

anticonvulsant drug efficacy against generalized tonic-clonic seiz-
ures (35). Under the test conditions, 55% of mice in the vehicle-
treated group (6 of 11) developed hindlimb extension and the
mortality rate was approximately 45% (5 of 11; Fig. 5A). A 15-min

Fig. 1. Structure of CYM2503.

Fig. 2. CYM2503 mediated potentiation of the agonist-
stimulated GalR2 activation and the lack of affinity of
CYM2503 for GalR2 orthosteric site in HEK293-GalR2 cells.
IP1 accumulation was used as an index of GalR2 activation.
(A) CYM2503 potentiated the effect of 100 nM galanin. (B)
CYM2503 shifted the galanin dose–response curve to the
left. (C) Iodine-125 porcine galanin, at 0.15 nM, was not
displaced by CYM2503 at up to 100 μM concentration. For
comparison, unlabeled rat galanin displaced 125I porcine
galanin with an IC50 of 10.1 nM in the same experiment.
(D) Lack of effect of CYM2503 on IP1 accumulation.
CYM2503 at concentrations up to 100 μM did not change
baseline IP1 level. As a comparison, rat galanin stimulated
IP1 production in the same experiment. All data shown
were from one experiment performed in triplicate and are
typical of two to six independent experiments that yielded
similar results.
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pretreatment with CYM2503 at concentrations of 30mg/kg i.p. and
60 mg/kg i.p. decreased the percentage of mice exhibited hindlimb
extension from 55% (6 of 11) to 20% (2 of 10); and decreased the
mortality rate from 45% (5 of 11) to 0% (0 of 9; Fig. 5A). The la-
tency to hindlimb extension was prolonged by pretreatment with 60
mg/kg CYM2503, from 4.2 ± 0.42 s in vehicle group to 5.7 ± 0.27 s
in CYM2503-treated group (Fig. 5B; P < 0.05; n = 9–11).

Anticonvulsant Effect of CYM2503 in Li-Pilocarpine SE Model in Rats.
An i.p. injection of CYM2503 (60mg/kg), similarly to levetiracetam
(50 mg/kg i.p.), increased the latency to first electrographic seizure
by twofold (Fig. 6A), from 18.0 ± 4.1 min in the vehicle group to
34.4 ± 3.0 min (mean ± SEM; P < 0.05; n = 5); increased the la-
tency to stage 3 seizure by twofold (Fig. 6A), from 18.1± 4.1 min in
vehicle group to 35.6± 5.9min (P< 0.05); and increased the latency

to the establishment of SE twofold (Fig. 6B), from 0.40 ± 0.05 h in
vehicle group to 0.72 ± 0.06 h (P < 0.01). In the vehicle-treated
group, 100% of rats (5 of 5) developed SE, and in the CYM2503-
treated group, 80% (4 of 5) developed SE (Table 1). There ap-
peared to be a great survival benefit of CYM2503, as the 24-h
mortality rate was 0% (0 of 5) in CYM2503-treated rats compared
with 100% (5 of 5) in vehicle-treated rats.

Discussion
In the present study, we showed that CYM2503 potentiated
galanin response at GalR2 receptor by increasing the potency of
galanin, as well as maximal response in HEK293 cells stably
expressing GalR2 receptors. The lack of the affinity of CYM2503
for orthosteric site of GalR2 and the lack of effect of CYM2503
on baseline IP turnover suggest CYM2503 is a positive allosteric

Fig. 3. CYM2503 exhibited no affinity for GalR1 and it did
not modulate GalR1 signaling. Agonist-induced inhibition
of forskolin-stimulated cAMP production in CHO-GalR1 cells
was used as an index of GalR1 activation. Forskolin was
used at a concentration of 4 μM. (A) Iodine-125 porcine
galanin, at 0.1 nM, was not displaced by CYM2503 at up to
100 μM concentration. For comparison, unlabeled rat gal-
anin displaced 125I porcine galanin with an IC50 of 5.4 nM in
the same experiment. (B) Rat galanin inhibited forskolin-
stimulated cAMP accumulation with an IC50 of 7.8 pM in
CHO-GalR1 cells, whereas it had no effect in the parent
CHO cell line that does not express GalR1. (C) Lack of effect
of CYM2503 on cAMP accumulation. CYM2503 at concen-
trations up to 100 μM had no effect on forskolin-stimulated
cAMP production. (D) CYM2503 did not shift the galanin
dose–response curve. The data shown here were from
one experiment performed in triplicate and are typical of
three or four independent experiments that yielded simi-
lar results.

Fig. 4. Anticonvulsant effect of CYM2503 in the Li-pilocarpine model in mice. (A) Experimental paradigm. (B) Examples of electrographic seizure activity and
spikes induced by Li-pilocarpine. (C) Statistic analysis of EEG. Data are mean ± SEM. (*P < 0.05, ANOVA followed by Dunnett multiple comparison with
respective controls, n = 6–10.) LEV, levetiracetam 50 mg/kg i.p.
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modulator of GalR2 without intrinsic activity. The specificity of
the effect of CYM2503 was evidenced by its lack of effect on
galanin response at GalR1 receptor and its lack of GalR1-like
signaling and affinity for GalR1 in CHO cells stably expressing
GalR1 receptors. Furthermore, we showed that CYM2503 was
systemically active in attenuating seizures in Li-pilocarpine model
in mice and rats, and in electroshock-induced seizures in mice.
GalR2 signaling represents a potent anticonvulsant and anti-

epileptic mechanism. In addition to attenuating acute seizures
(25), intrahippocampal infusion of the GalR2 preferring ligand
galanin (2–11) was recently shown to completely prevent the
occurrence of full kindled seizures (36). It is known that GalR2 is
expressed at the highest level in the dentate gyrus of hippo-
campus and it has been shown that heightened neuronal activity
and seizure trigger the release of galanin into hippocampus from
projections originating from septal basal forebrain complex, lo-
cus coeruleus, and hypothalamus (18, 26, 37–39). At the same
time, seizure activity induces de novo galanin expression in the
entire hippocampus, as well as in the interneurons of the dentate
gyrus (22, 39). Thus, the presence of intact GalR2 signaling du-
ring ictal and periictal period lends a theoretic support for de-
veloping GalR2-positive allosteric modulators to treat seizures. In
addition to an anticonvulsant effect, enhanced GalR2 signaling
by positive allosteric modulators such as CYM2503 might provide
the added benefit of neuroprotection during seizures (25).
The Li-pilocarpine model is a widely used animal model for

temporal lobe seizure/epilepsy. In rats, it is a very robust model for

SE (39, 40). Our data showed that, although CYM2503 did not
seem to block the establishment of SE, it increased the latency to
seizure and to SE (Fig. 6). More importantly, it appeared to de-
crease the mortality dramatically (Table 1). Centrally or peripher-
ally mediated cardiovascular and respiratory failure is a significant
cause of death in Li-pilocarpine–induced SE. As GalR2 is ex-
pressed in the heart (41) and galanin has been shown to regulate
cardiac function via peripheral mechanisms (42, 43), it would be of
interest to explore the direct effect of CYM2503 and/or GalR2
agonist on parameters of cardiac function in the future.
The Li-pilocarpine model in mice has also been used as a model

for SE by several researchers (35), but great variations have been
observed with this model, perhaps because of its high sensitivity to
strain differences and to subtle changes in experimental condition
(35). In our hands, 150 mg/kg pilocarpine in mice pretreated with
LiCl and methylscopolamine induced single seizures rather than
SE; only three of 30 mice developed SE and the mortality was
also low at 3.3%. When the pilocarpine dose was increased to
200 mg/kg, still, only a small percentage of mice developed SE
(n= 2 of 8), but mortality rate increased to 42% (n= 3 of 8) and
most animals died within the first 6 h, confounding the data
analysis. We therefore used a Li-pilocarpine (pilocarpine 150 mg/
kg s.c.) seizure model to test the anticonvulsant efficacy of the
CYM2503 in mice and found that CYM2503 at 60 mg/kg was
comparable to levetiracetam (50 mg/kg) in increasing latency to
first electrographic seizure and decreasing total time in seizure.
The absence of SE following 150 mg/kg pilocarpine injection is
in contrast to a previous report by Mazarati et al. and our group
(24), but appears to be in line with a report by Muller et al. (35),
which showed that none of five mice developed behavioral SE
after 150 mg/kg and 200 mg/kg pilocarpine in the setting of pre-
treatment with LiCl. It is worth noting that the study of Muller
et al. (35) used NMRI mice, the study of Mazarati et al. (24) was
carried out in a KO strain on C57BL/6 background, and the
present study was performed with C57BL/6 mice obtained from
the Scripps Research Institute local colony.
The pharmacological potential ofGalR1 andGalR2 agonists has

been well recognized during the past 20 years but there have been
great difficulties in finding receptor subtype–selective, systemically
active, nonpeptide-type galanin receptor ligands. Two systemically
active nonpeptide galanin receptor agonists, Galnon and Galmic,
from the Langel and Rebek groups (17, 29), became important
pharmacological tools for studying the pharmacology of galanin
signaling and represented prototypic compounds for design of im-
proved nonpeptide ligands. Peptide analogues shorter than the
endogenous galanin with receptor subtype selectivity were synthe-
sized and characterized (36, 44, 45). Efforts were also made to
improve the CNS bioavailability of galanin peptide. Cationization
and lipidization of galanin (1–13) provided two galanin analogues,
Gal-B2 and [B-Me, des-Sar]Gal-B2, which are metabolically stable
and CNS-penetrating. Both analogues are highly active in 6-Hz
model of pharmacoresistant seizures upon systemic administra-
tion (30–33). In addition, Gal-B2 is active in the Frings audiogenic
seizure-susceptible mouse and in the corneal kindling model of
partial epilepsy. Now, we show that CYM2503, a nonpeptide-type,
positive allosteric modulator of GalR2, exhibited potent anticon-
vulsant activity upon systemic administration in acute seizure

Fig. 5. CYM2503 protected mice in the electroshock induced seizure model.
A 15-min pretreatment with 60 mg/kg i.p. (A) decreased the percent of mice
that developed hindlimb extension and decreased the mortality. The num-
ber of animals in each group is shown above the bar graph. (B) Latency to
hindlimb extension was also increased. Data are mean ± SEM. (*P < 0.05,
one-way ANOVA followed by Dunnett multiple comparison with vehicle,
n = 9–11.)

Fig. 6. Anticonvulsant effect of CYM2503 in the Li-pilocarpine model in
rats. (A) Latency to first EEG seizure and latency to first stage 3 or higher
behavioral seizure. (B) Latency to the establishment of SE. Data are mean ±
SEM. (*P < 0.05 and **P < 0.01, ANOVA followed by Dunnett multiple
comparison vs. respective controls, n = 4–5.) LEV, levetiracetam 50 mg/kg i.p.
CYM2503 dose was 60 mg/kg i.p.

Table 1. Effects of CYM2503 on the establishment of SE and on
mortality in rat Li-pilocarpine SE model

Group
i.p. Dose,
mg/kg

Rats
tested

Rats with
SE

Mortality

4 h 24 h

Vehicle – 5 5 (100%) 2 (40%) 5 (100%)
Levetiracetam 50 4 4 (100%) 1 (25%) 4 (100%)
CYM2503 60 5 4 (80%) 0 0
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models in both rats andmice. This opens up a development strategy
for anticonvulsant therapy targeting GalR2. However, CYM2503
did not completely block all acute seizures in themodels tested, and
before it is demonstrated to block spontaneous seizures in chronic
models, one cannot make predictions about the potential of this
compound as an antiepileptic agent.
Development of allosteric modulators for ionotropic and G

protein receptor–coupled receptors has enjoyed great success in
recent years. Compared with a full agonist, an allosteric modu-
lator might be less susceptible to desensitizationmechanism and it
may be associated with higher receptor subtype selectivity. Be-
cause an allosteric modulator is effective only when the endoge-
nous agonist is also present, it is anticipated to be associated
with a more benign side effect profile than a tonically active ex-
ogenous agonist. CYM2503 represents a starting point for de-
veloping positive allosteric modulator of GalR2.

Materials and Methods
Animals. All mice used in the experiments were 8-week-old male C57BL/6
mice obtained from The Scripps Research Institute. Male Wistar weighing
240 to 260 g were obtained from Simonsen Laboratories. The animals were
housed with a 12-h light/dark cycle with ad libitum access to water and
food. Animal care, maintenance, and experimental procedures were
according to the National Institutes of Health Guide for the Care and Use of
Laboratory Animals.

Materials. All cell culture supplies were from Invitrogen. LiCl and pilocarpine
HCl were from Sigma-Aldrich. Methylscopolaminewas from Pfaltz and Bauer.
2-Hydroxypropyl-β-cyclodextrin (HBC) was purchased from Acros Organics.
The 125I porcine galanin and rat galanin were from PerkinElmer and Bio-
peptide, respectively.

Cell Lines. The cDNA encoding rat GalR1 and rat GalR2 receptor was gen-
erated by RT-PCRwith total RNA prepared from rat hypothalamus and cloned
into a TA vector (Invitrogen). The entire coding sequence of each receptor
was subcloned into pCMV vector (Clontech) and verified by sequencing. After
transfecting CHO cells and HEK293 cells with the pCMV vectors containing rat
GalR1 and rat GalR2 receptor coding sequences, respectively, cell lines were
selected by the antibiotics G418, followed by limited dilution to obtain single
clones. Ten clones from each cell line were screened with 125I porcine galanin
binding (125I porcine galanin 0.1 nM; 5 μM cold rat galanin as competitor)
and clones with highest binding (one for each cell type) were expanded and
used in subsequent experiments. The 125I galanin saturation binding assays
were performed on the CHO-GalR1 and HEK293-GalR2 cell lines selected
by the screening. Nonlinear regression analysis of specific binding data in-
dicated a Bmax of 1411 ± 267 fmol/mg membrane protein and a Kd value of
0.23 ± 0.45 nM in the CHO-GalR1 cells; a Bmax of 497 ± 60 fmol/mg mem-
brane protein and a Kd of 2.0 ± 1.2 nM in the HEK293-GalR2 cells (mean ±
SEM; n = 3).

Radioligand Binding Assay. Ligand competition binding of 125I porcine galanin
to the membrane preparations (29) was performed in a volume of 150 μL in
a 96-well plate. Cell membranes were diluted in Hepes buffer containing
25 mM Hepes, pH 7.4, 10 mM MgCl2, 1 mM CaCl2, 0.5% BSA, and 1× pro-
tease inhibitor. The 125I porcine galanin was diluted in Tris buffer (50 mM
Tris-HCl, pH 7.4, 14 mM MgCl2, 2.45% BSA). Compounds and rat galanin
were diluted in 20% DMSO. Eighty microliters cell membrane (2.5 μg for
GalR1 and 5 μg for GalR2 binding), 55 μL 125I porcine galanin, and 15 μL
compound/galanin preparations were combined and incubations were car-
ried out at room temperature for 1 h. The 125I porcine galanin was used at
0.1 nM and 0.15 nM for GalR1 and GalR2 binding, respectively. The reactions
were terminated by rapid vacuum filtration through glass fiber filters
(Packard Bioscience), which had been pretreated with 0.3% polyethyl-
enimine. After three washes with cold PBS solution (pH 7.4) containing
0.01% (vol/vol) Triton X-100, the filter was counted with Cobra II auto-
γ-counting systems (Packard Bioscience). All data were analyzed by non-
linear regression (Prism; GraphPad).

cAMP Assay and IP1 Assay. cAMP and IP1 levels were measured with a cAMP
dynamic 2 kit and a IP-One Tb kit (both from Cisbio), respectively, following
the manufacturer’s instructions. Assays were performed in 384-well plates
and 2,500 cells/well and 7,500 cells/well were used in cAMP and IP1 assays,

respectively. The signal was quantified with Tecan Infinite F500. Assays were
performed in triplicates and the results were analyzed by nonlinear re-
gression (GraphPad).

Li-Pilocarpine Seizure Experiment in Mice. Under isoflurane anesthesia, mice
were surgically implanted with recording electrodes according to stereotaxic
guidance as previously described in detail (46, 47). Electrodes were fabricated
with Teflon-insulated, 0.25-mm outside diameter wire (Plastics One). Two
small holes were drilled on the skull over right and left parietal lobes for
implantation of recording electrode and reference electrode, respectively.
The biopotential lead wires were attached to small stainless steel screws (no.
80 × 0.125 in; Small Parts). The electrodes were then connected to a multipin
socket and secured to the skull by acrylic dental cement. Mice were allowed
to recover for 3 to 5 d before the experiment.

Mice were injected with LiCl (3 mEq/kg, i.p.), followed 16 to 20 h later
with pilocarpine HCl (150 mg/kg, s.c.) to induce seizure. Methylscopolamine
(1 mg/kg, s.c.) was injected 30 min before pilocarpine to protect mice
from peripheral cholinergic effects. Vehicle or compound (vehicle was 40%
HBC + 2% DMSO, i.p.) was injected 15 min before pilocarpine. Reference
drug was levetiracetam (50 mg/kg). Levetiracetam is a newer-generation
anticonvulsant/antiepileptic drug with a unique mechanism of action and
with fewer side effects compared with the older generations of anti-
convulsants. Similarly to the GalR1 and GalR2 signaling–mediated anti-
convulsant action, levetiracetam might exert its anticonvulsant effects by
inhibiting the release of excitatory neurotransmitters (48). Furthermore,
levetiracetam was previously shown to suppress Li-pilocarpine–induced sei-
zure in mice and rats (48, 49), thus it is a suitable comparator in this seizure
model. EEG was recorded with Biopac recording system (Biopac Systems)
with a sampling frequency of 200 Hz and a filter setting of 0.5 Hz high pass
and 100 Hz low pass. Seizures were defined as clusters of spikes with the
frequency of 3 Hz or more and duration of 3 s or longer.

Mouse Electroshock Seizure Model. Mice were administered vehicle (40%
HBS + 2% DMSO) or CYM2503 i.p. 15 min before electroshock. The elec-
troshock was delivered through auricular electrodes [(unidirectional rect-
angular pulse 0.5 ms, 100 pulses/s, 3 s, 35 mA; Pulse Generator 57800–001
(UGO Basile)] while holding the mouse in supine position in a researcher’s
hand. Full tonic extension of both hind limbs was taken as the endpoint. The
experiment was performed between 2 and 5 PM. All mice were videotaped
and the latency to hindlimb extension was scored by a person who was blind
to the treatment. If extension did not occur within 6 s, a value of 6 s was
recorded (50).

Li-Pilocarpine Seizures in Rats. Male Wistar rats weighing 240 to 260 g were
implanted under isoflurane anesthesia with stainless steel skull screws to
serve as epidural EEG electrodes. A ground screw was placed in the rostrum
and two others, one on each side, were placed approximately 1 mm anterior
to λ and 1 mm from the midline. A tripolar electrode was connected to
skull screws and anchored with dental cement. After surgery, animals were
placed in an observation chamber on a temperature pad until they re-
covered. Animals were allowed to recover for 7 to 10 d and were then given
3 mEq/kg LiCl s.c. 16 h before initiating of seizures. For recordings, which
began 15 min before pilocarpine injection, EEG electrodes were connected
to tethered cables with swivel mounts (Plastics One), which fed the amplified
signal to a monitoring and recording system. Seizures were initiated by the
s.c. injection of 60 mg/kg pilocarpine and 1 mg/kg methylscopolamine. Test
compounds and vehicle were injected i.p. immediately before pilocarpine.
Vehicle consisted of 2.5% DMSO in 40% HBC. Levetiracetam was used at
50 mg/kg. EEG was continuously recorded for 18 to 24 h using a MP100
workstation (Biopac Systems). Seizures were defined as a discharge lasting at
least 3 s, with a mean frequency higher than 3 Hz, coefficient of variation of
at least 65, and amplitude 2.7 times higher than baseline. Scoring of be-
havioral seizures used a modified Racine scale (51). Other measurements
were performed by inspection or by computer analysis of the recordings
using Stellate Harmonie software, as previously described (52).

Statistical Analysis. Seizure data were analyzed by one-way ANOVA followed
by Dunnett post hoc comparison of the test compounds to vehicle.
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