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Abstract:

The effect of taurine on calcium homeostasis of isolated cochlear spiral ganglion neurons under normal and ototoxic conditions was
investigated using fluo-3 calcium imaging. Sole application of taurine (15 mM) induced an increase in intracelluar Ca2* concentra-
tion ([CaZ'];), which was largely inhibited either by the application of an L-type calcium-channel blocker nifedipine or a calcium-
free medium. Preincubation with I mM gentamicin induced an inhibition of the high K'-evoked elevation of [Ca?"];. Short-term ex-
posure to taurine prevented this inhibition. The results suggested that taurine at this concentration was able to increase [Ca%']; mainly
by calcium influx through L-type calcium channels in isolated spiral ganglion neurons and to antagonize gentamicin-induced inhibi-
tion of calcium elevation evoked by high K* by its calcium homeostatic effect.
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Introduction

Taurine (2-aminoethanesulfonic acid) is the major in-
tracellular free B-amino acid present in most mam-
malian tissues and the second most abundant free
amino acid in the brain. The physiological role of
taurine has received considerable attention since the
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reports that cats fed a taurine-deficient diet developed
central retinal degeneration and cardiomyopathy [5].
Now taurine has been shown to be involved in many
important physiological functions, such as antioxidant
defense, neuroprotection, osmoregulation, membrane
stabilization, calcium modulation and so on [16, 19].
In general, there is a consensus that taurine is a pow-
erful agent in regulating the intracellular calcium
levels in neurons [5, 16]. Recently, researchers have
demonstrated the cellular and subcellular localiza-
tion of taurine in the inner ear. However, little is
known about its role in the inner ear or its calcium-
modulating effect in the spiral ganglion neurons
(SGNs), the primary auditory neurons responsible
for auditory signal transduction to the brain [3, 9].
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Several lines of evidence suggest that calcium im-
mobilization is involved in the ototoxicity of amino-
glycoside antibiotics [1, 11]. It has been reported that
voltage-gated calcium channels (VGCCs) are present
in the cochlear SGN membrane which open under de-
polarization, resulting in calcium influx [10]. Strepto-
mycin, an ototoxic aminoglycoside, has been shown
to antagonize calcium elevation under high K* depo-
larization in isolated SGNs of guinea pigs, in which
blocking or inactivating of VGCCs was probably in-
volved. This was also thought to be one of the mecha-
nisms of acute ototoxicity of aminoglycoside [1, 11].
However, whether gentamicin (GM), another kind of
aminoglycoside, has the similar acute effect on
[Ca?"]; in isolated SGNs is unknown, which will be
explored in this study.

We recently found that taurine could attenuate the
ototoxicity of GM in guinea pigs in vivo, though the
underlying mechanism for this protection remains un-
clear [12]. Furthermore, taurine has been demon-
strated to have a calcium modulatory effect on isolated
cochlear outer hair cells (OHCs), the auditory sensory
cells, and antagonize the inhibition of calcium influx
induced by GM under high K" depolarization [13].
Therefore, further investigation of the effect of taurine
on the calcium mobilization of isolated SGNs under
normal and ototoxic conditions will provide more evi-
dence in understanding the mechanisms of GM oto-
toxicity and the protective role of taurine as well.

The effect of taurine on [Ca?']; has been investi-
gated in neurons and non-neuronal cells, such as ret-
ina and cardiomyocytes, in hypoxia or excitotoxicity
[2, 16, 20]. However, so far, little has been known
about whether taurine could exhibit calcium modula-
tion in isolated SGNs under normal or ototoxic condi-
tions. In the present study, real-time changes of
[Ca’']; in freshly isolated SGNs from guinea pig
cochleae exposed to taurine, high K* and/or GM were
recorded with the use of confocal laser scanning mi-
croscope (CLSM) in conjunction with the free cyto-
plasmic calcium indicator fluo-3.

Materials and Methods

Animals

Healthy pigmented guinea pigs (250-350 g) with nor-
mal hearing were used. This experiment was carried

out in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals.

Chemicals

Hank’s balanced salt solution (HBSS), collagenase
type IV, bovine serum albumin, concanavalin A, gen-
tamicin, taurine and nifedipine were all purchased
from Sigma, USA. All other chemicals used were of
the highest purity grade available. Drugs were dis-
solved in HBSS or a calcium-free solution (in mM:
NaCl 150; KCI 5; EGTA 2; MgCl, 1; Hepes 10;
D-glucose 5) before use. Nifedipine was dissolved
first in DMSO, the final concentration of which in the
incubation solution was 15 pM. The constituents of
the high K* solution in mM were: NaCl 55; KCI 100;
CaCl, 2; MgCl, 1; Hepes 10; D-glucose 5. All solu-
tions were adjusted to pH 7.4 and osmolarity 300
mOsm before use.

Isolation of SGNs

SGNs were acutely isolated from the guinea pig coch-
leae as described by Han et al. [7, 8] and Li et al. [11]
with a few modifications. The temporal bones were
immediately removed after decapitation under anes-
thesia and placed in HBSS. The bulla was opened and
then the bony shell of the cochlea was removed. Then
the modiolus was placed in a drop of HBSS contain-
ing collagenase (1 mg/ml, type IV) and bovine serum
albumin (0.2%) for 10 min at room temperature, and
subsequently placed into fresh HBSS. The SGNs
were then mechanically isolated and transferred into
fresh HBSS in concanavalin A (1 mg/ml)-coated,
coverslip-bottomed chambers, and stabilized for
20 min. The SGNs of guinea pig are classified into
two types, type 1 (90-95%, with myelin sheaths) and
type 11 (5-10%, without myelin sheaths) neurons [18].
In this experiment, both types of SGNs were used.

Ca?* imaging

The measurements of [Ca®']; were made following
our previously established methods [13]. Briefly, cells
were incubated for 30 min at 37°C in 5 uM fluo-3/AM
(Dojindo, Japan) in HBSS and then washed twice. After
loading of fluo-3/AM, the chambers were placed on
CLSM (Leica TCS-SP2, Heidelberg, Germany) and
superfused with HBSS at a rate of ~1 ml/min at room
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temperature. Drugs were administered through the
perfusion system.

SGNs were exposed to HBSS first, and then to
drugs for about 60 s to 100 s, and finally to HBSS
again. The calcium-free solution was used instead of
HBSS under calcium-free condition. The time course
of drug-induced changes in soma [Ca?']; was meas-
ured in SGNs. The xyt scan mode was selected (tem-
poral resolution of 1s per scan). One series of images
comprised 250-300 sections. All the above and the
quantification of the fluorescence intensity were per-
formed using TCS-SP2 software from Leica. [Ca?"];
was evaluated as the relative changes in the cellular
fluo-3 fluorescence intensities in each experiment
normalized to the baseline fluorescence recorded
prior to stimulation (F/F).

Statistical analysis

Data were expressed as the means + SD and analyzed
with one-way ANOVA. All procedures including con-
focal observation never exceeded 3 h after the isola-
tion of SGNs.

Results

To examine the effect of taurine on SGN [Ca?*];, mi-
crofluorometric [Ca?*]; measurements were performed
before, during, and after superfusion of 15 mM
taurine. SGNs perfused with HBSS were used as con-
trols. A marked elevation of fluorescence intensity
(F/Fy=0.34 £ 0.03, n = 13) was seen in SGNs after
the application of taurine. Upon removal of it, [Ca?*];
declined rapidly. A typical experiment is illustrated in
Figure 1A. In contrast, almost no changes in [Ca®'];
were seen in SGNs perfused with HBSS (F/F, = 0.02
+0.01, n=10).

In order to further determine the source of calcium
flux caused by taurine, a calcium-free solution and an
L-type calcium channel blocker nifedipine were ap-
plied. SGNs were first incubated and perfused with
calcium-free solution and then followed by 15 mM
taurine (dissolved in calcium-free solution) superfu-
sion. It was found that the SGNs showed a small but
significant upgrade of [Ca?']; (F/F, = 0.09 + 0.01,
n = 15) under calcium-free condition compared to
HBSS alone. Meanwhile, 15 uM nifedipine inhibited
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Fig. 1. Time-dependent changes in [Ca®*], upon exposure to 15 mM
taurine (A), 100 mM K*(dark-colored curve) and 100 mM K* after
1 mM gentamicin preincubation (light-colored curve) (B), T mM gen-
tamicin only (dark-colored curve) and HBSS only (light-colored
curve) (C), 100 mM high K* after 1 mM gentamicin plus 15 mM
taurine pretreatment (D) in isolated SGNs. As shown in (A), [Ca2+]‘ in-
creased rapidly upon administration of taurine and declined rapidly
after removal of the drug. As shown in (B), gentamicin preincubation
markedly inhibited the increase in [Ca®*]; evoked by high K*. [Ca®*];
slightly declined at the perfusion with 1 mM gentamicin only, as seen
in (C). Taurine (15 mM) pretreatment could antagonize gentamicin-
induced [Ca®*], decrease during high K* perfusion, as seen in (D)
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Fig. 2. Effect of taurine on [Ca?*]; under different conditions. The re-
sults are presented as the means + SD. The number of tested SGNs
was shown in brackets. HBSS, Hank’s balanced salt solution only;
T - 15 mM taurine only; NF-T — nifedipine 15 uM pretreatment before
15 mM taurine perfusion; CF — calcium free condition; GM-T = 1 mM
gentamicin pretreatment before 15 mM taurine perfusion. * p < 0.05
vs. T

Normalized
fluorescence intensity (F/Fg)

T-K GM-K GM-T-K
(12) (14) (16) (15)

Fig. 3. Effect of taurine and gentamicin on high K*-induced [Ca®*];
response in SGNs. The results are presented as the means + SD. The
number of tested SGNs was shown in brackets. K* — 100 mM K* only;
T-K* — 15 mM taurine pretreatment before 100 mM K*; GM-K* — 1 mM
GM pretreatment before 100 mM K*; GM-T-K* — 1 mM GM 1 h plus
15 mM taurine 10 min before 100 mM K*. * p < 0.05 vs. K*

the taurine-induced [Ca?']; increase to 26% of the
taurine alone, not significantly different from that un-
der calcium-free condition.

The SGN [Ca?*]; response at high K*-induced de-
polarization and the effect of taurine on it was also ex-
plored. SGNs were preincubated with 15 mM taurine
for 5 min before 100 mM K* perfusion. Some SGNs
were perfused with K* directly, in which an obvious
increase in [Ca®"]; was seen (F/F, = 0.45 +0.03,n = 12)
followed by a decline of fluorescence upon removal
of K* (Fig. 1B). The SGNs preincubated with taurine
also showed an upgrade of fluorescence (F/F, = 0.42

+0.03, n = 14) during K* perfusion, not significantly
different from that with K* alone.

Based upon the above results, the effect of GM pre-
treatment on K'-/taurine-induced [Ca®']; response
was further observed in SGNs which were preincu-
bated with 1 mM GM for 1 h before 100 mM K* or
15 mM taurine perfusion. Some SGNs without any
pretreatment were perfused with 1 mM GM directly.
It was found that GM inhibited high K*-induced
[Ca?']; increase to 29% of the K' alone. In contrast,
an increase in [Ca®"]; was seen in other GM-preincu-
bated SGNs when purfused with taurine (F/F, = 0.30
+ 0.04, n = 12), slightly but nonsignificantly lower
than that perfused with taurine directly. In addition,
the non-stimulated SGNs perfused directly with 1 mM
GM revealed a slight decline or no change in [Ca?"];
(F/Fy=-0.11 £ 0.06, n = 15) as shown in Figure 1C.

Finally, the effect of taurine pretreatment on GM-
induced inhibition of [Ca®']; elevation during high K*
depolarization was investigated. Some SGNs were
first preincubated with 1 mM GM for 1 h and then
treated with taurine (15 mM) for an additional 10 min,
just before K™ perfusion began. It showed that most
SGNss revealed an increase in [Ca®']; (F/F, = 0.43 +
0.03, n = 15/18) during K* depolarization, just like
those non-GM treated SGNs (Fig. 1D), with other
three SGNs remaining unchanged in [Ca®'];.

Figure 2 summarizes the effect of taurine on SGN
[Ca®*]; under different conditions. Figure 3 presents
the effect of taurine and gentamicin on high K*-in-
duced [Ca®']; response in SGNGs.

Discussion

The calcium modulatory roles of taurine in several
kinds of cells have been reported. Zhao et al. [20]
found that taurine application produced a transient in-
crease in [Ca?"]; in hippocampal neurons. Investiga-
tors also observed [Ca®']; increases in heart cells, reti-
nal cells and cochlear OHCs in vitro [2, 13, 16]. In the
present study, we found for the first time that a single
application of taurine induced an increase in [Ca?"]; in
isolated SGNs. Upon removal of taurine, [Ca?"]; de-
clined rapidly. These results imply that, as in neurons,
in some non-neuronal cells and OHCs, a sole applica-
tion of taurine was able to trigger an increase in [Ca®*];
in SGNs.
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The mechanism by which [Ca’']; increased after
a single taurine application was not completely
known. This elevation of [Ca?"]; presumably came
from the mobilization of intracellular calcium stores
or from extracellular space or both. Satoh et al. [15]
summarized that taurine could regulate the [Ca®'];
level by modulating the activity of VGCC, Na* chan-
nels, and Na*-taurine cotransport in cardiomyocytes
directly or indirectly. With respect to the pathway of
[Ca?']; increases provoked by taurine in OHCs, the
Ca”" influx through VGCCs was thought to be in-
volved [13]. Moreover, taurine also has the ability to
modulate mitochondrial calcium homeostasis [4]. In
our present study, [Ca>']; was elevated in the tested
SGNs when 15 mM taurine was applied. However,
a significantly small taurine-triggered elevation of
[Ca®*]; was seen in most SGNs when either a cal-
cium-free solution or a calcium channel blocker was
applied. Therefore, it was speculated that taurine-in-
duced [Ca?*]; increase in SGNs mainly came from the
extracellular space and that the membrane calcium
channels were involved in that process. On the other
hand, the entry of taurine into cytoplasm may also
trigger a small amount of calcium discharge from the
intracellular storage [2, 4], which will need further in-
vestigation.

Data have shown that VGCCs exist in the SGN
membrane [10]. The high K* depolarization in vitro
may induce the opening of this kind of calcium chan-
nels. The influx of calcium plays many important
physiological roles, such as activating the calcium-
gated potassium channels, triggering vesicle fusion
and releasing of transmitters [6]. We observed the
[Ca®']; increase in SGNs during high K perfusion,
consistent with the results Han reported [7, 8]. Mean-
while, taurine pretreatment was found to have no sig-
nificant impact on K'-induced [Ca?']; increase in
SGNss, indicating that taurine probably had the ability
to maintain the normal activity of VGCCs.

As primary auditory neurons, SGNs play an impor-
tant role in hearing and may also be a target of ototox-
ins. Gentamicin has been known to be an ototoxic
agent, which has been found to block calcium chan-
nels. Researchers found that GM could reduce pre-
synaptic calcium influx in the motor nerve terminal
at the neuromuscular junction [14], and in the nerve
terminal of the medial olivocochlear efferent fiber
to OHC [17]. Moreover, GM was shown to reduce
[Ca®']; in nonstimulated OHCs and to inhibit the in-
crease in [Ca”"]; under high K* depolarization [13]. In

512 Pharmacological Reports, 2008, 60, 508-513

the present study, preincubation with GM was also
shown to induce an inhibition of [Ca %*]; elevation in
isolated SGNs evoked by high K" depolarization.
Therefore, it was thought that VGCCs were probably
involved in the GM-induced inhibition of calcium in-
flux from extracellular space.

The calcium-modulating role of taurine has been
extensively studied in terms of its inhibitory effect on
[Ca®*]; overload under excitotoxic conditions [5, 19,
20]. However, little is known about whether it could
reverse calcium decrease in SGNs exposed to GM. In
our study, GM preatment induced a significant inhibi-
tion of [Ca’"]; increase in SGNs at high K*, but not
that much inhibition at taurine perfusion. Further-
more, additional 10 min of taurine treatment after GM
triggered a similar [Ca?"]; increase at high K* as per-
fused with taurine alone. These results further implied
that taurine had the ability to antagonize GM-induced
inhibition of [Ca?*"]; elevation in SGNs, possibly by
its ability to increase [Ca®"];. We recently found that
taurine could attenuate the acute ototoxicity induced
by combined single intravenous administration of GM
and furosemide [12]. It was thus postulated that tau-
rine might provide a protective effect against acute
ototoxicity through its modulation of calcium influx.
Functions other than this modulation may also be in-
volved in the protection, such as osmoregulation,
anti-excitatory and antioxidant activity [3, 16, 19].

During glutamate-induced excitotoxicity, taurine
attenuates [Ca”']; overload in neurons. During ototox-
icity, the inhibition of GM-induced calcium influx
was antagonized by taurine in the present study. Thus,
it is implied that taurine can provide regulation of
[Ca?']; in both directions with respect to homeostasis:
It attenuates calcium influx when there is a calcium
overload in excitotoxicity; it promotes calcium influx
when the calcium channels are blocked by ototoxic
drugs.

In conclusion, we showed that taurine induced
a [Ca®']; increase in isolated SGNs under normal con-
ditions, in which VGCCs might mainly be involved.
Furthermore, taurine could antagonize the inhibition
of calcium influx induced by GM under high K*-in-
duced depolarization. The data of our study provide
further evidence that taurine is an important calcium
modulator and a potential protector against ototoxic
insult in the auditory system. Further studies are nec-
essary to better understand this mechanism and the
role of taurine in the inner ear.



Taurine modulates calcium influx in spiral ganglion neurons

Hai-ying Liu et al.

Acknowledgments:

We thank Ms. Ying Tang for her technical assistance in the confocal
observation. This work was supported by the National Natural Sci-
ence Foundation of China (No. 30570444) and the Postdoctoral Sci-
ence Foundation of China (No. 20060400623).

10.

References:

. Aran JM, Erre JP, Lima da Costa D, Debbarh I, Dulon D:

Acute and chronic effects of aminoglycosides on coch-
lear hair cells. Ann N Y Acad Sci, 1999, 884, 60—68.

. Bkaily G, Jaalouk D, Sader S, Shbaklo H, Pothier P,

Jacques D, D’Orleans-Juste P et al.: Taurine indirectly
increases [Cal; by inducing Ca2" influx through the
Na't-CaZ" exchanger. Mol Cell Biochem, 1998, 188,
187-197.

. Davies WE, Harding NJ, Kay IS, Hopkins PC: The role

of taurine in mammalian hearing. Adv Exp Med Biol,
1994, 359, 393-398.

. El Idrissi A, Trenkner E: Taurine regulates mitochondrial

calcium homeostasis. Adv Exp Med Biol, 2003, 526,
527-536.

. Foos TM, Wu JY: The role of taurine in the central nerv-

ous system and the modulation of intracellular calcium
homeostasis. Neurochem Res, 2002, 27, 21-26.

. Fuchs P: The synaptic physiology of cochlear hair cells.

Audiol Neurootol, 2002, 7, 40-44.

. Han DY, Harada N, Tomoda K, Yamashita T: Characteri-

zation of the calcium influx induced by depolarization of
guinea pig cochlear spiral ganglion cells. ORL J Otorhi-
nolaryngol Relat Spec, 1994, 56, 125-129.

. Han DY, Yamashita T,Harada N, Kumazawa T: Calcium

mobilization in isolated cochlear spiral ganglion cells of
the guinea pig. Acta Otolaryngol, Suppl, 1993, 506,
26-29.

. Harding NJ, Davies WE: Cellular localisation of taurine

in the organ of Corti. Hear Res, 1993, 65, 211-215.
Layton MG, Robertson D, Everett AW, Mulders WH,
Yates GK: Cellular localization of voltage-gated calcium

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

channels and synaptic vesicle-associated proteins in the
guinea pig cochlea. J Mol Neurosci, 2005, 27, 225-244.
Li S, Han D, Yang W, Jiang S: The effects of streptomy-
cin on the calcium influx in SGCs during depolarization.
Zhonghua Er Bi Yan Hou Ke Za Zhi, 2001, 36, 105-108.
Liu HY, Chi FL, Gao WY: Taurine attenuates aminogly-
coside ototoxicity by inhibiting inducible nitric oxide
synthase expression in the cochlea. Neuroreport, 2008,
19, 117-120.

Liu HY, Gao WY, Wen W, Zhang YM: Taurine modu-
lates calcium influx through L-type voltage-gated cal-
cium channels in isolated cochlear outer hair cells in
guinea pigs. Neurosci Lett, 2006, 399, 23-26.

Redman RS, Silinsky EM: Decrease in calcium currents
induced by aminoglycoside antibiotics in frog motor
nerve endings. Br J Pharmacol, 1994, 113, 375-378.
Satoh H, Sperelakis N: Review of some actions of
taurine on ion channels of cardiac muscle cells and
others. Gen Pharmacol, 1998, 30, 451-463.

Schaffer S, Azuma J, Takahashi K, Mozaffari M: Why
is taurine cytoprotective? Adv Exp Med Biol, 2003, 526,
307-321.

Smith DW, Erre JP, Aran JM: Rapid, reversible elimina-
tion of medial olivocochlear efferent function following
single injections of gentamicin in the guinea pig. Brain
Res, 1994, 652, 243-248.

Szabo Z, Harasztosi C, Sziics G, Sziklai I, Rusznak Z:
A detailed procedure and dissection guide for the isola-
tion of spiral ganglion cells of the guinea pig for electro-
physiological experiments. Brain Res Brain Res Protoc,
2002, 10, 139-147.

Wu H, Jin Y, Wei J, Jin H, Sha D, Wu JY: Mode of
action of taurine as a neuroprotector. Brain Res, 2005,
1038, 123-131.

Zhao P, Huang YL, Cheng JS: Taurine antagonizes
calcium overload induced by glutamate or chemical
hypoxia in cultured rat hippocampal neurons. Neurosci
Lett, 1999, 268, 25-28.

Received:
July 11, 2007; in revised form: May 6, 2008.

Pharmacological Reports, 2008, 60, 508-513 513



	439	Review Œ Tropane alkaloids as medicinally useful natural products and their synthetic derivatives as new drugs.
	Grzegorz Grynkiewicz, Maria Gadzikowska
	464	Influence of serotonin 5-HT7 receptor blockade on the behavioral and neurochemical effects of imipramine in rats.
	Anna Weso³owska, Magdalena Kowalska

	475	Role of nitric oxide in the development of tolerance to diazepam-induced motor impairment in mice.
	Sylwia Talarek, Joanna Listos, Sylwia Fidecka

	483	Benzodiazepine/GABAA receptors are involved in magnesium-induced anxiolytic-like behavior in mice.
	Ewa Poleszak

	490	Behavioral effects of Bcl-2 deficiency: implications for affective disorders.
	Renae Lien, Shlomit Flaisher-Grinberg, Caitlin Cleary, Megan Hejny, Haim Einat

	499	a1- and a2-Adrenoreceptor antagonist in streptozotocin- and vincristine-induced hyperalgesia.
	Magdalena Bujalska, Monika Ara�na, Helena Makulska-Nowak, Stanis³aw W. Gumu³ka

	508	Taurine modulates calcium influx under normal and ototoxic conditions in isolated cochlear spiral ganglion neurons.
	Hai-ying Liu, Fang-lu Chi, Wen-yuan Gao

	514	Pleiotropic effects of angiotensin-converting enzyme inhibitors in normotensive patients with coronary artery disease.
	Robert Krysiak, Bogus³aw Okopieñ

	524	CPU0213, a novel endothelin receptor antagonist, suppresses the upregulation of matrix metalloproteinases and connexin 43 in hyperthyroid myocardium.
	Xiao-Yun Tang, Qing Liu, De-Zai Dai, Yin Dai

	532	Influence of the semisynthetic bile acid (MKC) on the ileal permeation of gliclazide in healthy and diabetic rats.
	Hani Al-Salami, Grant Butt, Ian Tucker, Momir Mikov

	542	Serum and intraerythrocyte antioxidant enzymes and lipid peroxides in children with migraine.
	Leszek Boækowski, Wojciech Sobaniec, Wojciech Ku³ak, Joanna „migielska-Kuzia

	549	Impact of methylprednisolone treatment on the expression of macrophage inflammatory protein 3a and B lymphocyte chemoattractant in serum of multiple sclerosis patients.
	Gra¿yna Micha³owska-Wender, Jacek Losy, Justyna Biernacka-£ukanty, Mieczys³aw Wender

	555	Comparison of the effect of 4-hydroxycoumarin and umbelliferone on the phase transition of dipalmitoylphosphatidylcholine (DPPC) bilayers.
	Krzysztof Wójtowicz


	SHORT COMMUNICATIONS
	561	Chronic exercise increases sensitivity to the conditioned rewarding effects of cocaine.
	Mark A. Smith, Samantha R. Gergans, Jordan C. Iordanou, Megan A. Lyle


	566	Influence of imperatorin on the anticonvulsant activity and acute adverse-effect profile of lamotrigine in maximal electroshock-induced seizures and chimney test in mice.
	Jarogniew J. £uszczki, Ewa Wojda, Grzegorz Raszewski, Kazimierz G³owniak, Stanis³aw J. Czuczwar

	574	Clenbuterol enhances the production of kynurenic acid in brain cortical slices and glial cultures.
	El¿bieta Luchowska, Renata Kloc, Sebastian Wnuk, Bartosz Olajossy, Marian Wielosz, Ewa M. Urbañska
	578	Note to Contributors



