View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Chapman University Digital Commons

Chapman University
Chapman University Digital Commons

Mathematics, Physics, and Computer Science Science and Technology Faculty Articles and
Faculty Articles and Research Research
1-16-2018

Curcumin Potentiates the Function of Human
a7-nicotinic Acetylcholine Receptors Expressed in

SH-EP1 Cells

Eslam El Nebrisi
UAE University

Lina T. Al Kury
Zayed University

Keun-Hang Susan Yang
Chapman University, kyang@chapman.edu

Petrilla Jayaprakash
UAE University

Frank Christopher Howarth
UAE University, Al Ain, Abu Dhabi, UAE

See next page for additional authors
Follow this and additional works at: https://digitalcommons.chapman.edu/scs_articles

b Part of the Biochemistry Commons, Biology Commons, Cell Biology Commons, Food
Chemistry Commons, Medical Biochemistry Commons, and the Other Biochemistry, Biophysics,

and Structural Biology Commons

Recommended Citation
Nebrisi, E.E., Al Kury, L.T,, Yang, K.-H.S,, Jayaprakash, P., Howarth, F.C., Kabbani, N., Oz, M., Curcumin potentiates the function of

human a7-nicotinic acetylcholine receptors expressed in SH-EP1 cells, Neurochemistry International (2018), doi: 10.1016/
j-neuint.2017.12.010.

This Article is brought to you for free and open access by the Science and Technology Faculty Articles and Research at Chapman University Digital
Commons. It has been accepted for inclusion in Mathematics, Physics, and Computer Science Faculty Articles and Research by an authorized

administrator of Chapman University Digital Commons. For more information, please contact laughtin@chapman.edu.


https://core.ac.uk/display/215767387?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://digitalcommons.chapman.edu?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.chapman.edu/scs_articles?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.chapman.edu/scs_articles?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.chapman.edu/science_articles?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.chapman.edu/science_articles?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.chapman.edu/scs_articles?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/2?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/10?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/87?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/87?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/666?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/7?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/7?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:laughtin@chapman.edu

Curcumin Potentiates the Function of Human a7-nicotinic Acetylcholine
Receptors Expressed in SH-EP1 Cells

Comments

NOTICE: this is the author’s version of a work that was accepted for publication in Neurochemistry
International. Changes resulting from the publishing process, such as peer review, editing, corrections,
structural formatting, and other quality control mechanisms may not be reflected in this document. Changes
may have been made to this work since it was submitted for publication. A definitive version will be
subsequently published in Neurochemistry International in 2018. DOI: 10.1016/j.neuint.2017.12.010

The Creative Commons license below applies only to this version of the article.

Creative Commons License

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0
License.

Copyright
Elsevier

Authors
Eslam El Nebrisi, Lina T. Al Kury, Keun-Hang Susan Yang, Petrilla Jayaprakash, Frank Christopher Howarth,

Nadine Kabbani, and Murat Oz

This article is available at Chapman University Digital Commons: https://digitalcommons.chapman.edu/scs_articles/552


https://doi.org/10.1016/j.neuint.2017.12.010
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://digitalcommons.chapman.edu/scs_articles/552?utm_source=digitalcommons.chapman.edu%2Fscs_articles%2F552&utm_medium=PDF&utm_campaign=PDFCoverPages

Accepted Manuscript

Curcumin potentiates the function of human az-nicotinic acetylcholine receptors

NEUROCHEMISTRY

expressed in SH-EP1 cells 25 INTERNATIONAL

Eslam El Nebrisi, Lina T. Al Kury, Keun-Hang Susan Yang, Petrilla Jayaprakash,
Frank C. Howarth, Nadine Kabbani, Murat Oz

PlI: S0197-0186(17)30314-5
DOI: 10.1016/j.neuint.2017.12.010
Reference: NCI 4188

To appearin:  Neurochemistry International

Received Date: 24 May 2017
Revised Date: 18 December 2017
Accepted Date: 22 December 2017

Please cite this article as: Nebrisi, E.E., Al Kury, L.T., Yang, K.-H.S., Jayaprakash, P., Howarth, F.C.,
Kabbani, N., Oz, M., Curcumin potentiates the function of human az-nicotinic acetylcholine receptors

expressed in SH-EP1 cells, Neurochemistry International (2018), doi: 10.1016/j.neuint.2017.12.010.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.neuint.2017.12.010

Effects of curcumin on a7-nACh receptors 1

Curcumin potentiates the function of human az-nicotinic acetylcholine receptor s expressed

in SH-EP1 cdlls.

'Eslam EI Nebrisi’Lina T. Al Kury, *Keun-Hang Susan Yan{Petrilla Jayaprakasffrank C.
Howarth;*Nadine Kabbanit Murat Oz

Departments ofPharmacology antPhysiology, College of Medicine and Health ScientbsE
University, Al Ain, UAE, “Department of Health Sciences, College of Natural &lealth
Sciences, Zayed University, Abu Dhabi, UAHepartment of Biological Sciences, Schmid
College of Science and Technology, Chapman Unityer€ne University Drive, Orange, CA
92866, USA’School of Systems Biology, Krasnow Institute fondced Study, George Mason
University, 4400 University Drive, Fairfax, VA 2203 USA; °Department of Basic Medical

Sciences, College of Medicine, Qatar UniversityhBoQatar

Running title: Effects of curcumin onz-nACh receptors

Corresponding author:

Murat Oz, M.D., Ph.D.

Department of Basic Medical Sciences,
College of Medicine, Building H12,
P.0O.Box: 2713 Qatar University

Doha, Qatar

Phone: (974)-4403-7851
Fax: (974)-4403-7800
E-mail: murat.oz@qu.edu.ga



Effects of curcumin on a7-nACh receptors 2

Abstract
Effects of curcumin, a biologically active ingredief turmeric, were tested on the’Cansients
induced by the activation of; subunit of the human nicotinic acetylcholing fACh) receptor
expressed in SH-EP1 cells. Curcumin caused a gigntfpotentiation of choline (1 mM)-induced
Cd" transients with an B value of 133 nM. The potentiating effect of curénmvas not
observed in C4 transients induced by high"K60 mM) containing solutions or activation®f,
nACh receptors and the extent of curcumin potebtiatvas not altered in the presence of‘Ca
channel antagonists nifedipine (1 M), verapamillfd), o-conotoxin (1 pM), and bepridil (10
p1M). Noticeably the effect of curcumin was not atved when curcumin and choline were
co-applied without curcumin pre-incubation. Théeef of curcumin on choline-induced €a
transients was not reversed by pre-incubation waitibitors of protein C, A, and CaM kinases.
Metabolites of curcumin such as tetrahydrocurcumin, demethylcurcumin, and
didemethylcurcumin also caused potentiation ofidesinduced C# transients. Notably, specific
binding of [#1]-bungarotoxin was not altered in the presencewtumin. Collectively, our
results indicate that curcumin allosterically potate the function of thex7-nACh receptor

expressed in SH-EP1 cells.

Keywords: Nicotinic receptors; curcumin; intracellular calcium; choline
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1. Introduction

Curcumin, a poly phenolic compound isolated frommeric, has been demonstrated to
have various pharmacological activities rangingrfranti-inflammatory, anti-cancer, anti-oxidant
effects to anti-atherosclerotic, anti-microbialdamound healing actions (Kunnumakkara et al.,
2016). Importantly, in recent years, curcumin hagrbshown to have beneficial effects in
alleviating cognitive deficits in neurodegenereatsorders such as Alzheimer’s and Parkinson’s
diseases (Ji and Shen, 2014; Goozee et al., 20@6nutnakkara et al., 2016). Although
therapeutic effects of curcumin on several patholdgonditions and animal disease models have
been well documented, the molecular mechanism ofucnin effects in cells are poorly
understood.

These diverse pharmacological activities of curcuare based on its chemical features
and complex molecular structure, as well as itbtgbo interact with multiple signaling molecules
(Zhang et al., 2014). To date, several membranetip including protein kinases, enzymes,
transporters and ion channels have been identagethrgets of curcumin (Zhang et al., 2014;
Kunnumakkara et al., 2016).

Nicotinic acetylcholine (nACh) receptors are impoitt members of the ligand-gated ion
channel family that includes GABA glycine, and 5-HY receptors. The homomerig nACh
receptor subtype is abundantly expressed in thigaterervous system and periphery and plays a
key role in synaptic plasticity and disease (Alberque et al., 2009). Neurora-nACh receptors
are recognized targets for drug development inraépee-clinical models of neuro-degenerative
disorders including Alzheimer’s disease (Thomsenlgt2010). In the present study, we have

investigated the effects of curcumin on humamACh receptors expressed in SH-EP1 cells. We
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provide novel evidence that curcumin potentiatésaellular C4" transients of the ligand-gated

07-nACh receptors.
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2. Materialsand Methods

2.1. SH-EP1 céll culture: The SH-EP1 cells stably expressing the humanAChR were a gift
from Dr. R Lukas (Barrow Neurological Institute,d@mix, AZ). Culturing of SH-EP1 cells was
described earlier (Spivak et al., 2007, Sultanl.et?2@17). Briefly, cells were grown on 35-mm
dishes in Dulbecco’s modified Eagle’s medium (Imwgfen, Carlsbad, CA, USA) supplemented
with 10% heat inactivated horse serum, 5% fetaln®serum, 1 mM sodium pyruvate, 100 U/ml
penicillin G, 100 pg/ml streptomycin, 0.25 pg/ml@motericin B, 0.4 mg/ml hygromycin B, and
0.25 mg/ml Zeocin (all from Invitrogen). For measments of intracellular [G§, cells were
plated at a density of 2x16ells per well into 96-well plates and were keptZ-3 days at 37 °C in
an atmosphere of 5% G®aturated with bD. Experiments were performed at room temperature
(24 £2°C).

2.2. Measurement of intracellular [Ca®™"]:

The SH-EP1 cells were loaded with Krebs-HEPES (M:rh44 NacCl, 5.9 KCI, 1.2 MgG] 2
CaCl, 11 D-glucose, 10 HEPES, pH 7.4) containing 10 fiud-4 AM (Molecular Probes, Life
Technologies, Paisley, UK) for 45 min at 37 °Che tlark. After this incubation period, cells were
washed twice with Krebs-HEPES at room temperatutee dark. Atropine (1uM) was included
in all test and incubation solutions. Changesuorscence (excitation 485 nm, emission 520 nm)
were measured using a fluorescent plate readeogtdy BMG Labtech Inc., Cary, NC, USA).
Basal levels of fluorescence were monitored bedolding stimulation solution (1 mM choline or
100 uM ACh) by using an automatic dispenser. Adtenulation, changes in fluorescence were
measured for 30 sec. To normalize fluo-4 signasponses from each well were calibrated by

measuring maximum and minimum fluorescence valfiethe end of each experiment, addition
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of 75 ul of 5% Triton X-100 (F.x) was followed by addition of 50 ul of 1 M Mn(Fy,r). Data
were calculated as a percentage @fxF Fnin and presented as % of.& - Fmin Or area under
fluorescence curve (AUC). Go0-6983, KT-5720, KN-6@ifedipine, verapamil, bepridil,
o-conotoxin MVIIC, anda-bungarotoxin were purchased from Tocris (Tocrise-Bechne,
Minneapolis, MN). Curcumin metabolites were purgthBom Sigma (Sigma, St. Louis, MO).
2.3. Radioligand binding experiments:

The SH-EP1 cells grown to confluence in 35-mm diskvere collected by scraping in 50 mM
HEPES buffer, pH 7.4, containing 1 mM Mg2.5 mM CadJ, 0.1% (w/v) bovine serum albumin,
0.025% (w/v) bacitracin and 0.025% (w/v) sodiundaziSubsequently, cells were centrifuged at
1200 r.p.m. for 15 min at 4C. After removal of the supernatant, the cells weozdn at -80C
until the day of the experiment. For each bindiagag experiment, the cells were resuspended in
50 mM Tris-HCI buffer (pH 7.4) containing 120 mM @k 5 mM EDTA, 1.5 mM MgC and 5
mM KCI, using a Polytron tissue homogenizer atiisgtt for 20 sCell suspension (150 ul) was
added to 96-well microtitre plates containing 50 rptlioligand {?3]- a-bungarotoxin (2200
Ci/mmol; Perkin-Elmer, Inc. Waltham, MA, USA) an@ gl test compound. Non-specific binding
was determined in the presence of 3 aMungarotoxin. The plates were incubated at room
temperature for 45 min, rapidly filtered throughcRard Unifilter-96, GF/C plates and washed
twice with 500 plice-cold 10 mM Tris-HCI buffer saining 150 mM NacCl, pH 7.4. Filter-bound
radioactivity was counted in 50 pl MicroScint 40=(Kn-Elmer, Inc. Waltham, MA, USA) in
Packard TopCount scintillation counter. Assays vgendormed in triplicate.

2.4, Statistical analysis:

Data were calculated as the mean + standard ereansn(S.E.M.). One way ANOVA was
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conducted to determine statistical significanceveenh measurements in different groups. When
differences existed, pair-wise post-hoc comparisasslg the Bonferroni correction were
completed. Th® values < 0.05 were considered significant. Coma#ioh-response curves were
obtained by fitting the data to the logistic eqoafi

Y = Bl (1+[X/ECsq] "),
where x and y are concentration and response,a@sgyg, E,ax is the maximal response, ks

the half-maximal concentration, and n is the slia@tor (apparent Hill coefficient).
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3. Results

We examined the effects of curcumin in Fluo-4 Iah8él-EP1 cells stably transfected with
humana-nACh receptor. Application of curcumin alone ire ttoncentrations up to 100 uM for
30 sec. did not induce any detectable change iiadellular C&" levels in (n=14 from 3 separate
experiments). Application of choline (1 mM), a stiee agonist fora;-nACh receptor
(Albuquerque et al., 2009) for 30 sec. inducedpidrincrease in intracellular €aconcentrations
(Fig. 1A, control). Application of non-selective almergic agonist, ACh was also found to
produce a similar rise in intracellular €¢n=12; data not shown). Calcium transients induned
choline was completely inhibited by 10 min pre-ibation with 10 uM methyllycaconitine, a
selective antagonist fer,-nACh receptor (Figs 1A and 1B).

Pre-incubation with 1 puM curcumin (for 10 min) wassociated with a significant
potentiation (2.2 fold, n=12, ANOVA, P=0.001) oktbholine-induced CGatransient in the cells
(Figs 1A and 1B). The effects of curcumin were @rication-dependent showing arnsd@alue of
133 nM (Fig. 1C). Notably, 10 min. applicationsldf uM curcumin, did not alter the magnitudes
of C&" transients induced by the application of highiKthe bath (60 mM KCI, n=14, ANOVA,
P=0.579) or C# transients induced by 200 uM ACh in Fluo-4 AM leddSH-EP1 cells
expressing humamB,-nACh receptor (n=14; ANOVA, P=0.078; Fig 1D).

Entrance of C& through endogenously expressed voltage-gatétidhannels in SH-EP1
cells can contribute to atransients induced by choline. Therefore, we hagted effects of
curcumin in the presence of L-type®ahannel antagonists nifedipine (1 uM) and verapémi
M), N-type C&" channel antagonisi-conotoxin MVIIC (1 pM), and nonselective €ahannel

antagonist, bepridil (10 pM). In the presence efsthantagonists (n=15, P=0.068 for nifedipine
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and n=19, P=0.086 for verapamil; n=11, P=0.074st@onotoxin and n=14, P=0.083 for bepridil)
curcumin (10 pM) continued to potentiate cholindtioed C& transients (Figure 2A, and 2B). In
the concentrations used in this study, thes& €mnnel antagonists themselves did not have any
effect on choline-induced &atransients (n=11-14, ANOVA, P>0.05).

Co-application of curcumin and choline, without 4omeubation with curcumin, was not
associated with a rise in the choline-induced' @ansients (n=18, ANOVA, P=0.512) suggesting
that the effects of curcumin on nACh receptof Gagnal require receptor priming by additional
cellular mechanisms such as kinases. We therefoesiigated the involvement of protein kinases
A, C, and C&-calmodulin dependent kinase (CaM-kinase), whiehkawown to regulate functions
of ligand-gated ion channels (Zhang et al., 19@8war and Lynch, 2014), in curcumin’s effect on
07-NACh receptor Cd response. A 30 min. pretreatment with 3 pM Go-6888; protein kinase
C specific inhibitor; Young et al., 2005), 10 uM 1720 (KT; protein kinase A specific inhibitor;
Cabell and Audesirk, 1993), or 10 uM KN-62 (KN; C&Mase Il specific inhibitor, Tokumitsu et
al., 1990) was found to have no effect on curcughihuM) mediated potentiation of the choline
(1 mM)-induced C# response (ANOVA; n=18-21; P=0.001 for Go, KT, &t groups). The
results of these experiments were presented inré&igA. After 30 min. pretreatment, protein
kinase inhibitors (Go, KT, KN) at the concentrasarsed in this study did not cause any alterations
on the choline-induced &atransients (n=12-14).

In vivo curcumin is known to be metabolized to compounda$ sas tetrahydrocurcumin
(THC), demethylcurcumin (DMC), and didemethylcurearfDDMC) (Anand et al., 2007). We
tested the effects of these curcumin metaboliteshmiine-induced CA transients in SH-EP1

cells. Our findings indicate that these curcumirtahelites (at 10 uM concentrations) can also



Effects of curcumin on a7-nACh receptors 10

significantly (ANOVA; n=12-16; P=0.001 for THC, DMCand DDMC groups) potentiate
choline-induced Cd transients in this cell line (Fig 3B).

[*#1] a-bungarotoxin competes with ACh, an endogenousatcti of a,-nACh receptors
by binding to the ACh binding site on the recegdbuquerque et al., 2009). For this reason, the
effect of curcumin was investigated on the spedifitding of [#1] a-bungarotoxin. Saturation
curves for the binding of#3] a-bungarotoxin, in the presence and absence (cshwbturcumin
are presented in Fig. 4A. At a concentration ofyM, curcumin did not cause a significant
alteration in the specific binding offl] a-bungarotoxin. The apparent affinit¢) of the receptor
for [**1] a-bungarotoxin was 0.71 + 0.16 and 0.76 + 0.21 pM dontrols and curcumin,
respectively (n= 9 measurement from 3 experimeANOVA, P=0.089). Further analysis of
saturation binding data by Scatchard analysis 4Bpindicated that, in the absence and presence
of curcumin (10 puM), there is no significant altera in a B, values. In the absence and presence
of curcumin, B,axvalues were 0.746 + 0.065 pmol/mg and 0.781 +D@8ol/mg, respectively

(n=9 measurement from 3 experiments, ANOVA, P=B)07
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4. Discussion

In the present study, we provide novel evidenceédbecumin potentiates the function of
humana-nACh receptors expressed in SH-EP1 cells. Potemi&y curcumin occurs in a time
and concentration dependent manner, but appeagpendent of channel phosphorylation by
protein A, C, and CaM type kinases. The findingdarscore a role for curcumin in the regulation
of a7-nACh receptor signaling in various cells.

Our findings suggest that the application of curtcuaione is not sufficient to promote a
detectable change in intracellular ZCavithin cells. However, 10 min. pre-incubation with
curcumin can significantly potentiate the?Caansients response of the ligand activatedACh
receptors suggesting that curcumin functions asséipe modulator ofi,-nACh receptors. Since,
cd" transients induced by high*Kontaining solutions and activation @f3, nACh receptors
were not altered by pre-incubation with 10 uM cunou the effects of curcumin appear specific
to az-nACh receptors.

Interestingly, these functional effects of curcurappeared dependent on its application
prior to the receptor ligand as evidenced by audifig that co-application of curcumin and choline
does not alter the choline-induced”Caansients. Although the kinetics of curcumin effevere
not studied in detail in this report, our compamisd the effect of curcumin application (before and
during) choline stimulation of the receptor indesthat the potentiating effects of curcumin are
achieved after several seconds of ligand preexpo3inis time dependent effect of curcumin on
the choline response of the nACh receptor suggleatsadditional cellular pathways upstream of
the receptor are engaged by curcumin in these. ¢dtigever, inhibition of key nACh receptor

modulating kinases such as protein kinase A, CCald by specific inhibitors did not reverse the
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effect of curcumin suggesting that phosphorylatgrthe kinases is not required for curcumin’s
effects on the nACh receptor. In the future studiesvill be important to test the effects of
curcumin on other pathways including those pathwiagshave been demonstrated to be activated
by curcumin such as several integral membrane ipoiecluding enzymes, transporters, and ion
channels (Zhang et al., 2014).

Notably, the results of radioligand binding expeznts indicate that curcumin does alter
specific binding of 23] a-bungarotoxin suggesting that curcumin may actlastaric modulator
of a7-nACh receptor. In this study, curcumin was appliethe concentration range of 10 nM to
10 pM and was found that it can enhance the functd a,-nACh receptors in a
concentration-dependent manner withsgE@alue of 231 nM. Interestingly, even the major
metabolites of curcumin tetrahydrocurcumin, demletirgumin, and didemethylcurcumin
(Anand et al., 2007) can also potentiate the chelimluced CH transients, suggesting bioactivity
of these curcumin metabolites at tienACh receptor site. The concentration of curcumin
plasma and its ability to pass the blood brainibafollowing oral and intravenous administration
has been studied previously (Shoba et al., 199&ndret al., 2007). When curcumin is given
orally at a dose of 2 g/kg to rats, maximum serumcentration of 1.35 pg/ml (3.5 uM) was
attained (Shoba et al., 1998). Since curcumin ikighly lipophilic compound with LogP
(octanol-water partition coefficient) value of 3i& membrane concentration is expected to be
considerably higher than blood levels. Therefdre,fuinctional modulation af-nACh receptors

demonstrated in this study can be pharmacologicalévant.
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FIGURE LEGENDS

Figure 1. The effects of curcumin on intracellular Caransients induced by activation tifie
humana; NACh receptors expressed in SH-EP1 cé€hA9. The effect of curcumin (1 pM) and
methyllycaconitine (MLA, 10 uM), a selective antaggi for a;-nACh receptor, on choline (1
mM)-induced intracellular C4 transients in SH-EP1 cells loaded with 10 pM FuéM. (B)
Summary of the effects of curcumin and MLA on thesaunder choline-induced Earansients.
Bars represent the meant S.E.M. n=184Z)). Concentration-inhibition curve for the effect of
curcumin on the area under choline (1 mM)-inducetf €ansients. Each data point presents the
normalized means and S.E.M. n=12-16. The curyeeidest fit of the data to the logistic equation
described in the methods secti¢B) The effect of curcumin on the area undef'Gransients
elicited by the activation (200 pM ACh) af, nACh.receptors and by the application of high K

(60 mM) in SH-EP1 cells. Bars represent the mego®éntiation + S.E.M. n=14.

Figure 2. The effects of Cd channel inhibitors on choline-induced < #&ransients in SH-EP1
cells expressing;-nACh receptor(A) The effect of L-type C& channel antagonists nifedipine
and verapamil on curcumin (10 uM) potentiation bbline-induced C# transients in SH-EP1
cells expressing-nACh receptor. SH-EP1 cells were pre-incubated @omin with nifedipine (1
UM), and verapamil (1 uM). Control included 10 phteaumin and the vehicle (0.01% DMSO).
Bars represent the mean % potentiation + S.E.M5¢E8L (B) The effects oto-conotoxin and
bepridil on curcumin (10 pM) potentiation of chaiinduced C# transients in SH-EP1 cells
expressingi-nACh receptor. SH-EP1 cells were pre-incubatedlfbmin withe-conotoxin (1

pnM), and bepridil (10 pM). Control included 10 pMrcumin and the vehicle (0.01% DMSO).
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Bars represent the mean % potentiation + S.E.M1iAL

Figure 3. The effects of protein kinase inhibitors and cungu metabolites on choline-induced
Cd" transients in SH-EP1 cells expressingnACh receptor(A) The effect of protein kinase
inhibitors on curcumin (10 pM) potentiation of cima-induced C# transients in SH-EP1 cells
expressingi-nACh receptor. SH-EP1 cells were pre-incubate@@min with Go-6983 (specific
protein kinase C inhibitor, Go; 3 uM), KT-5720 (sfiie protein kinase A inhibitor, KT; 3 uM),
and KN-62 (specific inhibitor of CaM kinase Il, KNtO pM). Bars represent the mean %
potentiation + S.E.M. n=18-21B) The effects of curcumin metabolites on cholineditet C4"
transients in SH-EP1 cells expressingnACh receptor. SH-EP1 cells were pre-incubatet Wit
MM of curcumin metabolites including tetrahydroeurgn (THC), demethylcurcumin (DMC),
and didemethylcurcumin (DDMC) for 30 min. Bars regent the mean % potentiation £ S.E.M.
n=12-16.

Figure4. The effect of curcumin on the specific binding'6fl] a-bungarotoxin in SH-EP1 cells.
(A) The effect of curcumin on the saturation curves[f67] a-bungarotoxin binding.'f]
o-bungarotoxin concentrations represent free ligakigmbranes from SH-EP1 cells was
incubated with the indicated concentrations ¥f]{nicotine for 45 min in the absence (filled
circles) and presence (open circles) of curcumih (1) at room temperature. Non-specific
binding was determined by the inclusion of unlabdbeingarotoxin (1M) in the incubation
buffer. Data are from a single experimgii): Scatchard analysis of the effects of curcumin on
saturation binding of'f3] a-bungarotoxin. Units for x and y axis are fmol/mmtein and

fmol/mg protein/nM, respectively.
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Curcumin potentiated Ca®* transients induced by the activation of a; nACh
receptor in SH-EP1 célls.

Effect of curcumin was not reversed by pre-incubation of inhibitors of protein C,
A, and CaM kinases.

Metabolites of curcumin caused potentiation of choline-induced Ca?* transients.
Specific binding of ['*I]-bungarotoxin was not atered in the presence of

curcumin
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