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Abstract

Modulatory function of calcium excitability in astrocytes by

NMDA receptor antagonists

Dash Oyunbileg', Joo-Min Park?, Su-Yong Eun', Sung-Cherl Jung'

'Department of Physiology, School of Medicine, Jaju National University, Jeju,

*Center for Cognition and Sociality, Institute for Basic Science, Daejeon, Republic of Korea

Astrocytes, the predominant cell type in central nervous system, are electrically non—excitable cells. However, astrocytes
display their excitability by increasing intracellular calcium concentration. Several lines of evidence have highlighted the
importance of astrocytic calcium excitability in both physiological and pathological conditions. Here, we investigated the effects
of dissociated anesthetics: ketamine and MK-801 (dizocilpine) known as NMDA (N-methyl-D—aspartate) receptor antagonists, on
calcium excitability in mouse cortical astrocytes. We further compared the effects of Ketamine and MK-801 on astrocytic
serotonin (5-HT) receptors. In cultured cortical astrocytes, MK-801 increased intracellular calcium concentration and led to
further increases in calcium in the presence of 5-HT. However ketamine had no effect on the calcium response in astrocytes.
These results suggest that the calcium concentration in astrocytes is reinforced by MK-801 under the modulation of serotonin

receptors. (J Med Life Sci 2016;12(2):93-97)
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(phospholipase C)7} &/d3t=o] AJu= olieAlE-1,4,5-E7]
2014} (inositol 1,4,5-tirsphosphate)’} IP35-8315 EAISH A
Aol wheba] MEWE ZE APl A32A (endoplasmic
reticulum)25-E Zrg 2HE SXIA717] el AR delA
Tt (Pozzan et al, 1994). AN Z2RE] A oluA 22 &
H B 7]y Bs e st Jee 8415 7s0] B
=3 9t} (Narges, 2016). AZEY (serotonin, 5-HT) =83
= AduAe] Baskes il SEAHEA 5-HT 84
olg 2o 5-HT1A (azmitia et al 1996), 5-HT2A (Gull-Britt
et al 1998), 5-HT5A, 5-HT7 (Hirst et al 1997) 5] AAWA|
ZoA WEEl= Ao defA] 9ty B3| 5-HI2A= tE
BA ot vlal AAduAae] 23 W 7)s A Holdh=
Aoz deA 9o, 5-HT2A 48A17F &A% =H A= y
ol Al E-1,4,5-EF|A04L (IP3)HHo] ApEo] Al W A
Aol Zg AdS &3 Al Zesl S7PF e v qlok
(Nilsson et al 1991). 18y}, WA ZS] L4 F2/o] AA|
ABA LT Asde 9 ATHA 7k ol v Gkl tigt
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= olFoA A gt & dAtolMe 5 AEA tiEd
?f*é A5 4840 AEd NMDA (N-methyl-D-
aspartate) =842 YA Z X At (ketamine)Zt TR
A9 (dizocilpine, MK-801)°f wigt dFuA|ze] e 324
24 B4 tfste] AFE zIgstgltt. NMDA =84 A3
Azt fxAd (MK-801)2 thefet Jee] 5= md 9 A
75,1%%*3 232t mdlox A5 A4 (anti-inflammatory effect)
U 3} A7 (anti-depressive effect)s UERHO] HIE31
Itk (McGirr A, 2015; Zarate CA Jr, 2006). 2|2 So] Aehl
Hxad (MK-801)2] 24871%3 #siA] NMDA 484
AFA| RO o] o theFel oFejd mIrl HuE 1 9lom,
I tjEAQ o7t 5-HT2484 W Zatyl D2=8Ao] st 2¢
g7]| & o|th(Kazumi yoshizawa et al 2013). & Ado|A= A+
WAz T 33*3 35 9 Aguly fx44
(MK-80D)o that kg1t HEo] AduAlE 5-HT24-84]
(astrocytic 5-HT2 recepbor) o oigt NMDA 84 AFA <
75 gRlel Bz} sFqiTt
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Al2~®)(confocal microscopy system)2 ©]-83}% ), AllE HOO‘:O
2 mlof] Fluo—4/AM ¥E=Z 78t & 37T, 5% L7104 2

Al e PN Ed L= P (Al A= R) s B B ] ﬂuo—4/AM%
s AAg & =Y#nF (Eclipse Ti-E, Nikon) 919 7
A (chamber)ell &2] 1l IFAE FHol| sl 3 ml/min &
T2 ZEFEUCE Fluo—4/AMo] 9= 485 nm Igo 2 243}
(excitation) A& ™ 520 nme] THAFo|A HME (emission)E=
g4 A7]E CCD ZHHE} (cooled charge—coupled device
camera)’} ZZA|A 1 Hz9 WIxEE 30 27t 243t A=
Y s o] re A 7] A fluo-4/AM P8R QIS 7]
2 FF FOolA =g FAYS o Hslsl= g DY
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1. NMDA =8| ZEH2! AERIo| 2Jst Z& ol2sk Het
Fluo—4/AMCO 2 H3}E HAnAZY AehyE 30 27+ Fo
Al RS A oA Zg olskll SUF FEo] W
EA] Tt E3E AERIE WHEHoE FoFs woe Aw
H-3-o] L] O} okekct. AI2EY (serotonin)= A7 P wo]
L AEZ ) Zgolewrt 27} R AR 9lolour EA o
2 89 & ukst 4= (ketamine, p0.186 ketamine p»0.305 )2
O]'l']mq Aol AREYS A gt & Al Fo A, 1
H 1olA vEbd viel Zo] Al ] Ze o] e B3]
= Aog ¥ Hot

o)

2. NMDA & Z&HQl C|=AE (MK-801)9] ost Zt&
0|2= H3)

NMDA =84 ZdgAQl tj=AH (MK-801)2] o3t Zol2
T WIS 30 27t AAdaA|aef| Fojgh A o4 MK-8010
Ae de =9 3kE 2ol ¢gtort s=Ee MK-801 of
A AE W Za ol Tt 78k AL B B
FoAPS do= FAXHOR FoatA T7HE dw v &
o QA9ITk (MK-801 p<0.0008). ©] AFAAE np7pR]2 A=
BEUe ﬁqa] z;s_} i MK-801& T8t 74, lEEOHH Ky
# AATE HE 8RO =2 KC19] 5=
Eato] A2 Yo A 057} 7k
lad_ E—*é—% 48 6%01 HE TE HJ% Aol A= mpx]gt
A7} ob4El vt
= 7154 Al

ZollA HHeE g Bhgo] UERES EIE 4= st (OE 2)

3. C|=ATE (MK-801)0ll 2lsiA F=E Z& S0 thet
NMDA x| Z&H D-AP52| AX|
MK-8010f| oJallA] f=4 A2 W Z¢ §h3o] old =8A4IE
FolA Uehheals o] A 28H NMDA 484 2T
(competitive antagonist)?l D-AP5 < 5 B7F A AZst

4c+

MK-801% 2] 3}sdct. ojuf, oF Adlo|x] Fatwlel Zhs ub
go] oAHE AL Feld 4 AATH(MK-801 pY0.08). (1%
3).
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Figure 1. Ketamine—-induced calcium response in astrocytes. Astrocytes, which were loaded with 3 fluo—4/AM for 15 min,
were mounted in a chamber. Either 10 of Ketamine did not increase intracellular calcium level. There were not significant
differences between the 10 Ketamine—induced calcium transient after the pretreatment of 5serotonin. Data show the
averaged peak of F1/FO (ketamine 10=1.070.029: ketamine 100=1.100.045; second ketamine 100=1.070.057; 5-HT=1.430.232;
ketamine 10=1.090.063; ketamine 100=1.070.065; KC1=1.860.238).
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Figure 2. MK-801-induced calcium response in astrocytes. Astrocytes, which were loaded with 3 fluo—4/AM for 15 min,
were mounted in a chamber. of MK-801 but not 10 increased intracellular calcium level. There were not significant

differences in the 10 of MK-801 induced calcium transient after the pretreatment of 5serotonin. Data show the averaged
F1/FO of intensity.
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Figure 3. Effect of D-AP5 on the MK-801-induced calcium response in astrocytes. Astrocytes which were loaded with 3

fluo—4/AM for 15 min, was mounted in a chamber. MK-801

increased intracellular calcium level. D—-APS5 blocked 10 MK-

801-induced calcium transient. Data show the averaged peak of F1/FO (MK-801 10=1.0790.040; MK-801 300=1.5310.082;
second MK-801 300 =1.3530.112: D-AP5=1.1140.063; MK-801 10=1.1190.064; MK-801 300=1.1430.07: KCI1=1.7040.137).
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A ERRES] AlFotuwEd #u] 7|3 BN = 714
Z Al=Hmechanical stimulation), 2A¢; 2= (depolarization),
AAEEE st vhe-2 ﬂl—}i/ﬂ duAE | e SE
Jol 28T Ao dA ot AAAES STEAY 71H AT
of Hlal] ofA7tA] AF7F LS| o]FojA QU= ¢t
(Takahiro yaguchi and Tomoyuki Nishizaki, 2010). “dAFnlA|3E

Z4o ESE AES (autism), =4 (major depression
disorder)s ZFFeE ThFSE Fefo] AAHSA At 24 oFFo
oA oﬂoohg HH=t} (Carola G etl al 2011). 9E S, A

EZEY 5 AAAC] citalopram¥} fluoxetineS THE21Q1 SSRI
(selective serotonin reuptake inhibitors)®2A YA o= &
= A&mof| ol AR E= ofEolt). o]2fgt SSRIx= A7z

ok ofyet HAFAES AR AAmAE (AA A4
34~38%)00A = A=W A< T84S %%Al?l% AoZ B
3 gont (Carola G etl al 2011) % 717401] A=

XHH?ﬁ NMDA (methylaspartatereceptor)
NR1, NR2A, NR2B- @&o] =of Qlokar &
Zhou, 2010). NMDA =84 AgA[Q Aetla} vjzA3 (MK-
801)2 3llute] AIFAZEA A NMDA =840 Agste] AZA
ZYRO] Zgol29] {US Ao =ZA A Y Tzl
A A4S JAStE ZeY£% CaMKII (eukaryotic
elongation factor 2 kinase, eEF2K)E AA|A|ZIt}, o]g|gt 417
Al whil A g4 (disinhibition)S B8 AlZY] ThA g4
WS EFXIAZ)AL, o] IoA F7HE BDNFOl 98 &

AIE Hol= oz HWuE ul 9t} (Anita E et al 2011), &
A7 A= g Aol NMDA ~8A4 AgAet wAgt A+
Anle B uE uf ok vlAlA HEol AATAEE o]gst 2
Aol A, BlE NMDA =84 AggA|Ql AEtvle] Ao 23k

g WHg-2 Ho|A] AT e AFA|¢l MK-8010]
o5t e W2 S7ekGo] WEE T o= AlAA =
Aepglyl Cx2Ad (MK-801)0] AlFAEEAL EAjsH= &2
4 ST =84IR NMDA =840 2gdl= A= o
Ao g *o%ﬂ*ﬂz |4 283 7hEAdol dtke As HolE
= L AA AFEAE A Al T 2A
(MK-801)2 NMDA ==&l izl 212} IC 500] 217} 0.43%13}
Lof zpoli= glov Yt JAERE 7= AR delA 9l
o}, 2 Ado)A] e gxAE (MK-80D] 93 A mAlE
o] 5 TR 7 7132 AEA NMDA =84 JAA] D-
APPSOl OslA AAEglon, o]E Fal /dduAlzo]]
NMDA =84 A7} A2y Z F7te)] Holsks ZAeR A
Zko] Hr}, A aze] gk Aetyle] Faake}l B = A
AW A3z ZAsH= NMDs &4 o8 (subtypes)?] Zpo|&
axgketo] AR Ayt v2A3 (MK-801)°] NMDA =847}
ofd thE F79Y 84 H o] 2o gk A& TFedE A
bl & 4= ok AA Az Az Alebil2 GABAAS:
A ab6p28 & abp3 FEAES 2™ & 4~ o, rxAg
(MK-801)¢] 7= GABAATEA abp26°l st =& 78S
M)A Hshe Aoz d#A Qlth (Hevers et al, 2008). Egh
At} t)zAW (MK-801) =ubal 4284 DQ) 9 ARE
d 5-HT2 &A1) ek 224 agonist2 2HEshe 2oz o
24t (kapur and Seeman, 2002).
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AZEYS icolyl Ade A4dd 54 F
A8 s 55 2ASk: AR duA ok (Arango et al,
2002). &2 dAdoA= 4
e = (20 M) AL 5
Aol MK-801°l 93t Z¢ WS T2, fxidd
(MK-801)°l| tigt Z<x ZEAol A= AZEY =849 o
kS 2AF Sy txAd (MK-801)00 28t s Z7lof| Al
2EY $8A4 43P % uAA] Zete AL g8k
ol AZEY s8R gt txAd (MK-801)9] 21429l 2
£ 7FsdE IR E AREY 84 AAAIE o83t 37t
AT7h KoY ojof 3 Ao AY7ZHECE P HRIEOEA A
ZEY gAdARA e daiMs 2 ko] YeRd Ae Iaskeich

2 AFATE oM AduAEZ A v7EAA NMDA 8§
Al ZAgARD AP A T SRl oms P
uj2|z] ok wbd, g 2AE (MK-801)2 AATAE 24 T2
Aol JFE mjA= AR RIS o|dt ZIHE0] NMDA
T84 7 Fxlo) Qs WAEE AYPARE Y& FHAA
AZA|Z Wo] AMRE= NMDA 484 AA] thste] B4
ANze] okERe JEHlE ER1E 4= Al sliFH, sid FEE
gt A A2l AukA Zhgef gl olshE Waledl Sadt AR
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