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Reactive oxygen species (ROS) and nitrogen species (RNS)
are implicated in cellular signaling processes and as a cause of
oxidative stress. Recent studies indicate that ROS and RNS are
important signaling molecules involved in nociceptive
transmission. Xanthine oxidase (XO) system is a well-known
system for superoxide anions (O, ) generation, and sodium
nitroprusside (SNP) is a representative nitric oxide (NO)
donor. Patch clamp recording in spinal slices was used to
investigate the role of O, '~ and NO on substantia gelatinosa
(SG) neuronal excitability. Application of xanthine and
xanthine oxidase (X/XO) compound induced membrane
depolarization. Low concentration SNP (10 pM) induced
depolarization of the membrane, whereas high concentration
SNP (1 mM) evoked membrane hyperpolarization. These
responses were significantly decreased by pretreatment with
phenyl N-tert-butylnitrone (PBN; nonspecific ROS and RNS
scavenger). Addition of thapsigargin to an external calcium
free solution for blocking synaptic transmission, led to
significantly  decreased  X/XO-induced  responses.
Additionally, X/XO and SNP-induced responses were
unchanged in the presence of intracellular applied PBN,
indicative of the involvement of presynaptic action. Inclusion
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of GDP-B-S or suramin (G protein inhibitors) in the patch
pipette decreased SNP-induced responses, whereas it failed to
decrease X/XO-induced responses. Pretreatment with
n-ethylmaleimide (NEM; thiol-alkylating agent) decreased
the effects of SNP, suggesting that these responses were
mediated by direct oxidation of channel protein, whereas
X/XO-induced responses were unchanged. These data
suggested that ROS and RNS play distinct roles in the
regulation of the membrane excitability of SG neurons related
to the pain transmission.
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kA~ F(reactive oxygen species; ROS)> ZAFsF2
(H20,), superoxide +©]20,7), T4t ](hydroxyl radical; -
OH), AFsh& 2 (N0), ZMiFab 4k (peroxynitrite; ONOO)S
F3Fel=t o]FoA NO, ONOO= A A AF(reactive
nitrogen species; RNS)©. & Wz H7al7| % sit) o] 52
A& F7HE relinke- 2t A= |[1-4], FH el
© AR R, Al ke S T AR EEEAG]
gro] BarE] 3 QIUHs-7]. AAZA oA ROS= Thg
A2 E FoA WYY vEZEgoke] A
(electron transport complex) ¥Hd = superoxide(0;") ]
olg}7]EAL Abstad el &gt phospholipase A 2] 24,
xanthine dehydrogenase®ll 4] xanthine oxidase(X0)=2] 3k
NO synthease(NOS) &/d°l| &gk NO 4873, NO<} 0,72 A
ghell €13 ONOO 9] A SO 2HE AoJxIti8 ).
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2ol ROS7F T el Fojdths A7 HarE S
= H,0,8] dlshFoiel| Qe 5= FEatia[10], &
AFgHA| o] Fol® 4= ATk RE A &E = Hsanrt v
ol BaEIvh11]. B3t 743 & Adate] AT
d S FEAI7 AFH12] IH U capsaicin T =

= T AFAA13] FHFF e v
gotell A 0,7} F7Fael #&AE AL, Hapol A
A2 Folel &&f 0,79 F7tet FF BEREES] Tt
= UERAEHE9], o= a5 A 28 o
e WA= Tash ol 1719 At

A
T —

Atk odlE =9, AAEFIY 2AAT g
e IS NOS fAIAe] 4= of Foiut nNOS F4
A= AATE AF A 728 0 M [14-16], 2 Al R0l A
HAAE NOS7F & Bl S skA 2H-8-shthan17)
Hu=gdoh vbde] oE ATtoAl= L-arginine®} NO
donor?] 3-morpholinosydnomimine (SIN-1)= #o] 2o
o 8FALH 18], sodium nitroprusside (SNP)E Hlof]
Jato] AFaas FEghe] BaEATH19].

ROS2| YFR! H,0,7F o BA Aol 2-g-38te] a3tE
Uel=Alel gk A @Wo] BHuE Itk Transient
receptor potential (TRP) =25 &Ad3}ete] @i=5
ALH20], ATP WA K (Karp) 29 S &3
of dE=a e E drH21). He] ofwd Ao
A= H0.7F vl A A AlYAS dR/e] RIEE S7HA
ZITka 3k 122, Hy0,2} ALK tert-buthyl hydroperoxide
(-BuOOH)= T84 AlHAS AFE F7HA17]a B/
& frEsiti23].

NO+= guanylyl cyclase S &/J3}8to] ALY cGMPE <
7HAA WS YER AL, S-nitration©l] 23141 25 A 0.
2 AlEul g ge] 28817 % 4], 0,77 Al o]
" 7o R AdsheAe obd 2 A A QA ko
PKA, PKC, extracellular signal-related kinase (ERK) 5] T
W4 RISt aAE st u2s), I FEE S3sto]
AU A o] 2 b Q1 Al g gz Adof| Fefsitta B
¥ 2ATH26).

upgpa] o] AteflA= ROSS 8 T3l 0,7} T
RNSQI NO7F 5ol 1444 $A9 S-S dhe AH+F
Z} A|szol| oA A-geto] Foa AT T AAsA €l
ataal Azt Ao Sl tigh X/X09k SNPe] &
W gobrgrom Al A, 2 o Agsh=A, Al
S G W] ojsl=x], AlaEu dhele] A5 2H-g-af
A 5< patch clamp W O=E FAFSIITE

R
HodA Az}

AT 1394-18Y ¥ Sprague-Dawley 3HE = 7 ¢l
o] ARgsgion, o] A+ Fhety FEAY 29
A3l A FAE AUTHWKU09-076). BHE etherZ vf
F et = 20% urethane (2 ml/Kg)S 57 Wl T35t} &
FolXFE HF74A] 2547 < (laminectomy) = 3Fo] #
TE wE5% & 945 o (lumbosacral enlargement)©]l
A1 em A Aolo] HFE Adsiqleh 2247
(vibratome 752M, Campden, %=7)¢] 127 thell agar block=
AA s 5 SHRAE o] gete] AeHHs 1F
3F3ITE 95% 0,-5% COrE FHshaA 771 150-350 ime]
HrAds Ao, Ad F A% =5 24 7|(model
765, Campden, F=7)E ©]-&sto] &4 L%=E 12 °C 4
TR S X A AedES 32 T Qe H A
o Gollo] 1A7F A Batste] A EHE IHAIZ A,
o] Fo Ao HEE AWt 715 HFERS
] Z(BX50WI, Olympus, L) 919 715E71(1 m)oll &
3 AAZ s JEE FAoA s 1Y & A

NS T8 X (Minipuls 3, Gilson, )& o]
ato] THFAIZATH2-3 mé/min).

A&

Hpdd Al gl ARG k8- 0] A (mM)-> 252
Sucrose, 2.5 KCI, 0.1 CaCl,, 2 MgCl,, 10 glucose, 26
NaHCOs, 125 NaH,P0; 502 A= glom, vhghs: 7]
=a}7] Qleh AlaEe] gole] 242 117 NaCl, 3.6 KCL, 2.5
CaCly, 1.2 MgCl,, 1.2 NaH,PO4, 25 NaHCO3, 11 Glucose ©|
3L 95% 0r-5% COyE & w3l pHE 742 A8
A3 g1 150 K-Glu, 10 HEPES, 5 KCI, 0.1 EGTA, 5
MgATP, 0.3 Na GTPE AF&3l5l1, pHi= KOHE 78k
o 730% AU AHA ARE Adstr] $isko]
AEZY Ca'E AAT F Mg"E WA, CdCL 0.5
mM, thapsigargin 1 pM-= F7}8F3At)

A gl o] A3 xanthine (X), XO, SNP, N-tert-butylnitrone
(PBN), 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPOL),
guanosine 5’-[[3-thio]diphosphate trilithium salt (GDP-{3-S),
n-ethylmaleimide (NEM), suramin, thapsigargin ‘o< SigmaA}
(Ml=nellAl 9J3k31aL,  S-nitroso-N-acetyl-DL-penicillamine
(SNAP)= TocrisAH 7] ollA] 741310 AME-813IT) Thapsigargin
<2 DMSO (dimethyl sulfoxide; Sigma)ol] HA| =521 & 255
E2 AES) Gl 4 ete] AR 1 9] kB



Reactive Oxygen Species and Nitrogen Species Differentially Regulate Neuronal Excitability in Rat Spinal Substantia Gelatinosa Neurons 231

APA Aol AzS] &fol Ho] AREFGITh Alzel st
AHGNY 282 TH5 o] &35 TFEA(BPS-4SG, Ala
Scientific Instruments, 7]=1)& o] &38}o] 7]1E87] | £
Wik

H71 A=A 7] i

uh ko] 7152 whole cell patch clamp RS AR5}
gk mAl el A= A %7)(PP-830, Narishige, 2¥)$}
microforge (MF-830, Narishige, ¥+)& ©|-&35lo] 217 1.5
me A FE A THTWI150-3, WPI, 7= A&o] 5-8
MQol HEE 715dSS Aotk 1099] t=dl=s

2 -9l vlsl v wE Akl e 552t ot
A B9 FRlst F Aol ks hehdA vAl A==
A 7)(ROE-200, Sutter, U]=)Z o] &35}0] 30° AALE H-A
ShHA] A|SEe]] A akSITE. Seal testE A8 AEe]
Asto] Z3e] A o] FHA R FIehs ASE A
Fol THRE B F S Fa S-S Jele] A%
9}¢] gigaohm seals ©]F%UT}. Gigaohm seals ©]iF %
10-20% 7 7ato] 2 eto] 45 mv o] aFE QHEE S
7128 A AT et W dFE=A o= Axopatch 200B
ZZ7)(Axon, U]H)E AHLF] 93\_1~ o] 5%7|% Digidata
1200B (Axon, ™|=7) ADHE7]= o}O% %Ei of A4s}
%1 2™, pCLAMP software (version 9.0, Axon, "|=)& A&
5—}01] /\1?‘54/\‘1194 uﬂE:]jq. O%o};(] x—]7]/\]§9/] xix]— ) H/H

of o] &3kttt A E HiF= low pass 8-pole Bessel filter
22 M= AFSIGitE e A A4 AlsHSitt

APA g 24

1 9ke] &412 Clampfit (version 9.0, Axon, P]=)S ©]
g3ttt eHEAlEE Alolol] HAA R Fo3t 2jo|7}
A=A 8] o5+ independent t-testE ©]-23F31 11, S
Ao A eFE H5-2] Z}o|= paired t-testE ©]-83F3 S,
p<0.05°4 FAAOE Folsirta #Fe3ATE FAAE
o] Fhe H T 2 A mean+SEM) 2 A ST

SERE

A5zt A 28] B EA ) g X/X02 SNPe] &3}
X/X08} SNP fFofof <Jsfix] 2ggh 0,79k NO7F 247
FAA L] A wAE ZE AR flEke
patch clamp & o] &sto] Sk 71533l Whole
cello] S ] vdto] 45 mv o]skE QHY % AlaETH
= éﬂ%ﬁ"ﬂ o] &3t3lrh. AF7IFHE ol &3t A%

a AR R
—— o 5mv
X 300 UM/ XO 30 mU X 300 uM/ X0 30 my 3
PBN mn
SNP 10 UM —SNPi0uM S
PBN
PBN
SNP 1 m T snpimm
C i smv
3min
amy
SNAP 500 uM SNAP 500 uM 3min
PBN
B 84 Control

O+ PBN 2 mM

i e
*
*
SNP 1 mi
1)

X0 SNP 10 uMm SNAP 500 uM
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Membrane potential changes (mV)

g d

Fig. 1. Effects of X/XO and SNP on membrane potential of
spinal substantia gelatinosa (SG) neurons.

(A) When cells were pretreated with 2 mM of PBN, X/XO (a),
10 uyM SNP (b), 1 mM SNP (c), and 500 uM SNAP
(d)-induced membrane potential changes were decreased, (B)
X/XO and SNP-induced membrane potential changes under
control condition and pretreatment with PBN. **: Values are
significantly different from the control by paired #-test
(p<0.01). *p<0.05. Means = SEM.

Ao 7 wAS 71=EPEA X 300 pM P} X0 30 mUS 4]
& BNE 5E APsGled ok FY F 137 oJuitH
3-15 mvel Z7]8 Ei=o] #HEEUTH6.1£04 mV,
n=15)(Fig. 1Aa).

SNP Aol &gt W3- “sizof wpe} Aolate] sk
o} AFEE] F /AR FEete] HEsIth AsE &
(10 pM)S AsklS wlis Eit=o] == whde
(4.8£0.4 mV, n=12)(Fig. 1Ab), 5% &N (1 mM)S A
sl W= Aol BEEATK-6.8+0.5 mV, n=12)(Fig.
1Ac). T NO donor®! SNAP *J]of oJdiA = =& A
SIA AL et =ito] HEE = 500 M Folol 23
4.6£0.6 mV 2] Et=o] = QA THn=7)(Fig. 1Ad). X/XO,
SNP, SNAPe| oJgt uh ko] Wish= v el ksl
PBNo] 3ty o= FFA W5 0w Folalgls o
B} fo8HA 7l chFig. 1A).
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A ICF - Control

SNP 1mM

a
——————— —_——= Tmv
X 300 uM/ XO 30 mU SNP10UM 3 min
ICF - PBN 2mM
SNP 1 mM
b T pi 7mv
XIXO SNP10uM 3 min
SNP 1 mM
G gy =l
5mv
XIX0 SNP 10 uM -
5 min
d 7mv
XIXO SNP TmM SNP 10 UM L
B . [ Control

73 +PBN 2 mM

W + Temp 5mM
[T +Hb 50 uM
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4

-8
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-12

-

Fig. 2. Effects of intracellulary applied ROS scavengers on
X/XO and SNP-induced responses.

(Aa) X/XO and SNP-induced responses using control pipette
solution. (Ab, c) N-tert-butylnitrone (PBN) or 4-hydroxy-
2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPOL) within pipette
solution did not decrease X/XO and SNP-induced response.
(Ad) Hemoglobin (Hb) within pipette solution did not decrease a
X/XO-induced response, but SNP-induced responses were
significantly blocked. (B) Mean X/XO and SNP-induced
responses in control and drugs within pipette solution. ***:
Values are significantly different from the control by
independent #-test (p<<0.001). **p<0.01. Means = SEM.

H] A ElA) 8FakslA] Q) PBN, 0,70 #H-8-8to] H0,2 A
$kA]7]&= SOD +AH=Z TEMPOL, NO°j| Agld o7 -4
sto] dAaks)l 28-S 3= hemoglobin (Hb) 5 ZH2 MaE
elof] ESkAIZ] 3 X/X0 2} SNPE FoI &1 T) X/X0 F
ofol ogt Bt Al 7HA] @akshA| BFellA] tixat vt
zFo] 7} A THFig. 2A). SNPE T39S wl= 5%
A% BFo)A PBN#} TEMPOLOY olaiA thz3} 2}
o]7} §11a1(Fig. 2Ab, Ac), Hb A|E o4& AM&-3F 79t
AEESE AsEelx A7 felst oAE ARSIt
(-10.2£0.8 mV vs. 1.7£0.9 mV, P<0.001; 4.9£0.3 mV vs.
1.6£1.2 mV, P<0.01)(Fig. 2Ad, B).

X/X0%} SNPel &3 uk-g 71"

X/X09} SNPO| HE-g-o] AJRIA H 2 A
of ZHEt=A1E Gotr it AlPA AYE Apdsl]
ato] AIEL FAo)X a5 AATAL Mg S S
o CdCl, 0.5 mM, thapsigargine 10 pM= 7}t
X/X0 fFofol ogh w32 g del vlsf frolstAl 7t
A8FA(7.7£15 mV vs. 3.0£1.3 mV, n=9, P<0.05)(Fig.
3Aa), SNP Folof oJafjx&= FHashs Aol ot 9]
S} 2UTH5.440.6 mV vs. 3.940.9 mV. n=8)(Fig. 3Ab).

X/X09} SNPef| 2Jgt ko] G iz} AAH AT
W& oA BA=AIE ERlstazt G T o AAR]
GDP-B-S¢} suramine AU SN H71e & 7153k
o} X/X0 Fofof oJgt Bt 7 7HA] JA|A| BFellA
2=t 3} ZfolE Kolx| ¢ktth I8y 155 1=2] SNP
oet IS GDP-B-S (-4.8+1.5 mV, n=9)2} suramin
(-4.6£1.6 mV, n=8) Aol o3 F-2]5kA] A= L
™, A&5%2] SNPell &3t €% GDP-B-S (2.2+1.0 mV,
n=9)} suramin (-2.0£0.8 mV, n=8) AN 2J&] 2]
StA oAl = ATkFig. 4).

X/XO$} SNPol| o]t Hhg-o] Alazu} chala-s- 24 4ks)
A7l 93] whgo] Lou=AE &RIstaA} alkylating

A

e

S o
do rhu

-
A

A

SNP 10 UM SNP 10 uM 3min

Ca™ free + CdCl, + Tg

52 o o

changes (mv)

Membrane potential
-
Membrane potential

IS
o

2+ 18 +19

(o} uM
Ly 2 oo it a0 oo™ it
8 o8

Fig. 3. Effects of a removal of extracelluar Ca’" and
intracelluar Ca”" store depletion on X/XO and SNP-induced
responses.

(A) In a pretreatment with Ca®* free solution plus thapsigargin
(Tg), (a) X/XO-induced depolarization was significantly
blocked and (b) 10 uM SNP-induced depolarization was
decreased. (B) Mean X/XO and SNP-induced membrane
depolarization in control and pretreatment with drugs. *:
Values are significantly different from the control by paired
t-test (p<0.05). Means + SEM.
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A ICF - GDP 1mM
a T | T e 6my
S Smin
XXO SNP 1 mM SNP 10 uM
b 3mv
—_— — 5min
XIXO SNP 1 mM SNP 10 uM
B [ control
8 [ZZ) + GDP-B S 1 mM
B + Suramin 100 uM
4
]
= SNP 1 mM
° g0
a8 XIXO SNP 10 UM
28
g5
£EG
2 s
-12

Fig. 4. Involvement of G-protein on X/XO and SNP-induced
membrane potential changes.

(A) Inclusion of GDP-3-S (a) and suramin (b) within pipette
solution did not block a X/XO-induced depolarization, but
significantly blocked SNP-induced responses. (B) Mean X/XO
and SNP-induced responses in control and drugs within pipette
solution. *: Values are significantly different from the control
by independent z-test (p<0.05). Means = SEM.

—dﬁh-%— -
NEM — 3mi
SNP 10 uM SNP 10 M min
SNE 1 mM new  SNELmM

|5 my

3min

Fig. 5. Effects of NEM, a thiol-modifying agent, on X/XO and
SNP-induced membrane potential changes.

(A) When cells were pretreated with 1 mM of NEM,
X/XO-induced depolarization was not blocked. (B, C)
SNP-induced responses were significantly decreased by
pretreatment with MEM.

agentQ! NEMS dA &gt & A3}E v]w stk X/X0 F
ofo ogl B2 A el oejx] WEhE KHolA| &gk

31(5.4£0.7 mV vs. 4.9+0.6 mV, n=5)(Fig. 5a), A& =%} 1
1) SN Folel 9 WS-8 22 felsbl st
TH-4.240.8 mV vs. 1.0£1.2 mV, n=7, P<0.05; -6.3£0.9 mV
vs. -3.4£1.1 mV, n=5, P<0.05)(Fig. 5b, c).

o

ROST Aol 7k fallRkg-ell olste] Al
oA Frkete] AEEANE dora MESHEI HE
o, AARIAL &4, Az B, AR Eskel S4] 5 o
] 7HA] YA Tss ek AEREEAEAY] 9
S W QIUH6,27). B35k &Loll= ROS7F S5
of Fojxo] vty HauE i e, 5] ROS ¥l
aglel wet S5 3s whgol AskE 9lar[11,28], ROS
ol wopxlel wep WhZo] b ITH9,13]. EEgh
superoxide dismutase[4], PBN[11], vitamin E[29]9} 7+ t}
Fek FASHAIE AR £ g Y= Folghel o5

Aeads 7Hlo] RauEglon ojyst Aaf= A4
AR A7) B0] dbAT) Adef Q3514 Holst ¢
= vl

AAEA A ROS= T A g 3l ojA ]
nEZ=glol AXS S FAbERE A AL nicotine
adenine diphosphate, xanthine oxidase (X0), o}2}7]=AF AF
3} & 4, NO synthease T 5O ZHE 0] ZT}s]. ©]
AT M= ROSE HAAI717] S8l X9} X05 Es}e]
Fosiicl Hee wEolA g NG
(Fig. 1). X0+ XE& AFSIAIA uric acid® = 3p7g of| A
superoxide =010, HAYAZ|M o] AL superoxide
dismutase (SOD)°ll 9]3l] H,0,% W FHE T} Sato 5{30]2
Hawkins 5{26] X/XO oo &l oFEfo] ZF e
0, 7} A= 7] A&k} 3ielA] HaAE, S E 4
sk sopel 93 H,0,% WA Tka 3191 2™, Zhou &
B1% X/X0 Fo= S740]al AAIZQl HskE H,0, 7
o= =gl AEAQ1 vigks Btk sgith o] kel
A& X/X09] Fol= ok T F 13 ouiFE Sl
S-S ek o o= o]de] Bargk Hy0, Folel
o] WAE = A3 =9 GRS AfolE HSITH23)
o] Ao FedE ARES SECR SlEd o=
0,7} soDell 23] H,0,2 #H¥E7] Fwst AzroR
X/X09 FoAgIR= 0, 2ol Hy0, 52 AAIA A3
T HHE 7ol itk

NOE TN sk SJEH R T
Hof JFads 7RIt 5 Ligk Qiv w9

=

L-arginines 2 U] Fojslo] F2wiog futg

o
Oo
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)
=

3@ oo

A
(32].

PR3, =2 Fxd alAe ST
ol Kawabatai= -2 559 L-arginine<
S S7HA1711 =2 FLddAe JAAF AL
B A9E Bushdvh3s). AlEe] 7EHS o83t
A sr Ao A % Pehl¥} Schmid:= NO7F A& ¢t}
FEoA HPAAE S 52 ATk ®Rast
tH34). o] oM =2 (1 mM)S] SNP= Hhd
< i AFeH W FE(10 uM)= EiEeas T
A ZHFig. 1). SNPO] sko] W Mz thE Hhgo]
frabelo] whel 2 79 NO donor¢! SNAPS] X] =
NO2| #-8-8 el Ay} SNAPE Fo] #AIglo] e
SRR WIAIZATE 2y o] Aol A= SNPE] HEel
2 HESo] zlolnt Al o B E 2| FrpA o

Lol g zpol7p MASH=A], B B i
H o] F 27} #ofet=E sl A7k et

O

L o

ol

]_

N ol
T
[U 0[N F—E

Q ¥l 2 o of

4

éii
2 o

=

i
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PBN-2 “spin-trapping” 2H-2-0] Qli= AA35HEZ Hy)0,,
0,", OH, NO, ONOO™ 59 tFeFst ROS &4 & Alshtt
[35]. ©] ATollA % PBN= A8 &Aoo AFEEFSS uf
02 94_ NO-J XLQ_O H]A{Eﬂﬂ oz U__r ﬁﬂ]*]ﬁT:]'(Fig.
1). Z2eluk PBNS Al &0l AFE3l3lS wle oAl
7} JepA] ¢ko} 0,79 NO9| 242 T2 AlWA Al
szof| 2Hg-skel o elet F=H thFig. 2).

TEMPOL-> SOD FAFEAZE 0,"5 H)0,2 A7t}
[36]. TEMPOLS A2 g-ole] Z3A|A BhAeks 7%
SHS wi= SNPell oSk HESoll= YIS FH stk
12 0,70l Q)8 RS 2o oA E ] o HES0]
A= o] VERTE S, 0,700 9@l ZR\EE] 2= o]0
A= FHEY] =7 gt o] WASte] o] He] H)0,F
shole we] RS- fAFSE 23], o= 0,72 ¥t
7| HtH= 0,7elA A g Hy0,9) &JJr%_‘ 7Fs e wiA S
? AUTE 0= A o|FTS Tk W Fd

= 7HA AL Qla37], dsks 7HAAl S PRI Hy0,
2 WHE dismutatione H.0]7] wiiZoll[38] AlEZU] Als A
AR Agehs A ol oA gtk a8y HE
0,7} CI' T25 FHste] AXUFZ w27 o]Fs}o]
o];i}x%o A]i;ﬂdi};ﬂoﬂ iLoﬂsto] J}_I_J"_IQO][26’39], 0,
o] k= AR MEel 2SS 0,2 A ghE o
28k 7 7 ThsAS BT aEslof st

PBNS EGAZ] Al go& ARg-slo] X/X02k SNP
o oJgt REg-& oJAISHA] Xgt A kFig. 2) e AlA
St thapsigargine F7FsE A|328] §-Hof|A] X/XO 2} SNP
of ot vhg-o] oAlH A¥=(Fig. 3) 0,"9F NO&] 2]
—zri }\]%iﬁoﬂ ZL.Q.?‘;L_O_ 94 ]t‘s]—r;} ;‘d/\ o}ﬂ;ﬂ Aﬂioﬂ
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