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Figure 1. CCK-induced amylase release in rat pancreatic acinar
cells.

Figure 2. Effect of H202 on CCK-induced amylase release in

rat pancreatic acinar cells.

Figure 3. Effect of ROS scavengers on CCK-induced amylase
release in rat pancreatic acinar cells.

Figure 4. Effect of various ROS scavengers on optical density.

Figure 5. Effect of H202 on intracellular calcium concentration

in rat pancreatic acinar cells.

Figure 6. Effect of Hs02 on CCK-induced [Ca®*'1; oscillations in
rat pancreatic acinar cells.

Figure 7. Effect of Hy0s on CCK-induced [Ca®"]; increases in
rat pancreatic acinar cells.

Figure 8. Effect of NAC on CCK-induced [Ca®"]; oscillations in
rat pancreatic acinar cells.



894 A% AALNA H0p7h bR eiAl
pulapgel WAL g

XAt A%F (reactive oxygen species)< AAW Al Fo BAEHE= FA4E

i

=2A B AAE YA g2 A o] wdol glow FAlol AlE
of Al &5 mifskes oA B AR gEE ZpA AL vk Ty &t

2Fe] ol&En] AAFolA e At o] ajis B2 A7t ol FolA
A gsktr agER 2 A e dAF A AAFEAA S AEFT H0.7F
CCK (cholecystokinin)oll o]k opebA]l frelol mx= FaFd 2 7]dE dotr
ALz skt

AZE= 8AFA] #FelA collagen digestion IS Fall Ao opdebAl
gl s 7IEAR o] &3to] Bernfeld® ol wel A WA A4 A
AZE CCKE A=sato] opbdelA] fed Wk s=-vksg 48 78 30 uM
HoO02& 7 Agfste] CCKell thgh whg-3} Hlulsqith. 30 uM HpO22 37 A2
39S W AsEe CCK (£10 pM CCK)AME ofdetAl #alEs dxlA7|a
100 pM o] &=¢ CCKelAM = otdeAl #2& AAsadn. A dA=x7}
CCKoll ¢ofsf &Aste v &daaFo] AAdEo] ofdetal Feod d3dFS vA=
A= #olsly] 9ate] A FUY FAAALES glofi= FAEA¢]l MnTBAPE A2
3kltk. 10 uM MnTBAPE A9 CCKell i avhi= 719 glisley as=
°] CCKeoll ofgt opdetA] frgl= CCKE v AHPs wo vhErv F71sksl
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H:029] @& o2 CCKol &3t opetAl #& Wt A=
oF #edol UeA dotny] 9ste] T kol RAsHA wheels dF=HEQ
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2 faelAE @kAR A we CCK7F IP; 9FA4 24 ALLZRE 24
oscillationss 23 wf 30 uM H:027} IPs o) &EA ZraA7dardd 283t 24
oscillations® F7MA1713 ofdetA|l & XA Ao AZErh 18y 1
F&29 CCKolA 30 uM Hy0.7F obdetAl #2l & Azl 282 Al ofd
ZHAl frelel HAE dule A4 FS nAE oR AztHEr. o o & 4

AAEE E 0 H0p, AT (ROS), AFSHAl, CCK, obdutAl, Z4
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g4k (reactive oxygen species, ROS) A U] tiAtzbg o] FAiks
2 AA =M superoxide radical anion, singlet oxygen, hydrogen peroxide
(H202), hydroxyl radical®} hypochlorous acid & ©°] 43t} (Kourie, 1998). &
g g4 24F-2 NADPH oxidase, xanthine oxidase 53 &2 543 a4
Lo o= At (Droge, 2002). 15 EAALFS F2 45, WY
A, ABMAE 59 B MEAAM MESLS ob7|stal vhket dghe] Ay
of #ofdts 4w A el Holgkvk (Hussain &, 1994). A&
Zhgol AEZ Wl &N LFY Skl oa] o] FolAaL, AFEo] FPMALTE
A7FsiAY s E fllS Wl AIEIAPE doju, B2 FAkskAG
N-acetyl-L-cysteine (NAC)¥} 22 free-radical scavenger®] *2]= TNF-q,
Al 18] AL irradiation Foll oalA e = AlZAANE =AY AFAI
e ATES FaA ATl AEILAL #Eo] drhe Aol Hal b
o]A gttt

gy 2ol & aFol A AR 28-S wivlehs ol A R A
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2 T3t AL &A3LE neutrophilse] Hre|gofo] Wk Wlojr|Ho w2 &
g e ol &t BaE FelA itk (Babior, 1978). 1 § @< A&
Ea FAAAFS] A o] non-phagocytic Al¥E|A  epidermal growth
factor (EGF) &3] (Bae 5, 1997), fibroblast growth factor (FGF) &4
(Lo and Cruz, 1995) & A&A x84 [RTKs (receptor tyrosine kinases)]
& €% AE N5 3714 (signaling cascades)®] &4 st= o] Folgo] Wt
&%tk 71 €] tumor necrosis factor (Lo and Cruz, 1995), y-interferon (Tiku
5, 1990)3 22 cytokine?} interleukin (Meier &, 1989)¢] X4t AF 2]
CEAR dHAT AX U NS} FoA BAAATLS extracellular
signal-regulated kinase (ERK)E H|Z%3}%] nuclear factor kB (NF-kB),
protein kinase C ol #ojst= Aoz delx e, 1 FlAE A B
© T AEAM 7HE del AREHI e ASAS ZEAsAE 4443t
A7l Ae® Bal HJv (Sauer 5, 2001).

Az 2 Az =4, &3t A% # okdel 259 5, ZHAAE
2HEHY #H|, 7193 wlE, dolrh AE aAbe] o] 27| 74A] vhekek M2V s
S zAste olxA#E A oltt (Berridge %, 1998). #74 2 el N A A Z
UM EE SAES AstaAolA fluid R A3tEAE st

o] oy AAH Al &S skl oldd FH] FAAE AE

A vk F, A AAEAAA ofdeA & EF
shal A= P HE exocytosis HA o] ZgolEAoln B HAA LM =
fluid ®H]9] 23 A o] HE CI T2 /el Zg &Aoot 9
HHA LA AZH Zases S7R7Is 713 F2 AlZY Py 784
F4ste T AXW ZE AFuEREY 2t %

ol
1
Aom deix Sl=dl, IP; F&AE 3 Ze Fds 69 dE FE84

i

= receptor tyrosine kinase A= 2. % phospholipase CB ¥3+= phospholipase

Cy7F &43l5o] Ax" A &<l phosphatidyl inositol 4,5-bisphosphate



(PIP2) = 5-E] P37} B8 0 =M o] FoXit}

H7g A M3 (pancreatic acinar cells)© H] S Q1 90 AAEZA
ZHog s A HAHEY (apical domain)® 714 H$] (basolateral
domain)E& z¥il Q. 3k thkel a4xE At At Aol Al 2l

AES WH[SHE EH[AMEolth A3t §4
(zymogen granule)e|2} A= ol A o] glow o

ool A de. A AAEs AW ZEs ST
=

o)
3 At} (Tsunoda %5, 1990). CCK
of o] G AAE] g3t U E1A| (secretagogues)ol] et &A=
R G-a9 ) dA Y] = oA o, B, v Al /19 subunito® A H o
ATt L F a subunitE & UA] U] /1Y family® YA A Ha=d Gy, G, Gio
a3l GiZb Aotk (Morris and Malbon, 1999). ZHoll 93 4stash ¥
Hlol #ojsts G-l Goawlolgl deAar A FHZolle GElE 4
ol wet o] Aol FHojst= Ao Wi Hi 9tk (Williams 5, 200D).
CCKell o8 A4 Pz ZHATud &

a2 2ol AXANE frelfh 2EAE 22 ALY /AR Y

H Ao #he

i

2]
Fol ZHEEE &8Iy phospholipase C& 27/ 3ta}o]
P25 A=A AlxW ZEs S/t Bark )l o]2fjh Hale]
S GAANAT s FUHE AlEW Zgo] AEEAES YERAY Al
A9k (Okabe &, 1989; Maki &, 1992; Bielefeldt &,
1997), A @45 AaTo] F8A st o3 Az ZeSrtE wist

I A Foll 4 histamine T&A A== NADPH
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oxidase’} A48ty o] A ATS WAL o|FA AAHE SHMNAT e
Q] Fol A H7F3F Ho0.7F 2 oscillationS fdtths izl ok (Hu 5,
1998; 2000; 2002). o]eidt g4 ZAE S aFo]l alu)A| el Az
2 w9l BHEANSAE GAETE HAFTE Fo3% Wolgta & F 9o
ol 7k BRI A E o] Qe EatAhFel AEHoR ou] Q= A
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oscillations T Hiales A9 glom w3k dAdaAaFo] 2HEete &



I. As 2 Oy

A5 ES 200-300 g Sprague-Dawley Al 73 FHAE FYsto] T 23
wote] Aol AR&ak3ltt.

Cholecystokinin (CCK), collagenase (type IV), soybean trypsin inhibitor
(SBTI), N-[2-hydroxyethyl |piperazine-N" —-[2-ethanesulfonic acid] (HEPES),
D-glucose, N-acetyl-cysteine (NAC), glutathione (GSH) %<& Sigma (St. Louis,
MO, USA)A FU43E T} Bovine serum albumin (BSA)¥ pyruvic acids
Amresco (Solon, OH, USA)°lA, Mn(IDtetrakis(4-Benzoic acid)porphyrin
Chloride [MnTBAP]+= Calbiochem (San Diego, CA, USA)A, 82
Fura—-2/AM+= Molecular Probes (Eugene, OR, USA)ol A T <18} t}.

7k #F AAE &

T AHE diethyl ether® vHAIA F5F 2= YA F FA A=
Az, A4S AASe] BSA7F £3+€ HEPES-buffered saline &9 (140 mM
NaCl, 5 mM KCl, 1 mM MgCls, 1 mM CaCls, 11.1 mM D-glucose, 10 mM
HEPES, 0.1 % BSA, 0.1 % pyruvic acid, 0.015 % SBTI, pH 7.4)°] 911 7}9 =
Holgk ZA @it} o] A& 37 T 75 U/ml collagenase”} X5HE §<Ho] Eof
RN Al ¥ F 1083 AlAl E5EHA AlxE FEAZ T Collagenases
AAsE7] $1ell BSAZF
mesh® AelFo] 2 245 AT, A 22 §Ro=m 23] HojE F o

A ALES 5 mie] Fohol gol AFo] ol $T WA Agel FoFUh

rr

X35 HEPES-buffered saline £ 02 2 ol& 3 nylon



. ofdeEA f8 53

ottt Al fel AAS A A AME Ee v Al A e s Ax
S el gl BSARE Wl gefow Yot} 7h7be] silicon AE]l€l vialol 1
ml® H1 ZF FEAE st 37 °CollA] 60 3]/ESE shaking waterbathol A
WS AT FAESAIE o] &3 ARl A= LS AE 30 Ft mlE] Al A

Aegt Alxs o]&edtt. whgo] 2 § dAFS dof dAdEd (500 x g, 2

SAcl ol &ttt AEFTLE Eel8 Aol BSARE Wl &S Yol &3 F47]

2 3 ste] Ao o] &3kt obd A= Bernfeld (1955)¢] Wel] wha} A&

Fe T oobTAl el WF WMEER FASAL Y E2FEA §dow feE of

= [(A-B)/(A+C)] *x 100
A AFRE F AFAN obuetAl ¥, BE /2% F A5 o

Al &, 2Elal Ce ASHY F AE e obdabAl s omgith

o AEW ZeE v 5%

Za 5% wste ®zeA wgashe JFEAR] fura-2& Al 52471
7] $138ke] fura-2/AME HFE %71 2 pMo] H &5 AXE7F JE BSAE X3
HEPES-buffered saline & o Wi 22 4
Gtk Fura-29] Al W 40| 2ud fleof 22 &R0z AEE Ao 1 mle
gollo] Wi Adof] Al u7lx] Lo A3t Al EE perfusion chamber
W glass coverslip $1ol 28532 AX7F 24 wj7pA] oF 2-3% 7|g&H & A
7} coverslipoll 25 spectrofluorometer (PTI, NJ, USA)$} G125 A& n)
7 (Nikon, Japan) ¢o] AA7]22 £9 2 mle] S22 £d8 SHFUL}. AXE



W ZE X Wk AFEHe A4dE CCD 7hHlers o] &8t d&4o= 7]
EZ39G 0 AT ZE 52 =437 93+ excitation wave lengths 340 nm
¢} 380 nmE 183 emission wavelengths 510 nm7}F H %= 3+ T Fiao/Fsso
°of Hle Uad 2 F4s ol&dte] Ax Ul Ze sR= ket
(Grynkiewicz, 1985).

[Ca” ]i = Kq [(R=Ruin)/(Rmax—R)] Fo/Fs

R AlxoX S48 98 A= H&o]
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HAAR EA4T o F 37F9 vEoly K= dFEdy =Hole AgA afzit
T2 fura-2v Zgol d& 224 nM9] #S zt=th Foe Z40] 912 W, Fee Z
%ol ¥35YS u 380 nmoll Ao FAAEE o u st}
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1. #7F AAEANA opZ A FElol thE Ha029 9F

A AAEAA CCKe sty 2o w opdelA ZHlE AS3tiar o
A oAk 4 2 A A HA AHAEE 1 pMEEH 10 nM7HA] o8 FE9
CCK= Ar=etsls wo] opdebAl frelol gk 93 st CCKE Ad
A 2 dxzwoll A= Aol E3HEo = AAl obdeAl el st 5 %
€ FAE 7 A¥ 1 pMF
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E] 100 pM7HA] opbHebAl
A FElE HARA7IE AHE AT (Fig. 1. ]9 22 CCKe oAl f¢
a7 AT oF) oW JFES WA FAsty] flEte] 30 uM H:0:5
CCKe} Al A efate] 919 Aol vjasigivt (Fig. 2). Fig. 2014 Hi= nie} 2
o] 10 pM CCKell 98t obdeba] fralx 30 uM Ho0.0 ol&] s e s B
AAIEE 100 pM o]7d9] CCK A=ellAe] mate 238 ojAlshs o= vely:
o olg g Avbs G FTl AEAR] T (AFE)e CCKel o3 opdehA]
Frele FRA7Ia s CCKell oek opdehal fels AAFES ovgt

2. A% AAZAA CCKl 9@ obhetAl fedl d@
oA 3F

ST o] CCKoll o3t opdeba] frelol 93-S vA== CCK= A% A
AE7E st o SR Te] A oAl felE FXATNAY Al
sk 7lsAdo] dtt o] Felsty] fste] sAFEAIel 1 mM N-acetyl-cysteine
(NAC)®} 10 pM MnTBAPE A 3te] CCKel 9g opbtebA] {7t oAl Ex
S7FE A GolR gtk FAstAlE Fojxl Mo CCKeF 37 A elstz] del 30
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Fig 1. CCK-induced amylase release in rat pancreatic acinar cells.
CCK caused amylase release dose-dependently at concentrations lower than
100 pM. Higher concentrations of CCK than 100 pM induced an inhibition of
amylase release in rat pancreatic acinar cells (n = 5).
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—&— CCK +30 uM H,0,
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Fig 2. Effect of H202 on CCK-induced amylase release in rat pancreatic
acinar cells.

CCK (10 pM)-induced amylase release was enhanced by the addition of 30 pM
H2O2 but higher concentration of CCK (=100 pM)-induced amylase release was
inhibited by 30 uM Hz0. (n = 5).
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—e— CCK only

30~ —&A— CCK + 10 mM NAC
@
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Fig 3. Effect of ROS scavengers on CCK-induced amylase release in rat

pancreatic acinar cells.

ROS scavengers such as n-acetyl

cysteine (NAC) and MnTBAP exerted

different effect on CCK-induced amylase release in rat pancreatic acinar cells

(n = 5, each).
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e AARE 3 & AFEEFSITE Fig. 304 B nkel o] NACE CCK$f
A A gPs W CCKell o3 ofdepAl #el& A #HAaA7I= A3E IATh
Z12iy MnTBAPS] Z9-¢lli= 100 pM o]49] % CCKel g ofdebAl #¢
FAAN7 = AHRE B F drksAlE CCKeoll 9k ofdghA] frelddl dAlsh
A ge AdE eI

Aol ARggh AkstA| 7 CCKel ofdebA] el ol mx&= o] o=
of wet tt2A Yeurag AEsA7E obdelAl 54 AAel A FFS w3
7heAol Qo] ol& &Rlakaitt. Zhzhel Alg o] ofdetAl 1 units Wi 1 mM
NAC, 10 uM MnTBAP, 100 uM rebamipide®} 1 mM glutathione (GSH) 59 3t
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3 1 mM GSH7F H7Fe A -ell= obdetAle] & 8838 vetd + glas &
Akt =3 rebamipide™ FFE 5AS (M @Rot G HAME
CCK &Aool zr&3ste] Z4 oscillations&
ol Abget7lol A dskA] okrh. wEbd 2 Aol opekAl SAHE SIS At
&3t7] Ade FAkskAl= MnTBAPeIIth  Fig. 3¢lA 4 AdfelA ®wW
MnTBAP7} #5592 CCKell olgk oldetA]l frejols Ao dFS vAA &9
ot aFE=e] CCKoll &3 opdebAl #2= CCKRE AHEdls W Bo S7hshe
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3. H:0z7F AIX W Ze W3 vA= dF

A AAEAA ZHAAELS AW S7HE 2ol ofsiM FrREvhal A
ATk webA Ho025 Aeldto] opdebA] ZHle] g&s 2 23 (Fig. 2)oA A&
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Con NAC MnTBAP rebamipide = GSH

Fig 4. Effect of various ROS scavengers on optical density.

Some ROS scavengers such as n—acetyl-cysteine (NAC) and glutathione
(GSH) significantly lowered the optical densities measured using 1 unit
amylase (n = 5).
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g AAEA
uM CCK)ollA = o A
o3k oAl FEE HAa

g FHAsFe

G442 (30 uM Hz09)ell ¢Jske] Asxe CCK (10-30
427} Z7beta aEEe] CCK (=100 pM CCK)l
A7l Ay (Fig. 2)2 EZ CCKell 93k

P FsAn. Fig. 6914 K=
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Fig 5. Effect of H202 on intracellular calcium concentration in rat pancreatic
acinar cells.

Hs0s increased [Ca®"]; at concentrations higher than 100 pM (n = 4, upper
panel). Lower panel shows the dose-response curve for H20Oo in rat

pancreatic acinar cells.
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AFE CCKel 93 Alxu ZH4el Z7ldE 30 p
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I

Lo CCKell 93l A2zl Z%F oscillations7} 2 A3 A 7} o 3F
= WA =A Gotr7] et AEYW ZHsEE fura-25 o]&ste] S5
# AAE 10 pM CCKE A3t AEW Z4F oscillationsE A7) o]
g 1 mM NACE X7}ttt Fig. 8el4 X vlel o] 10 pM CCKell 9]l
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Fig 6. Effect of Hs0; on CCK-induced [Ca®']; oscillations in rat pancreatic
acinar cells.

The frequency and amplitude of Ca®" oscillations caused by 20 pM CCK was
increased by 30 pM H2O2 in rat pancreatic acinar cells. The result is a
representative of four independent experiments.
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Fig 7. Effect of Hy02 on CCK-induced [Ca?']; increases in rat pancreatic
acinar cells.
High concentration (2 nM) of CCK induced a rapid increase in Ca? followed
by a decrease to a sustained elevated level (upper panel). The amplitude of
Ca® increase caused by 2 nM CCK was not affected by the addition of 30
oM H2O2 or 1 mM NAC in rat pancreatic acinar cells (n = 5, lower panel).
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Fig 8. Effect of NAC on CCK-induced [Ca*']; oscillations in rat pancreatic
acinar cells.

The frequency and amplitude of Ca?" oscillations caused by 10 pM CCK was
not affected by 1 mM NAC in rat pancreatic acinar cells. The result is a
representative of four independent experiments.
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Abstract
Effect of H.O> on amylase secretion

in rat pancreatic acinar cells

Jin Hak Rhie

Department of Dentistry, The Graduate school,

Yonsei University

(Directed by Professor, Jeong Taeg Seo)

Reactive oxygen species (ROS) are known to be involved in the
mediation of physiological functions in a variety of cell types.
However, little has been known about the physiological role of ROS in
exocrine cells. Therefore, in the present study, the effect of ROS on
cholecystokinin (CCK)-evoked amylase release was investigated in rat
pancreatic acinar cells. Cells were obtained from rat pancreas and
amylase release from the cells was measured using a modification of
methods described by Bernfeld. Stimulation of the acinar cells with CCK
induced biphasic increase in amylase release. Addition of 30 uM HyO2
enhanced amylase release caused by 10 pM CCK, but inhibited the amylase
release induced by CCK at concentrations higher than 100 pM. An ROS
scavenger, 10 uM MnTBAP, increased amylase release caused by CCK at
concentrations higher than 100 pM, although lower concentrations of

CCK-induced amylase release was not affected by 10 uM MnTBAP. To examine
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whether the effect of ROS on CCK-induced amylase release was due to the
modulation of intracellular Ca*" signaling, we measured the changes in
intracellular Ca®" concentration ([Ca®"1) in fura-2 loaded acinar cells.
Addition of 30 uM H:0 increased the frequency and amplitude of [Ca™ |,
oscillations caused by 20 pM CCK, but had little effect on 2 nM
CCK-induced increase in [Ca®" ], ROS scavenger, 1 mM N-acetyl-cysteine,
did not affect [Ca®"]; changes induced by 20 pM or 2 nM CCK.
Therefore, it was concluded that, although 30 uM H2O» did not induce
[Ca* ], oscillations, it increased the low concentrations of CCK-induced
[Ca®" ]; oscillations and amylase release. However, the inhibitory effect
of ROS on high concentrations of CCK-induced amylase release did not

appear to be mediated by inhibition of Ca®' signaling.

Key Words : H»0,, ROS, Antioxidant, CCK, amylase, [Ca®"1; oscillations,

pancreatic acinar cells
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