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Abstract
Background: Oxidative stress is important in both diabetic complications and the development and the
progression of type 2 diabetes via the effects on the pancreatic f-cells. EGCG (epigallocatechin galleate), a
major constituent of green tea, has been known to have beneficial effects on various diseases through the
mechanisms of antioxidant and cell signaling modulation. But, very small numbers of studies were published
about the direct effects of EGCG on the pancreatic § cell lines. We performed this study to see the protective
effect of EGCG on pancreatic § cell line under H»O; and the mechanisms of this phenomenon.

Methods: We used INS-1 cells and hydrogen peroxide as an oxidative stressor. Their viabilities were verified
by MTT assay and FACS. The activity of glutathione peroxidase was assessed by total glutathione
quantification kit. Western blot and semi-quantitative RT-PCR for the catalase, SOD (superoxide dismutase),
PI3K and Akt were performed. Functional status of INS-1 cells was tested by GSIS (glucose stimulated
insulin secretion).

Results: The biological effects of EGCG were different according to its concentrations. 10 pM EGCG
effectively protected hydrogen peroxide induced damage in INS-1 cells. The expression and the activity of
SOD, catalase and the glutathione peroxidase were significantly increased by EGCG. EGCG significantly
increased PIBK and Akt activity and its effect was inhibited partially by wortmannin. GSIS was well
preserved by EGCG.

Conclusion: EGCG in low concentration effectively protected INS-1 cells from the oxidative stress through
the activation of both antioxidant systems and anti-apoptosis signaling. Further studies will be necessary for
the more detailed mechanisms and the clinical implications. (KOREAN DIABETES J 32:121~130, 2008)

Key Words: Antiapoptosis, Antioxidant, EGCG, INS cell, Oxidative stress

Ak 2008H 38 62, SR 2008E 4 162, MAMK}: SpES, OIMCstm o|nirist Lintstmal
* 2 YTE 20064 CHEHEHSES] H4TH|(H[135] HIOIY HATHDX|RSZE O|FOAUZ.

121



KOREAN DIABETES J 32:121~130, 2008

MOE
F 2 d ATE Al el Rk ohel AR

ol = wERES] d3e] Ho| 7z a ek, A
o] ¥ Foll= HERZEE 25342 ST T e Ao
2 4HA el AR el Adgelle ARk
(apoptosis) 2] AE7t 271e A A3 AR AA Qo]
Aoz webA| 2] ko] A3 FolEar o] & el id
3] A5} ofshevka oA gich

ojE] 7HA] A=Ee] wlelAlEe] 2kedHapoptosis) & 3
sz Ao dEiA] g, I FollA] tiEHY Aol
Hddo]] 28t D=4l (glucotoxicity), ARl &g XA =A]
(lipotoxicity), ¥4 AkA7|(reactive oxygen species, ROS)
59| Skl ofdt AshEalz Folep). o] F AskaEd]
2k el E5E Yol TAAY due she
Aoz 4 el gelert Aol 34, A0 5
o] ofe) 714 A5 uAe SAlEA AHTeE v
A Ape] AEA A Hapoptosis) & FAIAIE el &
23 g B ow wuslo] slek WIEHES A3
sl ok HoRE AEZ el P, 2 ol52)
sh12 WIEAIESIR: 218 2Hgel ol 34 il
Ao oz wwslol b,

=2olA] FE5 o] 71K EAE ZollA epigallocatechin
gallate (EGCG)= 7P Z3E A= 285 7M1 e
2 dezla, o Ago] ofy] 7] AgkellA FHEle] st
o gl Aoz ofE] FRHel o 4P, Ad
A, F3= A7A] He] olE] 71A] B84 (degenerative)
ARE ol x ] AT AvbEo]| Harslo] Qirk WimHol]
o= FERQIEAA =XE Hol AFlshe AT
Fiae] whae] Ak HE Bal I, 3 71x]
5 RS ERIAE TTHIZIR Eie A
71 5l Hasle] Q. dkHos ke
EGCG7} HAIES] AEAfd S FA8 A g e
LS I P L R kB e e R IS R ek S B A
5 52l 23t AlEAAAE WAl ZloE Hay]
o] e, oleigt AkE AL EGCGT}F AIE F5e)
3 kol whet Aukie] A=) AdE vERiY] uiliE
Ql Zlew AZtwx gk

EGCGE S 7 Sleial ulepnl Cuivh 3kt st
7} 100} Ekar A Qe 2ol A9 ol
7HA AESH G s or A SHekAlEA

o] It olyeE} EGCGSF T2 o] 714 tiiEE0]

122

A HellA A% A AlAll] Pofelar a28t ASS
Ao gx tlokl aahs Bolvha o] e,

AR HERA|EALA AHapoptosis) @] F23F A F
sl ASlAEy| A2 HE] EGCG7F INS-1 A|EE B
& 7 JEAE doliar, 1 7|Hel] tislA =Aslaz) 5
SrA=d

ki

1. M|3EHHQE

INS-1 A|Z(passage 30~40)= 10% -F-eflo} &4, 11 mM
FXY 24 mM NaHCO;, 10 mM HEPES, 50 1M
2-mercaptoethanol®] ¥3HEl RPMI 1640 (Sigma, MO) i
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RPMI 16401]A]el] EGCG (Sigma, MO) 10 iMS ¥+
sl vkt 355 Y3 2447} pre-incubationg ¢+ thS-
ISR A 4(Sigma, MO) 80 uME 547 HESA|ZTh
PI3K Al&ljA]] wortmannin (Cell signaling, MA) A& A]
o= H0.A 2] 3k A7 Aol Rhg-AlZick

3. MTTH

Ao AEES dokT] A MTT (Amresco, OH)

He Al BE Whgo] Svbd wiAE wEla ¢

o} o] Egk=]A] k2 ullz] 90 pLell 5 mg/mL MTT 10
ILE 93 2A17F vESAIZek hA] viAlE #= F DMSO
100 PLE 3L AlelANA 1~287F 412 ¥ 570 nmellA]
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4. FACSort

Apoptosis marker$] Annexin V (BD bioscience, CA)$}
Propidium Iodide (BD bioscience, CA)S 344t
cytometry & o]-&3to] 1L slgick whgo] Byt AlEE
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< 2|3 Annexin V 3 UL} PI 10 pL& 1587F ¥HSA171
& FACS buffer (1% FBS, 0.1% NaN;) 300 pLE Y3
flow cytometryoll Z&] ¥l 5 EAs1c)
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mM NaHCO;, 20 mM HEPES, pH 7.4), 25 mM XE%0]
¥3F%] Krebs-Ringer BufferE 72 Y3 1X]7F o}A] nljek
3k & iR E e-tubeel] F71 thE 4TollA] 12,000 rppmoE
057 A Eelslo] AS5anks Eelslgirk. Rat/mouse
Insulin ELISA kit (Linco Research, MO)E ARgslo] Ql&
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1. MSIAERASIHIM EGCGEl INS-1 M ME
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Ale] =iellA] ARFEE INS-1 AlFellA] 50% HES]
AL 582 opleks 242 K0, FE} HeAke 47t
80 1M, 5A17HE Ak Erlme] 27102 Ak, EGCG
E5E0, 5, 10, 50,100 IME 31$3-S- u] EGCG 10 pMell4]

Table 1. List of primers used for RT-PCR in this study

Primer

Sequence (5’—3°)

PI3K forward
PI3K reverse
Akt forward

Akt reverse
Caspase3 forward
Caspase3 reverse
Catalase forward
Catalase reverse
Mn-SOD forward
Mn-SOD reverse

TGAAGAAGCTCATTAGGTCGC
AGGACTCATTCCGGTAGTGG
TGTTCGAGCTCATCCTAATGGA
CTCATACACATCTTGCCACACG
ACCGATGTCGATGCAGCTAA
GGTGCGGTAGAGTAAGCATA
GTGAGAACATTGCCAACCAC
CTCGGGAAATGTCATCAAAAG
GACCTGCCTTACGACTATGG
GACCTTGCTCCTTATTGAAG
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Fig. 1. The cell viability assessed by MTT assay (A) and FACS (B). Cell viability against H-O, (80 uM) induced toxicity
in INS-1 cells was different on the concentration of EGCG. In the histogram, the results obtained from four independent
experiments are reported as means * S.D. (A). FACS analysis after double staining with annexin V/propidium iodide
(FL1:AnnexinV, FL2:PI). Dot plots from a representative FACS experiment are shown (B).
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Fig. 2. EGCG changes antioxidant enzymes expression. Total RNA was isolated from INS-1 cells incubated for 24 h
without (control; C) or with hydrogen peroxide (H»O») and in the presence of EGCG (E). (A) Expression of MnSOD,
catalase, and endogenous control GAPDH was evaluated by RT-PCR. A representative experiment of three is shown. (B)
MnSOD and Catalase expression evaluated by western blot analysis. A representative experiment of three is shown. (C)

Densitometric analyses of western blot are reported as means + S.D. of the three different experiments. (D) GPx activity
was evaluated by Glutathione peroxidase assay kit.
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+© EGCGE HolF A3volA TARLE ou] A 7}
=931, western blotoll % L xhiE o] oFo] FoslA|
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EGCG A el PI3K mRNA7} S-2JslA] Z71=]9le
™, western blotoll4%= EGCG7} #Ad3}%l PI3K activity S
AxIsA S7HAIFCHP < 0.05) (Fig. 3). ASk=Edlx sf
oAl EGCG+ Akt mRNAE AR ou] QA Z7HA]
Zom psSa73 Akt TPHASE EGCGTA] §oJskAl Z7}
E|YJeHP < 0.05) (Fig. 3). GSK3-f mRNAS} g o] ok
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mRNA-Z H,0,5F A28t 3k & Xo]7} g9l 21} western
blotollA= caspase 3 TS| o] EGCGTolA A
o7 fofslA | 7ZHA=9dekP < 0.05) (Fig. 3).
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Fig. 3. EGCG modulated cell signalings related to the apoptosis. Total RNA was isolated from INS-1 cells incubated for
24 h without (control; C) or with hydrogen peroxide (H.O) and in the presence of EGCG (E). (A) Expression of PI3K,
Akt, total caspase 3, and endogenous control beta-actin was evaluated by RT-PCR. A representative experiment of three
is shown. (B) Phosphorylation of PI3K and Akt and total caspase 3 were evaluated by western blot analysis. A
representative experiment of three is shown. (C) Densitometric analyses of western blot are reported as means + S.D. of

the three different experiments
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Fig. 4. The cell viability assessed by FACS after treatment of PI3K inhibitor. Cell viability against H-O, (80 uM) induced
toxicity in INS-1 cells was increased with 10 pM of EGCG (E) and partially decreased with PI3K inhibiotor (E+W).
FACS analysis after double staining with annexin V/propidium iodide(FL1:AnnexinV, FL2:PI). Dot plots from a

representative FACS experiment are shown (A). In the histogram, the results obtained from three independent experiments

are reported as means + S.D. (B).
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5. EGCGel =g X=0| ofst Ql=ElRH| 37} &1}

EIr 55 TVHIA Qlaslin|e] wiks FAsS
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A& ENe] Syt 2wl A= F7M=Eck 5 mMIt 25
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SN A RAEYR e wEE SV
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28 = AACKP < 0.05) (Fig. 5).
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Fig. 5. Insulin secretion from INS-lcells in response to
glucose (5 and 25 mM) concentration after a 24-h incubation
with control medium (control), medium containing H>O»
with EGCG (E) and without EGCG. Data are means *
S.D. of three separate experiments.
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