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Inhibition of Gap Junctional Intercellular Communication
in Rat Liver Epithelial Cells Induced by BHT and Propyl Gallate
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Abstract This study was conducted to analyze the cytotoxic effects of butylated hydroxytoluene (BHT) and propyl
gallate (PG) in WB-F344 rat liver epithelial cells. Here we measured the inhibition level of gap junctional intercellular
communication (GJIC) and elucidated the relationships between GJIC and mitogen-activated protein kinases (MAPKSs) such
as ERK, INK, and p38. The cytotoxicities of BHT and PG appeared at concentrations of 1.0mM and 0.25 mM,
respectively, in the WB-F344 cells; and GJIC inhibition, which was analyzed by a scrape-loading/dye transfer assay and
Western blotting analysis, appeared at 0.6 mM for BHT and 0.1 mM for PG respectively. Also, the phosphorylations of
Cx43, ERK, JNK, and p38 increased in dose-dependent manners. This suggests that BHT and PG treatments inhibited
GIIC by the phosphorylation of MAPKs prior to cell damage.
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BF oS HFR ¥=EF kL ITH(1,5-6).

A7) AdSRAE e AEE7EEY YA "ok 5
2 2% A FAE ¢ v 75U JL4HHAEF
(acceptable daily intake, ADDE A 317] 93l FEL )&%
AR ] B8] 2 T =Hol k7). 2 in vivo assay
o] Ae AdFE AlgA FutEls HE 2 &3 24, §
EAE A3 o] 5o EAEC] Aride] g7l HEe) olg
AT & Y= WS vlEo] AR FY=E =Y F 3
= WAAEH] o] 87FHI Ut

Gap junction AEutl EAlsl= HE7F E2 A9 22 <l
s F AZ7 554 Fik(passive diffiusion)l] &3t &7
olFAl7IEE v|wH H|Eo|Folz} & 4= It} Gap junction
e AE) wFE AES} HEAL)Y P 2E 2 F
3t qT¢ stu, AZY A% il =dJA=E 83
Aoz dEA Jrk8-9). ZHEE gap junctiondl] &) F4E
7 GAES o] BIANH] HE F T o] LAYt
TH10-11). Gap junctione 67012 subunits® FAH 729
connexon® . o]Fo]x] glom o|E A3l connexin®] gap
junction®] FQ FA AR AT gap junctional intercellular
communication(GJIC)2] 22 connexin®] down regulation®] €]
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oF 37] Za B Cxa3e] <islel HEEA 53], FYERAA
o 9% 48}y AEHXE ERK, INK, p3sT 7L AsAgs}
#Eg 99Ade ¥83= mitogen-activated protein kinases
(MAPKs)E 8433t A7l o 2js £R8TH20-22).

olefl & AFNAE in vino bicassayROE AN A X 7T
FJAEE olgste] A AF F APIAAE ALHT e
BHT# PG7F GIICH mIXE &3 2 22 2H8 7188 ARy}

Az R U

MIZ die¥

& Aol A3 A EFE= WB-F344 rat liver epithelial cell
24, Aetiste wARARRE AFLol ARSI ATE
D-medium(Gibco, New York, NY, USA)E AM-319 5% CO7t
FHEEE 37°CY] A=) (Sanyo, Osaka, JapanplA wWFsiIT.

Mz =M

AE=A 238 95t 1X10° celimLY $52 WBNZE
BFH] 2447 FF CO, %7 (Sanyo)l A ¥J%E 3 BHT
st PG7L Avbe WX E msTh A8 W7 F 4T B
et | o] B AlEY AELS MTT assaydl] oJsled =
AeATH23). 2+ well*] 0.1 mge] MTT(Sigma, St. Louis, MO,
USAYE 7liFa ThA] 37°CollA] 4A17F v kale] MTTE 314
A A48 formazang DMSOE o]-83l] €327 3 microplate
reader(Molecular devices, Sumnyvale, CA, USA)E ©]& 3}
540 nmol A8} §FEE SH3UT 2 AR AEZEHE Yz
2] AEE i ARE%)E YA

GJIC assay

BHTS} PG(Wako Ltd., Okayama, Japan)] WB-F344 cell®]
GIICY "IX= &8 £43817] 98l scrape loading/dye transfer
(SL/DT) #E4 A3t GIIC £4L 28k NS 1X10°
cell mLe] FEZ HF3le] 37°C2) CO, WjP7INA HE Ao
7F 8] {22 W7k wigsidt) A8 g F 0.05% lucifer
yellow CH(Sigma, St Louis, MO, USA)E H7}813Z, surgical-
steel-blade scraperZ ©]-8-31% 3709 scrape lineS THEUTH G

Aol A 387 e WA F 4% neutral formalin 2 mLE

A7rstd MEE IAHAIZ 2 inverted fluorescent micro-
scope(Olympus Ix71, Tokyo, Japan)©.= lucifer yellow”} scrape
line® 2HE F£HOE o]Fe ALE FASIAT.

Protein extraction and quantification

MEE 75 e’ petri dishol £33k 90~100% monolayersl] ©)
€ w7kA g &, 7 BRe FEEE GE viAE ZAske
6027t 5% CO, wig7IolN widsliint. dede 573 5| RIPA
bufferg ©]-83} cells ¥3)A)17, Bradford reagent(Bio-Rad Co.,
Richmond, CA, USA)E @@ e AT Cell Iysate
AR A7EA] 50 pL B3] -20°Co R#skch

Western blot analysis

Western blot analysisi= BHTS} PGS] xjg]oll wa} Cx43 & 2
39 kinase®] 2 JEIE FHog wiwaEr] s Ay
t}. Bradford assay= 78‘%*%1 @28 SDS polyacryloamide gel
9] 2z} welld 20 pgg loadingdtd H719%5-S HA AT 2709
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Fig. 1. Structures of (A) butylated hydroxy toluene and (B)
propyl gallate.

gel 29l 3= 0.25% Commassie blue stainings 3} T2
BEL AL, UHA & 79 gel& PVDF membrane(Mil-
lipore Corporation, Bedford, MA, USA)2. 2 transferd}$it}. o]
membrane2 blocking agentQl 5% skim milk7} TH{-E PBS-
T(phosphate buffered saline containing 0.1% Tween 20, Sigma)
2 1AI17F F9F blocking 3 ¥, PBS(Sigma, St Louis, MO,
USA)Z M35, monoclonal mouse anti-connexin 43 antibody
(Chemicon, Temecula, CA, USA)S cold chamberoll 4] overnight
stk thA] PBS-TE M4 ¥, horseradish peroxidase(HRP)-con-
jugated anti-rabbit secondary antibody(Zymed, San Francisco,
CA, USAYRIl 1A17 B A2l 9x8 F, ECL Western
blotting detection reagents(Amersham Biosciences, Buckingham-
shire, UK)Z 2H8A1A Fdel A bandS ER131%ITE MAP kinase
T ERK, p38, INK¢} o|9] 14tsl §el] pERK, pp38, pINKE
Ao s FAdshA 435k

84 2|

Ao FA B4 SAS program(24)S ©|-&-3}
drEZeXE Yeplgorn 7+ 29 feola 72X
2 3 T =005 =X Duncang] TR 23] A
shch

ELESE
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WB-F344 ZHMI|M|Z0ll Cist MZE =4

WB-F344 7F33]A| o] tiale] BHTS PG 540 fle &
TE AR A%t MITHEE ©)&3te] AX A8 94 gz
£ 2481 vHFig. 2). WB-F344 P49 A o] BHTE %] 8}d
AZEAR ANES AN A3, A g22E1E% = 10034 vl
3l BHT= 1.0mM oV H7FH-& o A AHo] 80% o)
= ABEAA, 40mM o) F7IEIE 9 40% o3k AX
A5E Btk WB celldl PGE A A|51] A|EEZAEE 44
gt A3, 075 mM ool A HE A8 §ovelstE A stE
30mMAME 50%8] AEAISS Kol BHTHTL W& FroA
Ax FAo] vehte AlZ vEhgth A A&o] 80%0)87+
o A Z40) 22 onie EuE 7K w(25), BHT
£ 1.0mM, PGE 075 mMollA AlxEAJo] Vet Zeg Az
L2pel=g
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Fig. 2. Cytotoxic effects of (A) butylated hydroxy toluene and (B)
propyl gallate on WB-F344 cell.

GJicol nlxlE &3t
BHTS} PGS} M 254 A% EWZ AE=Hel gle &
£ I8l GIce 84¢ F4sth qicel 344 flsky

SL/DTYE ¢)&3ld=d o] WS Wad ARwr) & 9y
oz EHoz MEd AL 718 &8 ARO|E YA

FE 71A

el BL wiso] AT Agolu 2R o
i 3 ol Al

2] ¢ HAEAL lu(:lfer yellow?} gap junctio
X3 Hold dN AEE J§7}6}3§E}(26)

BHT$} PGS GIIC Au]@AtelA SLDTS
E3] #8913 A= Fig 33+ 7;3&1, GJICOl 23 AEFES
2H A4 AdF= Fig 49 2 BHTE 04 mM7ERE GIIC
o] W37t z2E3 F932 AolE ®olx] ggtor} 0.6 mMH
HE GICY 9A] E37F Jeigd, PGY AHS+ 0.1 mMYE
GHCYl dAE FEE F AAUTHp<0.05).

BHTS} PGS GHC %A 3= AZE87] 93 connexin 3
WBAlZAA F2 Td3ls Cx439) Q4kel e 23
Cx43& 214t3l A=xo) wat po, PL, P29 Al 71 FEE et
=), PO Cx43 T do] <litslslA] gke-2, PI, P22 Z+

5 RG] FHIY S BAETH(17,25).

BHT9+ PGE Aol o2 Cx43 GAEe) ¥E 9 Qs
243 Ad, AP T2 IS 5 «I%ap_i PO7}
ZHEta 9lAkElE Plat p2e] WA o] FyiEle Ao
FgolEglon] E3] BHTS PG 25 500 pM olAtellA &4 317
A7t FrbElE AR UESTHFg. 5).

BHT9} PG| %%o) wlE Al¥U AsHEZ 29 Hils 3
#A317] 98, connexin®] FFZ W3l 9&S Fo] GICY A
o] 2dse ZALE B272949F Y MAPKsY ¢lAsl=
=389, o8] F2 biomarker2E ERK, p38, INK$} Z}+z}e]
its} Fejo] dmde 23

BHTol| tigk MAP kinased] 28 2 AHE A(Fig. 6),
ERK 7% <143} 3eiel pERKVF AR 9] BE7t 27188 wh
ol Zykste] EABIET, B3] 0.6 mMoIARE F35A 2
AYo] Sl A HEE £ UATHp <0.001)Fig. 6A). p38 9
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Fig. 3. Effects of butylated hydroxy toluene (BHT) and propyl gallate (PG) on the gap junctional intercellular communication (GJIC)
using by SL/DT assay. (A) Cells were treated with (a) control, (b) BHT 0.4 mM, (c) BHT 0.6 mM, (d) BHT 0.8 mM, (¢) BHT 1.0 mM. (B)
Cells were treated with (a) control, (b) PG 0.1 mM, (¢) PG 0.25 mM, (d) PG 0.5 mM, (e) PG 0.75 mM, and (f) PG 1.0 mM. Data were quantified

from 3 different scrape-loaded i images from different plates.
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Fig. 4. Comparison of communicated cell numbers in different
concentrations of butylated hydroxy toluene (BHT) and propyl
gallate (PG) on the gap junctional intercellular communication
(GJIC) using by SL/DT assay. (A) Cells were treated with (a)
control, (b) BHT 0.4 mM, and (c) BHT 0.6 mM, (d) BHT 0.8 mM, (e)
BHT 1.0 mM. (B) Cells were treated with (a) control, (b) PG 0.1 mM,
(©) PG 025mM, (d) PG 0.5mM, (¢) PG 0.75 mM, and (f) PG
1.0 mM. Data quantified from 3 different scrape-loaded images each
from different plates.
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Fig. 5. Changes of the phosphorylation levels of Cx43 by the
treatment of (A) hydroxy toluene (BHT) and (B) propyl gallate
(PG) using Western blot analysis. Total cellular protein extracts
were prepared and western blot analyses were performed with 20 pg
protein using specific antibody for Cx43.
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Fig. 6. Effects of butylated hydroxy toluene (BHT) on the
phosphorylation of ERK, p38s and JNK. Total cellular protein
extracts were prepared and Western blot analyses were performed
with 20 ug protein using specific antibody for (A) total ERK or
pERK, (B) total p38 or pp38 and (C) total INK or pJNK.
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Fig. 7. Effect of propyl gallate (PG) on the phosphorylation of
ERK, p38 and JNK. Total cellular protein extracts were prepared
and Western blot analyses were performed with 20 pg protein using
specific antibody for (A) total ERK or pERK, (B) total p38 or pp38
and (C) total JNK or pJNK.

glol 2% tlzes Rol7t gk Ao ek,
PGl ¥ MAP kinasee] dl 9PS MR ATFig 7),

ERK:= <l4ts) #elQl pERK7} 5% 9EH oz wE o] F7)
AHen, 53] 0.5mMTEH FstA dEYge] UK e
218 &= SIATHFig. 7A, p<0.01). INKS} p38 S Ztzhe] <14k
st FeloA Z4zte) gz2ed o PGS vludte] Byke w
B &3 fo8 U8k A B 4 3UkFig. 7B,
7C, p<0.001).
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SB202190:% At MEJA H,0,00 &3 GICY JAE oA
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