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Abstract - Environmental stresses, such as heat shock, alcohol and physiological salt
have been shown to induce a group of protein called heat shock protein (HSPs) in vari-
ous tissues. In this investigation, we studied that arsenic stress would alter contraction
of isolated rat aorta and expression of heat shock protein 70 and investigated the rela-
tion between expression of HSP 70 and vascular contractility of isolated rat aorta. Rat
aorta strips, mounted in organ baths were exposed to 0, 0.5, 1, 2 and 4 mM arsenic for
60min. and 1, 3 and 8 hours later tested for contractile response and expression of heat
shock protein 70. Contractility of rat aorta were determined by isometric transducer
connected to computerized physiograph and expression of HSP 70 was characterized
by western blotting, respectively. Potassium chloride (55 mM) significantly augmented
vascular contractility of rat aorta by 39% compared with the control at 8 hours but not
one or three hours after treatment of 4 mM arsenic. Arsenic stress (4 mM) also increased
the expression of HSP 70 in rat aorta at 8 hours but one or three hours compared with
the control and HSP expressed in vascular smooth muscle cells and some expressed in
endothelium cells. These results suggest that arsenic stress not only did alter the mag-
nitude of the contractile response to high potassium chloride but also increased the
expression of HSP 70 in the rat aorta.
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#eEEE ZIMIE 28] R3E A (Knoepp et
al. 2000). 432 AEFHAE HSP, heat shock cognate
(HSC), glucose-regulated protein (GRP)2} 78 xte]
HSPs?] A& f=dld 3 £54% /M7 5
AR A3e 4 $= o (Hahn et al. 1991;
Blake et al. 1995; Yang and Kim 2001). 423t 33 &
Hell A= (42°C, 45 min) g F9L ez RIS
vlol AAE A=A gl (HSP 70)¢)] o)&] o5
9] #&%o| Z7IHAYL(Kim et al. 1999), 93 Hste]
G A2, ADHAEA Sol AEdrz Agsted A
HSP 40 Z/hH9dx, A W= AsEdse
B 715)9)c} (Blake et al. 1995; Knoepp et al. 2000).

g, At 3Eqte] b lgle o 4 glong &
A zEste] s wha)7] Y oeks el
oz orF, AAS, 98 A%t ¥ ozt FFEH5E AT
3 A R $E5Ho| n A A7t Gk 218
o] gt} (Houtman 1996; Kim et al. 1999; Yang and
Kim 2001).
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5] e 5 AQAA 44 FZE 5 de Aoz,
Aol 2AR vlar HFelt FFAAA o, 42
Aok 9 AYA ABE LY > AHA T 1996;
Rahman et al. 1999). &3] 18] 4QE 1A Al
o] ul&7t FHH 458 AV H4We o Y
oz Wil ALZE AAHAF v} 917 (Chen et al.
1995), =8 v]Ae] xEHHIE TGS FUEER
= prasids 235 9]l (Houtman 1996).
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Edawnge) FRELE AR, WA AEas
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1 #4423 g4

Pentobarbital sodium (35 mg kg 1) 2.2 v} A7l 2FH

(Male Sprague Dawley rats, 300~330g)2] F3-E o]
a4 FRUERE sl AAZAL AAT F 4
mm Z ]2 A&} steel triangled]] A3 Magnus I 2]
A% Krebs FoFollel] #<4=A17]|51, E37122(95% Oq,
5% CO2)E& TF3lHA pHE 742, &5+ 37°CE &
A A Z}. A3l AFL-3F Kreb's solution®] FA] (mM)-2-
NaCl 115.0, KC1 4.7, CaCl; 2.5, MgCl, 1.2, NaHCO5 25.0,
KH:PO, 1.2, Dextrose 10.00.2 A8}l d3tna)d
HE 2.0g2 71XAE oA 1A o} AAR F
HHAo] £ZFuk22 j{sometric force transducer (Grass
FT03C, Quincy, MA, USA)E A}83}4] computerized
Chart 4 (PowerLab 8SP) Atell 7]=5-3}% v} (Yang and
Kim 2001).
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3. Western blotting

el (HSP)S] #Hd& zAbstr] §3te
western blotting& A A1gtsdch A g ARg-3 d{2
10 mM DTT/acetone-8-Mej] HAX|AH —70°ColA 3FF
ot =7 HAxA]Z] & homogenizer bufferei] (pH 7.0) 320
mM sucrose, 50 mM Tris, 1 mM EDTA, 1% Triton X-
100, 1 mM DTT, b2l 23] A A 2 10 ug ml! eupep-
tin, 10 ug ml-! trypsin inhibitor, 2 pg ml-! aprotinin, 100
ug mi-! PMSF (pH 7.008 21 E#A]7] % Bradford¥
oz chlale Agsigch AR 20pg F=2 A7)
%.(7.5% acrylamide, 1.5 mm F7DA| R 12, ¥ejd A
2. transblotter (Bio-Rad)3 Al4-3led PVDF2} (Hybond
-C super, 0.45 mm 7% Z7]; Amersham)ol] % 7]o]%
(90 V-1A12 ¥ 120 V-4A1ZDAIF| L, 5% 27 F-2t
0.2% Tween-20°] So{gl+= TBS (25 mmol L! Tris, 150
mmol L1 NaCl, 0.02% NaN3) £l A-ejr 1A17F 5
<k ¥H-g-A]71 ¥, HSP 70 4] (1: 2,000, Sigma, St. Louis,
MO, USA)E x8]3}5] 1, Tween 2002 33] A°438 F
ohA] 1X)7F St 23} 84 (1:2,000, Sigma, St. Louis,
MO, USA)E EFAZ e} Soldtalz ubeA7l @d
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Fig. 1. Cumulative contraction-response curve for the contractile response to KCl in the control and arsenic treated rat
aortic rings at 1 hour [Al, 3 hours [B] and 8 hours [C] after arsenic treatment. The tension expressed as mN. The
data were expressed as means of 23 experiments with vertical bars showing S.E.M. *p<0.05, **p<0.01 vs. control,

non-treated aortic strip with arsenic.

-2 ECL (enhanced chemiluminescence)&-<8 (Pierce,
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4. Immunohistochemical analysis

vAE 2Est & SAIHA ##-E 4% paraform alde-
hydeol] A A]A tissue processing AL A2 paraffin
o] vl ZA|7] 1, FF=%]-2 microtome o] L3l 5um
2 A ZAx, $£48te] goat serum 2.2 blocking & 3
0.1 M TBS] HSP 70 antibody (1: 800)& u}-&-A]7] &
fluorescence labeled secondary antibody (1 : 2000)2 ]
2stel WFBANRSF. QB2 3 " el
HSP 700] 235X #Anj7Asld ] HAAH =2 zA}s)
Aot

5. o2 0 Wole 24

Potassium chloride, HSP antibody 52 Sigma A}2}
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AFA k& AHg-sl e

7 B A euEeste dehigen, 4
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Fig. 2. Western blot analysis of HSP 70 protein in 0, 0.5,
1, 2 and 4 mM arsenic-exposed rat aortic rings at
1 hour [A], 3 hours [B] and 8 hours [C] after arsen-
ic treatment, respectively. Expression of HSP 70
was markedly increased at 8 hours after arsenic
treatment (4 mM). Five independent experiments
showed similar results.
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Fig. 3. Fluorescence immunohistochemical localization (FTHL) of HSP 70 protein in arsenic-treated rat aorta ringz. FTHC
analysis of control [A] and arsenic (4 mM 8 hours after treatment) treated rat [B]. Smooth muscle fiber (SM is indi-

cated by arrow ( x 200).

A A= AEHAE volalr] 98] A
|~ A g FAEA P} e A (HSP)
HSP 702] o9& =A}s) £ 23} 0,05,1,2

4mM ¥ &F AT S 12733 A1 AE
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axE F=7F Z71gel met AR A o] F)
59t} (Fig. 2-C). 1mM H] & 2] 27 gz H
3 F2AQl Zelg BeJFA] ¢hgtort, 4mM vA A
YL ol vld foFe=z Zvkd e B
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3. Immunohistochemical analysis

Bl A2 x2]g S E o)A HSP 702 immunohisto-
chemical localization 23} Pig. 33} 2w} v]AS 2]
sS4 o 8A17ke] A3 W22 A HSP 702 %
Qo] clastin fbersl 4 Tha ¥ Uehdort S# 3Y
A EIH HAAhE To)s)sch (Fig. 3-A). o ¥]
o 4mM HlA AT FYTAZANN YU
o WASA WA vehm WA AZANE e 2
Yoich WaAE A QYA ATE T 95
o) JFFTH AN 2EHADIYA ] FAHEA A F
e A€ 4 5 AN (Fig. 3-B).

H 2EAAE RS dEde A I FB2A
el 22 sEds wage BUEoEH AxEs

Hefstel Aelg AT, olRe] e AH 25
Ho] Aol wolx Az o] 9l Aoz Az

|..
M

AIA ALE QT AR 02 Sl 2
A

WP B, o4 UYL AFIYAE
of 3

Aozt AAsA H
I:}-(Morlmoto et al 1994; Blake et al. 1995).

Aelslel g oo <3 FFH o9 HA] UA
o Pl AEH29 F9 Fhiz B 4 glon, o
F34 F A4 FFAAA, 9ATA B oh)3} AY
HA = SN 28-S ehdcka sy 5 1995
A E 1996). olel 2 AlL wjxo] AYdA Y A=
24 whAl el w]X e oJ3kg FAsle] JB A
EH 2o 98 m¥YY] 8 sAE FEsluA )
At

2 479 H2YBAPeIM KOl Rolol] 2 Yu5
239 Z7l= Hl4aAY F AR E vlas o] 9
2} W3 =R olsg] ot ulaXE] F 8AI7tE H|A
A = Z7}e) wel KClo| 23 230 F7}5 o,
G254 KClo} o8t g3 52} 7)AAHe] w3}
A ekske} (Knoepp et al. 2000)= B.iel= Ahbd A3}
2, 5 2= A ge} o e 240 KOl
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potential operated calcium channel & %3} calcium-§-%)
o} 2]} (Bolton 1979; Hurwitz 1986), phenylephrine
< ol=ddIA o EAe ZEste] Mz W AR
& freledl ot " JEZo] EHA o

B A vlavh a5 2 REe $esieEXA
& 4 glorh ¥av) KClol| 23 &l mAE o
o), Mladz] ¥ ulmd ALEAD 2T AL,
o YA o AT B=E ATE B A 547
Fol KClo| S8 4292717} o A4, HSP ¥
s o AT d2E AT B 542 Foll vepde
= Bae} #AFHo] e A ZH(Kim et al. 1999; Yang
and Kim 2001). o] #]3 AE# el o]3te] Az
olapH el 4B W] o Aoz F2do.

QAT A3k B2, FREFY A) 9% Ad A
£ WAHE YINE 2Eeag wela] 8 &
Eels e PHne Axdzel 9o e
o]z} & 4 9¢Jv}(Lindquist and Craig 1988; Morimoto
and Santoro 1998).

2 YA vl4E AT Aol A achy
Z HSP700¢] vl4AE] 147}, A 724 = vlAxE 2=
Pholl W2 ol molA ghakor} i F 8AIZ
o wlas= Z7bo) ubeh HSP 709 o] Z7bs)gic)
(Fig. 3), ol ¥la AESAE WHE W Axeaghy
Hol YT vl VAol Beshhe Ag o
S ek ATt k= A Al A A
Z R} (Abe et al. 1994; Kim ef al. 1999). =3+ 84
szdlze] ds) sA7 Asdlasidel W
3, WA A pEa o] BAE M)A FEE7l
oot eE Waxd F ATl Massel BE 3
o7} ihebd A Aol Ye Aoz nejac

2 AR WX 8 WasEsl Z7hg
ahel WA Ee] Ameachiy wale) 27be sls
R (Fig. 2), HSP 70°] &3 ‘ﬂﬂ"ﬂlg} P PEHIA)
oM FA WE"GE(Fig 3) AL FAsd) ol
Hldel o3 FAFAA 7 E4E ﬁ%% e Axd

A
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#o] WHe) pio] AFE T Ao B 5 AU A
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FzA A HSP 27 deo] F7HER o|= <lsf) ¥
o} 8l y1i=A1-8 A|A}EF B 31 (Udelsman et al. 1991)2}
A1 AH.
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Al wle] 71z o 2 HSP 700] W3 ¥ 31, o] HSP/| &=
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o2 AZE T} (Moalic et al. 1989). o] ulj oFAl Z o A]
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ZAlzl HSP 700] #3le] 9l (Yang et al. 1998), §-A}
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o] HSP 602] Ae]x 3] it} (Pockley et al. 2000)
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