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The Hypertensive Vascular Tension-related Signal Transduction and the Relationship of Physical Therapy
Jung-Hwan Kim, PT, PhD; Il-Hyun Kim', PT; Byong-Yong Hwang, PT, PhD

Department of Physical Therapy, College of Health & Welfare, Yongin University, 'Department of Physical Therapy,
the Graduate School of Rehabilitation and Health Science, Master Course, Yongin University

Purpose: Alterations in the structure and function of vascular smooth muscle cells (VSMCs) are important in
cardiovascular disease and maintaining chronic hypertension. Chronic hypertension is associated with changes in
vascular smooth muscle tone. The spontaneous or myogenic tone of a blood vessel reflects the ability to adapt
smooth muscle tone to changes in transmural pressure. However, the intracellular signaling mechanisms involved

in myogenic tone are not fully understood.

Methods: Here, we investigated the relationship between mitogen-activated protein kinases (MAPKs) and
phosphatidylinositol-3 kinase (PI3K) in isometric contraction and enzymatic activity using muscle strips from rats

made hypertensive with aldosterone-analogue deoxycorticosterone acetate (DOCA) salts.

Results: Changes in myogenic tone and intracellular Ca®" concentration ([Ca®*];) were different after physiological
salt solution (PSS) in normotensive and hypertensive rats. The myogenic tone and quiescent phosphorylation
induced by the PSS treatment were inhibited by 10 uM PD098059, an exiracellular-regulated protein kinase 1/2
(ERK1/2) inhibitor, and 10 pM wortmannin, an inhibitor of PI3K, in hypertensive rats.

Conclusion: The development of DOCA-induced hypertension is associated with altered isometric contractions and
[Ca®*]; via changes in activation of ERK1/2 and PI3K after DOCA-salt treatment. Therefore, ERK1/2 and PI3K
activity affect hypertension and may be suitable targets for physical therapy in cardiovascular disease.
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MR WASH AHAS XYl QthBund, 2001; Kim &, 2004;
Heeneman -5, 2007). £3] d&x2]9] & 714 Wskel 7]
AR G oA YL HEF(stroke) S HIRET HEWH  5F W52 53] AHEAE G0l dHo= ?—9—/\]0]'
ge TP e S8 HAdRF T ShuEM o2 S8 = d4lS(angina pectoris) Y & E(encephalorrhagia) 5
opeba Aol delem pEEe YA ®ojet O 2 JEEe wnhuERie] WAy st dAvol J—XHOV“

1% SHY A (resting tension) O] 57} EWFHIAEY F5= olf2 I F9Ao] diFEI AthEHE, 2007; Kim
(migration), Ze}e] $7} 4 | wd= o] 4 3} o 2004; Tofler} Muller, 2006).
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Eg ek dE BUNYE 571 U ok o] P3-f
Ca® $2](IP3-induced Ca’" release, IICR) 3} 7+ &z
MY (sarcoplasmic reticulum, SR)j|4]2] Ca™ 929} A ¢
Ca™ f9)(Ca™ influx) 02 QI3+ AZ W Ca™ F7Pt 5483
e ks Aol dEA  UtHMurphy@t Khalil, 2000;
Smith &, 2003). “Leu} i A7 YA gt 2y
F=(spontaneously hypertensive rat, SHR)o]| &gt ZAil=0]
o, dEAHE {FEH DOCA (deoxycorticosterone acetate)
A2F9 G o wdEe mdo] tigt AlE Yj Ca® ]
Tz e E5th 5o] 2 Atoll ARgRE 1EeF B o)
F Bt 13 g oY g9 AF(WHO AFFY 2.5~34)
AFNet 2EfAR fibe Seuet APl 299 HEw
gkt WA Aol Qlo] Adet Aqtnd 280 gy
| e Al® AbREHEAEAR, 2005 A% 2004). &
FooEld- SR LAY EAHE  AA[RAS
tensin-aldosterone) system]®} H&Hslo] TR QxS Helg
4 C(protein kinase C, PKC)9} Efo] 24l thill olAls} Hgt
#(protein tyrosine kinase, PTK), ©]%AlE QAR &4
A(phosphatidylinositol 3-kinase, PI3K), A&EA=F kA
GTP A& (small G protein)¢l Rho associated Protein
Kinase(ROCK) ¥ fAREEEA-SAdchil A 28HE Ax(mitogen-
activated protein kinases, MAPKs) 5¢| T3 g3t
9ol 27} Smof ofst 1Ko ol Tk T Qbehe
Al waEn ool #ES W AckAEW 2007
Fatehi-Hassanabad 5, 2004; Kim 5, 2004; Hilgers &,
2007).
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9 SUAs, BHe 34 L WA, TS
A%k Fol iz AgyAs dEE s 999 FHoA H
+3t B A7 A (electroacupuncture) ¥} 7550 A

43t uprlR|(carotid sinus massage) I AHIYAFA7|A=

(transcutaneous electrical nerve stimulation) 9] F-5-%]

Atk HE HuE Akl A9 o|FolA SIA At
(Kaada 5, 1991; Mclntosh -5, 1994; Tjen-A-Looi &,
2007). web] L ATAES HEAHE §ER DOCA-AH
@ Agom fESL NUY AW WIS WEH 1 g
7|1Aof| Hofsh= MAPK 53] ERKI1/2(extracellular signal-
regulated protein kinase 13} 2 &2 p44MAPK & p42MAPK)
3 PI3KS] Ay W BXE ool SENRE v
A 716 We 52 AuEoRy EYAe A9 7124
52 g5t sqltk
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T QE8E AAArES Adskh
YT A FEAd T 159 A5V AA 4=
H 2 F-E=AHDOCA(deoxycorticosterone acetate) 200 mg/kg
= Hsto] o]Xslal Fekes AASH: BHH, BAdEdTS
DOCAS o}3b4] 92 T/ 548 AAsiickKim 5
2004). TEEO= 0.9% NaClE} 0.2% KCl E3Hezo} o
A AdsE AARRHo|L YD) E Fastalen Z4E
tole dRkeREel A AlRE FAIRE Saskelth & A
< DOCAE oJ4J3t 450f AASIItHKIm 5, 2004). 4%
T 47o] AT AT HdlEEol nhRE AR
T, ped AR AN A BERE AAs 257

S k& Fo] AHMI7|(Force Displacement
Transducer, FT.03, Grass, USA)o] 2% ¥ =4E 71
E|(Physiological P23XL, Viggo-
Spectramed, USA)E 4HYlsto] =78 (systolic pressure,
SP)  o]&7|dU(diastolic pressure, DP) U WeNK(pulse
pressure)2 5743t CHFigure 1A). 9] 7|52 oF 158 4
Fo| ok SR §AAY T UehIE B 245
thKim 5, 2004) (Figure 14). 8¢k 248 7He] ol o
e (heparin, 10 Unit/mf)©] ¥ 0.9% NaClE o] &
STE Ao, 7158 Ao HEL 25 mmisec £

A3,

o

e
e
=2

Pressure Transducer,

2. HZ W Ca*" szo X
ekl e f-Fo] gt AlE U Gt Fw(olst
[Ca™1) 9] W52 Kim $5(1992)9] AFollA] A3t B3t 1t

HOR Ca™ 9| FHAAOR fura-PE3S o|45}e] 27319k
ABRRS £ F4 Aok AT o Y Frisy

2824 fura-PE39] acetoxy-methyl ester(fura-PE3/ AM,
Su M)E ALof|A 5~6AZE T2 4TollA 24417 5 A2
5}9itt. Fura-PE3/AM O] A|i29} FikE Z71A]7]7] 9fste] H]
Nz=A AHEAGAQ] cremophor EL(0.02%)& 753tk
oS3Eo] tigh fura-PE39] Hapt Y F, HlEF
fura-PE3/AM& A|A37] f18to] PSSoA 2027t SHAZAT
% SRS 7 ml §7F 27 EZR| IAA7|AL 3
7CoA [Ca"] & 71E31c TEHEL 340 nm€t 380 nm
O] T uPgo] MRS 48 Hz® A2 08 AL ofnf W
A== 500 nme] FY(F3407} F380)S &L= 4|(CAF110,
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JASCO, Japan)® E-48t99ckFigure 1B). [Ca™]9] Wzh=
F3407} F3809] H|&(R340/380)24 FAa}Ach AFERo|A
Ca™ol| W3t fura-PE39] ZFASE AFA(In Vitro) o412
Azje} 2po|7} QOB [Ca™],Q AYAS AFgslA] Qa4
A A9k dgEo] KCIE| A= Aol dofzl Hl&E 77t
[Ca™"1,9] 0%2} 100% & 3}HtHKim 5, 1992).

3. = ¥4 =¥
& ArelldeE E FHeh Esh Aol PgEs WSt
7]l 2esd S8s AR KIm 5, 2004). 5, 215

JL%—YL

9] Fdl5 M (thoracic aorta) T} A5 W(renal artery) 4 A7
M (mesenteric artery)< 2&3} 22 4] H4(physio-logical
salt solution, PSS)7} & &7]of] 271 & ZAgtxA3 AHFS A
Astolek FllE® 222 dT WFOR £ 2 mm, 4o
10 mm7} SES Agsisin, Agus gerEule o] 2
mme] o] HelE Askelo] PEE 8 WH7IO] e 9
£2 A2H37|(Force Displacement Transducer, FT 03,
Grass, USA)of| dZst AZdA7]E7](Physiograph, 7WC,
Grass, USA)E 7|&sI¢ty 2 Ad A, & 822 22 10
mN¥} 2 mNO| HrAee A oF 2087 eHgsiAzl & 1
=% KClZh PSSO X2 33] o)A} ukESe] 1% KClof
et ¥gol s ekt A2 Sela T AsickKim
5, 2004).
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4. ERK1/22] Y5int ol
SAHLATTNY DREAMAPKs) F Shbel ERKI/29)
37 9130

st 59
ke v} 01*@— Kim 5(2004)¢] AAgt W&
TE AN FHjE 222
HHL 14,000xGoA 10
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B Y4ES(High-speed centrifuge, Micro 17R, Hanil
Science Industrial Co., Ltd., Korea)d}o] ArzolS Z3}iTh
chlgrl 248 golo BSA §ol(0, 0.2, 0.4, 0.6, 0.8
21 mg/ml) X HEZ 50:19] HERE 4lo] AF=2o)A 287t
HRAA SAstE O AR EE A BT
(Uvikon 860 spectrophotometer, Kontron instruments,
laly) 2 594 750 nmold| SHES Zgslel ERINE T
silth HES 2ARNE A5de 085t 1 mg/ml 9] &
w7t Hes I4sigict A ohuld MEL2 gel loading
sampling bufferil— 112 235l FHF 555 0.5 mg/mlE
WEQILE I & il MEL 95CofA] 5E7F HAAH r/}
SDS-PAGE & AT & 27|98 =0l Aaste]
& SR A7|YES A E}- —r‘ﬂ]ﬁ Ao 1% 50 v
2 B8 AofAL 50~80 mVE 3~4A17F A7 G5 A
skt A7|9% H A2 Coomassie blue® 20E7F FAIshH
asjo] the] Rl g silaelc. 47195 @
Hoj B HARgeloz oF 1027 A8l polyvinyli-
dene fluoride(PVDF) 9rof 2 & 40 mAZ 1~2A|7F ZAALS}H
93\1:} X—]}\]-E] PVDF uho_ Aﬂ;‘dﬂ]&ﬂg 45\ _'<?:, 1;‘(} 61—;11]94 H]
Eoj&ol AgS 9] Yol 5% EA]E-G(Skim milk, Seoul
Milk, Co., Kore))@ 3087F Zgsglch. 1 F 12 3|
(1:10000& Y1 47Co)A 12417 H¥8 9 Horseradish
peroxidase-linked anti-rabbit IgG (1:5000)2} A2 4 14|17k
& HRSAIZL & PBST=E 4~53] A|F5I3ItE ECL KitE ©]
B G Xeray BEO| =E2A7|AL =5 BES T
A ol MABPMES BE T TR Aol 43

- —

flo

Mol FAZIE =SARE 285 7]E0E Sto] Wdo]
B AL 227K A Felbu waEe masio
o] oFgE Afoll= S, 108 18] 308714 =EAIFTh
C
-Stimulation -
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Schematic representation of the blood pressure mesurement (A), cytosolic Ca®* concentration
(B), and MAPK activation (C) on the environmental stimulation from eukaryotic cell.
F340: fluorescence 340nm & 380nm, MAPKKK: mitogen-activated protein kinase kinase kinase, MAPKK:
mitogen-activated protein kinase kinase, MAPK: mitogen-activated protein kinase, ERK1/2: extracellular
signal-regulated protein kinase 1 and 2, Ser: serine residue, Thr: threonine residue, Tyr: tyrosine residue,

p: phosphorylation.

TEHE! HPRAIO| A - AIB AT} SRR ARHY



J Kor Soc Phys Ther 2008;20(4):35-42

>

b) Blood Pressure d) Hypertension

“\ Normal :v—'
I3
O

A . Hypertension
No“gfj?eﬁe«ﬁ\““ @\ PSS PSS

o
R
%)
S
S
o
o
Z
3
1N

R340/380
100%
[Ca*7];
R340/380
100%

Blood Pressure
(mmHg)
S
=1 =

B.
a) Aorta b) Mesenteric Artery c) Renal Artery
30, X = Normal 30 == Normal 30 ~~ Normal
—_ -=- Hypertension — * -=- Hypertension - == Hypertension
g g * g
S s £ s : £ s
* %
= [ [
0 0 0
100 50 0 100 50 100 50 0
Relaxation(%) Relaxation(%) Relaxation(%)
C. Hypertension D. Hypertension
a) Isometric Tension b) MAPK a) Isometric Tension b) MAPK
1.0 - 10 ) -
PD098059 _ERK1/2 Wortmannin -ERK1/2 —
€] logM) P - "—-’ 2 s (~log M) P | —
§ 05 § 0 g 54 wo
Z
£ o .-YWJQ: ez 3| (. - ) _._.L_,b-__ ERdt  F
. o —_
—05] 10min ?\es““% < 0099,06 —05 10 min ?\é\\s\% o “\a‘“\s\

R_¥ \\0\"@ X \\Q\"w

Hydrotherapy P

- ﬁ Physical Therapyg Others ?

/—Restmg Tensmﬁ
g .
Vasular Hypercontractility Radwtherapy ?

e
Hypertension

Electrotherapy
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The effects of DOCA-salt treatment blood pressure, myogenic tone, [Ca
ERK1/2 and PI3K from rat aortic smooth muscle strips.
SP: systolic pressure, DP: diastolic pressure, [Ca?*].

. phosphorylation of

= intracellular or cytosolic Ca?* concentration, MLCK:
myosin light chain kinase, ERK1/2: extracellular-regulated protein kinase 1/2, PI3K: phosphatidylinositol-3
kinase, MAPK: mitogen-activated protein kinase, PKC: protein kinase C, Rho: small GTP binding protein,
ROCK: Rho-associated protein kinase, *,7p<0.05.

PVDF gfo|u} Xeray BEof Uehd HAZAJMEE ojujx] & 5

A17](Bioprofil, Vilber Lourmat, France)2 A%} tHKim B AT st 2R BAL SAS EAZZ I ver. 6.12
£, 2004). 59, ¥ A AT ERKILY] B of] 5 .

tenk 47141 1831 9] threoninet 1851 9) tyrosineo]| 5o 0.052 AdA35}lo] Student's t-test= FA3}ATH

oz Aglsle] 2AKSIAlZ7|E= ERK1/2 @|[phosphorylated

ERK1/2 antibody(T183/ Y185)]& ZA%HAA ERK1/29] &4

S ZAsgch 2o Fpad Hajdel vl de ¥ an
. 8
a17] 93t =42 H]|2lAkE} ERK1/2 84|(non-phosphorylated
ERK1/2 antibody)& AM-3}%tHFigure 1C). 1. m&sor CHEH &Qt 2l ObY7| NI L Ca®'o| H=

7
BEARRE S SERA F 470 JHAYRY 1
9

b 2
Qo] el 219 Bk A FehH(Kim 5, 200402
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gotoleh. A AAAEUH(117.243.3 mmHg)ol| Hg| 1
H(170.3+7.2 mmHg) oA ool {23t S7H YE
HHFigure 2. ET BHEIEE A% Ul oF 30
mmHgol A AVgalEo] 740 whl ADHRZS] e
oF 60~80 mmHgo|HA AlFelEe] E2sHA et
(Figure 2A-b).

E3F wEY G5l it obgAREl o] [Ca®,) WiES 2l

T

@ & Fofste] [Ca™)9) STk
B FAIZL 5, PSSO] g0 Ca'lol §A3] Fauel
PHC A= SlEds WSl Ty ol
287 PSSO kg2 kgt AARe] Zhael oA QFYATHE 7
7 Bl Aoz FA3] FUKsHE [Ca]9] Whol Wi
2oz WAL QI tHFigure 2A-c, 2A-d).

2. MY L0 HSH QPYEEIIL ERK1/2 QIMSto| S
AT 18U ey A 2 AlsHE
QP H(resting tension) 22 EH 3= A|7HA

& vl 23 vt doh WA PgREE AP
% J
[e]

=]

VDCO)& ZHIA & 955 FiA7]e sk KCle 7
9] T 24 Agsto YA 5 W= Y 2 A
SI3le}. ojojA PSSE - o|$WES =g & M 52 A4
A or mdshe AZRE S4sISith 23 50%2F 100%
olehkgel A %E= AIRHY B AAEUTH(50%; FoiET:
0.8+0.1min, AZFFzd: 0.8+0.1min, AlE®: 0.7 +0.2min,
100%; SH=w: 14.2+0.8min, AZFFz9: 13.9 +1.3min,
Als®: 13.5¢1.0min)of  Hlgto]  UHYUH(50%; FoE:
0.8+0.1min, AZFFzm: 9.9+0.9min, AE%W: 6.0 +1.3min,
100%; Fd59: 27.3+1.5min, AZHFsW: 28.2 +1.3min,
Alsm: 25.9+2.6min)ollA  FOJRt F7FE U tK(Figure
2B). E3F GA] 9 YA El(quiescent state) o] T 1o 1
A= MAPK®} PI3K 9| A 75 Auir] Sl A4EY
it wdYT FrllEEAo] 2ZF ERK1/2 (PD098059)
9} PI3K(wortmannin) @] AAAE 13] AHZfsioict. 2at 1d
o] FPRAoA FE-9EF(PD098059; 10 nM~1 4
M, wortmannin; 1~100 g M) =9 AAEey} dds=
9] AAA(PD098059; 10 # M, wortmannin; 10 z M)¢| &
3l ERK1/2 QWISle] &/do] REAor oA|e)= oM &
23 4= QI%ickFigure 2C, 2D).
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45 AE 9 G oEyor PAEE SEAYY g 7
(bursts of action potentials)7} TOFx] “Z|o]AHo]A-FAl EA]
(pacemaker-like activity)”2] FE|Z2 of7|Hrt= Hivt 2 4
e FEEs] ZtHHollenberg®lt Sandor, 1984; Lamb¥}
Webb, 1989). E3F MEZ7=(gap junction)& A=
connexin43 9] TIF7F I AZHALAA L] BigtRE of7|Eral
Byska Qlo] 1 FQAo] HiEe] QIt(Watts@} Webb,
1996). vk 1 &jof| o]t} & dFAute Hirwo] 1A
otk ERF 2 Ao Ayp A s} Al o] 283 1
E% KCloj o]o] PSS A-g-o=2 vpehd Fo|¢k wk3-9] 2 <
Al gt AHAow Agsks WRITAF o] Addst
of Fasiths W& e o, AANA] FHAE
(juxtaglomerular cell)of|A] Eo|E= Tl Bajgi #do]
A H oA HA T 5 99 2H8-E Bl Yehe Y%
7710l wig- Fa%t WEde ENA Foa & & o
(Bae &, 2007b; Simon, 2004).

T3 dad EYPT Dahl &g 924 EY(Dahl
salt-sensitive HjEst UdEAHE  §EF
DOCA 439 2124 182§ ofsio] Aofate A5
A% 7120 MAPKse] F-24e] 1iEloichHamaguchi 5,
2000; Kim 5, 2004; Kubo %, 2000). E3F 118} 0]3} A
S EH] TSl A Hd, d3 WulAEd]
A 9 A9 Aot Fub 22 WHEE wste] fofsh=
QIAtE MAPKs9| F-Q/d0] Hilko] 11 oglo] ZrxE|al qltk
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(Florianﬂ' Watts, 1999; Kim -5, 2004; Muthalif 5, 2000).
, 1geto g %‘?{Q“ AZko] vitfe} dxkxzo] #md]
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ek 7)Ao ERK1/27}F 2Mgstn], Asks] AF
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