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The Activity of Hypertension-related Protein Kinase C and the Relationship of Physical Therapy
Jung-Hwan Kim, PT, PhD
Dept. of Physical Therapy, College of Health & Welfare, Yongin University

Purpose: Protein kinase C (PKC) is a member of a family of serine/threonine kinases that are activated by
diacylglycerol (DG) and PKC stimulants. PKC play a key role in signal transduction, including muscle contraction,
cell migration, apoptosis, cell proliferation and differentiation. However, the mechanism relating mitogen-activated
protein kinases (MAPKs) and PKC, especially in the volume-dependent hypertensive state, remains unclear.

Methods: In the present study, | investigated the relationship between PKC and MAPKs for isometric contraction,
PKC translocation, and enzymatic activity from normotensive sham-operated rats (NSR) and aldosterone-analogue
deoxycorticosterone acetate (DOCA) hypertensive rats (ADHR).

Results: Systolic blood pressure was significantly increased in ADHR than in NSR. Physiological salt solution
(PSS)-induced resting tension and the intracellular Ca”* concentration ([Ca’*]) were different in the ADHR and NSR.
The expression of PKCa, PKCRIl, PKCS, PKCe and PKCE were different between the cytoplasmic and membranous
fractions. However, expression of the PKC isoforms did not differ for the ADHR and NSR. The use of
12-deoxyphorbol 13-isobutyrate (DPB, a PKC stimulant) induced isometric contraction in Ca?*-free medium, which
was diminished in muscle strips from ADHR as compared to NSR. Increased vasoconstriction and phosphorylation
induced by the use of 1 uM DPB were inhibited by treatment with 10 uM PD098059 and 10 uM SB203580,
inhibitors of extracellular-regulated protein kinase 1/2 (ERK1/2) and p38 MAPK from ADHR, respectively.

Conclusion: These results suggest that the development of aldosterone analogue-induced hypertension is
associated with an altered blood pressure, resting tension, [Ca’"], and that the Ca’*-independent contraction
evoked by PKC stimulants is due to the activation of ERK1/2 and p38 MAPK in volume-dependent hypertension.
Therefore, it is suggested that PKC activity affects volume-dependent hypertension and the need to develop
cardiovascular disease-specialized physical therapy.

Key Words: Deoxycorticosterone acetate (DOCA)-salt hypertension, Protein kinase C (PKC), Mitogen-activated
protein kinase, Physical therapy.
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. ME a4 FeHR EAeks Il HE g C(protein kinase C,
PKC)&= 84849 A=5 AX &3k 4% o £497

= AlEe e EAske Ald-Eded Fgaa AR 9 did 3 59 A veE sk Ho
(ubiquitous Serine-Threonine kinase) 24 12 oJAte] &< (Nishizuka, 1984, 1986, 1992). ©]zJ3t PKC F9asis=
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The photograph and schematic representation on surgical procedures (A),

measurement of

direct blood pressure (B), and of isometric contraction (C) from normotensive sham-operated rats and

aldosterone-analogue DOCA-salt hypertensive rats.

SD rat: Sprague-Dawley rat, DOCA: deoxycorticosterone acetate, SP: systolic blood pressure, DP: diastolic
blood pressure, T: transducer, CCA: common carotid artery, CW: circulating water, WO: wash out, S:

sample.

Ca?t &4 uto] @ A M (myosin light chain, MLC) 9] QlAF
3}l o=Axoz2 FA3lEl= PKC(classical B2 conventional
PKC 59|54, [PKC; PKCa , PKCB ,, PKCB , PKCy 7}
Z7), Ca®* ulgEHo|L} MLC QMsje] ©£#3l PKC
(novel PKC E¢|& 4, #»PKC; PKCs , PKCg , PKCO , PKC
n (L7F 24, Ca** 3t MLC Qe mEolx nlejzzom
8458 2= 9= PKC (anpical PKC, aPKC; PKCt , PKC
Al 7F 2A) 2 B=2811 Q)tkNishizuka, 1992, 1995). o9}
A PKCu(Z-2 protein kinase D, PKDZ )¢} PKCy

7} HaEglon #PKCo| &3t Aoz o AXTHNewton,
1995). E3k PKCO 84 - = oY 78 9 93} 55+
Uk dAgbdo| Al B2ZEAy C A (unmyelinated C
fiber) B F71eF 5 S Y 4 SVkR 0E T
of fF 9 fafRl=el diet A=Y $7 5 PKCO W,
@ olsfish=tl 9
2003; Lahn 5, 2004; Mayer 5, 1999). Z&u} Adaast o
2 PKCS| ofg Bo|, rElE A 439 okl nEdt
(aldosterone-analogue DOCA [deoxycorticosterone acetate]-salt
hypertensive rats) - ol thgt PKC2| 7|5 gt A4
= b)EslcHCalderone 5, 1994; Turla®t Webb, 1991).
2 AolA AR dEAHEREAR fREHe LY
AAFe] Aol Al Na® o] 2] Alg=pet Aol e g%
2HEY] Mgt AgR Ao o] Frlsto] [fHEE 13

oL 2Q3%t QA40|tKDistder 5,

il

Pow &F oA uEYer dHA SltkBae &, 2007;
Kim 3, 2004a). o]2|3t 18Y o|ghe HEFT} 22 5
AAA e EEAR GollA vlg- Fagh dd-21Fel
A2 QIMEIL Q= off= 1 FRAdo] AR QItHChi%t
Jaff, 2008; Kim 5, 2004a; Samal 5, 2007). PKC &A1& &
ARRE-A] THNRIESE A (mitogen-activated protein kinase,
MAPK) 9] Alad=gd7|de] QlojA a3t w7y =& a3
o] BNEHClark®} Murray, 1995; Lee 5, 2006; Zhong
5 2005). dukAoz MAPKe = AN E(eukaryote) O
EAsEA, TEmolu AARIA B oY AEHA o7 &
3%t F AS Mlzo A AdAL & s 9 SN
=9] ogks ddtHKim 5, 2004a, 2005, 2006). ©]z]st
MAPKOl= 45577} ZAI51H, extracellular signal-regulated
protein kinase 13} 2(ERK1/2), p38 mitogen-activated protein
(p38MAPK),
N-terminal kinase(SAPK/JNK), big MAPK-1(BMK1) (&2
extracellular signal-regulated protein kinase S[ERK5]Z )
o]tHKyriakis®} Avruch, 2001). ©|2|3t MAPKQ] ZAZH 27}
I IR $5Y A oSt 9 Ak VA T8
3t dJ&S $HtHBae 5, 2007; Ciruela %, 2003; Kim %5,
2004a).

ShH, -2ouly|Z(norepinephrine) 22 N|ZEW(seroto-

nin) 3} -2 ASERISE A3} E2(cardiovascular disease-relat-

kinase stress-activated  protein  kinase/c-Jun
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LeeQI— Klm, 1994) E3], gﬂlxli—i ‘”@01]1 %%ilﬂ 4 #

A% 5ol 48 fol 9 EHE 719 BRD 4ol sl
ES, HERAS ARReNE §oo %—L WA o
PKC ¥ MAPK 4] st eﬁf B HEoA] o] o]
A QA kT wreb] B A7 BHe gaholey nEy
of Tk PKC-MAPK S474=S SRlstel, HEBaT ARE
X2 4o A7 D ArA el et 71xARE ATl
w3} S5l

1. o1y

24| deoxycorticosterone acetate (DOCA)E 7} ZOOmg/kg
sjefol] o5t B4 30%ol ARekk el
& (normotensive sham-operated rat, NSR%)-2 DOCA
o|AJ5HA] ki TRAT) 428 1050 AAIsHckFigure
1A). 4=2HE R4 DOCA A-8+<t(aldosterone-analogue
DOCA hypertensive rat, ADHR—_rL)Oﬂb 0.9% HEFTF
02% WBUE EEast W AHEE BEARCHTIO
0y, FHEALAE BHoN s A4 Saot
W ARE AT T B RS DOCAS o] 4
ol AAIBFUTHKIm -5, 2004a) (Figure 1A). 4% & 450
NSR3} ADHRZol HAINFE ANE T, 58 142
AAAZIL BRE ANtk Hsdses St & %
£o] AHWH37|(Force Displacement Transducer, FT.03,
Grass, USA)ol| 1281 e} 24715 Aefsle] 45 o ol
2415iHKim 5,

il oZ: n.llo :lo

7] @ (systolic and diastolic pressure)
2004a) (Figure 1B, 3A-a).

2. & ¥4 5%
& Aelris SF-oE LB A el et A (isomerric

contmaction)?] EA4E Asl] §fa) A7) FehET A5
B 9 A 2R Al B A A, 2]
41 =(physiological salt solution, PSS)Z
w1 & Ad2AT AYE A 2ulE 4 222 Qo)
2 mm2 Fosto] YoM ZE AAT § 35 22 45 1

Al e 8 e e
(7WC, Grass, USA)Z
1C).

g)o] AZsty @S]
= ’5]—‘3\11}(Kim o> 2005) (Figure

3. M= Lf ca™ == ([Ca™])2l &
S 24 nEY ol gt AE U Ca¥* B ;
O] W& Kim 5(1992)9] ol AMERE SU3E Wiow
ca“sq A A2kl fura-PE3/AME o] 83l0] =34
PR =4 A9 FUs o R A x4
Aok ZAAE 2ZAL 340nme}t 380nme] F uAk
48Hz§ AR o2 2ASI A, ojuf YHAEl= 500nme) ¥
(F3401} F380)2 &Y =A(CAF110, JASCO, Japan)Z £
st [Ca®*],9] WI3k= F3403F F3802] H]-E(R340/380)
22X FASh AEAA Ca?*ofl digt fura-PE3S] A
4%5*‘ﬂwzwWwwL4ﬁ4%wa}mzﬂi[CQW
= APFSHA]l AL A M@} EkEe] KCIY| A=
ﬂﬁ m&%-ZH%[Cf+£JO%ﬂ-Hm%E.o}r%
(Kim 5, 1992).

M o_\ji tlo o -

4. PKC SQEA9| translocation2 &0I517| ¢5t M=

I M=ZE HE9o| B3|
PKC F9a40] Wt §49 translocationS I2517] 23]
Kim 500039 st $9% 240z ¥ a8 s
U2 4 245 AT PHoR 2Ng FUT T, 24E
g 723 gHoZ alfeldthHomogenizer, Ultra-turrax
T8, Ika, Germany). 2% FELS 100,000xGoA 60E-7F
HUAE ] (Ultracentrifuge, TL 100, Beck-man, USA)3}o] A
ZHE AEZA AE(cytoplasmic fraction, C) 2.2 F&|}% 1L
A7 AEL Triton X-100 0.1%E A7} 9 100,000xG o A]
6027 dA EEste] dofrl AFSHE AlEuMdE(mem-
branous fraction, M) 2.2 Hg|5l9ith. SDS-PAGE AL ZHA4
T WIEE sxol Paslol JEE Ao 17|
58 AASGT A/95E A domAT AT A4
PVDF(polyvinylidene fluoride) 92 5% EA {2 Zg

T 12} FAE Y 4TollA 1247 ‘?l%*]uﬁk oh2 22}
FAL; A=l A TAZE 5¢t BESAIXD F, ECL Kitg ©]-&-s}
o] QP Xeray BEo| =EAA HARPMES 216G
th Xeray BE0] Uehd WEL ofulx] ¥47|(Bioprofil, Vilber
Lourmat, France)2 A%3}stAtHKim 5, 2003).

rSL' (i

5. MAPKZ| gisint QIMs =X
MAPK®] "yt QKBRS 45|
2004b)o] AAIRE W&} Ut IO =

o3 Kim S(2006,
oz H 32 Ak
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49 &3 SUY Pk 245 Gl 240
'ﬂ Go A ThfstAT,. EES 14,000xGOIA 10&
%@,—Erﬂl(ngh speed centrifuge, Micro 17R, Hanil SCIence
Industrial Co., Ltd., Korea)d}o] Aol FH3}ich
SDS-PAGE 22 243 § 271958 sxo] A2t d&
& gFdo A79ee AAlskh ofst e A2 PKC
2 S U 2dom ARSI

pil

obof\l

6. Xt=X2|

H A3 ZAT e ofgt A7 BEAS SAS EAZZ I ver. 6.12
S Algstel Wit EERAT AZSlGon, foliE

052 AASI] Student's t-testZ HA5ITE ESH %EH%LXJ,

Aol o7t e dite ader I 37 We= AAsH

1. 8Y-oFN DY - 20| 5t XX $SHO| Hlm

D B¢ W 2 S3ee Wl

1Y AL 9I3k 22 F 450) ADHRZT NSR
2ol st Ao B Y BPUKim 5, 20040) 0
2451t A3 NSRw(124.7+2.0mmHg)ol| H]3] ADHR
(178.4:3 SmmHg) |4 o] felgh 3718 vehgon, ¥

RE AT ARSFATH Table 1).

Systolic blood pressure of normotensive
sham-operated (NSR) and aldosterone-analogue DOCA
hypertensive rats (ADHR).

Systolic Blood Pressure (mmHg)

NSR ADHR
124.7+2.0 178.443.5

ADHR®| Bghe(Fohsula Aln 9 g7iaksm e 2
st G0~70mM QSHAES Hgat %
PSS  o|ghe fEalo] whge] e vlmalT). 1 2
NSRZ#} ADHRZS] FrhEast ASs 2 H71upguo)
e AR AEom 2719 9 SSHphasic con-
traction) o] ©]¢] ZI&A 4==(tonic contraction)®] -S-X]%| STk
(Figure 2A-a~d). o]2|gt +54Hh5-0] Fejoles 1Y #- 7

o] Wt xjolE UEMR] ktHFigure 2d). I8 PSSE
482 RO 2 oltgal BAT Ao} ettt
%, NSRofAl= PSS 218 A5 437 o|¢hhe2 YERe
W(Figure 2A-a~d), ADHRIZOHE 21 olhil33} 3] &
TS A4 s 25l Supt s olge] Y
2 NSRtof| Bl 71 Ate] ebg e o m SjEE= ofdem
e tHFigure 2B-a~b, 2C-a~b, 2D-a~b). E3t s
T RN HYZ 2AIAE PSSE Hgue] wet 7
4 430 opom o 2EFe} UehickFigure
2B-a~b, 2D-a~b).

2) $%-9424 TEYL G- ol g7 (Ca7)9) W3
[Ca™"], ¥E0] F7H= BT S48 d$ F3E 840
of webd 53 U3 WeR sk AsAEe] HE
F, PSSR HEHE [Ca], O WE D WsE By

t}. A7} NSR#Y ADHRZ ZFojA %% o
oz z7loe A AR It ool dF sFo=
[Ca®"], %7t §A=]9IcKFigure 2E-a~b). F3h NSRi]
2835} PSSol| o8 F7HE [Ca*], e 43| gaEo] o
A A e 3EE|gltk(Figure 2E-c). 18t} ADHR:o| 28
gk PSS AIgE 74s0] ofehihg-S UEhHal FAlof 7HE A
o7 F43] F7FRs (G, BEY Fukso] yehgon,
ol A Lo|¢t vkt fAKF K Figure 2E-d).

3) £ 024 THY & Hoj
cPKCo] #jgs= PKC E9&
ol PKC¢ & 1Y f Foll= HoE AJo|E ehr] ok
o} Az wrdo] A THFigure 2F). T3 nPKC
o] 3gE+= PKCo & PKCe 2 1Y F Fof| 23t #}o]
S UERHA] okgrout Alzabgie] wao] A sHithFigure
2F).

& PKC 249 #s}
9] PKCa , PKCB 11, aPKC

2. 8E-9)2d ngof tiet PKC ZRiMQl Zd XI0|2t

TE o MAPKS| Aty
2 dFelAe udYel gt PKC ad@dA|
(12-deoxyphorbol 13-isobutyrate, DPB, 1uM)-%-8& 459
HRSHElE sl Y3l EGTA(ethylene glycol tetraacetic
acid, 1mM)Z 3087 AAAsl] AE 9] Ca¥* S AAT A
eoll fEls 5 WSkt Z2x, PKC-adA|9
L oJZA(100nMY} 1uM)OE §OJ5t $=ukgo]l Z7pt
UepdthFigure 3A). Esk PKC-EAAS] fwh §-mo}
MAPKS] Afhdo] -0l TS ofgh A| 4ag W 4
2 AET| 98 aagds S48k 1 Ay} ERK1/29F

§%-924
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The effects of PKC stimulants on isometric contraction and MAPK phosphorylation in
aortic smooth muscle strips from aldosterone-analogue DOCA-salt hypertensive rats.
PKC: protein kinase C, ERK1/2: extracellular-regulated protein kinase 1/2, p38 MAPK: p38
mitogen-activated protein kinase, PD098059: a potent inhibitor of ERK1/2, SB203580: a selective

inhibitor of p38MAPK, PKC: protein kinase C, p-:

inhibition. t*p<.05.

p38 MAPKS| QL) PKC-EaAle] 8oz Soat 27}
(ERK1/2; 219.57.5%, p38MAPK; 117.0+2.0%)2 LFERHO.
o, Z}z} Eo]& A A|(inhibitors of ERK1/2, PD098059
10uM; inhibitors of p38 MAPK, SB203580 10uM)o] <J3f
szt 7200) AFE epHTFigure 3B)

20] 271 HUAtEA] PKCE AjZo] 24 Wl Bzl
5, AFAGEEY et 22 AlEr)eel 8% A9FS

= H 1%t Nishizuka, 1984, 1986,
1992). o|g|gt PKCx= Z 2Ry} AAkelztel 7o Exlo] oy

SAGAE AA PLC(phospholipase C)& SASIA7]1L, 7]A
9] PIP,(phosphatidylinositol bisphosphate) & 7}4~1-5}|5}]
AYAE DAG(diacylglycerol) ol &J3f E-4d3}=A -2 phorbol

ester X PDBu¢} -2 ¢okont Exlo] & PKCE &A5HA7]
CHNishizuka, 1992, 1995). PKC9] Ex}3 L12= Cl13} C2,
V1~V39] oHE x3ls} NH, o g Ay zAFHHGL
C39} C4, V4 2 VSE ZZsE COOH-THHo & o]of7] &

phosphorylated enzyme, 1: increase, -:

mjEo s o] qlthNewton, 1995). ©]2{gt

Z Cl1 HE2 PKCY A=A 242 I3HOrr %, 1992) 3}
HOE 7HAaL
2 DAG & phorbol ester@} ZA3Hgo 2 PKCO &4
dojubA =EthNewton, 1995; Nishizuka, 1995). ﬂ/\éﬁ},_

SHA| cysteine-rich zinc finger--f-AF &

. 1o
k,OLJ
O_L..O
2

PKCE Aﬂ IEHH Azef Zom olFste] AlEuft A3
sroap AAZA A)zRe-S YePATHNishizuka, 1992). 1‘3"]
U wd@er -'—57‘31 o|}4 ferolzA TEer mElS 0]83l PKC
o A o MAPK«] 2Rz et P& 1 2t o
Toln, 2eaE Z AdvAs- AREYX R G
7] gl Aol 0‘4 wbA 2 Aol A= DOCA-1E Q)
2ES Adstlon], & Ao Anet o d7AEY 1d
o Bl BEA4S vugh Ay 2 AE flaf ARkt 879
&4 18Y 2dEEY AEESE IRIT 4+ ASUTHWatts,

1998; Watts®} Webb, 1996). EgF 1% KCIO| 2§ &
PSS-GiE st-olgk k3ol oA 91| olghgat Ak of
XS RIS 4= Ql%ItKTostes 5, 1995; Watts?} Webb,
1996). Z2ut 28] zjole} HERF o] EA4o] utg SolAd
& A o gk

[Ca*"); §=9 S7he 2ATT ALE HRd FE2Y
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S0 whS FaF adelo] & A 9k duror
Az A Z ?

e [Ca® ]2 MLCKe] 373 MLCYJ ¢l
AHONS W 2 SEolgiee EuhA7IcSomlyost
Somlyo, 1993). PKC &@A|9] okejats EAS Ha 27
oA 1 +59 FHE AAS] F7HIA FAIsks E4S
7FA21 9] ©H(Nishizuka, 1986), [CaHl =59 MLCY 9l
AReE Fgo BAGlO]l 245S FUAIRITHOzaki 5, 1990).
oJ AL EGTAE Zﬁi 25l HE 9] Ca®* & A7 Aol A
ST $EUHSS A A% THY wH A mEold B
3oz A SI-.“?_]%L ASTE 2 A Aibe A= QA AA
49 Agel aFEE, S0y TAY §o Pl el
nPKC9] g0l th2 F9jaiof

v|3| PKC-8A4-dA8 24
Hhgoll Gk mlE 5 S F4E 4 Slok PKC s9jaa
9] tanslocation - Fo gt A& Ay} nPKCo|| ==
=olg 49l PKCS 9+ PKCe 9] Hlw} aPKCOl PKCe © ut
o] glES AR & A9 BdAEE el —’F 9\1‘“‘3}
Eﬁ]—l‘i 04:[1_,] 7:‘_1__]- .Q_Fﬂ:v,]_,_k] ‘_Itﬁt}- O]g ]
UehH= PKCof tigh HIzHdell AfolE Hol= —’—ET
o 4= USie} ol¢h e PKC-¢i3t Fahhg- ]d"ﬂ PK«]
g4 E3], ERK1/29} p38 MAPKQ] Qlxls}e] 4t
oz Pojghe wEst 4= QI3ItkFigure 3C).
AT Ais ZAste] AEide AEEYAEY 4
2l p:l—klﬁ]—o]—_,,]. A]—;J—k]o] —64_9_6]—0 0] ]6‘1— s N]\%‘}\E]— t:s:l;(HW]—
PKC 249 4o} PKC-MAPK 3-5&/J3} 4of of
g EYAE A8l et At 744 gl el gl
MAPK®} PKCO| &4 F4o] 5= HIEe 189 -9
Sfoll A4 Adedol HalEle] I FaAe olsid 4
(Gao 5, 1995; Kanayama -5, 1994). o|&gt W& dAHA
o] Q= HiEA Xufl Fan(1990)2 A7|AAZFoZE S=H
lymphocyte proliferation-inhibitory factor®] AJA-571 4 &
A7]1H4ef| PKC E4-HT B-2}F T-lymphocyteE 2JA|EHO 2
FrEETL leh olggt e AFHNEE-E 55 At
W&o PKC F9adrt dofdhths U8t 32l o
AEo AE =] PKCoF MAPKS] &4 Fifo] A ow
A=} Sltk= it olF SRS Frh(Shumilla 3,
2005; Tsuda 5, 2004). 184 EXgdY E3|, &A=
oF A= 9 A7, FAAR 99 Sol diEt PKC 52
MAPK] 84 2dof 3t At als ALY AR Adefol 3
o} oSo] o] B Aol gt AR = RS AT
o otk wep AR HEEAR deol dpom A
AL SR TP, £ 8 SERY 9l A 47

7t olojzlof sirka Ak

o XA
Er}m

=

|
_\3
s

V. ZE
2 d7e Agude deeERARe] A7 % A 7124

22 Z8317] ¢J8] PKC(protein kinase C) IH-MAPK
(mitogen-activated protein kinase) 3-5-Z/dof| Tt A4S
Sapoley TG Y AE AAslol Aleledct, A7
ShE W T wedel oW 24 A G
([Ca*"] ) 529 &4 9 PKC sYa49 translocationS 2

Qsfgon], theat 2o 28 @S 4 goick

- O°

5. gepoley maY ¢ Rol we FUENlN S
PKCO| SHols Ot AolS thehix] gigkont 7} %
& A(PKCa , PKCB II, PKC¢ , PKCS , PKCe )2 A|
2o} B A o] SEEls o7t e ¥

43 4 Ll

4. aaok oy el ojgkge] et PKC E#Alo) g0

227} uke3 MAPKs(ERK1/29} p38 MAPK) <] 9l

A}zzm Tolgre BRIg 4 9lolk

N

O
O
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