ABRBERIE(1999) £39% Kodt
Korean ] Vet Res(1999) 39(6) : 1073~1080

4340l protein kinase Col] €J3t thyroxine f2|=4

274

Asofeta Selshoe
(1999 6% 119 4%

Regulation of thyroxine release in the thyroid by protein kinase C
Jin-shang Kim

College of Veterinary Medicine, Chonbuk National University
(Received Jun 11, 1999)

Abstract : Previous studies suggested that the inhibition of thyroxine (T,) release by a;-
adrenoceptor and muscarinic receptor stimulation results in activated protein kinase C (PKC)
from mouse and guinea pig thyroids. In the present study, the effect of carbachol, methoxamine,
phorbol myristate acetate (PMA), and R59022 on the release of T, from the mouse, rat, and
guinea pig thyroids was compared to clarify the role of PKC in the regulation of the release of T,.
The thyroids were incubated in the medium containing the test agents, samples of the medium
were assayed for T, by EIA kits. Forskolin, an adenylate cyclase activator, chlorophenylthio-
cAMP sodium, a membrane permeable analog of cCAMP, and isobutyl-methylxanthine, a phospho-
diesterase inhibitor, like TSH (thyroid stimulating hormone), enhaced the release of T, from the
mouse, rat, and guinea pig thyroids.

Methoxamine, an a,-adrenoceptor agonist, inhibited the TSH-stimulated release of T, in mouse,
but not rat and guinea pig thyroids. In contrast, carbachol, a muscarinic receptor agonist, inhibited
the release of T, in guinea pig, but not mouse and rat thyroids. These inhibition were reversed
by prazosin, an a;-adrenoceptor antagonist or atropine, a muscarinic antagonist or M;- and M,-
muscarinic antagonists, in mouse or guinea pig thyroids. In addition, staurosporine, a PKC inhibitor,
reversed methoxamine or carbachol inhibition of TSH stimulation. Furthermore, PMA, a PKC
activator, and R59022, a diacylglycerol (DAG) kinase inhibitor, inhibited the TSH-stimulated release
of T, in mouse, rat, and guinea pig thyroids. These inhibition were blocked by staurosporine. These
findings suggest that the activation of receptor or DAG inhibits TSH-stimulated T, release through a
PKC-dependent mechanism in thyroid gland.
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aHe 27 R Fag Ao ExVEe B
F4A AT AZALAY $YUE FAD 228
4 2 2ug 2P AZALAF adenylate cy-
clase], Ca* @ Ca™-phosphatidylinositol(P)A) 7} 7HAHA
sz $8% 48 &3 Yo gAH 328
Bu)= TSH(thyroid stimulating hormone)oll <% adenylate
cyclases} BAEZ cAMP7} Z7VBO2H YojubAw
Pl A3HAGAE AHste 328 #u|& 238 5 9
oS ey 328 28 % §4 Fol cAMP, Ca” B
PIAY 95 £E 4334 g8 2HH2 Z 274
¥ ¥ g adrenoceptort} cholinergic =83E 22+ sub-
typelLZ FEHT 0B A2 G2 ATACAAE 3
&3t A g yehys] dEd e Eis
o 22n A3 AL EZ F adrenalined TSH 43 cAMP
& 2778 dEHA BPolth a8y ot 3ZY
subtype & & A3t Y ERE etk
Al A subtype % a;-adrenoceptoro] AHEH A E
Ca™ 3712 328 Bul7t 4A8Y. vheay 7YY
ZHA Mo A PIAIE ¥4 8 A7) & o,-adreno-ceptor} mus-
carinic 48 A& 73 §3 diacylglycerol Z7}o] < § PKC
A3} TSHo 9§ 328 B AT o 94
7122 PKC §438t0) 9% a4 AZY C" 371
2 g3 gy 4] RadME Ztze] FEAA
oY 543 A3 g ARTE Bl 2 JA7AE
A siylo) REsgn 22 AAE vhf2, A= 7
U3 Ao A a,-adrenoceptort} muscarinic 84 A
2oz AN T2 BHY4 Adst et 3%
Moz A7 4 559 AN AHHA PKC £4
§2 328 o7} 4AES FEARAL A T
A AN FFHOZ PKC A T €A A7l o
2o £4H 8 AG8A 4T diacylglyceroldt & A&
AYEAL APHog FAAZE 9 AN Z2E ¥
H)7l 24¥ 4 8¢ FEAh o2 @ A I3t
Y AYEEd g AFREI} d2AY AHAFA
g% AN 75z BEeR gIP 2A7 A
#¥" 5 &g 2T F 3ot 2 92 cholinergic T
&4 A2 M4 acetylcholine} carbachol, adrenoceptor

= Q] norepinephrine3} methoxamine o] 74} oh$-2

FHAAAM RGP o2 TSHY| o3 AEY cAMPY &
Jgg XA FAW FAA T2E Bu)E dAEd”
123 & whe epinephrineo] 1%o], W=, hamster ¥ pig
A A TSHY| & cAMP ¥4 & A grte At
g 2a7 Ak o2 @ ojHe Fo we AR
2¥7 g7 489 sbeiol Ao 2y A
F2E Byt G 37kd) A JAATE Bt
g 2AZ o] AN dA/IHE +4AE FHT
cAMP 9A| Rt} PKC @439} #dE F & ZAo=
Zzg . gaA o] AT e T, Feld g PKC
2 @A 8A 7= o,-adrenoceptors} muscarinic 8 &}
ZAHE vh2, R D YUY AAAAM TG B
Az, AFAHQY PKC §A43}o & T, #2 ALY
£ A7) AYEETEAA vl FAES S olF X328
Pl A2AE AN E 44 A3 4 T, {8
qA7 A& A FAS

Nz W Wy

AHSE, oM el X B F3 ob+2(CR, 25~
35g), 7 % =(Sprague-Dawley, 200~250g), £H 7)Y
(Hartley, 300~350g)& pentobarbital sodium(30mg/kg)& &
ZUZ Bq3td npHE F RN AEHAG B
3 ZA) 0,9 CO,7t ¥3}¥ Krebs-bicarbonate €3 2(118.05
mM NaCl, 4.69mM KCl, 1.16mM MgCl,, 5.5mM glucose,
2.0mM CaCl,, 1.16mM NaH,PO,, 25SmM NaHCO;, 0.3% BSA,
pH 73, 37C)0] E01UE A Y14 x40mm)sl] Fof shak-
ing water bath(37C, RPM 150)0)l | uj % A] 3{ th. Maayan
et al’*2] ol W} 5-6AZHES WG EA A &5H
o2 0,8 00, FF3A. F, A¥# vish(polyethylene)
of £ H02mm)E AFANA 2 F e Bl A
P €3 IARA AP gasE TFFT TE
o2 g7t NER OB MEHES AT

AYYE : & A NEHEEY LSm)d) HEFE
A H&g BN~ 4vbE), A= 20k a3
71U 1elelol A A& 234 8,4 18] 3 2 pieces)E
W3 1A17 308 ¢ preincubationdte} <t BAIF T
ojw) uj&2& 9 Yo PN L FF 1 8A A7}
THHAG. A GBS AXNGA g AFRNES
o 1m)o A 20 ¢ g of HIY Y TE &
A3l gzA2 Yo 1 ¥ 4E E& TSHE 718
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g0l 5o Q& A YA HFEE §712 T4 24
T FS MGE F HIE A% TE F483 )&
AP g A8E 200 238 ¥ T,E 29 oy
of 849 SAYEA) T T, £4 kit(Roche, Swiss)
Z A}&-8lod Cobas Core(Roche, Swiss)Z ZA &) 4
¥ F9 24 AAsL FAE YA &3
BT, 558 4 1me ANBoN 34 24 mgd T,
ng(ng/mg) S 2 AN AL o] & iz Ao @ YA E
%% EASHYTH

AME$E : TSH, methoxamine, carbachol, atropine, PMA
(phorbol myristate acetate) ¥ staurosporine<> Sigma Chemi-
cal Co(St. Louis, MO, USA)Z 8- 17 I pirenzepine, telen-
zepine(M, -antagonists), 4-diphenylacetocyl-N-methylpiperidine me-
thiodide (4-DAMP, M,-antagonist), R59022, forskolin, 8-(4-
chlorophenylthio}cAMP sodium % IBMX(3-isobutyl-1-methylx-
anthine}& RBI(Natick, MA, USA)Z 3-8 793¢t}

g o

TSH, forskolin, cCAMP % IBMX7t olfA, &= U
7| E ZgaMolM T, feloj olXie g8 : 3HEH 32
22 cAMPY 93 2| =7] g# o] A E Y cAMPE F
NG F Qe B4A 23E JA3¢hFig 1). TSH
£ E & adenylate cyclase2 B4 3 A]#H cAMPE F7}4]
7)%& forskolin(3 X 10°M), A1 E%HE §3& 4 & cAMP
(10°M)$} phosphodiesterase & ¢} #|3to] cAMPE 714
71 IBMX7} o] Agd 29 & $89 B44A
FB& A5 G AP(none)l M RO T, 2 & d
A3 FHs At

2 AHESEY MMM methoxamined] TSHO
o8t T, feloll ojxle 8D ofA YUMo ay-
adrenoceptor &gt PKC 2XH7} methoxamine
off 2% T, feldxol ojxl= D8 a,-adrenoceptor B #
A ¢ methoxamine(10°M)& u}-$-2 HAHAAM T, £
£ AP E B NAY TSHY & T, el E3E
dAggc a8y A= AUy gAML T, %2
7} methoxamined] o3 A HA Yyt YA FEE
methoxamineo] RE=9} 7|1 H MM T, F2E 9o
AR RYHAE o)A A). v 204 methoxamineo)
% T, #el AAEZHI} a,-adrenoceptorg 7 # & PKC
A8l g AU E HA8r] A8 a;-adreno-

IBMX

cAMP

FSK

TSH

None qk

T L

r
0 50 100 150
Change in Thyroxine (% of Control)

Fig 1. Effects of TSH(100pU/ml), forskolin(FSK, 3x10°M),
cAMP(10°M), and IBMX(6% 10*M) on T, release(percent of
control) in mouse, rat and guinea pig(G-P) thyroids. The prein-
cubation time was 60 min. Thyroids were incubated for 2h
(control incubation), then incubated for a further 2h with
chemicals(test incubation). Each bar represents the meanz
SEM of seven to eleven vessels, each containing four to eight
(rat, mouse) or two(guinea pig) thyroids. *p { 0.001 vs. none.

ceptor A% A Q) prazosing} A €]¥ PKC A#AQ stau-
rosporine®] & 2}& #33}5{ch. Prazosin(3 X 10°M) R stau-
rosporine(10°M)2 methoxamined)] 2% T, 2] A &5

B Mouse
TSH+MTX+SS
Rat
O ep
TSH+MTX+PRS
TSH+MTX Ei
TSH
)
) T T
0 50 100 150

Change in Thyroxine (% of Control)

Fig 2. A comparison of the effects of methoxamine(MTX, 10°
M, o;-adrenoceptor agonist) on TSH-stimulated T, release in
the mouse, rat and guinea pig thyroids. The effects of methox-
amine was reversed by prazosin (PRS, 3X 10°M) and stauro-
sporine(SS, 10°M) in mouse thyroids. Each bar represents the
mean+SEM of seven to eleven vessels. *p { 0.001 vs. TSH;
+p € 0.001 vs, TSH+MTX.
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g A8 chFig 2). datA vhs-2 A A metho-
xamined| &% T, $2 A AH}E a-adrenoceptorE 7
8 PKC 8431 g% Al g #5380 2
Hu R=9 71UHo A a,-adrenoceptor EEZ 0|2 %
AR Gh&E AR F5E0

% JYSEo LaMolM carbacholol TSHo| o8t
T, felofl o|xle g8z 2{ug 2t4dolM muscarinic
28R|9t PKC MM} carbacholol <8t T, el
of ol P¥ : muscarinic 8 EHAQ carbachol(3 X
10°Mye 94 7118 4ol gk TSHO 9§ T, frel &
#& AR vh¢2y RE BAHYA T, FEl € o
A £ TFS cabachol FA] A=} 7YY 3+
MM T, 8 & dAA RAHRAE vl A AD. 71U H |
A carbacholol]l &% T, 2 QA &2}7} muscarinic -84
E %% PKC 43l & AR E F3tr| A%
o] Z5A|9l atropines} PKC A< staurosporine®] # }
2 #3399 71Ug ZAA0lA atropine(5x 10°M) ¥
stairosporine(10°M)& carbacholo]] 8 T, 2 HAZHE
A3 cHFig 3).

l Mouse
TSH+CC+SS
}4 + Rat
O 6r
TSH+CC+ATP
TSH+CC it
TSH [
—
T T
0 50 100 150

Change in Thyroxine (% of Control)

Fig 3. Effects of carbachol(CC, 3% 10°M, muscarinic agonist)
on TSH-stimulated T, release in the mouse, rat, and guinea
pig thyroids. The effect of carbachol was reversed by atropine
(ATR, 5X10°M) and stauroporine(SS, 10°M) in guinea pig
thyroids. Each bar represents the mean+SEM of seven to
nine vessels. *p ¢ 0.001 vs. TSH; +p € 0.001 vs. TSH+CC.

7i4g ZtasolM M, Y MaZ@ 87} carbacholol
o8t T, Reldd &otof olxl= FE: 4] Fig3d 2
A& B335 98 cabachole] &8t T, Fel7t o
A e 71V el DAG &43tel 9§ PKCE
SAHANE F e 42U M-I My 834 Z28A 9

Y& BABGHFig 4). TSHY 48 T, FL37}
carbacholel] )3 @A JAHALH, of XA}
M;- 9 M;-Z A2 pirenzepine(PIR, 10°M), telenzepine
(TEL, 10"M) ¥ 4-DAMP(10"M)e} &3jA #A 3] Za]
A

TSH4CC+4-DAMP < I._... + O or
TSH+CC+TEL I'———‘ +
TSH+CC+PIR }—4 +

rwee |-
T
0 50 100

Change in thyroxine (% of control)

Fig 4. Effects of carbachol(CC, 3xX10“M) in the presence of
selective M- and M,-receptor antagonists(PIR, 10“M; TEL,
10 M; DAMP, 10*M) on the TSH-stimulated T, release by
guinea pig thyroids. The mean+ SEM of six to nine vessels
are shown, each containing two thyroids preparation. *p { 0.001
vs. TSH+CC.

Z AHSES LAMAA PKC #4272t TSHo o8t
T, Feloi oixlie g8 PKC &7t PKC 4ol
ot T, feidHol ojxls Y : A7l AdeM A
a,-adrenoceptor %= muscarinic -8 % A2 ¢ T, f
g AA LA} phe2 BE 7YY A PRC &
A gl oste Yebd & 3380 A gAAAA
e A7 F FEA AFd A T, FE7t 9ASHA
Aok AR £E 84 X #Agle] PKC &3
o J& T, frElAHE BHE At Z AYFEY
LA PKC &4 2 PKC AAAY 984S g2
89tk PKC 442 PMAGX10M)= 2 43U 5EY
340l M TSHY & T, frel 38 A3 A8
T olgl @ dAEYst PKC JAAQ staurosporine(10°
M)dll &3 &5 A cHFig 5).

2t AHEES gAMoM RB59022(diacylglycerol
kinase inhibitor)7t TSHoll. 23t T, felojl olXl= ¥
&1 PKC M7+ R5E902201 2j3t T, faldxol o]x|
£ % : A XU PKCE diacylglycerol kinaseo| 98 &
43 g g2 o] A A A (R59022)7F EE4 8
#$3& A5t PKC 84 FAAZ T maha R59022
E Fig 4014 313 PMA°] |3 PKC @43t 22 &
$E d€ F Ut F, 34 f8) A aHA7} PRC #
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B Mouse
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Fig 5. Effects of protein kinase C activator(PMA, 3 X 10°M) on
the TSH-stimulated T, release in mouse, rat, and guinea pig
thyroids. Reversal effects of staurosporine(SS, protein kinase
C inhibitor, 10°M) on the PMA-induced inhibition of T,
release. The mean+SEM of seven to eight vessels are shown.
*p € 0.001 vs. TSH; *p { 0.001 vs. TSH+PMA.

g g ZAAg ¥ty 98t} RS2} stau-
rosporine ] A F 7} & FF At

R59022(10°M)= 2+ AP 5 E 9] 4+A o)A TSHe| ¢
T, FHEAAE BT dAAL old JAEY
7} PKC 9 A2 Q) staurosporine(10°M)ell ¢} 8] 3}t (Fig 6)
5ol Fig 59 Z3& S2Asgz 47 239 npgx
9 7YY 344M o)A a,-adrenoceptor =& muscarinic 4

SHE B/ T, F8 JALAI} ZF PKC $4 8

- Mouse
TSH+DG+SS Rat
O or
TSH+DG
TSH
T

T
0 50 100 150
Change in Thyroxine (% of Control)

Fig 6. Effects of diacylglycerol kinase inhibitor(DG, R59022, 10
‘M) on the TSH-stimulated T, release in mouse, rat, and
guinea pig thyroids. Reversal effects of staurosporine(SS, 10
‘M) on the PMA-induced of T, release. The mean+SEM of
seven to eight vessels are shown. *p ( 0.001 vs. TSH; *p { 0.
00t vs. TSH+DG.

9% 249 & #3390

I @

Adenylate cyclaseE BABAH cAMPE F7hA)7)=
forskolin, 4] ¥ 98 23}3}= Cl-cAMP ¥ cAMP 23
A gt F7}A17] & phosphodiestrase oA & F.57} o]
AgdA 29 vhe 2, R= 2 7)Yy 346 A TSH
HE T, HE& 390 ojelg A3E AN
TSHel| 9jgt 32 & 2u]7} BB 5 cAMPo| o8] 23y
I AtE BR'E AT UAA D o] cAMPI} 4
A AZY ZE 753 AZAEA 249 wpAE of
Y. Phosphatidylinositol 4, 5-biphosphate(PIP,) 7}4>5
ol % AV3HY fANE TSHY Bl F 750 F
2% 470 B2 PIP, NEARAY UM sEE
gAol FAAQY HEL F°”. Cholinergic L adre-
nergic 43§ 233 SE 3, acetylchotine, carbachol,
norepinephrine, dopamine 3 methoxamine 5 o] 7} ¢} n}-&
£ 2330 A TSHo| o) & M X1l cAMP 3 3 of o) 4]
E Qg vA A G g0 ToHo) o3t T, 47
€ A5 A n%o) g4 2R o)A g -adreno-
ceptor o] 982 TSHo| 9§ cAMP Z7}a 37 o
AH QA1 carbachol = catecholamine & AN 3 2
€ #2& dAlsh=d o] A EFHI) AMP $H & 9
A7l gEolgtn sHH ol @ oYL Fof @
€ o] B AZA 2 £44 ¥V} g2 fEY
A E AT

wb-2 ZH4HelA o -adrenoceptor AHFo.2 427}
AAEE Ba% v} gloy o] AFFFME npS
&, = 9 7Y Ho| M o;-adrenoceptor A3 T }-&
& RN AMT T, #2808 A3 2, muscarinic 5§
A AL gA 71UY RAAAME T, S8 & A8
At 283 R FAAANE A7) F 544 22
22T, FeEE 4AsA Ry ojd A7 1 93
d RFAZ A7} ohE&, cat, RE, hamster, 7| R H A
#gde BXH Q&8 G s 2agAdAA
7b A, vhga R Abge] gadde] BEEHo 9l B
aPEG T o) A7 ATe wheag RSN T, &
A3 47 ARA 3ol BEE 7R A
¥ Z23E Holx gtk oj& AAAI BXH glojx
TEA Y FEARY 4@ 2HY F Aoy o) A7
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$2 F££A E¥E $9¥ & AT A R= 3t
A X6 A a,-adrenoceptor £+ muscarinic 5§ # 23
o # T, fredo] 9%E AR Fol AHRLE EE F
A EERE =87 oy a8y FEHoR vt
2, 9= 2 7|Uyg gAMdA T, #2 9al7 PKCE
B HAE FE o8 JAHND +EAE FHH
T, %2 dAEgY AP PKC A3t B T, &
g JAEHA 2F PKC 4AAQ stavrosporine 2.8 3}
g g AGolg ¢45 EAd N FAYlol
BE AY5EY MM T, f2 dAEE PLA
SR 2% PKC A 3o o3 Atz & 5 Qlh
o|& surdsle AHE a,-adrenoceptor-} muscarinic T
£33 AFL PKCE AN NTAZAAE %
dute oA B1E & F gt E¥ upeay sy
AN o] F F8A 5L PKC E4RE T, £
b AL 2@ vl AU o) ggo] HAA J)F
Z A PKC/} A 3A #ostn A& ¢ F Aok
P, A AN 752Ao) BAsn Jed™ -
techolamineo] PIP,& 7}FE#AA HXW Ca'E F7}
AT E=8 4E A Ed PE 3Y 34 g
Cao] #7bslo] A 71%¢ AP FAC™
PIP, 7} 88 og = & w7 DAG 34L&
PKCE #A84)719%, IP,4 3 DAGE TSHd 98 =
74e 4 1om* o] DAG %7te] 98 PKC7} &43}s
o] Q¥ Ca*g F/HA T ol # G FAhe 1
AN M ¥ A a,-adrenoceptor L muscarinic F§ A 2T
o o|§ PKC 432 dold & 37| d£* PP, 7}
SR g4 T2 $4 2 FEd FAY 4TS
sta, 471 F +44 AFe2 N ZEE fEst
qA g Al o] F wiAA(P,9} DAG)H o 4
P4 %9 FEHLE PN AT Ca™9 F7h2AM
IP,o] 9 Ca™ F7te & g3jA 9oy DAGH)
9% PKC 843 Ca* F7}o 9@ T, 38 JA7nde
Z A AA gtk A2 Oda et al°% vh$-2 T
Aol A o] AALAT} Ca* JEHYE YR oY o C*
Z7t A2 B8 PKC 84 =99 #Ac #3A %%
o A H2 Az 5 vhg29 Uy AN
muscarinic 54 # ¥ a,-adrenoceptor &} 0] T, H2 & ¢
Agted o] oA £37} PKCE A48 AXY C* 3
7t o A2 F2M0QL ¥ FENY Ao)Hy
YA N3ZAGEAY AFEYE v PEFHA &

3o 4N 2 By dA|AE FE3] 4¥dA
Rt o] dFolME FZe] 44 AFEHS) g
FTEECAM PKCE 43 & & 47 F 784
A2 8 AHHY PKC $4BE T, #& dAEY
7t A} o] AAEFH7} PKC A A ¢l staurosporine L.
2 AdEE #4283t PKCE Z+3 a9y 893
Aom, PKCE AFAo2 4L + le PMATL
RE AYEEY §EN A 53], methoxamineo]} car-
bacholo] 28 T, fe}7t AAS A & A= HFHd
Al 9 Al methoxamineo]\} carbachol &3¢} FASHA T,
g JANA L o] & A E A7} PKC A A stau-
rosporine . 2 A S HAY & AUk ol & 1L R
wAE= 2742 AT DAGE A AF1E dacylglycerol
kinaseZ A A A M ¥ DAGE F7HA7)1E %2 R
59022(diacylglycerol kinase inhibitor)’' & muscarinic 4§
A} a;-adrenoceptor AFA Y Fx PMA A4 vpgx,
= 2 7Y AN APHOE T, fEE 9A
3ttt o] R59022¢] AA A7} PKC A A stau-
rosporine & 2 Aet5 o] A oA T, #2]& DAG 57}
2 Q&AM PKC7} 43150 dAHE& d& o
A% Zdate QA A7) F F4A AF502 A
ZEE Ao %L WA Y&e FEA g +&
A BEaolz FAHL 47 F F44 £37} gol=
F3H o2 PKCY 98 A 28 w7t 248€
F e gujdg. ZEHCE PLAZHEAE 84
NG F e 44 AFojd AP A PKC A5
LM 328 EHlE 4AE & & AeE AR
g

i E

oo A9 71Uy gAY A a-adrenoceptors} mus-
carinic 584 A3 ¢ T, f8 JAAH}E PKC &
A3 273g old I o8 HuHY o &
FAE k2, RE 2 71U ARAN T, frE 2
Aol g PKCY &g B &3 87 918t T, ol
o} carbachol, methoxamine, phorbol myristate acetate
(PMA) ¥ R59022¢] £ & &3 A

Adenylate cyclase 442 forskolin, | X =& ¥ 113}
¥ Cl-cAMP 9 phosphodiesterase & #]#]¢] IBMX+= TSH
AY vhe 2, g 2 Uy AN T, FEE &
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Azt MEY cAMP F7tof & T, 4271 219¢
#384h. a,-Aderenoceptor @A methoxamine
oh&-2 3 4M oA TSHe| 918 T, #3& dA s
2 g=e 7|VY AN E T, FEE 948
A B¢ 28 2 muscarinic 4 #) ¥ A carbachol
€ 714Uy 44 TSHe 9% T, #2 & A8
oy mpe2d G MM E T, F2E FAEA
23d. vl 24 7| Yo A methoxamineL} carbacholol]
A% T, fre] dAEA7 429 28AQ prazosin, a-
tropine £ Nl M-, My- 2842 s &7
Hog vwg29 7Yy Ao methoxamineo] L}
carbachole] & T, %8 YA A7} PKC AAY
staurosporine 0. 2 G H T EA A 0 2 PKC A9
PMAS} diacylglycerol kinase A 41Q] R59022% ©w}$- A,
= 2 /Uy B M TSHY o8 T, 218 A4
At o]# g A& HA staurosporine 0. T A}ghE
Atk A7) Aol 93td HFHAAN F44 2Fo
diacylglycerol 43+ PKCol| gJ&H 9 7 AL A 45
AT, FE& 9AY 4 & Aoz AsH

#O0EH
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