B KEMTE - HEHE U RI LU

FRA Japan Fisheries Research and Education Agency Institutional Repository

Phorbol 12-myristate

13-acetatelZ & D B X5 a1 ERDFEE K IR IZ
%9 1-(5-Isoquinolinesulfonyl)-2-methylpiperazi
ne,Indomethacin® & U'Dibutyryl Cyclic

AMPD % 5

E35E: Japanese

HARE: KEKRER

~FHH: 2024-10-11

F—7— K (Ja):

F—7— K (En):

fEpkE: A, &, B, BN, £k, &5, &5, =81
X—=ILT7 KL R:

FiTI:
https://fra.repo.nii.ac.jp/records/2011796

This work is licensed under a Creative Commons
Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/

Journal of National Fisheries University 53 (2) 79—92 (2005)

Phorbol 12-myristate 13-acetatei & D B X h 5 2 £ BeERD
BHER B R ET 1 - (5 -Isoquinolinesulfonyl) - 2 ~methylpiperazine,
Indomethacind X U'Dibutyryl Cyclic AMP DX

RTBES* - HREA - ERER - miEERl

Effects of 1 —( 5 -Isoquinolinesulfonyl) - 2 -methylpiperazine, Indomethacin
and Dibutyryl Cyclic AMP on the Aggregations of Carp Thrombocytes
induced by Phorbol 12-myristate 13-acetate

Teruo Matsushita®*!, Ryusuke Tanaka®*' , Masakazu Kondo™* and
Yukinori Takahashi*?

Aggregation of carp (Cyprinus carpio) thrombocytes in comparison with that of rat platelets induced by
phorbol 12-myristate 13-acetate (PMA), a potent activator of protein kinase C, was studied by the whole
blood method using an impedance aggregometer. Carp thrombocyte aggregation, like that of rat platelets,
was triggered by PMA. The aggregating responses of carp thrombocytes induced by PMA was inhibited by
1-(5 -isoquinolinesulfonyl) - 2 -methylpiperazine (H-7 ), an inhibitor of protein kinase C. These find-
ings suggest that the activation of protein kinase C can induce fish thrombocyte aggregation, as in the case
for mammalian platelets. '

In addition, the effects of indomethacin, an inhibitor of cyclooxygenase, and dibutyryl cyclic AMP
(db-cAMP), a cell membrane permeable cyclic AMP analogue, on the PMA-induced carp thrombocyte
aggregation in comparison with that of rat platelets were examined. PMA-induced thrombocyte aggrega-
tion in carp was inhibited by indomethacin, but was not inhibited by db-cAMP. These findings show that
prostaglandin (s) is involved in the mechanism of PMA-induced thrombocyte aggregation as a promoting
mediator, and that cyclic AMP was not involved as an inhibitory mediator. On the contrary,
PMA-induced platelet aggregation in rats was inhibited by db-cAMP, but was not inhibited by indometha-
cin. These findings show some differences between carp thrombocytes and rat platelets in PMA-induced
aggregating mechanisms.
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Fig. 1 . Typical rat platelet aggregation curves (panel A) and concentration-dependent in-
crease in aggregation (panel B), obtained with PMA (0.01~ 1 #M) induction.
Rat platelets were pre~incubated with 3 mM CaCl: (added) at 37°C for about 12
min and PMA (0.01, 0.1, 1 #M) was then added at the time indicated (panel A).
The extent of aggregation was expressed as the maximum change of impedance in-
duced by the addition of PMA (panel B). Each column and vertical bar represent
the mean and the standard deviation of 2 - 4 determinations, respectively. **P
<0.01 vs 0 #M PMA. NS means not significant vs 0 #M PMA.
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Fig. 2 . Typical carp thrombocyte aggregation curves (panel A)

and concentration

-dependent increase in aggregation (panel B), obtained with PMA (0.1~10#M)
induction. Carp thrombocytes were pre-incubated with 3 mM CaCl: (added) at
25°C for about 8 min and PMA (0.1, 1, 10#M) was then added at the time in-
dicated (panel A). The extent of aggregation was expressed as the maximum
change of impedance induced by the addition of PMA (panel B). Each column and
vertical bar represent the mean and the standard deviation of 2 -4 determina-
tions, respectively. **P<0.01 vs 0 #M PMA. NS means not significant vs 0 #M

PMA.
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Fig. 3 . Typical rat platelet aggregation curves, obtained with PMA (0.1 #M) induction

Epanel A)), and the effect of H- 7 treatment on PMA-induced platelet aggregation
panel B). .

Panel A © Rat platelets were pre-incubated with 3 mM CaCl: (added) at 37°C for
about 3 min in the presence of vehicle (distilled water) or H-7 (1mM), and
PMA (0.1 #M) was then added at the time indicated. a: vehicle, b: H-7 (1 mM)‘
Panel B : The extent of aggregation was expressed as the maximum change of im-
pedance induced by the addition of PMA . Each column and vertical bar_ represent
the mean and the standard deviation of 2 -4 determinations, respectively. **P
<0.01 vs 0 #M H-7 (vehicle).
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Fig. 4 . Typical carp thrombocyte aggregation curves, obtained with PMA (1 #M) induc-
tion (panel A), and the effect of H-7 treatment on PMA-induced thrombocyte
aggregation (panel B).

Panel A : Carp thrombocytes were pre-incubated with 3 mM CaCl- (added) at
25C for about 5 min in the presence of vehicle (distilled water) or H-7 (1 mM),
and)PMA (1 #M) was then added at the time indicated. a: vehicle, b: H-7 (1
mM

Panel B : The extent of aggregation was expressed as the maximum change of im-
pedance induced by the addition of PMA . Each column and vertical bar represent
the mean and the standard deviation of 2- 3 determinations, respectively. **P
<0.01 vs 0 #M H-7 (vehicle).
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Fig. 5 . Typical rat platelet aggregation curves, obtained with PMA (0.1 #M) induction

(panel A), and the effect of indomethacin (IND) treatment on PMA-induced
platelet aggregation (panel B).

Panel A : Rat platelets were pre-incubated with 3 mM CaCl- (added) at 37°C for
about 5 min in the presence of vehicle (DMSO) or IND (30, 100 #M), and PMA
(0.1 #M) was then added at the time indicated. a: vehicle, b: IND {30 # M), ¢
IND (100#M)

Panel B : The extent of aggregation was expressed as the maximum change of im-
pedance induced by the addition of PMA . Each column and vertical bar represent
the mean and the standard deviation of 2 -5 determinations, respectively. NS
means not significant vs 0 #M IND (vehicle).
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Typical carp thrombocyte aggregation curves, obtained with PMA (1 #M) induc-
tion (panel A), and the effect of indomethacin (IND) treatment on PMA-induced
thrombocyte aggregation (panel B).

Panel A : Carp thrombocytes were pre-incubated with 3 mM CaCl: (added) at
25C for about 5 min in the presence of vehicle (DMSO) or IND (30, 100 # M),
and PMA (1 #M) was then added at the time indicated. a: vehicle, b: IND (30~
M), c: IND (100 #M)

Panel B . The extent of aggregation was expressed as the maximum change of im-
pedance induced by the addition of PMA . Each column and vertical bar represent
the mean and the standard deviation of 3 -6 determinations, respectively. *P
<0.05 vs 0 #M IND (vehicle). NS means not significant vs 0 #M IND (vehicle).
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Typical rat platelet aggregation curves, obtained with PMA (0.1 #M) induction
(panel A), and the effect of db-cAMP treatment on PMA~induced platelet
aggregation (panel B).

Panel A : Rat platelets were pre-incubated with 3 mM CaCl: (added) at 37°C for
about 5 min in the presence of vehicle (distilled water) or db-cAMP (1 mM),
a(nd PN§A (0.1 #M) was then added at the time indicated. a:vehicle, b:db-cAMP

1 mM

Panel B : The extent of aggregation was expressed as the maximum change of im-
pedance induced by the addition of PMA . Each column and vertical bar represent
the mean and the standard deviation of 4 - 6 determinations, respectively. **P
<0.01 vs 0 #M db-cAMP (vehicle).
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Typical carp thrombocyte aggregation curves, obtained with PMA (1 #M) indue-
tion (panel A), and the effect of db-cAMP treatment on PMA-induced thrombo-
cyte aggregation (panel B).

Pane! A © Carp thrombocytes were pre-incubated with 3 mM CaCl: (added) at
25°C for about 5 min in the presence of vehicle (distilled water) or db-cAMP
(1mM), and PMA (1 # M) was then added at the time indicated. a:vehicle,
b:db-cAMP (1'mM)

Panel B : The extent of aggregation was expressed as the maximum change of im-
pedance induced by the addition of PMA . Each column and vertical bar represent
the mean and the standard deviation of 3 -6 determinations, respectively. NS
means not significant vs 0 #M db-cAMP (vehicle).
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Fig. 9 . Schematic presumed mechanisms of rat platelet (panel A) and carp thrombocyte
(panel B) aggregations induced by PMA and collagen.
Abbreviations are as follows : PMA; phorbol 12-myristate 13-acetate, H-7; 1 -
(5 - isoquinolinesulfonyl) - 2 -methylpiperazine, IND ; indomethacin, db-cAMP;
dibutyryl cyclicAMP, PKC ; protein kinase C, TXA:; thromboxane A2, IPs; inosi-
tol triphosphate, DAG; diacyl glyceral, [Ca®*]i; intracellular free Ca®*"




PMARHE I A B ERE4E & 7 OfH 91

7z, db-cAMPIXE T ® WKdﬁﬁmﬁivpf*fiy
DEF — BERL OREICEET S ZEELIRT
LbDEEZLND, —F, T4 BRIFEDIT-F Y BLY
PMABED A A=A Mo TiE, AFEORKETZ L &
2L CFig. 9panel BLART LI B A A Z A LPHEES L
bo Thbb, Ty VOBELEERY, 25— EE
EPMABHEIZ N EIM Lz A = A0 & LTHEL,
MELELITIF FVBI AT —FFABEELTWwAZ L
EibNd, 12720, T9FFryBo7— (IBEDE
D) HWE TR D720, TRUEO A7 =X LR
HELD, db-cAMPT— 7 I & b T iG] s Lz
WHDEEZ LA,

PEoffic, a4 oRIKICBVTPMAT W TPKC%
LT A2 LIk hBEFERINEZE, 2L T,
PMAK L N ERINIZBREKOBRED A D =X LI, T 7
FFVEEI AT FBLUAMPOBEOEIZB VT,
Ty FDI/PMMREDA AL EIZRLLZ EHL H
Lol LPLENFS, 24 OMBEORIKEETREDS
N7z b OMAFREEMII—RILTE 2089 i3S
BOBERETH 5,

1) BEARFOLE (REKFEER), EELEAMH, X
&R, pp. 233-249 (2002).

2 ) E. E. Stokes and B. G. Firkin : Studies of the
peripheral blood of the Port Jackson shark
(Heterodontus portusjacksoni) with particular refer-

ence to the thrombocyte. Br. J. Haematol., 20,

427-435 (1971).

3) TR - HREA - RS - BIGEA - EAEE
TEAE T OAOBRIKET v FIVMIOBERE
DO ETOAY 75 Iy RBYWEOESIZOWT,
IRERSFERINTEHE, 52 (4), 153-159 (2004)

4) BTWR - HPES - SRS - BiEEl - EARsEd
FEA TIAT-rUICR)ERSLS I AR
BAERJE ODibutyryl Cyclic AMPIZ X A3, KEXR
FiirgtEhes, 52 (4), 161-164 (2004).

5) Y. Takai, A.Kishimoto, U. Kikkawa, T. Mori and
Y. Nishizuka:Unsaturated diacylglycerol as a possible
messenger for the activation of calcium-activated,
phospholipids-dependent protein kinase system.
Biochem. Biophys. Res. Commun., 91, 1218-1224
(1979).

6) M. Castagna, Y. Takai, K. Kaibuchi, K. Sano,
U. Kikkawa and Y. Nishizuka : Direct activation of
calcium-activated, phospholipids-dependent protein
kinase by tumor promoting phorbol esters. J. Biol.
Chem., 257, 7848-7851 (1982).

7) P. M. Blumberg, J. A. Dunn, S. Jaken, A. Y. Jeng,
K. L. Leach, N. A. Sharkey and E. Yeh : Specific
receptors for phorbol ester tumor promoters and
their involvement in biological responses. In Mecha-
nisms of Tumor promotion, Vol 3 (ed. by T.J.
Slaga), CRC Press, Boca Raton, FL, U.S.A.,
pp. 143-184 (1984).

8) E. Hecke; : Isolation and characterization of cocarci-

nogenic principles {rom croton oil. Methods Cancer

Table 1. Effects of indomethacin (IND) and db-cAMP on PMA-induced or collagen-

induced aggregation of carp thrombocytes or rat platelets

PMA-induced collagen-induced
aggregation aggregation
Y Carp Rat Carp Rat
Inhibitor thrombocytes platelets | thrombocytes | platelets

IND*! + —_ + +

db-cAMP*2 — + + -+

+: inhibition, —:noeffect *1)100uM, *2) 1 mM



92

9)

10)

11)

12)

13)

14)

15)

AT - E -

Res., 6, 439-484 (1971).

M. B. Zucker, W. Troll and S. Belman:The tumor-
promoter phorbol ester (12-O-tetradecanoylphorbol-
13-acetate), a potent aggregating agent for blood
platelets. J. Cell Biol., 60, 325-336 (1974).

W. Siess and E. G. Lapetina: Ca®* mohilization
primes protein kinase C in human platelets. Ca®*
and phorbol esters stimulates platelet aggregation
and secretion synergistically through protein kinase-
C. Biochem. J., 255, 309-318 (1988).

N. Kikkawa, U. Kikkawa, K. Itoh and Y. Nisizuka :
Membrane permeable diacylglycerol, its application
to platelet secretion and regulation of protein kinase
C. Method Enzymol., 169, 430-442 (1989).

C. S. Abrams, and M. G. Kazanietz : Platelet signal-
ing : protein kinase C. In Platelets in Thrombotic and
Non-thrombotic Disorders {(ed. by P. Gresele, C. P.
Page, V. Fuster and ]J. Vermylen), Cambridge Uni-
versity Press, Cambridge, UK, pp. 272-280 (2002).
S. Kawamoto and H. Hidaka: 1 - ( 5
-Isoquinolinesulfonyl) - 2 -methylpiperazine (H-7) is
a selective inhibitor of protein kinase C in rabbit
platelets. Biochem. Biophys. Res. Commun., 125,
258-264 (1984).

R. ]. Gryglewski : Prostaglandin and thromboxane
biosynthesis inhibitors. Naunyn-Schmiedebergs Arch.
Pharmacol., 297, S85-S88 (1977).

M. B. Feinstein and C. Fraser : Human platelet secre-

tion and aggregation induced by calcium ionophores.

16)

17)

18)

19)

20)

21)

Inhibiton by PGE 1 and dibutyryl cyclic AMP. J. Gen.
Physiol ., 66, 561-581 (1975).

G. V. R. Born: Aggregation of blood platelets by ade-
nosine diphosphate and its reversal. Nature, 194,
927-929 (1984).

P. Thiagarajan and K. K. Wu : In vitro assay for eva-
luating platelet function. In Platelets in Thrombotic
and Non-thrombotic Disorders {ed. by P. Gresele, C.
P. Page, V. Fuster and J. Vermylen), Cambridge Uni-
versity Press, Cambridge, UK, pp. 459-470 (2002).
D. C. Cardinal and R. J. Flower : The electronic
aggregometer : a novel device for assessing platelet be-
havior in blood. J. Pharmacol. Methods, 3, 135-158
(1980).

M. A. Packham, M. L. Rand and R. L.
Kinlough-Rathbone : Aggregation. In Platelets in
Thrombotic and Non-thrombotic Disorders {ed. by P.
Gresele, C. P. Page, V. Fuster and J. Vermylen),
Cambridge University Press, Cambridge, UK, pp.
338-356 (2002).

J. L. Daniel, B. Ashby and F. M. Pulcinelli : Platelet
signaling: cAMP and ¢GMP. In Platelets in Thrombotic
and Non-thrombotic Disorders (ed. by P. Gresele, C.
P. Page, V. Fuster and ]. Vermylen), Cambridge Uni-
versity Press, Cambridge, UK, pp.290-303 (2002).
M/MRIEEEAL D AEALS: (H SEARE - LGS - KAgfE-
FAREH - WAE R, £FE, 7T, pp. 93-108
(1991).



