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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
phorhol 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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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
25C for about 8 min and PMA (0.1, 1, 104M) 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 37T for
about 3 min in the presence of vehicle (distilled water) or H-7 (1 mM), and
PMA (0.1 4M) 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
<001 vs 0 “M H-7 (vehicle).
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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

257 for about 5 min in the presence of vehicle (distilled water) or H-7

(1mM),

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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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), ¢ IND (1004M)

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
<0.05vs 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),
aénd 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
<001 vs 0 #“M db-cAMP (vehicle).
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Typical carp thrombocyte aggregation curves, obtained with PMA (1 #M) induc-
tion (panel A), and the effect of db-cAMP treatment on PMA-induced thrombo-
cyte aggregation (panel B).

Panel A : Carp thrombocytes were pre-incubated with 3 mM CaCl: (added) at
25T 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 methylplperazme IND ; indomethacin, db- LAMP;
dibutyryl cyclicAMP, PKC ; protein kinase C, TXA :; thromboxane Az, IPs; inosi-
tol triphosphate, DAG; diacyl glycerol, [Ca“]i ; intracellular free Ca*™
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