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Enhancement of ADP-induced aggregation by 5-HT in rabbit platelets!
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AIM: To study the enhanced effects of 5-
hydroxytryptamine (5-HT) on ADP-induced aggrega-
tion. METHODS: Platelet apgregation was
quantified by the light transmission, the cytosolic-free
calcium {[Ca®* ;) was measured by digital fluorescent
microscopy , and inositol 1,4,5-triphosphate (IP;) was
determined by receptor binding assay. RESULTS:
In rabbit platelet-rich plasma (PRP}, 5-HT (.03 - 3
pumol - L~! induced a decrease in light transmission
(DLT) in a concentration-dependent manner with
centralizanion of granules, as revealed by electron
microscopy. The DLT was accompanied with neither
platelet aggregation nor a release reaction. JIn single
washed platelets loaded with Fura-2, 5-HT caused a
concentration-dependent elevation of [Ca?* ],, and IP;
level was also tramsiently increased in washed platelets
at 15 s after stimnlation by 5HT.  Adenosine
diphosphate { ADP} also caused DLT transiently in
FRP befors its own aggregation without a release
reaction. Pretreatrnent of PRP or washed plalelets
with 5-HT, the DLT by ADP was reduced
concentration-dependently and ADP-induced aggrega-
ton and [ Ca®* ], mobilization were enhanced.
CONCLUSION: The enhancement of ADP-induced
aggregation was attributed to the superimposition of the
calcium release from the storage sites and calcium
influx induced by ADP over the calcium release from
the storage sites by 3-HT.

S-Hydroxytryptamine ( 5-HT) is stored in the
platelet with adenine nucleotides and calcium, and
released upon suitable stimulation of platelets-').
Aggregation has been induced by 5-HT in cats and
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pigs, but it is usually weak and reversible in human
platelets, and rabbit platelets are not aggregated by 5-

HT-*). 5-HT enhanced the aggregation by other
agents, such as ADPY', epinephrine!*’, and
thrombin'*'.  When ADP was added immedjately afier

or together with 5-HT, the second aggregation by ADP
was enhanced-*!. This enhanced effect was reduced in
proportion to the logarithm of the time interval between
the addition of two aggregatng agents. On the
measurement of the level of signal transduction,
simultaneous  addiion of submaximal amounts of
epinephrine together with 5-HT amplified [ Ca®* ],
inositol 1.4, 5~triphosphate (IP;) metabolism, activa-
tion of protein kinase C and myosin light chain kinase,
as compared with the altemation induced by 5-HT
alonem .

Rabbit platelets do not respond to 5-HT with
aggregation'®!, so, it is easier to analyze the
subcellular mechanisms underlying the decrease in light
transmission ( DLT } and the enhancement of
aggregation by 5-HT at the level of the signal
transduction. The purpose of present experimients was
to abserve the effects of 5-HT on ADP-induced DLT
and aggregation in rabbit platelets.

MATERIALS AND METHODS

Reéagents Luciferase-lucifenn  { Chrono-Log  Corp,
Havertown PA ] for measuring the secretion of ATP was
dissolved in saline {40 g-1.7!) and stored in a cold and dark
place. ATP { Sipma} was dissolved in distilled water {1
mmol-L ') in plastic microtubes and stored at —~ 20 T. The
stored solution was diluted with saline to 1 pemol- L~ 'before use.
5-HT ( Wako Pure Chemicals, Osaka', ADP ¢ Sigma). and
methysergide ( Sandoz) were stored in Tris-buifer saline at 4 T .
Egtazic acid ( Sigma) was dissolved in water with NaOH |
mol-L~! and, after the pH was adjusted to 7.4 with HCl 1
mol-L."!, swored at room temperature.  Indomethacin { Merck,
Sharp & Dohme Research Lab Rahway., N1) was dissolved in
ethanol at 14 mmol-L~"! and kept at 4 T, It was dilured with
Tris-buffer saline before use.

PGE, and a stable analogue of thromboxane A;{ STA,),
kindly provided by Ono Phammaceutical Co, were dissolved in
ethanol and stored at — 20 T.  They were diluted with Tris-
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buffer saline prior to use. Fura-2 and Fura 2-AM [ Wako Pure
Chemivals. Osaka) were wed for C4%° calibruion and platelet
loading.

Preparation of platelet-rich plasma { PRP)-¥

Platelet aggregation  Aggregation was quantified by the
change of light transmission *! . After 2 min of preincubation at
37 T. PRP (230 ) in a cuvette was further incubated for 2
min with Tris-buffer saline {20 pl, Tris-buffer 150 mmol-L~!;
0.9 % saline=1:4, pH 7.4) or ihibitors {20 a1 before the
addition of aggregating agents {10 pL) during sliing with a
siliconized magnetic bar.

The macing of aggregation showed 3 patems of light
wansmission changes after the addition of aggrepation agenis: an
initial small increase due 1o the dilution of the addition of
aggregating agents; a DLT atributable 1o the su-called shape
change: and a marked increase in the light  fransmission
attributable o aggregation. We gave particular attenton to the
DLT.

Preparation of washed platelet, Fura-2 leading,
and measurement of [Ca?* ]; in single platelets!®’

Measurement of IP; Washed plaelets {4 x 10'%-L~")
were incubated with 5HT 3 pmal - L' for 25 s,
determined according to receptor binding assay methoat - -

Preparations for electron microscopy The PRP i
the cuvetie (250 pl) was incubated for 2 min at 37 T with Tris-
buffer (20 uL) in a 4-channel aggregometer with stirring, and
then for another 2 min with 5-HT or ADP in a final concentration
of 3 umol-L~!, The PRP was spun at 800 x g, 37 T for 5
min, the platelet peller was fixed by 2.5% of glutaraldehyde
with 0.1% cacodylate buffer, pH 7.2.

Statistical analysis Data were eaxpressed a5 x £ 5 and

compared with ¢ -test.

1B, waos

RESULTS

DLT by 5-HT DLT was induced by 5-HT 0.1.
0.3,1, and 3 pgmol"L- by —=5.3 %, 6.4 %,
-6.9 %, and — 7.2 %, respectively. The duration
of DLT was also prolonged (Fig 1).

The DLT induced by 5-HT 3 umol-L ™! was not

5-HT-induced decreass in |Ight transmlasion

100 %
1RER N | 0.07 gma!-L™' 0 3pmal L'
Increase ggregelion 1 T
$ ~—F L
Light Lt 1 pmol-L™'
transmissionl 0 03 prmol-L F,
T
= ——
Decrease —
0.4 pmal-L~" 3 amol-L
N DR I, p T
0% (PREI ¥ _ __I —_— ——L_/__ Ii
Agaregating oLt -
agenis 2 mn

Fig 1. Quantification of platelet aggregation by light
transmission {LT) and effect of 5-HT on LT of rabbit
PRP.

inhibited by indometacin 3 umol*1.~! and egtazic acid
0.1-3 mmol L', but was dose-dependently and
compleiely  inhibited by  preincubation  with
methysergide 1 ~ 30 pmol - L', PGE; 0.1 — 3
umol+ 1.7 {Tab 1}.

5-HT did not induce aggregation in rabbit
platelets, but it elevated [ Ca®* ], (Fig 2A). The
resting level of | Ca®* |, was 78.5+ 3.4 nmoi-L~'.
5-HT 0.3, I, and 3 pmol * L™ induced a dose-
dependent increase in [ Ca®* ], and the peak value,
obtained with 5-HT 3 pmol - L™!, was 150 = 10
nmol* L.~ at 100 s after stimulation.

The IP; level in platelets with 5-HT 3 pmol - L™*
was increased and reached peak level at 15 s and
returned to the resting level within 25 s (Fig 2B ).

Enhancement of ADP-induced aggregation
by 5-HT ADP 3 pmol-L"" induced a transient DLT
in rabbit platelets immediately before its own
aggregation (Fig 3, upper panel). The DLT induced
by ADP was not inhibited by methysergide or
indometacin, but was partially inhibited (36 % } by
PGE; 0.01 -3 umol*L~'. The aggregation was not
accompanied with detectable amounts of ATP or with
the release of the granular contents (Fig 3. lower

Tab1. 5-HI-induced DLT and the effects of methysergide, indometacin, egtazic acid, and PGE,; on the DLT by

SHT. £xs5. "P<0.01, P <0.01 vs conirol. .

5-HT Concentration jumel - L~ !

dpmol- L™ 0 0.01 0.03 0.1 0.3 ] 3 10 30
- 8-13 ~1.4:0.5 -3.2:£05 -33:04 -62:03 -69205 -7.2:0.4

Indometacin 7 - 16 -1.3£0.3 -28203 -51%204 00204 -7.420.4 -T7.0205

Methysergide 9- 14 - 7.320.0
Egtazic acid 6-11 -7.620.7

-T.4x08 -7.2x0.7
-7.3%£0.3

-0.9%£09 _49:0.8° -26£05 —-1.1%0.3° —0.310.4°
-7.920.6 -86+0.7 -85+0.5

PGE, 9-11 -7.2+0.3 -6.4204 -A2204 -42£05° 24403 -1.220.5 -0.99+0.26°
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Fig 2. A: Intracellular calcium mobilization by 5-
HT in single washed platelets loaded with Fura:2. »
=14 - 36 cells from >6 rabbits. B: TP; formaton

by 5-HT {3 pmol'L-'}). n =8 preparations from &
rabbits. xts5. P>0.05, P<0.05 vs 05,

panel}. The pretreatment with 5-HT 0.3 pmol -L-'
reduced the magnitude of the DLT induced by ADP
and enhanced its aggregation (Fig 3, upper panel ).
5-HT 3 pmol-L ™" abolished the DLT by ADP and the
aggregation was further enhanced.
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Fig 3. Effects of 5-HT on ADP-induced DLT and
aggregation; and ADP-induced release reaction

without or with preincubation of 5-HT,

The ratios of the enhancement of ADP-induced
aggregation by the preceding addition of 5-HT were
dependent upon the time intervals between the addition
of 5-HT 3 pmol * L™!' and ADP 0.3 jmnol - L !
(Fig 4A). The maximal enhancement (37.8 % =
2.1 % of light transmission) was obtained at 10 s after
the addition of 5-HT.
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Fig4. A: Influences of the time intervals between
the addition of 5-HT and that of ADP, and the
effects of 5-HT on ADP-induced aggregation. ADP
was added ai 10, 30, 60, and 120 s after the
stimulation by 5-HT = 8 - 13 preparations,
x+s. B: effects of 5-HT on [Ca’* |, mobilization by
ADP. =19 - 21 cells from 6 rabbits, x = s.
P<0.01 vs the value from ADP only.

ADP.induced [ Ca’* ], mobilization  The
enhancement of ADP-induced aggregation by 5-HT was
accompanied by an increase in the level of [ Ca®* |,
(Fig 4B}. ADP 3 umol-L ™' alone increased [ Ca®* ),
from 74 3 nmol L™ 10 131 £5 nmol-L " at 90 s
5-HT itself raised the [Ca®* ", to 166 + 19 nmol - 1.~
and further addition ADP on the platelets resulted in a
further increase in the | Ca** }, 10 186 £ 15 nmol-L !
(P<0.01).

Morphological changes  The resting rabbit
platelets ( Fig 5 upper left) contained dense granules,
but the stimulation of the platelets with 5-HT induced
centralization of the granules with the formation of
small pumbers of pseudopods, indicating that the
granules remamned (lower left). The addition of ADP
caused aggregation  with increased numbers of
pseudopods, but the dense granules were not released
{upper right)_.  The stimulation of the platelets with a
stable anatopue of thromboxane A,{ STA-) released the
contents of the granules and the plaelets
aggregated together {lower right).

were

DISCUSSION

Rabbit platelets responded t0 5-HT with DLT and
the responses did not proceed further to agprepation.
Thus, the rabbit platelets are a good model for
analyzing the mechanism of the signal transducjion of
the responses. since the DLT is the response of the


http://www.cqvip.com

BIBLID: [SSM 12534170

“uctit Pharmenolngica Sinwa

PEARESEE 1M s 1971 - al e

Fig 5. Electron microscopy [ = 10 000 .

A resting stage of platelets; B: centralization of granules and pseudopods

formation by 5-HT without aggregation; C: ADP-induced aggregation without release reaction; and I»: aggregation

with release reaction by STA;.

platelets not only to 5-HT, but also to all other
stimulants, such as, ADP in the present experiment,
arachidonic acid, STA,, collagen and thrombin in the
following stwdies. The DLT is attributed to the so-
called shape change and the centralization of dense
granules-') revealed by an electron micrograph in the
present study (Fig 5}. The DLT due to 5-HT was
receptor  mediated. and accompanied  with
increase in [ Ca®* ],. but did not require calcium influx
or TXA: because ADP-induced DLT was inhibited by
methysergide, but not by egtazic acid and indometa-

small

cn. The DLT required the 1P, generation, as shown
in the present experiment. The inhibition of DLT by
PGE, indicated that it required a contraction of the
cytoskeleton, since PGE,; activates adenylate cyclase
and accumulates cyclic AMP'™'. With these data
taken together, it can be concluded that the DLT due to
5-HT was induced by centralization of the dense
granules or other organelles as results of the contraction
of plakelet microtubules, which was induced by
increasing _Ca™* |, mobilized from the storage sites by
IF; through 5-HT receptors.
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IP, formation was reported to be accompanied with
the aggregation by thrombin '*'. The total level of
inositol triphosphate consists of at  least two
isomers' ' | 1,4,5-1P; measured in this experiment and
1,3,4-IP,. so, the increase in [*H J-inositol triphos-
phate does not mean an increase in the IP; level
confirmed by HPLC. The receptor binding assay
method using a specific receptor for 1, 4, 5-IPL1",
employed in this experimenti, guaranteed the reliability
of the measurement of IP;.  The results indicated that
TP, was very rapid generation and short in duration after
the addition of 5-HT.

The enhancement of ADP-induced aggregation by
pretreatment of 5-HT was accompanied with a further
increase in the level of [Ca®* |,. This enhancement
was related to the concentration of 5-HT and time-
dependent, which reached the maximum at 10 5 after
the addition of 5-HT and then decreased with tme, the
similar observation was reported? . It is concluded
that [ C2%* 1, released through IP; formation by 5-HT
may be supplemented by both calcium influx and the
release from storage sites after the stimulation of
platelets with ADP. The decline with time of [Ca®* |,
released from storage sites by 5-HT resulting in changes
in the enhancement ratios.
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