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Thrombin-induced neuropeptide Y secretion from rat platelets'

CHEN Song-Hai, HAN Qi-De®

{Institute of Vascular Medicine, The Third Hospital .

Beiging Medical University, Beijing 100083, Ching)

AIM: To study the thrombin-induced secre-
tion of platelet neuropeptide ¥ {NPY in rats.
METHODS: The platelet aggregation induced
by ADP or thrombin was recorded by an ag-
NPY in platelet and plasma was
The intra-
cellular free Ca*t ([Ca*' ]} was measured by

gregometer.

measured by radicimmuncassay.

Fura-2 fluprescent assay.
RESULTS: Thrombin 0. 75 or 2.5 kU L Yin-
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creased [Ca "], from 119+ 8 nmol L™ to 530
+ 60 or 13404100 nmol L™}, respectively to-
gether with the secretion of platelet NPY,
Edetic acid 2 mmol L7 almost abolished the
thrombin-induced 1mcreases of [Ca®*t ], and re-
duced the NPY secretion by 56 % and 30 %,
respectively.  Neither [ Ca®*t ], increase nor
platelet NPY secretion induced by thrombin
The thrombin-in-
duced NPY secretion was inhibited by 55 % —

wag affected by verapamil.

70 ¥ by indometacin or creatine phosphate
plus creatine phosphokinase.

CONCLUSION .
NFPY secretion was related to an Ca?” influx

Thrombin-induced platelet
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through non-vaoltage dependent Ca®' channels

and positive feedbacks of arachidonate
metabalites or/and released ADP.

KEY WORDS neuropeptide Y: blood
platelets; platelet aggregation: thrombin;

adenosine diphosphate; verapamil; edetic acid

Neuropeptide Y (NPY )} widely distribut—
ed in the nervous system is usually co-stored
and co-released with norepinephrine (NE) in
sympathetic nerve endings™ ., Recently, im-
munoteactive NPY was also synthesized in rat
megakaryocytes and stored in platelets 7.
The stored NPY in platelets was secreted dur-
ing platelet activation".

that NFY secreted from platelets enhanced the

We have observed

vasaconstriction induced by co-released sub-
NPY secreted from
platelets in some pathophysiological states,

stances from platelets' .

along with NPY secreted from sympathetic
nerve endings may be involved in some cardio-

vascular diseases®,

Changes in the cytosolic
Ca’* concentration ([Ca®" ]} form an impor-
tant part of the stimulus-response coupling

‘4 The formation of

pathway in platelets
arachidonate metabolites and released adeno-
sine diphosphate (ADP) during platelet acti-
vation also play an important role in the regu-
lation of platelet functions . The aim of this
study was to determine the role of [Ca?t .
arachidonate metabolites and released ADP in
the thrombin-induced NPY secretion in rat
platelets.

In our preliminary experiments. calcjum
antagonist nifedipine inhibited the thrombin-
induced platelet aggregation and NPY secre-
tion.

MATERIALS AND METHODS

Drugs ADP, indomethacin (Ind >, verapamil
(Ver)., nifedipine (Nif), Fura ?-AM. bovine serum
albumun (BSA . egrazic acid. edetic acid . phospboore-

atine (PC Y, and creatine kinase (CK» (Sigma., St
Louis MO, USA; chrombin t Betjing Biechemical
Produces Cot; porcine NI'Y ¢ Peninsula Laboratories
lnc. USA:; ' 1] NPY ¢ Amersham, Arlington
Heighe~ 1IL. USA ). Anci-NPY antiserum was & gift
from Prof JK McDonald (Emory University, USA).
Isolation of platelet-rich-plasma (PRP ) and
platelets Wistar rats 7 %, 250—s 50 g) were anes-
thetized with urathane t1 g kg '+ ip) and blood was
collected {rom the abdominal aorta tnto tubes contain-
Citrated blood
was centrifuged ar 100 % g for 15 min and the super-
natant was collected as PRP. The PRP was cen-
trifuged at 1 200 «~ g for 19 mun to obtein the super-
The platelet

ing 3.8 " sodium citrate (1:5 vol},

natant as platelet-poor-plasma (PPP).
pellets were washed once by buffer containing NaCl
123. glucose 30. sodium citrate 13 mmol L™'. pH
6.8, and resuspended in Tyrode buifer containing
NzCl 140, KCl 3. MgS0,1., HEPES 10, glucose 10
mmol L™'. pH 7. 4 adjusted by NaOH 5 mmol L%
Plareler number in PRP or the washed platelets (WP)
was counted in phase contrase microscopy and was ad-
iusted with PRE or Tyeode buaffer o 102 platelets
L~ Excepr for the measurement of [Ca** ], PRP,
and WI? were kept in an ice bath before use.

Platelet aggregation  Plateler aggregarion was
studied in an aggregometer™ (LM 14— 104 Da Hua In-
sceument Co. Shanghai 3. Samples were equilibrated
at 37 C for 2.5 min ar continuous surring 1000
Afrer addition of ADP to PRP or thrombin to

WP . aggregatuon curves were recorded for 4 min and

Tpm ),

analyzed in terms of %p of maximal increase in light
Then PRP or WP was centrifuged at
22m # g for 16 min. and rhe supernatant was stored at
—3N C for NPY determination.

Each inbibitor was added for 3 min, excepr for

[ransmittance.

indomeracin (5 min} and CP/CPK 10.5 min?, prior to
addition of agonists. The concentration of Ca®' in
WP was adjusted by addition of Ca®~ 1 mmol L™ or
edetic acid 2 mmol L™,

Determination of NPY-immunoactivity Aflcer ex-
ersction of samples with cold acid-echanol. NPY was
measured by radwimmuncassay with [‘*1"NPY as the
tracer™ . The NPY antserum used has negligible
Cross reaction o peprides of similar size and strucrure.
In addition to measurement in POSL-AgEregation super-

patant. the NPY was quantified in PRI or WP which
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was not aggregated. but in which platelees were dia-
NPY -

immunoactiviey war also measured in PPP and plasma

rupred during the extraction procedure.
prepared from whole blnod.
Charzcterization of NPY Ffrom platelets hy
HPLC WP was stimulated maximally
After rapid

reverse-phase
with thrombin to induce aggregation.
centrifugation, the supernatant was extracted with
ethanol. fulrered. injected onto a Cy3 5 pm. 4. 6 mm -
150 mm column ¢ Beckman Iosorutiments, USA) and
eluted with a 60-min linear gradient of 1 " ta 601 'y
acetenitrile contamning 0.1 "% triflunroacetic acid' .
Fractions of 1 mL were collected ac an elution rate of
1.0 mL min™' and assayed for NPY. Porcine NPY
standards and WP were run simultanegusly,

Washed

platelets were prepared as above and lpaded with Fura

Measurement of [ Ca®™ , in platelets

2-AM 5 pmol L7' in Tyrode bulfer containing 5 %
Cwt/vol) BSA ac 37 C for 45—60 min. The platelet
pellet was resuspended in Tyrode buifer containing
0. 03 9. BSA and stored at 20 (.

rescence measurement, aliquots of platelets ¢2 ml)

Prior to the flue-

were equilibrated at 37 ¢ for 3 mun in the presence or
absence of inhibitors. The concentration of Ca®' 1n
WP was adjusted by adding Ca*~ 1 mumol L™ " or edetic
acid 2 mmol 1.7 as reguired.

Fluorescence of plareler suspensions contaiming
abouc 2> I platelets L' was measured with a RF
5000 spectrophotometer (Shimadzu Co. Japan}, The
emission wavelength was 500 nm and the excitauon
wavelength was switched continuously between 340
Cyteplasmic Ca®t concentration was
caleulated™'; Ca** =Kyt R— Rpn) /IR . — RY < (F,/
F.)auow where Ruwe Runy and (F,/F. }1 were deter-
mined by the addition of 0. 1 %) (wt/vol) Triten X-100
in the presence of CaCl,1 mmol L' or egtazic acid 10
mmol L ™! and Tris 50 mmol L™ (pH 8. 3. To check
the leakage of Fura 2, MnCl; 1 mmol L' was
added ™",

not taken into consideration in the calibravon proce-

nm and 380 nm,

Dye leakage proved wo be minor and was

dure.
Statistics
The t tes1 was used lor comparison of two groups.

All resuits are expressed as 7 — .

RESULTS

High levels of NPY in PRP and WP
NPY was present at high levels in PRFP and

WP (59+3 pg L7 " and 4916 ng/10° platelets.
respectively., "> 05, n=9). hut was much
(3.4 = 0.4 and
3.94 0 7 pg L7, respectively, n=19),

lower in PPP and plasma

Platelet aggregation and NPY secretion
Stimulation of platelets with thrombin result-
cd in a second irreversible aggregation paral-
leled with NPY secretion. When ADP was
used as a stimulus, only a primary reversible
aggregation occurred and a minor NPY secre-

tiont was produced {Fig 1),

100 (1)
l NPY
————
wol S0
- T A ti T 140 L
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Fig 1. Platelet aggregation and NPY secretion
induced hy thrombin in washed platelets (=6t or by
ADP in PRP (n=8).

Characterization of NPY from platelets
The elution profile of NPY in post-aggrega-
tion supernatant and WP caonsisted of a single
immunoreactive peak at a position correspond-
ing to authentic porcine NPY,
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Effects of external Ca® on platelet aggre-
gation and NPY secretion In the presence of
edetic acid 2 mmol L7 in PRP aor WP, the
platelet aggregation induced by thrombin 1. 75
kU Lf
shape )+ and the secondary aggregation in-
duced by thrombin 2. 5 kU L~ was completely
inhibited. On the other hand. the NPY se-
cretion induced by thrombin 0.75 and 2.5
kU L~! was only inhibited by 56 % and 30 "%,
respectively (Tab 1).

Effect of Ver on platelet aggregation and
NPY secretion
50 pmol L.7', neither platelet aggregation nor
NPY secretion stimulated with thrombin
(0. 75 or 2.5 kU L7") was affected. Only at
an extremely high concentration of Ver 500

was abolished (only a change n

In the presence of the Ver 5—

pmol L7'. platelet aggregation induced by
thrombin 0. 75 kU L~ " was inhibited by 50 7.
and the NPY secretion was still unchanged
(Tab 1>.

Measurement of [Ca®™ ], in Fura 2-loaded
platelets In the presence of CaCl, 1 mmol
L', thrombin 0. 75 or 2.5 kU L ! increased
[Ca®* ] from the resting level of 119+ & nmol
L™ {n=18) to 530160 nmol L™ (z=4) or
1340 £ 100 nmol 7' (n = 71, respectively.
Ver 0.1 mmol L™"' did not affect the [Ca®" ],

Tab 1.
*P< 1. 0S v5 control.

increase induced by thrombin 2.5 kU L7
(1430—=90 nmol L' v5 1430—140 nmol L%,
n=4. P> 001,

In the calcium-free edetic acid 2 mmol L™
medium ., thrombin 2.5 kU L~ resulted in on-
ly a slight and transient increase of [Ca’t ],
from the resting level of 8" —4 nmol L.7' to
1504+ 60 nmol L™ (ten=8. P<0.03). Afrer
{Ca®" ], returned to the original baseline level,
a rapid increase of Ca™ in the medium to
about 1 mmol L™' induced a second peak in
[Ca®'] at 13404 30 omol L' (4 = 4) in
which

from the calcium signal in the control experi-

platelets. were  indistinguishable
ments.

Effect of Ind. PC/CK on platelet aggre-
gation and NPY secretion When thrombin
0.75 kU L' was used as a stimulus., platelet
aggregation was completely inhibited by either
Ind 20 pmol L™ or PC 5 mmol L7 plus CK
100 kU L7°, and its NPY secretion was inhib-
When

thrombin 2.5 kU L' was used. both aggrega-

ited by 70 % and 55 % . respectively.

tion and NPY secretion were inhibited by
6N " — 70 "¢ by either Ind or PC/CK. Ind
and PC/CK used together abolished aggrega-
tion and inhibited NPY secretion induced by
thrombin 2.5 kU L' by 82 % (Tab 21.

Platelet aggregation and NPY secretion induced by thrombin in edetic acid or verapamil.

Thrombin 0. 75 kU L'

Thrombin 2.5 kU L7

Aggregation/ NPY Aggregation/ NPY/
ay pg L a, pg L7
CDD , 240 5+ 4 D.aLN 3.1=0.4
v i/ ntro Gl4-4 12446 58+3 6410
m"a‘i‘] 5 565 3246 T1—=2.5 T
pmol L 50 5246 I3+7 Tixl.l o811.9
SUG 25+ 8 13=4h BRI+ 10 B9 +12
Edetic acid/
2 0. 740" J1+8t 1345 11+8*

mmol L7
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Tab 2.
Ind 20 umol L™ ': PC S mmol L™': CK 100 kU L™

Effects of inhibitors on aggregation and NPY secretion induced by thrombin in washed platelets.
"P< . 05 vs control; “P-"0. 05 vs Ind or PC/CK.

Thrombin 1. 75 kIJ L~

Thrambin 2.5 kU L1

Aggregatian / NPY / Apgregation NPY /
‘s pg L7 it pg 177
Control 51+4 41 x4 g1 3" 641 11"
Ind 0. 6=0 13t¢" 27" 2
PC/CK 0. 60 177 227 184"
Ind /PC/CK - - 4t 7.9z, 5%
volved in the two processes are not the same,
The results showed that chnical pharmacologi-
DISCUSSION cal concentrations of Ver 5— 50 pmol L™" had

This paper showed that stimulation of rat
platelet with thrombin resulted in NPY secre-
tion parallel to its aggregation. In contrast,
when ADFP was used as the stimulus. no NPY
concentration-
dependent aggregation was produced. This
indicates that NPY is secreted during platelet

activation evoked by some agomsts, but NPY

was secreted, although a

secretion is not necessarily parallel to platelet
aggregatiomn.

it is generally accepted that a rise in cy-
tosolic Ca®* concentration was the final com-
mon pathway for platelet activation. Using
Fura 2 as an indicator. we found that throm-
bin could induce an inctease of [Ca'~ 7 in
platelets, and chelation of extermal Ca*™
markedly reduced the increase of [Ca®' ]
evoked by thrombin and aceelerated the return
of [Ca**] to the resting level.

the second aggregation was abolished and

Consistently,

NPY secretion was partly inhibited after chela-
tion of external Ca™, It suggests that the in-
crease of [Ca®" ] is mainly due to influx of ex-
ternal Ca** and may be one of the mechamsms
for thrombin-induced platelet aggregation and
NPY secretion.

effects of external Ca®' chelation on platelet

Furthermore, the different

aggregation and NPY secretion seen in our ex-
pertments indicate that the mechanisms in-

no effects on thrombin-induced platelet aggre-
gation and NPY secretion. Ewven very high
concentration of Ver 500 pmol L77 still did not
affect thrombin-induced NPY secretion. Con-
sistently. Ver 0.1 mmol L77 did not affect
thrombin-induced Ca** influx. as indicated by
the increase of TCa’* ), measured with Fura 2.
Our preliminary experiments showed that Nif
also had not stgnificant efiects on platelet ag-
gregation. NPY szecretion and Ca*' influx.
These results suggest that veltage-dependent
Ca "t channels do not exist or at least do not
The

inhibitory effect of Nif on thrombin-induced

play an important role in rat platelets.

platelet aggregation at a very high concentra-
tion (0.5 mmol L7') is probably due to 1its
nonspecific action on platelet function™t,

The present study also shows that Ind,
which inhibited cyclo-oxygenase and abolished
the formation of arachidonate metabolites . and
PC/CK which convert, released ADP to ATP
greatly inhibited thrombin-induced platelet ag-
gregation and NPY secretion. The effects of
Ind and PC/CK could be additive.
sults suggests that arachidonate metabolites

These re—

and released ADP are two major positive feed-
back factors to potentiate thrombin-induced
The
mechanisms of the positive feedback action

platelet aggregation and NPY secretion.
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need to be determined.

In conclusion, thrombin-induced NPY =e-
cretion Irom platelets was related to & Ca®!
influx through non-voltage dependent Ca™
channels and a positive feedback of arachi-

donate metaholites or/and released ADP.
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