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Abstract—The effects of 2-bromo-3-(3,5-tert-butyl-4-hydroxylphenyl)-1,4-naphthalenedione(TPN2), a syn-
thetic vitamin K derivative, on platelet aggregation and its action mechanisms were investigated in rat platelet.
TPN2 inhibited the platelet aggregation induced by collagen(10 pg/ml), thrombin(0.1 U/ml), A23187(10 uM)
and arachidonic acid(100 uM) in concentration-dependent manner with 1Cg, values of 6.5 £1.3, 59.3 245,
13.0 £2.37 and 2.9 £1.0 uM, respectively. Collagen-induced serotonin release was significantly reduced by
TPN2. The elevation of intracellular free Ca®* concentration ([Ca’]i) by collagen stimulation was greatly
decreased by the pretreatment of TPN2, which was due to the inhibition of calcium release from intracellular
store and influx from outside of the cell. TPN2 also significantly reduced the thromboxane A,(TXA,) forma-
tion in a concentration-dependent manner. The collagen-induced arachidonic acid (AA) release in [FH]-AA
incorporated platelet, an indicative of the phospholipase A, activity, was decreased by TPN2 pretreatment.
TPN2 significantly inhibited the activity of thromboxane synthase, but did not affect the cyclooxygenase activ-
ity. From these results, it is suggested that TPN2 exert its antiplatelet activity through the inhibition of the intra-
cellular Ca® mobilization and the decrease of the TXA, synthesis.

Keywords [12-bromo-3-(3,5-tert-butyl-4-hydroxylphenyl)- 1 4-naphthalenedione (TPN2), antiplatelet activity,
serotonin release, calcium release, TXA, synthesis, phospholipase A,, thromboxane synthase
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# Dufault, 1993; Peterson®} Lapetina, 1978). 4% =
7] damke] oA Bu|E= ADP serotonin 5 ar-
achidonaic pathways 53] A4, 2% prostaglandin
G,(PGG,), PGH,, TXA, = =2 o] olA-E A 8
Aol Agslo] SAHUSS SFA7A H™ (Meanwelld
Seiler, 1990; Hourani®} Cusack, 1991: FtzGerald, 1991).
olzigl 2x14 el w7t Ham SRS Bl oAt
ok 37 AR

g4 GBS U] Hg A7 dag 53] b
S Afske =871 @2t arachidonic acid A}
A8 A], thromboxane A,(TXA,) 28|, prostaglandin
%A, fibrinogen 8- ZA|, 5-HT, Z3A|, cAMP
phosphodiesterase A{3iA] 2 7|e}e] pEF 2B -5 o]
s] Y= Qo (Meanwell#Zh Seiler, 1990; The year's
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Fig. 1. Chemical structure of 2-bromo-3-(3,5-tert-butyl-4-hydro-
xylphenyl)-1,4-naphthalenedione (TPNZ2).

drug news, 1994). Az Atel|lA ARSZ 3L Q)= aspirin,
ticlopidine, sulfinpyrazol 5-¢ju}, 72| = OKY-
046, OKY-1581, U-63567+ - 34w 28 o5 F
2 AZAAZoN} HEF Fo] F3A A0 dx} I
F AR} A8 At wmr ke 3 £ 831
A5k, olefgk AfAES gekiA F2hes 54 59
A2 055 ag) YA} oFEE AMRE ol e b3 Tl
g Ao wol ri&Ee] oFERY} F v EHe| oAl ¢
Hauk GEe Jde] A 8FF o] AT gly AFe|rt

Vitamin-K¥= 84| 333 2h8a) vlEdA] 2hEst
a4 2pg-S vepiie Ao odwiA glom (Blackwell
=, 1989), vitamin-K2| Z#-& =218 1,4-naphthalene-
dione FEHEE- HA] 7 Hag THYA o] Hilwe] Ut
(Huang = 1998; Liao 5, 1998; Chang -5 1997: Ko
= 1990). ¥ =Fo)|A%E 14-naphthalenedione =8-S H}
Blo 2 Zu] Fapde|i 9P IE-S JUsiAl Y
d#e] 478 Fe = 2kE7F Z4" 2-bromo-3-(3,5-tert-
butyl-4-hydroxylphenyl)-1,4-naphthalenedione(TPN2, Fig. 1)
o] 3 gAw kg 1 ARE7]He| #AdE ATANE BT
So7 o,

REE

HEsE

Sprague-Dawley £ (350-450 o) L BTE=AENE
B 8A, g2 Fgbel 20£2°C, FE 50-60%, 12
AN zF BRY F719) ARFEAA 15 o4 HE3AA F AL
23193.om, WIALE (Purina Korea)?t 8 A=A A
FHal=g sjgt
Washed Platelet 2=

F#A S ether® v}FHAZ] F 7)Es}e] 18 guage needie
2 BojEal o2 ve A5l sodium citrate@EE 5%
1 0.38%)% 7130 FYSE WA TH(Lee 5, 1998). E
-8 770 rpmell M 1287} fAlEEIste] AFE)] platelet-

rich plasma(PRPYE 99wk PRPE v 2,000 rpmef| A
2087 4228k pellers #HEF 5 washing buffer
(modified Tyrode's buffer: 134 mM NaCl, 3mM KCl,
03 mM NaH,PO,, 2mM MgCl,, 5mM glucose, 12mM
NaHCO,, 1mM EDTA, 3.5mg/ml bovine serum albu-
min at pH 7.4% pelletS @A = opA| L4lde
sl S 23] WREElIv) 2 pellets EDTAZ) S
o1& k2 suspension buffer® 3X 108 cells/ml®] “§=7}
HEF Ade AH
Platelet Aggregation =73

Aggregometer(Chronolog Corp. Harvertown, PAYS A}
£38}o] suspension buffere] 218 FHEZF 100%E,
washed platelet?] F4%E 0%2 AA3 F giw 53
of w2 F4=e] HIE A5 1mM CaCly, A
sloll washed platelet(3 X 108 cells/ml)Z cuvetteell ot
37°C 1,200 ipme2 wHlsbdA] TPN2E 587F AA=] 8
%, agonist® 7|8l FHE WIFE FASHAE Ca¥t
X a9 $H 9A%S TPN2E 52X AAE 3t F
thapsigargin =¥ 3¢ CaClL,E 7}3F ¥ 8%of vjeht
= 7r& % aggrecation®® slglow -S| 27 %
aggregation Ztell ©18F % inhibitions T-31SIw}.
Serotonin Secretion &7

[14C]-serotonine] #5187 FAHLS o] 83le] ZA 3}
(Murphy %, 1991). Washed platelet(8 X 108 cells/ml)®]l
[4C]-serotonin(200 nCi/mD& 7}Fsled 37°C, 3087F wloksh
% AAEEsle] pelletd YT Washing buffer® |3
& ¥ suspension buffer® ©hA] &=H(3X 108 cells/ml)35d
o} 1M CaCl, €38}l imipramine 2pM= 7}3]
serotonin®] A FFE AIAR) 2AAAM TPN2E 523 A
7] kit Collagen 10 pg/mbe 71ste] g4 #A7E
H|E &31A)7] F g8o| EDTAM4 mM)3# formaldehyde
(10 mM)e] EgkdE 7hetel WS FAAFT 14,000
pmell A 387 ARG F ATAE FHd fElE
[“C]-serotonin®] ¢}S 23T BH|AEE &)
0.1% Triton X-100& H=gs o vehis Wapee] o
g MEEF ehlgio
MZL free Ca? 5% 5H

Free CaZ3} Bo|H o2 Hsle] g4 WA fura-
22 o)gsle] &AFlelivh(Stewart, 1996). Washed platelet
(8 X 108 cells/ml)®l| apyrase(0.05 U/ml)e} fura-2 acetoxy-
methylester(fura-2 AM, 5uMyE 7}8kaL 37°Cel|A] 458
7F wiekdl & 3x10%cellymle] A|EHELZ THEe]
CaCl, | mME 718 v 5% 7lsled 582k AAE &
% agonist®: WlE ©] £V}EE fluorescence intensityS
EAste [Ca) = FAFIGc A2 Ca TE AXE
2]8} calibration> Sage 2] #h(Sage &, 1993)]
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Washed platelet® 1 mM CaCl, &3] el 370CellA
ambsb A 587 g8 AATSEY agonistEA collagen
EF 5= 10 pg/mlyE 718 F- 627} WHAIREH. 4°C 3}
oA EGTAQZ mM)2} indomethacin(50 pMy& 718}ed 1h-&-
£ FHAZ] F 14,000 ipm, 397 AAEEEI AEAE
Fskd TXA,2) JAFER] TXB,Z radioimmunoassay(RIA)
= Q@90
Arachidonic Acid Release

Washed plateler]] [*H]-arachidonic acid(4 uCiyg 7}s}
of 370Col M 90EZF Hloket ¥ BSA(30 mg/150 ubE 7}
se] 370C, 10%7F wikalz 33) A)H el (Bartoli 5,
1994). A E& =t (4 108 cells/mlell 10 uM2]  indometh-
acing 7FgF F 370Cel|A 3082k wiekst ¥ 1 mM CaCl,
&2 slol] 37°ColAM mMIslEA 587 ke AATERA
o}, Agonist®4] collagen@E355: 10 ug/mlyS- 718k 5%
F 4°CaeM EGTA 2mME 71sled W& ARA)71Z
14,000 rpmefl A 383+ AAEE]3le] 2 A Fof wh
APsS EAegh. @4 0.1% Triton X-1008 =]
AL o vehts WAe2 AlE W Ei7 F PHl-ar-
achidonic acid 3422 3%t
Thromboxane Synthase Assay

Thromboxane synthase assay kit(BIOMOL®)YS AR5}
of Az}, Silicon(Sigma coa) e Z TEEF A Fol]

&= plaelet>2FE 223 microsomes 718E Tl

250C8] 48 Aol 387k vl 7Feslsith PGHE W
)| 7gt e 2 amkslar 383t ¥RSAIFE FeCl,E
718l HEe-E- FAAF| T Aol 1587F WhA]sE & 40C,
4,000 pmell A 1087F FAlEEste] 42 A F9
TXB,2] <2 RIA9] 2]5] Aekslglvt.
SHXZ]

2E A¥YAZIGE mentSEMLE vlehled 2w
Student’s t-test® BAghed z+ F2] 2)0)7} P<0.052] 7%
SAHLR frejAel ol Ao AT

A1 d oF

Vitamin-K= S8 A 33]d)-7 zhaqa} v)&=3 4] 23)3)
FH4 88 ehile AE deid 9o vimmin-K
2] mel-& £l 1 4-naphthalenedione 3EE A ¥
YA Fide] ¥arsle] ¢lvh(Huang 5 1998; Liao 5,
1998; Chang 3 1997; Ko -5, 1990; Black-well %,
1985). & A7l gE4g 2HEe] 7]HEe halog-
enated-1,4-naphthalenedione =3¢l TPN2(Fig. 1) 3
dag 28-S el g4 S dAsE 24 &

T 1304 | o collagen 10ug/mi
'g —— thrombin 0.1U/ml
= —— A23187 10uM "
= —@— AA 100 uM ol
< 100 4 u s
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Fig. 2. Elfects of TPN2 on agonist-induced platelet aggregation
: Platelets were incubated with TPN2 for 5 min followed by the
addition of collagen(10 pg/ml), thrombin(0.1 U/ml), A23187(10
MM} or arachidonic acid(AA, 100 uM). The peak level of
aggregation was measured at 8 min after the addition of
agonists, Data are expressed as mean = SEM(n=4).

g 2k 78 JAHEY

TXAAA S WA= A% 5L A

Te M QA AACAAM HaH $HE dodle
collagen(10 pg/ml), thrombin(0.1 Uml)#} calcium iono-
phore?] A23187(10uM) H TXA,9] AFA <l arachi-
donic acid(100 uM)Z. =8 HAag S3Ee<] =[x
43 At 1 A3 TPN2= oF 24 I &
AL FE ENes AAEI e (Fg. 2), AAE
ICso= 247t 6.5+ 1.3, 59.3£4.5, 13.0£2.37, 2.9£1.0uM
ol dubHo® HAw 3 uhe2 Haw AR ¥
B Azl AFgez By A FWWZE arachidonic acid®]
el 9 hAA el o] ZA dekg W= ZoR okuA
k. webd, TPNY) Had &4 Ma) Adel Wi
B3 pu) Aal 2gol 71AFEAY ARF B 9
3] #A% dense granuleW]®] A%< serotonin®] FH|e]
v A S TS} A%, B0 HEZZOMSO0 0.1%)%
3-9% collagen(10 ug/ml) A=l 23] & serotonin®ke]
21.5%7F Fe)Ed ¥hEle] TPN2E BE &A=
serotonin ER|E HAIFE T B3] 10, 100 uM F=ol A
Az folHel 94 EHF vehiti(144, 5.1%,
p<0.01, Fig. 3).

Yo A48 FH]E cytoskeletond] actin-myosin
2 eFef 23] AHEZ eIV A3 Yoy FHPoE o
ZA¥ %=29] surface connected canalicular system(SCCS)
o] g delud| Eoh(Feinman 5, 1985). o|#}3t
e FajEAfe] dolvir] e AE W Ca¥ F=2]
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Fig. 3. Effect of TPN2 on collagen-induced granule release in
rat platelet: [*C]-serotonin labeled washed platelets were
pretreated with TPN2 for 5min and further incubated with
collagen(10 pg/ml) for 6 minutes. Radioactivity of released
['4C]-serotonin was measured and results were depicted as % of
total ['*C]-serotonin. Aspirin(30 pM) was used as a positive in-
hibitor. Data are expressed as mean £ SEM(n=4) *p<0.01 vs
compared to vehicle control.

o) BaEA e, [Ca¥)e] Zd5ehy P
8o FHedd|= &49) phospholipase C, myosin light
chain kinase(MLCK), PLA, 5°| & 3EE 722 o=
2 ot ZBEE AEY Ca BE Fbe g4 394
o] Fest A5rt def & 4 gl of2) A AMdE
2HE TPN2oi| o5t dAast 23 A4 9 4 AHE
H] Ae|3pE-2 MEW Ca2t TEAS A9 AFe] ¢S
AL F FEFI collagen Aol &8 MEY Ca FE
WEE Eslodvt. 5, TPN2Y 558 2elsle HAgt
=5 fura2 A 23 A7t HiIES £4%5 Az,
collagen®E =¥ #HAIM Ca™ T F7H= 30uM
ol4e] TPN2 Aol oja) frej=) ez A9l 2r (Fig.
4), o] Wi TPN2el| 25k 2 A<l ¥4 7 &= Ay
2 gksket. ol=dt TPN29| #Bo| MW AAiz HE
9] Ca Fre|dAle] 7118k ZANA, F-2 &5 Ca>e
fdxigte]] 7]elslE ZAlelR|e] of BB gelFA} $4, &
A2 Ca2 #A4¢l dense tubular system®] Caz’f
ATPaseZ AA 228 AAF42 0] Ca? uptaked Apat
gte] [Ca]F F7MAITE A2 ¢l thapsigargin
01 UMEE FEH BaT S AT TPNS) %S
AEstglen, 2 A3}, TPN2¢| O]‘L- felzlel oA Fa)
= T 4= QalvhFig. 5(A)). =, MEF-E S

Ca?frdell === TPN29] oﬂaw— 9:}0 shara} #heke]
EGTA(0.1 mM) Ael2. AE9 Ca2 AT 255
collagen(2 ug/mly& 7}all A EW A3 Ca?= #2]4]
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Fig. 4. Effect of TPN2 on collagen-induced intracellular Ca?*
increase in fura-2 loaded platelet: Fura-2 loaded platelets were
suspended in a buffer containing 1 mM CaCl,. Platelet were
preincubated with TPN2 at 37°C for 5 min, tollowed by the
addition of collagen(10 pg/ml). Fluorescence intensity was
measured at § min after addition of collagen and the value of
[Ca®*], was calculated as described in material and methods.
Data are expressed as means =SEM (n=4). *p<0.01 vs vehicle
control.

A AAgE F A ENel| FHaFe] CaCly(4.0 mMYZ 7+he.
24 e Yl 2t 4w 3 WS AE 2
3 TPN2 A2l S5 2lHel A Eb HIHU
(Fig. S(B)) o) ife] Az 2HE TPN2E= AZ W Cat ¥
25 F7M7IE W AL RE Y] e YRe R
< %‘Q AES BF A TozH AP dkg 2 ¥a
¥ e dAge AeE 22T £ st 14-
naphthoquinone -54|& dubd o=® H4g L] i)
of 2gk HlEM Ca¥ =SS YAl 2 oE ¥ iE
2 glent MEd Az FEe] e =x o5 FE
o] el WX el disiMe d7Rl E=x 2-ke}
Aeolgk A7yt Ease] 9lvh(Liao 5, 1998; Chang
T 1997; Ko & 1995; Ko &, 1990- Blackwell 5,
1985). 4% 1,4-naphthoquinone *rrEZ'" phosphomom—
tide turnover?] &S E3) A=
Al He g2 g g)en(Liacs, 1998 Ko 1995
0 1990), whebA], TPN2e| 2]8F M|EW Ca C
J-’J% 18] 2= frakst 7136 )& Aoz FHL, o

o #HME T E dTF ok Ylslaa) gt

A, S8 Pagielr BAe] S PLAZE A%
Auto 2 HE arachidonic acid F21& E7F7]4 HH
(Purdon 5, 1987), -+2l%l arachidonic acid™ cyclooxy-
genase % thromboxane synthaseel] 2|3 ZF=fst "4
24 9 2R TXAZ Hskge = Wi 943
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Fig. 5. Effects of TPN2 on calcium-induced platelet aggregation
: (A) Effects of TPN2 on thapsigargin-induced platelet agorega-
tion: Platelets were incubated with TPN2 for 5 min followed by
the addition of thapsigargin (0.1 uM); (B) Effect of TPN2 on
extracellular calcium-mediated aggregation induced by collagen

: Platelets in the buffer containine EGTA(0.1 M) were
incubated with TPN2 at 37°C for 5min, followed by the
addition of collagen (2 pg/ml). After 1 minute, CaCl,(4.0 mM)
was added to trigger aggregation. Data are expressed as mean £
SEM(n=4). *p<0.01 vs vehicle control.

He &27) $d34eA ADP ¥ serotonin 5©] £H|F 1
o] 5ol oM = TXA, Aol E3lEeH o)2A A=
TXAL) ¢l3le] vl7ledAel 23} SAUFSCE ST 9
Ao] oA Evh(Meanwell®) Seiler, 1990; Hourani®h
Cusack, 1991). TXA = 0.1 uMEBE o)M= 8oz
dge] gt F&%5<9 E7MBennet T, 1981),
el Mg L, adenylate cyclase GAHE F3F c-AMP
"E’“E] Z+2(Gorman 5, 1978; Avdonin %, 1985), &4

v 2 X2 F7HMoriyama 5, 1988), fibrinogen
—,—-ng4],~] 2 371 59 2808 e SHuEE

EFEAA ﬂa?r_m YA F G Aoz o4eA gle
(Pollock et al., 1984). o]}l Zo] TXAE 4w 57
HhEol] olel TAHQ ZAHAEA 24, el o]
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Fig. 6. Effect of TPN2 on agonist-induced TXB2 formation in
rat platelet : TPN2 was incubated with platelets at 37°C for 5
min, followed by the addition of arachidonic acid (30 pM).
After 6 minutes, TXB, formation was terminated by the
addition of EDTA (2 mM) and indomethacin (50 LWM). Aspirin
(30 UM) was used as positive inhibitor. Data are expressed as
meun £ SEM(n=5). * p<0.01 vs vehicle control.

AL Appetezy Gl daw & A8 7
A& 4 gt AAE o] €x) ‘231 11' 3 Al
o ele] F¥ dFulgke]7|= dlvh(Meanwell@} Seiler,
1990; The year's drug news, 1994). 1,4-naphthoquinone
FEA S ik 3] LA Hzle] 25k TXA, A4S
dAlshe Aoz H% ¥l 3)2w(Chang 5 1997 Ko
5 1995; Ko &, 1990), £ «d7olM= TPN2E= TXA,
AL QAE Aol *']'%]5]‘3'&113]' 2, collagen(10 pg/ml)
2ol o3 A== TXA2 S g Al TXB,
2 AEE A, a2 ¥ 683F 16.9410.588 ng/
well®] TXB,7} "E"']E]°'1°‘-+ TPN Axzel ols] F=
ejEm o ZHAFYl o™ (TPN2 100 pM:5.617%0.480 ng/
well; 10 pM:10.68=+ 1.267 ng/well), AFE-E ZE FTollA
dxzs) vlmle] BAGCE FHel Aol} BaHs)
h(Fig. 6).

o]$} 7re] TPN2E TXA,2) ATA|Q] arachidonic acid
2 frxeg 449 s “Zﬂf”]'?iﬂ(l:ig. ), Pag 23
Aol Aaisle] SN T TXA, ALF=
ZaA7)E AL R BolEe)(Fig. 6), TPN2o| 2J3t &4
3 AsEH-Z dagelM TXA, A4 #Ee] e
E4Te] 93 Ashtest BRAEe) g ASE FEH
L, whgpr] PLA,, cyclooxygenase, thromboxane synth-
ase®] Al W)g TPN29| 8RS A Eg)kv}. Collagen
22 fxg d4g Wl PLAS AdEl] gk TPN29|
°33FS [*H]-arachidonic acid’} -31% Ao 2HE
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Fig. 7. Elfect of TPN2 on arachidonic acid (AA) release in
[PH]-AA incorporated platelet: [*H]-AA incorporated platelet
were incubated with TPN2 at 37 °C for 5 min, followed by the
addition of collagen (10 pg/ml). After 5 minutes, AA release
was terminated by the addition of EGTA (25 mM). Data are
expressed as mean £ SEM(n=4). #*p«0.05 vs vehicle control.

g5 [*HJ-arachidonic acid?] k& 2AF= upez
A 2w, B iz A% AlEwe] £ [PHl-ar-
achidonic aicd% 15.80% 1.40%7} F21519 2t 100 uMe]
TPN2 el &3] 9.4+0.3%2. arachidonic acid 52
7F ZA2F 2 (p<0.01), BT 2EH A 2w B2
EQekFig. 7). vl2e] digozRe Baz) microsome
A &8t thromboxane synthase?] 24 =& TPN2o

n
—_

L)
2
»

TX Synthase Activity
(ng/ml/min)
L

VCTL 20 50 100 25
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Fig. 8. Blfect of TPN2 on thromboxane synthase: Human
platelet microsome was pretreated with TPN2 at 25°C for 3
minuntes and further incubated with prostaglandin H, for
another 3 minutes. TXB, production was terminated by FeCl,
and supernatant was subjected to RIA for TXB, determination.
Imidazole (25 mM) was used as a positive inhibitor. Data are
expressed as mean = SEM(n=4). *p<0.05 vs vehicle control.
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e F= gEHoz JAFHUFig 8). 2=} U937
cell‘ﬂ]fﬂ A8 cyclooxygenase T Eol|= TPN27| o3k
& FA ghe Ao vehdthEsE AR 3. 1.4-
naphthoquinone F-547} TXA, A A4S ﬂ]?]% o
ﬁ']:_c.’_ l-:.‘:'oﬂ n:]a]— /\]—o]é“]— 75‘7]--‘5-0] _1_;1_375]0{ 01_‘——~ﬂ’
vitamin K] 789 arachidonic acid 2ol ¢J5Fe &
2l Y21} (Blackwell E, 1985), 2-chloro-vitamin K, =
+ acetylshikonin 5~ arachidonic acid 2|5 JA|ske.
24 TXA;, ARG Asfals Aoz geiA I Ko 2,
1995, 1990). =¥}, 2-arylamino-3-chloro-1,4-naphthalene-
dione fr=#<l NQ-YISE PLA, @ cyclooxygenase]
e e F2] ¢} thromboxane synthase 24
= 78 HARl= Ale® By v ¢le](Chang 3,
1997) TPN2¢| 23 oFzke] Xlo]F Holil Qe 14-
naphthoquinone F-=452] o]efgl 2hg4ke] x}o|RE-2
FE2A AdelAdel 71lshe o8 FAEY o) gF 7]
Z—]E] ATE Es) T = ol ok & Aol
o])\]-o] Z-i_' == 0 7‘&51-”5“ 2 uH TPN2:+= -:g ]- LH Ca2+
T s Qﬂhﬂﬁ":‘ HHENF Asdels At ojie]
PLA,2} thromboxane synthase E44-& *)s|§ho24) TXA,
ARE FAaAA 94 $3S AR Ae= Al

ZIAlo| ok
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