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Antiplatelet Activity of 2-(4-Cyanophenyl)amino-
1,4-naphthalenedione-3-pyridinium perchlorate (PQ5)

Do-Hee Kim, Soo Hwan Lee*, So Yeon Choi*, Chang-Hyun Moon*,
Dae-Kyung Kim**, Yeo-Pyo Yun*** and Chung-Kyu Ryu*
College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea

*Department of Physiology, School of Medicine, Ajou University, 442-749, Korea
**College of Pharmacy, Choongang University, Seoul 156-756, Korea and
***College of Pharmacy, Chungbuk National University, Cheongiu 361-763, Korea

Abstract — The effect of 2-(4-cyanophenyl)amino-1,4-naphthalenedione-3-pyridinium perchlorate (PQ5)
on pla-telet aggregation and its action mechanisms were investigated with rat platelet. PQ5 inhibited the
platelet aggregation induced by collagen (6 ug/m/), thrombin (0.4 U/mJ) and A23187 (3 uM) in concen-
tration-dependent manner with ICy, values of 5.50, 25.89 and 37.12 uM, respectively. PQ5 also significantly
reduced the thromboxane A, (TXA2) formation in a concentration dependent manner. The collagen-
induced arachidonic acid (AA) release in [’H]-AA incorporated platelet, an indication of the phospholipase
A, activity, was decreased by PQ5 pretreatment PQ5 significantly inhibited the activity of thromboxane
synthase only at high concentration (100 uM), but did not affect the cyclooxygenase activity at all. Col-
lagen-induced ATP release was significantly reduced by PQ5. Calcium-induced platelet aggregation exper-
iment suggests that the elevation of intracellular free Ca®" concentration ([Ca®*}) by collagen stimulation
is decreased by the pretreatment of PQ5, which is due to the inhibition of calcium release from intracellular
store and influx from outside of the cell. PQ5 did not showed the effect of anticoagulation as prothrombin
time (PT) or activated partial thromboplastin time (APTT). From these results, it is suggested that PQ5
exerts its antiplatelet activity through the inhibition of the intracellular Ca®* mobilization and the decrease

of the TXA, synthesis.

Keywords [_] 2-(4-cyano-phenyl)amino-1,4-naphthalenedione-3-pyridinium perchlorate (PQ5), antiplate-
let activity, ATP release, calcium mobilization, TXA, synthesis, phospholipase A,, thromboxane synthase.
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Fig. 1 — Chemical structure of PQS5.
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&t %@‘ﬂ%‘% FEANFA HH D o)efst 2317
SANRS-S &l e dAaw

93 Br} ksl aAA AR oFEe] sl
7T et Faw FE) e A 5
W3y Ak A47]48e] Wt arachidonic
acid th} Asl4], TXA, Z&A, prostaglandin 5%
A, fibrinogen F&A A&, 5-HT2 434, cAMP
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1,4-Naphthalenedione ¥&& Y1 Ql& vitamin K
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259 & Hay SBAo] Buso] gkt 2
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B SRAAREE ATslel Budh) gohY 2
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A F 1 SEvF AN¥ RS 2-(4-cyanophenyl)
amino-1,4-naphthalenedione-3-pyridinium  perchlorate
(PQ5, Fig. DY d2¢-e3d 4 28 9 1 28
714& rugith PQyE davw @43 el S
8t dA|E i & granule release WHE-, Al

calcium F-¢el vlxi= 9% 9 thromboxane A, ¥
Aefl u]x]& 93} thromboxane A, 34 ZHdell =
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PQ32] 24 - PQ5l e Bag el )
o]l #3}Ect £, 2,3-dichloro-1,4-naphthalenedione
227g (10mmol) ¥ 4-cyancaniline (11 mmol)-& 20
mi2] pyridined]) ¢! 3 5AI7F F<t reflux Al
5 kg AlsIsich A FHE 200 mie] A
& Boll &ar7|aL oA qF HE RS AAS
3 ojelell 70% HCIO, 2 miE wlaliFa W§ZiAA o%
e e Ml ARk dojdl FRES
CH,CN-Et,0= HHEsiA AAAste] Fa4
22g< Atk mp. 325~326°C; IR(KBr, cm™);
3400(NH), 2240(CN), 1700(C=0), 1630, 1480, 1350,
1300, 1110, 740, 630; 'H-NMR(DMSO-dg); &
7.90~8.10(4H, m, benzene ring), 8.20-8.60(6H, m,
H5-H8, 2-and 5-H), 890(1H, m, 4H), 9.00(2H,
m, 2-and 6-H), 10.60(1H, s, NH) ppm; MS(my/z):
451(M™"), 425(M-26), 352, 251, 154, 136, 80.

AMBEE — Sprague-Dawley 37 (350-450 g)Z st
ASFEAE GF5E 49, elA Sadol 20=
2°C, =5 50-60%, 12/\1@ R F719) AR A
155 ol AZAI & "]*%0}‘”‘0”4 21 3AFE (Purina
Korea)9} &-& AHAasiAl AFSHES sigith

PRP2} Washed Platelet =X —dHE ether®
alEA7] & 1EEe] 18 guage needle® HUIFHO
232E Y3l T sodium citrate (HF F:
038%)% 7k Aeus WAk g
770 rpmellA 1283 AlEElsle] 4ER1 platelet-
rich plasma(PRP)S ¥%ltl. PRPS ThA] 2,000 rpm
oA 2047t Y4Eel3ke] pellets #3 F| washing
buffer(modified Tyrode's buffer: 134 mM NaCl, 3
mM KCl, 03mM NaH,PO,, 2mM MgCl, 5
mM glucose, 12mM NaHCO;, 1mM EDTA, 3.5
mg/m/ bovine serum albumin at pH 7.4H)E pellet
S AR F oh] gaRelshs 9gS 23 w
Hakith. #F pellets EDTAZE EAUA &2
suspension buffer® 3x10%cellym!®) %7} HEE
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no-log, Harvertown, PA, USAYE A}M&-3to1 suspen-
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let?] FFEE 0%5 443 §F v S nE
4o Wsks E9siivh. 1mM CaCl, &4 slol]
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g g H, 3 FAE vele] §E% Wk &4
stk Catt fht daw 34 oGS PQSE 5
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ol g ghelsh = gtk A Hadel] PQSE &
A7) Bl (ciEl), PQS B AlERRE EalAl7]
= 2% &R= Triton X-1000.1%)e 74t Sl A
oA 12,000xgo 7 2% F3F Y4 HEjrRl ol
i 5] 3 e R = B2 B el K ol = o
ZAxloke) LD-L10(Sigma, St. Louis, USAYS 7}3F
t}3 UV-spectrophotometer(Milton Roy, Model Spe-
tronic 601Y8- ©]&35l] 340nm A9 FFEE =
&y A Beads g8 Y st

Hgto g M
At
Thromboxane A2 AA450] D|Xl= ¥ - Ko5™
of ofall 71ewl o] wel o3 ol TXAS 4
A A6k 1mM Ca®t &4 sl 0.5mi9)
washed platelet (3% 108 cellymlye o)A 37°CE
TAAZIEA A Falsieloh A4 Ay Havs
PQ5Z 5%7F dAE et Fel collagen (10 pg/mi)sS
7vatodet. 6 51t vieket o 2mM EDTAS) 50
uM indomethacing 7}8le] WE-& FAIAITIL Ak
of|A] 12,000< g, 2 E<t ANEE A7) Fo AEE
F3tod -20°Collx Raeldct. TXA= ERFYeh 7%
2 7 Q7] wiEe] s2ulR bgE seRql TXB,
2 Hgsre TXB,S) A4S TXA840 Axz
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slo] Wb Y (radioimmuoassay) g2 EA 8}
Arachidonic Acid Release — Washed platelet®]]
[*H]-arachidonic acid (4 uCiyg 7}3l%d 37°CellXd 90
7 wiekst 5 BSA (30 mg/150 m)E 718k 37°C,
10%7F vjoFslar 33) AHSIGIh® Azdetel (4x
108 cells/m)el 10 uM©]  indomethacing 7}&+ ¥
37°CellA 3047+ vkt ¥ 1mM CaCl, A &l
37°CellM mHlslAM 57 oFE-E AAsiglct. &
% A ZA collagen EFFE: 10 pg/mls 75
5% & 4°C 3l EDTA 2mME 7lslo] whe-g
AAAIZ13L 14,000 rpmellr] 383 A8l AL
e Fo A& s i) 01%
Triton X-100& AHzRe o Uehe HALEE Alx
W& #9]¥l & [*H]-arachidonic acid #2.& 1ict.
Cyclooxygenase #4 &8 - of°| JozHE 2
gt v|AgE B8 (SVM)S 043 cyclooxygenase
assay kit(Biomol K-41, Plymouth Meeting, USA)
& o]&3]0] cyclooxygenase 24 43 AR
Kitell #2® SVM % cofactor £33 PQ5E A
st T2 23st 5 22°C water batholld 383
ujeFst3let. Arachidonic acid 2 W& 715t H 7235
gk 38 o Wiks ¥ 10we) FeCl, $94&
7¥eto] Al H A&olA 1583 BT 4°C,
3,000x gollA 1087 AAEd 5 455 ol Wit
Hel 244of o3| PGE,Z 33T
Thromboxane Synthase Assay — Thromboxane
syn-thase assay kit (BIOMOL®, Plymouth Mee-
ting, USA)S AMEst] A3} Silicon (Sigma
coat®, St. Louis, USA)C.E FE8 A|F o] okE3)
owo ZHE] B n|agEFe 718 o2 25°CY
T8 AoA 327t nlg] 7R3leith. PGH,E RESY
of 7kt ohg & kel 383t WhSAIHT). FeClL,E
7F BRE-E FAATIL AoA 1587 A3
4°C, 4,000 rpmellA] 1087 Y4Eelsio] d& 45
%9 TXB,o] %& WY Z4%e] o edsisict.
ATP Release &X - 43 HEIF ATP=
fire fly luciferin-luciferase 243 ¥+$3}9] lumine-
scent light® 9HE8h 7 Z5 AEzhje] ATP
T nleFtel. webd Ao RRE fed
ATP?] ¢k2- o] lightZ lumiaggregometers E3t]
ZRgogn bR er o 4 AU} SiliconS 2
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coating® cuvetteel] % #EFN (450 p)F} 107*M Table I1-IC;, of PQ5 required to inhibit rat platelet
~10°M9) sample (50 uy& 7¥3F3L 37°CollA] 237+ aggrega-tion —

F N ° PSR s50 (L
pre-incubationd}3ith 50 Wl luciferin hfc1ferase £ — Collagen— Thrombin IV,
o} (Chronolog, Harvertown, USA)S 715} thA] 2 P A0 pug/mdH (0.1 U/mb) (10 pM)

B} wjokst > collagen (3 o FHayh oK Aspirin 89.26 67.52 157.20
w3y iT . i Gugs . s4 A PQ5 550 25.89 37.12

1%

EARste] dawkE sk AA feiHel v ATP Rat platelets were incubated with varying concentrations of PQS

E =F590k. e ATP.‘Z] kS chartioll e} or aspirin for 5 min followed by the addition of collagen (6 ug/
o] LolE Z s = - m/), thrombin (0.4 U/ml) or A23187 (3 uM). The peak level of

s pea'k/] wolg FES 5 004 uM AT & olgst aggregation was measured at 8 min after the addition of agonists
o] FYU3 A& ASAZ|T 1 peak %0] ZHE] H] and ICs, values were determined from % inhibition of aggre-
2 AEEIh gation at each concentration.

go4S ol thet B - Boe o XES] PT
(prothrombin  time)® APTT (activated partial & gt 485 we|aa) A S dAs dEa
thromboplastin time)-& %X* 8]-0313} 0.38%9] so- T+ & g 3‘?1 TXA*@” L

dium citrate?} X8re|T5 AF3 F 2000 rpmef A
1587 g4Balstod platelet—poor—plasmafg cilel
t}. Reagent reservoirol plasma 500 wWet S4-5%

o] g 9W& R PT9 APTTE FAll 54
= %)+ Coagulyzer ACL-3000(Instrumentation Lab.,

USAYS 0|83l ZHARHIt
EAX2| - 2& 4¥43= meantSEM.CZ L+
BRIl o™ Student's t-test® 41810 2+ xjoj

7} p<0058] A% BAHCE 4ol Qs How
Wt
SRk
Viamin K& 28] Geelga 28} v]E8A) o

a5k g S ekl Zow dei 9lon?,

vitamin K9 23§ 423t 1,4-naphthalenedione 3}3
5 oA aag g4o] Huso] Qukt E i

oflA}3= 14-naphthalenedione 53¢ PQ5 (Fig. 1)%]

Table I —Inhibitory activities of PQS on agonist induced rat
pla-telet aggregation
Inhibition (%)

Sample Collagen Thrombin A23187
(100 uM) (6 ug/ml) (0.4 U/m) B uM)
Aspirin 71.0 44.1 66.2

PQ5 100.0 83.8 76.5

Rat platelets were incubated with PQS (100 uM) for 5 min fol-
lowed by the addition of collagen (6 pug/mi), thrombin (0.4 U/mi)
or A23187 (3 uM). The peak level of aggregation was measured
at 8 min after the addition of agonist. Aspirin (100 uM) was used
as a positive control. Data were representative of three separate
experiments.

PQse| AT SE N FHE - PQ5Y @*4 3
A S A A8, H A-ftellxlE A &
oM "o 288 Uo7+ collagen (6 ug/mi),
thrombin (0.4 U/m)¥} calcium ionophore?! A23187
GuM)E F123t Fadt SHkgol vlXe s
Esleh. 1 A3 PS5 100 uM7HA 2] sl A
collagen> 100%, thrombins- 83.8% “12]1L A23187°]
el 76.5%2 #Ho AAES 23en (Table D)
olg 7zt dis] Alikd IC,= 550 uM, 25.89
uM, 37.12uMelgith (Table II).  ZAufolla] ®BZo)
PQ5E= collagen® @ w3t Aag SAHRSol st
oA GAde] Bo] AE3Glon mEEAR ARG

aspirin®.t} JAlEo] ZHst & FAdd 4= ISk
PQ52] gl thdt A3 ME 54& HES] 9
3] LDH #+& AgS 3t Azt g vhket 244
o Al SAZE-S FHEAEA] St} (Table D). wh
24 PQ59) 53 oA B3 AGHN AEEAe=

Table Il — Effect of PQ5 on LDH release from rat platelet
Sample Conc((::&r)atxon % of Total release
Saline 12.0 = 2.09
Vehicle (DMSO) 13.8 = 4.62
PQ5 100 14.5 = 0.00
10 13.3 = 2.09
Triton X-100 100.0 = 0.00

Rat platelets were incubated with PQ5 or vehicle (DMSO 0.1%)
for 10 min and centrifuged for 2 minutes (12,000xg). Supernatants
were assayed for the activity of lactate dehydrogenase. Total ac-
tivity was determined from TritonX-100 (0.1%) treated lysate.
Values are mean 1 SEM.
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Fig. 2 - Effects of PQ5 on agonist-induced TXB2 formation
in rat platelet: PQS was incubated with platelets at
37°C for 5 min, followed by the addition of collagen
(A. 6 ug/m/) or arachidonic acid (B. 30 uM). After
6 minutes, TXB, formation was terminated by the
addition of EDTA (2 mM) and indomethacin (Indo,
50 uM). Aspirin (Asp, 30 uM) and indomethacin
(10 uM) were used as the posi-tive inhibitors. Data
are expressed as mean = SEM (n=5). *p<0.05 as
compared to vehicle control (VCTL).
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TXA HL/HO ‘1:.]:_‘ o]ix% o o%x.]]g]_oi OU:} A].%.z}

BE T ol g2yt nlusle] EAdow &
Q1 Aolzt #AHSIC (Fig. 24). olgh= 2
arachidonic acid® TXA, ¥4E FLd H$ol:
PQ5ell 2%t AAAztgo] dakEA] okgkth (Fig. 2B).
o] AWEE PQSY did I AJAZHEo] TXA,
3 Aslell 71:1skd, TXA, ol sk ahE
% arachidonic acidE 7]®Z A}E43}= cyclooxy-
genaselt 1 o} ©AIQ] thromboxane synthase]
g4 Ad7E otdEl "daw AEuntozHE 9
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Fig. 3 - Effect of PQS5 on cyclooxygenase activity: Sheep
vesicular gland microsomes were pretreated with
PQ5 at 25°C for 3 minuntes and further incubated
with AA for another 3 minutes. Reaction was
stopped by FeCl, and supernatant was subjected to
RIA for PGE, determination. Indomethacin (Indo,
10 uM) was used as positive inhibitor. Data are
expressed as mean + SEM (n=4). *p< 0.05 as com-
pared to vehicle control (VCTL).
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arachidonic acid 2| Aol 71 RAA-E Za}A
Alatsla Qlok. olgdt & FRlstnAl, cyclooxy-
genase ¥4, thromboxane synthase ¥4 %
chidonic acid frelel) v]Xl= S HESRCH, 1
A7, PQ5E cyclooxygenase B4S AAISIA] Est
9i1(Fig. 3), thromboxane synthase®] &/42 100
Mol s AR BRI & UrthFig. 4). ¥4,

TX Synthase Activity
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*

VCTL 20 50
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Fig. 4 —Effect of PQ5 on thromboxane synthase activity:
Human platelet microsome was pretreated with
PQS5 at 25°C for 3 minuntes and further incubated
with prostaglandin H, for another 3 minutes. TXB,
synthesis was terminated by FeCl, and supernatant
was subjected to RIA for TXB, determination.
Imidazole (IMZ, 20 mM) was used as positive
inhibitor. Data are expressed as mean = SEM (n=4).
*p<0.05 as compared to vehicle control (VCTL).
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16 4 __L

% of Total Incorporated [*H]-AA
=
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Fig. 5 — Effect of PQ5 on arachidonic acid (AA) release in
H]-AA incorporated platelet: PH]-AA incorporated
platelet was incubated with PQ5 at 37°C for 5 min,
followed by the addition of collagen (10 pg/m/).
After 5 minutes, AA release was terminated by the
addition of EDTA (25 mM). Data are expressed as
mean £ SEM (n=4). *p<0.05 as compared to vehicle
control (VCTL).
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Fig. 6 — Effect of PQ5 on collagen-induced ATP release in

rat platelet: Platelets were pretreated with PQS for
Smin and further incubated with collagen (6 g/
ml) for 6 minutes. Data are expressed as mean =
SEM (n=4). *p<0.05 as compared to vehicle
control (VCTL).
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Fig. 7 Effects of PQ5 on calcium-induced platelet aggre-
gation: (A) Effect of PQ5 on extracellular calcium-
mediated aggregation induced by collagen: Platelets in
the buffer containing EDTA (0.1 mM) were incubated
with PQ5 at 37°C for 5 min, followed by the addition
of collagen (2 pug/mf). After | minute, CaCl, (4.0
mM) was added to trigger aggregation. (B) Effect of
PQ5 on thapsigargin-induced platelet aggregation:
Platelets were incubated with PQS for 5 min followed
by the addition of thapsigargin (0.1 uM). Data are
expressed as mean * SEM (n= 4). *p<0.05 as
compared to vehicle control (VCTL).
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Table IV - Effects of PQ5 on blood coagulation

Sample Concentration PT APTT
(uM) (second) (second)
Blank 18.2+0.08 21.4+0.02
V-control 18.0+0.07 20.9+0.05
PQ5 10 pM 18.2+0.06 21.5+0.11
50 uM 18.2+0.05 21.1+0.07
100 uM 18.1+0.03 21.2+0.07

PQS5 was added to rat platelet-poor-plasma and PT and APTT
were determined using Coagulyzer ACL-3000 (Instrumentation
Lab., USA). PT: prothrombin time; APTT: activated partial th-
romboplastin time. Values are mean + SEM.
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