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AIM: To study the inhibitory effects of copper
aspirin complex (CuAsp) on platelet aggregation.
METHODS : With adenosine diphosphate the effects
of CuAsp on platelet aggregation in vitro or in vive
were investigated. Radioimmunoassay and fluoro-
photomentry were used to measure thromboxane B,
(TXB,) generation from platelets, the levels of
TXB; and of 6-keto-PGF,, in plasma and the platelet
serotonin release reaction. RESULTS: In vitro,
CuAsp inhibited arachidonic acid ( AA )-induced
aggregation {ICs; =17 pmol*L ™!, 95 % confidence
limitss 9 — 33 pmol *L™'), the release of 5-HT
(IC5, =19 pmol-L™', 95 % confidence limits: 10
~ 30 pmol + L™!), and TXB; generation from
platelets (P < 0.05). Culsp 10 mg- kg™ ! ig
' Project supported by the Fund for the Study of Basic Usage of
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selectively inhibited AA-induced aggregation, and
increased the 6-keto-PGF;, concentration in plasma
while decreased that of TXB,. CONCLUSION:
CuAsp, in vitro or in vive, shows more potent
inhibitory effects on AA-induced aggregation than
aspirin (Asp), related to the inhibition of platelet
cyclooxygenase and the release of active substances
from platelets.

Aspirin { Asp} shows a potent anti-platelet
aggregation effect, and is widely applied to the
preventiont and therapy of thromboembolic diseases,
especially ischemic cardiovascular diseasest!'. Asp
at higher doses, however, supresses prostacyclin
{(Pro) synthesis in endothelial cells while inhibits
thromboxane A; { TXA> ) generation in plaelets.
To look for a substitute of Asp has become a subject
of interest.

Copper aspirinate [ Cuy{aspirinate }q, CuAsp],

2 had not only more

a copper complex of Asp
potent antipyretic, analgesic, anti-inflammatory,
and anti-arthritic effectst > but fewer

gastrointestinal side effects than Asp due to the
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Ci2* -catalyzed actiont® 4.
In screening trials, we found that CuAsp

but not
manganese aspirinate { MnAsp) or zinc aspirinate

showed a potent antiplatelet activity.

{(ZnAsp). In this paper, antiplatelet aggregation
effects of CuAsp were studied.
O
0
0 % =
/
O
Tetrakis-p-acetylsalicylato-dicopper
[ Cu, { aspirinate), ]
MATERIALS AND METHODS

Rabblts Rabbits of either sex weighing 2.0 — 3.0 kg
were cbtained from Department of Animal, Kunming Medical
College (Certificate mumber: The Administrative Cominission
of Medical Experimental Animals of Yunnan Public Health
Bureau. Mo A 1),

Drugs and reagents CuAsp {Cu 14.99 %,
C51.21 %, and H3.32 % punity >98 %), MnAsp, and
ZnAsp were synthesized by Kunming Institute of Precious
Metals CuAsp was dissolved in 5 % propylene glycol and
1.4 % polyviny] in water {pH 6.5). MnAsp and ZnAsp
were dissolved in water and their pH values were adjusted wo
7.4. Crystalline Asp was dissolved in T % Na.(O} prior to
use, and adjusted its pH to approxdmately 7.0 with HCL.
Both arachidonic acid ( AA) and platelet activating factor
{PAF) were the products of Sigma Chemical Co. AA
dissolved in ethanol, was diluted t0 0.5 % solution with T %
Nag(COy before use. PAF was dissolved in Tris-NaCl buffer
containing 0.25 % bovine serum albumin (BSA). ADP
(Fluka Chemical Co) was dissdlved in phosphate buffer
solution {PBS). TXB,; and 6-keto-PGF,, radioirnmunoassay
{RIA) kits were purchased from Chinese Academy of Medical
Sciences. S-HT { Flukz Chemical Co) was dissolved in
water.,

Preparation of platelet-rich plasma (PRP) and platelet-
poor plasma (PPP) Rabbit blood from carctid artery was

antwoaguilated with 3.8 % sodium citrate solution (9:1, vol:
vol), spun at 1H) ~ g and 100 ~ g respectively for 10 min to
obtain PRP and PPP. FPP was used as the reference for
platelet aggregation or to adjust the platelet ccunt in PRP,
which was kept 5 > 10 cell* L™ ! in all experiments.

Assay for platelet aggregation

Tests in vitro Platelet aggregation studies were
performed with ADP.

Tests ir vive The rabbits were mndomly divided into 9
groups (each with 6 rabbits): groups A — D were given ig
CuAsp 10, 75, 150, and 300 mg kg™ ', respectively; groups
E—H were given ig Asp 10, 75, 150, and 300 mg-kg™!,
respectively; and group I was given 0.9 % saline as a contral.
PRP and PPP were prepared before ig and at 0.5, 1, 2, 3,
4, and 6 h after ig.  Platelet aggregation induced by ADP,
AA, and PAF were cbserved in wwo.

RIA for TXB, and 6-keto-PGF,, in plasnal®”) At the
2nd and 6th hour after CuAAsp 10 mg-kg™! ig, blood 5 mL
collected from rabbit carotid artery was anticoagulated with
0.2 mL of heparin-indometacin-saline. Plasma was spun at
1000 % g in ice bath for 10 min. TXB. and 6-keto-PGFy, in
plasma were extracted from the supernatant and assayed using
the RIA kits,

RIA for TXB; formation in platelets’® The extraction
and RIA of TXH: in the supematant were similar to those in
plasma.

Assay for platelet serotonin release'®)  The rabbits were
divided into 3 groups of 6 rabbits each. The results were
compared with those of 5-HT treated.

RESULTS

Platelet aggregation [n witro, MnAsp and
ZnAsp had no obwvicus influence on AIP-, AA-, or
PAF-induced aggregation. CuS0y in vitro lailed to
inhibit ADP-, AA- or PAF-induced aggregation ( P
>{.03 ws control group: 61.812.5 % by ADP,
68.0£2.0 % by AA, 55.3 2.1 % by PAF).
CuAsp and Asp in witro inhibited AA-induced
aggregation in a concentration-dependent manner,
with the ICsg of 17. 2 pemol - L7 '{95 % confident
limits: 9.1—32.8 pmol-L™!) and 27.7 pamol-L 7!
(95 % confident limits; 15.6 —49.2 pmol-L71'),
respectively: but neither of them did in the presence
of ADP or PAF (the aggrepation rate in conirol
group: 57.5£2.9 % by ADP, 67.4£3.5 % by
AA, and 64.7£3.4 % by PAF) (Tab 1).

CuSOy 10 mg-kg ™! ig slightly inhibited ADP-,
AA-, or PAF-induced aggregation {the aggregation
rate at 0 h: 34.5+3.7 % by ADP, 65.5+3.4 %
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Tab 1. Effects of CuS0;. copper-aspirin complex (CuAsp), and aspirin ( Asp) on platelet aggregation
induced by ADP, AA, or PAF in vitro. n =6 rabbits, x 5. *P>0.05, 2P<0.05 »s control.

Platelct agpregant inhibition /%

Drug/_] Adenosine diphusphate Arachidonic acid Flatelet activaung factor

pervol L CuSD,  Culsp Axp CuS0,  Cudsp Asp CuS),  CuAsp Asp
375 2.622.1* 2204110 DOF0.6* 2.1x3.77 16.4£4.0% F1£2.2° 2242090 [ 1X0.7 lpoxl !®
75 1.1+£1.3* 5.5+2.1° 3.1+2.2° 0.7+x0.8 352+1.4412.5+2 8 0.9+]1. 5 1.7-0.8 | a+1.7*
15 23£3.1F 72429 3.5+£1.5 0.5+£0.7 51 3+£1.5"31 7+2.2¢ 2.4+1.8 2.5x1.1" 1.0xL.7°
30 3.0+22.1° 8.3+£2.6" 2.6x1.1" 1.241.4- 1£2.3*53 7£5.2> 2.7£2. 7 4.7x1.9 1.5+0.8
6U 4+.6%£3.1" 5.5x2.0° 2.3+£1.4° 1.241.1* 72.6+2.5"6R.7+2 4% 4. 6+l.6* 7.6+2.1° 2.7+1.6°
120 5.1£3.7°21.942.0"° 1.2-0.9 0.9%1.2° 91.3-2.1" 91, 8+3. 4 6 0L1.8° 9.8+£2.7* 1.94+1.3

by AA, and 52.0x 5.9 % by PAF) (Tab 2). CuAsp 10, 75, 150. and 300 mg-kg™ " ig markedly

Tab 2. EN . 0 e kel inhibited AA-induced aggregation. Itz inhibitory
. ects of CuSO, mg - kg™ ig on platelet - ) .

ion indoced by ADP, AA. or PAF iz vivo. effec:ts were displaved a.t 0.5 h alter i1g (.P<0.05) .

7 =6 rabbits. $+5. "P>0.05. "P<0.05 vs O h. maximal at 2 h, and still potent at 6 h ( P<0.05].

In addition. CuAsp 300 mg - kg ! ig significant

Platelet aggregant inhibition/% : inhibited ADP or PAF-induced aggregation by 61.8

Time.h Adenosine Arachidonic Plateler 1.1 % and 71.1£1.7 % (P <0.05), at 2 h

diphosphate acid activatng factur respectively, but Asp (300 mg-kg ™!, ig) did not
0.5 2 547 6 7046 4t 91445 (the aggregation rate at 00 h: 57.5 +4.1 % by
1 234i123b 21 4iS7h 13.9+5.9° AI.)P, 68.4=-3.5% b)r anh‘ﬁh, and 63.4+3.7 % by’
2 18.3+4. 3 37.4+10.1% 19.9+12.2% PAF) (Tab 3).
3 19.5£3.6"  20.4£6.5"  26.1x7.1° Plasma levels of TXB, and 6-keto-PGF,,
4 3.90+£3.0° 7.4+1.9° 15.4+8.2° - T . ]
6 39+2 30 49+ 6 6714 10 CuAsp {10 mg-kg ™ '. ig) markedly increased the

plasma concentrations of 6-keto-PGF), and signi-

Tab 3. Effects of CuAsp and Asp on platelet aggregation induced hy ADP, AA or PAF i vive. a1 =6 rabbits, ¥t 5.
B >0,05, BP<0.05, “P<0.01 vs 0 h.

Drug’ Platelet aggregant inhibition. %
mgkg™? 0.5h 1h 2h 3h 4 h 6 h
CuAsp Asp CuAsp Asp CuAsp Asp Cudfsp Asp CuAsp Asp Cudvp Asp

ADP 1020 049.2% 9944 122 521.9° 16,345,6* 13.5+2,17 12, 142.2* p 441 8 7.844.1% 30£2.7% 18425 L1+1.8 3.6421°
TS 141.4° 58438 §3+2. 3 13,421 S 16.5+2. 17 18,0+ 1.3 13.7=2.1°20.7£1.8" T.641.3 150£1.7° 3.3£3.9° 34240
130116013 69406 205200 11.2=1.6° 30 64 117 19.422.3° 39,922, 1° 1754 1.7 24,94 1.4° §2:1.1° 59429 31125
02354725 5.0=3.1° 538 T4 B 117455761841, 1222241 42 32,2154 10 3+3.4" §.3+2 4 4.5-3.6" 2. 141.4* 16119

AR W094.1-3.9738.321 4% 96,623 ST 62180 98 141.8° 86.622.5797.2-3. 35 01. 442 9 85 44 1.8 72.3-1 371043, 30 710330
I597.4=1.508, 321,05 98, 1 £1,2° 40, 0+ 2 3P 0B S+],1° 03 35,3007, 042 S 4 7424V 89 S+2 8078, 341 b gz 00 0.7 -1 Ob
10949372915+ 162 06, 741 (* RAB+]. P98 9+ 1.8 9n.T+2. 34 06, 1+3.0° 96,64 1.2" 93,741 47 93.4+2. 22 87,7+ 1.5 83,9 =2.4F
30097,0-4.5°92.744.1°95.3+3 6" 03 R+2 4P 0p R4 1.9° 08,4 2.0 %6. 5+ 1.6° W 521.1903.0-2 6 9. 141 3P 8L6+3, 50 /7. 4+ 220

PAF10 5.5+3.9° [.742.0° 10.6+5 2% 22409 90+1.9* B.4-1.4* 8.041.7" 59+1.2° 3.7=0.9¢ 2.9+41.4° L2413 1.1+17
75 4.4+72.8° 532137 15.942.2° 404345 13.544.1% 65.2-1.5°14.411.4* 3041 7% S.6=1.17 48237 45+1. 8 4617
150 SQ426° 6.521.8° 90454 4845 P 22,1259 282157203424 282107152 -4 0 4.9+42.7% §8+q94% 2.8+1.0°
065 141.2% 674122 65 1+ 18" BA£1.1271.1=1 7° 6.7£1.6° 5425 5.5+2.7* 11.625.4° 15.243.7 3.6+4 3¢ 2.2_29°
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ficantly decreased those of TXEB.
markedly towered the plasma concentratioms of both
TXE,; and 6-keto-PGF | (Tab 4},

In contrast., Asp

Tab 4. Effects of CoAsp on plasma levels of TXB, and
6-keto-PGF,, in vive. n = 6 rabbits, X £ 5. "P>0.05,
'p<0.05 v saline (0.9 %, ig the same volume as groups
CuAsp and Asp).
. CuAsp Asp

Seline 10 mg-kg™ 10 mg-kg !
TXB, /gL
Before ig 1.532£0.61 1.52+0.62° 1.53=0.51°
Afterig2h 1.41£0.71  0.13+0.06" 0.51=0.08"
Afterig6h 1.51%X0.42  0.22+0.02" 0.731£0.06"
6-leto- PGFy,/ug- L1
Before 1z 0.5220.31  0.414+0.31* 0.43+0.312
Afterig2h 0.64=0.31  2.41+1.61% 0.2220.08°
Afterigfh 0.42+0.23 3. 13+1.12% 0.31+0.09®

TXB, generation from platelets CuAsp and
Asp strongly inhibited AA-induced TXH- generation
from platelets ( Tab 5}.

Tab 5. Effects of CuAsp on platelet aggregation and TXB,
Formation induced by AA in vitre. »n =6 rabbits. ¥ £ .
'P <0.05 s saline.

Platelet

.7 -1 o[ 1
Dirug Aol - L aggregation/ % TXB;/pgr L
Saline 68.7+3.5 287.7+86.3
CuAsp 0.12 4.3+1.7 1.1+1.0"
Asp 0.12 6.2+2. 4 1.2+1.5"

S5-HT release from platelets CuA-p concentra-
tion-dependenitly inhibited the release of platelet 5-
HT, with 1Csq of 19.1 wmol-1.7' (95 % confident
10.4—30.5 wmol 1. ') (Tab 6).

Hmits;
DISCUSSTON

In this study, antiplatelet aggregation effects of
CuAsp were investigated by using ADP, AA, and
FAF. The results indicate that. on one hand,
CuAsp, at a lower dose, markedly inhibited AA-
induced aggregation in wifro or in vive, which was
not  obvicusty ADP or PAF,
demonstrating that CuAsp showed an obviously

influenced by

selective inhibitory effect on the arachidonate

Tab 6. Effect of CuAsp on 5-HT release from 10° platelets
induced by AA in vitro. r =6 rabbils. ¥ X 5.
P>0.05, "P<0.05 vs control.

Drug pmol <L~ ! 5-HT /ng
] 449 + 43
3.75 7ex17
7.5 342+ 230
15 264+ 200
30 170+ 13
60 128+ 7"
120 ob

pathway of platelet aggregation. OUn the other
hand, CuAsp (300 mg - kg™ ! ig} significantly
suppressed ADP or PAF-induced aggregation, hut
Asp did not, indicating that anti-platelet action
spectrum of CuAsp was wider than that ol Asp.
Furthermore, in AA-induced aggregation iz wvitro,
the ICq, value of CuAsp was lower than that of Asp.
and inhibitory rates of CuAsp were higher than those
of Asp, indicating that CuAsp was more potent than
Asp in selectively inhibiting AA-induced platelet
aggregation. [he inhibitory effects of CuS0Oy on
ptatelet aggregation induced by ADP, AA or PAF
led us speculate that CuAsp may act via Cu**-
catalyzed action leading to more potent antiplatelet
aggregation and wider antiplatelet spectrum than
Asp.

The abnortmality in TXA; and Pro equilibrium
will result in platelet aggregation and formation of
platetet thrombus®!.  CuAsp strongly decreased
AA-induced TXA; generation in platelets as well as
in plasma. Moreover, Cufsp significantly elevated
the Pro levet in plasma at the dose (10 mg-kg ')
that inihibited the platelet aggregation and release.
In contrast, Asp markedly lowered the Pro level in
plasma while inhibited the TXA; formation. The
reason that CuAsp significantly inhibited the TXA;
generationn might be its inhibitory effect on plateter
cyclooxygenase. It is suggested that copper, an
essential metalloelement, might be involved in the
increased plasma levels of Pro in our present study.

On activation, platelets also release some
vascactive substances such as 3-HT, leading to
further aggregation. In this study, CuAsp dose-
dependently inhibited 5-HT release from platelets,
suggesting that anti-platetet effects of Culsp might
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be related to its inhibitory action in the release of
active substances from platelets.

In summary, as compared 1o Asp in vitro or in
wn, CuAsp was mure polent in inhibiting AA-
Differing from Asp, Culsp
significantly increased the level of prostacvclin in

mduced aggregation.

plasma while it markedly decreased the generation of
This s

advantageous to the prevention and therapy of

TXA: either in platelets or in plasma.

ischemic cardiovascular discases tn combination with
the  abnormalities of  platelet  aggregation.
CuAsp  has

It is likely 10 become a more promising

Furthermore, much fewer side

t'ffectb‘-z"” .

anti-platelet drug.
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