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Antithrombotic effects of morpholine and piperazine ring derivatives
and their molecular mechanism
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Abstract : Aim To investigate the antithrombotic effects of morpholine and piperazine ring derivatives and
their mechanisms . Methods In isolated rat aorta- precontracted with norepinephrine ( NE) , the vasodilatory
effects of compounds with novel structure were investigated. Mice was given kappa- carrageenin ip and kept at
the temperature of (20 - 21) C. Results and Conclwsion Active candidate compounds including MOPMC,
2FBMPC, MPTMBC, DMHPPP and PPVP were shown to antagonize thrombosis at the dose of 1 mgekg '
through activating the endothelial target for acetylcholine; while the contrasting compounds MAPC,
4C3FBMOC, mTBMPC, MONVP and MPNVP showed no significant effect on the tension of isolated aorta strips
or significant antithrombotic effects at the same dose . The antithrombotic mechanism of novel compounds is not
relevant to he mostatic syste ms or functions of platelet aggregation directly , but they can promote endothelial cells
to release tissue-type plasminogen activator (t-PA) and inhibit the activity of plasminogen activator inhibitor1
(PAF1) .

Key words : endothelial cell ; acetylcholine ; thrombosis ; carrageenin

( EC) . A ( PAF1) e,
( EDRF) . ,EC , B
(PGL) . ( PAF) ; ( ACh)
; tPA) . ’
(erd (ETA) 591 ETA
?
1 2002-09-05 . . ETA

( G199805112) ;

Tel: 86 - 10 - 66932651 , Fax: 86 - 10 - 68211656 ,

E mail :wh @nic .bmi .ac .cn



° 642 - Acta Pharmaceutica Sinica 2003 ,38(9) :641 - 645

Wistar ,2 8 s 200 ~ 250 g;
, (300 £50) ¢; , 6, 18 ~ 22

MOPMC, 2FBMPC,
MPTMBC, DMHPPP, PPVP, MAPC, 4C3FBMOC,
mTBMPC , MONVP MPNVP

>

( ) ; Kappa (' Sigma )
(TT) - (PT)
(aPTT) (
) ,PAF1 (
) s B(TXB,) 6 - Fia
(6-keto PGF,) (
).
O Wistar
, Krebs- Ringer (mmol*L™" : NaCl 118,

KA 4.7 ,CaCl, 11.0,KH, PO, 1.2 ,NaHCO; 25.0,

11.1 ,EDTACa Na, 0.026 ,pH 7.4) 5 mm
, 37 C , 95 % O,
5% CO, 60 min , 0.62
mol* L™ , 1 x10°°
mol* L™ s ;
, , 1 x
10" °mol* L"" ACh
, [11] ip
5 mgekg ', (20*1)C,3~4h
24 1 h MOPMC , MAPC,

2FBMPC, 4C3FBMOC , MPTMBC , mTBMPC , DMHPPP ,
MONVP,PPVP  MPNVP 1.0 mgekg ' ,48 h

Wistar iv
DMHPPP ,2 h ,800 r* min"' 10
min , ( PRP) , 3 000 r* min"'
15 min, (PPP) , PRP 1 ~2
h ( MAR) ; PPP TT,
PT  aPTT.
TT,PT,aPTT tPA PAI 1
Wistar iv 2 h, ,
4 'C 3000 r* min"' 15 min,

TT,PT,aPTT PAF1 ,  ELISA
t PA
TXB, 6 keto PGF,,
, 48 h, ,4 T ,3 000
r* min” ' 15 min, TXB, 6
keto PGF,,
Xz s
t
1
MOPMC ,2FBMPC , MPTMBC , DMHPPP
PPVP( 51.6 % ~ 84.3 %)

, 3.5%~13.9%,

; 1.0 mg'kg'1
5 MAPC,
4C3FBMOC, mTBMPC , MONVP MPNVP(
0~9%,1.0 mgkg ' ,ip)

b ( 1 52) ° 9’
ETA
2
2.1
24 1 h
MOPMC, 2FBMPC, MPTMBC, DMHPPP PPVP1.0
mgekg ', (P<

0.0 P<0.05,n=19 ~40) ;
MAPC ,4C3 FBMOC ,mTBMPC, MONVP  MPNVP
(P>0.05,n=12

1

~64) ,DMHPPP  0.25~4.0 mg*kg ' ,PPVP  0.25
~4.0 mgekg ', « 2.
2.2
DMHPPP  0.25 ~ 4.0 mg-kg ',
1,3 24h 1 ;6,8 24h 1
12,14 24 h 1 ;24,26 30h
1. 4 ,
1~6h 3 ,
12h 3 , ,

,J1.0~4.0 mgekg' ;
24h 3 )
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Table 1

, 4.0 mgrkg !

(P<0.01) . DMHPPP

, 1~6h

« 3)-

Sructure activity of morpholine and piperazine ring derivatives in isolated aorta strips in rats

Endotheliunr dependent maximal

Relaxational rate induced by

Compound Che mical structure Antithrombotic effect
relaxational rate/ % endotheliunr denuded aorta strip/ %
MOPMC N7~ COOCH, 52 £25(9) 3.5%1.0(5)" +
MAPC o N/\/COOCH 0(5) .
/—\
2FBMPC 58 £26(6) 6 £4(5)" +
4C3FBMOC 0(5) -
O
MPTMBC H3CfN N OMe 60 £20(6) 7£3(5)" +
OMe
CN CH,
mTBMPC NN 0(4) -
MeO OMe
DMHPPP 84 £17(8) 616(8)"" +
(N7 TOP(OCH,CHy),
N\)
OH
MONVP 4.8 £2.3(4) -
N OP(OCH CH,)
OH
OMe
PPVP 69 £24(8) 14x7(7)" +
" N"TOP(OCH,CH,),
® N
=N OH
OMe
MPNVP 9.0+2.3(4 R
NO, (4
N7 OP(OCH,CH,),
H C’N

3

The data is expressed as x s (1) .

3.1

DMHPPP

MAR

9) ,(29 £10)s( n="7)

1.0 mg*kg”' ,TT,PTR,aPTT
(44 £12)s(n=8) ,(1.02£0.11)s( n=
(42 £14) %( n=10) ;

(38 £9)s(n=15) ,(1.21 £0.28)s( n

=15) (27 *4)s( n=15)
( P>0.05)( PTR

PT ) -
3.2
t PA PAI- 1
0.06 ~4.0 mg*kg ' ,tPA

11.2%,8.7%,12.0%

P <0.01 @ endotheliunr dependent relaxational rate in endotheliunr intact aorta strips in rats

(43 £16) %( n=15)

DMHPPP

7.1 %( P<0.01,
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n=10~16), DMHPPP EC tPA; Table 4 Effects of DMHPPP on plasma values of t-
PAF1 16.3 %, PA and PAI-1 two hours after intravenous injection in
11.9%,7.9% 6.6%( P<0.01 ,n=5~14), rats
DMHPPP EC PAF1 ( 4. Dose ]
Drug t PA %( control) PAF1/ AU* mL"!
/mgr kg™
. . . . Control 100 £6(11) 18.89 £0.18(13)
Table 2 Effects of morpholine and piperazine ring DMHPPP 0.06 111 £5(10)" 15.8%1.0(5)"
derivatives (ip) on mouse tail thrombosis induced by 0.25 109 £4(16)"" 16.6 £0.5(8)"
carrageenin at the dose of 5 mg* kg™’ 1.0 12£11(10)" 17.4£0.8(12)"
4.0 107 £7(11)"" 17.6 £0.8(12)""

Dose/ Rate of thrombosis/ %  Length of thrombosis/ mm

Drug
mg kg™ ! Control Drug Control Drug
Aspirin 25 88 327 16E13(44) 6E5(16)"
50 88 28" 16 £13(44) 9.6 EX2.2(11)"
MOPMC 1.0 80 337 11 £12(64) 4£8(13)
MAPC 1.0 80 74 11 £12(64) 5.8 +2.8(14)
2FBMPC 1.0 80 527 11 £12(64) 8 £7(10)
4C3FBMOC 1.0 80 65 11 £12(64)  5%6(13)
MPTMBC 1.0 80 60" 11 X12(64) 7 £8(12)
mTBMPC 1.0 80 70 11 £12(64)  6X5(14)
DMHPPP 0.25 88 38" 16 £13(44) 7x6(15) "
1.0 88 327 16 £13(44) 9t6(14)"
4.0 88 42 16E13(44) 3.7%2.5(17)"
MONVP 1.0 88 60 11 £12(64)  7x6(12)
PPVP 0.25 88 58" 16 X13(44) 13 E11(23)
1.0 88 58" 16 X13(44) 12*12(21)
4.0 88 65" 16E13(44) 10%8(26)""
MPNVP 1.0 80 70 11 £12(64) 13 X6(14)

The data is expressed as x £s (n). ~ P<0.05, P<0.01
control . The control is refered to thrombotic model groups

Table 3 Experimental therapeutic effects of
DMHPPP on mowe tail thrombosis induced by

carrageenin

DMHPPP Rate of thrombosis/ % Length of thrombosis/ mm

[ mgekg” ' Control Treatment Control Treat ment

A 0.25 100 60" 24.7%2.6(20) 11.5£1.8(12)""
1.0 100 60" 24.7 £2.6(20) 8.6 *F1.5(12)"
4.0 100 65" 24.7%2.6(20)  11.3%1.4(13)""

B 0.25 100 60" 11.0 £1.3(20) 6.0%1.2(12) "
1.0 100 75" 11.0 £1.3(20) 6.0%1.4(15) "
4.0 100 307 11.0 £1.3(20) 5.2%2.5(6) "

Cc 0.25 100 100 11.0£1.3(20)  10.8 £0.9(20)
1.0 100 95 11.0 £1.3(20) 6.6+1.8(19) "
4.0 100 85 11.0 £1.3(20) 4.8%2.7(17)""

D 0.25 100 95 11.0%1.3(20)  12.1 £1.7(19)
1.0 100 95 11.0 £1.3(20) 8.3%1.0(19)
4.0 100 100 11.0 £1.3(20) 5.2%0.7(20)""

DMHPPP 0.25 - 4.0 mg* kg'1 ip was givenat 1,3 and 24 h (A) ,
6,8and24 h (B) ,12,14 and 24 h (C), and 24, 26 and 30 h
(D) , after administration of carrageenin at the dose of 5 mg® kg'1
n=6-20, xts(n). P<0.05, P<0.01 = control . The
control is refered to thrombotic model groups

n=5-16, xEXs(n). P<0.05,  P<0.01 @ control

TXB, DMHPPP 0.25 ~ 4.0
mgekg ', TXB,
80.1 %,66.3% 44.4%( P<0.01 ,n=12~13) .
,DMHPPP EC
TXA, TXB, ; PPVP 0.25 ~ 4.0
mge kg ', TXB,
22.6%.,66.7% 77.5%( P<0.01 ,n=11 ~12),
PPVP EC TXB,
«C 5.
Table 5 Effects of DMHPPP and PPVP on plasma

values of TXB, and 6 keto PGF,, in mowse tail
thrombosis induced by carrageenin at the dose of 5
mge kg’

Dose
Drug TXB,/pg* L™ 6 Keto PGF,o/pg* L™ !
/mgekg™!
Normal 322 £39(13) 368 £59(12)
Control 824 £90(12) ™" 324 £42(12) "
DMHPPP 0.25 164 £29(12)"" ## 425 £55(12) " **
1.0 278 £29(12) " ** 423 £71(12) " **
4.0 458 £49(12)"" ## 462 £63(12)"" ##
PPVP 0.25 638 £80(12)"" ** 356 £77(12)
1.0 274 £26(11)"" *# 274 £26(12) #
4.0 185 +44(12)"" ** 344 £52(12)
n=11-13, x£s(n).  P<0.05,  P<0.01 w normal;

" P<0.05, " P<0.01 w control

6- keto PGF,
4.0 mg* kg'l ,6- keto PGF,,
31.2%,30.6 % 42.6 %( P<0.01 ,n=12)(
5) . DMHPPP EC, EC
P, 6-keto PGF, ,

DMHPPP 0. 25 ~

MOPMC, 2FBMPC,
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MPTMBC , DMHPPP PPVP EC

> >

MAPC,4C3FBMOC, mTBMPC, MONVP MPNVP

) EC,
, MOPMC
EC .
: M ETA 0.1 ~
4.0 mgekg ' ;
, M ETA
40 e
ETA , M
. MOPMC,
2FBMPC, MPTMBC , DMHPPP PPVP
EC, ETA, M ,
, DMHPPP PPVP
500 ~1 000 100 ~ 200
EC tPA PG, PAI-1
, EC TXA, . tPA
EC , tPA .
, tPA ,
> a
. EC PAF1 , PAI-1
PAF1 .
EC (AA),
PGL, . PGl
1P
(AC) .
; PGL, PGH, ,
TXA, ,
. PGL/ TXA,
, EC PQL, ,
TXA, . ,
EC . EC, ETA,

, DMHPPP
, 24 h
, t PA
; , DMHPPP
400 ~ 800 mg=kg ', , ,
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