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Ahstract

The present study was designed Lo investigate whether me-
dinm-term, low-dose heparin treatment is able 1o affect the
Mibrinolyvtic systerm. In a randomized cross-over study 10
asymptomatic patients with previous (1-6 vears) myocardial
infarction underwent wo sequential 15-day treatments, re-
spectively, on heparin and on placebo (saline solution), pre-
ceded and separated by 10-day wash-oul periods. Heparin (as
calcium heparin, 12,500 10 10 0.5 mlyand saline (0.3 mil) were
subcutaneously adminisiered once a day at § a.m. Blood sam-
ples for librinolysis studies were withdrasn on the first and
| 5th day of each period immediately before and 4 b after hep-
arin or suline adminsiration before and after 10 min venous
acelusion (VO respectively. Four hours after the first heparin
administration tissue plasminogen aclivator antigen (1-PA ag)
levels significantly increascd with respect 1o saline administra-
tion {p= 001 and p=< 003, respectively). After [5-day heparin
treatment a decrease in euglobulin lysis ime {p< 0,05 and an
increase in -PA activily {act) (p = 0.03) and in t-PA ag (p <
(.01) in comparison with placebo were observed before YO,
No statistically significant changes in plasminogen activalor
inhibitor=1 (PAT-1) levels were found, The variations of fibi-
nolvtic system activity induccd by heparin treatment were
more marked when evaluated after VO, These results indicate
thal medinm-term low-dose heparin lreatment ingreascs (=PA
ag formation and/or release with consequent 1-FA act in-
crease,
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Introduction

Chver the last years several in vitro and in
vivie studies have suggested that the anti-
thrombeotic activily of heparin may stem not
only from the potentiation of the inhibitory
activity of antithrombin 111 [1]. but also from
interactions wilth the Abrinolyvtic svstem [2-
3]. However, the resulis have been obtained
with different preparations of heparin, and
heparin was administered via ditfering routes
to normal volunteers or patients and with reg-
imens varving from single doses Lo repeated
daily doses [6]. In in vivo studies performed
in acute clinical conditions (such as deep vein
thrombosis or in relation o surgical proce-
dures) a heparin-induced increase in fibrino-
[viic activity has heen observed and found 1o
be associated with an increase in plasma con-
centrations of tissue plasminogen aclivator (t-
PA) [7-10] and/or a decrease in plasminagen
activator inhibitor [ {PAL-1) levels [11]. TTow-
ever, these stucies were nol sutlable to investi-
gate the etfect of heparin on the fibrinolvtic
syslem, because they were often performed in
patients with acule conditions in whom sud-
den changes in haemostatic faclors may arise.
Maorgover, most studies were lacking control
groups which are necessary due to the circa-
dian rhythm of the Mbrinolylic system [12]. In
order to investigate if administration of low-
dose heparin 15 able to enhance fibrinolylic
activity, we performed a randomized cross-
over study in patients with previous myvocar-
dial infarction.

Material and Methods

Pagients Fnvestioaed

Ten pavients {9 males and | female) wich a mean
age of Gl years (range 44-09 years) were investigated
after they bad given their informed consent, Patients
hacl suffered from a previeos mvecardial infarction §1-
B years before the study) and were needing no medcal

therapy. Mone of them had alterations of plasma lipids,
bvpertension, obesity, diabetes, lver diseases or maliz-
nancies nor had laken any dreg for ac least 15 days
before entering the study, Twenty-five control subjects
of equivalent age were nsed as refercnce population
[lakle 1)

St Design

The study was performed according to a random-
el eross-over design. Heparm (as caleiume-heparin,
Ialfarmaco, Milan. Ttalv; 12 300 1U 5. v or saline solu-
tion as placeba were administered once a day al 8 a.m.
for two sequential D3-day periods, which were pro-
ceded and separated by wash-out perieds of 10 days.
Thae lirst day of each treatment period, afller evernight
fasting, venous blood was withdrawn before and 4 h
after the first admanistration of heparin or saline, Al
the end of each treatment period, Blood was withdrawn
at & wom. on the merning of the Rlteenth dav (24 batter
the previous heparin or saline admimisiration and im-
mediately before the last administracion), and 4 haller
Lhe last dose.

Blood samples for tnvestigaling fibrinolytic activity
were abtamed i baseline conditiens {alter 3 30-min
period of rest i the supine pesition) and alter 10 min
of venous occlusion (VO of the arm performed with 2
prossure intermedizte Between the pationt’s systolic
and dhastolic arterial pressures.

Venos blood was obtained with rapid Dow from
antecubatal vein using a1 9-gauge needie by the two-
syringe teehmique. After disearding the first 3-4 ml,
4.5 ml of blood were transfersed inle an lce-cold poly-
propyleng fube containing 0,11 moldl sodiom citrste
(0.5 mby Immediately afler mixing, one part ol anti-
coagulated blood was added 1o an cqual volume of ace
tale butier (002 maolfl, pH 3.9 for the determination of
A activity (1-PA zct) Blood was centrifuged at
1,200 g for 20 man al 4°C, Platelet-poor plasma was
separated e small aliguots;, 50 pl of 1 meldl HOL was
added 10075 mlof acerate plasma and all treated plas-
ma samples were stored at =70#CL

Fibrinodyaiz Srealies

Euglobulin lysis tune {ELT) was performed accod-
ing Lo Chakrabarti et al. [13]; -1A act was measured by
e poimt amidolvtic method [14] (Coa-5e -PASPAL
Foabd Yitrum, Molndal, Sweden) and expressed in 11/
ml -PA antigen (-PA ag) plasma concentration was
determined by an Elisa swhich measures both com-
pleseed and free 1-PA [15] (Imubund-3 1-PA, American
Diagnostica, Mew York, MY USA) -PA mbibitery
activity (PAL-T act) was measured with end point ami-
dolytic methed [16] (C0A-5c1 PAL Kabi Vitram) and



Tabhle 1. Fibrinalytic pgrameters before and atter saline and heparin treatment
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PAI-T act, AU/mL betone Vi 10417 [48+34 ot 47237

PTA-1 ag, ngiml betore Vi BAE40 B.3x4.5 117181 BALA3

Hepaein freatment

ELT. min b WO IS+ (72 dl2x143 IG5 14% FX2ELTL¥F O 215E 85
alter VO LAY EAT 180 =107 Tixda T2tal# IOk 8*

- act, (U ml hefnre ¥

324034 OAR=0IE DYEED4Y

LISE0TIF [ 194037

after Vi 300348 47101 TO5E1.490% Haax2 18 RATEAT*
t=FA ag, npml bt WO o2 e ot 1142 2%* b T o T I O B B G

aer Wi 15,550 141254 214260 2d2LTH** & T9*
PALD act, AUSML Telfore VO 14+ 1.7 154£45 14,332 14,135 13849
FAl-1 ag, ngfml hefore Vi NN 110869 bR I o e [1.5£533 = e

(1 = Baseling.,
e DDE Y pes .01, va, saline treatment.

caprissec meoariatrary units (ALY peroml {1 AL was
defined as the amount neutralizing 1 11 of -FA in
1 min). Plasma concentration of PALD (FAL-] ag)
ws mueasured by an Elisa sensitive to free but not com-
plexed Pal-1 [17] iTmubind PAIL-T, American Thiag-
nosbcal. AL act and PAL-L ag were measured only
brefore VO Mormal values of fibrinolvtic parameters
wiTe ohtgined in our laboratony trom control subjects
al giuivalent age (62 = 7 vears) 1o that ol patients.

Staninticad Analvais

Resules are reported as means £ S00(x & 81, Sta-
fistical apalysis of the resulls was perlormed wilh
Ancva and Student’s 1 rest for paired data, The lovel ol
significance was (LO3,

Results

Pretreatment values of ELT, t-PA act, t-PA
ag and PAT-1 ag in paticnls were not signifi-
cantly different in comparison with age-
matched control subjects. On the contrary
PAl-1 act values were slightly, but significant-
Iy higher in patients (p < (.01, table 1), In all
patients a marked activation of fibrinalytic
system was induced by VO {table 1),

Table 1 shows the values of fibrinolvtic pa-
rameters observed at different times before
and after either saline or heparin treatment,
No dilferences were found between values
measured before and after saline administra-
tion (F = 1.5 for all parameters). After the frst
heparin - administration ELT was  slightly
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shorter than after saline treatment both before
and after VO, but the difference was not statis-
tically significant. After 15 davs of heparin
treatment., ELT was found to be significantly
reduced in companson Lo saline, both before
and after VO (p=0.05), in samples withdrawn
24 hafler the previous heparin administration.
Moreover, 4 h aller the last heparin adminis-
tration (as after the f{irst heparin injection),
ELT further shortened and was significantly
shorterthan 4 hafterthe last saline administra-
tion bath belore and after VO (p < 0.035)

After the first heparin administration t-PA
acl, measured after VO, significantly in-
creased {p < 0,013 with respect to saline ad-
ministration. Alter L3-day heparin treatment
1-PA act significantly increased in comparison
to saline both before (p < 0.05) and afler VO
(o= 0L01), Sigmificant differences were also
observed between -PA acl values obtained
4 h lollowing the last heparin administration
and those oblained after the last saline injec-
tron, both before and afler VO (p= 0017,

A significant increasc in 1-PA ag was ob-
served 4 b oafter the first heparin administra-
tion with respect to saline treatment, both
before and after VO (p< 0.01 and p = 0.05).
Al the end of chronic heparin administration
plasma 1-PA ag sipnificantly increased with
respect to saline bath before and after VO (p<
0.01). Moreover, t-PA ag levels were higher
d b after the last heparin injection than 4 h
after saline gdministration, hoth belore and
after VO (p= 0.01), In contrast to changes of
1-PA, both PAI-1 act and PAI-1 ag did not
show sigmilicant variation after heparin treat-
ment (takle 17,

Discussion
This randomized cross-over study shows

that both a single administiation of subcuta-
neous unlractionaled heparin (12,500 10

and a 15-day treatment with low-dose heparin
arc able to induce significant changes in fibri-
nolytic aclivily in patients with previous myo-
cardial infarction, The dose of heparin chosen
was that emploved in s clinical trial which
demonstrated that heparin iy able to reduce
reinfarction in patients with recenl myvocar-
dial infarction [18]. Changes in [ibrinolysis
have been measured 4 h after a single dosc of
heparin (acule administeation) and 24 h after
the last dose, al the end of'a daily 1 3-day treat-
ment (chronic adminstration). These two as-
pects need to be considered separately.

Effects of Acute Heparin Adniinistraiion

Cur data indicale a shight but significant
increase in t-PA act and 1-PA ag with no
changes in PAIL-L after a single administra-
tion. Diurnal Nuctuations of fibrinalysis mea-
surements cannot accounl for the observed
variations because comparisons were per-
tormed with data obtained afier placebo treat-
ment at the same hour of the day. The con-
temporary increase in 1-PA-act and the ab-
sence of a reduction in free PAIL-L levels mule
out significant changes in t=PA/PAL-] com-
plexes and seem (o indicate an actual inerense
in (-PA plasma levels afler a single heparin
adminisiration,

Eiiect of Chronic Heparin Treatinient

In this study a profibrinolviie effect of hep-
arin was ohserved in blood samples obtained
24 h after the last heparin administration
when heparin is no longer detectable in plas-
ma. These data are consistent with those of
several Investigations carried out in acule pa-
tients indicating increased levels of -PA ag
after treatments of more than 3 days with
unfractionated heparin [2, 7-9]. In contrast,
significant increases In t+-PA ag, 1-PA/PAL
complexes and PAL-1 with no changes in FLT
were reported by Vergnes et al, [19] in elderly
patients withou! thrombotic events after a

a1l



maore prolonged (30 and 60 days) prophylactic
treatment with heparin, These differenl re-
sulls cannot be attributed to differences n
methodology, bul rather are due to differ-
ences in patients inveshizated, Actually, we
studied patients who were on average more
than 20 vears younger, with previous mvocar-
dial infarction and with higher PAI-T act lev-
els than patients stuclicd by Vergnes et al.

Fossibile Mechanisims of 1-PA Increase afier

Heparin Treaument

Heparin is able to atfect the production of
Mbrinelyiic components by cultured cells. In
fact, 1t was reporled 1o increase intracellular
t-PA levels in rat epididymal [t pad capillary
endothelial cells [20] and in human umbilical
vein endothelial cells [21]. On the other hand,
Konkle and Ginsburg [22] noled an increase
m -PA secretion by human umbilical vein
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