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Abstract—TIt has previously been shown that salicylate (S) acts as a vitamin K (vit K)-antagonist inducing
a decrease in plasma levels of vit K-dependent clotting factors and inhibiting the vit K-dependent
carboxylation reaction in the liver. In this study we evaluated whether this biochemical effect had a
possible functional role. Indeed, we tested in rats the antithrombotic potency of S (175 mg/kg/i.p. twice
a day for 3 days) on experimentally induced venous thrombosis. Its possible haemorrhagic effect was
evaluated by measuring the bleeding time. Low-dose warfarin (W) (0.2, 0.1, 0.1 mg/kg/i.v. for 3 days)
was utilized as control drug. To check for a possible potentiation between S and W, we tested the effects
of their combination (S + W). Thrombotest was used to monitor the anticoagulant effect of each
treatment. The incidence of thrombus formation, after venous stasis, was not significantly affected by
any of the treatments used, but a significant reduction in thrombus weight was observed after either S
or W treatment. Both drugs partially prolonged the Thrombotest without affecting either the bleeding
time or the peri-operative mortality (mainly due to internal bleeding). When the combination S + W
was used, no significant benefit was observed on the prevention of thrombus incidence or weight,
although a marked Thrombotest prolongation was recorded. On the other hand this combination
resulted in a pronounced bleeding tendency, as expressed in a significant prolongation of bleeding time
and increased total mortality. Thus S, at doses inducing moderate anticoagulation may prevent venous
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thrombosis without relevant bleeding complications.

On several occasions it has been reported that aspirin
and salicylate have a direct effect on the plasma
levels of vitamin K (vit K)-dependent coagulation
factors [1-4]. More recently it has been demonstrated
that salicylate at a relatively high dosage acts as a
vit K-antagonist: it lowers the plasma concentration
of vit K-dependent coagulation factors and causes
accumulation of microsomal substrates for vit K-
dependent carboxylase in the liver (e.g. clotting
factor precursor) [5]. The same effect is obtained
after warfarin treatment [5, 6]. Indeed, the anti-
thrombotic activity of coumarin derivatives is well
established, as are their haemorrhagic properties,
depending on the dose used [7]. So far, no data are
available on the functional relevance in vivo of the
biochemical effect of salicylate on the vit K-depen-
dent carboxylase system.

The aim of our study was to investigate a possible
functional role of salicylate as a vit K-antagonist on
experimentally induced venous thrombosis (in order
to assess its antithrombotic potency) and on bleeding
time (in order to study its haemorrhagic properties).
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Relatively high doses of salicyate are required for
significant reduction of clotting factors in plasma.
We thus adopted a treatment schedule in which
salicylate was administered at the dose of 175 mg/
kg/body wt twice a day for three days, alone or in
combination with a low dose of warfarin that only
slightly prolonged the Thrombotest. This enabled us
to check whether the effect of the two drugs together
was greater than that of the single treatments.

MATERIALS AND METHODS

Animals and drugs. Male CD COBS rats (300-350 g
b.w.) were used. The rats had free access to drinking
water and standard food (Altromin, Rieper,
Bolzano, Italy). Sodium salicylate (Farmitalia-Carlo
Erba, Milano, Italy) and racemic sodium warfarin
(Coumadin, Endo Lab., Garden City, NY) were
freshly dissolved in isotonic saline.

Experimental system. The animals were divided
into four separate groups: Group l—control,
received only saline (C); Group 2—received only
salicylate (S); Group 3—received only warfarin (W);
Group 4—received both salicylate and warfarin
(S+ W).

The animals receiving warfarin were given the
following doses i.v. at 8 a.m.: day 1—0.2 mg/kg; day
2—0.1 mg/kg; day 3—0.1 mg/kg.
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The salicylate group received two doses per day
of 175 mg/kg/i.p. (8 a.m. and 8 p.m.). The salicylate
plus warfarin group received the combined doses.

Thrombotest (Immuno, Pisa, Italy) was performed
daily at 9 a.m. on 20 gl blood collected from the tail
after snipping the tip. “Template” bleeding time was
measured just before the last Thrombotest deter-
mination using a standardized template device [8].
Immediately thereafter, venous stasis of the inferior
vena cava was induced as previously described [9],
under sodium pentobarbitone anaesthesia (40 mg/
kg b.w./i.p.). Briefly, the abdomen was opened and
the vena cava carefully dissected. A tight ligature
(with cotton thread) was placed around it just below
the left renal vein. Thereafter, the abdominal
incision was closed. After 2 hours the abdomen was
reopened under anaesthesia, the thrombus, if
present, was removed, rinsed in distilled water,
blotted on filter paper and placed in a desiccator;
24 hr later the weight of the dry thrombus was
recorded. The results are reported as percentage of
thrombus incidence and as thrombus weight [9].

Statistical analysis. Data were statistically analyzed
by Duncan’s multiple range test.

RESULTS

Effects of salicylate or warfarin alone

Figure 1 shows the Thrombotest values of the
three drug regimens measured every 24 hr from the
beginning of treatment. Either drug alone induced
a moderate but significant prolongation, and the
combination resulted in much greater prolongation
of the Thrombotest.

In order to assess the antithrombotic potency of
salicylate, alone or in combination with warfarin, we
tested the efficacy of S, W and S + W treatment on
an experimental model of venous thrombosis in rats.
The incidence of thrombus formation after stasis was
not significantly affected by any of the treatments
used (Table 1).

A significant (P < 0.05) reduction of thrombus
weight was observed after S or W treatment alone.

Overall mortality was very low during both
treatments. At these doses S and W did not affect
“template” bleeding time. Thus salicylate, like war-
farin, appeared to protect from thrombus formation
without relevant bleeding complications.
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Fig. 1. Values (sec) of Thrombotest performed every 24 hr
from the beginning of treatment with either warfarin or
salicylate or the combination.

Effects of the combination salicylate plus warfarin

When the combination S + W was used instead of
either drug alone, a clear though not significant
benefit was observed on the reduction of thrombus
incidence or weight (Table 1). Administration of
S + W together resulted in a marked prolongation of
Thrombotest and a pronounced bleeding tendency.
Indeed, strong prolongation of bleeding time was
observed associated with increased total mortality
(mainly due to internal bleeding) when compared
with the two drugs alone (Table 1). As 10 out of 22
rats died during the combined treatment, thrombus
incidence and weight could only be measured on a
small group of animals (12 and S, respectively).

DISCUSSION

In this study salicylate at a dose which had a
moderate anticoagulant effect (as reflected by a 50%
prolongation of Thrombotest values) may help pre-
vent venous thrombosis (as indicated by the
reduction of thrombus weight after experimental

Table 1. Effect of salicylate (S), warfarin (W), and the combination (W + S) on death rate, stasis-
induced venous thrombosis and bleeding time in rats

Warfarin +
Control Salicylate Warfarin salicylate
Death rate 0/18 2/18 0/18 10/22
Thrombus incidence 10/18 8/16 9/18 5/12
(56%) (50%) (50%) (42%)
Thrombus weight (mg) 477 +1.11 2.02 £ 0.48* 1.80 = 0.25* 3.13+1.04
(N =10) (N=28) (N=9) (N=5)
Bleeding time (sec) 126 £ 11 112+ 6 125 £ 10 316 * 47%
(N =18) (N =18) (N=18) (N=22)

* P <0.05 vs control.
+ P < 0.01 vs control.



Antithrombotic effect of salicylate in rats

venous stasis). In this respect salicylate behaves simi-
larly to a dose of warfarin which, given on three
consecutive days, resulted in a comparable degree
of anticoagulation. The antithrombotic effect of S
or W was not accompanied by concomitant haemor-
rhagic risk, and neither treatment prolonged bleed-
ing time or affected peri-operative mortality.

Anticoagulation reduces the activity of FII, IX
and X less rapidly and extensively than FVII [10].
Although we did not measure individual vit K-depen-
dent clotting factor activities in this study, it is likely
that the decrease in FVII is greater than reflected by
Thrombotest measurements. On the other hand,
epidemiological data have shown that moderate
increases of FVII levels are significantly associated
with a higher incidence of ischaemic heart disease
[11]. Based on this observation it is reasonable to
postulate that a moderate reduction of FVII levels
may result in protection against thromboembolic
events. Following this reasoning, a study is in pro-
gress (Meade et al., personal communication) to test
the primary prevention of coronary artery disease by
low-dose warfarin. The objective is to reduce FVII
levels to about 70% of the controls.

Our experimental study, despite the obvious limi-
tations of the model, supports the concept that mod-
erate anticoagulation results in significant protection
against thrombosis. The obvious advantage of this
approach is the lack of bleeding complications. As
observed in our animals treated with the combination
of salicylate and warfarin, full anticoagulation was
associated with significant prolongation of bleeding
time and almost 50% perioperative mortality. This
unwanted effect may have masked any possible ben-
eficial effect of the drug combination in thrombosis
prevention.

It was not the purpose of the present study to
investigate whether potentiation of the anticoagulant
effect of warfarin by salicylate was due to a well-
known pharmacokinetic interaction (competition for
protein binding) or to the additive pharmacodynamic
effect on vit K-dependent enzymatic system [7]. The
observation that salicylate shares with warfarin not
only its biochemical mechanism of action on vit K-
dependent carboxylase [5], but also its thrombosis-
prevention efficacy while inducing only a moderate
anticoagulant effect is of interest.

More than 30 years ago, Craven [12] administered
aspirin to about 8000 men and reported “not a single
case of detectable coronary or cerebral thrombosis”.
Craven believed that aspirin was “a substance with
less pronounced yet predictable anticoagulant
action” than oral anticoagulants and also performed
a successful pilot study with small amounts of dicou-
marol, giving an anticoagulant effect similar to that
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of aspirin in the dosage he employed (325-600 mg/
daily). Although Craven’s fascinating paper has only
historical value today, the possibility that the mod-
erate anticoagulant effect of aspirin may contribute
to its antithrombotic efficacy must be taken into
serious consideration, at least in some selected clini-
cal conditions, mainly of venous thrombosis.
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