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Abstract Adenosine diphosphate (ADP)-receptor antago-
nists are widely used for thrombus prevention, although
reversing their platelet dysfunction is difficult. This study
evaluated the ability of desmopressin to reverse clopidogrel-
induced platelet dysfunction. Sprague–Dawley rats received
either clopidogrel (30 mg/kg) or placebo, followed 4 h later
by saline or desmopressin (0.15, 0.3, or 0.6 μg/kg). Bleed-
ing times and platelet aggregation studies were subsequently
performed. A bleeding time >25 min was considered “pro-
longed.” The median bleeding time for clopidogrel-exposed
rats was 21 min, vs. 6 min for controls (p<0.01). Progres-
sively higher doses of 1-deamino-8-D-arginine vasopressin
(DDAVP) were associated with a reduced number of rats
with prolonged bleeding time (p00.001). Higher doses of
DDAVP were also associated with a reduction in the median

(IQR) bleeding time; 29 (13.5–30) min in rats receiving
clopidogrel without DDAVP vs. 19 (12–28) min in rats
receiving clopidogrel and 0.6 μg/kg DDAVP. The step-
wise dosing of DDAVP resulted in a 54 % reduction in
meeting the endpoint of prolonged bleeding time (OR
0.46; p00.025; 95 % CI 0.23–0.91). Platelet aggregation
was observed in all control rats, but only some of those
clopidogrel-treated rats who received 0.6 μg/kg DDAVP. In
this model of an ADP-receptor antagonist, DDAVP results in
partial reversal of clopidogrel-induced platelet dysfunction.
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Introduction

Acute coronary syndrome is among the most common
causes of adult deaths in western society. In the USA, more
than 1.5 million Americans are diagnosed annually [1]. This
syndrome occurs when vascular endothelium is damaged,
clot formation ensues, with the result of a partial or complete
occlusion of the blood vessel [2]. Because this condition is
so common, numerous medications have been developed in
recent years to combat this deadly disease [3]. Clopidogrel
is one such medication that is widely utilized for secondary
prevention of ischemic events in patients with cardiovascu-
lar disease.

Following injury to the vascular endothelium, a com-
plex series of events occur, ultimately resulting in clot
formation and stabilization. The damaged endothelium
will express both collagen and tissue factor [2]. Platelet
activation and aggregation occur as a result of collagen
expression, while thrombin production occurs as a result
of the expression of tissue factor [4, 5]. Tissue factor
forms a complex with factor VIIa, which subsequently
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is the stimulus for the activation of factor IX, resulting
in a complex series of events which culminates in
thrombin generation [4, 5]. Thrombin serves several
functions, including platelet activation [4]. Following
activation, the platelet will release numerous chemicals,
including epinephrine, adenosine diphosphate (ADP),
thromboxane A2, and serotonin [5–7]. Adenosine di-
phosphate binds to several G-protein receptors, includ-
ing P2Y12 and P2X1 [7]. The binding of ADP to the
P2X1 receptor results in an influx of calcium, resulting
in a conformational change in the platelet shape, thereby
further assisting in platelet activation [7]. The ADP-
P2Y12 complex ultimately activates the glycoprotein
IIb/IIIa receptor, resulting in further thromboxane pro-
duction and platelet aggregation [8, 9].

In order for platelets to adhere to the vascular endo-
thelium, von Willebrand’s factor (VWF) is needed to
combine with glycoprotein 1b-V-IX complex [10]. This
binding induces expression of the glycoprotein IIb/IIIa
(GP2b/3a) receptor, which is needed for subsequent platelet
aggregation [11].

Clopidogrel is a second-generation thienopyridine, which
inhibits platelet aggregation via noncompetitive antagonism
of the P2Y12 ADP receptor [9, 12]. Clopidogrel is a prodrug
which requires metabolism to the active form via the cyto-
chrome P450 isoenzyme 3A4 [9].

While numerous complications and adverse events
have been described with clopidogrel, perhaps one of
the most concerning events would be the development
of bleeding [9]. Unlike anticoagulant medications in
which specific therapies exist to reverse the drug should
bleeding occur, no such antidote currently exists for
antiplatelet agents.

Desmopressin (1-deamino-8-D-arginine vasopressin;
DDAVP) is a derivative of antidiuretic hormone [13].
Desmopressin results in an increase in the plasma con-
centrations of factor VIII and VWF [13] and has been
used to increase platelet adhesiveness in not only con-
genital bleeding disorders (e.g., von Willebrand’s dis-
ease) but also in acquired platelet dysfunction (e.g.,
uremia and possibly aspirin exposure) [13, 14]. One
small study involving healthy, non-bleeding volunteers
1 h after receiving a loading dose of clopidogrel [15] as
well as case reports of subjects therapeutically taking
clopidogrel daily have demonstrated possible improve-
ment in platelet aggregation following the administration
of DDAVP [16–18]. However, it is not known if DDAVP
will improve platelet aggregation following a clopidogrel
overdose. Furthermore, the ideal dose of DDAVP in this
setting is not known.

The purpose of this study is to assess if the use of
DDAVP can improve platelet aggregation and reduce bleed-
ing in a rodent model of clopidogrel overdose.

Methods

Study Protocol and Bleeding Time

All the animal experiments were approved by the USC
Institutional Animal Care and Use Committee. Sixty adult
male Sprague–Dawley rats weighing between 200 and
250 g each were purchased from a commercial vendor
(Harlan Animal Research Laboratories). On the day prior
to the experiment, each animal was housed in routine animal
quarters, with ad-lib access to food and water.

Each animal was randomly assigned to one of six treat-
ment groups, receiving a combination of orally administered
clopidogrel 30 mg/kg or placebo, followed by an intrave-
nous injection of DDAVP [Sanofi Aventis] or 0.9 % normal
saline. The six groups were as follows: oral placebo and IV
placebo (group 1); oral placebo + 0.3 μg/kg IV DDAVP
(group 2); oral clopidogrel + IV placebo (group 3); oral
clopidogrel + 0.15 μg/kg IV DDAVP (group 4); oral clopi-
dogrel + 0.3 μg/kg IV DDAVP (group 5); oral clopidogrel +
0.6 μg/kg IV DDAVP (group 6).

At the start of the experiment (time zero), each rat had an
18-gauge gavage tube inserted in its mouth, and a total of
3 mL of liquid was administered. Those animals assigned to
receive clopidogrel received oral clopidogrel (concentration
75 mg/10 mL), followed by enough saline to make a total of
3 mL, or 3 mL saline. The rats were returned to their
quarters. Four hours after the gavage, the rats were placed
in a commercially available rat immobilizer (Braintree Sci-
entific), and the tail vein was canulated with a 22 gauge
needle. An injection of either saline or DDAVP followed by
saline was administered in such a manner that ensured each
animal received an equivalent volume of 3 mL intravenous-
ly. The rats were then returned to their cage for an additional
1 h. Five hours after the start of the experiment, each rat was
induced with general anesthesia with 1–4 % isoflurane via
nose cone. Once anesthetized, a standard incision (10 mm
long, 1.5 mm deep, 8–9 cm from the tail lip) was performed
for bleeding time. Bleeding time was measured every min-
ute for up to 30 min, using filter paper to blot until either
bleeding stopped or 30 min elapsed (Fig. 1). A prolonged
bleeding time was defined a priori as any bleeding time that
exceeded five times the upper limit of normal (i.e., 25 min).
Thirty minutes after the start of anesthesia (5.5 h after the
initial oral drug was administered), the animals were euthan-
ized via exsanguination. Central blood was collected and
bleeding studies were performed.

Platelet Aggregation

In addition to measuring bleeding time, the study also ex-
amined platelet aggregation via a Chronalog 490 Platelet
aggregometer, using rat platelet-rich plasma (PRP). Whole
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rat blood was placed into 0.1 M sodium citrate (final con-
centration 10 mM). The blood was centrifuged at 150 g for
20 min at 22 ° C. The supernatant, PRP, was carefully
separated. One milliliter of PRP was subsequently placed
in a microcentrifuge and centrifuged for an additional min-
ute. The supernatant was removed and retained as platelet
poor plasma (PPP). The PPP was the “blank” for the platelet
aggregometer. Inhibition of ADP-induced platelet aggrega-
tion was monitored at 37 ° C with the addition of 10
micromolar ADP. The amount of inhibition is determined
as a percentage of control aggregation.

Outcomes

The primary outcome measure is a reduction in the bleeding
time following the administration of DDAVP. This measure-
ment assessed as a group trend (no DDAVP vs. low-dose
DDAVP vs. medium-dose DDAVP vs. high-dose DDAVP).
In addition, the number of animals with prolonged bleeding
time (defined as bleeding that persisted for greater than
25 min) was compared between groups. The secondary
outcome measure is a reduction in time to platelet aggrega-
tion during the platelet aggregation studies.

Statistical Analysis

Mean values (with standard deviation) were calculated for
the ex vivo platelet aggregation. After determining that the
bleeding times were non-normally distributed, medians and
interquartile ranges were used to report the bleeding time
values. Analysis of variance was used to determine differ-
ences between groups (set at alpha level of 0.05). Where
medians were significantly different, intergroup post hoc
multiple comparisons by pairs were performed by the Tukey
HSD test.

The normal bleeding time varies with methodology and
species of animal. The estimates of actual bleeding times are
far less important, than are estimates of the magnitude of

change in those times. Assuming a control bleeding time of
140±70 s, and a post-clopidogrel bleeding time of 280±
140 s, the sample size required for 80 % power is 10 animals
per group. The power calculation was performed using
STATA 12MP (StataCorp, College Station TX), the sample
size required for 80 % power is 10 animals per group.

Results

Initial randomization involved 10 rats per subject group.
One rat initially assigned to the oral clopidogrel followed
by high-dose DDAVP (group 6) was incorrectly placed in
the cohort of rats receiving oral and IV placebo. As such,
nine animals were in group 6, and 11 animals in group 1.
The data were analyzed based on ultimate treatment
allocation.

The median (IQR) bleeding time for each animal cohort
is demonstrated in Table 1. Median (IQR) bleeding time for
clopidogrel-exposed rats, regardless of DDAVP dosing, was
21 (11.5–30) min vs. 6 (5–7) min for the rats receiving oral
placebo (p<0.01). When analyzing clopidogrel-poisoned
rats, progressively higher doses of DDAVP were associated
with reduced number of rats with a prolonged bleeding time
(Fig. 2); p00.001, and a reduction in the median (IQR)
bleeding time 29 (13.5–30) min in rats receiving clopidogrel
without DDAVP vs. 19 (12–28) min in rats receiving clopi-
dogrel and 0.6 μg/kg DDAVP. Comparing a step-wise dos-
ing of DDAVP (none to low; low to medium; and medium to
high), there was a 54 % reduction in meeting the endpoint of
prolonged bleeding time (OR 0.46; p00.025; 95 % CI 0.23–
0.91) with each escalation in the dose of DDAVP.

When performing platelet aggregation studies, the rats
that received oral placebo followed by either IV saline
(group1) or DDAVP (group 2) had a mean (SD) platelet
aggregation of 74 (±4) % and 81 (±6) %. Among the rats
who received clopidogrel, only those with 0.6 μg/kg
DDAVP were able to demonstrate any platelet aggregation
(11 (±6) %). Platelet aggregation was not able to be dem-
onstrated in those who got oral clopidogrel followed by
saline or lower dose DDAVP.

Fig. 1 Flow diagram of treatment

Table 1 Bleeding times by treatment randomization

Oral treatment IV treatment Median bleeding
time (min)

IQR

Saline Saline 6 3–7

Saline 0.3 μg/kg DDAVP 6 5.5–7.5

Clopidogrel Saline 29 11–30

Clopidogrel 0.15 μg/kg DDAVP 23.5 13–30

Clopidogrel 0.3 μg/kg DDAVP 19 10–26

Clopidogrel 0.6 μg/kg DDAVP 19 11–21
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Discussion

In this rodent model of clopidogrel overdose, DDAVP in
any dose partially reversed the antiplatelet effects from both
a clinical (bleeding time) standpoint, while only high doses
(0.6 μg/kg) reversed platelet aggregation. We found a clear
dose–response curve, with increased benefit at higher doses.
It is possible further reversal would have occurred with even
higher dose of DDAVP. Nonetheless, the median times were
not significantly different between the 0.3 and 0.6 μg/kg
dosage. This apparent discrepancy is likely due to non-
normal distribution of the data. Thus, while the median
bleeding time was not different between the medium- and
high-dose DDAVP, it was only after administration of the
high dose of DDAVP (0.6 μg/kg) that any platelet aggrega-
tion was able to be observed.

Leithauser examined the effects of desmopressin on
platelet membrane glycoproteins and platelet aggregation
in healthy volunteers consuming clopidogrel [15]. In their
study, the ristocetin cofactor, platelet reactivity, and platelet
aggregation rose significantly following the administration
of 300 μg DDAVP nasal spray. The density of the glyco-
protein IIb/IIIa receptors per platelet did not change, and the
density of the glycoprotein Ib/IX receptor also rose, but not
significantly. Their study, like ours, demonstrates laboratory
evidence of improvement following desmopressin adminis-
tration. The current study, however, differs in that it shows not
only clinical improvement (bleeding time) but also involves
an overdose model, and not simply healthy volunteers.

The observed effect was only partial reversal. The clini-
cal applicability and utility of partial reversal in a patient
experiencing a life-threatening hemorrhage is not known.

This model was an overdose model; the dose of clopidogrel
was nearly 30-fold greater than would be observed in ther-
apeutic dosing. Because clopidogrel binds to the P2Y12

binding site irreversibly, however, it is unlikely that full
reversal would occur in any setting. However, it is likely
that reversibility would be more pronounced following ther-
apeutic dosing instead of overdose. Nonetheless, to prefer-
entially create longer bleeding times and facilitate detection
of a difference with smaller number of animals, an overdose
model was chosen.

In this study, DDAVP was administered 4 h after clopi-
dogrel, and platelet aggregation studies were performed 5 h
after clopidogrel administration. Clopidogrel is a prodrug
and requires transformation into the active metabolite. In
humans receiving 600 mg of clopidogrel, the maximal
effects of platelet aggregation are observed after 2 h post
clopidogrel administration [19]. It is not known definitively
after an overdose when maximal platelet inhibition will occur.
Therefore, in this study, 5 h was chosen to ensure adequate
platelet inhibition had occurred. Based on the differences in
bleeding time, it is likely that this time was adequate.

Limitations

No data were collected on potential adverse events associ-
ated with the use of DDAVP in this setting. It is known that
hyponatremia can occur following DDAVP administration;
however, it is unlikely that a single dose of DDAVP would
produce clinically relevant hyponatremia. Furthermore, the
benefit of reversal of clopidogrel would need to be weighed
against the risks of its reversal, such as stent thrombosis
with subsequent myocardial infarction. These risks would

Fig. 2 Percentage of animals in
each treatment group with
prolonged bleeding time
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argue against the use of DDAVP for reversal in the setting of
nonlife-threatening bleeds. Thus, the dose needed to do harm
in humans is not known, but would likely be quite large. It is
now known if the results of this study can be directly extrapo-
lated to humans consuming therapeutic clopidogrel.

Conclusions

Desmopressin produced a dose-dependent reversibility in
clopidogrel-induced platelet dysfunction in this overdose
model.

Conflicts of Interest There are no financial, litigious, or other con-
flicts of interest to disclose.
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