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Glucocorticoid administration is a risk factor for thromboembolism in hypercoagulable

dogs, and it is unknown if aspirin counteracts glucocorticoid-induced hypercoagulability.

The objective was to determine the effects of sustained aspirin and prednisone

administration on platelet function and thromboxane synthesis. Our hypothesis was

that aspirin would consistently inhibit platelet function and thromboxane synthesis when

administered with or without prednisone. In 24 healthy dogs, platelet aggregometry and

urine 11-dehydro-thromboxane-B2 (11-dTXB2)-to-creatinine ratios were measured on

days 0, 14, and 28. Dogs were administered placebos, aspirin (2 mg/kg/d), prednisone

(2 mg/kg/d), or prednisone/aspirin combination therapy PO for 28 days in a randomized

double-blinded study. Aspirin response was based on a >25% reduction in platelet

aggregation compared to pre-treatment values. Results were compared using mixed

model, split-plot repeated measures ANOVAs. P < 0.05 was considered significant.

AUC differed significantly by time [F (2,40) = 10.2, P < 0.001] but not treatment or

treatment-by-time. On day 14, 2 dogs were aspirin responders (aspirin, 1; placebo, 1).

On day 28, 3 dogs were aspirin responders (aspirin, 2; prednisone/aspirin, 1). Urine

11-dTXB2-to-creatinine ratios differed significantly by group [F (3,20) = 3.9, P = 0.024]

and time [F (2,40) = 8.7, P< 0.001), but not treatment-by-time. Post-hoc analysis revealed

significant differences between aspirin and placebo groups (P=0.008), aspirin and

prednisone/aspirin groups (P= 0.030), and placebo and prednisone groups (P= 0.030).

In healthy dogs, sustained aspirin, prednisone, and combination therapy do not inhibit

platelet aggregation, and when used as individual therapies, aspirin and prednisone

decreased thromboxane synthesis. Additional studies using varied platelet function

methodologies in hypercoagulable dogs are necessary.

Keywords: corticosteroid, glucocorticoid, antiplatelet, thromboprophylaxis, immune-mediated hemolytic anemia,

acetylsalicylic acid

INTRODUCTION

Glucocorticoids are the mainstay of therapy for immune-mediated disorders including immune-
mediated hemolytic anemia (IMHA), immune-mediated thrombocytopenia, inflammatory bowel
disease, and immune-mediated polyarthritis. Dogs diagnosed with IMHA have a historically
high mortality rate (50–70%) (1, 2) with one of the most common causes of death being
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thromboembolism (1–3). The true incidence of
thromboembolism is unknown but is estimated to be as
high as 80% (3). The mechanisms that cause thrombus formation
in dogs with IMHA are multifactorial and include endothelial
damage, an imbalance between pro- and anticoagulant factors,
and increased platelet activation (2, 4, 5).

Standard treatment for dogs with IMHA is multimodal
and includes immunosuppression, thromboprophylaxis, and
supportive care (1, 6). Glucocorticoids, such as prednisone,
are the most commonly used immunosuppressive agent for
the treatment of IMHA in dogs. Unfortunately, glucocorticoid
administration can result in hypercoagulability in healthy
dogs (7–9), and it has been identified as a risk factor
for thromboembolism in clinical patients (8, 10, 11).
Thromboprophylactic medications commonly are administered
to dogs with IMHA to prevent thromboembolic complications
(5, 12). Although anticoagulant therapy is commonly
recommended as the preferred thromboprophylactic therapy
(5), many of these medications are either cost prohibitive and/or
administered via injection, leaving oral aspirin as one of the
most affordable options for long-term prophylactic therapy.
Weinkle et al. (1) reported longer short and long-term survival
times for dogs with IMHA treated with ultra-low dose aspirin
(0.5 mg/kg/d), even though the dogs treated with ultra-low
dose aspirin had more risk factors for increased mortality.
Aspirin irreversibly inhibits platelet function by decreasing
thromboxane A2 (TXA2) synthesis (13). Primarily produced
by activated platelets, TXA2 triggers vasoconstriction, causes
platelet activation, and enhances platelet aggregation (14).

Although an anti-inflammatory aspirin dose (10 mg/kg
q12h) reliably inhibits TXA2 synthesis and platelet function
(15), it causes gastric ulceration and renal side effects in
dogs (16, 17). Only one-third of healthy dogs administered
low-dose aspirin (1 mg/kg/d) have consistent inhibition of
platelet function (14, 18, 19), whereas a slightly higher aspirin
dose (2 mg/kg/d) consistently inhibited platelet function in
one short-term study of healthy dogs (14). However, it is
unknown if low-dose aspirin counteracts glucocorticoid-induced
hypercoagulability or, alternatively, if glucocorticoid-induced
hypercoagulability offsets the antiplatelet effects of aspirin.
Previous studies assessing the combined hemodynamic effects
of immunosuppressive doses of prednisone and aspirin in
healthy dogs used thromboelastography to assess hypo- or
hypercoagulable profile, but platelet function was not specifically
evaluated (7, 8). Additionally, these studies used an aspirin dose
of 0.5 mg/kg/d, which since has been found to be inadequate for
consistent platelet inhibition in healthy dogs (14). Finally, these
studies were limited in duration to 6 and 14 days of therapy.

The objective of this randomized-controlled double-blinded
study was to determine the platelet function and thromboxane
synthesis in healthy dogs receiving placebo, aspirin (2 mg/kg/d),
prednisone (2 mg/kg/d), or combination prednisone and aspirin
therapy. Our hypothesis was that sustained administration

Abbreviations: 11-dTXB2, 11-dehydro-thromboxane B2; AUC, area under the

curve; COX, cyclooxygenase; IMHA, immune-mediated hemolytic anemia; TXA2,

thromboxane A2.

of aspirin would consistently inhibit platelet function and
thromboxane synthesis when administered singly or with
concurrent immunosuppressive doses of prednisone.

MATERIALS AND METHODS

Study Population
Blood samples for this study were collected from 24 healthy dogs
from theUniversity of Tennessee, College of VeterinaryMedicine
teaching and research colony during a related study assessing
gastrointestinal effects of sustained aspirin and prednisone
therapy (20). Dogs were determined to be healthy based on lack
of clinical signs of disease and lack of abnormalities on physical
examination and CBC, serum chemistry panel, urinalysis, urine
protein:creatinine ratio, and fecal flotation with direct smear
(20). Animal use was approved by the University of Tennessee,
College of Veterinary Medicine Institutional Animal Care and
Use Committee (protocol number 2283) and was in compliance
with the requirements of a facility accredited by the American
Association for Accreditation of Laboratory Animal Care.

A sample size calculation was performed using data from
a previous study that measured inhibition of platelet function
in healthy dogs receiving aspirin at a 2 mg/kg/d dosage (14).
Assuming a one-way ANOVA to detect main effect treatment
differences and a standard deviation of 15.6%, 6 dogs per
treatment group would be needed to have 85% power to find
a difference of 25% in platelet aggregation significant with an
alpha of 0.05. A reduction of 25% in canine platelet aggregation
while receiving aspirin indicates a response to therapy (19). The
power analysis was performed using SAS 9.4 release TS1M5, SAS
Institute Inc., Cary NC.

Study Design
The dogs were stratified by age and assigned to 1 of 4 treatment
groups using a random number sequence generator (https://
www.random.org, accessed May 16, 2017). The treatment groups
include: (1) placebo, (2) aspirin (2mg/kg, PO, q24h) plus placebo,
(3) prednisone (2 mg/kg, PO, q24h) plus placebo, and (4) aspirin
(2 mg/kg, PO, q24h) and prednisone (2 mg/kg, PO, q24h). Dogs
in the placebo group received 2 placebo capsules once daily, while
dogs in groups 2 and 3 were administered 1 placebo capsule.
Using compounding standards provided by the United States
Pharmacopeia (USP), commercially-available aspirin tablets
(Rugby Laboratories, Livonia MI) were compounded into
capsules by the College’s pharmacy. Prednisone was administered
using commercially-available prednisone tablets (West-Ward
Pharmaceuticals Corp., Eatentown NJ). The placebo capsules
(LetCo Medical, Decatur AL) were assembled by the College’s
pharmacy using lactose. All treatments were administered in
small meatballs once daily prior to feeding by an individual
blinded to the individual treatments and groups.

The study involved three periods: acclimation, baseline,
and treatment. The acclimation period occurred on days−13
to−7, during which dogs were administered fenbendazole (50
mg/kg/d, PO, days−13 to−9) and ivermectin (200 µg/kg SQ
once, day−13). As part of routine colony prophylaxis, dogs also
received imidacloprid and moxidectin (Advantage Multi R© for
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dogs, Bayer HealthCare, LLC, ShawneeMission KS), according to
manufacturer’s instructions. The baseline period occurred from
days−6 to 0, and the treatment period was from days 1 to 28.

Blood and urine samples were collected at the conclusion
of baseline and on days 14 and 28 and within 3 h of drug
administration. Blood was collected by jugular venipuncture
with a 20-gauge needle directly into Vacutainer tubes containing
EDTA (hematocrit and manual platelet count) and hirudin
(aggregometry). For platelet aggregometry, the tube of blood was
held at room temperature without disturbance until analysis, and
all samples were analyzed within 4 h of collection. Approximately
2–5mL of urine was collected via free catch, catheterization,
or cystocentesis using a 22-gauge 1.5-inch needle with a
6mL syringe; urine was stored at −80◦C for 6–7 months for
later analysis.

Hematologic Testing
Complete blood counts with manual platelet counts were
performed at each time point by a commercial diagnostic
laboratory (Methodology Automated Blood Analyzer, Antech
Diagnostics, Fountain Valley CA).

Impedance platelet aggregometry was performed with a
multiple electrode aggregometer (Multiplate R© Analyzer, Verum
Diagnostica GmbH, Munich, Germany) that has been previously
validated for use in dogs (21–23). Per the manufacturer’s
instructions (Multiplate R© Analyzer Manual, Verum Diagnostica
GmbH, Munich, Germany), each blood sample was inverted 3–5
times and then transferred into a single-use test cell containing a
dual sensor unit, a Teflon-coated magnetic stir bar, and warmed
saline. Within the dual sensor unit, the electrical resistance
between the sensor wires was recorded. Aggregation was assessed
using arachidonic acid at a final concentration of 0.5mM (ASPI
test, Roche Diagnostics GmbH, Mannheim, Germany) (24) at a
temperature of 37◦C for 6min. Platelet aggregation was analyzed
and recorded as area under the curve (AUC). Each dual sensor
unit generated 2 separate results, which were averaged to yield
a single AUC value at each time point. For the 2 measurements
that were used to create the final AUC value, a deviation from
the mean was calculated. All samples were analyzed within 4 h
of blood collection. A dog was considered to be an aspirin-
responder if there was a >25% reduction in AUC compared to
pre-treatment values (19).

Urine 11-dehydro-thromboxane B2

(11-dTXB2) Ratios
The urine concentration of 11-dTXB2 (a stable TXA2 metabolite)
was measured using an ELISA kit (11-dTXB2 EIA kit-
Monoclonal, Cayman Chemical Co, Ann Arbor MI) that has
been previously validated in dogs (25, 26). Samples were analyzed
per the manufacturer’s instructions. Samples were thawed to
room temperature, diluted with assay buffer, and analyzed at
a wavelength of 412 nm using a plate reader (SpectraMax M5
Multi-Mode Microplate Reader, Molecular Devices, Sunnyvale
CA). Samples were analyzed in triplicate and the results were
averaged. The concentrations of 11-dTXB2 were reported in
picograms per milliliter of urine. Urine creatinine concentration
was measured using a biochemistry analyzer (ACE Alera R©

Clinical Chemistry System, Alfa Wasserman, Inc., West Caldwell
NJ), and a urinary 11-dTXB2-to-creatinine ratio was calculated.

Statistical and Data Analysis
Descriptive statistics were generated for relevant clinical and
clinicopathologic parameters. Additionally, box-and-whisker
plots were analyzed for the presence of outliers. Platelet count,
hematocrit, AUC, AUC deviation from the mean, and 11-
dTXB2:creatinine ratio were compared using split-plot repeated
measures ANOVAs that included fixed effects of treatment group,
sampling time, and the treatment-by-time interaction (27). The
repeated measure of time was accounted for in a repeated
statement. Dog within treatment group was included as a random
effect. Fisher’s Least Significant Difference (LSD) was used to
perform post-hoc analyses. The Shapiro-Wilk test of normality
and QQ plots of the residuals were evaluated for each marker
to confirm the assumption of normally distributed residuals had
been met. Model assumptions regarding equality of variances
were verified with Levene’s Test for Equality of Variances.
Studentized residual diagnostics were performed to evaluate each
mixed model for the presence of outliers. Differences in marginal
means were determined for markers with significant main
effect or interaction terms. Non-normally distributed data were
rank-transformed, as necessary, to meet underlying statistical
assumptions. Fisher’s exact test was performed to assess the
relationship between treatment and AUC response on days 14
and 28. Statistical computer programs (MedCalc 15.8 MedCalc
Software, Ostend, Belgium; SAS 9.4 release TS1M5, SAS Institute
Inc., Cary NC) were used for all analyses and a P-value of < 0.05
was considered significant.

RESULTS

Study Population
Details of the study population have been reported elsewhere
(20). Briefly, there were 9 intact females, 8 intact males, and
7 neutered males. There were 15 beagles and 9 mixed breed
hounds, which were evenly distributed among the treatment
groups. Median age was 3 years (range, 2–7 years), and median
body weight was 13.1 kg (range, 8.5–31 kg).

Hematologic Testing
Hematocrit and platelet count results are summarized in Table 1.
One dog in the prednisone group had a mild thrombocytopenia
(143,000 platelets/µL) at baseline, but platelet clumping was
present. The following day, the platelet count was within the
reference interval based on both automated count and manual
review of a blood smear. Platelet counts and hematocrits
otherwise were unremarkable for all time points. Platelet count
did not differ significantly by treatment group, sampling time, or
treatment-by-time. Hematocrit differed significant by sampling
time [F(numerator degrees of freedom, denominator degrees
of freedom) (2,40) = 15.1, P < 0.001] but not treatment group
or treatment-by-time. Post-hoc analysis revealed sampling time
differences were due to significantly lower values on day 28
compared with baseline and day 14 (P < 0.001 for each).
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The AUC for whole-blood aggregometry are presented in
Figures 1, 2. Results differed significantly by sampling time
[F(2,40) = 10.2, P < 0.001] but not treatment group or treatment-
by-time. This was due to significantly higher AUC on day 14
compared to baseline (P < 0.001) and day 28 (P = 0.048), and
the AUC was significantly higher on day 28 when compared to
baseline (P = 0.018) (Figure 1). Deviation in the mean AUC
did not differ significantly by treatment group, sampling time,
or treatment-by-time.

On day 14, there was 1 dog in the aspirin group and 1 dog
in the placebo group classified as an aspirin responder. On day

TABLE 1 | Mean ± standard deviation platelet counts and hematocrits for 24

healthy dogs administered placebo, aspirin with placebo, prednisone with

placebo, or combination prednisone and aspirin therapy for 28 days.

Baseline Day 14 Day 28

Platelet Count (× 103/µL)

Placebo 291 ± 78a 275 ± 53a 244 ± 53a

Aspirin 284 ± 73a 298 ± 113a 300 ± 89a

Prednisone 285 ± 60a 280 ± 48a 281 ± 74a

Prednisone and Aspirin 230 ± 69a 259 ± 94a 271 ± 87a

Hematocrit (Percent)

Placebo 54.7 ± 5.8a 56.7 ± 3.5a 53.5 ± 4.8b

Aspirin 50.2 ± 8.3a 50.3 ± 6.8a 45.5 ± 6.9b

Prednisone 53.8 ± 3.8a 55.5 ± 4.4a 52.8 ± 5.4b

Prednisone and Aspirin 53.3 ± 3.5a 50.5 ± 6.1a 48.2 ± 4.3b

Reference intervals: Platelet count = 170–400 × 103/µL, hematocrit = 36–60%.

Results that do not share a superscript letter differed significantly (P < 0.001) on

post-hoc analysis.

28, there were two dogs in the aspirin group and one dog in
the prednisone/aspirin group that were classified as an aspirin
responder. Fisher’s exact test revealed no significant relationships
between aspirin responder status and treatment on day 14 or 28.

Urine 11-dTXB2-to-creatinine Ratio
The urine 11-dTXB2-to-creatinine ratios for all treatment groups
at all sample time points are presented in Figures 1, 2. Rank
transformation was required prior to statistical analysis of urine
11-dTXB2-to-creatinine ratios. Urine 11-dTXB2-to-creatinine
ratios differed significantly by treatment group [F(3,20) = 3.9,
P = 0.024] and sampling time [F(2,40) = 8.7, P < 0.001], but not
treatment-by-time. Post-hoc analysis revealed urine 11-dTXB2-
to-creatinine ratios were significantly higher when comparing
the placebo group with the aspirin group (P = 0.008), the
placebo group with the prednisone group (P = 0.030), and the
prednisone/aspirin group with the aspirin group (P = 0.030).
Urine 11-dTXB2-to-creatinine ratios did not differ significantly
between the placebo and prednisone/aspirin groups, prednisone
and aspirin groups, and the prednisone and prednisone/aspirin
groups (Figure 2). Finally, urine 11-dTXB2-to-creatinine ratios
were significantly lower on day 14 than at baseline (P < 0.001) or
on day 28 (P = 0.015).

DISCUSSION

Aspirin is commonly administered to prevent thrombus
formation, but it is unknown if anti-platelet doses of aspirin
counteract glucocorticoid-induced hypercoagulability. The
results of our study suggests that sustained administration of an
anti-platelet dose of aspirin does not significantly inhibit whole

FIGURE 1 | Impedance aggregometry AUCs for 24 healthy dogs administered placebo, aspirin with placebo, prednisone with placebo, or combination prednisone

and aspirin therapy for 28 days. There were no significant differences in treatment group or treatment group-by-time interaction, but there was a significantly higher

AUC on day 14 compared to baseline (P < 0.001) and day 28 (P = 0.048). The box and whiskers plot demonstrate the median (line), interquartile range (box), and

total range (whiskers).
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FIGURE 2 | Urine 11-dTXB2:creatinine ratios for 24 healthy dogs administered placebo, aspirin with placebo, prednisone with placebo, or combination prednisone

and aspirin therapy for 28 days. Ratios differed significantly by treatment group (P = 0.024) and sampling time (P < 0.001), but not treatment-by-time. The brackets

indicate the significant differences between treatment groups. The box and whiskers plot demonstrate the median (line), interquartile range (box), and total

range (whiskers).

blood platelet aggregation when administered to healthy dogs
alone or in combination with prednisone.

The mechanisms of exogenous glucocorticoid-induced
hypercoagulability in dogs are unknown, but they might include
decreased fibrinolysis, increased fibrinogen concentration, and
decreased antithrombin activity (7, 8). In humans, chronic
administration of exogenous glucocorticoids can cause a
decrease in fibrinolysis and increase in fibrinogen concentration
due to high plasminogen activator-inhibitor 1 activity (7, 28–
30), but this has not been documented in dogs. Most studies
evaluating the coagulation status of dogs during exogenous
glucocorticoid administration have focused on measures of
secondary or global hemostasis, such as prothrombin time,
activated partial thromboplastin time, activated clotting time,
fibrinogen concentration, antithrombin activity, thrombin-
antithrombin complex, thromboelastography, and thrombin
generation (7–9). Studies that have specifically evaluated primary
hemostasis, or platelet aggregation, and thromboxane synthesis,
have not been performed.

In previous studies, there have been contrasting results
regarding platelet reactivity during the administration of
immunosuppressive doses of prednisone. Similar to our study,
Thomason et al. did not detect a significant difference in platelet
function following administration of immunosuppressive doses
of prednisone to healthy dogs (31). In contrast, despite using
the same agonist to initiate platelet aggregation, Romao et al.
demonstrated increased platelet aggregation in dogs treated with
an immunosuppressive, but not an anti-inflammatory, dose of
prednisone (32). Therefore, additional studies are required to
better understand how glucocorticoids affect platelet function,
especially when administered with anti-platelet therapy.

The results of our study did not demonstrate a significant
decrease in platelet aggregation when dogs were treated with
aspirin, either as a single agent or when combined with
prednisone. These results were surprising because the aspirin
dosage used in our study previously has been shown to
consistently inhibit platelet function in dogs via two different
platelet function analyzers (optical platelet aggregometry and
the PFA-100) (14). Additionally, previous studies using lower
dosages of aspirin (0.5 and 1 mg/kg q24h), have demonstrated
platelet inhibition, although this inhibition was inconsistent (13,
17, 18). Based on previously established criteria (19), only 1 dog
in the aspirin group and 0 dogs in the prednisone/aspirin group
could be classified as an aspirin responder following 14 days of
therapy. Following 28 days of drug administration, only two dogs
in the aspirin group and one dog in the prednisone/aspirin group
were classified as aspirin responders. One dog in the placebo
group, on day 14, was classified as an aspirin responder without
receiving any aspirin. The criteria used in our study to define
aspirin response was based on a percent decrease from pre-
treatment values. One possible explanation for this result is the
variation with the platelet aggregometer. When using platelet
aggregometry, small fluctuations in platelet function can occur,
and these fluctuations could have contributed to classifying this
dog as an aspirin responder. This is the first study to evaluate
this combination of medications for an extended period of
time, which could have contributed to the differences in results
compared to previous studies (14, 18, 19).

Another potential explanation for these results is the use of the
multiple-electrode impedance aggregometer. Minimal change
was noted in platelet function of healthy dogs treated with an
aspirin dosage of 1 mg/kg q24h for 7 days when platelet function
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was analyzed using the same multiple-electrode aggregometer
using collagen as an agonist (19). Additionally, using the same
parameters to define aspirin response, Haines et al. only identified
1 dog as an aspirin responder on day 3 of drug administration
and 0 dogs on day 7. When samples were analyzed using
conventional optical and impedance aggregometry, however, 13
of 16 dogs were classified as aspirin responders on both days
3 and 7 of therapy. One difference between Haines et al. and
our study was the agonist used to initiate platelet aggregation,
as we used arachidonic acid. A recent study showed that when
using this multiple-electrode aggregometer, arachidonic acid
provided the most consistent results when blood was treated
with acetylsalicylic acid (24). Regardless of agonist, the multiple-
electrode aggregometer might not be the ideal methodology
for the assessment of aspirin-induced platelet dysfunction.
Additional studies using optical aggregometry are indicated to
better elucidate the impacts of sustained and/or concurrent
prednisone and aspirin administration on platelet function.

One other possible explanation for our results was the use of a
compounded aspirin product. This was done to provide accurate
dosing, in keeping with prior studies and clinical practice (1, 15,
18, 19). To maximize efficacy of the compounded drug, all USP
standards for compounding, including the use of a commercial
aspirin product as the source material, were followed. Because
plasma acetylsalicylic acid concentrations were not determined,
altered bioavailability and/or product deterioration cannot be
ruled out as a potential contributor to the results. However, we
consider this unlikely given the significant association between
aspirin administration and gastrointestinal bleeding in the related
study, as well as the presence of new ulcers at day 28, in dogs
administered aspirin (20).

Although treatment group and treatment-by-time
interactions were not significant for AUC, AUC increased
significantly over time (Figures 1, 2). This could reflect biological
variability, although enhancement of platelet aggregation
secondary to prednisone administration cannot be ruled out
as a contributor to changes in two of the groups. It is also
possible that recurrent anesthesia and/or endoscopy performed
to evaluate gastrointestinal bleeding for the related study (20)
caused platelet hyperactivity, confounding the results of this
study. In our study, blood samples for platelet analysis were
collected before the administration of any anesthetic medication
and performance of endoscopy, and there was at least a 14-day
recovery period before the collection of the next blood sample.
Additionally, the anesthetic protocol used in the related study
(acepromazine, butorphanol, and isoflurane) has been shown
to have no significant effect on platelet function (33–35).
Alternatively, these changes in the AUC on days 14 and 28 could
reflect variability in the aggregometer or aggregometric data.

Aspirin irreversibly inhibits platelet function by inhibiting
the cyclooxygenase (COX) enzyme and preventing the
conversion of arachidonic acid to biologically active eicosanoids,
prostaglandins, and TXA2, which are necessary for normal
hemostasis (36). TXA2 primarily is produced by platelets and
triggers platelet activation and vasoconstriction (37). Once
synthesized, TXA2 is rapidly converted to stable metabolites,
such as 11-dTXB2 and 2,3-dinor-thromboxane B2, that are

eliminated in the urine and considered to be reliable markers
of systemic TXA2 production (25, 26, 38). About one third of
dogs have platelets that are sensitive to the activating effects of
thromboxane (39, 40). Platelet activation through additional
pathways and receptors could provide an additional explanation
for why there was minimal inhibition of platelet function in
our study.

Thromboxane, even if it does not affect all canine platelets,
could still stimulate vasoconstriction. In our study, there was
a 68% reduction in thromboxane synthesis on day 14 in
the aspirin group, more than double the reduction found
in a prior study (30%) despite use of the same aspirin
dosage (14). As previously discussed, one potential explanation
for the differences between studies is differing durations of
drug administration. McLewee et al. administered aspirin for
7 days, while our study administered aspirin for 28 days,
suggesting a potential progressive decrease in thromboxane
synthesis. Dudley et al. previously demonstrated a progressive
decline in thromboxane synthesis over 10 days of aspirin
administration (18). Interestingly, in the aspirin group of our
study, thromboxane synthesis appears to increase between
days 14 and 28 such that day 28 values were reduced only
40% compared to baseline. One potential explanation for an
increase in thromboxane concentration during chronic aspirin
administration is compensatory upregulation of platelet COX-
1 and/or COX-2 expression in response to a decrease in
thromboxane concentration (18).

Prednisone, similar to aspirin, has anti-inflammatory
properties that would inhibit the conversion of arachidonic acid
to prostaglandin synthesis, including TXA2. Our study did not
detect a difference in thromboxane synthesis between the aspirin
and prednisone groups, suggesting that both of thesemedications
had an inhibitory effect on thromboxane synthesis. As expected,
thromboxane concentrations in both the aspirin and prednisone
groups were significantly decreased compared to the placebo
group. The results of our study contrast with results of a prior
study in healthy dogs administered the same prednisone dose
and using the same assay to measure 11-dTXB2 (31). In that
study, an 80% increase in thromboxane concentration was
noted after administration of the same prednisone dosage for 7
days to healthy dogs, although the increase was not consistent
among dogs. It is possible that prednisone causes an initial
increase in thromboxane concentration that wanes during
chronic administration.

Although prednisone- and aspirin-induced inhibition of
thromboxane synthesis was anticipated to be cumulative,
thromboxane synthesis was significantly higher in the
prednisone/aspirin group compared to the aspirin group in this
study. It is possible that co-administration of the medications
erodes inhibitory effects due to overlapping mechanisms of
action. Although greater when prednisone and aspirin were
used concurrently, thromboxane concentrations for both groups
still were below pre-treatment concentrations, suggesting that
combination therapy retains some anti-thrombotic benefits, such
as vasodilation.

The aspirin dose used in this study was greater than that
used in previous studies (7, 8, 18, 19). This dose was selected
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because of the potential for consistent inhibition of platelet
function (14). However, the risk of gastric ulceration and
hemorrhage increases with increases in the aspirin dose (16, 17).
Glucocorticoids also have been shown to cause gastrointestinal
hemorrhage and ulceration in healthy dogs (41–44). Co-
administration of 2 ulcerogenic drugs, aspirin and prednisone,
could increase the risk of gastrointestinal hemorrhage. Although
not accompanied by changes in clinical signs (attitude, food
intake, vomiting, fecal score), dogs administered prednisone,
aspirin, and prednisone/aspirin in this study had significantly
higher gastric endoscopic mucosal lesion scores due to
increased punctate erosions, invasive erosions, and ulcers (20).
Concerningly, scores were significantly higher on day 14 for dogs
administered combination therapy, although severe lesions also
were identified on day 28 and in dogs administered aspirin or
prednisone therapy alone.

In whole blood aggregometry, dramatic decreases in the
hematocrit can have a significant impact on the assessment of
platelet function. A statistically significant decrease in hematocrit
was noted on day 28 of this study, although hematocrit remained
within the reference interval for all dogs. Gastric lesions could
have contributed to this mild decrease in hematocrit, or it could
have reflected biological variation. Regardless of cause, it is
unlikely that the change in hematocrit noted in this study was
large enough to meaningfully affect the aggregometric results.

There were several additional limitations to our study.
Our study utilized healthy dogs with no evidence of
hypercoagulability. Dogs with naturally-occurring disorders,
hypercoagulability, and/or hyperactive platelets might respond
differently to aspirin and prednisone. The sample size calculation
indicated 6 dogs per group should be adequate to detect
main effects, but that calculation was based on data collected
using a different methodology and which differed substantially
from the results ultimately obtained in this study. Enrollment
of a larger sample size could have yielded different results.
Additionally, only one instrument was used to assess platelet
function; including multiple measurements of platelet function
could have improved the assessment of platelet function. The
instrument used in our study was an impedance aggregometer,
which analyzes platelet function in fresh whole blood. Optical
aggregometry, which uses platelet rich plasma, and flow
cytometry might have provided different insights into platelet
function. Furthermore, our study only evaluated two time points
during drug administration, limiting comparison to prior work.

Another limitation to our study was that three techniques
were used to collect urine for urine 11-dTXB2 quantitation,
and it is possible that the lack of consistency in the collection
technique could have influenced the 11-dTXB2-to-creatinine
ratios. Additionally, blood and urine were collected within
4 h of drug administration, but sample collection was not
performed at the exact same time point for each dog. Because
aspirin irreversibly inhibits platelet function and therapeutic
monitoring was first performed after 14 days of administration,
the platelet function should be inhibited, this small difference in
timing would be anticipated to have minimal effect on platelet
function testing results. Additionally, previous studies in dogs
have shown that the change in platelet function when treated

with anti-platelet doses of aspirin are gradual, lacking dramatic
changes during a short period of time (18, 19).

An additional limitation to our study was the assessment
of only 1 thromboprophylactic agent. Anticoagulants, such as
heparin and rivaroxaban, are considered the preferred anti-
coagulant therapy in dogs with IMHA (5, 12). Unfortunately,
these medications are expensive and/or require injectable
administration multiple times per day, which is not feasible for
many clients given current guidelines recommend continuation
of thromboprophylaxis 6 weeks beyond discontinuation of
glucocorticoid therapy in dogs with IMHA (5). Thus, oral
anti-platelet therapy remains 1 of the most affordable, long-
term thromboprophylactic therapies and can be an effective
thromboprophylactic therapy in dogs with IMHA (5, 12).
Additional studies would be required to assess the effectiveness
of anticoagulant and non-aspirin anti-platelet therapies to
counteract glucocorticoid-induced hypercoagulability.

Dogs with IMHA are predisposed to developing
thromboembolism, and the administration of glucocorticoids
might contribute to a hypercoagulable state. Our study indicates
that sustained administration of aspirin at a dosage of 2 mg/kg,
PO, q24h and/or immunosuppressive glucocorticoids does not
significantly inhibit platelet aggregation. Additional studies
using a wider array of platelet function testing methodologies in
hypercoagulable dogs need to be performed.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The animal study was reviewed and approved by theUniversity of
Tennessee, College of Veterinary Medicine Institutional Animal
Care and Use Committee (protocol number 2283) and was
in compliance with the requirements of a facility accredited
by the American Association for Accreditation of Laboratory
Animal Care.

AUTHOR CONTRIBUTIONS

JT, JP, and JW developed the hypothesis and study design,
interpreted, and analyzed the results. AM and JW organized and
conducted the experiment. JT, AM, JP, and JW wrote and revised
the manuscript.

FUNDING

This project was supported by the Acree Research Chair of
Medicine endowment at the University of Tennessee, Knoxville.
The funders had no involvement in the design or performance of
the study, writing of themanuscript, or the decision to submit the
manuscript for publication. Data collection for this project was
performed at the University of Tennessee, Veterinary Medical
Center, Knoxville, TN.

Frontiers in Veterinary Science | www.frontiersin.org 7 November 2019 | Volume 6 | Article 393

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Thomason et al. Effects of Aspirin and Prednisone on Platelet Function

REFERENCES

1. Weinkle TK, Center SA, Randolph JF, Warner KL, Barr SC. Erb HN.

Evaluation of prognostic factors, survival rates, and treatment protocols for

immune-mediated hemolytic anemia in dogs: 151 cases (1993-2002). J AmVet

Med Assoc. (2005) 226:1869–80. doi: 10.2460/javma.2005.226.1869

2. Reimer ME, Troy GC, Warnick LD. Immune-mediated hemolytic

anemia: 70 cases (1988-1996). J Am Anim Hosp Assoc. (1999)

35:384–91. doi: 10.5326/15473317-35-5-384

3. Carr AP, Panciera DL, Kidd L. Prognostic factors for mortality and

thromboembolism in canine immune-mediated hemolytic anemia: a

retrospective study of 72 dogs. J Vet Intern Med. (2002) 16:504–

9. doi: 10.1111/j.1939-1676.2002.tb02378.x

4. Weiss DJ, Brazzell JL. Detection of activated platelets in dogs with primary

immune-mediated hemolytic anemia. J Vet Intern Med. (2006) 20:682–

6. doi: 10.1111/j.1939-1676.2006.tb02915.x

5. Swann JW, Garden OA, Fellman CL, Glanemann B, Goggs R, LeVine

DN, et al. ACVIM consensus statement on the treatment of immune-

mediated hemolytic anemia in dogs. J Vet Intern Med. (2019) 33:1141–

72. doi: 10.1111/jvim.15463

6. Garden OA, Kidd L, Mexas AM, Chang YM, Jeffery U, Blois SL, et al. ACVIM

consensus statement on the diagnosis of immune-mediated hemolytic anemia

in dogs and cats. J Vet Intern Med. (2019) 33:313–34. doi: 10.1111/jvim.15441

7. O’Kell AL, Grant DC, Panciera DL, Troy GC, Weinstein NM. Effects of oral

prednisone administration with or without ultralow-dose acetylsalicylic acid

on coagulation parameters in healthy dogs. Am J Vet Res. (2012) 73:1569–

76. doi: 10.2460/ajvr.73.10.1569

8. Flint SK, Abrams-Ogg ACG, Kruth SA, Bersenas AM, Wood RD.

Independent and combined effects of prednisone and acetylsalicylic acid

on thromboelastography variables in healthy dogs. Am J Vet Res. (2011)

72:1325–32. doi: 10.2460/ajvr.72.10.1325

9. Rose LJ, Dunn ME, Allegret V, Bedard C. Effect of prednisone administration

on coagulation variables in healthy Beagle dogs. Vet Clin Pathol. (2011)

40:426–34. doi: 10.1111/j.1939-165X.2011.00364.x

10. Johnson LR, Lappin MR, Baker DC. Pulmonary thromboembolism. J Vet

Intern Med. (1999) 13:338–45. doi: 10.1111/j.1939-1676.1999.tb02192.x

11. McManus PM, Craig LE. Correlation between leukocytosis and

necropsy findings in dogs with immune-mediated hemolytic

anemia: 34 cases (1994-1999). J Am Vet Med Assoc. (2001)

218:1308–13. doi: 10.2460/javma.2001.218.1308

12. Goggs R, Bacek L, BiancoD, Koenigshof A, Li RHL. Consensus on the rational

use of antithrombotics in veterinary critical care (CURATIVE): domain 2

– defining rational therapeutic usage. J Vet Emerg Crit Care. (2019) 29:49–

59. doi: 10.1111/vec.12791

13. Floyd CN, Ferro A. Mechanisms of aspirin resistance. Pharmacol Ther. (2014)

141:69–78. doi: 10.1016/j.pharmthera.2013.08.005

14. McLewee N, Archer T, Wills R, Mackin A, Thomason J. Effects of

aspirin dose escalation on platelet function and urinary thromboxane and

prostacyclin levels in normal. J Vet Pharmacol Therap. (2018) 41:60–

7. doi: 10.1111/jvp.12432

15. Thomason J, Lunsford K, Mullins K, Stokes J, Pinchuk L, Wills R, et al.

Platelet cyclooxygenase expression in normal dogs. J Vet Intern Med. (2011)

25:1106–12. doi: 10.1111/j.1939-1676.2011.00781.x

16. Johnston S, Leib M, Forrester S, Marini M. The effect of misoprostol on

aspirin-induced gastroduodenal lesions in dogs. J Vet Intern Med. (1995)

9:32–8. doi: 10.1111/j.1939-1676.1995.tb03269.x

17. Shaw N, Burrows CF. King RR. Massive gastric hemorrhage induced by

buffered aspirin in a greyhound. J Am Anim Hosp Assoc. (1997) 33:215–

9. doi: 10.5326/15473317-33-3-215

18. Dudley A, Thomason J, Fritz S, Grady J, Stokes J,Wills R, et al. Cyclooxygenase

expression and platelet function in healthy dogs receiving low-dose aspirin. J

Vet Intern Med. (2013) 27:141–9. doi: 10.1111/jvim.12022

19. Haines JM, Thomason JM, Seage EC, Wills RW, Bulla C, Lunsford KV,

et al. In vitro and in vivo assessment of platelet function in healthy dogs

during administration of a low-dose aspirin regimen. Am J Vet Res. (2016)

77:174–85. doi: 10.2460/ajvr.77.2.174

20. Whittemore J,Mooney A, Price J, Thomason J. Clinical, clinicopathologic, and

gastrointestinal changes from aspirin, prednisone, or combination therapy

in healthy research dogs: a double-blind randomized trial. J Vet Intern Med.

(2019) 33:1977–87. doi: 10.1111/jvim.15577

21. Defontis M, Cote S, Stirn M, Ledieu D. Optimization of Multiplate R©

whole blood platelet aggregometry in the Beagle dog and Wistar rat

for ex vivo drug toxicity testing. Exp Toxicol Pathol. (2013) 65:637–

44. doi: 10.1016/j.etp.2012.07.003

22. Marschner CB, Kristensen AT, Spodsberg EH,Wiinberg. Evaluation of platelet

aggregometry in dogs using the Multiplate platelet analyzer: impact of

anticoagulant choice and assay duration. J Vet Emerg Crit Care. (2012)

22:107–15. doi: 10.1111/j.1476-4431.2011.00709.x

23. Kalbantner K, Baumgarten A, Mischke R. Measurement of platelet function

in dogs using a novel impedance aggregometer. Vet J. (2010) 185:144–

51. doi: 10.1016/j.tvjl.2009.05.028

24. Haines JM, Lee PM, Hegedus RM, Hwang JK, Court MH. Establishment

of reference ranges and evaluation of in vitro concentration-dependent

platelet inhibition by acetylsalicylic acid for multiple electrode impedance

aggregometry in healthy dogs. J Vet Pharmacol Therap. (2017) 40:618–

28. doi: 10.1111/jvp.12405

25. Baltzer W, McMichael M, Ruaux CG, Noaker L, Steiner JM, Williams

DA. Measurement of urinary 11-dehydro-thromboxane B2 excretion in

dogs with gastric dilatation-volvulus. Am J Vet Res. (2006) 67:78–

83. doi: 10.2460/ajvr.67.1.78

26. Perneby C, Granstrom E, Beck O, Fitzgerald D, Harhen B, Hjemdahl P.

Optimization of an enzyme immunoassay for 11-dehydro-thromboxane

B(2) in urine: comparison with GC-MS. Thromb Res. (1999) 96:427–

36. doi: 10.1016/S0049-3848(99)00126-7

27. Little RC, Milliken GA, Stroup WW, Wolfinger RD, Schabenberger O (2006).

SAS for Mixed Models. 2nd ed. Cary, NC: SAS Institute Inc.

28. Sartori TM, Maurizio PG, Sara P, Ugolino L, Annalisa A, Panagiotis

T, et al. Relation between long term steroid treatment after heart

transplantation, hypofibrinolysis and myocardial microthrombi generation.

J Heart Lung Transplant. (1999) 18:693–700. doi: 10.1016/S1053-2498(99)

00021-2

29. Sartori MT, Patrassi GM, Rigotti P, Marchini F, Fioretti M, Spiezia

L, et al. Improved fibrinolytic capacity after withdrawal of steroid

immunosuppression in renal transplant recipients. Transplantation. (2000)

69:2116–21. doi: 10.1097/00007890-200005270-00026

30. Patrassi GM, Sartori MT, Livi U, Casonato A, Danesin C, Vettore

S, et al. Impairment of fibrinolytic potential in long-term steroid

treatment after heart transplantation. Transplantation. (1997) 64:1610–

4. doi: 10.1097/00007890-199712150-00021

31. Thomason J, Archer T, Wills R, Mackin A. Effects of immunosuppressive

agents on the hemostatic system in normal dogs. J Vet Intern Med. (2018)

32:1325–33. doi: 10.1111/jvim.15132

32. Romao FG, Campos EF, Mattoso CRS, Takahira RK. Hemostatic profile and

thromboembolic risk in healthy dogs treated with prednisone: a randomized

controlled trial. BMC Vet Res. (2013) 9:268. doi: 10.1186/1746-6148-9-268

33. Elrashidy AA, Abdelrahman RS, Ghali AM, Elsheikh AM, Elsheikh MM.

Effects of sevoflurane and isoflurane on coagulation system: a comparative

study. Tanta Med Sci J. (2007) 2:11–22.

34. Connor BJ, Hanel RM, Hansen B, Motsinger-Reif AA, Asakawa M, Swanson

CR. Effects of acepromazine maleate on platelet function assessed by use

of adenosine diphosphate activated- and arachidonic acid- active modified

thromboelastography in healthy dogs. Am J Vet Res. (2012) 73:595–

601. doi: 10.2460/ajvr.73.5.595

35. Lemke KA, Runyon CL, Horney BS. Effects of preoperative

administration of ketoprofen on whole blood platelet aggregation,

buccal mucosal bleeding time, and hematologic indices in dogs

undergoing elective ovariohysterectomy. J Am Vet Med Assoc. (2002)

220:1818–22. doi: 10.2460/javma.2002.220.1818

36. Ruan CH, So SP, Ruan KH. Inducible COX-2 dominates over COX-1 in

prostacyclin biosynthesis: mechanisms of COX-2 inhibitor risk to heart

disease. Life Sci. (2011) 88:24–30. doi: 10.1016/j.lfs.2010.10.017

37. Majerus PW. Arachidonate metabolism in vascular disorders. J Clin Invest.

(1983) 72(5):1521–5. doi: 10.1172/JCI111110

38. Hoh C, Smith S, McMichael M, Byron JK. Evaluation of effects of low-dose

aspirin administration on urinary thromboxane metabolites in healthy dogs.

Am J Vet Res. (2011) 72:1038–45. doi: 10.2460/ajvr.72.8.1038

Frontiers in Veterinary Science | www.frontiersin.org 8 November 2019 | Volume 6 | Article 393

https://doi.org/10.2460/javma.2005.226.1869
https://doi.org/10.5326/15473317-35-5-384
https://doi.org/10.1111/j.1939-1676.2002.tb02378.x
https://doi.org/10.1111/j.1939-1676.2006.tb02915.x
https://doi.org/10.1111/jvim.15463
https://doi.org/10.1111/jvim.15441
https://doi.org/10.2460/ajvr.73.10.1569
https://doi.org/10.2460/ajvr.72.10.1325
https://doi.org/10.1111/j.1939-165X.2011.00364.x
https://doi.org/10.1111/j.1939-1676.1999.tb02192.x
https://doi.org/10.2460/javma.2001.218.1308
https://doi.org/10.1111/vec.12791
https://doi.org/10.1016/j.pharmthera.2013.08.005
https://doi.org/10.1111/jvp.12432
https://doi.org/10.1111/j.1939-1676.2011.00781.x
https://doi.org/10.1111/j.1939-1676.1995.tb03269.x
https://doi.org/10.5326/15473317-33-3-215
https://doi.org/10.1111/jvim.12022
https://doi.org/10.2460/ajvr.77.2.174
https://doi.org/10.1111/jvim.15577
https://doi.org/10.1016/j.etp.2012.07.003
https://doi.org/10.1111/j.1476-4431.2011.00709.x
https://doi.org/10.1016/j.tvjl.2009.05.028
https://doi.org/10.1111/jvp.12405
https://doi.org/10.2460/ajvr.67.1.78
https://doi.org/10.1016/S0049-3848(99)00126-7
https://doi.org/10.1016/S1053-2498(99)00021-2
https://doi.org/10.1097/00007890-200005270-00026
https://doi.org/10.1097/00007890-199712150-00021
https://doi.org/10.1111/jvim.15132
https://doi.org/10.1186/1746-6148-9-268
https://doi.org/10.2460/ajvr.73.5.595
https://doi.org/10.2460/javma.2002.220.1818
https://doi.org/10.1016/j.lfs.2010.10.017
https://doi.org/10.1172/JCI111110
https://doi.org/10.2460/ajvr.72.8.1038
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Thomason et al. Effects of Aspirin and Prednisone on Platelet Function

39. Johnson GJ, Leis LA, Rao GHR, White JG. Arachidonate-

induced platelet aggregation in the dog. Thromb Res. (1979)

14:147–54. doi: 10.1016/0049-3848(79)90033-1

40. Johnson GJ, Leis LA, King RA. Thromboxane responsiveness of dog platelets

in inherited as an autosomal recessive trait. Thromb Haemost. (1991) 65:578–

80. doi: 10.1055/s-0038-1648193

41. Rohrer CR, Hill RC, Fischer A, Fox LE, Schaer M, Ginn PE, et al.

Gastric hemorrhage in dogs given high doses of methylprednisolone sodium

succinate. Am J Vet Res. (1999) 60:977–81.

42. Rohrer CR, Hill RC, Fischer A, Fox LE, Schaer M, Ginn PE, et al. Efficacy

of misoprostol in prevention of gastric hemorrhage in dogs treated with

high doses of methylprednisolone sodium succinate. Am J Vet Res. (1999)

60:982–85.

43. Sorjonen DC, Dillon AR, Powers RD, Spano JS. Effects of dexamethasone

and surgical hypotension on the stomach of dogs: clinical, endoscopic, and

pathologic evaluations. Am J Vet Res. (1983) 44:1233–7.

44. Tsukamoto A, Ohno K, Maeda S, Nakashima K, Fukushima K, Fujino Y,

et al. Effect of mosapride on prednisolone-induced gastric mucosal injury

and gastric-emptying disorder in dog. J Vet Med Sci. (2012) 74:1103–

8. doi: 10.1292/jvms.12-0066

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Thomason, Mooney, Price andWhittemore. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Veterinary Science | www.frontiersin.org 9 November 2019 | Volume 6 | Article 393

https://doi.org/10.1016/0049-3848(79)90033-1
https://doi.org/10.1055/s-0038-1648193
https://doi.org/10.1292/jvms.12-0066
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Effects of Aspirin and Prednisone on Platelet Function and Thromboxane Synthesis in Healthy Dogs
	Introduction
	Materials and Methods
	Study Population
	Study Design
	Hematologic Testing
	Urine 11-dehydro-thromboxane B2 (11-dTXB2) Ratios
	Statistical and Data Analysis

	Results
	Study Population
	Hematologic Testing
	Urine 11-dTXB2-to-creatinine Ratio

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


