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ABSTRACT 
 
The individual and combined effects of long-chain n-3 polyunsaturated fatty acids 
and low-dose aspirin on platelet function in healthy dogs 
 
Shannon Westgarth      Advisor: 
University of Guelph, 2015     Dr. Shauna Blois 
 

Dogs with a number of disease processes are at risk for thromboembolic events as a result 

of their underlying condition. In humans, the use of fish oils containing the long chain 

omega-3 polyunsaturated fatty acids (n-3 PUFA) eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) have been advocated for those at risk of thromboembolic 

disease processes due to the reduced number of deaths from coronary heart disease 

associated with their use. 

 

This prospective study evaluated the use of n-3 PUFA supplementation (DHA and EPA) 

in 5 healthy dogs to determine the time until steady state concentrations of EPA and 

DHA in whole blood components (platelet-rich plasma [PRP], platelet-poor plasma 

[PPP], and red blood cells [RBC]). Steady state concentrations of EPA and DHA were 

reached by two weeks in PPP and PRP but took slightly longer for RBC (4 weeks for 

EPA, 6 weeks for DHA). 

 

Next, the effects of n-3 PUFA (DHA and EPA) supplementation alone, aspirin alone, and 

combination therapy on hemostatic function were evaluated in 16 healthy dogs. 

Hemostatic testing included Multiplate whole blood aggregometry (using agonists ADP, 

arachidonic acid [AA], and collagen [COL]), the Platelet Function Analyzer-100 (using 



	  

	   	  

agonists ADP/collagen [PFA-CADP], epinephrine/collagen [PFA-CEPI]), and 

Thrombelastography (TEG). n-3 PUFA alone did not cause a significant change in any 

platelet function tests. Low-dose aspirin alone decreased platelet function as measured by 

PFA-CEPI and whole blood aggregometry (AA and collagen) following one week of 

therapy. Low-dose aspirin plus n-3 PUFA decreased platelet function significantly more 

versus low-dose aspirin alone when measured by whole blood aggregometry (ADP and 

collagen). 25% of dogs in the study were considered resistant to the anti-platelet effects 

of aspirin. None of the therapies affected TEG results. 

 

Finally, the study evaluated the effects of n-3 PUFA alone and in combination with 

aspirin on platelet activation markers (P-selectin expression and platelet-leukocyte 

aggregation formation) on both unactivated and thrombin-activated and samples. There 

was no significant difference between median fluorescence intensity or percent positivity 

for both markers when comparing baseline, n-3 PUFA alone or n-3 PUFA and aspirin in 

P-selectin expression or platelet-leukocyte aggregates in either the activated or 

nonactivated samples. 
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CHAPTER 1: LITERATURE REVIEW 

1.0 INTRODUCTION 
Thromboembolic complications are a major cause of morbidity and mortality in both 

veterinary and human medicine.  Thromboemboli (TE) have been found on post-mortem 

examinations in 80% of dogs suffering from immune-mediated hemolytic anemia 

(IMHA), for which the overall mortality is reported to be 50-60%.1 Thromboembolic 

disease (TED) appears to be a common cause of death in people; one retrospective study 

attributed approximately 10% of patient deaths in a general hospital population to 

pulmonary TE, and such complications were often undiagnosed antemortem.2 According 

to the World Health Organization, the two leading causes of death in people are ischemic 

heart disease and stroke, of which TED often plays a role.3 The development of TE 

occurs secondary to a number of different pathological disease processes, but ultimately 

is determined by the factors stated by Virchow’s triad including blood stasis, endothelial 

damage, and hypercoagulability. Within each of these factors, there is a wide breadth of 

pathophysiological processes that can contribute to inappropriate clot formation. Due to 

concern for the severe consequences secondary to the development of TE, both anti-

platelet and anti-coagulation therapies are initiated as a means to prevent their formation. 

However, existing thromboprophylaxis options can fail to prevent TED, be variably 

efficacious between individuals, and cause adverse effects. Given these concerns, there is 

still a need for safe, effective thromboprophylaxis.  
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1.1 HEMOSTASIS 

Waterfall cascade 

To understand the pathophysiology behind formation of TE, we must first understand the 

normal physiology of hemostasis. In the 1960’s, a model for hemostasis was constructed, 

resembling a cascade (see Figure 1.1).4,5 This model consists of two separate arms 

(intrinsic and extrinsic pathways), that converge with factor (F) X activation (common 

pathway). The intrinsic pathway is initiated by the autoactivation of FXII, which occurs 

when blood comes in contact with hydrophilic surfaces such as glass tubes, kaolin, celite, 

or polyanionic surfaces in vivo,6 but can also be activated by hydrophobic surfaces such 

as plastic tubes.7 This results in the progressive activation of factors within that pathway 

Intrinsic(

XII# XIIa#

XI# XIa#

IX# IXa#

X# Xa# X#

TF:VIIa#

Prothrombin# Thrombin#
XIII#

XIIIa#

Fibrinogen# Fibrin# Cross6linked#
fibrin#

Va,#PL,#Ca2+#

VIIIa,#PL,#Ca2+#

Extrinsic(

Common(

Vascular#endothelial#
damage#

Figure#1:#Waterfall#cascade#depicEng#coagulaEon#response.#
LeGer#a#represents#acEvated#factors;#TF,#Essue#factor;#PL,#platelet#membrane#phospholipid;#
Ca2+,#calcium#

Figure	  1.1:	  Waterfall	  cascade	  depicting	  coagulation	  response.	  
Letter	  a	  represents	  activated	  factors;	  TF,	  tissue	  factor;	  PL,	  platelet	  membrane	  
phospholipid;	  Ca2+,	  calcium	  
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(FXI, FIX, FX, and prothrombin). The extrinsic pathway begins with the exposure of 

tissue factor and activated FVII, which again causes the activation of FX and 

prothrombin (the common pathway).8 This model of the coagulation cascade can be 

evaluated with plasma based tests such as prothrombin time (PT; primarily measuring 

extrinsic and common pathways), activated partial thromboplastin time (aPTT; primarily 

measuring intrinsic and common pathways), and thrombin time (TT; primarily measuring 

fibrinogen conversion to fibrin). These tests are useful to determine the role of 

coagulation factor deficiencies or inhibitors of coagulation in circulation.9  

 

The cell-based coagulation model 

The cell-based model of hemostasis is believed to more accurately reflect in vivo 

hemostasis. This model integrates the two previously separate pathways, and also 

recognizes the importance of calcium and phospholipid membranes provided 

predominantly by platelets (see Figure 1.2).9 In the cell-based model, the primary 

initiator of coagulation is tissue factor (TF), which can be expressed on the surface of 

endothelial cells and on subendothelial pericytes and fibroblasts.10 Damage to 

endothelium exposes TF, which binds to activated FVIIa, already present in small 

amounts in circulation. The TF-VIIa complex next activates FIX to FIXa and FX to FXa. 

FXa is able to convert a small amount of prothrombin to thrombin, as well as forming 

meizothrombin.11 Meizothrombin causes vasoconstriction, platelet activation, and 

cleavage of fibrinogen. These steps are referred to as the initiation phase of the cell-based 

model. To prevent inappropriate clot formation, and progression to further clot 
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propagation, there are two inhibitors that limit TF-initiated coagulation. When FXa is 

complexed with TF-FVIIa, it is neutralized by tissue factor pathway inhibitor (TFPI) to 

limit the production of thrombin.10 Also, antithrombin (AT) is able to neutralize the 

initially formed FXa and thrombin.10 In order for clot formation to proceed, there must be 

enough TF to overcome the anticoagulant properties of TFPI and AT.11 

The next prothrombotic priming stage is known as amplification. The small amount of 

thrombin generated during the initiation phase of coagulation activates platelets in the 

vicinity by the binding of 

subendothelial von Willebrand 

factor (vWF) to the platelet 

glycoprotein (GP) Ib receptors. 

Thrombin activates platelets by 

the protease-activated receptors 

(PAR). Mammalian species have 

three distinct PAR types, the 

importance of each varies with 

the individual species.12,13 When 

platelets become activated they 

expose anionic membrane phospholipids creating a procoagulant membrane surface, and 

release their granule contents. The newly exposed surface of the platelet allows thrombin 

to activate factor FXI to FXIa and FV to FVa on the membrane. Also, FVIII is cleaved 

from vWF and is then activated to FVIIIa.14 Additional platelets are recruited to the site 

of endothelial damage.  

Figure	  1.2:	  Cell	  based	  model	  of	  coagulation.	  Used	  
with	  permission	  from	  Dr.	  M.	  McMichael	  from	  New	  
Models	  of	  Hemostasis,	  Topics	  in	  Comp	  An	  Med	  
201288	  
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The platelet recruitment and procoagulant surface exposure permits the final stage of clot 

formation, propagation, to occur. Factors IXa and VIIIa, activated previously, complex 

together on the anionic platelet surface forming the tenase complex.9 With calcium, the 

tenase complex results in rapid generation of FXa, and is not inactivated by TFPI, as with 

FXa formed via the TF-VIIa complex.15 The prothrombinase complex combines FVa, 

FXa, and calcium with anionic phospholipid surface, which causes explosive formation 

of thrombin and subsequent fibrin formation.  

 

The fibrinolytic system 

Although clot formation is important for preventing hemorrhage after endothelial 

damage, excessive or inappropriate clot formation can be life threatening, therefore there 

are several mechanisms to prevent this from occurring. Any FXa that diffuses away from 

the procoagulant membrane is inhibited by quiescent endothelial cell surface 

anticoagulants, AT and TFPI.9 Thrombin bound to thrombomodulin results in the loss of 

procoagulant activity, decreased thrombin-mediated platelet activation, and decreased 

fibrin generation via the protein C pathway.11 Clots are eventually broken down by 

fibrinolysis, once underlying repair has occurred. During this process, plasminogen is 

converted to plasmin by various activators including fibrin, tissue plasminogen activator 

(within the vasculature), and urokinase plasminogen activator (within extravascular 

tissue). Polymerized fibrin is degraded by plasmin which produces fibrinogen 

degradation products, whereas the degradation of cross-linked fibrin formed by FXIIIa 

produces D-dimer fragments.9 
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1.2 HEMOSTATIC TESTING 
Given the multitude of steps and in vivo components to appropriate hemostasis and 

fibrinolysis, this fine balance can be easily upset, putting a patient at risk either of 

inappropriate clot formation or hemorrhage. Hemostatic testing has been developed to 

determine what stage of hemostasis has been affected, and also as a means of monitoring 

the use of anti-thrombotic medications.  

 

Prothrombin time, activated partial thromboplastin time  

Prothrombin time (PT) evaluates the extrinsic and common pathways, which includes 

factors VII, X, V, prothrombin (II), and fibrinogen (I). 16 This test is initiated by the 

addition of thromboplastin (TF and phospholipids) and calcium to the sample, and 

measuring the time in seconds until clot formation.17  

 

Activated partial thromboplastin time (aPTT) evaluates the intrinsic and common 

pathways, which include factors VIII, IX, XII, prekallikrein, and high-molecular weight 

kininogen and those mentioned above for the common pathway (factors I, II, V, and X).  

The aPTT specifically detects deficiencies in FVIII (hemophilia A), FIX (hemophilia B), 

FXI (haemophilia C), and FXII (Hageman factor deficiency). It is performed by the 

addition of a FXII activator, phospholipid, and calcium and then measuring the time in 

seconds until clot formation.17 
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Blood for both tests is collected into a sodium citrate anticoagulant tube and is then 

assessed using an automated analyzer. The endpoint of these tests occurs when initial 

fibrin strands form.18 Both tests may be prolonged in patients that have multiple factor 

deficiencies or dysfunction, disseminated intravascular coagulation (DIC), or with 

circulating anticoagulants. With anticoagulant rodenticide toxicity, both PT and aPTT 

will eventually be prolonged, but PT will prolong first due to the short half life of FVII.19  

 

Limitations of these tests include that they lack the ability to mimic in vivo conditions 

that occur in circulation with normal hemostasis, particularly the absence of cells in the 

sample. They are also relatively insensitive, as aPTT can reliably only detect factor 

deficiencies when they are less than 30% depending on the reagent used.20 Also, 

shortened coagulation times lack specificity for diagnosing hypercoagulability as they 

may be associated with sampling conditions, blood storage, or sample interferences from 

lipemic, icteric, and highly hemolyzed samples.21 They also provide very little 

information on quantitative thrombin generation, fibrin polymerization, or clot stability 

and therefore may not identify certain bleeding disorders.22 

 

Complete blood count 

A complete blood count (CBC) is one of the first line diagnostic tests performed in an 

animal suspected to have abnormal hemostasis. A CBC is typically performed with an 

automated hematology analyzer to determine platelet quantity, with review of a blood 

smear to determine if there is platelet clumping, and to assess morphology.23 At the 

author’s institution the normal platelet count in a dog is 117-418 x 109/L,
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but this range varies according to the laboratory.a Spontaneous bleeding is not expected 

until the platelet count drops below 20-30 x 109/L, or if there are concurrent coagulation 

factor deficiencies or abnormal platelet function. An additional parameter of interest is 

provided by the Advia 2120 (Advia 2120, Siemens Healthcare Diagnostics, Tarrytown, 

New York, USA). The mean platelet component concentration (MPC) is used to estimate 

platelet density and refractive index;24 and an association has been demonstrated between 

MPC and platelet activation as demonstrated by P-selectin expression on platelets.25 An 

elevated platelet count has also been identified as a risk factor for thrombosis. In a 

retrospective review of dogs with thrombocytosis, all dogs with platelet counts >600 x 

109/L had an underlying disease, most commonly neoplasia and inflammatory disorders. 

In that study, 7.9% of the dogs with thrombocytosis had thromboembolic events, but it is 

difficult to speculate whether this was as result of their thrombocytosis, or more likely, 

due to the overall changes in hemostasis as a result of their underlying disease.26 

 

Aperture closure instruments 

The Platelet Function Analyzer (PFA)-100 or 200 is an aperture closure instrument that is 

used to demonstrate platelet adhesion and aggregation under high shear stress, mimicking 

the in vivo environment in circulation.27 Citrated whole blood is aspirated through a 

capillary tube and a compartment containing test membranes under high shear stress. An 

aperture is located centrally on the test cartridge and the membrane is coated with 

collagen and a platelet agonist (either adenosine diphosphate [ADP] or epinephrine). This 

aperture eventually becomes occluded due to adherence and aggregation of the platelets. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
a	  Animal	  Health	  Laboratory,	  University	  of	  Guelph,	  ON	  
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The result is reported as closure time in seconds, with an instrument-limited maximum 

reading of 300 seconds. The PFA can be affected by several other variables including low 

platelet number, anemia, decreased von Willebrand factor activity, and quality of 

venipuncture.28 There is very little information in veterinary patients about the utility of 

the PFA to detect hypercoagulable states. In one study, cats with hypertrophic 

cardiomyopathy (HCM), which might be considered hypercoagulable, had PFA-100 

measurements comparable to healthy cats.29 However, other tests that might be more 

sensitive to hypercoagulability such as thromboelastography (TEG) were not used for 

comparison.29 The true agreement between TEG and PFA-100 as tests to evaluate for 

either hyper or hypocoagulability has not been assessed.30 PFA-100 has been used as a 

diagnostic tool in veterinary species to screen for von Willebrand disease31 and to detect 

platelet dysfunction in dogs with cardiac murmurs.32 PFA was unable to detect changes in 

platelet function caused by experimentally-induced endotoxemia, that were detectable by 

use of a flow chamber.33  

PFA-100 has also been used to monitor the effects of anti-platelet therapy with 

clopidogrel in people with specially designed cartridges (PFA-P2Y cartridge). The PFA-

P2Y cartridge uses ADP as an agonist with prostaglandin E1 and calcium, but lacks 

collagen, to avoid platelet activation by other non-ADP receptor pathways.34 Using the 

PFA-P2Y cartridge and 3.8% sodium citrated whole blood, PFA has been shown to be a 

sensitive method of detecting anti-platelet effects of clopidogrel in people.34 In veterinary 

medicine, the PFA 100 closure times with dual agonist collagen and ADP (PFA-CADP) 

has been shown to reliably detect anti-platelet effects of clopidogrel.35 The effects of 

aspirin on the PFA-CADP have been variable among studies.35-38 Prolongation of PFA-
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100 closure times using the collagen/epinephrine agonist has been demonstrated in dogs 

with various nonsteroidal antiinflammatory medications including aspirin,36,39,40 

ketoprofen,41 meloxicam, carprofen, and deracoxib.42 

 

Viscoelastic Coagulation Analyzers 

The Thrombelastograph (TEG) analyzer is an instrument that uses whole blood to detect 

viscoelastic changes that occur during the polymerization of fibrin under low shear 

conditions.43 The TEG analyzer is a tabletop instrument that provides a real-time 

graphical view of clot formation and lysis over time. Citrated whole blood is usually used 

for animals, and clot formation is initiated by recalcification 30 minutes following blood 

sampling. Either kaolin or tissue factor may be used as an activator of coagulation to 

decrease the time until clot formation.44 In the test wells, a pin is suspended in a cup 

containing a small amount of whole blood as well as calcium. Once the test is initiated, 

the machine detects the motion of the pin as the sample cup rotates through a defined 

angle. Once a fibrin-platelet thrombus links the cup and pin together, the torque on the 

immersed pin is recorded. The motion of the pin is affected by the rate and strength of the 

clot formation, which is reproduced qualitatively in the output tracing and also 

quantitatively by direct measurements of clot formation and lysis. These are then used to 

calculate the reported values.45 

 

The variables measured by TEG include the R time, which is the time from the initiation 

of the assay to the point of the first detection of fibrin formation on the pin. K is the time 

for change of the clot from 2 to 20 mm from baseline. Alpha (α) is the slope of a line 



	  

	  

11	  

	  

from R to K. Maximum amplitude (MA) is the maximum clot strength, which is 

demonstrated on the TEG tracing at the point with the widest amplitude. LY30 and LY60 

are reflections of fibrinolysis and are the TEG amplitudes at 30 and 60 minutes after MA, 

respectively. G (shear modulus strength) is a log derivation of MA to given an actual 

strength measurement and can magnify subtle changes in MA. Coagulation index (CI) is 

a mathematical formula as an overall assessment of coagulability43,45  

 

TEG has been validated in horses, cows, cats, and dogs.46-49 The test is typically 

performed 30 minutes following blood draw to have consistency between results, as 

further delay can lead to changes consistent with hypercoagulability.49 TEG is a unique 

test (although similar to ROTEM and Sonoclot) in that it is able to detect 

hypercoagulability, unlike most other tests of hemostasis. It has been used to evaluate 

hypercoagulability in a number of conditions such as IMHA, protein losing nephropathy 

(PLN), protein losing enteropathy (PLE), and hyperadrenocorticism, which will be 

discussed later. 50-53 TEG has poor sensitivity to detect decreased platelet function in 

people compared to the PFA-100,54 although an abnormal TEG with prolonged R time, K 

time, and decreased α angle were demonstrated in a person with a platelet aggregation 

disorder that all normalized after the individual received a platelet transfusion.55 A weak-

moderate direct correlation between MA and platelet count has been established in 

people,56 and in dogs with lymphoma, MA had a significant indirect correlation to 

clinical bleeding in thrombocytopenic patients.57 The reason that TEG is a poor indicator 

specifically for platelet function is that it utilizes the activity of endogenous thrombin, 

which is a potent platelet agonist, but also has the ability to activate the coagulation 
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cascade. The activity of thrombin can overshadow the milder effects of antiplatelet 

therapy using clopidogrel or aspirin that rely on the inhibition of ADP and thromboxane 

A2 (TXA2) receptors, respectively, to ameliorate clot formation.58,59 

Thromboelastography platelet mapping (TEG-PM) is a modification of standard TEG 

that specifically evaluates the separate contributions of fibrin, thrombin, and platelet 

activity to clot formation in response to stimulation with the platelet agonists ADP or 

arachidonic acid (AA).60 TEG-PM might be useful in measuring platelet activity in dogs, 

but does not appear to be useful in cats. 60-62 TEG-PM has been evaluated in dogs with 

hyperadrenocorticism which demonstrated an elevation in the MA with fibrin, ADP, and 

AA agonists at different times points during therapy.53 TEG-PM using ADP as an agonist 

has been shown to be more sensitive in evaluating the anti-platelet effects of clopidogrel 

versus native TEG.63 

 

Platelet aggregometry 

Platelet aggregometers assess the capability of platelets to form aggregates by either 

using platelet-rich plasma with light transmission, or whole blood and electrical 

impedance. Platelet aggregation testing is currently considered the gold standard for 

evaluation of platelet function.64 Light transmission platelet aggregometry (LTA) is more 

sensitive to subtle changes in platelet function, as platelet-rich plasma (PRP) is used.28 

Once obtained, the PRP is exposed to an agonist (e.g., ADP, AA, collagen), which results 

in activation and exposure of the GP IIb/IIIa receptor (integrin αIIbβ3). Fibrinogen or vWF 

then binds to these receptors, which causes aggregation of the platelets, increasing light 

transmission through the plasma. The drawback of LTA is that it does not mimic the in 
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vivo platelet environment as well since it lacks other cells.65 It also requires large 

volumes of blood, is labour-intensive, and there is the potential to inadvertently activate 

the platelets during preparation of PRP.66 

 

Whole blood impedance aggregometry relies on platelets forming a monolayer of 

aggregates on electrodes, which changes the electrical current. It has been shown to 

correlate well with LTA.67 Light transmission platelet aggregometry has been studied in 

veterinary medicine to identify decreased platelet function such as with platelet receptor 

disorders (e.g., Glanzmann’s thrombasthenia),68 as well as to demonstrate effects of 

antiplatelet therapy using aspirin and clopidogrel.63,69,70 Whole blood impedance 

aggregometry has also been investigated in veterinary medicine to demonstrate decreased 

platelet function in dogs with systemic infectious diseases,33 as well as the effects of 

antiplatelet therapy on platelet function (aspirin and glycoprotein receptor 

antagonists).40,71,72 Recently, there has been investigation into the most appropriate 

anticoagulant of choice when using the Multiplate (electrical impedance) analyzer 

(Multiplate 5.0 Analyzer, Diapharma Group Inc., West Chester, OH, USA). Two studies 

evaluating anticoagulants in dogs, found that heparin or hirudin anticoagulation of whole 

blood results in a good aggregation response with acceptable analytic variation compared 

to citrated blood samples.73,74 Sodium citrate anticoagulation of samples caused only 

weak aggregation in one study and spontaneous aggregation in another study, and is 

discouraged for use as an anticoagulant when using the Multiplate analyzer.73,74 
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Flow cytometry 

Flow cytometry is a method whereby a large number of individual cells are sorted and 

assessed very rapidly based on a specific predetermined characteristic.65 Flow cytometry 

measures platelet function indirectly by characterizing the markers present on the cell 

surface. The advantages of flow cytometry include the small volume of blood required, 

characterization of subpopulations of platelets that may have variable features, 

identifying and assessing platelets within whole blood, assessing multiple parameters 

during the same analysis, and the ability to assess platelet-leukocyte interactions and 

platelet derived microparticles.45,75 The cells are labeled with a fluorescent conjugated 

monoclonal antibody to the receptor or molecule of interest. The cells are rapidly passed 

through a laser, which excites the fluorochrome, thereby producing light of a specific 

wavelength. The scatter of light and fluorescence is detected by the cytometer and 

quantifies the presence of the characteristic of interest.65 For platelet function testing, 

cells are first identified or “gated” according to the presence of GP IIIa, which binds to 

the fluorochrome CD61. Once platelets are identified, markers of platelet activation can 

be used such as CD62P which identifies P-selectin, Annexin V which identifies 

phosphatidylserine, or CD45 which identifies the leukocyte common antigen indicating 

platelet-leukocyte aggregates. Given the low basal platelet activation state, platelet 

agonists such as ADP, collagen, thrombin, or epinephrine are also often used to 

demonstrate a more uniform and identifiable degree of activation.76 

 

Flow cytometry technology is used routinely by many hematology analyzers. More 

recently, it has also been used in veterinary medicine to identify activated platelets in 
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several conditions such as IMHA,77 HCM in cats,78 and with diseases associated with 

systemic inflammatory response.79 Also, flow cytometry can be used to identify the 

effects of various medications on platelet activation.80 Several studies have also 

investigated the ability of flow cytometry to identify the effects of anti-platelet 

medications, and currently have not been able to identify an effect, but this may be due to 

the small sample size, and the fact that the studies were underpowered.69,71,81 Flow 

cytometry has also been used to identify diseases associated with abnormal platelet 

receptors such as Glanzmann’s thrombasthenia and Scott’s syndrome. 68,82 

 

1.3 THROMBOEMBOLIC DISEASE PROCESSES 
As stated previously, TED can arise as a consequence of many disease processes. The 

primary locations for thrombus formation in dogs include the aorta, splenic vein, portal 

vein, vena cava and pulmonary vasculature.83-88 The conditions most commonly 

associated with formation of inappropriate thrombus formation in dogs include neoplasia, 

PLN, PLE, IMHA, hyperadrenocorticism, exogenous corticosteroid use, cardiac disease, 

sepsis, systemic inflammatory response syndrome (SIRS), diabetes mellitus, 

hypothyroidism, pacemaker implantation, hepatic disease, DIC, and pancreatitis.83-88  

 

Neoplasia 

Neoplasia is consistently associated with the development of TED in dogs and cats.89,90 

This has been investigated further, and dogs with various types of neoplasia have been 

identified as being hypercoagulable,91,92 which may be due to hyperfibrinogenemia. 
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Hypercoagulability has been identified as the most common hemostatic abnormality in 

canine cancer patients, and overall hemostatic dysfunction is more common with non-

mammary carcinomas and those with distant metastasis.93 

 

Protein losing enteropathy and nephropathy 

PLE and PLN have been identified as disease conditions that predispose animals to 

inappropriate thrombus formation.83,84 Hypercoagulability has been identified using TEG 

in several studies of dogs with PLE, PLN and renal disease.51,52,94 Hypercoagulability 

associated with PLN and PLE was previously thought to be secondary to a loss of AT, 

however, recent studies did not reveal a significant decrease in AT in dogs with PLN 

when compared with healthy controls;51,94 in patients  with PLE the AT was only 

marginally decreased.52 This indicates that the cause of hypercoagulability in these 

disease processes is likely multifactorial and cannot be contributed to AT levels alone. 

The hypercoagulability present in these conditions may be due to increased platelet 

activation, increased coagulation factor activity, thrombocytosis, and decreased rheology 

of whole blood, specifically red blood cells.  

 

Immune-mediated hemolytic anemia 

A very common cause for mortality in patients with IMHA is the development of 

pulmonary TE.1 Dogs with IMHA have been shown to not only have hypercoagulability 

identified by TEG,50,95,96 but also have been shown to have an increase in platelet 

activation,77,97 as well as high levels of intravascular TF expression.98 Once again this 
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indicates that the formation of TE in dogs with IMHA, and other conditions, is likely 

multifactorial in nature.  

 

Hyperadrenocorticism 

Hyperadrenocorticism has been identified as a predisposing condition that puts animals at 

risk for thromboembolic disease formation. Dogs with hyperadrenocorticism are 

hypercoagulable based on TEG studies, and this hypercoagulability does not appear to 

resolve with treatment of the condition.53,99,100 Administration of prednisone in healthy 

dogs has shown an increase in markers of hypercoagulability as assessed by TEG, and 

also results in a mild reduction of AT from baseline.101,102 

 

Cardiac disease 

Endothelial damage, blood stasis, and platelet hyperactivity all likely occur in patients 

with cardiac disease, and thus predispose these patients to TED. Approximately 17% of 

cats with HCM presented to a referral hospital had concurrent aortic thromboembolism 

(ATE).103 Also, cats with ATE have been shown to have a high von Willebrand factor 

antigen concentration attributed to downstream endothelial injury,104 which either may be 

a contributing factor to, or result of, ATE formation. ATE does appear to be a common 

complication of infectious endocarditis in dogs (suspected in 44% of cases)105 but is 

otherwise an uncommonly reported concurrent condition in dogs with cardiac disease.83,84  
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Sepsis 

In humans, thrombosis is a common complication of critically ill patients. There are 

extensive interactions between coagulation and inflammation.106 In sepsis, the principle 

initiator of coagulation appears to be TF, which is exposed by damage to the endothelium 

by inflammatory mediators.107 Increased platelet activation also plays an important role in 

many disease processes as the result of inflammation. During inflammation, 

proinflammatory mediators can directly activate platelets.108 In humans with severe 

inflammation, AT levels are markedly decreased because of consumption, lack of 

synthesis, and degradation.109,110 It has been shown similarly that in dogs with septic 

peritonitis, non-survivors have deficiencies in anticoagulants in circulation such as 

protein C and AT, which likely contributes to increased incidence of TE in this 

population.111-113 Dogs with bacterial sepsis also have increased thrombin-activatable 

fibrinolysis inhibitor (TAFI), which in people has been shown to increase the risk of 

thrombosis.114 Dogs with parvoviral enteritis had evidence of hypercoagulability without 

any indication of DIC,115 indicating their increased risk of clot formation. In septic foals, 

TEG revealed significantly greater α, MA and G values than sick non-septic foals, 

consistent with hypercoagulability.116 

 

1.4 ANTI-THROMBOTIC MEDICATIONS 
Given the multitude of disease processes associated with the development of TE, and the 

difficulty in treating them once they occur, a large amount of research has gone into 

investigating various treatment modalities to prevent their formation. These treatment 

strategies are aimed at both inhibition of platelet function and platelet receptor pathways 
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and inhibition of coagulation factors in circulation. The following will review these 

therapies and their use in veterinary medicine. 

 

Heparin 

Heparin enhances the activity of AT, increasing its inhibitory activity and also causing 

the release of TFPI from the surface of endothelial cells.117 AT inactivates serine 

proteases including FIXa, FXa, FXIa, FXIIa, and thrombin; this action becomes much 

more effective with the binding of heparin to AT. Also, endothelial cells produce 

heparan-sulfated proteoglycans (HSPG), which binds to the AT-heparin in blood. This 

interaction enables AT-heparin to be capable of inactivating thrombin produced close 

by.118,119 Heparin also binds to platelets and can induce or inhibit platelet aggregation.120 

 

There are two distinct categories of heparin therapy, unfractionated heparin (UFH) and 

low molecular weight heparin (LMWH). UFH is heterogeneous mixture of heparin 

molecules ranging in size from 3 000-30 000 Daltons. UFH is widely available and 

inexpensive. It is given by subcutaneous injection or intravenous infusion, but binds to a 

number of plasma proteins other than AT, reducing its anticoagulant activity and 

contributing to a variable response.  

 

LMWH have greater AT inhibition of FXa than inhibition of thrombin.120 Compared to 

UFH, LMWH has less protein binding in circulation making its pharmacokinetics more 

predictable and resulting in a lower incidence of adverse effects.119 LMWH are much 
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more expensive than UFH at this time, and require frequent dosing intervals in dogs and 

cats.121,122 

 

In general, the most common complication of the use of heparin is hemorrhage (but less 

common with LMWH), primarily due to variable response in patients. In a retrospective 

study in people in the 1970s, it was suggested that an aPTT ratio between 1.5 to 2.5 

(calculated by dividing the patient’s aPTT value measured 4-6 hours after starting heparin 

by the patient’s baseline aPTT) was associated with a reduction in recurrence of venous 

thrombosis,123 but while this has never been confirmed by randomized clinical trials the 

guideline has since been embraced in veterinary medicine. The aPTT ratio is not an ideal 

method of monitoring the use of heparin, as the relationship between heparin 

concentration and prolongation of aPTT is not always linear, and aPTT measurements 

may not be reflective of in vivo anticoagulation.119 Heparin activity can also be measured 

by assessing the activity of anti-factor Xa (AXA). This test has a linear dose-response 

relationship between the concentration of heparin and inhibitory activity.124 Viscoelastic 

testing has also been evaluated in healthy dogs as a method of monitoring both UFH and 

LMWH. While viscoelastography values did correlate with AXA, stronger correlation 

was observed between aPTT and AXA. Additionally, viscoelastography parameters had 

poor correlation at high AXA values.125,126 Further investigation of these monitoring 

methods in clinical patients at risk of TED is warranted. LMWH and UFH have been 

used in veterinary medicine primarily to prevent TED in dogs with IMHA. Dogs with 

IMHA and critical illness are relatively resistant the effects of LMWH and UFH 

necessitating high doses and individual monitoring of AXA. 122,127 High dose individually 
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adjusted UFH based on AXA results has been shown to be a safe and effective anti-

coagulant to use to prevent mortality in dogs with IMHA in one small study, whereas 

constant low dose therapy may adversely affect their outcome.128 LMWH has been 

shown to be a safe option for prevention of thrombus formation with IMHA,129 but 

comparison between other antithrombotic medications has not been performed.  

 

Vitamin K antagonism (Warfarin) 

Warfarin inhibits the enzyme vitamin K epoxide reductase, which participates in the 

conversion of vitamin K-dependent coagulation proteins (prothrombin, factors VII, IX, 

and X) and proteins C and S from their inactive prozymogens to their active forms.118,119 

Warfarin is relatively inexpensive, and is routinely monitored by measuring PT and 

calculating the international normalized ratio (INR). In people, the goal INR is between 

2.0-3.0,130 which has been extrapolated to veterinary medicine. The pharmacodynamics 

of warfarin have been studied in healthy cats which revealed wide inter-individual 

variations in both pharmacodynamics and pharmacokinetics of the drug.131 Warfarin has 

primarily been used as a treatment for ATE in dogs,83 and is used as a long-term 

anticoagulant for dogs that have undergone valve replacement surgery.132,133 

 

Aspirin 

Aspirin, a cyclooxygenase (COX) inhibitor, is used routinely in human and veterinary 

medicine for its anti-inflammatory, anti-pyretic, analgesic, and anti-platelet properties.134 

Low dose aspirin selectively inhibits TXA2 production, while sparing the protective 

effects of other prostaglandins (see Figure 1.3).119 In dogs with IMHA, 
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immunosuppressive therapy accompanied by aspirin has been associated with increased 

survival in one retrospective study.135 

The dose of aspirin required for platelet inhibition in dogs has been a source of 

controversy. Although 0.5 mg/kg was previously recommended, this dose might 

be ineffective for platelet inhibition.136 An aspirin dose of 1 mg/kg/day resulted in platelet 

inhibition in healthy dogs, when assessed by platelet aggregometry and by the Platelet 

Function Analyzer-100.136 However, another study showed that a dose of 10 mg/kg, but 

not 1 mg/kg, caused a significant decrease in the urinary thromboxane metabolite 11-
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Figure	  1.3:	  Schematic	  demonstrating	  the	  effects	  of	  aspirin	  on	  the	  arachidonic	  acid	  
pathway	  and	  inhibition	  of	  associated	  downstream	  effects.	  Note,	  at	  low	  doses	  of	  
aspirin,	  only	  the	  production	  of	  TXA2	  is	  inhibited.	  
Abbreviations:	  LTB4,	  leukotriene	  B4;	  TXA2,	  thromboxane	  A2;	  PGI2,	  prostacyclin	  I2;	  
PGE2,	  prostaglandin	  E2;	  PGF2,	  prostaglandin	  F2.	  
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dehydroTXB2.
137 Although no direct measures of platelet function were assessed in this 

study, these metabolites are used in people as indirect indicators of in vivo platelet 

activity and aspirin responsiveness. Aspirin is routinely used as a platelet inhibitor, but 

must be cautiously used in patients at risk of gastrointestinal ulceration. Another 

downside of aspirin is that there may be some dogs that are resistant to its effects. In 

healthy dogs, low dose aspirin only inhibits platelet function consistently for 1/3 of dogs 

receiving the medication when measured by an aperture closure device.39 However, the 

production of urinary thromboxane was decreased in all dogs receiving low-dose aspirin 

in that study. This might mean that there is a response to aspirin, and that the in vivo 

platelet response to thromboxane is variable, and that other agonists are more important 

for their activation.39 

 

Adenosine diphosphate receptor antagonists 

Clopidogrel, ticlopidine, and prasugrel are thenopyridine derivatives that act in vivo as 

antagonists of the P2Y12 receptor on platelets. The active metabolite is a thiol derivative 

that binds irreversibly to the P2Y12 receptor and inhibits ADP-dependent platelet 

aggregation and also causes a dose-dependent reduction in ADP-receptor binding sites on 

platelets. These drugs result in inhibition of platelet aggregation, and make already 

formed aggregates more susceptible to disaggregation.119 Clopidogrel has significant 

antiplatelet effects in healthy dogs and cats.63,138 Efficacy of clopidogrel in ill dogs has 

not been reported extensively, but one study demonstrated that dogs with IMHA treated 

with clopidogrel only, clopidogrel plus ultraslow dose aspirin, and aspirin alone all had 

similar short-term survival.139 Clopidogrel resistance has been demonstrated in a 
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subgroup of people that have an increase in platelet ADP responsiveness while on 

therapy with clopidogrel.140 This has yet to be demonstrated in dogs, but has been shown 

in horses.81 Ticagrelor and prasugrel have been shown to inhibit platelet aggregation, but 

have currently only been used in dogs in experimental settings.141-143 

 

αIIbβ3 receptor antagonists 

The αIIbβ3 receptor antagonists include abciximab, eptifibatide, and tirofiban. Activation 

of the platelet GP IIb/IIIa (αIIbβ3) receptor causes platelet adhesion.119 These receptors are 

transformed into a high-affinity binding state by vascular damage, adhesion, and shear 

forces and then bind to vWF or fibrinogen causing aggregation of platelets.119 The use of 

αIIbβ3 receptor antagonists for clinical cases in veterinary medicine has yet to be 

described, but they have been used and demonstrated inhibition of platelet function in 

healthy dogs and cats.144-146 αIIbβ3 receptor antagonists are used intravenously and because 

of relatively short half-lives they require continuous infusion.119 Brainard 2011, Magee 

2014, Bright 2002, 2003 

 

There is a constant need for further investigation into other thromboprophylaxis, as those 

mentioned above have not only great individual variability, but adverse effects associated 

with their use, need for monitoring, and also may be inadequate to prevent inappropriate 

thrombus formation. The remainder of this literature review will discuss another therapy 

to be considered.  
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1.5 DIETARY FACTORS IN HEMOSTASIS 
The investigation of dietary factors that influence various pathways of hemostasis are 

limited to the effects of long chain n-3 PUFA in veterinary medicine. In humans, there 

has been a great deal more examination into other dietary components. For example, 

obesity has been associated with an increase in various coagulation factors, but the 

relation of these to increased risk of TED is unknown.147-150 There also appears to be an 

increase in FVII and platelet reactivity associated with a diet with increased saturated 

fat.151,152 Also, diets high in fibre have been associated with improved fibrinolysis and 

reduced fibrinogen concentrations.153-155 The remainder of this section will focus on 

hemostatic benefits of marine source n-3 PUFA. 

 

History 

Dietary fish oils have recently become a prominent nutraceutical advocated as a 

preventive measure, as well as therapy for various diseases. The interest in dietary fish 

oils began in 1914 with August Krogh, and the study of Greenland Inuit people, and their 

dietary habits.156 Research has shown that dietary fish consumption is associated with 

decreased plasma triglycerides and very-low-density lipoproteins compared with control 

populations, as well as decreased incidence of heart disease and diabetes.157,158 At that 

time, n-3 polyunsaturated fatty acids (n-3 PUFA) in fish oils were hypothesized to have 

anti-atherogenic and other protective effects. This has lead to a great deal of investigation 

into the beneficial effects of eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA), which are examples of marine source long chain n-3 PUFA, in both human and 

veterinary species.  
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Nomenclature of polyunsaturated fatty acids 

The term “polyunsaturated fatty acids (PUFA)” indicates that the fatty acid chain 

contains two or more double bonds between the carbon atoms. PUFA can then be further 

classified according to the location of the first double bond from the methyl end of the 

molecule as being n-6 or n-3 PUFA. There is a short hand description for each specific 

fatty acid utilizing the number of carbons within the chain, the number of double bonds in 

the fatty acid, and the location of the first double bond from the methyl end (e.g. n-3 or n-

6). Fish oil derived n-3 PUFA include eicosapentaenoic acid (EPA [20:5n-3]) and 

docosahexaenoic acid (DHA [22:6n-3]), which are long chain PUFA. Alpha-linolenic 

acid (ALA) is another n-3 PUFA that is found in plant products such as flaxseed oil. In 

mammals, ALA is not efficiently converted to EPA and DHA especially in humans, dog, 

and cats.159 Long-chain n-3 PUFA have diverse benefits, thus direct supplementation of 

DHA and EPA may be more advantageous to achieve desired effects, rather than 

indirectly by supplementing ALA.  

 

Benefits of long chain n-3 PUFA in veterinary medicine 

In animals, there have been many demonstrated beneficial effects of n-3 PUFA, primarily 

through their anti-inflammatory properties. The recommended dosage range for the 

treatment of various clinical disorders range from 115-310 mg/kg0.75 (metabolic body 

weight) of the combination of DHA and EPA, depending on the condition.160 
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The use of n-3 PUFA primarily of marine source (EPA and DHA) have been shown to be 

beneficial in the improvement of dermatological disorders including the reduction of 

pruritus from seasonal atopy and for the treatment of canine symmetrical 

onychomadesis.161-163 n-3 PUFA from marine source also result in decreased proteinuria, 

creatinine, cholesterol, triglycerides, glomerular hypertension, and urinary eicosanoid 

excretion in dog models of chronic kidney disease.164,165 In dogs with heart disease, fish 

oil and diets high in EPA and DHA have resulted in improvement of specific conditions 

such as atrial fibrillation, arrhythmogenic right ventricular cardiomyopathy, and 

asymptomatic chronic valvular degeneration166-168, as well as reduce the incidence of 

cardiac cachexia.169 In dogs with osteoarthritis, diets high in EPA and DHA have resulted 

in reduced need for analgesia, and improved clinical signs.170-173 The development of 

brain and retinal function in humans and animals is dependent on DHA in utero and 

following birth.174 One study showed that puppies that consumed diets high in DHA had 

improved vision, cognitive function, and memory.175 EPA and DHA appear important in 

long-term glucose control and may help improve insulin sensitivity by increasing 

adiponectin.176-178 

 

Hemostasis 

There have been several veterinary studies specifically investigating the effects of very 

long chain n-3 PUFA supplementation on the inhibition of platelet function. In cats, there 

have been contradictory results. In a study by Bright et al, cats were given approximately 

350 mg/kg of DHA/EPA daily for four weeks, which was then increased to 525 

mg/kg/day of DHA/EPA for an additional four weeks. In this study, they did not 
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demonstrate any inhibition of platelet function when evaluated using LTA and buccal 

mucosal bleeding time (BMBT).179 These negative results may have been due to the 

small number of cats used in this study (n=7) and because BMBT is considered a 

relatively insensitive test for platelet function. In a study by Saker et al, entirely the 

opposite results were found, where a diet enriched in n-3 PUFA with a n-3:n-6 ratio of 

1.3:1 resulted in prolongation of toenail bleeding time and decreased LTA following 112 

days of therapy.180 This study found no difference in platelet activation assessed by flow 

cytometry, but the method used was not detailed. Also, the specific dose and type of n-3 

PUFA were not stated. The reason for the difference between these two studies is 

unknown, but may have been due to duration of n-3 PUFA therapy within each study, the 

dosage used, as well as the type of n-3 PUFA supplementation. In dogs, the effects of 

supplementation with fish oil (DHA and EPA) on platelet function in dogs with 

hemangiosarcoma and lymphoma were evaluated using whole blood aggregometry 

(WBA), and coagulation times (PT/PTT). Coagulation times were likely run due to the 

fact that the mechanism of anti-thrombotic action of n-3 PUFA is not entirely 

understood.181 The dogs in this study remained on a diet high in menhaden fish oil (DHA, 

24 g/kg diet and EPA, 29 g/kg diet on dry matter basis) or the control diet from the 

initiation of chemotherapy to either they were out of remission or until 1 year after 

enrolment. There were no significant differences between groups for the hemostasis tests 

evaluated. Also in another study in healthy dogs, those fed a marine fish diet had 

prolonged bleeding times compared to a control group, but no difference in LTA were 

appreciated.182 In horses, the effect of flaxseed oil as a supplement for n-3 PUFA was 

given (as opposed to marine source), and had no effect on inhibition of platelet function 
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when assessed by a whole blood lumi-aggregometer.183 The effects of n-3 PUFA on 

hemostasis remain controversial at this time given the conflicting results of platelet 

function and coagulation testing. 

 

1.6 ANTI-THROMBOTIC EFFECTS OF N-3 PUFA IN 

HUMAN MEDICINE 
In humans, there has been a great deal of research into the effects of n-3 PUFA, 

specifically DHA and EPA, as inhibitors of clot formation. Several observational studies 

have demonstrated benefits. Following the investigation of the Greenland Inuit people, 

research was pursued into the benefits of fish consumption in Dutch people. Following a 

timeline of 20 years, this study revealed that consumption of 30 g of fish daily resulted in 

a 50% reduction in mortality from coronary heart disease (CHD) compared to those 

participants that did not consume fish.184 Other studies have reiterated the correlation 

between eating high-quantity fish diets or having high concentrations of n-3 PUFA to a 

reduction in risk of death from CHD.185,186 A placebo controlled study in Japan 

demonstrated that non-fatal cardiac events were reduced in the hypercholesterolemic 

patients receiving n-3 PUFA plus a statin, compared to a statin alone, but there was no 

reduction in CHD related deaths between groups.187 The reason this may have differed 

with other studies is that most Japanese people consume a high amount of fish in their 

diet already, and this may have prevented the ability to appreciate additional benefits with 

further supplementation. In the GISSI-Prevenzione trial that examined patients that had 

previously suffered a myocardial infarction, those receiving n-3 PUFA (850-882 mg 
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DHA/EPA) +/- vitamin E had a reduction in the number of CHD deaths, myocardial 

infarctions (MI), and strokes compared to those receiving vitamin E or no intervention.188 

There are countless studies investigating the benefits of n-3 PUFA on cardiac diseases. 

Although most studies demonstrate a positive effect of n-3 PUFA supplementation, those 

that don’t are often limited by the sample size, dose of n-3 PUFA used in the study, and 

the fact that the concentrations of DHA and EPA in the blood were not determined to 

indicate that there was a change from prior to intervention.  

 

There has also been investigation into the effects of n-3 PUFA on inhibition of platelet 

function in vitro using various platelet function testing methods. In a recent meta-analysis 

by Gao et al, randomized clinical trials were reviewed that investigated the effects of n-3 

PUFA on platelet function testing. The dosages listed for n-3 PUFA from the various 

studies investigated ranged from 0.6-6.0 g/person/day. In this study, they found that n-3 

PUFA had inhibitory effects on platelet aggregation using ADP as an agonist only in 

high-risk patients with cardiovascular disease (CVD), and not in healthy participants.189 

In comparison, a group of healthy participants were studied investigating aspirin alone, n-

PUFA alone (4 g/day), and these agents in combination. n-3 PUFA alone did not have a 

significant inhibition of platelet aggregation, but when combined with aspirin, decreased 

platelet aggregation was documented.190 In another set of healthy volunteers, the use of n-

3 PUFA resulted in inhibition of collagen-induced platelet activation when assessed by 

flow cytometry for activation markers including phosphatidylserine and α-granule 

exposure, but not when using an aperture-closure instrument (PFA-100).191 Finally, DHA 

and EPA may also have inhibitory effects on thrombin generation as platelets that were 
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exogenously treated with marine source n-3 PUFA had a decreased rate of rate of 

thrombin generation in vitro.192  

 

One theory about how n-3 PUFA exert their antiplatelet effects is that they incorporate 

into the phospholipid platelet membrane increasing the proportion of EPA and reducing 

the amount of n-6 PUFA (primarily AA). This inhibits the COX-1 pathway resulting in a 

decreased production of TXA2, a potent proaggregatory eicosanoid, and an increased 

production of thromboxane A3 (TXA3).189  

 

Due to the aforementioned benefits, the American Heart Association and Canadian Heart 

and Stroke Society recommend that people at risk of CVD consume 1 g of DHA and EPA 

daily and the remainder of the population to consume fish twice weekly to minimize the 

risk of thrombus formation. 

1.7 CONCLUSION 
Given the many disease processes that are at risk for TED, and the lack of an ideal 

response and risks involved with current thromboprophylaxis, further investigation is 

indicated. The goals of our study were to initially find the time to reach steady state 

concentrations for both DHA and EPA in different components of blood, and how this 

affected other n-3 PUFA and n-6 PUFA after oral administration. Secondly, another goal 

was to determine the effects of n-3 PUFA alone and in combination with aspirin on 

platelet function to see if this could be used as an alternate anti-platelet therapy by 

assessing platelet function tests such as PFA-100, Multiplate, and TEG. Finally, our goal 
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was to the effects of n-3 PUFA alone and combined with aspirin and the effects of these 

on platelet markers when assessed by flow cytometry.  
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CHAPTER 2: EFFECTS OF DOCOSAHEXAENOIC 
ACID AND EICOSAPENTAENOIC ACID 
SUPPLEMENTATION ON OMEGA-3 AND OMEGA-
6 POLYUNSATURATED FATTY ACIDS IN WHOLE 
BLOOD COMPONENTS 

 
Abstract: 
Background: Long-chain n-3 polyunsaturated fatty acids (n-3 PUFA) are used 
commonly to treat various conditions in veterinary medicine, and there has been little 
investigation into the time until steady state concentrations in blood components. 
Objectives: To evaluate the change of various n-3 PUFA and n-6 PUFA and time until 
steady state concentrations are reached in whole blood components [red blood cell 
membranes (RBC), platelet-rich plasma (PRP) and platelet-poor plasma (PPP)] after 
long-term supplementation with fish oil high in n-3 PUFA [eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DPA)]. 
Animals: Five healthy dogs from staff and students of the Ontario Veterinary College 
Methods: A repeated measures study. Dogs were fed four weeks of a low n-3 PUFA 
standardized diet, after which supplementation with fish oil was initiated. PUFA values 
were measured by gas chromatography at baseline and every two weeks for 12 weeks. 
Results: Steady state concentrations of EPA and DHA were reached by two weeks in 
PPP and PRP, and in RBC at 4 weeks for EPA and 6 weeks for DHA. Percentage of 
arachidonic acid (AA) PPP decreased significantly from baseline after 2 weeks, and 
decreased in AA-PRP and AA-RBC after 4 weeks. Percentage of α-linolenic acid (ALA) 
and linoleic acid (LA) did not significantly change in any of the blood components at any 
time points. 
Conclusions: After supplementation, PUFA levels in whole blood components change 
rapidly, Achieving steady state PUFA levels in RBC takes longer than plasma 
components likely secondary to the slower turnover rate of these cells.  

2.0 INTRODUCTION 
Over the last 40 years, there is a growing body of evidence of the various health benefits 

of long chain n-3 polyunsaturated fatty acids (n-3 PUFA) in humans and animals. These 

benefits have been more frequently noted for n-3 PUFA of marine origin such as 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), as opposed to those 
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derived from plant sources, such as alpha-linolenic acid (ALA). EPA and DHA have 

been shown to be renoprotective, improve weight-bearing in dogs with osteoarthritis, and 

other benefits have been noted for allergic dermatitis, various cardiac diseases, and 

cognitive disorders.1-5 For these reasons, many animals, even those with no known active 

disease processes, are given marine source n-3 PUFA supplementation. 

 

Although many health benefits of n-3 PUFA have been identified, it is not well known 

how long it takes for these fatty acids to become incorporated into various components of 

whole blood in dogs. In humans, administration of fish oil containing DHA and EPA, 

DHA oil, or increased dietary fish consumption (DHA and EPA) caused significant 

increases in DHA and EPA, as well as decreases in n-6 PUFA, in red blood cell 

membranes (RBC), platelet-rich plasma (PRP), and platelet-poor plasma (PPP).6 In 

another study evaluating humans receiving DHA and EPA supplementation, steady state 

concentrations of EPA were reached in plasma lipids within 1 week, while DHA reached 

steady state by 3 weeks.7  

 

The purpose of this study was to investigate the time required to achieve steady state 

concentrations of DHA and EPA in PRP, PPP, and RBC after administering 100 mg/kg 

of combined DHA and EPA daily to healthy dogs for up to 12 weeks. A second objective 

was to determine how this supplementation affected ALA, arachidonic acid (AA), 

linoleic acid (LA), and overall n-6:n-3 ratios in the previously mentioned blood 

components. The hypothesis of this study was that changes measured for all components 

would be rapid for EPA, DHA, and AA, with minimal change expected for ALA and LA. 
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2.1 MATERIALS AND METHODS 

Experimental design 
Five healthy pet dogs were recruited for the study from staff and students of the Ontario 

Veterinary College Health Sciences Centre. Dietary history form was obtained prior to 

participating. Inclusion criteria for the study were dogs from 1-8 years old, a weight greater 

than 15 kilograms and a normal physical examination. Dogs were excluded if they had 

received any fish oil or fish-based products six months prior to the study, had received any 

medications for 6 weeks prior to the study (routine dewormers and heartworm prevention 

were deemed acceptable), or had any ongoing medical conditions. Patients presented to the 

Ontario Veterinary College Health Sciences Centre for a physical examination, complete 

blood count (Advia 2120, Siemens Healthcare Diagnostics, Tarrytown, New York, USA), 

biochemical profile (Cobas, Roche, Switzerland), urinalysis (Chemstrip 9, Roche, 

Switzerland; Reichert Vet360 refractometer, Fisher Scientific, Waltham, MA, USA; 

sediment analysis), and coagulation profile (STA Compact Hemostasis System, Stago 

Diagnostica, Parsippany, NJ, United States Of America ). Signalment, body weight, and 

body condition score (BCS) were recorded at baseline. Upon determining patients were 

healthy based on review of the blood work and physical examination findings, participants 

were started on a standardized diet considered low in n-3 PUFA (Hill’s Science Diet 

Advanced Fitness, Hill’s Pet Nutrition, Topeka, KS, USA, see Table 2.1). Daily caloric 

requirements were calculated for each participant (based on ideal body weight) using (95 

kcal)/(kg body weight)0.75 and split between two meals daily.8 Through the duration of the 

study, body weight was monitored at each visit (every two weeks), 
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Table	  2.1:	  Nutrient	  composition	  of	  standardized	  diet	  	  
(Source:	  2011	  Science	  Diet	  Canine	  Canadian	  Product	  Key)	  

Nutrient	   Amount	  
On	  DM	  basis	   	  
ME	  (kcal/kg)	   4	  027	  
Protein	  (%)	   25.3	  
Fat	  (%)	   16.2	  
Carbohydrate	  (NFE)	  (%)	   51.7	  
Crude	  fibre	  (%)	   2.0	  
Calcium	  (%)	   0.74	  
Phosphorus	  (%)	   0.7	  
Sodium	  (%)	   0.24	  
Potassium	  (%)	   0.7	  
Magnesium	  (%)	   0.122	  
Taurine	  (%)	   0.11	  
Vitamin	  E	  (IU/kg)	   667	  IU/kg	  
Vitamin	  C	  (mg/kg)	   129	  mg/kg	  
	  

Abbreviations:	  DM,	  dry	  matter;	  ME,	  metabolizable	  energy;	  NFE,	  nitrogen	  free	  extract	  
Ingredient	  list:	  Chicken,	  whole	  grain	  corn,	  whole	  grain	  sorghum,	  whole	  grain	  wheat,	  
chicken	  by-‐product	  meal,	  soybean	  meal,	  corn	  gluten	  meal,	  animal	  fat	  (preserved	  with	  
mixed	  tocopherols	  and	  citric	  acid),	  brewers	  rice,	  chicken	  liver	  flavour,	  lactic	  
acid,	  soybean	  oil,	  flaxseed,	  iodized	  salt,	  potassium	  chloride,	  choline	  chloride,	  vitamin	  E	  
supplement,	  l-‐lysine,	  vitamins	  (l-‐ascorbyl-‐2-‐polyphosphate	  (source	  of	  vitamin	  C),	  
vitamin	  E	  supplement,	  niacin,	  thiamine	  mononitrate,	  vitamin	  A	  supplement,	  calcium	  
pantothenate,	  biotin,	  vitamin	  B12	  supplement,	  pyridoxine	  hydrochloride,	  riboflavin,	  
folic	  acid,	  vitamin	  D3	  supplement),	  calcium	  carbonate,	  minerals	  (ferrous	  sulfate,	  zinc	  
oxide,	  copper	  sulfate,	  manganous	  oxide,	  calcium	  iodate,	  sodium	  selenite),	  taurine,	  
preserved	  with	  mixed	  tocopherols	  and	  citric	  acid,	  phosphoric	  acid,	  beta-‐carotene,	  
rosemary	  extract.	  
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and if fluctuations in weight were noted (+/- >2.5% of body weight), regardless of whether 

the participant was slightly over or underweight, food intake was adjusted. After 

consuming the standardized diet for four weeks, patients were started on n-3 PUFA 

supplementation (Ascenta Canine Omega 3, Ascenta Health, Dartmouth, NS, Canada, see 

Table 2.2) at a dose of 100 mg DHA and  EPA/kg ideal body weight between each of the 

two meals.  
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Table	  2.2:	  Guaranteed	  analysis	  of	  n-‐3	  PUFA	  supplement	  	  
(Source:	  https://www.ascentahealth.com/store/canine-‐omega3-‐
200ml.html#product-‐nutrition)	  

Nutrient	   Amount	  	  
Crude	  fat	   min.	  94%	  
Moisture	   max.	  0.1%	  
Vitamin	  E	   min.	  15	  IU/kg	  
	   	  
n-‐3	  PUFA	   	  
EPA	   min.	  720	  mg	  
DHA	   min.	  450	  mg	  
	  

Serving	  size:	  5	  ml	  (4650	  mg)	  
Abbreviations:	  Min,	  minimum;	  max,	  maximum;	  n-‐3	  
PUFA,	  omega-‐3	  polyunsaturated	  fatty	  acids;	  EPA,	  
eicosapentanoic	  acid;	  DHA,	  docosahexanoic	  acid	  
	  
Ingredient	  list:	  Fish	  oil	  (anchovies,	  sardines),	  smokey	  
meat	  flavouring,	  vitamin	  E,	  rosemary	  extract,	  
sunflower	  oil,	  sunflower	  lecithin,	  ascorbyl	  palmitate.	  
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Baseline blood samples (time 0, T0) were collected from dogs after consuming the 

standardized diet for four weeks, prior to initiating n-3 PUFA supplementation. Blood 

samples were collected approximately 4 hour after consuming morning n-3 PUFA 

supplementation every two weeks, for 12 weeks total.  Blood was drawn from the jugular 

vein using a 20-gauge needle and 12 ml syringe (Becton, Dickinson and Company, 

Franklin Lakes, NJ, USA).  Approximately 12 ml of blood was obtained on each visit 

which was divided into four 2.7 ml 3.2% sodium citrate tubes (Becton, Dickinson and 

Company). This study was performed with client consent using information sheets and in 

accordance with the standards of the Canadian Council on Animal Care and the Ontario 

Animals for Research Act and was approved by the University of Guelph Animal Care 

Committee (Animal utilization protocol number 1864). 

 

Preparation of whole blood components 
Prior to the start of this study, PRP samples were prepared using several different 

methods from a subset of the recruited dogs. The protocol used for the study was adapted 

from previous reports9-11 and considered adequate if PRP samples had a platelet count of 

at least 200 x 109/L. Whole blood was placed in a 15 ml conical tube (Falcon 15 ml 

Conical Centrifuge Tubes, Fisher Scientific, Waltham, MA, USA) and centrifuged at 200 

x g for 10 minutes at 22° Celsius (C). The top 2/3 of separated plasma (platelet 

concentrate) was removed and placed in a second conical tube and centrifuged again 

using the same protocol. After the second centrifugation the PRP was carefully removed 

from the top of the sample and placed in 1 ml aliquots in tubes; the bottom 1/3 of the 

remaining plasma was saved to generate PPP as described next.  The remaining blood 
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and the previously saved plasma were combined and centrifuged at 3000 x g for 15 

minutes at 22°C.  After centrifugation the PPP and red blood cell concentrate (RBC) were 

separated into 1 mL aliquots.  All samples were frozen at -80°C for up to 4 months and 

analyzed as batched samples. A sample of the study diet and the fish oil supplement was 

also stored for gas chromatography analysis. 

 

Gas chromatography 
The gas chromatography (GC) protocol for analysing lipid levels in the present study was 

based on a previously described technique.12 PPP, PRP and RBC samples were thawed 

on ice for 30 min. Total lipid was extracted from a 50 µL aliquot of plasma or RBC using 

a mixture of 2:1 chloroform:methanol and 0.1 M KCl.  5 µg of free fatty acid C17:0 was 

added at this time as an internal standard. The samples were refrigerated overnight at 

5°C.  The following day, samples were centrifuged to separate the phases (1460 rpm 

[rotations per minute] for 10 minutes at 21°C). The lower chloroform layer was 

transferred to a new tube, and lipids were dried down under a gentle stream of nitrogen, 

saponified with KOH-MeOH for 1 hour at 100°C, then methylated in hexane using 14% 

BF3-MeOH for 1 hour at 100°C. Double distilled water was added to the samples to stop 

methylation, then centrifuged to separate the phases as described above. The hexane 

layer, containing fatty acid methyl esters (FAME), was extracted into a gas 

chromatography vial, and dried down under a gentle stream of nitrogen. FAME were 

reconstituted in hexane, and separated gas by chromatography (Agilent 6890, SP-2560 

fused silica capillary column). Fatty acids were identified by comparison to known 

standards with known retention times and quantified using EZChrom Elite software 
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(version 3.3.2). The same protocol was followed for analysis of standardized diet using 

0.1 g of kibble, and for the supplement using 100 µL. Concentrations of fatty acids were 

derived from the peak area of C17:0 internal standard, and then converted to µmol/L by 

using the molecular weight of DHA and EPA. Percentages of each fatty acid were 

calculated by adding all fatty acids measured together, subtracting the internal standard 

(C17:0), then dividing the fatty acid of interest by this value and multiplying by 100%. 

Total n-3 PUFA and n-6 PUFA were calculated by adding percentages of all n-3 PUFA 

and n-6 PUFA measured together. The n-6:n-3 ratio was calculated by dividing the total 

percentage of n-6 PUFA by the total percentage of n-3 PUFA. AA:EPA+DHA was 

calculated by adding EPA and DHA together, and dividing the percentage AA by this 

value. Results are expressed as the concentration of a particular fatty acid, percentage of 

the fatty acid of interest from the total fatty acids measured, or as a ratio (n-6:n-3, 

AA:EPA+DHA).  

 

Statistical analysis 
A Shapiro-Wilk test was conducted to assess overall normality. If the results were not 

normally distributed, the results were log-transformed. Analysis of variance (ANOVA) 

for repeated measures was used to test for significant differences over time.  A Tukey’s 

adjustment was made for multiple comparisons, after which a p value of <0.05 was 

considered statistically significant (reported p values are after adjustment). Results are 

expressed as means of the group ± standard deviation. Statistical analysis was performed 

with SAS 9.1.3 (SAS Canada, Toronto, ON, Canada).    
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2.2 RESULTS 

Population 
The dogs in the study incuded 5 different breeds: Boxer, English Shepherd, Golden 

Retriever, Great Dane, and English Mastiff. There were three neutered male dogs and two 

neutered female dogs. The mean weight of the dogs was 41.4 kg and the mean age was 

4.8 years old. (see Table 2.3).  

After gas chromatography analysis, one dog (dog A) had no change in any fatty acid 

percentage through the duration of the entire study. Given concern for lack of compliance 

causing this unexpected outcome, this dog was excluded from further analysis, and the 

following results are based on the remaining four participants.  
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Abbreviations:	  ID,	  identification;	  F,	  female;	  M,	  male;	  BCS,	  body	  condition	  score;	  y,	  years	  

Table	  2.3:	  Participant	  signalment	  and	  body	  condition	  score	  

Dog	  ID	   Breed	   Sex	   Neutered	   Weight	   BCS	  (/9)	   Age	  (y)	  
A	   Boxer	   F	   Yes	   27	   4	   5.9	  
B	   English	  Shepherd	   M	   Yes	   39.7	   6	   2.2	  
C	   Golden	  Retriever	   M	   Yes	   27.8	   5	   8.7	  
D	   Great	  Dane	   M	   Yes	   61.8	   4	   2.9	  
E	   English	  Mastiff	   F	   Yes	   50.5	   5	   4.0	  
	  

Abbreviations:	  SFA,	  saturated	  fatty	  acids;	  MUFA,	  monounsaturated	  fatty	  acids;	  PUFA,	  
polyunsaturated	  fatty	  acids;	  LA,	  linoleic	  acid;	  AA,	  arachidonic	  acid;	  ALA,	  α-‐linolenic	  
acid;	  EPA,	  eicosapentaenoic	  acid;	  DPA,	  docosapentaenoic	  acid;	  DHA,	  
docosahexaenoic	  acid.	  

Table	  2.4:	  Fatty	  acid	  profile	  of	  n-‐3	  PUFA	  supplement	  and	  standardized	  diet	  

	  
Supplement	   Standardized	  diet	  

SFA	   30.9	   29.3	  
MUFA	   29.1	   37.8	  
PUFA	   40.0	   32.9	  
18:2n6	  (LA)	   4.7	   29.0	  
18:3n6	   0	   0	  
20:2n6	   3.0	   0.25	  
20:3n6	   0.2	   0.1	  
20:4n6	  (AA)	   1.1	   0.2	  
22:2n6	   0.3	   0	  
22:4n6	   0.1	   0.05	  
22:5n6	   0.1	   0	  
n-‐6	  PUFA	   9.5	   29.6	  
18:3n3	  (ALA)	   1.1	   3.2	  
18:4n3	   0	   0	  
20:3n3	   0.2	   0	  
20:5n3	  (EPA)	   21.2	   0	  
22:3n3	   0.1	   0.1	  
22:5n3	  (DPA)	   1.8	   0	  
22:6n3	  (DHA)	   6.2	   0	  
n-‐3	  PUFA	   30.5	   3.3	  
n6:n3	   0.3	   9.0	  
AA:(EPA+DHA)	   0.04	   NA	  
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Supplement and standardized diet 
The standardized diet was assessed by gas chromatography to have 0% EPA and DHA of 

total fatty acids, and also was very low in AA (0.2%). n-6 PUFA in the diet was primarily 

LA (29.0% of total fatty acids) and n-3 PUFA supplementation was ALA (3.2% of total 

fatty acids). Analysis of the fish oil supplement showed higher percentages of EPA 

(21.2%), DHA (6.2%) and AA (1.1%), and was lower in ALA (1.1%) and LA (4.7%) 

than the standardized diet. (Table 2.4). 

 

Percentage fatty acid profile of blood components 
DHA and EPA 

DHA and EPA significantly increased in all three blood components over time. 

Percentage of DHA-PRP, DHA-PPP, EPA-PRP, and EPA-PPP significantly increased 

from baseline to week 2 (DHA-PRP: 0.4-2.2%, DHA-PPP: 0.4-2.2%, EPA-PRP: 0.3-

3.9%, and EPA-PPP: 0.3-3.8%; for all p<0.0001). Additionally, DHA-PRP, DHA-PPP, 

EPA-PRP, and EPA-PPP remained significantly elevated throughout the 12, weeks 

compared to baseline and values after baseline were not significantly different from each 

other (p values ranging from 0.43-1.0, Table 2.5; Figures 2.1 and 2.2).  

 

Percentage of DHA-RBC and EPA-RBC significantly increased from baseline to week 2 

(DHA-RBC: 0.4-1.0%, EPA-RBC: 0.2-1.6%; p<0.0001 for both) and remained 

significantly increased throughout the study. Additionally, DHA-RBC was significantly 

higher at weeks 6 and 8 compared to week 2 (p=0.03 for both, Table 2.5; Figure 2.2). 
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Percentage of EPA-RBC was significantly higher at weeks 4 through 10, compared to 

week 2 (p=0.01, 0.02, 0.008, 0.01; weeks 4, 6, 8, 10 respectively, Table 2.5; Figure 2.1). 

 

AA, ALA, and LA 

Percentage of AA significantly declined in the PRP, PPP, and RBC components over 

time. Percentage of AA-PPP decreased significantly from baseline after 2 weeks 

(p=0.04), and decreased in AA-PRP and AA-RBC after 4 weeks (p=0.03, p=0.003; AA-

PRP and AA-RBC respectively; Table 2.5; Figure 2.3).  

 

Percentage of ALA and LA did not significantly change in any of the blood components 

at any time points (Table 2.5).  

 

Fatty acid ratios 

Ratio of AA:EPA+DHA for PRP, PPP, and RBC significantly decreased from baseline 

after 2 weeks (p=0.03, 0.04, 0.02; PRP, PPP, and RBC respectively), and remained 

significantly decreased from baseline at every other time point (p<0.02 for all). There 

was a significant decrease in the n-6:n-3 ratio after 2 weeks in all blood components that 

continued for the duration of the study (p<0.0001 for all, Table 2.5).  

 

Total n-3 and n-6 

Total n-3 PUFA percentage of fatty acids in PRP and PPP was not significantly different 

at any time point, although percentages in both components had a mild upward trend at 

week 2. However, total n-3 percentage significantly increased in RBC at weeks 8 and 10 
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compared to baseline (p=0.04 for both).  Total n-6 percentage significantly decreased in 

PRP from baseline to week 2 (p=0.05) and at weeks 2 and 6 in PPP (p=0.002, p=0.007; 

weeks 2 and 6 respectively). Total n-6 percentage of fatty acids did not change in RBC 

over time (Table 2.5).  
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Figure'1:'Percentage'of'EPA'in'total'measured'fa7y'acids'within'PRP'
(A),'PPP'(B)'and'RBC'(C)'over'Bme.'Le7er'a"represents'staBsBcally'
different'value'from'baseline;'le7er'b'represents'a'staBsBcally'
different'value'from'week'2'(p<0.05).'
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Figure	  2.1:	  Mean	  ±	  standard	  deviation	  of	  percentage	  of	  EPA	  in	  total	  
measured	  fatty	  acids	  within	  PRP	  (A),	  PPP	  (B)	  and	  RBC	  (C)	  over	  time.	  Letter	  a	  
represents	  statistically	  different	  value	  from	  baseline;	  letter	  b	  represents	  a	  
statistically	  different	  value	  from	  week	  2	  (p<0.05).	  
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Figure"2:"Percentage"of"DHA"in"total"measured"faCy"
acids"within"PRP"(A),"PPP"(B)"and"RBC"(C)"over"Lme."
LeCer"a)represents"staLsLcally"different"value"from"
baseline;"leCer"b"represents"a"staLsLcally"different"value"
from"week"2"(p<0.05)."
"

Figure	  2.2:	  Mean	  ±	  standard	  deviation	  of	  percentage	  of	  DHA	  in	  total	  
measured	  fatty	  acids	  within	  PRP	  (A),	  PPP	  (B)	  and	  RBC	  (C)	  over	  time.	  Letter	  a	  
represents	  statistically	  different	  value	  from	  baseline;	  letter	  b	  represents	  a	  
statistically	  different	  value	  from	  week	  2	  (p<0.05).	  
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Figure	  2.3:	  Mean	  ±	  standard	  deviation	  of	  percentage	  of	  AA	  in	  total	  measured	  
fatty	  acids	  within	  PRP	  (A),	  PPP	  (B)	  and	  RBC	  (C)	  over	  time.	  Letter	  a	  represents	  
statistically	  different	  value	  from	  baseline;	  letter	  b	  represents	  a	  statistically	  
different	  value	  from	  week	  2	  (p<0.05).	  
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Absolute concentration of fatty acids 

Only the absolute concentrations of EPA-PRP, EPA-PPP, DHA-PRP, and DHA-PPP 

were statistically analyzed and reported. With EPA-PRP, there was a statistically 

significant increase after 2 weeks of therapy (p<0.0001), and following that time point all 

values continued to be different from baseline (p<0.0001 for all) but not from one another 

(p values ranging from 0.14-0.82). For DHA-PRP, the first statistically significant 

increase from baseline was at 6 weeks (p=0.02), and thereafter weeks 10 and 12 were 

significantly increased from baseline as well (p=0.01, p=0.05; 10 and 12 weeks 

respectively). For EPA-PPP, there was a significant difference from baseline at 2 weeks 

(p<0.0001), and following that time point all values continued to be different from 

baseline (p<0.0001 for all) but were not from one another (p values ranging from 0.11-

0.99). For DHA-PPP, the first statistically significant increase was after 6 weeks of 

therapy (p=0.005) and thereafter were all significantly increased compared to baseline 

(p=0.003, p<0.0001, p=0.0001; for weeks 8, 10, and 12 respectively). Week 10 was also 

significantly greather than both weeks 2 and 4 (p=0.0003, p=0.02; weeks 2 and 4 

respectively), and week 12 was significantly greater than week 2 (p=0.03). Therefore, 

using concentrations, the steady state concentrations were reached at 2 weeks for EPA-

PRP, and 6 weeks for EPA-PPP, DHA-PRP, and DHA-PPP (see Table 2.6). 
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2.3 DISCUSSION 
Polyunsaturated fatty acids are an important component of the phospholipid bilayer of 

cell membranes.  As was observed in the present study at baseline, cell phospholipid 

membranes and plasma have high concentration of AA, and low concentrations of DHA 

and EPA. However, supplementation with n-3 PUFA alters the cell phospholipid 

membrane composition. After consuming a standard diet low in EPA and DHA for four 

weeks in the present study, oral administration of fish oil resulted in a rapid increase in 

the percentage of DHA and EPA in RBC, PPP and PRP by 2 weeks, the first time point 

measured after baseline (although in concentrations, DHA-PPP and PRP did not change 

statistically until 4 and 6 weeks, respectively). Concurrently, a rapid and significant 

reduction was observed in AA-PPP by 2 weeks, and by 4 weeks for both AA-PRP and 

AA-RBC, reflecting the replacement of n-6 PUFA in the cell membranes and plasma by 

n-3 PUFA. 13 Furthermore, DHA and EPA reached steady state by 2 weeks in PPP and 

PRP. However, this took longer in the RBC component, in which steady state was 

reached by 4 weeks for EPA and by 6 weeks for DHA. Changes measured were not as 

drastic when concentrations (as opposed to percentages) of EPA and DHA were 

calculated in PPP and PRP, with steady state concentrations not being reached for EPA-

PPP, DHA-PRP, and DHA-PPP until 6 weeks, although by two weeks in EPA-PRP. For 

the purposes of further discussion, percentages will be used since an absolute 

concentration cannot be calculated for RBC as the number of cells in the sample is 

unknown. 

 

In humans, supplementation of n-3 PUFA results in immediate increases in the 
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percentage of EPA and DHA in total fatty acids in plasma within three days of initiating 

therapy.7 The immediate post-prandial increase in EPA and DHA after ingestion can be 

seen within hours in plasma, although following this peak at 6 hours, these values decline 

over the next 24-48 hours reflecting metabolism within circulation.14 Recent studies of 

healthy dogs administered various forms and doses of n-3 PUFA showed that DHA and 

EPA are incorporated rapidly into plasma and red blood cells one week after 

supplementation is initiated.15,16 The present study similarly found early increases in EPA 

and DHA in all blood components, although the first assessment point was not until two 

weeks. The present study identified decreases in AA-PPP concentrations at two weeks, 

and in AA-PRP and AA-RBC by four weeks, similar to what is seen in humans.17-19 In 

contrast, in the previously mentioned studies in dogs, they did not detect a decrease in 

AA values until 8 weeks in RBC and 12 weeks in plasma in dogs consuming a fish oil 

supplement. Furthermore, in dogs consuming a commercial fish oil diet, it took 12 weeks 

before identifying a significant decline in AA levels in RBC while no significant 

difference in AA levels was seen in plasma at any time point.15,16  

In humans, plasma phospholipids reach a steady state concentration with n-3 PUFA 

supplementation within approximately one week for EPA and three weeks for DHA, 

approximately 4-6 months for RBC, and in adipose tissue after 1-2 years.7,13,20 In dogs, 

steady state levels were achieved in 4 weeks in plasma and in 8 weeks in RBC.15,16  This 

is similar to the results in the present study where steady state for PPP and PRP for both 

EPA and DHA was reached after 2 weeks. For EPA-RBC, steady state levels were 

reached at 4 weeks, and for DHA-RBC by 6 weeks. 
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In the present study, there was also a preferential incorporation of EPA in all blood 

components which contrasts the previous study,15 and reached steady state earlier in 

RBC. These findings are similar to a previous study in dogs that demonstrated 

preferential incorporation of EPA into the phospholipids of various tissues compared 

with DHA.21 The reason for the difference between the studies may reflect the 

composition of the supplement. In the present study, the fish oil supplement contained a 

much higher percentage of EPA compared to DHA  (21.2% vs 6.2%, EPA vs DHA), and 

based on the guaranteed analysis, participants received 61.5 and 38.5 mg/kg/day of EPA 

and DHA respectively. This is quite different than the supplement and food reported by 

the other study which received 11.9 and 40.8 mg/kg/day of EPA and DHA from a fish oil 

additive and 34.5 and 22.9 mg/kg/day for a food containing EPA and DHA.15,22 

Interestingly, in the study by Judé et al, the supplement used had a higher DHA than EPA 

content (48.5%, 27.9%; DHA and EPA respectively of total fatty acids) but still resulted 

in preferential incorporation of EPA into the tissue components (circulating 

triacylglycerol and plasma, RBC, and cardiomyocyte phospholipids).21 In people, similar 

findings were reported with earlier and more evident changes in EPA levels compared to 

DHA levels in various tissues.20,23,24 This apparent preferential increase in EPA compared 

to DHA has been speculated to be secondary to high clearance of DHA from plasma to 

adipose tissue compared to EPA,23 displacement of DHA by EPA in plasma 

phospholipids when supplied together,13,18 or finally may be the result of retroconversion 

of DHA to EPA,25 as the conversion of EPA to DHA is very limited.26 In dogs 

supplemented with flax seed oil, there was measurable increases of EPA in serum, 

secondary to conversion from ALA, but no increase in DHA consistent with an inability 
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to convert from EPA to DHA.27 Incorporation of DHA and EPA is organ specific, as it 

has been shown that DHA is important in development in the brain and eyes in puppies.28 

 

The incorporation of DHA and EPA in the phospholipids of all cells in circulation affects 

lipid raft structure and cell signaling pathways, and changes the pattern of lipid mediators 

produced.29 Eicosanoids are mediators and regulators of immunity and inflammation, and 

include prostaglandins, thromboxanes and leukotrienes. They are generated from 20 

carbon PUFA, which includes AA and EPA. In general, eicosanoids derived from AA act 

in a pro-inflammatory manner.29 When EPA is high in the diet, it is incorporated into the 

cell membrane and becomes an alternative substrate for enzymes such as cyclooxygenase 

and lipoxygenase, rather than AA, which is typically more prevalent. The use of EPA and 

DHA has been shown to change the profile of eicosanoids. It has been demonstrated that 

neutrophils from dogs fed diets higher in n-3 PUFA synthesize less leukotriene B4 and 

greater leukotriene B5,30 which is a less potent stimulator of inflammation. Also, EPA 

generates thromboxane A3 rather than A2, which is less of a stimulus for platelet 

aggregation. The production of prostanglandin E2 (PGE2), an inflammatory mediator, is 

directly related to increased AA feeding and decreased EPA and DHA feeding.31 DHA 

and EPA are also involved in leading to the production of anti-inflammatory mediators 

such as resolvins and protectins that help resolve ongoing inflammation.32 These are 

many of the typical mechanisms through which DHA and EPA exert their anti-

inflammatory effects for so many conditions. 

 

The present study found incorporation of DHA and EPA into RBC takes longer 
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compared to PRP or PPP. This delay  is attributed to the half-life of RBC, which in dogs 

is reported to be approximately 100-115 days, but varies according to breed.33,34 Given 

that RBC are constantly turning over, there is nevertheless a gradual increase in RBC 

levels of DHA and EPA, which was observed at the first timepoint at 2 weeks.  

 

The present study did not find a decrease in LA with the supplementation in EPA and 

DHA, in contrast to what is found in some studies in humans.17,18 However, changes in 

LA are not consistently reported. One study observed that LA only decreased in plasma 

and RBC phospholipids, but no there was no change in platelet phospholipids after 

supplementation with cod liver oil.17 Other studies showed decreases in other n-6 PUFA, 

but no change in LA.19 An explanation for this finding in our study may be due to species 

differences in fatty acid concentrations. This has been investigated previously, with dogs 

tending to have higher concentrations of AA, and lower LA and DHA compared to 

humans in erythrocyte membranes (EM).35 Thus there are species differences even prior 

to n-3 PUFA supplementation that likely affect distribution of these lipids in blood 

components. Also, in a previous study in dogs fed diets supplemented with fish oil or 

palm oil, LA was decreased in dogs when the cell membrane phospholipid layers were 

assessed separately. A significant decrease in LA was appreciated only in the 

phosphatidylcholine layer of cell membrane in dogs fed the fish oil-supplemented diet.21 

As the present study measured the blood components as a whole, this may have negated 

the ability to detect a significant decrease in LA. 

 

Another n-3 PUFA investigated in the present study was ALA, which is obtained from 
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plant sources (flaxseed) as opposed to marine sources. Many diets that claim to be high in 

n-3 PUFA are actually high in ALA, which does not have the same anti-inflammatory 

benefits as those primarily supplemented with DHA and EPA. This is due to the 

inefficient conversion of ALA to EPA in mammals.36-39 In dogs, supplementation of diets 

high in flax seed oil (ALA) has been shown to result in no change in the DHA 

concentration, and only minimal increase in EPA concentration.27,40,41 In the present 

study, there was no change over the 12 week period in the percentage of ALA present in 

any component of blood. This is similar to other studies in human medicine.42 This is 

likely secondary to the low ALA content in the supplement used in our study. 

 

Limitations of the present study include the very small number of dogs in the trial, 

although this did not prevent detection of significant changes. Another limitation is the 

lack of  a separate control group, but each dog acted as its own control. Finally, although 

we were able to measure blood concentrations of EPA and DHA, tissue concentrations 

were not measured. In human medicine, despite RBC reaching steady state for EPA and 

DHA after supplementation at 6 months, the concentrations in adipose tissue continued to 

rise even at one year which was the conclusion of the trial, and therefore it is possible that 

they may be rising beyond one year.20 Therefore, this study’s results may not predict 

what happens at the tissue level.  

 

In summary, the present study demonstrated a rapid increase in the percentage of DHA 

and EPA in RBC, PPP and PRP by 2 weeks, with a concurrent rapid and significant 

reduction in AA-PPP by 2 weeks, and by 4 weeks for both AA-PRP and AA-RBC. 
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Equilibrium of DHA and EPA was reached by 2 weeks in PPP and PRP, being slightly 

longer in RBC, by 4 weeks for EPA and by 6 weeks for DHA. The information obtained 

in this study is helpful in determining when incorporation of DHA and EPA should be 

expected in various components of blood, which likely reflects when the greatest benefits 

of these supplements may be expected.  

 

Future studies that should be considered would include determining the minimum 

effective dose of EPA and DHA following reaching steady state concentrations that can 

be used for maintenance of these concentrations in various blood components. Also, 

given that different dosages of EPA and DHA are recommended depending on the 

condition to be treated, investigating various tissues concentrations following DHA and 

EPA supplementation and comparing times to reach steady state should be established in 

the future.  
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CHAPTER 3: THE INDIVIDUAL AND COMBINED 
EFFECTS OF LONG-CHAIN N-3 
POLYUNSATURATED FATTY ACIDS (N-3 PUFA) 
AND LOW-DOSE ASPIRIN (ASA) ON PLATELET 
FUNCTION IN HEALTHY DOGS 
 
Abstract: 
Background: Thromboembolic events are a common complication of many diseases in 
veterinary patients, and current anti-platelet therapies can be ineffective in preventing 
them. n-3 polyunsaturated fatty acids (n-3 PUFA) have been demonstrated to inhibit 
platelet function in people, and can enhance the effect of anti-platelet therapy in patients 
at risk of thromboembolic complication. The efficacy of n-3 PUFA alone or in 
combination with anti-platelet therapy in healthy dogs is currently unknown. 
Objectives: To evaluate the effects of low-dose aspirin (ASA; 1 mg/kg/day) alone, n-3 
polyunsaturated fatty acids (n-3 PUFA; 100 mg/kg/day) alone, and the synergistic effects 
of both treatments on platelet function in healthy dogs. 
Animals: 16 healthy dogs owned by staff and students of the Ontario Veterinary College. 
Methods: A repeated measures study. Platelet function was measured using platelet 
function analyzer closure time (collagen/epinephrine and collagen/ADP cartridges; PFA-
CEPI and PFA-CADP, respectively) and whole blood aggregometry (collagen, 
arachidonic acid, and ADP agonists). Above tests were evaluated at baseline, during 
therapy with ASA, during therapy with n-3 PUFA, and during combination therapy to 
assess the effects on platelet function. 
Results: n-3 PUFA alone did not cause a significant change in any platelet function tests. 
Low-dose ASA alone decreased platelet function as measured by PFA-CEPI and whole 
blood aggregometry (AA and collagen) following one week of therapy. Low-dose ASA 
plus n-3 PUFA decreased platelet function significantly more versus low-dose ASA alone 
when measured by whole blood aggregometry (ADP and collagen). 
Conclusions and clinical importance: Low-dose ASA plus n-3 PUFA appear to have an 
enhanced effect on inhibition of platelet function in healthy dogs. This combination 
therapy may increase efficacy of anti-platelet therapy in dogs at risk of thromboembolic 
complications.  
 

3.0 INTRODUCTION 
Thromboemboli (TE) are common complications of many disease processes in veterinary 

medicine including immune-mediated hemolytic anemia (IMHA), protein-losing 

nephropathy, protein-losing enteropathy, neoplasia, cardiac disease, and sepsis.1-5 TE 
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may occur in these conditions because of stasis of blood, endothelial damage, a 

hypercoagulable state (including increased platelet activation), or more likely, a 

combination of these factors. TE can lead to dire consequences, and for diseases such as 

IMHA, it is the factor that most predicts both short and long-term survival.6-9 Because of 

potential contribution of platelet activation to TE, thromboprophylaxis is commonly used 

in treatment of the aforementioned conditions. This can include either anti-platelet 

therapy (e.g., aspirin, clopidogrel) or anti-coagulant therapy (e.g., unfractionated or low 

molecular weight heparin, warfarin). Therapy with thromboprophylactic agents such as 

aspirin, clopidogrel, or unfractionated heparin have been shown to improve outcome in 

patients with IMHA.6,8,10,11 For cats with arterial thromboembolism, failure to receive 

aspirin or clopidogrel has been associated with increased risk of death.12  

Despite thromboprophylaxis in patients at risk of TE, many animals continue to suffer 

from these complications. Patients have a high degree of individual variation in their 

response to anti-platelet and anti-coagulant medications, especially aspirin.10,13 

Additionally, these medications have potential adverse effects such as hemorrhage and 

gastrointestinal upset or ulceration.14,15 There is a clinical need for safer, more effective 

thromboprophylaxis in patients at risk of TE.  

A recent meta-analysis demonstrated that the use of n-3 polyunsaturated fatty acids (n-3 

PUFA), primarily marine source, was associated with a significant inhibition of platelet 

aggregation in people with poor health status, although a similar benefit was not 

demonstrated overall in healthy subjects.16 There have also been several veterinary 

studies evaluating the effects of marine source n-3 PUFA on platelet function in animals 
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with discordant results; some studies demonstrated inhibition of platelet function while 

others did not, when assessed by platelet aggregometry and bleeding times.17-20 

 

In healthy people, n-3 PUFA therapy has been shown to enhance the efficacy of the anti-

platelet effects of aspirin. This has been demonstrated with short-term administration of 

n-3 PUFA and low-dose aspirin given 4 hours prior to testing as measured by the platelet 

function analyzer (PFA), and with 4 weeks of n-3 PUFA supplementation and short-term 

high dose aspirin.21,22 A similar effect has not yet been demonstrated in dogs. 

The primary objectives of this study were: 

1. To determine if combination therapy with one week of low dose aspirin plus n-3 

PUFA supplementation resulted in greater platelet function inhibition than one week 

of single-agent therapy with aspirin or n-3 PUFA alone.  

2. To describe the effect of combination therapy with low dose aspirin plus n-3 PUFA 

after a more long-term (four week) dosing regimen.  

The hypothesis of our study was that the combination of DHA and EPA in addition to 

aspirin would have an enhanced inhibition of platelet function compared to either 

therapy alone, and that the use of DHA and EPA alone would have minimal effects on 

platelet function tests compared to baseline values. 

3.1 MATERIALS AND METHODS 
A sample size calculation was performed using data from a previous study23 that 

investigated the effects of aspirin on canine platelet function using several platelet 

function tests. Based on that study’s standard deviations and differences in means, and 
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using a power of 0.8 and alpha of 0.05, it was determined that a total of 8 dogs per group 

were required to detect a significant difference. Therefore, 18 healthy pet dogs were 

recruited from staff and students of the Ontario Veterinary College for inclusion into the 

study. This allowed for 2 groups of 9 dogs (and the potential for censorship of 1 dog per 

group). Inclusion criteria were age between 1-9 years, body weight greater than 10 kg, no 

history of n-3 PUFA supplementation or fish-based food/treats for 6 months prior to 

commencement of the study, no concurrent illness, and no medications other than routine 

parasite prophylaxis. Dogs were deemed healthy based on a normal physical 

examination, urinalysis (Chemstrip 9, Roche, Switzerland, refractometer, sediment 

analysis), complete blood count (Advia 2120, Bayer Inc., Toronto, ON, Canada), 

biochemical profile (Cobas, Roche, Switzerland), and coagulation times (prothrombin 

time [PT], partial thromboplastin time [PTT]; STA Compact Hemostasis System, Stago 

Diagnostica, Parsippany, NJ, United States Of America).  

Following recruitment, for 4 weeks prior to the beginning of the study all dogs were fed a 

standardized maintenance diet at home that did not contain any fish-based n-3 PUFA 

(Hill’s Science Diet Adult Advanced Fitness Original – Dry, see Table 2.1 in previous 

chapter). This diet was fed for the duration of the study. Daily energy requirements and 

volume of food to be fed were calculated for each dog by the investigators, using (95 

kcal)/(kg body weight)0.75.24 Up to 10% of caloric requirements could be fed as treats25, 

but these could not be fish-based.25 

Following 4 weeks on the standardized diet, all dogs were fasted and returned to the OVC 

for baseline platelet function testing including whole blood aggregometry (Multiplate), 

aperture closure times (PFA-100), a complete blood count (CBC), and 
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thromboelastography (TEG). Low dose aspirin (1 mg/kg daily) was subsequently 

initiated for all dogs, and then platelet function testing was repeated following seven days 

of therapy. Then, a two-week washout period commenced, and platelet function testing 

was performed following this time, to verify that all values returned to baseline. During 

this time, one dog ruptured his cruciate ligament, and was removed from the study, but 

results from his first two visits were included in analysis. Following the two-week 

washout period, all dogs were started on n-3 PUFA supplementation (Ascenta Canine 

Omega 3, Ascenta Health, Dartmouth, NS, Canada) (100 mg/kg daily based on ideal 

body weight) and randomised into either receiving aspirin (1 mg/kg daily based on ideal 

body weight; active group – 9 dogs) or a placebo (placebo group – 8 dogs). Group 

allocation for each dog was double blinded to both the dog owners and the investigators. 

Platelet function testing was performed after 7 and 28 days of n-3 PUFA plus aspirin or 

placebo (see Figure 3.1). Shortly after the conclusion of the study, 2 dogs from the 

placebo group were excluded from data analysis due to illnesses (1 each of 

hypothyroidism, histiocytic sarcoma), which may contribute to hypercoagulability and 

affect study results. Therefore, the final group sizes were active – 9 dogs, placebo – 6 

dogs. This study was performed with client consent and in accordance with the standards 

of the Canadian Council on Animal Care and the Ontario Animals for Research Act and 

was approved by the University of Guelph Animal Care Committee (Animal utilization 

protocol – 1864). 
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Blood collection 
Dogs were fasted for 12-hours prior to venipuncture, except for medication 

administration. Samples were collected between 08:00 and 11:00, 4 hours after 

medications were administered in the treatment phases of the study. Dogs were restrained 

in lateral recumbency, and a 20-gauge butterfly catheter (Becton, Dickinson and 

Company, Franklin Lakes, NJ, USA) was inserted into the jugular vein. Blood was 

directly collected into Vacutainer tubes (Becton, Dickinson and Company) containing 

anticoagulant in the following order: one EDTA tube (2 ml; 3.6 mg K2EDTA), four 3.2% 

sodium citrate tubes (2.7 ml; 9:1 blood:citrate ratio), one heparin tube (4 ml; 17 IU 

heparin/ml), and one no-additive tube. Samples with anti-coagulant were gently inverted 

Figure	  3.1:	  Flow	  chart	  outlining	  study	  design	  
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•  100(mg/kg(n93(PUFA(q24h((
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•  1(mg/kg(ASA(q(24(h(for(1(week(
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to allow mixture with blood. Side of blood draw, the time of the blood draw, quality of 

venipuncture (graded 1-3; 1 = no redirections, 2 = 1-2 redirections, 3 = 3-4 redirections) 

and stoppage of blood flow during the draw (graded 1-3; 1 = no stoppage, 2 = very brief 

stoppage, 3 = significant stoppage) were recorded.  

 

Gas chromatography 
The gas chromatography (GC) protocol for analysing lipid levels in the present study 

were based on a previously described technique.26 Citrated whole blood was centrifuged 

at 3000 x g for 15 minutes. Plasma was separated and stored at -80°C, and then were 

thawed on ice for 30 min. Total lipid was extracted from a 50 µL aliquot of plasma using 

a mixture of 2:1 chloroform:methanol and 0.1 M KCl. 5 µg of free fatty acid C17:0 was 

added at this time as an internal standard. The samples were refrigerated overnight at 

5°C.  The following day, the samples were centrifuged to separate the phases (1460 rpm 

for 10 minutes at 21°C). The lower chloroform layer was transferred to a new tube, and 

lipids were dried down under a gentle stream of nitrogen, saponified with KOH for 1 

hour at 100°C, then methylated in hexane using 14% BF3-MeOH for 1 hour at 100°C. 

Double distilled water was added to the samples to stop methylation. The samples were 

centrifuged to separate the phases as described above. The hexane layer, containing fatty 

acid methyl esters (FAME), was extracted into a gas chromatography vial, and dried 

down under a gentle stream of nitrogen. FAME were reconstituted in hexane, and 

separated by gas chromatography (Agilent 6890, SP-2560 fused silica capillary column). 

Fatty acids were identified by comparison to known standards with known retention 

times and quantified using EZChrom Elite software (version 3.3.2). The exact same 
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protocol was followed for analysis of standardized diet using 0.1 g of kibble, and for the 

supplement using 100 µL. Percentages of fatty acids were calculated by dividing the 

reported individual fatty acid by the total quantity of fatty acids measured and 

multiplying by 100. 

 

Platelet function analyzer 
Aperture closure time was measured using a bench top point-of-care platelet function 

analyzer (PFA-100 Platelet Function Analyzer, Dade Behring, Mississauga, ON, 

Canada). Sample reservoir cartridges containing membranes coated with 

collagen/adenosine diphosphate (PFA-CADP) or collagen/epinephrine (PFA-CEPI) were 

warmed to 22°C just prior to use. Once warm, the cartridge was placed in the analyzer 

and 800 µL of sodium citrated whole blood was transferred using an automated pipette 

into the sample reservoir. The cartridge containing the sample was then warmed to 37°C. 

The sample was aspirated from the reservoir through a capillary aperture, and the time in 

seconds to occlude the aperture with a platelet plug was reported as closure time. The 

maximal closure time reported by the machine was 300 seconds, results ≥300 s were 

recorded as 300 seconds for statistical analysis. Each sample was performed in duplicate, 

and the mean of the duplicate samples was used for statistical analysis.  

 

Whole blood platelet aggregometry 
Whole blood aggregometry (WBA) was performed using the multiple channel impedance 

aggregometer (Multiplate 5.0 Analyzer, Diapharma Group Inc., West Chester, OH, 

USA). Heparinized whole blood samples were analyzed within 2 hours of venipuncture 
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and until they were run, remained stationary and upright. Tubes were gently inverted 

three times immediately prior to analysis. Platelet aggregation was assessed in duplicate 

using adenosine diphosphate (ADP), arachidonic acid (AA), and collagen (COL) agonists 

(Diapharma Group). Agonists were prepared prior according to manufacturers’ 

recommendations, by adding 1 ml of distilled water to lyophilized agonist, and then 

either freezing in aliquots at -80°C (ADP, AA) or refrigerating at 5°C (COL). The frozen 

aliquots were used within 28 days and the refrigerated aliquots within 7 days of 

preparation. Final agonist concentrations were 6.5 µM ADP, 0.5 mM AA, and 3.2 µg/mL 

collagen. On the day of use, agonists were thawed 30 minutes prior to use.  

 

WBA was performed according to the manufacturer’s instructions and previous reports27 

using the automated pipette system on the machine. First, test cells were inserted into the 

aggregometer, and the unit was warmed to 37°C. Using the electronic pipette, 300 µL of 

pre-warmed 0.9% sodium chloride (NaCl) was added to each of the test cells, followed 

by 300 µL of heparinized whole blood. Each of the cells incubated for three minutes at 

37°C. Following incubation, 20 µL of agonist was added to the test cell. Results were 

recorded for 6 minutes from the time of addition of the agonist and reported as area under 

the aggregation curve (AUC). Mean AUC of the duplicates were used for statistical 

analysis. 

 

Thrombelastography 
Kaolin-activated thromboelastography (TEG) was performed using a computerized 

thrombelastography analyzer (TEG 5000 Thrombelastograph Hemostasis Analyzer, 
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Haemonetics Corporation, Braintree, MA, USA) as previously described.28 Blood 

samples were analyzed in duplicate approximately 30 minutes following sample 

collection. A single use cup was placed into the instrument, and 20 µL of 0.2 M calcium 

chloride was added to the cup. One mL of sodium citrated whole blood was pipetted into 

a 1% kaolin vial (Haemonetics Corporation) and inverted 3 times. 340 µL of the kaolin-

activated whole blood was pipetted in the cup, and the TEG tracing was initiated and 

continued to run until lysis values at 30 minutes were completed.  

 

Aspirin resistance 
Previous studies in dogs and people have used a post-therapy PFA-CEPI closure times of 

>300 seconds as a definition of adequate aspirin response and <300 seconds as consistent 

with aspirin resistance.13,29 As such, the present study used the definition of an adequate 

aspirin response as a PFA-CEPI result >300 seconds following one week of therapy with 

aspirin. Several definitions of aspirin response using WBA have been described in 

people, including an absolute aggregation AUC of greater than 300, or at least a 30% 

decrease from normal reference range.30-32 For the purposes of this study, aspirin 

response was defined as at least a 50% decrease from baseline in Multiplate-AA AUC 

after one with of therapy with aspirin, since no reference values have been identified at 

this time for an absolute cut-off in dogs. 

 

Statistical Analysis 
The Shapiro-Wilk test was conducted to assess overall normality. If the results were not 

normally distributed, log transformation was performed. Following this, ANOVA for 
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repeated measures was used to test for significant differences between groups and over 

time. If the overall f test was significant, a Dunnett’s adjustment to compare time within a 

treatment or a multivariate t test between treatments was applied. Co-variate using quality 

of venipuncture was used in case this influenced results for platelet function testing. A p 

value less than 0.05 was considered statistically significant. Statistical analysis was 

performed using SAS 9.1.3 (SAS Canada, Toronto, ON, Canada).    
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3.2 RESULTS 

Patient population 
The population of dogs (n=16) included 4 spayed females, 11 neutered males, and one 

intact male. Breeds included mixed breed (n=8), Dogue de Bordeaux (n=2), and 1 each of 

the following: Golden Retriever, Doberman, Standard Poodle, Bernese Mountain Dog, 

Weimaraner, and Labrador Retriever. The average age of dogs in the study was 4.8 years 

(range: 1.5-8.9 years), and average weight was 32.1 kg (range: 10.2-54 kg). There was no 

significant difference in age or body weight between the active or placebo group. (See 

Table 3.1) 
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Dog	  ID	   Age	  (Years)	   Breed	   Sex	   Neutered	   Weight	   BCS	  (/9)	  
Active	  	   	   	   	   	   	   	  
B	   1.55	   Dogue	  de	  Bordeaux	   M	   No	   45.7	   5	  
H	   7.79	   Mixed	  breed	   M	   Yes	   54	   6	  
I	   4.70	   Mixed	  breed	   M	   Yes	   35.2	   5	  
K	   5.61	   Mixed	  breed	   M	   Yes	   12.7	   5	  
L	   5.79	   Mixed	  breed	   M	   Yes	   28	   4	  
M	  	   1.74	   Mixed	  breed	   M	   Yes	   28.4	   4	  
N	   4.77	   Golden	  Retriever	   M	   Yes	   34.2	   5	  
Q	   4.29	   Bernese	  Mountain	  dog	   F	   Yes	   39	   5	  
R	   2.69	   Mixed	  breed	   F	   Yes	   26.2	   4	  

Placebo	  
	   	   	   	   	  

	  
A	   5.28	   Dogue	  de	  Bordeaux	   F	   Yes	   51.2	   6	  
B	   4.92	   Mixed	  breed	   M	   Yes	   10.2	   4	  
D	   3.61	   Doberman	   M	   Yes	   36.5	   4	  
E	   1.75	   Weimaraner	   M	   Yes	   37.5	   5	  
J	   8.94	   Mixed	  breed	   M	   Yes	   36.7	   5	  
O	   5.78	   Mixed	  breed	   M	   Yes	   15.8	   5	  
P	   6.81	   Standard	  poodle	   F	   Yes	   22.1	   4	  

	  

Table	  3.1:	  Signalment	  and	  BCS	  breakdown	  between	  the	  active	  and	  placebo	  groups	  

Abbreviations:	  Dog	  ID,	  dog	  identification;	  M,	  male;	  F,	  female;	  BCS,	  body	  condition	  
score.	  
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Gas chromatography 
Gas chromatography analysis of fatty acids was performed on plasma samples obtained at 

baseline, and after one and four weeks of n-3 PUFA +/- aspirin therapy. There was a 

significant increase in percentage of total plasma EPA and DHA from baseline to one 

week of intervention (p<0.0001 for both). Compared to results after one week of therapy, 

percentage of plasma EPA and DHA continued to increase at four weeks (p=0.0002, 

p=0.0003; EPA and DHA respectively). There was a significant decrease in percentage of 

total plasma AA from baseline to one week of therapy (p<0.0001), and continued 

significant decrease comparing one week to four weeks of therapy (p=0.0009, see Figure 

3.2). The standardized diet was assessed by gas chromatography to have 0% EPA and 

DHA of total fatty acids, and also was very low in AA (0.2%). n-3 PUFA 

supplementation in the diet was provided by ALA (3.2% of total fatty acids). Analysis of 

the fish oil supplement showed higher percentages of EPA (21.2%), DHA (6.2%) and AA 

(1.1%), and was lower in ALA (1.1%, see Table 2.4). 



	  

	  

93	  

	  

 

 

Figure	  3.2:	  Change	  in	  percentage	  of	  eicosapentaenoic	  acid,	  docosahexaenoic	  acid	  and	  
arachidonic	  acid	  measured	  in	  plasma	  of	  total	  fatty	  acids	  after	  7	  days	  and	  28	  days	  of	  n-‐3	  
PUFA	  supplementation.	  
	  
Table	  legend:Letter	  a	  represents	  a	  significant	  difference	  from	  baseline,	  letter	  b	  
respresents	  a	  significant	  difference	  from	  7	  days	  of	  PUFA	  within	  the	  same	  group	  (p<0.05).	  

0"

5"

10"

15"

20"

25"

Baseline" 7"days"n03"PUFA" 28"days"n03"PUFA"

P
e
rc
e
n
ta
g
e
)o
f)
to
ta
l)
p
la
sm

a
)f
a
0
y
)a
c
id
s)

Days)of)therapy)

Change)in)EPA,)DHA,)and)AA)a;er)
supplementa=on)

%"EPA"(20:5n3)"

%"DHA"(22:6n3)"

%"AA"(20:4n6)"

a"
ab"

a"

a
ab"

ab"



	  

	  

94	  

	  

Platelet function testing 
Effects of one week of aspirin therapy 

PFA-CEPI closure times were significantly increased following 7 days of aspirin therapy 

compared to baseline in both the active group (p<0.0001) and placebo group (p=0.0054). 

The Multiplate-AA area under the aggregation curve (AUC) was significantly decreased 

from baseline after 7 days of aspirin in both active (p<0.0001) and placebo group 

(p=0.0081). The Multiplate-COL AUC also significantly decreased after 7 days of aspirin 

compared to baseline only in the placebo group (p=0.011) but not in the active group 

(0.1527; see Table 3.2). The active and placebo groups had no significant difference at 

either baseline or after seven days of aspirin for all platelet function tests (see Table 3.2). 

 

2-week washout period following aspirin therapy 

Following two weeks of washout from aspirin use, results from all platelet function tests 

were not significantly different from baseline, indicating that platelet function had 

returned to normal. 

 

Effects of one and four weeks of n-3 PUFA therapy and placebo   

One week and four weeks of therapy with n-3 PUFA alone did not significantly affect 

any platelet function test results compared to baseline (PFA-CEPI: p=0.28, p=0.47; 

Multiplate-AA: p=0.13, p=0.18; Multiplate-COL: p=0.3, p=0.16; Multiplate-ADP: 

p=0.28, 0.33; one and four weeks respectively). Comparing therapy at one with therapy at 

four weeks with n-3 PUFA alone, there was a significant increase in the closure time of 

PFA-CEPI at four weeks (p=0.041), although was not different than baseline. For the 

remainder of the platelet function tests results there was no significant change between 
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one and four weeks of therapy with n-3 PUFA alone (Multiplate-AA: p=0.82; Multiplate-

COL: p=0.05; Multiplate-ADP: p=0.96; see Table 3.2). There was a significant 

prolongation in PFA-CEPI with the use of aspirin alone compared to n-3 PUFA alone at 

one week (p=0.0008), but there was no longer a difference between single agent therapy 

after four weeks of n-3 PUFA compared to one week of aspirin (p=0.10) 

 

Effects of one and four weeks of combination therapy with n-3 PUFA and aspirin 

Compared to baseline values, one and four weeks of combination therapy resulted in 

prolonged PFA-EPI closure times (p=0.0003, p<0.0001; for one and four weeks 

respectively) as well as decreased AUC for all Multiplate agonists (AA: p<0.0001 for 

both one and four weeks; ADP: 0.042 for one week; COL: p=0.002, p=0.007 for one and 

four weeks; see Table 3.2).  

 

There was no significant difference between one week of aspirin therapy and either one 

or four weeks of n-3 PUFA and aspirin assessed by PFA-CEPI (p=0.99, p=0.47; one and 

four weeks combined). Multiplate-COL and ADP-AUC were significantly decreased 

after one week of combined therapy with n-3 PUFA and aspirin, when compared to one 

week of aspirin alone (Multiplate-COL: p=0.0017, Multiplate-ADP: p=0.0053). After 

four weeks of combination therapy, the mean AUC for Multiplate-COL and ADP 

continued to be significantly lower for combined therapy versus one week of aspirin 

alone (Multiplate-COL: p=0.01, Multiplate-ADP: p=0.036).  
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Compared to n-3 PUFA therapy alone at both one and four weeks, combined therapy 

resulted in a significantly longer PFA-CEPI closure time (p=0.0002, p=0.0048; one and 

four weeks respectively), significantly lower Multiplate-AA AUC (p=0.0002, p=0.0007; 

one and four weeks respectively), and significantly lower Multiplate-COL AUC at one 

(p=0.01) but not four weeks (p=0.1037). When comparing n-3 PUFA therapy alone to 

combination therapy, there was no significant difference in Multiplate-ADP at either one 

week or four weeks (p=0.36, p=0.4, see Table 3.2). 
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Table	  3.2:	  Platelet	  function	  test	  results	  over	  time	  in	  active	  and	  placebo	  groups,	  
demonstrating	  p	  value	  of	  significance	  when	  comparing	  active	  versus	  placebo	  group.	  
Values	  expressed	  as	  means	  of	  the	  group	  ±	  standard	  deviation.	  

	   Group	   	  
Platelet	  Study	   Active	   Placebo	   P	  value	  
PFA-‐CEPI	  (measured	  in	  seconds)	   	   	   	  

Baseline	   152.6±62.1	   140.5±72.9	   0.71	  
7	  days	  of	  ASA	   243.5±74.9a	   207.3±75.7a	   0.28	  
7	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   243.7±83.3a	   109.8±38.9b	   0.0002	  
28	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   261.2±65.6a	   160.9±101.2c	   0.005	  

PFA-‐CADP	  (measured	  in	  seconds)	   	   	   	  
Baseline	   67.5±16.6	   69±22.2	   0.82	  
7	  days	  of	  ASA	   60.0±10	   65.1±15.1	   0.46	  
7	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   62.1±11.0	   74.1±23.3	   0.09	  
28	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   70.5±22.2	   70.9±21.1	   0.96	  

COL-‐AUC	  (measured	  in	  AUC)	   	   	   	  
Baseline	   604.6±205.7	   648.6±419.9	   0.76	  
7	  days	  of	  ASA	   473.8±236.5	   391.2±138.5a	   0.31	  
7	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   344.8±109a,b	   525.4±131b	   0.01	  
28	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   320.0±142.7a,b	   446.7±116.7	   0.10	  

AA-‐AUC	  (measured	  in	  AUC)	   	   	   	  
Baseline	   570.8±172	   678.2±264.4	   0.28	  
7	  days	  of	  ASA	   234.2±242.1a	   430.9±203.5a	   0.053	  
7	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   112.4±192.5a	   544.7±134.6	   0.0002	  
28	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   197.2±164.1a	   567.9±106.1	   0.0007	  

ADP-‐AUC	  (measured	  in	  AUC)	   	   	   	  
Baseline	   703.0±170.7	   739.5±296.8	   0.73	  
7	  days	  of	  ASA	   680.8±172.2	   651.2±107.4	   0.82	  
7	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   556.8±222.6a,b	   649.2±102.8	   0.36	  
28	  days	  of	  n-‐3	  PUFA	  +/-‐	  ASA	  	   578.6±199.7b	   646.6±95.6	   0.40	  

	  
Table	  legend:	  a,	  significant	  difference	  from	  baseline	  value;	  b,	  significant	  difference	  
from	  value	  after	  7	  days	  of	  aspirin;	  c	  significant	  difference	  from	  7-‐days	  n-‐3	  PUFA	  +/-‐	  
ASA	  (Using	  nonadjusted	  p<	  0.05).	  In	  brackets	  next	  to	  the	  significant	  P	  values	  between	  
groups	  are	  the	  P	  values	  after	  Tukey’s	  adjustment	  for	  multiple	  comparisons.	  	  
Abbreviations:	  ASA,	  aspirin;	  n-‐3	  PUFA,	  omega-‐3	  polyunsaturated	  fatty	  acids;	  PFA-‐
CEPI,	  platelet	  function	  analyzer	  collagen-‐epinephrine;	  PFA-‐CADP,	  platelet	  function	  
analyzer	  collagen-‐adenosine	  diphosphate;	  COL-‐AUC,	  collagen	  area	  under	  the	  curve;	  
AA-‐AUC,	  arachidonic	  acid	  area	  under	  the	  curve;	  ADP-‐AUC,	  adenosine	  diphosphate	  
area	  under	  the	  curve	  
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Abbreviations:	  Min,	  minutes;	  deg,	  degrees;	  d/sc,	  dynes/second.	  

Table	  3.3:	  Mean	  ±	  standard	  deviation	  of	  thromboelastography	  values	  for	  both	  active	  
and	  placebo	  groups	  at	  each	  time	  point	  in	  the	  study.	  Individual	  values	  were	  not	  
significantly	  different	  between	  groups	  at	  the	  same	  time	  point	  or	  within	  the	  same	  
group	  at	  different	  time	  points.	  	  

Visit	  number	   R	  (min)	   K	  (min)	   Angle	  (deg)	   MA	  (mm)	   G	  (d/sc)	  
Active	   	   	   	   	   	  
Baseline	   3.9±1.6	   2.0±0.5	   63.7±5.6	   59.4±5.6	   7523.3±1673.8	  
7	  days	  ASA	   4.7±0.9	   1.9±0.5	   63.1±5.9	   62.3±5.5	   8543.3±2103.1	  
Washout	   3.8±1.0.8	   2.0±0.4	   63.6±4.5	   58.0±3.2	   6972.8±947.9	  
7	  days	  n-‐3	  
PUFA	  +	  ASA	   3.2±0.8	   1.7±0.5	   66.7±5.3	   60.4±5.5	   7840.0±1741.9	  
28	  days	  n-‐3	  
PUFA	  +	  ASA	   4.0±0.7	   1.9±0.7	   64.8±5.4	   58.6±7.4	   7421.2±2132.4	  

Placebo	  
	   	   	   	   	  Baseline	   3.8±1	   2.2±0.4	   60.3±5.3	   57.5±3.6	   6834.9±1001.1	  

7	  days	  ASA	   3.4±0.5	   1.8±0.3	   65.1±2.8	   58.3±4	   7094.6±1167.4	  
Washout	   5.0±1.3	   2.4±0.7	   58.3±6.1	   54.5±4	   6074.8±940.7	  
7	  days	  n-‐3	  
PUFA	  	   4.0±1.1	   2.1±0.4	   62.5±4.4	   56.7±5.6	   6724.5±1490.4	  
28	  days	  n-‐3	  
PUFA	  	   3.7±1.4	   2.0±0.3	   63.7±2.9	   57.3±5.7	   6913.8±1629.2	  
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Thromboelastography 
There were no significant differences between baseline, aspirin alone, n-3 PUFA alone, 

or combined therapy with any TEG variables measured (see Table 3.3). 

 

Aspirin responsiveness 

Using a definition of aspirin response of PFA-CEPI >300 seconds, 7 out of 16 dogs 

(43.5%) were non-responders to aspirin (mean PFA-CEPI closure time of 173 seconds 

for non-responders, range 123-238 seconds) comparing baseline to that after one week of 

aspirin therapy for all dogs. Using a definition of aspirin response of ≥ 50% reduction in 

AA-AUC from baseline, this identified 7/16 dogs (43.5%) as being non-responders 

(mean reduction in AA-AUC of 11.1%, range 0-26.7%). When looking at agreement 

between the two above stated definitions of aspirin resistance, there was agreement 

62.5% of the time between PFA-CEPI and Multiplate-AA. When accepting both 

definitions of aspirin response, 4/16 dogs (25%) were defined as aspirin resistant. Three 

dogs that were initially described as being aspirin resistant via PFA-CEPI were included 

in the active group. After one week of combination therapy, 2/3 dogs had PFA-CEPI > 

300 seconds by one week and 3/3 had PFA-CEPI > 300 seconds by four weeks. 

Additionally, 1/2 dogs described as being aspirin resistant by AA-AUC after 7 days of 

aspirin therapy had a decline >50% in AA-AUC after one and four weeks of combination 

therapy (see Table 3.4). 
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Abbreviations:	  PFA-‐CEPI	  platelet	  function	  analyzer	  collagen/epinephrine	  at	  baseline;	  AA-‐
AUC-‐0,	  Multiplate	  arachidonic	  acid	  aggregation	  area	  under	  curve;	  AA-‐AUC	  %	  dec,	  
percentage	  decrease	  in	  AA-‐AUC	  from	  day	  0	  to	  7	  [=(1	  -‐	  AA-‐AUC-‐7/AA-‐AUC-‐0)	  *	  100%].	  

Table	  3.4:	  Individual	  dogs	  determined	  to	  be	  responsive	  to	  aspirin,	  based	  on	  criteria	  of	  at	  
least	  one	  PFA-‐CEPI	  having	  a	  value	  >300	  seconds,	  and	  a	  decrease	  in	  the	  aggregation	  area	  
under	  the	  curve	  of	  AA	  aggregometry	  >50%.	  Values	  expressed	  are	  means	  of	  duplicate	  
samples,	  after	  7	  days	  of	  aspirin.	  

	   Mean	  results	  after	  7	  days	  aspirin	   	   Aspirin	  responsive?	  

ID	   PFA-‐CEPI	   AA-‐AUC	   AA-‐AUC	  %	  
dec	  

	   Meets	  PFA	  
criteria	  

Meets	  AA-‐AUC	  
criteria	  

Active	   	   	   	   	   	   	  
B	   300	   142.5	   63.83	   	   Yes	   Yes	  
H	   238.5	   266.5	   67.34	   	   No	   Yes	  
I	  	   216	   634	   0.94	   	   No	   No	  
K	   300	   0	   100.00	   	   Yes	   Yes	  
L	   123.5	   24.5	   94.05	   	   No	   Yes	  
M	   300	   46.5	   92.02	   	   Yes	   Yes	  
N	   300	   545.5	   -‐84.92	   	   Yes	   No	  
Q	   300	   16.5	   97.82	   	   Yes	   Yes	  
R	   236	   439	   21.33	   	   Yes	   No	  

Placebo	   	   	   	   	   	   	  
A	   128	   272	   62.92	   	   No	   Yes	  
C	   300	   601.5	   -‐0.75	   	   Yes	   No	  
D	   186	   464.5	   26.21	   	   No	   No	  
E	   170	   560.5	   7.36	   	   No	   No	  
J	   300	   23.5	   91.65	   	   Yes	   Yes	  
O	   244	   518.5	   56.54	   	   Yes	   Yes	  
P	   151	   557.5	   21.92	   	   No	   No	  
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3.3 DISCUSSION 
In the present study and consistent with previous reports, low dose aspirin therapy alone 

resulted in platelet inhibition, whereas n-3 PUFA as a monotherapy did not affect any of 

the platelet function tests. Additionally, the present study revealed that combining low 

dose aspirin with n-3 PUFA had a greater platelet inhibitory effect than that produced by 

aspirin alone, when measured by platelet function tests. 

 

The inhibitory effects of aspirin on platelet function testing in veterinary medicine have 

been previously demonstrated. However, these effects are best detected with specific 

agonists. Similar to previous studies, our study found a significant prolongation of 

closure time with the PFA-CEPI cartridge with the use of aspirin alone.33-35 Aspirin 

inhibits platelet function by binding to COX-1 and 2 enzymes, thus impairing the 

downstream production of thromboxane A2 (TXA2) required for platelet activation.36 

Epinephrine indirectly stimulates the production of TXA2, which is blocked by aspirin, 

and thus its aggregatory effects are minimized and detected by PFA-CEPI. In the present 

study, the use of aspirin alone also caused a significant reduction in platelet aggregation 

from baseline with Multiplate-AA and one group of dogs with Multiplate-COL. This is 

similar to people, where COL and AA-stimulated WBA are able to detect the anti-platelet 

effects of aspirin.37,38 Since aspirin inhibits the conversion of AA to TXA2, AA-mediated 

platelet function is inhibited. Also, platelets have collagen receptors that allow them to 

become tethered to exposed subendothelial surfaces on vessel walls through binding of 

von Willebrand factor. This allows further interaction with collagen fibrils and the release 

of ADP and TXA2.39 The inhibition of TXA2 production by aspirin again would decrease 
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the platelet response to collagen. The fact that only one of the groups of dogs that 

received aspirin had a significant decrease in AUC may indicate that collagen is a less 

sensitive agonist compared to AA. Consistent with human reports,37,40 ADP-based 

platelet function testing (Multiplate and PFA) were not significantly affected by aspirin 

therapy alone in this or in several previous studies in veterinary species.17,34,41-43 Our 

results oppose those of two previous studies in dogs, where prolongation of PFA-CADP 

after aspirin therapy has been reported.23,33 In contrast to the present study, both of the 

previous studies administered a higher dose of aspirin, and the reported prolongation of 

PFA-CADP closure times were relatively mild (mean times of 85 seconds prior to aspirin 

versus 105 seconds after aspirin; reference interval 53-98 seconds).33 Another study in 

healthy dogs that revealed significant reduction in ADP-induced WBA when 

administering approximately 7-8 mg/kg/day of aspirin for four days.34 Potential reasons 

for aspirin causing reduction in ADP-induced WBA in the previous study include a 

higher dose of aspirin administered, as well as differences in WBA methods (Chrono-log 

in the previous study versus Multiplate impedance aggregometry in the present study). 

PFA-CADP may be also be influenced by the dual agonist cartridge containing collagen. 

As mentioned previously, collagen stimulation can be affected by aspirin therapy. Alone, 

ADP- stimulated platelet activation would not be expected to be affected by aspirin as 

greatly because of the separate ADP receptors present on the platelet surface that are 

independent of those mentioned previously. That being said, at higher dosages, aspirin 

likely results in non-TXA2 inhibition of platelet activation. 
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The use of fish oil and effects on hemostasis has been evaluated several times previously 

in veterinary medicine with variable results. EPA and DHA did not affect platelet 

aggregometry in healthy dogs, nor in dogs with lymphoma or hemangiosarcoma 

(including both whole blood and light transmission aggregometry).17,20,44 However, 

prolonged bleeding time after EPA and DHA therapy was noted in one study of healthy 

dogs.17 Another study in healthy dogs demonstrated a slight decrease in platelet 

aggregation with a reduction in the dietary n-6:n-3 ratio (from 100:1 to 5:1), but the 

results were considered insignificant by the authors.45 In healthy cats, n-3 PUFA therapy 

(1.75-2.625 g/cat/day combined EPA/DHA) did not affect platelet function when 

assessed by light transmission aggregometry (LTA).18 However, comparing different n-

6:n-3 ratios in healthy cats, those receiving a high n-3 PUFA diet with a ratio of 1.3:1 had 

significant inhibition of LTA and a prolonged toenail bleeding when used over a 

prolonged period of time (112 days), compared to those getting a diet enriched in n-6 

PUFA (25:1) and control diets (12:1).19 There are several differences between previous 

studies and the current study that may explain discrepancies in results. Most studies do 

not specify exact dosing or the type of n-3 PUFA used (i.e. whether n-3 PUFA are fish 

based or plant based), and such differences in n-3 PUFA could produce variable platelet 

effects. Also, some products were purified EPA and DHA compared with more raw 

material such as menhaden fish oil.18,19 Additionally, several previous studies evaluated 

longer study periods (up to 52 weeks)20 and used different platelet function test methods. 

Using platelet function methods such as bleeding times have been previously shown to 

have poor specificity for identifying risk of clinical bleeding in veterinary patients and 

poor sensitivity in human patients, and thus may not be an accurate indicator of either 
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decreased risk of TE or increased risk of hemorrhage with the use of anti-platelet 

therapy.46,47  

 

Interestingly, in the present study, therapy of n-3 PUFA and aspirin together caused 

greater inhibition of platelet function compared to either monotherapy alone, when 

measured by collagen and ADP-stimulated whole blood impedance platelet 

aggregometry. This demonstrates that n-3 PUFA can potentiate the platelet inhibition by 

aspirin in healthy dogs. To the authors’ knowledge, there are no previous studies that 

have investigated the combined effects of n-3 PUFA and aspirin on platelet function in 

veterinary medicine. Previous evaluations in people have demonstrated this enhanced 

effect. In one report, the combined use of n-3 PUFA and aspirin resulted in greater 

inhibition of platelet function versus n-3 PUFA or aspirin alone when assessed by WBA 

with ADP and collagen as agonists, similar to the results found in our study.21 

Interestingly in people, this enhanced inhibition of platelet function with combination 

therapy has also been demonstrated with PFA-CEPI resulting in further prolongation of 

the closure time than aspirin alone.22 This effect was not seen in our study and may have 

been due to the fact that the PFA-100 has an upper limit of measurement of 300 seconds. 

Therefore, prolonged closure times greater than this cut-off cannot be quantified. As 

many of the participants receiving aspirin as monotherapy had already reached this upper 

limit, any potential additive affects of platelet inhibition caused by n-3 PUFA would not 

be detected by PFA-CEPI. Also, enhanced inhibition of platelet function has been seen 

with the combination of clopidogrel and n-3 PUFA, especially in those that are 
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considered resistant to clopidogrel alone secondary to genetic polymorphisms in 

clopidogrel metabolism.48  

 

The mechanism by which n-3 PUFA enhances platelet inhibition of aspirin is currently 

unknown. While the ability of n-3 PUFA to inhibit of platelet function has been 

inconsistent across studies,17-20,49 EPA and DHA might exert other thromboprophylactic 

mechanisms such as alterations in platelet-platelet, platelet-matrix, or platelet-coagulation 

factor interactions. One suggested mechanism of platelet inhibition by n-3 PUFA is due 

to the replacement of AA in the phospholipid membrane with DHA and EPA. AA is 

normally converted to TXA2, a potent platelet activator. Alternatively, EPA is converted 

to thromboxane A3, which is a much less potent platelet activator.19,50 However, while 

both the percentage of plasma AA decreases, and EPA and DHA increase after n-3 PUFA 

administration, the plasma concentration of AA present still exceeds that of EPA and 

DHA combined.21,51 

Similar alterations in plasma AA, DHA, and EPA percentages and concentrations were 

identified in the present study. Additionally, another study demonstrated that the addition 

of n-3 PUFA therapy did not alter baseline TXA2 levels in human patients with or at risk 

of cardiac disease who were already receiving aspirin therapy.52 That finding suggests 

that any additive platelet inhibition caused by n-3 PUFA therapy is likely mediated 

through another, non-TXA2, pathway. Another mechanism suggested for platelet 

inhibition may be through the incorporation of DHA and EPA into lipid rafts and 

disruption of the glycoprotein VI collagen receptor leading to altered collagen signalling 

and subsequent decreased platelet activation, as raft integrity appears necessary for 
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collagen signalling.51,53,54 This may explain the enhanced inhibition of platelet function 

with dual therapy when assessed by Multiplate-COL. Collagen plays an important role in 

early platelet activation at sites of vessel injury, utilizing two distinct collagen receptors 

on the platelet surface.55 Also, n-3 PUFA might reduce pro-coagulant phosphatidylserine 

on the platelet surface, inhibiting formation of thrombin. Some studies have detected 

delayed thrombin generation and decreased peak of generated thrombin with the use of n-

3 PUFA in people.56-58 59 

 

The reason for the lack of inhibition of platelet function with n-3 PUFA alone in our 

study is not clear, but may be the result of underpowering given that our projected sample 

size requirement was not reached due to participant dropout and exclusion. Additionally, 

the anti-platelet effects of n-3 PUFA alone might be too mild to detect with the platelet 

function tests used in this study, but once combined with aspirin the effects could have 

become more detectable. 

 

In the present study, n-3 PUFA did not have a detectable inhibition of the secondary 

hemostatic system as evidenced by the lack of TEG changes in the present study. 

Coagulation times (PT/aPTT) are generally unaffected by n-3 PUFA,17,20 although a 

reduction in factor V has been demonstrated in people.56  

 

Although combining n-3 PUFA and anti-platelet therapy to achieve more effective 

platelet inhibition in patients at risk of thromboembolic disease may be clinically useful, 

it raises the concern whether this approach further predisposes an individual to 
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hemorrhage or other adverse reactions. This concern has been raised in humans as well, 

as people at risk of thromboembolic disease are often prescribed one or more 

thromboprophylactic medication in addition to n-3 PUFA. In people, a recent meta-

analysis and review of other articles evaluating patients receiving n-3 PUFA either as 

monotherapy or combination therapy identified no risk of clinically significant bleeding, 

even when undergoing surgery or during childbirth.60,61 Currently in veterinary medicine, 

there are no studies evaluating risk of hemorrhage secondary to the use of n-3 PUFA in 

combination with aspirin. In our study, there was no hematoma formation or increased 

bleeding events noted by either the investigators or owners of the participants. One of the 

explanations for the ability of n-3 PUFA to reduce the risk of thrombosis while allowing 

for normal hemostasis is suggested to be secondary to the decreased thrombin generation 

shown by n-3 PUFA as previously mentioned, rather than affecting primary platelet 

function or coagulation factors.58,61 

 

Lack of platelet inhibition after aspirin therapy, or aspirin resistance, has been reported in 

up to 60% of people in various studies, and in approximately 33% of dogs.13,62-64 

However, the criteria for defining aspirin resistance are vague, and the clinical 

consequences of a patient being aspirin resistant based on platelet function testing is 

unknown. In humans, using a PFA-CEPI closure times of < 193 seconds (corresponding 

to the upper end of the reference interval for people) to define aspirin resistance has been 

advocated.65,66 Other studies in people have a PFA-CEPI closure times of <300 seconds 

as a definition of aspirin resistance.29 For WBA, the criteria are even more ambiguous for 

aspirin resistance, and various cut-offs are used including an absolute aggregation AUC 
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of greater than 300, or at least a 30% decrease from normal reference range.30-32 For the 

purposes of this study, we used a cut-off of 50% decrease from baseline in Multiplate-AA 

since no reference values have been identified at this time for an absolute cut-off in dogs. 

In previous studies, despite the identification of individuals as being aspirin resistant by 

these criteria, most humans and dogs still have a decrease in measured thromboxane B2 

levels.13,64 In fact, in one study in dogs, there was no difference in measured urinary 11-

dehydro-thromboxane B2 between complete, partial, and non-responders to aspirin as 

measured by PFA-CEPI.13 This indicates that platelets are either being activated by 

another mechanism (such as through thrombin or ADP) or the testing methods may not 

be accurate for identifying aspirin resistance, and clinical outcomes should be correlated 

to these platelet function tests. Interestingly, some of the dogs (3/3 with PFA-CEPI and 

1/2 Multiplate-AA) in our study that were initially characterized as being aspirin resistant 

with aspirin alone, had complete response with the addition of n-3 PUFA. We cannot 

determine if this is due to the variability in these testing methods, or whether the addition 

of n-3 PUFA increases the responsiveness of those individuals initially non-responsive to 

aspirin alone. 

In the present study, using a definition of PFA-CEPI closure times >300 seconds as an 

adequate aspirin response, 43.5% of dogs were identified as non-responders. When using 

a definition of less than 50% reduction in aggregation of Multiplate-AA AUC, there were 

also 43.5% identified non-responders. Interestingly, although the proportion of the study 

population that was aspirin resistant was the same between PFA-CEPI and Multiplate-

AA, the tests identified different individuals as being aspirin resistant. Only 25% of the 
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study population were aspirin non-responders when using the criteria of PFA-CEPI 

closure time < 300 seconds and < 50% reduction in aggregation for Multiplate-AA.  

 

Canine platelets are often insensitive to thromboxane stimulation, and this may be the 

mechanism behind aspirin resistance in dogs.67 Alternatively, the present study suggests 

that potentially using more than one test to determine platelet responsiveness to aspirin 

may be helpful, given the lack of agreement between the two tests in our results of aspirin 

resistance. This finding agrees with some suggestion that aspirin resistance may partly be 

due to other factors associated with variability of the test itself rather than the individual’s 

lack of response to aspirin. One study in humans suggests that there is an overestimation 

of aspirin resistance in human medicine, and with platelet function testing using an 

appropriate agonist (AA or EPI) and accounting for lack of compliance in individuals, the 

incidence of true aspirin resistance is very low (0.4%).68 The dose of aspirin (325 

mg/individual) in that study68 was higher which also brings about the question of whether 

the low dose of aspirin currently used is inadequate to prevent platelet activation in 

people. Finally, lack of agreement between various platelet function tests in identifying 

aspirin resistant individuals has been demonstrated in human studies.69 The optimal 

platelet function test to determine response to aspirin or other anti-platelet therapy is 

unknown in dogs and in people. Recently, it has been shown that there is a great deal of 

intra and inter-individual variability in platelet function testing (PFA-CEPI/CADP, 

Multiplate-AA, ADP, COL) in healthy dogs.70 Also, occasionally healthy dogs may have 

PFA-CEPI closure times > 300 seconds despite no medications being used and this 

finding is not necessarily repeatable.33,70 In our study, two dogs had PFA-CEPI closure 
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times greater than 300 seconds at baseline that remained high after aspirin, and both 

returned to a normal value after two weeks of washout from aspirin.  

 

There are several limitations to the present study. The first is that there was a relatively 

small number of dogs, which likely underpowered the results in appreciating either an 

effect of n-3 PUFA alone or additional effect when measured by PFA-CEPI or 

Multiplate-AA. That being said there were appreciable trends with Multiplate-AA and 

COL towards decreased AUC with the use of n-3 PUFA alone. Also, the disproportionate 

number of male dogs to female dogs may have affected results, as in people there have 

been gender-specific reductions in platelet aggregation when ingesting DHA and EPA.71 

As mentioned previously, platelet function tests are limited by a relatively high degree of 

biological variation, and have low agreement between them.70 However, by using each 

dog as its own control the effects of inter-individual variation are decreased by the 

present study’s design. Another limitation of our study is that the patient population 

included only healthy dogs and not those known to be at risk of TE. A meta-analysis in 

people has revealed that platelet aggregation was reduced using n-3 PUFA in diseased 

people at risk of clot formation, but the same effect was not observed in healthy people.16 

Finally, while LTA is the traditional gold standard for assessing platelet function,72 it was 

not used in this study as other methods might be more reflective of in vivo conditions. In 

contrast to LTA, WBA analyzes platelet function in whole blood samples, rather than in 

platelet-rich plasma. As a result, the presence of other blood cells in the sample assessed 

are likely more reflective of the in vivo environment, which is clearly important given the 

cell-mediated theory of hemostasis.  
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The results of this study have potential implications for the future treatment of patients at 

risk of thromboembolic disease, and the beneficial effects of n-3 PUFA may be even 

more evident in those dogs at risk of disease, as seen in people.16 Further investigation 

into the anti-platelet effects of n-3 PUFA in addition to aspirin or other anti-platelet 

therapies are indicated in the future to determine if this platelet inhibition translates into 

decreased risk of TE in veterinary species. 
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CHAPTER 4: THE EFFECTS OF N-PUFA 
SUPPLEMENTATION ALONE AND IN 
COMBINATION WITH ASPIRIN ON PLATELET 
ACTIVATION MARKERS ASSESSED BY FLOW 
CYTOMETRY 

 
Abstract: 

Background: Flow cytometry is used routinely in veterinary medicine to assess 
individual cell characteristics. This test can identify activation markers on platelets, 
which might suggest increased risk of thromboembolism. The use of flow cytometry to 
determine changes in platelet activation secondary to receiving fish oil alone and in 
addition to aspirin has not been previously evaluated in veterinary medicine.  
Objectives: To evaluate the effects of n-3 polyunsaturated fatty acids (n-3 PUFA; 100 
mg/kg/day) alone, and in combination with low dose aspirin (1 mg/kg), and the effects on 
markers of platelet activation in healthy dogs. 
Animals: 16 healthy dogs owned by staff and students of the Ontario Veterinary College. 
Methods: A repeated measures study. Flow cytometric assays were used to detect 
externalized platelet CD62P expression or the white blood cell marker CD45 to detect 
platelet leukocyte aggregates (PLA) in nonactivated and thrombin-activated samples. 
Above tests were evaluated at baseline, and following randomization to either receive n-3 
PUFA alone or in combination with aspirin after one week and four weeks of therapy. 
Results: n-3 PUFA alone or in combination with aspirin did not alter basal or thrombin 
activated CD62P or CD45 expression assessed by either MFI or percentage of dual-
positivity. Thrombin stimulation increased platelet activation with MFI of PLA and 
percentage positivity of PLA and CD62P expression, but did not change MFI of CD62P 
expression. 
Conclusions and clinical importance: Flow cytometry did not detect a change in platelet 
activation markers with the use of n-3 PUFA alone or in combination with aspirin. 
Further study of platelet activation markers is needed in populations of ill animals to 
determine the effects of antithrombotic therapies on such markers  
 

4.0 INTRODUCTION 
Platelets are an important defence mechanism to prevent hemorrhage at sites of vessel 

injury. They usually circulate in an unactivated state, but some conditions such as 
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inflammatory states can cause platelet activation in circulation.1 The activation of 

platelets in circulation causes remodelling of the platelet surface including clustering of 

receptors for adhesion molecules, signalling, translocation of proteins from cytosol to 

membrane surface, and formation of platelet microparticles.2 When platelets degranulate, 

P-selectin is released from alpha granules and transported to the platelet membrane 

surface. Platelets then form aggregates with white blood cells due to the interaction of P-

selectin with P-selectin glycoprotein ligand-1 on the surface of neutrophils. These 

platelet-leukocyte aggregates (PLA) are thought to initiate microvascular inflammatory 

and thrombotic events.2 Phosphatidylserine (PS) is a phospholipid located on the inner 

leaflet of the plasma membrane of non-activated platelets. Once platelets are activated by 

collagen or thrombin, PS is externalized to the outer leaflet.2,3 PS has a negative charge 

which facilitates binding of coagulation factors and formation of procoagulant reaction 

complexes such as the extrinsic tenase (FVIIa, TF, FX), intrinsic tenase (FX, FIXa, 

FVIIIa), and prothombinase complexes (FVa, FXa, FII).2 This serves to localize the 

formation of thrombin and activation of additional coagulation factors to sites of injury. 

 

Flow cytometry is used to evaluate specific attributes of platelets or other cells on a 

single cell basis.4 One of the most commonly evaluated characteristics of activated 

platelets is the expression of P-selectin (CD62P) on the platelet outer membrane surface.5 

Additionally, CD45 is an antibody marker used to identify white blood cells, and when 

used together with CD61 (constitutive platelet marker), PLA can be identified. Other 

markers of platelet activation described in dogs include detection of externalized PS by 

Annexin V binding; detection of platelet microparticles; measurement of the mean 
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platelet component concentration (which shows the platelet refractive index or density); 

and detection of platelet-bound fibrinogen.6-10 

 

The purpose of the present study was to identify the changes in platelet P-selectin 

expression and presence of PLA, as identified by flow cytometry, following 

administration of low dose aspirin, n-3 PUFA, or the combination of low dose aspirin and 

n-3 PUFA to healthy dogs. This study was performed concurrently with the study 

presented in Chapter 3, evaluating the effects of the same therapies on platelet function. 

The hypothesis of our study was that the combination of n-3 PUFA and aspirin would 

decrease the presence of platelet activation markers compared to n-3 PUFA alone. 

 

4.1 MATERIALS AND METHODS 
This was a prospective, double-blinded study. Patient recruitment criteria and study 

design are described in Chapter 3. Briefly, 18 healthy dogs were recruited for the present 

study but only 15 completed the study. Dogs were randomised into a treatment group: 

either aspirin (1 mg/kg daily based on ideal body weight; active group – 9 dogs) or a 

placebo (placebo group – 6 dogs). Dogs were all fed a standardized diet as previously 

described; flow cytometry was performed at baseline (day 0), after one week of aspirin 

for all dogs (day 7), after two week washout from aspirin (day 21), and after separating 

into groups – one week of n-3 PUFA and either aspirin or placebo (day 28), and after four 

weeks of n-3 PUFA and either aspirin or placebo (day 49). This study was performed 

with client consent and in accordance with the standards of the Canadian Council on 
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Animal Care and the Ontario Animals for Research Act and was approved by the 

University of Guelph Animal Care Committee (Animal utilization protocol – 1864). 

 

Flow cytometry – sample preparation 
Platelets were identified by labelling with phycoerythrin (PE)-conjugated mouse anti-

human CD61 antibody (BD Pharmingen PE Mouse Anti-Human CD61, Becton, 

Dickinson and Company, Franklin Lakes, NJ, USA). P-selectin platelet expression was 

detected using fluorescein isothiocyanate (FITC)-conjugated mouse anti-human CD62P 

antibody (BD Pharmingen FITC Mouse Anti-Human CD62P, Becton, Dickinson and 

Company). 5 µL of whole blood was added to 5 µL of both anti-CD61 and anti-CD62P in 

fluorescence-activated cell sorting (FACS) flow buffer (Becton, Dickinson and 

Company) to achieve a final volume 50 µL in polystyrene tubes (Falcon Round-Bottom 

Polystyrene Tubes, Fisher Scientific, Whitby, ON, Canada). A subset of activated 

platelets (positive control) was generated for each dog by incubation of whole blood and 

antibodies with bovine thrombin (final concentration of 0.3 U/ml; Bovine thrombin, 

Sigma-Aldrich, St Louis, MO, USA) in the presence of glycyl-L-prolyl-L-arginyl-L-

proline acetate (GPRP; final concentration 1 mM; Sigma-Aldrich) to prevent fibrin 

polymerization. All samples were fixed using paraformaldehyde (final concentration 

0.5%; Pierce 16% Formaldehyde (w/v), Methanol-free, Thermo Scientific, Rockford, Il, 

USA) following incubation. Final sample volume for all samples was 100 µL. 1 ml of 

phosphate-buffered saline (PBS) was added prior to running samples. All were performed 

in duplicate.  
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White blood cells were identified using FITC-conjugated anti-canine CD45 antibody 

(CD45/PTPRC Antibody, FITC conjugate, Thermo Scientific) and platelets were once 

again identified with PE-conjugated anti-human CD61 antibody. To detect platelets, 25 

µL of whole blood was incubated with 5 µL of anti-CD61 and 5 µL of anti-CD45 in flow 

buffer (final volume 100 µL). Once again, a subset of platelets was activated for each dog 

as above, and paraformaldehyde was added (final concentration of 0.5%) for a final 

sample volume of 200 µL. 2800 mL of red blood cell lysing solution (formulated in 

house) was added to lyse RBC, which were then centrifuged, decanted, and the pellet was 

resuspended in 1 ml of PBS. All were performed in duplicate.  

 

Flow cytometric analysis 
Flow cytometry was performed within 6 hours of blood collection. A flow cytometer 

(FACScan, Becton, Dickinson and Company) was used for data collection with 

associated software for analysis (CellQuest software, Becton, Dickinson and Company). 

For each day, a double negative sample and single fluorochrome positive control of each 

antibody were used for calibration. Forward and side scatter were used initially to 

identify the platelet population, which was used to set the gate. To assess P-selectin 

expression, 10 000 CD61-positive events were acquired per sample. To assess white 

blood cell events, 5000 CD45-positive events were acquired per sample. Using quadrant 

statistics, the percentage of events positive for CD61 and CD62P or CD45 (upper right 

quadrant) was also determined. For each sample, both the median and mean fluorescence 

intensity were recorded.3 
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Statistical Analysis 
A Shapiro-Wilk test was conducted to assess overall normality. If the results were not 

normally distributed, log transformation was performed. Following this, ANOVA for 

repeated measures was used to test for significant differences between groups and over 

time. If the overall f test was significant, a Dunnett’s adjustment to compare time within a 

treatment or a multivariate t test between treatments was applied. Statistical analysis was 

performed using SAS 9.1.3 (SAS Canada, Toronto, ON, Canada).   

4.2 RESULTS 
Due to technical problems with sample preparation for the first two visits, only data from 

the last three visits was analyzed. Data collected after the two-week washout period 

following aspirin therapy (day 21 of the study) was used as a baseline. Therefore, the 

effect of aspirin alone on platelet activation markers was not examined in the study. 

Instead, the effect of n-3 PUFA alone as well as combination therapy with n-3 PUFA and 

aspirin were compared to each other and to post-washout baseline values (day 21). 

 

Histograms of Median Fluorescence Intensity (MFI) 
When analyzing platelet P-selectin expression, three gates were assessed: two distinct 

platelet populations (assumed to be platelets and platelet aggregates) were assessed 

individually in addition to the entire platelet population (see Figure 4.1). Given that none 

of the gates had significantly different results at any time, only the results for the entire 

platelet population is reported. Both mean and median values were recorded, but due to 

concern for some skewed values having a substantial effect on the mean, only median 

values were reported.  
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Treatment with n-3 PUFA alone or in combination with low dose aspirin did not 

significantly change MFI of P-selectin expression from baseline in unactivated or 

thrombin-activated platelets (p values ranging from 0.30 to 0.93, see Table 4.1). 

Additionally, no significant difference was found in platelet P-selectin expression 

between the two treatment groups at any time point (p values ranging from 0.08 to 0.69, 

see Tables 4.1).  

 

Similar to the above results, treatment with n-3 PUFA alone or in combination with low 

dose aspirin did not significantly change MFI of PLA in unactivated or thrombin-

activated samples compared to baseline (p values ranging from 0.06 to 0.53, see Table 

4.1). Additionally, there was no significant difference in MFI of PLA between the two 

treatment groups at any time point (p values range from 0.27 to 0.59, see Table 4.1).  
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Figure	  4.1:	  Flow	  cytometric	  representation	  of	  platelets	  used	  for	  generation	  of	  MFI.	  
Letter	  A	  represents	  a	  nonactivated	  platelet	  sample	  assessing	  for	  MFI	  of	  CD62P	  
expression	  of	  the	  identified	  platelet	  population.	  Letter	  B	  is	  the	  thrombin-‐activated	  
platelets	  from	  the	  same	  dog	  on	  the	  same	  day.	  Despite	  no	  significant	  increase	  in	  the	  
MFI,	  there	  appears	  to	  be	  a	  shift	  towards	  an	  increased	  density	  in	  the	  platelet	  
aggregate	  population	  after	  activation.	  

A	  
B	  
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Thrombin activation did not significantly increase MFI of P-selectin expression 

compared to unactivated samples (p=0.31). However, after stimulation with thrombin the 

distribution of platelets amongst the above described populations appeared changed (see 

Figure 4.1). Thrombin activation did, however, result in a significantly increased MFI of 

PLA when compared to unactivated samples (p<0.0001). 

 

 

 

 

Quadrant analysis 
The percentage of total events that was positive for both CD61 and CD62P was not 

significantly different between baseline and after one or four weeks of n-3 PUFA therapy 

alone or in combination with low dose aspirin (p values ranging from 0.96 to 0.99) in 

unactivated samples. Additionally, there was no significant difference in positive 

CD61/CD62P events after either treatment in the activated samples (p values ranging 

from 0.11 to 0.39). Percentage of positive events was not significantly different between 

the two treatment groups at either time point following initiation of therapy in 

unactivated (p=0.84, p=0.95; one and four weeks respectively) or activated samples 

(p=0.06, p=0.35; one and four weeks respectively, see Table 4.1).  

 

Percentage of events positive for both CD61 and CD45 (detection of PLA) was not 

significantly different between baseline and after therapy with one or four weeks of n-3 

PUFA alone, or one week of n-3 PUFA and aspirin therapy in unactivated samples (p 
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values ranging from 0.08-0.16). However, there was a significant increase in the 

percentage of CD61/CD45 positive events after four weeks of therapy with combination 

therapy compared to baseline (p=0.04). There was also no difference in CD61/CD45 

positive events between baseline values and n-3 PUFA alone at one week (p=0.35), or 

between baseline and combination therapy at any time (p=0.22, p=0.06; one and four 

weeks respectively) in thrombin-activated samples. However a significant increase in the 

percentage of CD61/CD45 positive events was observed after four weeks of n-3 PUFA 

therapy in thrombin-activated samples (p=0.008). The percentage of CD61/CD45 

positive events was not significantly different between the two treatment groups at either 

time point following therapy in unactivated (p=0.91, p=0.45 one and four weeks 

respectively), or thrombin-activated samples (p=0.45, p=0.96; one and four weeks 

respectively, see Table 4.1). 

 

Thrombin activation significantly increased the percentage of positive CD61/CD62P and 

CD61/CD45 events for dual marker expression compared to unactivated samples 

(p<0.0001, p=0.03; CD61/CD62P, CD61/CD45 respectively). 
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Table	  legend:	  Superscript	  letter	  a	  indicates	  a	  significant	  difference	  from	  baseline	  (p<0.05)	  
within	  the	  same	  column.	  Numerical	  p	  values	  reported	  refer	  those	  calculated	  between	  groups	  
at	  the	  same	  time.	  
Abbreviations:	  PLA,	  platelet-‐leukocyte	  aggregates;	  MFI,	  median	  fluorescence	  intensity;	  ASA,	  
aspirin	  
	  

	  
Histogram	  (MFI)	   	  

	  
PLA	   	   P-‐selectin	   	  

	  

n-‐3	  PUFA	  +	  
ASA	   n-‐3	  PUFA	   P	  value	  

n-‐3	  PUFA	  
+	  ASA	   n-‐3	  PUFA	   P	  value	  

Unactivated	   	   	   	   	   	   	  
Baseline	   1.72±0.21	   1.58±0.27	   0.37	   3.80±0.55	   3.47±0.34	   0.38	  
7	  days	   1.64±0.13	   1.56±0.19	   0.52	   3.70±0.27	   3.65±0.28	   0.66	  
28	  days	   1.63±0.2	   1.63±0.34	   0.88	   3.75±0.2	   3.92±0.07	   0.58	  

Activated	   	   	   	   	   	   	  
Baseline	   1.57±0.14	   1.49±0.14	   0.84	   4.06±0.41	   3.48±0.41	   0.26	  
7	  days	   1.43±0.10	   1.36±0.19	   0.73	   3.72±0.38	   3.56±0.24	   0.09	  
28	  days	   1.47±0.22	   1.45±0.41	   0.57	   3.69±0.18	   3.86±0.09	   0.69	  

	  

Table	  4.1:	  Unactivated	  and	  thrombin-‐activated	  platelet	  P-‐selectin	  and	  platelet-‐leukocyte	  
aggregates	  median	  fluorescent	  intensity,	  reported	  as	  means	  ±	  standard	  deviation.	  
	  

Table	  legend:	  Superscript	  letter	  a	  indicates	  a	  significant	  difference	  from	  baseline	  (p<0.05)	  
within	  the	  same	  column.	  Numerical	  p	  values	  reported	  refer	  to	  those	  calculated	  between	  
groups	  at	  the	  same	  time.	  
Abbreviations:	  PLA,	  platelet-‐leukocyte	  aggregates;	  ASA,	  aspirin	  

Table	  4.2:	  Unactivated	  and	  thrombin-‐activated	  platelet	  P-‐selectin	  and	  platelet-‐
leukocyte	  aggregates	  percentage	  dual	  positivity	  in	  the	  upper	  right	  quadrant,	  reported	  
as	  means	  ±	  standard	  deviation.	  

	   Quadrant	  (%)	   	  
	   PLA	   	   P-‐selectin	   	  
	   n-‐3	  PUFA	  

+	  ASA	   n-‐3	  PUFA	   P	  value	  
n-‐3	  PUFA	  
+	  ASA	   n-‐3	  PUFA	   P	  value	  

Unactivated	   	   	   	   	   	   	  
Baseline	   2.11±0.84	   2.19±0.48	   0.56	   0.22±0.10	   0.26±0.15	   0.96	  
7	  days	   2.40±1.4	   3.04±1.45	   0.91	   0.35±0.26	   0.21±0.08	   0.84	  
28	  days	   2.74±1.6a	   2.68±0.88	   0.45	   0.27±0.17	   0.19±0.15	   0.95	  

Activated	   	   	   	   	   	   	  
Baseline	   2.66±0.81	   2.41±0.54	   0.26	   4.34±3.8	   4.51±1.8	   0.58	  
7	  days	   3.07±1.08	   2.82±0.89	   0.45	   5.06±2.6	   2.29±1.06	   0.06	  
28	  days	   3.29±1.2	   3.14±1.48a	   0.96	   3.95±3.5	   2.581.23	   0.35	  
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4.3 DISCUSSION 
Overall in the present study, the use of n-3 PUFA alone or in combination with low dose 

aspirin did not significantly reduce platelet activation when measured by P-selectin 

expression or presence of PLA.  

 

The results of the present study are similar to those in a previous study investigating the 

effects of ultralow-dose aspirin (0.5 mg/kg/day) on platelet activation and function in 

healthy dogs. In the previous study, flow cytometry was used to evaluate P-selectin 

expression and PLA in both unactivated and thrombin-activated samples; there was no 

significant difference in platelet activation in dogs receiving ultralow-dose aspirin 

compared to the control population.11 The effect of aspirin therapy on platelet activation 

markers has also been evaluated previously in people with contradictory results. In one 

study, healthy subjects were given aspirin (either 75 mg or 500 mg daily). Flow 

cytometry showed that P-selectin expression and PLA were not significantly different 

before and after receiving aspirin at either dose. The study examined platelets in 

unactivated samples as well as after activation with ADP, thrombin, or platelet activating 

factor.12 Alternatively, another study utilizing platelet rich plasma (PRP) that was 

activated with arachidonic acid (AA) found diminished P-selectin expression in those 

receiving aspirin treatment compared to the control population.13 One reason for the 

difference in study outcomes may have been due the use of PRP in the latter study. In that 

study, there was concern that the use of the AA agonist caused lysis of the red blood 

cells, and the release of ADP from this lysis may have activated platelets in an aspirin-

independent way.13 Therefore, the use of PRP may be a more appropriate manner of 
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assessing effects of anti-platelet agents on activation markers, although preparation of 

PRP can result in inadvertent pre-analytical platelet activation. Alternatively, it is 

suggested that since flow cytometry is assessing single cells, the lack of detecting any 

change in PLA or P-selectin expression may suggest that thromboxane generation is of 

minimal importance when cell-to-cell contact is limited.12 

 

To the authors’ knowledge, the present study is the first to examine the effects of n-3 

PUFA on platelet function in dogs assessed by flow cytometry. The effects of n-3 PUFA 

supplementation with docosahexaenoic acid (DHA) and eicosapentaenoic acid 

and  (EPA) on platelet activation have been assessed by flow cytometry in people. In one 

study, healthy cigarette smokers were given n-3 PUFA (DHA and EPA) or a placebo; 

there was no difference between groups in platelet-monocyte aggregates, platelet P-

selectin or platelet CD40L expression.14 In another study in healthy subjects, eating 500 g 

of fish daily decreased platelet-monocyte aggregates, but did not change soluble P-

selectin levels, when compared to controls.15 Finally, in another study comparing healthy 

subjects to those with cardiovascular disease, a reduction in P-selectin and platelet-

monocyte aggregates was seen following supplementation with n-3 PUFA (640 mg DHA 

and EPA) only in the healthy participants.16 The contradictory results in the previously 

described studies could be explained by the different supplementation of DHA and EPA 

used (fish versus commercial n-3 PUFA product), or variation in sample preparation and 

flow cytometry technique. 
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In people with cardiovascular disease, several studies have evaluated the combined 

effects of n-3 PUFA and aspirin on platelet activation markers and there are conflicting 

results. In one study of patients already receiving aspirin and statins, the addition of DHA 

and EPA resulted in a reduction in P-selectin expression.17 In a cross-over study of 

patients with peripheral arterial disease, no difference in P-selectin expression was found 

between aspirin and statin therapy alone or in addition to DHA/EPA supplementation.18 

Similarly, in patients with coronary stent implantation treated long term with aspirin (100 

mg/d), the addition of EPA (1.8 g/d) had no effect on P-selectin expression compared to 

aspirin therapy alone.19 Finally, a study of people with chronic heart failure demonstrated 

a dose-dependent effect, with only those subjects receiving 4 g of n-3 PUFA daily having 

a decrease in P-selectin expression, while platelet-monocyte aggregates were decreased 

after either 1 or 4 g/day of n-3 PUFA. The additional pharmacotherapies utilized in this 

study were not standardized.20 The difficulty encountered when interpreting the previous 

studies is that although the dose of n-3 PUFA supplementation was standardized, other 

medications taken by patients were not standardized and could have included 

thromboprophylactic agents (e.g. aspirin and clopidogrel).  

 

Because the populations in the above studies presumably have increased numbers of 

circulating activated platelets compared to healthy individuals, it can be difficult to 

compare the results to the present study. However, the results of the present study 

contrast those of a previous study of healthy people that identified decreased P-selectin 

expression, PS exposure, and GPIIb/IIIa integrin activation following administration of 

aspirin alone, DHA/EPA alone, or combined therapy. Interestingly in that study, addition 
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of aspirin to n-3 PUFA did not decrease platelet activation further compared to n-3 PUFA 

therapy alone, and in fact attenuated the effects of n-PUFA alone.21  

Another difficulty encountered in interpreting the studies discussed above is that flow 

cytometry protocols can vary between laboratories, and a standardized protocol to study 

platelet activation markers has yet to be established. While some studies examine both 

activated and unactivated platelets, other studies do not use an agonist to activate 

platelets. Resting platelets have a very low level of P-selectin expression, and thus 

attempts to lower this level even further with an interventional therapy (such as n-3 

PUFA) may be difficult to appreciate. As a result, many investigators have used agonists 

to activate platelets and increase the expression of such markers. However, various 

agonists interact with different receptors, and therefore affect platelet function via 

different mechanisms. The present study adapted a thrombin activation protocol used in 

previous canine flow cytometry studies of platelet activation markers.7,11 n-3 PUFA has 

been shown to decrease thrombin production in people, suggesting one potential 

mechanism of this supplement to decrease risk of thrombus formation. 22-24 However, if 

one of the anti-thrombotic effects of n-3 PUFA is to reduce the production of thrombin, 

using thrombin as a sample activator might essentially bypass the mechanism through 

which n-3 PUFA exerts its effects. This may have resulted in an inability to observe a 

reduction in platelet activation in the thrombin-activated samples.  

 

As mentioned previously, in the present study, thrombin activation was chosen to 

increase platelet expression of the activation markers. Thrombin activation did not 
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consistently increase markers of platelet activation in the samples compared to 

unactivated samples. Despite not observing marked differences after activation, 

subjectively the cell population on the scatter plot appeared altered in these activated 

samples for both platelet samples and PLA. For the PLA, those stimulated had a wider or 

more expanded area. Given concern for this finding, cytospin preparation from 

unactivated and thrombin-activated PLA samples were evaluated with light microscopy. 

Interestingly, many clumps of platelets and leukocytes were identified on the thrombin-

activated samples, far greater than seen on the unactivated samples (see Figure 4.2). A 

possible explanation for the minimal increase in MFI, despite aggregates forming 

indicating activation, was that the clumping of platelets and leukocytes together (or 

platelet-platelet in the P-selectin samples) may have minimized the fluorescence emitted 

from the antibodies resulting in an inability to observe a change. Also, the activation of 

platelets when assessed for change in MFI of P-selectin expression was not significantly 

different. This result differs greatly from the results of other studies after activation, 

which revealed substantial increases in MFI.11 This likely reflects a lower final 

concentration of thrombin in our study compared to this study (0.3 U/ml compared to 1 

U/ml), due to concerns with fibrin formation in our study when utilizing higher 

concentrations of thrombin.11 
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B	  

A	  

Figure	  4.2:	  Cytospin	  preparations	  made	  from	  flow	  cytometry	  samples	  from	  the	  same	  
dog	  on	  the	  same	  visit;	  A:	  Nonactivated	  platelet	  leukocyte	  samples,	  B:	  Thrombin	  
activated	  platelet	  leukocyte	  samples.	  Note	  the	  increase	  in	  aggregation	  after	  thrombin	  
stimulation.	  Original	  magnification	  100X.	  
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Finally, although flow cytometry is useful in evaluating individual platelet characteristics, 

this may not be an ideal way to assess platelet function and the effects of antithrombotic 

therapy. As reported in the previous chapter and in contrast to the flow cytometry results, 

some tests of platelet function did change with the therapies used. Further examination of 

platelet activation markers in patients with activated platelets in circulation (e.g., dogs 

with inflammatory conditions) and correlations with platelet function tests should be 

performed. Given the cell-based model of coagulation, and the interactions between 

platelets, red blood cells, white blood cells, coagulation factors, and the endothelial 

surface, there are a number of important interactions in addition to the presence of 

platelet activation markers that determine the risk of thromboembolism.  

 

One limitation of the study was that technical problems did not allow analysis of platelet 

activation markers at the beginning of the study, nor after 7 days of low dose aspirin 

alone. However, baseline samples were obtained after the 2-week washout period in all 

dogs following the aspirin therapy. The use of this time point taken as baseline can be 

justified based on the results of the previous study described earlier (see Chapter 3), in 

which the platelet function testing measured (PFA epinephrine and ADP, Multiplate AA, 

ADP and collagen) all returned to baseline following this time period. Also, platelet 

lifespan in dogs has previously been reported to be 6.0 +/- 1.1 days, and so it can be 

assumed that after two weeks, all of the platelets previously affected by aspirin therapy 

would be removed from circulation.25 Additionally, combined low dose aspirin and n-3 

PUFA therapy did not result in a significant change in platelet activation, likely 

indicating that neither therapy had an effect. 
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Another limitation is that the thrombin activation protocol did not consistently cause an 

increase in platelet activation markers, compared to unactivated samples. Future studies 

should further evaluate the optimal activation protocol for canine platelets, and determine 

if there are any breed-related differences similar to such differences observed in response 

to agonists for platelet aggregation studies.26,27  

 

At two time points after n-3 PUFA therapy, presence of PLA was increased compared to 

baseline in activated samples when assessed by quadrant analysis. This result is 

considered to be erroneous and likely the result of a type I error given that the difference 

was very mild. Additionally, such changes were not observed when PLA were assessed 

via MFI. Increased platelet activation should not result from the use of n-3 PUFA 

considering previous studies in humans.15,16,21 Another potential cause of this result is the 

relatively inconsistent activation produced by the thrombin activation protocol used in the 

present study. 

 

Overall, the information in this study is helpful for understanding several key facts about 

flow cytometry. Although flow cytometry is very sensitive for detecting individual cell 

characteristics, it may not be ideal as a test for platelet function, as previously mentioned 

with the cell-based coagulation model, in that much of hemostasis is not just individual 

cells but the interactions with the surrounding environment. Second of all, investigation 
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into the use of different activation markers may be important to determine an ideal 

agonist for platelet activation. This is especially true for various thromboprophylactic 

agents since they have different methods of inhibiting platelet activation.   
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CHAPTER 5: CONCLUSION 
 

5.0 CONCLUSION 
This research project began with a pilot study, described in Chapter 2, demonstrating that 

oral administration of marine source n-3 PUFA results in both a rapid increase in DHA 

and EPA, as well as a rapid decrease in AA in all blood components. Steady state 

concentrations of DHA and EPA were reached by 2 weeks in PPP and PRP, but took 

slightly longer in the RBC component, in which steady state was reached by 4 weeks for 

EPA and by 6 weeks for DHA.  

 

This information can be used to direct future studies which require information for how 

long until evaluation of the effects of n-3 PUFA should have effects. The study design 

described in Chapter 3 was influenced by the above information, utilizing one week as 

this would likely reflect the immediate effects on n-3 PUFA supplementation, and 

following four weeks since this would be an adequate point to reach steady state 

concentrations in plasma for EPA, DHA and AA. This information may also be clinically 

applicable, for example to determine when the benefits of therapy may begin to be 

appreciated in patients.  

 

The second study, presented in Chapter 3, evaluated the individual effects of n-3 PUFA 

or low dose aspirin, as well as the combination of these agents, on various platelet 

function tests. Although n-3 PUFA as a monotherapy did not affect any of the platelet 
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function tests at any time point, the combination of low dose aspirin with n-3 PUFA had 

a greater platelet inhibitory effect than that produced by aspirin alone when measured by 

Multiplate whole blood platelet aggregometry using collagen and arachidonic acid as 

agonists, similar to what has been seen in people with ADP and collagen as agonists.1 

Additionally, as expected and previously demonstrated, this study also showed that 

aspirin alone resulted in platelet inhibition assessed by both Multiplate whole blood 

platelet aggregometry (AA, COL) and by the PFA aperture closure device (EPI).  

 

Our study also identified several dogs as potentially having aspirin resistance based on 

minimal changes in PFA-EPI and Multiplate-AA following supplementation. 

Interestingly, although both tests identified 40% of our dogs as being aspirin resistant, the 

same dogs were not identified, and only 25% of dogs were identified as aspirin resistant 

when the tests were used together. Platelet function testing has been identified as having 

a great deal of variability in results, and this likely a contributing factor to this finding.2 

 

The findings of this study may have clinical relevance, as the use of n-3 PUFA in 

addition to the use of aspirin may be helpful in reducing the incidence of thromboemboli 

and associated morbidity and mortality. It also may be a safer alternative to combination 

thromboprophylaxis (e.g., aspirin plus clopidogrel) currently prescribed. In the future, 

clinical studies to evaluate the efficacy of n-3 PUFA plus low dose aspirin therapy should 

be performed in patients at risk of the formation of thromboemboli. Evaluating both 

clinical outcomes (including death and development of thromboembolic disease) as well 

as platelet function testing in participants would be helpful in determining if this therapy 
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is efficacious in preventing such complications, and could be compared to the efficacy 

and safety of other thromboprophylaxis options. 

  

Lastly the present study evaluated the effects of n-3 PUFA alone and with aspirin on 

markers of platelet activation assessed by flow cytometry. Flow cytometry did not 

demonstrate that the use of either n-3 PUFA alone, or in combination with aspirin 

resulted in a reduction in platelet activation when measuring P-selectin expression and 

platelet-leukocyte aggregates using both activated and nonactivated samples. This agrees 

with another study in which platelet activation markers were unchanged in dogs receiving 

aspirin therapy,3 suggesting that flow cytometry might not be a suitable method of 

detecting an effect of antiplatelet therapies. Alternatively, this lack of effect on platelet 

activation markers by the above therapies might be due to the overall low incidence of 

activated platelets in the circulation of healthy dogs, limiting ability to measure such an 

effect. As a result, further study of effects of treatment on platelet activation markers 

should be performed in patient populations with higher incidence of platelet activation 

(e.g., patients with inflammatory conditions) to see if a therapeutic effect is measurable. 

 

In conclusion, the information obtained in this research project has helped to determine 

the time for steady state concentrations of EPA, DHA, and AA in various blood 

components after n-3 PUFA supplementation. We also identified that in healthy dogs, the 

use of n-3 PUFA in addition to aspirin enhances the antiplatelet effects when assessed by 

whole blood aggregometry. Finally, we demonstrated that flow cytometry might not be a 

good method for identifying antithrombotic effects of n-3 PUFA or aspirin due to the 
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individual cell rather than whole blood evaluation, but further work should be performed 

in patients with higher platelet activation incidence before making this conclusion. 

 

In the future, studies that we may consider performing would include using existing 

samples frozen from participants in chapter 3, for measurement of urinary thromboxane 

to see if there is agreement with those participants identified as aspirin non-responders, 

and also to assess whether this is different after n-3 PUFA supplementation. It might also 

be helpful to measure thrombin generation on these samples, as this is one mechanism 

proposed for the antithrombotic effects of n-3 PUFA. Finally, as mentioned previously, 

investigating clinical outcomes and platelet function testing results in dogs that are at risk 

for developing clot formation, after supplementation with n-3 PUFA alone, aspirin alone, 

or the combination, should be performed. The results may be beneficial for an alternative 

thromboprophylactic agent to reduce the morbidity and mortality associated with 

thromboembolism in veterinary species.  
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APPENDICES 

 
Appendix 2a: Individual healthy dog change in percentage of PRP, PPP, 
and RBC over time 
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Appendix 2b: Individual healthy dog calculated n-3 PUFA total, n-6 
PUFA total, n-6:n-3 ratio, and AA:EPA+DHA ratio 
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Appendix 2b: Individual healthy dog calculated n-3 PUFA total, n-6 
PUFA total, n-6:n-3 ratio, and AA:EPA+DHA ratio 
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Appendix 3a: Individual healthy dog platelet function tests  

ID Group Visit 
PFA-
CADP 

PFA-
CEPI ADP-AUC 

AA-
AUC 

COL-
AUC 

B Active 1 103 176 586 427 666 
B Active 1 75 113 663 361 654 
B Active 2 81 300 644 139 523 
B Active 2 79 300 586 146 523 
B Active 3 108 143 749 494 665 
B Active 3 53 94 754 521 585 
B Active 4 61 300 579 12 451 
B Active 4 66 137 534 94 433 
B Active 5 149 300 557 106 513 
B Active 5 66 300 627 24 533 
H Active 1 88 115 970 817 850 
H Active 1 66 113 951 815 826 
H Active 2 62 255 1037 289 1127 
H Active 2 63 222 1066 244 1074 
H Active 3 65 163 985 755 1019 
H Active 3 64 149 948 873 869 
H Active 4 72 300 1054 13 551 
H Active 4 58 300 1008 0 499 
H Active 5 68 287 847 261 474 
H Active 5 62 182 837 496 493 
I Active 1 61 103 663 648 467 
I Active 1 49 86 636 632 447 
I Active 2 49 255 706 683 454 
I Active 2 54 177 691 585 450 
I Active 3 65 62 644 744 599 
I Active 3 54 91 624 804 557 
I Active 4 68 170 611 546 310 
I Active 4 50 218 622 536 348 
I Active 5 91 300 531 407 386 
I Active 5 55 300 570 141 275 
K Active 1 86 109 779 741 624 
K Active 1 61 129 898 620 592 
K Active 2 50 300 697 0 261 
K Active 2 49 300 736 0 325 
K Active 3 60 131 826 618 613 
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Appendix 3a: Individual healthy dog platelet function tests  

K Active 3 57 95 808 667 621 
K Active 4 50 126 822 9 255 
K Active 4 53 108 799 0 447 
K Active 5 58 108 764 66 374 
K Active 5 54 168 726 132 440 
L Active 1 57 85 656 405 622 
L Active 1 48 110 722 419 635 
L Active 2 48 109 699 37 304 
L Active 2 75 138 611 12 315 
L Active 3 49 89 677 454 647 
L Active 3 54 106 690 561 632 
L Active 4 84 300 491 0 225 
L Active 4 51 300 537 0 145 
L Active 5 70 300 506 0 288 
L Active 5 50 300 522 0 232 
M Active 1 88 154 567 610 452 
M Active 1 55 166 630 556 420 
M Active 2 64 300 532 26 414 
M Active 2 56 300 580 67 476 
M Active 3 53 149 766 586 810 
M Active 3 59 125 749 683 801 
M Active 4 90 300 443 36 321 
M Active 4 58 300 322 9 419 
M Active 5 77 300 669 238 593 
M Active 5 57 300 744 258 628 
N Active 1 90 198 479 321 553 
N Active 1 58 126 434 269 580 
N Active 2 55 300 687 612 559 
N Active 2 62 113 651 479 593 
N Active 3 71 236 548 342 473 
N Active 3 67 185 479 395 457 
N Active 4 62 300 435 9 268 
N Active 4 74 300 448 92 310 
N Active 5 56 145 329 290 338 
N Active 5 62 300 428 259 298 
Q Active 1 54 291 897 772 1029 
Q Active 1 56 300 975 743 1127 
Q Active 2 66 300 359 11 519 
Q Active 2 54 300 412 22 430 
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Appendix 3a: Individual healthy dog platelet function tests  

Q Active 3 76 184 343 544 553 
Q Active 3 50 229 361 416 534 
Q Active 4 61 300 288 0 274 
Q Active 4 64 300 266 0 200 
Q Active 5 73 300 163 0 110 
Q Active 5 58 300 172 0 185 
R Active 1 64 146 546 539 422 
R Active 1 54 114 592 577 442 
R Active 2 58 300 723 412 398 
R Active 2 60 172 674 466 337 
R Active 3 64 80 706 511 803 
R Active 3 54 96 732 415 834 
R Active 4 58 300 538 340 340 
R Active 4 61 248 507 389 277 
R Active 5 67 300 465 406 323 
R Active 5 69 211 476 399 284 
A Placebo 1 79 84 717 784 629 
A Placebo 1 46 94 690 683 620 
A Placebo 2 51 154 676 295 601 
A Placebo 2 63 102 581 249 583 
A Placebo 3 64 69 928 881 720 
A Placebo 3 63 81 931 705 696 
A Placebo 4 51 69 815 681 692 
A Placebo 4 55 67 826 692 789 
A Placebo 5 53 114 797 651 649 
A Placebo 5 57 78 744 631 621 
C Placebo 1 76 174 597 679 495 
C Placebo 1 55 166 575 515 445 
C Placebo 2 57 300 540 572 318 
C Placebo 2 58 300 519 631 265 
C Placebo 3 58 114 504 540 453 
C Placebo 3 57 105 572 540 406 
C Placebo 4 56 135 535 309 388 
C Placebo 4 66 138 533 224 423 
C Placebo 5 70 300 538 433 350 
C Placebo 5 61 300 602 402 315 
D Placebo 1 69 97 716 615 656 
D Placebo 1 49 103 699 644 677 
D Placebo 2 58 227 751 430 506 
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Appendix 3a: Individual healthy dog platelet function tests  

D Placebo 2 56 145 797 499 468 
D Placebo 3 92 84 601 769 615 
D Placebo 3 67 81 676 712 549 
D Placebo 4 81 113 560 549 475 
D Placebo 4 66 106 579 567 479 
D Placebo 5 61 94 637 645 528 
D Placebo 5 63 99 613 631 579 
E Placebo 1 68 138 771 646 590 
E Placebo 1 47 91 854 564 593 
E Placebo 2 51 211 717 594 451 
E Placebo 2 55 129 793 527 532 
E Placebo 3 68 87 726 566 514 
E Placebo 3 51 117 771 571 624 
E Placebo 4 84 72 697 500 498 
E Placebo 4 53 126 690 504 592 
E Placebo 5 60 125 714 468 509 
E Placebo 5 50 86 656 591 461 
J Placebo 1 93 300 446 258 345 
J Placebo 1 86 300 385 305 306 
J Placebo 2 95 300 540 21 215 
J Placebo 2 94 300 525 26 269 
J Placebo 3 86 200 519 413 361 
J Placebo 3 89 130 497 367 375 
J Placebo 4 132 182 557 451 368 
J Placebo 4 90 163 570 436 402 
J Placebo 5 123 300 496 415 428 
J Placebo 5 83 291 500 393 389 
O Placebo 1 74 94 851 1210 1788 
O Placebo 1 50 108 1657 1176 1528 
O Placebo 2 59 188 721 494 398 
O Placebo 2 57 300 680 543 315 
P Placebo 1 125 120 646 752 679 
P Placebo 1 53 100 805 676 681 
P Placebo 2 58 172 490 502 610 
P Placebo 2 64 130 625 613 573 
P Placebo 3 89 127 705 547 549 
P Placebo 3 53 95 604 525 635 
P Placebo 4 90 71 648 535 608 
P Placebo 4 62 88 668 548 600 
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Appendix 3a: Individual healthy dog platelet function tests  

P Placebo 5 80 68 641 485 594 
P Placebo 5 96 91 720 621 647 
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Appendix 3b: Individual healthy dog fatty acid profile 
percentage measured with gas chromatography 
Sample Id Visit  % EPA  % DHA  % AA  
A 1 0.39 0.50 22.34 
A 2 4.74 2.04 16.50 
A 3 5.33 2.78 13.43 
B 1 0.40 0.42 21.97 
B 2 3.91 1.59 13.67 
B 3 5.19 2.04 14.58 
C 1 0.32 0.58 16.37 
C 2 3.54 2.18 13.68 
C 3 5.38 2.96 11.50 
D 1 0.36 0.25 16.73 
D 2 3.94 2.21 14.04 
D 3 5.18 2.57 8.32 
E 1 0.29 0.82 17.72 
E 2 4.82 2.74 12.84 
E 3 7.86 3.31 8.09 
H 1 0.29 0.28 19.40 
H 2 6.25 2.44 13.06 
H 3 6.64 2.56 8.95 
I 1 0.22 0.28 14.80 
I 2 5.29 1.98 10.34 
I 3 8.66 3.25 7.98 
J 1 0.32 0.80 18.23 
J 2 3.99 2.05 13.72 
J 3 6.42 2.50 12.66 
K 1 0.50 1.15 18.42 
K 2 4.37 2.45 14.96 
K 3 4.89 2.13 13.31 
L 1 0.45 0.57 16.30 
L 2 5.45 2.75 11.92 
M 1 0.24 0.75 18.27 
M 2 4.49 2.98 13.91 
M 3 5.02 3.89 12.98 
N 1 0.79 1.20 14.99 
N 2 5.79 2.85 10.81 
N 3 5.90 3.33 10.32 
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Appendix 3b: Individual healthy dog fatty acid profile 
percentage measured with gas chromatography 
P 1 0.41 0.95 16.70 
P 2 7.73 3.02 11.90 
P 3 9.89 3.51 10.16 
Q 1 0.31 0.28 17.88 
Q 2 7.83 3.16 12.63 
Q 3 10.04 4.14 7.99 
R 1 0.24 0.44 16.67 
R 2 4.06 2.34 14.51 
R 3 5.54 3.20 12.85 
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Appendix 3c: Individual healthy dog CBC values from each visit 

ID Visit 
RBC 

WBC Platelet MPV Neut 
Lymp
h 

Mono 
PCT MPC 

B 1 7.6 11.4 298 16.9 7.3 2.39 0.8 0.5 12.6 
B 2 7.5 9.9 184 18.3 4.46 3.47 0.59 0.34 15.2 
B 3 7.8 9.9 199 19 6.63 1.58 0.69 0.38 14.5 
B 4 7.8 11.3 225 18.6 7.46 1.92 1.24 0.42 14.3 
B 5 7.6 10.9 195 19.2 6 3.49 0.55 0.37 13.8 
H 1 5.9 11 432 9 6.71 2.64 0.55 0.39 22.3 
H 2 6.2 11.4 469 11.4 6.61 2.62 0.57 0.54 19.2 
H 3 6.4 10.4 452 11.9 7.07 2.29 0.62 0.54 19.4 
H 4 6.6 10.4 473 9.9 6.66 2.08 1.14 0.47 21 
H 5 6.3 9.9 464 8.8 6.24 2.48 0.5 0.41 21.7 
I 1 7.4 8.1 339 14.8 5.35 2.03 0.24 0.5 16.5 
I 2 7 8.8 303 16.4 5.9 1.58 0.26 0.47 16.1 
I 3 7.3 8 328 16.4 5.68 1.68 0.24 0.54 16.1 
I 4 7.5 10.1 349 15.5 6.67 1.82 0.26 0.54 16.4 
I 5 7.6 7.1 313 14.5 5.04 1.21 0.43 0.46 17.9 
K 1 7.5 8.4 441 12 4.03 3.19 0.34 0.53 17.8 
K 2 7.2 9.2 414 11.7 3.86 2.58 0.92 0.48 18 
K 3 6.8 6.8 394 11.9 3.33 2.72 0.14 0.47 17.8 
K 4 7.3 8.4 429 12.2 2.69 2.77 0.84 0.52 18 
K 5 7.6 9 428 12 4.5 3.06 0.18 0.51 18.2 
L 1 6.6 6.6 324 11.8 3.76 1.39 0.2 0.38 17.6 
L 2 7 6.7 370 11.9 3.42 2.35 0.2 0.44 18.1 
L 3 6.8 5.8 296 13.6 3.02 2.03 0.17 0.41 17 
L 4 6.9 5.6 453 11.3 3.14 1.34 0.45 0.51 17.1 
L 5 6.6 6 469 11.7 3.48 1.56 0.54 0.55 15.7 
M 1 7.5 7.2 249 13.8 4.03 2.02 0.43 0.34 15.8 
M 2 7.2 9.1 248 12 5.73 1.37 0.27 0.3 18 
M 3 7.2 7.9 258 13.1 4.27 1.82 0.4 0.34 17.2 
M 4 7.2 7.7 303 13.4 4.31 1.46 0.46 0.41 16.5 
M 5 7.2 8.7 237 13.5 4.96 1.91 0.35 0.32 16 
N 1 7.1 7.7 208 15 4.24 2 0.15 0.31 15.6 
N 2 7.6 8.7 339 13.7 4.7 2.18 0.09 0.39 16.4 
N 3 7.6 6.6 248 14.2 3.7 2.11 0.02 0.35 17.4 
N 4 7.7 6.7 355 12.9 3.55 1.74 0.47 0.46 15.7 
N 5 7.5 6 306 12.9 3.18 2.04 0.06 0.39 16.8 
Q 1 7.5 9.9 241 17 5.74 2.67 1.09 0.37 16.6 
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Appendix 3c: Individual healthy dog CBC values from each visit 

Q 2 7.5 9.4 268 17.7 6.11 2.07 0.47 0.25 15.2 
Q 3 7.7 9.5 245 15.9 6.18 2.76 0.19 0.32 16.1 
Q 4 7.7 9.8 357 14.2 6.27 2.35 0.39 0.32 16.5 
Q 5 7.5 9.5 355 13.1 5.8 2.66 0.38 0.39 15.4 
R 1 8 6.3 260 13.9 2.71 1.7 0.25 0.36 17.3 
R 2 8.2 8.5 281 15 4.17 1.96 0.77 0.42 16.6 
R 3 7.4 4.7 101 18.7 2.83 1.32 0.33 0.2 11.3 
R 4 8.2 7.2 224 12.7 4.03 1.94 0.29 0.28 18.7 
R 5 8.5 8 241 13.4 4.24 2.16 0.56 0.32 18.7 
A 1 7.7 6.4 327 13.6 4.67 1.15 0.19 0.44 17.1 
A 2 7.2 7.9 310 14 6.4 0.79 0.4 0.43 16.8 
A 3 7.6 8.3 303 14.7 5.89 1.25 0.5 0.45 15.5 
A 4 7.5 8 383 13.4 5.76 1.12 0.64 0.51 18.5 
A 5 7.6 7.3 312 10.4 5.18 1.1 0.58 0.32 21 
C 1 8.2 14.1 378 12.8 10.58 2.54 0.71 0.48 16.8 
C 2 6.9 10.6 284 13.5 6.36 2.97 1.06 0.38 16.9 
C 3 7.8 7.6 346 15.1 4.41 1.98 0.84 0.52 15 
C 4 7.5 10.1 355 14.7 7.07 2.42 0.3 0.52 15.6 
C 5 7.3 9.2 295 13.9 6.35 2.12 0.55 0.41 15.8 
D 1 7.4 7.1 314 12.9 4.05 1.63 0.5 0.41 17.6 
D 2 7.6 8.4 321 16 5.04 1.93 0.25 0.51 15 
D 3 7.7 8.7 271 14.9 4.79 3.13 0.26 0.4 16.7 
D 4 7.2 8.6 280 14 4.47 2.49 0.69 0.39 16.4 
D 5 7.6 10.3 308 12.1 6.18 2.88 0.41 0.37 17.6 
E 1 8 5.7 344 13.7 4.28 0.57 0.29 0.47 16.4 
E 2 7.8 6.3 367 16.3 4.66 0.63 0.44 0.56 15 
E 3 7.6 5.4 305 15.1 4.32 0.27 0.59 0.46 17 
E 4 7.8 7.9 371 14.4 6.64 0.16 0.55 0.54 15.9 
E 5 8.2 7.1 381 12.2 5.75 0.5 0.5 0.47 18.4 
J 1 7.7 6.1 283 13 3.42 2.07 0.24 0.37 15.6 
J 2 7.8 7.6 316 12 3.8 2.58 0.53 0.38 17.3 
J 3 7.5 5.9 257 12.1 3.72 1.48 0.3 0.31 18.2 
J 4 7.7 7.3 273 12.9 4.16 2.19 0.29 0.35 17.2 
J 5 7.1 8.7 248 12.5 5.92 2.09 0.35 0.31 17.9 
O 1 7.8 10.2 246 17.3 7.55 1.53 0.51 0.42 15.2 
O 2 7.8 10.5 266 14.9 7.04 2.1 0.42 0.4 18.1 
P 1 7.6 5.9 231 16 4.19 1.42 0.24 0.41 14.6 
P 2 6.9 5.9 142 17.8 3.72 1.95 0.06 0.48 14.2 
P 3 7 5.4 202 16.1 3.67 1.46 0.11 0.39 16 
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Appendix 3c: Individual healthy dog CBC values from each visit 

P 4 7.4 6.7 206 15.7 4.62 1.74 0.34 0.51 15.6 
P 5 7.7 6.9 238 16.2 4.69 1.38 0.62 0.47 17.7 
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Appendix 4a: Individual flow cytometry values from healthy dogs for 
P-selectin 

ID Group Day Visit 
Platelet 
nonact 
MFI 

Platelet 
act MFI 

Platelet 
nonact % 
UR 

Platelet 
act % 
UR 

B Active 21 3 2.97 3.96 0.34 2.09 
B Active 21 3 3.59 3.92 0.32 1.13 
B Active 28 4 3.65 4.41 0.85 7.21 
B Active 28 4 4.29 3.85 0.85 2.91 
B Active 49 5 3.85 3.79 0.3 1.81 
B Active 49 5 4.18 3.89 0.28 2.16 
H Active 21 3 3.19 3.11 0.24 4.13 
H Active 21 3 3.02 4 0.13 7.12 
H Active 28 4 3.37 3.79 0.14 3.69 
H Active 28 4 2.89 3 0.14 4.28 
H Active 49 5 3.62 3.72 0.26 5.12 
H Active 49 5 3.75 3.49 0.22 4.86 
I Active 21 3 3.65 3.52 0.15 7.9 
I Active 21 3 3.79 3.55 0.48 10.06 
I Active 28 4 3.4 3.62 0.13 3.16 
I Active 28 4 3.96 3.72 0.21 3.13 
I Active 49 5 3.79 4.22 0.23 8.85 
I Active 49 5 4.07 3.72 1.13 3.52 
K Active 21 3 3.25 3.52 0.16 4.15 
K Active 21 3 3.31 3.28 0.13 5.29 
K Active 28 4 3.59 3.75 0.09 2.54 
K Active 28 4 3.89 3.4 0.12 2.3 
K Active 49 5 3.52 3.4 0.07 1.28 
K Active 49 5 3.85 3.79 0.24 1.46 
L Active 21 3 4.78 5.19 0.16 3.38 
L Active 21 3 4.66 5.05 0.13 3.05 
L Active 28 4 3.62 3.25 0.18 7.87 
L Active 28 4 3.25 3.43 0.28 8.39 
L Active 49 5 3.75 3.75 0.18 3.38 
L Active 49 5 3.79 3.79 0.19 3.53 
M Active 21 3 4.74 4.7 0.11 2.39 
M Active 21 3 4.49 4.78 0.07 0.85 
M Active 28 4 3.92 3.16 0.29 5.62 
M Active 28 4 3.75 3.02 0.16 5.5 
M Active 49 5 3.72 3.28 0.13 9.87 
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Appendix 4a: Individual flow cytometry values from healthy dogs for 
P-selectin 
M Active 49 5 2.94 3.49 0.17 12 
N Active 21 3 3.65 4 0.31 2.32 
N Active 21 3 4.1 4.14 0.46 3.26 
N Active 28 4 4.03 4.18 0.94 5.05 
N Active 28 4 3.46 4.18 0.54 5.31 
N Active 49 5 3.82 3.75 0.27 2.48 
N Active 49 5 3.89 3.75 0.3 2.37 
Q Active 21 3 3.75 3.96 0.22 3.33 
Q Active 21 3 3.92 4.87 0.08 13.12 
Q Active 28 4 3.92 4.18 0.36 8.48 
Q Active 28 4 4.1 4.1 0.5 7.62 
Q Active 49 5 3.92 3.82 0.3 2.73 
Q Active 49 5 3.59 3.85 0.19 2.78 
R Active 21 3 3.85 3.55 0.23 2.41 
R Active 21 3 3.75 3.89 0.26 2.08 
R Active 28 4 3.82 4.1 0.26 5.3 
R Active 28 4 3.68 3.92 0.26 2.73 
R Active 49 5 3.82 3.62 0.18 1.64 
R Active 49 5 3.62 3.34 0.22 1.18 
A Placebo 21 3 3.16 3.25 0.17 4.36 
A Placebo 21 3 3.22 3 0.12 2.24 
A Placebo 28 4 3.37 3.05 0.26 3.56 
A Placebo 28 4 3.22 3.37 0.45 0.64 
A Placebo 49 5 4 3.96 0.14 2.62 
A Placebo 49 5 3.85 3.89 0.13 2.25 
C Placebo 21 3 3.89 3.22 0.15 5.35 
C Placebo 21 3 3.19 3.28 0.21 5.76 
C Placebo 28 4 3.68 3.49 0.12 2.52 
C Placebo 28 4 3.65 3.62 0.19 5.94 
C Placebo 49 5 4 3.92 0.15 3.79 
C Placebo 49 5 3.96 3.79 0.21 3.69 
D Placebo 21 3 3.22 3.46 0.26 1.29 
D Placebo 21 3 3.34 3.65 0.44 1.42 
D Placebo 28 4 3.52 3.75 0.3 1.04 
D Placebo 28 4 3.4 3.72 0.18 1 
D Placebo 49 5 4.07 4 0.25 0.9 
D Placebo 49 5 3.92 3.96 0.23 1.26 
E Placebo 21 3 3.49 3.68 0.1 5.59 
E Placebo 21 3 3.4 3.22 0.12 5.88 
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Appendix 4a: Individual flow cytometry values from healthy dogs for 
P-selectin 
E Placebo 28 4 3.89 3.75 0.23 2.86 
E Placebo 28 4 3.79 2.92 0.17 2.64 
E Placebo 49 5 3.96 3.92 0.18 4.3 
E Placebo 49 5 3.82 3.79 0.2 4.4 
J Placebo 21 3 3.22 3.31 0.43 6.85 
J Placebo 21 3 3.4 3.08 0.13 2.64 
J Placebo 28 4 3.75 3.75 0.14 1.57 
J Placebo 28 4 3.68 3.68 0.09 1.09 
J Placebo 49 5 3.75 3.92 0.12 1.98 
J Placebo 49 5 4 3.72 0.29 1.41 
P Placebo 21 3 4.03 4.37 0.5 6.75 
P Placebo 21 3 4.07 4.29 0.54 6.02 
P Placebo 28 4 3.85 3.82 0.19 2.23 
P Placebo 28 4 3.96 3.79 0.19 2.38 
P Placebo 49 5 3.72 3.72 0.16 2.18 
P Placebo 49 5 3.96 3.72 0.17 2.21 

 
 
Appendix 4b: Individual flow cytometry values from healthy dogs for 
platelet-leukocyte aggregates 

 
ID Group Day Visit 

PLA 
nonact 
MFI 

PLA act 
MFI 

PLA act 
% UF 

PLA 
nonact % 
UR 

B Active 21 3 1.63 1.51 1.29 1.85 
B Active 21 3 1.57 1.49 1.28 1.78 
B Active 28 4 1.51 1.39 2.22 2.55 
B Active 28 4 1.45 1.35 1.11 2.27 
B Active 49 5 1.57 1.3 1.66 4.15 
B Active 49 5 1.6 1.37 2.1 3.99 
H Active 21 3 1.78 1.6 2.08 3.16 
H Active 21 3 1.84 1.58 2.41 4.69 
H Active 28 4 1.91 1.46 4.08 5.64 
H Active 28 4 1.5 1.5 4.2 4.16 
H Active 49 5 1.63 1.43 3.1 4.89 
H Active 49 5 1.78 1.45 4.41 4.13 
I Active 21 3 1.51 1.49 2.04 2.76 
I Active 21 3 1.53 1.42 1.58 1.4 
I Active 28 4 1.42 1.25 2.19 2.47 
I Active 28 4 1.49 1.28 2.34 2.6 
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Appendix 4b: Individual flow cytometry values from healthy dogs for 
platelet-leukocyte aggregates 
I Active 49 5 1.41 1.39 3.93 2.8 
I Active 49 5 1.41 1.32 2.23 1.94 
K Active 21 3 1.61 1.61 3.2 2.19 
K Active 21 3 1.61 1.64 3.19 2.76 
K Active 28 4 1.6 1.55 2.79 3.46 
K Active 28 4 1.68 1.5 2.33 2.58 
K Active 49 5 1.91 1.78 3.83 3.91 
K Active 49 5 1.83 2.04 3.22 4.3 
L Active 21 3 1.69 1.68 2.44 3.44 
L Active 21 3 1.76 1.64 2.52 4.02 
L Active 28 4 1.76 1.41 2.64 4.85 
L Active 28 4 1.76 1.41 2.64 4.85 
L Active 49 5 1.46 1.36 4.53 4.05 
L Active 49 5 1.42 1.37 2.82 3.89 
M Active 21 3 2.07 1.73 2.67 3.63 
M Active 21 3 2.09 1.65 2.1 2.75 
M Active 28 4 1.84 1.51 2.61 2.32 
M Active 28 4 1.84 1.51 2.61 2.32 
M Active 49 5 1.68 1.6 1.16 3.29 
M Active 49 5 1.76 1.53 2.77 2.58 
N Active 21 3 1.53 1.45 1.71 2.08 
N Active 21 3 1.6 1.51 1.72 2.31 
N Active 28 4 1.58 1.5 1.56 2.02 
N Active 28 4 1.46 1.53 1.92 1.93 
N Active 49 5 1.7 1.49 1.71 2.78 
N Active 49 5 2 1.65 2.03 2.37 
Q Active 21 3 1.68 1.47 2.16 2.2 
Q Active 21 3 1.65 1.41 1.18 2.36 
Q Active 28 4 1.61 1.36 1.93 3.15 
Q Active 28 4 1.58 1.36 2.6 2.56 
Q Active 49 5 1.45 1.31 2.53 2.77 
Q Active 49 5 1.51 1.35 2.89 2.76 
R Active 21 3 1.93 1.6 2.51 1.55 
R Active 21 3 1.89 1.73 1.87 2.94 
R Active 28 4 1.73 1.41 1.57 2.62 
R Active 28 4 1.75 1.46 1.84 2.98 
R Active 49 5 1.55 1.36 1.88 2.33 
R Active 49 5 1.6 1.35 2.5 2.33 
A Placebo 21 3 1.68 1.5 2.21 2.05 
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Appendix 4b: Individual flow cytometry values from healthy dogs for 
platelet-leukocyte aggregates 
A Placebo 21 3 1.68 1.59 3.13 2.43 
A Placebo 28 4 1.67 1.47 7.26 2.31 
A Placebo 28 4 1.63 1.43 4.33 3.42 
A Placebo 49 5 1.53 2.25 2.83 0.94 
A Placebo 49 5 1.61 1.33 3.13 2.44 
C Placebo 21 3 1.38 1.39 2.84 2.52 
C Placebo 21 3 1.37 1.41 1.36 2.41 
C Placebo 28 4 1.31 1.19 2.33 4.12 
C Placebo 28 4 1.42 1.22 3.25 3.98 
C Placebo 49 5 1.31 1.18 2.11 3.94 
C Placebo 49 5 1.36 1.18 2.53 5.1 
D Placebo 21 3 1.81 1.75 1.8 3.67 
D Placebo 21 3 1.76 1.65 1.89 2.57 
D Placebo 28 4 1.79 1.7 2.13 2.66 
D Placebo 28 4 1.79 1.7 2.13 2.66 
D Placebo 49 5 1.98 1.73 2.98 3.8 
D Placebo 49 5 2.05 1.7 2.68 2.99 
E Placebo 21 3 1.91 1.53 3.96 2.71 
E Placebo 21 3 1.84 1.55 1.96 2.34 
E Placebo 28 4 1.78 1.41 3.82 2.69 
E Placebo 28 4 1.78 1.41 3.82 2.69 
E Placebo 49 5 1.81 1.45 5.26 3.16 
E Placebo 49 5 1.96 1.43 3.2 3.87 
J Placebo 21 3 1.37 1.38 1.57 2 
J Placebo 21 3 1.47 1.37 2.36 1.7 
J Placebo 28 4 1.32 1.24 1.92 3.5 
J Placebo 28 4 1.38 1.24 1.82 3.2 
J Placebo 49 5 1.36 1.24 2.4 3.64 
J Placebo 49 5 1.33 1.22 1.86 3.66 
P Placebo 21 3 1.37 1.36 1.69 2.48 
P Placebo 21 3 1.36 1.42 1.56 2.1 
P Placebo 28 4 1.42 1.15 1.76 1.5 
P Placebo 28 4 1.38 1.11 1.95 1.13 
P Placebo 49 5 1.64 1.39 1.73 2.4 
P Placebo 49 5 1.67 1.35 1.51 1.78 

 


