Characteristics of canine platelet-rich plasma
prepared with five commercially available systems

Samuel P. Franklin DvM, PhD
Bridget C. Garner DVM, PhD
James L. Cook DVM, PhD

Received September 23,2014.
Accepted January 15,2015.

From the Departments of Small Animal Medicine and
Surgery (Franklin) and Pathology (Garner), College of
Veterinary Medicine, University of Georgia, Athens, GA
30602; and the Comparative Orthopaedic Laboratory
and Missouri Orthopaedic Institute, School of Medicine,
University of Missouri, Columbia, MO 65212 (Cook).

Address correspondence to Dr. Franklin (spfrank@uga.
edu).

OBJECTIVE
To characterize platelet-rich plasma (PRP) products obtained from canine
blood by use of a variety of commercially available devices.

SAMPLE
Blood samples from |5 dogs between |8 months and 9 years of age with no
concurrent disease, except for osteoarthritis in some dogs.

PROCEDURES

PRP products were produced from blood obtained from each of the 15
dogs by use of each of 5 commercially available PRP-concentrating systems.
Complete blood counts were performed on each whole blood sample and
PRP product.The degree of platelet, leukocyte,and erythrocyte concentration
or reduction for PRP, compared with results for the whole blood sample, was
quantified for each dog and summarized for each concentrating system.

RESULTS

The various PRP-concentrating systems differed substantially in the amount
of blood processed, method of PRP preparation, amount of PRP produced,
and platelet, leukocyte,and erythrocyte concentrations or reductions for PRP
relative to results for whole blood.

CONCLUSIONS AND CLINICAL RELEVANCE

The characteristics of PRP products differed considerably. Investigators
evaluating the efficacy of PRPs need to specify the characteristics of the
product they are assessing. Clinicians should be aware of the data (or lack of
data) supporting use of a particular PRP for a specific medical condition. (Am
J Vet Res 2015;76:822-827)

umerous cytokines and growth factors stored

within platelet alpha granules are potentially ef-
fective at mitigating inflammation and initiating ana-
bolic processes and tissue regeneration.! As a result,
PRP products are commonly used in human medicine
for intra-articular treatment of osteoarthritis; for intra-
lesional administration in the treatment of ligament,
tendon, and muscle injury; and to augment bone re-
generation in dentistry applications.?* With promis-
ing results reported from several clinical studies, nu-
merous companies have produced PRP-concentrating
systems intended for use with human blood.> Accord-
ingly, multiple investigations>~’ have been performed
in an attempt to identify differences between systems,
characterize the PRP obtained with each system, and
ascertain clinical ramifications for the use of different
PRP preparations. Particular interest has been dedicat-
ed to quantifying the platelet concentration, leukocyte
concentration, and concentrations of specific cyto-
kines and growth factors within the PRP.These char-
acteristics have been extensively evaluated because

ABBREVIATIONS
ACD Acid citrate dextrose
PRP Platelet-rich plasma

although platelets can be a source of numerous ana-
bolic cytokines, platelets and particularly leukocytes
can also release proinflaimmatory cytokines that ex-
acerbate or perpetuate inflammation and potentially
impede tissue healing.

Comparisons among human PRPs have revealed
variability in platelet, leukocyte, and growth factor
concentrations.’>”’ These results are important be-
cause they underscore the fact that results from a clin-
ical investigation conducted by use of one PRP system
cannot be assumed to be representative of results that
would be obtained by use of another PRP system.!
Similarly, the ideal PRP product for most ailments re-
mains unclear, and even if one product were superior
for treatment of one condition, it may not be ideal for
all applications. As a result, additional studies are nec-
essary to clarify the advantages and disadvantages of
each PRP in regard to its clinical use in humans. Plate-
let-rich plasma is widely used in humans, and PRP use
and investigation in dogs have increased.’-'4 In turn,
numerous companies are marketing PRP-concentrat-
ing systems, many of which are manufactured specifi-
cally for producing PRP from human blood, for use
with canine blood. However, relatively little has been
done to characterize PRP obtained from canine blood
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by use of these systems. In 1 randomized controlled
study,® investigators found that a filtration-based sys-
tem successfully concentrated canine platelets 3-fold
over baseline concentrations, but it also significantly
increased the concentration of leukocytes (1.8 times
baseline concentrations). Investigators of another
study’®> reported that a centrifugation-based device
successfully concentrated platelets (mean of 6-fold in-
crease over the concentration in the baseline blood
sample), but no data were provided on the concur-
rent concentration or reduction of leukocytes in the
samples. Finally, another centrifugation-based system
yielded a PRP product that had a significant reduction
in leukocytes, but the platelets were not concentrated
above the concentration in whole blood.'®This is note-
worthy, given that the same system successfully con-
centrated human platelets to 2 times the concentra-
tion in whole blood.'¢ Analysis of these data indicates
that one cannot assume that a system will produce the
same PRP from canine blood as that obtained from hu-
man blood. Further, these data highlight that the PRPs
obtained by use of various commercially available sys-
tems can potentially differ in their characteristics.

The fact that PRPs can differ substantially is per-
tinent in that some in vivo clinical and experimen-
tal studies in dogs yielded results that have been
considered disappointing.!’-1° For example, inves-
tigators of 1 study!! compared bone healing with
an experimentally created ulnar defect in which
dogs were randomly allocated to receive filling of
the defect with calcium phosphate granules supple-
mented with PRP gel or filling with only the cal-
cium phosphate granules. There was no difference
in osseous regeneration between these treatment
groups. However, characteristics of the PRP used
remain unclear because although the investigators
cite other studies that involved use of the same PRP
preparation protocol, no assessment of the PRP was
made in that study!! and therefore no data were
provided as to the platelet, leukocyte, and erythro-
cyte concentrations. Accordingly, characterization
of PRP products with specific focus on canine pa-
tients is needed when considering results of past,
current, and future clinical applications or in vivo
experiments. Furthermore, with such characteriza-
tion data, PRPs can be selected for quantification
of their associated growth factor and cytokine pro-
files and investigation of the effects that exogenous
platelet activation has on platelet morphology,
platelet release of growth factor and cytokines, and
tissue healing in vitro and in vivo.!

The objectives of the study reported here were
to characterize the PRP product generated by use of
several commercially available PRP-concentrating sys-
tems advertised for use on blood samples obtained
from dogs. Specific aims were to quantify the plate-
let concentration achieved with each system, platelet
capture efficiency, and leukocyte and erythrocyte con-
centrations or reductions in the PRP products.

Materials and Methods

Animals

Fifteen healthy dogs were recruited for the study,
which was conducted at the University of Georgia.
Dogs were required to weigh at least 15 kg and to be
free of medical problems, other than osteoarthritis, as
determined on the basis of medical history and results
of a general physical examination and a CBC. Results
for the CBC were required to be within respective
reference ranges, with no thrombocytosis (> 600,000
platelets/uL) or thrombocytopenia (< 125,000 plate-
lets/uL). Dogs with underlying immune-mediated dis-
ease were excluded. All dogs, except for 1, were not
receiving any medication throughout the study period,;
that 1 dog received carprofen once daily throughout
the study period.The study protocol and use of these
dogs was approved by the Clinical Research Commit-
tee at the University of Georgia.

PRP systems

Five commercially available systems were used for
PRP preparation (systems 1,2 2,> 3 < 4 dand 5¢). Four of
these systems (systems 1, 2, 4, and 5) involved use of
centrifugation, and 1 (system 3) was a filtration-based
system.

Blood acquisition

Each dog was sedated 3 times for acquisition of
blood that was used for PRP preparation; there was
a 4-week interval between successive phlebotomies.
Dogs were sedated for phlebotomy by IV administra-
tion of dexmedetomidine’ (0.005 mg/kg) and nalbu-
phine hydrochloride# (0.5 mg/kg). Sedated dogs were
placed in lateral recumbency, and blood was collected
from a jugular vein.

For systems 1 and 2, blood was collected with
a needle into evacuated blood tubes containing
anticoagulant (sodium citrate or ACD-A) provided
by the manufacturer. For system 1, there was only 1
blood tube in the Kkit, and it was filled in accordance
with the manufacturer instructions. For system 2,
4 blood tubes (total volume, 40 mL) were used, al-
though manufacturer instructions stated that only
2 blood tubes (total volume, 20 mL) were needed
when preparing PRP from canine blood. For systems
3,4,and 5,an 18-gauge, 2-inch catheter was inserted
into a jugular vein, and blood was collected into an
appropriately sized syringe containing ACD-A (vari-
able volumes of anticoagulant and blood could be
used with these systems). Blood volumes of 55, 29,
and 44 mL were added to 5,3,and 6 mL of ACD-A for
systems 3, 4, and 5, respectively.

After blood sample acquisition, tubes were manu-
ally inverted several times and then placed on a blood
tube rocker for 5 minutes to thoroughly mix the blood
and anticoagulant. An aliquot (2 mL) of anticoagu-
lated whole blood was then removed and added to a
tube containing EDTA; that tube was maintained on a
blood tube rocker to thoroughly mix the blood and
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EDTA.Tubes remained on the blood tube rocker until
analysis.

PRP preparation and sample processing
The blood remaining after removal of the 2-mL
aliquot was processed to yield PRP by use of manu-
facturer-provided materials and centrifuges and in ac-
cordance with manufacturer instructions. However,
for system 2, we did not use the manufacturer-pro-
vided centrifuge. Rather, a centrifuge® with a swing-
ing bucket rotor (radius, 16.8 cm) was used, with the
acceleration and deceleration both set at 4 (scale of
1 to 10). Amount of time for each centrifugation was
measured from when the centrifuge started (rather
than after the rotor reached the final speed). Air tem-
perature was 20°C. For system 5, an Hct setting of 2%
was selected from the possible range of 2% to 15%
on the manufacturer-provided centrifuge. This setting
was chosen on the basis of preliminary data that indi-
cated the Hct and leukocyte concentration in the PRP
increased with a higher centrifuge Hct setting while
the platelet concentration in the PRP did not increase.
An aliquot (2 mL) of PRP was collected and placed
in a blood tube with EDTA; this aliquot of PRP was
handled identically to the aliquots of whole blood.

Whole blood and PRP analysis

All samples of whole blood and PRP were main-
tained on a blood tube rocker up to the time of sam-
ple analysis. Speed of the rocker was consistent for all
samples. All samples were analyzed 15 to 60 minutes
after sample collection. A CBC was performed on all
whole blood and PRP samples with a hematology ana-
lyzer' that used impedance technology to quantify the
Hct and leukocyte, RBC, and platelet concentrations in
each sample. A blood smear of each sample was used
to assess platelet clumping.

Data analysis
Platelet concentration yielded by each system
was quantified by dividing the platelet concentration

in the PRP by the platelet concentration in the original
whole blood sample for each dog.The mean of these
values for the 15 dogs was then calculated for each
system. The degree of leukocyte concentration was
calculated in the same manner and similarly expressed
as a mean ratio for the 15 dogs for each system. Mean
Hct of the PRP samples was calculated for each system.
Volume of PRP produced for each dog was recorded,
and the mean volume of PRP was calculated for each
system. Ratio of the platelet concentration in the PRP
to the leukocyte concentration in the PRP was calcu-
lated for each dog, and the mean platelet-to-leukocyte
concentration ratio in the PRP was calculated for each
system. Finally, the platelet capture efficiency was cal-
culated for each dog by use of the following equation:

Capture efficiency = (volume of PRP X platelet concentration
of PRP)/(volume of anticoagulated whole blood X platelet
concentration of anticoagulated whole blood) X 100

Mean platelet capture efficiency was calculated for
each system.

Results

Animals

Age of the 15 dogs ranged from 18 months to 9
years, and body weight ranged from 17 to 45 kg. No
dogs had any medical conditions, except for osteoar-
thritis in some dogs. No dogs were receiving medica-
tion throughout the study period, except for 1 dog
that received carprofen (100 mg) daily throughout the
study.

Characteristics of the systems and PRPs
The PRP systems differed substantially in the
amount of blood processed, method of PRP prepara-
tion, amount of PRP produced, and platelet, leukocyte,
and erythrocyte concentrations or reductions relative
to concentrations in whole blood (Tables | and 2).
The blood volume that was used ranged from 9 mL

Table 1—Mean £ SD values for characteristics of whole blood samples obtained from |5 dogs between 18 months and 9 years
of age with no concurrent disease, except for osteoarthritis in some dogs, and PRP products prepared by use of a variety of com-

mercially available systems.

PRP-concentrating system*

Variable | 2 3 4 5
Whole blood
Platelet count 207,133 + 37,444 226,533 + 40,555 249,933 + 37,051 260,867 + 47,885 252,867 * 39,279
(cells/uL)
Leukocyte count 8,467 + 2,605 7,733 +£2,198 8,200 + 2,303 8,047 + 2,474 7,787 £ 2,451
(cells/uL)
Hct (%) 424 +3.7 399+29 43335 425+0.7 41344
PRP
Platelet count 169,933 + 3,695 743,000 £ 301,719 452,800 + 185,747 1,340,667 + 285,520 1,035,667 + 514,614
(cells/uL)
Leukocyte count 1,100 + 600 1,393 + 1,128 19,967 + 4,936 25,807 + 6,993 10,927 + 4,894
(cells/uL)
Hct (%) 0 0 222+ 1.6 134+ 4.0 0.06 + 0.2

*Five commercially available systems were used (system 1,2 2,> 3, 4,9 and 5¢); 4 of these systems (systems |, 2, 4, and 5) involved use of cen-

trifugation, and | (system 3) was a filtration-based system.
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Table 2—Mean + SD values for characteristics of whole blood samples obtained from |5 dogs between |8 months and 9 years
of age with no concurrent disease, except for osteoarthritis in some dogs, and PRP prepared by use of a variety of commercially

available systems.

PRP-concentrating system*

Variable 1 3 4 5
Whole blood volume (mL) 9 55 29 44

PRP volume (mL) 3.3 +£041 30£0 6.2 £ 0.40 4.0 £ 0.05 2.9 £ 0.65
Platelet ratio 0.85 + 0.46 321 £0.93 1.84 £ 0.8 5.15+0.62 3.98 £ 1.65
Leukocyte ratio 0.14 £ 0.07 0.17 £0.10 249 + 044 3.27 £ 0.50 1.40 £ 0.45
PRP platelet-to-leukocyte ratio 173 + 62.5 820 + 520.0 23+96 55+ 17.5 129 +95.3
Platelet capture efficiency (%) 30+ 14 25+7 20+ 8 68+ 8 28 + 14

Leukocyte ratio was calculated as leukocyte concentration in PRP/leukocyte concentration in anticoagulated whole blood. Platelet ratio was
calculated as platelet concentration in PRP/platelet concentration in anticoagulated whole blood. Capture efficiency was calculated as (volume of
PRP X platelet concentration of PRP)/(volume of anticoagulated whole blood X platelet concentration of anticoagulated whole blood) X 100.

See Table | for remainder of key.

for system 1 to 55 mL for system 3. Mean volume of
PRP ranged from 2.9 mL for system 5 to 6.2 mL for
system 3. Mean degree of platelet concentration (rela-
tive to the concentration in whole blood) ranged from
0.85 for system 1 to 5.15 for system 4. Mean leuko-
cyte reduction or concentration (relative to results for
whole blood) ranged from 0.14 for system 1 to 3.27
for system 4. Mean Hct of the PRP was negligible for
systems 1,2,and 5 but was as high as 22% for system 3.
Mean platelet-to-leukocyte concentration ratio in PRP
ranged from 23 for system 3 to 820 for system 2.The
platelet capture efficiency ranged from 20% (system 3)
to 68% (system 4).Total number of times that samples
were exposed to air or blood tubes were punctured
after completion of blood collection was 1,5, 1, 3,and
1 for systems 1 to 5, respectively.

Discussion

Characteristics of the PRP assessed in the present
study differed for a number of factors, including the
degree of platelet concentration that was achieved
above that in the whole blood sample. Four systems
provided a consistent but variable concentration of
platelets, whereas 1 system had a mean decrease in
platelet concentration in the PRP. Without an increase
in platelet concentration above that in the baseline
whole blood sample, some of the PRP samples did not
meet the definition of being platelet-rich products.
However, for the purposes of simplicity, all plasma
products in the present study were referred to as PRP.

Although intuitively it might be expected that
higher platelet concentrations in the PRP would be
beneficial by providing a higher concentration of
growth factors, this may be an erroneous assumption.
In fact, increasing platelet numbers may be detrimen-
tal in that platelets can be a source of inflammatory
cytokines.! Investigators of 1 study?® found that in vi-
tro equine tenocyte production of collagen is reduced
by increasing the platelet concentration in leukocyte-
reduced PRP. Similarly, the addition of increasing con-
centrations of platelet-derived growth factor decreas-
es osteoinduction with demineralized bone matrix
in mice, which clearly reveals that the dose-response
curve is not linearly related to the concentration of a

growth factor provided by PRP2! Although these are
just 2 examples, results of numerous other studies
have suggested that there are nonlinear dose-response
curves of various cell types to different growth fac-
tors.! However, the authors are unaware of any such
studies conducted with canine cells. As a result, the
responses of specific canine cell types (chondrocytes,
osteoblasts, tenocytes, ligamentocytes, and myocytes)
to PRPs of variable platelet or growth factor concen-
trations remain unknown, and the authors urge cau-
tion regarding the assumption that a product with the
highest platelet concentration is necessarily the best.

Another characteristic that differed between
the PRPs in the present study was the degree of leu-
kocyte concentration or reduction achieved with
the systems. Two systems increased the leukocyte
concentration, 1 system did not change the leuko-
cyte concentration substantially,and 2 systems were
leukoreductive. Accordingly, the mean platelet-
to-leukocyte concentration ratios in the PRPs dif-
fered tremendously, from 23 to 820. Investigators
of a seminal study® found that the concentration
of inflammatory cytokines in human PRP is corre-
lated with the concentration of leukocytes in the
PRP, which raises concerns that PRPs with high
leukocyte numbers may be detrimental to healing.
As a result, numerous studies have been conduct-
ed to evaluate the importance of leukocyte reduc-
tion and the effects of PRPs with various platelet-
to-leukocyte concentration ratios. An in vivo study?2
in which rabbit tendons were injected with leuko-
cyte-rich or leukocyte-poor PRP revealed that the
acute inflammatory response 5 days after injection
was higher in rabbits that received the leukocyte-
rich PRP. Similarly, higher concentrations of leuko-
cytes in PRP increased expression of inflammatory
cytokines by equine tendon explants.?> Analysis of
these data suggests that a leukocyte-reduced prod-
uct may be most beneficial. However, when a leuko-
cyte-poor PRP was tested with incremental increas-
es in the platelet concentration, thereby increasing
the platelet-to-leukocyte concentration ratio, in-
creases in the platelet-to-leukocyte concentration
ratio actually had a detrimental effect on collagen
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synthesis of equine tenocytes.?’ As a result, the ideal
concentration of leukocytes or the optimal ratio of
platelets to leukocytes remains unknown.

Finally, the importance of erythrocytes or hemo-
globin in PRP is debatable. Investigators of 1 study?
evaluated the effects of leukocyte-rich PRP, leukocyte-
poor PRP, platelet-poor plasma, and RBC concentrate
on human synoviocytes in vitro. Those investigators
found that cell death was significantly greater with
leukocyte-rich PRP than with leukocyte-poor PRP, sa-
line (0.9% NaCl) solution, and platelet-poor plasma.
Cell death was even more significant with RBC con-
centrate. Analysis of those results suggests that only
PRPs with a negligible Hct should be used for intra-
articular application. However, it should be mentioned
that the system that yielded the PRP with the greatest
Hct in the present study has previously been assessed
and been found to yield a PRP that proved efficacious
in improving weight bearing in dogs with osteoarthri-
tis when it was administered intra-articularly.® Hence,
it can be argued that the relevance of erythrocytes in
canine PRP remains uncertain.

Although the study reported here provided good
initial data on characterization of the PRP products
generated by use of 5 commercially available systems,
there are limitations that should be considered when
interpreting the results. First, platelet counting in
canine PRPs has not been validated, and it has been
recommended?> that hematology analyzers should
be validated specifically for counting platelets in PRP.
However, preliminary data, which included assessment
of various sample handling techniques, anticoagulants,
and 2 hematology analyzers (one that used imped-
ance technology' and the other that used light-scatter
technology’), were acquired prior to initiation of the
present study. Subjective assessments suggested that
platelet clumping was minimized by gentle rocking to
mix anticoagulant with the PRP samples for at least 5
minutes and preferably 15 minutes before assessment.
This has been recommended by authors of the study®
that validated platelet counting in PRP by use of hu-
man and bovine samples. In addition, the whole blood
and PRP were treated similarly in that even though
they were initially anticoagulated with sodium citrate
or ACD-A, the samples were subsequently mixed with
EDTA before cell counting because analysis of pre-
liminary data suggested that platelet clumping was
minimized with use of EDTA. This assertion is sup-
ported to some degree by other investigations20-28 in
which it was found that EDTA is more effective for
mitigating platelet clumping than is citrate, one of
the anticoagulants used with one of the systems in
the present study. Finally, all the preliminary samples
that were assessed with the hematology analyzer that
used light-scatter technology had mean platelet vol-
umes that were abnormally high. Similar findings with
citrate-anticoagulated samples and the same machine
have been reported.?” Investigators of that study?’ sug-
gested that high mean platelet volume values could
be attributable to nonsphering of platelets. As a result,

the hematology analyzer that relied on impedance
technology and that provided mean platelet volumes
within the reference range during the preliminary as-
sessment was used for the main study. Furthermore,
the manufacturer of that hematology analyzer' stated
that platelet counts measured with that machine were
accurate up to and exceeding the platelet concentra-
tions obtained for the PRPs in the study reported here.

Another limitation of the present study was the
fact that 1 dog received an NSAID throughout the
study period. Because inhibition of prostaglandin pro-
duction could potentially affect platelet activation
and morphology, use of an NSAID could potentially
affect the ability of a system to isolate and concentrate
platelets in PRP. Accordingly, results for this dog may
not have been representative of results that would
have been obtained had this dog not been receiving
an NSAID. However, the dog received the same medi-
cation at the same dose throughout the entire study
period. As a result, any effect of the NSAID on PRP
yield would have remained constant for all systems as-
sessed. Furthermore, PRP is commonly used to treat
dogs that are concurrently receiving NSAIDs for mus-
culoskeletal disease; thus, the results obtained for this
dog should be clinically relevant.

Finally, it should be mentioned that we used com-
mercially available systems, but PRP has been pre-
pared by use of centrifugation principles with basic
laboratory supplies.!®!3 Potential advantages for use
of commercially available kits are that preparation
times can be shorter and less handling of the blood
sample may be required. As a result, risk of contamina-
tion may be decreased. Similarly, among the commer-
cially available systems, there was wide variability in
the number of times the blood sample or PRP product
was exposed to air or manipulated. Accordingly, we
would hypothesize that there might be a greater risk
of contamination with those commercial systems that
require greater manipulation of samples. However,
microbial culturing was not performed for any of the
PRPs obtained. Such data should be acquired in future
studies to determine whether some methods are more
prone to bacterial contamination.

Analysis of the data for the present study indi-
cated that PRP systems produced canine PRPs with
differing characteristics. This is important because
the efficacy of one canine PRP may differ from that
of other canine PRPs, as has been concluded regard-
ing human PRP! Accordingly, broad statements about
the effectiveness of PRP in canine medicine cannot
be made. Rather, conclusions should be made in the
context of particular PRPs and the specific tissues or
medical conditions treated. We did not evaluate the
clinical efficacy of any of the products tested. Hence,
these data do not provide information on clinical su-
periority of one product over another, and the ideal
characteristics of canine PRP remain uncertain. Fur-
thermore, studies conducted to evaluate the efficacy
of PRP should provide detailed data on characteristics
of the PRP product used.
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Footnotes

Frmoangos

—

Protec PRP, PulseVet,Alpharetta, Ga.

MediVet PRP, MediVet America, Nicholasville, Ky.
C-PET, Pall Corp, Port Washington, NY.

SmartPReP 2, Harvest Technologies, Plymouth, Mass.
Angel, Arthrex Vet Systems, Naples, Fla.
Dexdomitor, Zoetis Inc, Florham Park, NJ.

Hospira Inc, Lake Forest, I1l.

Sorvall Legend X1R centrifuge with a TX-400 rotor, Thermo
Fisher Scientific, Waltham, Mass.

HemaTrue, Heska Corp, Loveland, Colo.

Advia 120, Siemens, Malvern, Pa.
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