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Abstract

Background: Platelet-rich plasma (PRP) is an emerging orthobiologic treatment for musculoskeletal conditions like osteoarthritis.
Two studies have demonstrated the influence of longer duration exercise on PRP composition, but no study has ever explored the
impact of high intensity interval exercise (HIIE) on PRP content.

Objective: To quantify cellular and growth factor content changes in PRP after 4 minutes of HIIE.

Design: Controlled laboratory pilot study.

Setting: Academic sports medicine center.

Participants: Ten healthy volunteers (5 male, 5 female).

Intervention: Volunteers had PRP prepared from 15 mL of whole blood using a single spin, plasma-based system (autologous condi-
tioned plasma [ACP]) immediately before and after 4 minutes of HIIE on a stationary exercise bike (Tabata protocol).

Main Outcome Measure: The PRP was sent for complete blood counts and enzyme-linked immunosorbent assay (ELISA) to quantify
transforming growth factor (TGF)-p, platelet-derived growth factor (PDGF), insulin-like growth factor (IGF)-1, and vascular endothe-
lial growth factor (VEGF).

Results: Mean platelet count in PRPincreased from 367.4 + 57.5 k/pL to 497.7 + 93.3 k/pL after 4 minutes of HIIE (P < .001). TGF-
B alsoincreased from 8237.2 + 7676.5 pg/mL to 21 535.7 + 4062.6 pg/mL postexercise (P = .004). The other cellular components
(leukocytes, red blood cells, and mean platelet volume) and growth factors (PDGF, IGF-1, and VEGF) were not significantly

changed.

Conclusions: A short 4-minute bout of HIIE significantly increased the total platelet count and TGF-p concentration in PRP.

Introduction

Platelet-rich plasma (PRP) is an autologous solution
of concentrated platelets derived from whole blood.’
The primary goal of concentrating platelets over base-
line is to increase the yield of anabolic growth factors
(GFs) found in platelet’ alpha-granules, such as
platelet-derived growth factor (PDGF), transforming
growth factor (TGF)-p, and fibroblast growth factor
(FGF).%3 In vitro data have demonstrated that PRP
has a protective and anabolic effect on chondrocytes
and tenocytes.*’ PRP injections are used to treat

© 2020 American Academy of Physical Medicine and Rehabilitation
https://dx.doi.org/10.1002/pmrj.12368

osteoarthritis (OA) and tendinosis, although high-
quality studies supporting these indications are
limited.®™

Cellular and GF contents of PRP are highly variable
due to several processing and physiologic variables. Dif-
ferent concentration methods greatly alter the composi-
tion of PRP."”

Plasma-based PRP systems use a low-velocity, short-
duration centrifugation to yield lower platelet concentra-
tions with reduced leukocytes, whereas buffy-coat systems
use two higher velocity centrifugation cycles to yield more
densely concentrated platelets and leukocytes.?'® Due to
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their lower cellular content, plasma-based systems have
lower GF concentrations but also have fewer inflammatory
and catabolic mediators such as interleukin (IL)-1 and
matrix metalloproteases (MMP).>'” Patient-specific vari-
ables such as age, gender, medical comorbidities, and med-
ication use all impact the GF content of PRP."®23

Exercise status also affects the cellular content of
whole blood and PRP, which is important as exercise state
can be easily modified. The physiologic mechanism
underlying this response is referred to as exercise-
induced thrombocytosis and has been well detailed in
hematology literature.?* Up to one third of platelets are
stored in the spleen, which are released during acute
stress, such as exercise.?’> One study demonstrated a
24% increase in whole blood platelet count and a 3.7%
increase in mean platelet volume (MPV), suggesting that
not only are more platelets released, but those that are
released are also larger.? Anz et al was the first to dem-
onstrate that additional platelets could be captured in
PRP if the blood was drawn immediately after 20 minutes
of continuous exercise. However, it may be difficult to
implement 20 minutes of exercise prior to a procedure
in clinical practice. Therefore, a shorter bout of high-
intensity interval exercise (HIIE) may be simpler to imple-
ment routinely. HIIE increases platelet count in periph-
eral blood, but the impact of HIIE on PRP cellular and
growth factor content has not been explored.?’

Therefore, the purpose of the present study was to
quantify changes in PRP content induced by a short bout
of HIIE. This study specifically analyzed changes in cellular
and GF yield caused by a 4-minute HIIE protocol. We
hypothesized that HIIE would lead to an immediate
increase in platelet and GF yield.

Methods

This study was approved by our institutional review
board. Ten healthy volunteers were recruited and pro-
vided voluntary, written informed consent prior to the
study. Inclusion criteria included age > 18 years, no mus-
culoskeletal conditions that would interfere with exer-
cise, no systemic inflammatory conditions (such as
rheumatoid arthritis, systemic lupus erythematous etc),
and no cardiovascular risk factors.

The interval exercise used in this study was based on the
original protocol described by Tabata et al.?® Briefly, using
a Schwinn Airdyne Evolution Comp exercise bike (Nautilus
Inc., Vancouver, WA), participants completed a 5-minute
warm-up (at a self-selected pace) and then performed
8 intervals. Each interval consisted of 20 seconds of work
followed by 10 seconds of rest. The 10 participants were
nonrandomly assigned to one of two intensity groups:
(1) strenuous intensity (defined as 15 out of 20 on the Borg
Rate of Perceived Exertion [RPE] scale and (2) maximum
intensity (defined as 20 out of 20 on the Borg RPE scale).?’
Individuals were assigned to a group at the time of recruit-
ment based on baseline fitness activity, with those

participants already engaged in HIIE assigned to maximum
intensity. Five participants were recruited into each
group. Participants were encouraged to perform the proto-
col 3-4 times prior to the testing day to allow for appropri-
ate conditioning. Participants were also instructed to
avoid nonsteroidal anti-inflammatory drugs and aspirin
for 1 week prior to testing and to avoid exercise on the
testing day.

On the testing day, prior to any exercise, partici-
pants had preexercise PRP prepared using a plasma-
based system (autologous conditioned plasma [ACP];
Arthrex, Naples, FL). Each participant underwent
standard venipuncture by a single phlebotomist under
sterile conditions for a total blood draw of 13 mL,
which was mixed with 2 mL of Anticoagulant Citrate
Dextrose Solution, Solution A (ACD-A) [Citra Labs,
LLC., Braintree, MA] per manufacturer’s recommenda-
tion. This underwent a single centrifugation at
1500 rpm for 5 minutes. Resultant PRP was labeled
and stored in a 4°C refrigerator.

The participant then performed the HIIE protocol
described previously. The entire exercise protocol and
recovery period was monitored by a staff physician and
certified athletic trainer for safety and adverse events.
Once the exercise protocol was completed, participants
were allowed a recovery period (including rest, walking
if desired, and fluid intake) before undergoing the second
blood draw. Maximum recovery time allowed was
5 minutes, but if participants recovered sooner, they
were permitted to undergo the second blood draw at
their discretion. The second blood draw and PRP
processing was performed identically to the first.

Once all PRP processing was complete, samples were
sent to the comparative orthopedics laboratory and
divided into 2 aliquots, 1 for cell counts, 1 for GF analy-
sis. Complete blood counts (including platelet, leuko-
cyte, red blood cells [RBC], MPV) were determined
using an automated cell counter within 6 hours. For GF
analysis, a single freeze-thaw cycle was used to induce
platelet activation and release of GFs as described by
Zimmerman et al and Schnabel et al.3%3" Samples were
individually separated into aliquots before being stored
ina —80°C refrigerator. Thirty minutes later, the samples
were thawed at room temperature for another
30 minutes and thereafter frozen for a second time
at —80°C.

Growth Factor Quantification

Cryopreserved samples were thawed at room tempera-
ture prior to analysis using enzyme-linked immunosorbent
assay (ELISA) kits specific for each GF (R&D Systems,
Minneapolis, MN) according to manufacturer’s recommen-
dations. Active PDGF-BB, TGF-p, vascular endothelial
growth factor (VEGF), and insulin-like growth factor-1
(IGF-1) concentrations were determined in duplicate ali-
quots of all samples.
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Statistics

Paired sample t-tests were used to determine mean
differences between cell counts and growth factor con-
centration before and after HIIE exercise. An a priori
alpha level of 0.05 was used to determine significance.
A post-hoc Bonferroni correction was applied to correct
for family-wise error rate, changing the level deemed
statistically significant to P < .006. All data were ana-
lyzed using IBM SPSS Statistics version 25 (IBM,
Armonk, NY).

Results

Ten healthy participants were recruited for participa-
tion. Their demographics are presented in Table 1. There
were 5 males and 5 females, with an average age of
39.6 + 9.8 years with a range of 28 to 60. Three partici-
pants (2 male, 1 female) completed the maximal exer-
tion protocol (20 RPE) and 7 participants (3 male,
4 female) completed the strenuous protocol (15 RPE).
The average time to postexercise blood draw comple-
tion was 4 minutes, 36 seconds with a SD of 21.5 seconds.

Table 1
Demographics for 10 healthy, volunteer participants.
Participant
Demographics
Gender 5 male
5 female
Age (y), mean + SD 39.6 £ 9.8

Intensity (Rate of Perceived Exertion scale) 7 strenuous (15)

3 maximal (20)

Table 2
Cellular and growth factor changes after 4 minutes of high intensity inter-
val exercise

Pre Exercise Post Exercise Significance
Platelets (x10°/ 367.4+57.5 497.7 £ 93.3 P < .001%*
pL)
Mean platelet 7.9+ 0.6 8.3+1.0 P=.013
volume (fL)
Red blood 0.21 +0.16 0.30+0.16 P=.019
cells (x10%/pL)
White blood cells 2.4+1.2 6.1 +4.5 P=.010
(x103/uL)
Lymphocytes (%) 87.3+7.6 89.3 +£5.9 -
Monocytes (%) 9.3+5.1 7.4+3.8 -
Neutrophils (%) 3.4+3.6 3.3+3.6 —
TGF (pg/mL) 8237.2 +£7676.5 21535.7 £ 4062.6 P =.004*
PDGF (pg/mL) 5663.8 + 3830.0 9407.3 +5117.1  P=.076
VEGF (pg/mL) 123.6 +£120.0 132.1 £129.9 P=.28
IGF (pg/mL) 70.4 +17.9 83.5+22.9 P=.097

Presented as mean =+ standard deviation. TGF = transforming growth
factor; PDGF = platelet-derived growth factor; VEGF = vascular endo-
thelial growth factor; IGF = insulin-like growth factor. Asterisk (*) indi-
cates significance (set at <.006 after the post-hoc Bonferroni
correction was applied to correct for family-wise error rate).

The impact of HIIE on the cellular and growth factor
content of PRP is displayed in Table 2. A significant
difference in cell count between pre- and postexercise
PRP concentrations was noted for platelets only.
Preexercise mean platelet count was 367.4 + 57.5 k/pL
and increased to 497.7 +93.3 k/puL postexercise
(P <.001). Considering the strenuous group only
(as they accounted for the majority of volunteers and
to ensure that changes are not driven by outliers
in the maximum exertion group), their preexercise
platelet count was 370.3 + 56.9 k/pL and increased to
487.9 + 83.3 (P=.001). Exercise did not significantly
change mean platelet volume, RBCs, leukocyte count,
or leukocyte differential.

A significant increase in GF concentration between
pre- and postexercise PRP was noted only for TGF-p.
Prior to exercise, the mean concentration was
8237.2 £7676.5 pg/mL and increased to 21535.7 +
4062.6 pg/mL postexercise (P =.004). For the strenu-
ous group alone, TGF-p  increased  from
6975.54 + 6992.93 pg/mL to 22 362.81 + 1509.47 pg/
mL (P <.0001). Differences in values for the other
three growth factors were not statistically significant.

Three adverse events occurred in the 3 participants in
the maximal exertion group. One of these participants
had an exacerbation of previously diagnosed exercise-
induced asthma, which was completely treated with use
of a rescue bronchodilator. The other 2 experienced
approximately 24 hours of coughing that resolved sponta-
neously without need for further treatment. No adverse
events occurred in the strenuous group. All participants
in both groups tolerated blood draws well. Specifically,
there were no vasovagal events during the postexercise
draws.

Discussion

The most important finding of this study is that a
short bout of HIIE significantly increased the total plate-
let count and TGF-p concentration in PRP. No other cel-
lular components (RBCs, leukocytes, MPV, or the
differential) were significantly changed. Similarly, the
other 3 GFs analyzed did not change significantly. This
is the first study to analyze the effects of HIIE on PRP
content and the first work to demonstrate an increase
in GF concentration in response to exercise. These data
show that a short exercise protocol increases the yield
of key cellular and anabolic GF components of PRP,
which has the potential to enhance its clinical effect.

The platelet count increased by 35% after HIIE in this
study, which confirms that exercise-induced thrombocytosis
changes PRP content. In addition to thrombocytosis, it is
important to recognize that HIIE also leads to increased
peripheral leukocytes (ie, exercise-induced leukocyto-
sis), which should be considered especially if using a sep-
aration system that produces leukocyte-rich PRP.32
The single-spin device used in this present study
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maintained its ability to effectively eliminate leuko-
cytes in the post-HIIE PRP, thereby minimizing the
impact of exercise-induced leukocytosis on PRP created
using this specific device.

At the GF level, the baseline concentrations are con-
sistent with previously reported concentrations for
ACP.>"%:33 The postexercise PRP concentration of TGF-
Bincreased over 160%. The reason for this large increase
is not entirely understood. Certainly, the
thrombocytosis accounts for some of the increase. It is
also possible that the platelets in the splenic pool have
larger GF reserves because they are not active in periph-
eral circulation and have not been depleted from activ-
ity in circulation, but this needs additional research to
confirm. This increase has potentially significant clinical
implications. TGF-f has an important and complex
role in joint health. With regard to cartilage, in vitro
models have shown that TGF-p has both anabolic and
anticatabolic effects. It stimulates type Il collagen and
extracellular matrix synthesis, while blocking harmful
inflammatory cytokines and degradative enzymes, like
IL-1 and MMPs, respectively.®*37 It also further antago-
nizes MMP activity by inducing production of tissue inhib-
itors of metalloproteinases (TIMP).3” Though the effect
of TGF-p on cartilage is positive, its effects are not
exclusive to cartilage and concerns have been raised
about potential adverse effects of TGF-p on other joint
structures. Bakker et al found that prolonged exposure
to TGF-p produced by an adenoviral vector induced
osteophyte formation in murine knees.>3® Van Beuningen
et al performed repeated pure TGF-f injections into
murine joints and observed osteophyte formation and
synovial hyperplasia.?® Although these effects are
important to consider, the models used are not reflec-
tive of the complex milieu of PRP. These murine models
relied on repeated, and even constant, exposure to a
single GF whereas PRP contains a multitude of GFs and
more limited joint exposure. Therefore, the TGF- p from
PRP does not necessarily have the same impact clinically
as what was seen in the murine studies. Furthermore, a
relatively new orthobiologic intervention, autologous
protein solution (APS), has TGF-$ concentrated 4-fold
and in a pilot study, repeat magnetic resonance imaging
of patients who underwent an APS injection demon-
strated stable osteophyte size at 1 year compared to
the control group, who experienced osteophyte enlarge-
ment.“%*! The elevated TGF-p in APS did not worsen
osteophytes, further demonstrating that TGF-p as part
of a larger orthobiologic intervention does not have del-
eterious effects. Regarding the elevated TGF-f achieved
by HIIE in this current work, prospective studies with
clinical and imaging outcomes are necessary to define
the effect on clinical outcomes including symptoms and
structure.

The effect of HIIE on the other GFs analyzed in this
study can be explained by considering the different
sources of each GF. PDGF, as the name implies comes from

platelets, and although the increase in PDGF did not
reach statistical significance, there was an upward trend
that likely is from the post-HIIE increase in platelet
count.*? The sample size of this study may have been
too small to detect a statistically significant change.
There was no significant change in VEGF, which corre-
sponds to how the ACP system processes blood. VEGF is
more abundant in leukocytes, so the unchanged VEGF
concentration reflects the plasma-based system’s ability
to eliminate leukocytes."” Finally, although IGF is found
in platelets, it is more abundant in plasma as it is
excreted by the liver.** Because this system concentrates
platelets and not the plasma, an increase in IGF specifi-
cally was not expected.

Two other studies have analyzed the effect of exercise
on the cellular and GF content of PRP. Hamilton et al had
10 healthy volunteers perform 1 hour of cycling at 50% of
their peak power output. They found no impact on cellu-
lar content and suppression, rather than elevation, of
PDGF and VEGF concentration immediately and up to
18 hours after exercise.* Using a higher intensity proto-
col, Anz et al had 20 healthy participants perform
20 minutes of exercise at 70%-85% of their predicted max-
imum heart rate, which resulted in elevated platelets and
hematopoietic progenitor cells in PRP.** The current data
are most comparable to the work of Anz et al as both used
higher intensity exercise, similar exercise equipment,
and the ACP system to process blood. Platelet elevation
was similar between studies; 23% in the work by Anz
et al compared to 35% in the current work. Two additional
useful findings are presented in this work. First, it demon-
strated that a much shorter exercise protocol (4 minutes
vs 20 minutes) can be used to increase platelet yield,
which is important if a preprocedural exercise protocol
were adopted into clinical practice. Second, it demon-
strates that TGF-p concentrations increase after HIIE.
This was critical to confirm because Hamilton et al
showed a paradoxical effect of long duration exercise on
GF and no GF analysis was performed by Anz et al.

Three adverse events occurred during the study.
There was 1 exercise-induced asthma exacerbation that
was effectively treated with the participant’s inhaler.
The other 2 bouts of coughing lasted approximately
24 hours and resolved spontaneously. Neither participant
had known asthma or other respiratory condition and,
therefore, these likely were episodes of exercise-induced
bronchospasm. All 3 adverse events occurred in the max-
imal exertion group. No complications were observed in
the strenuous group. Our largest concern prior to the
study was the potential for vasovagal events during the
blood draw, but none occurred. Each patient was
instructed to arrive well hydrated and the blood draws
were performed in the supine position, which likely hel-
ped them tolerate the blood draw.

Although participants in this work were advised to
train before testing to allow for acclimation, it has been
shown that sedentary participants also experience
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exercise-induced thrombocytosis.?” Because platelet ele-
vation has been observed in a sedentary population and
this current work found submaximal exercise yielded
increased platelets, preparatory training and maximal
exertion are not necessary to elicit this platelet response.
Because the submaximal, strenuous protocol was more
easily tolerated and still resulted in a significant increase
in platelets, we recommend its use for future research
and clinical use.

Study Limitations

There are several limitations of this work that should
be considered. First, the sample size was small and
potentially limited the ability to detect a change in
parameters such as PDGF and MPV. However, the size is
comparable to other similar work.***°> Second, this study
lacks an objective measure of workload and instead relied
upon RPE, which is subject to significant variability in the
workload actually performed for each individual.
Although quantitative measures of work are more repro-
ducible and yield information on workload needed to
induce a change, we selected the Borg RPE scale because
of its widespread use in exercise science and simplicity in
clinical application.*® Future work could use an objective
workload measure to determine what level of physical
stress is needed to induce the thrombocytosis. Third,
there was an uneven distribution between intensity
groups, which precludes any comparison between groups.
The intention was to have 5 volunteers in each group, but
because all testing was performed on a single day, techni-
cal and procedural difficulties with the blood draw and
processing prevented 2 highly trained volunteers from
participating. Therefore, 2 less trained volunteers were
enrolled who could only tolerate the strenuous protocol.
No statistical comparison can be made between the
groups, but each participant had an increase in their
platelet count, which indicates that maximal exertion
may not be necessary to induce a positive hematological
response. The fourth limitation is that of a true control
group that could account for any changes potentially
induced by 2 blood draws in the absence of exercise.
Finally, because no baseline fithess testing was per-
formed, there may exist heterogeneity in fitness levels
among participants. This could affect the amount of work
performed at the assigned RPE, with more highly trained
individuals potentially achieving higher workloads.
Future research should quantify the workload associated
with each RPE level needed to induce the hematologic
response observed.

Conclusions

This work demonstrates that a short bout of HIIE effec-
tively increases platelet count and TGF-B concentration
in PRP. Prospective, controlled trials with patient-

reported and imaging outcomes will further define the
clinical efficacy and structural impact of post-HIIE PRP.
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