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ABSTRACT

Brain-derived neurotrophic factor (BDNF)
is a neurotrophin which promotes a variety
of neural processes ranging from neuronal
health to the survival in the peripheral and
central nervous systems. There is interest
in serum BDNF as a potential biomarker of
anxiety disorders in pet dogs for veterinary
and comparative behavior research. As an
initial step in applying BDNF in canine
research, work was performed to determine
appropriate sample conditions for BDNF
analyses. Objectives of this study was to
determine the effects of blood storage time
in clot tube, temperature, and hemolysis on
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measured BDNF concentrations in dog se-
rum. Blood was collected from dogs (n=11)
with no evidence of behavioral or neurologi-
cal conditions, and BDNF serum concentra-
tions measured by ELISA. The following
conditions were evaluated for effects on
BDNF serum concentrations: time of blood
in clot tube (time from placing blood in clot
tube until centrifugation/serum collection,
30 minutes, 2 hours, 24 hours), temperature
(4°C, 25 °C) and extent of hemolysis (non,
moderate, marked). BDNF concentrations
were not affected by time in clot tube, tem-
perature, or sample hemolysis. In conclu-
sions, this study demonstrates the sampling
conditions that can be used when measuring
BDNF concentrations in dogs, and expands
the clinical settings for use of this test.
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INTRODUCTION

Brain-derived neurotrophic factor (BDNF)
is a neurotrophin which promotes a variety
of neural processes ranging from neuronal
health to the survival in the peripheral and
central nervous systems.! BDNF passes the
blood-brain barrier, thus blood concentra-
tions of BDNF are expected to reflect

brain concentrations of BDNF.? Indeed,
positive correlations between BDNF in
brain tissue and peripheral blood concentra-
tions have been shown in humans, rodents
and pigs.>* Based on the role and function
BDNEF plays in the central nervous sys-
tem, there is considerable interest in using
BDNF as a biomarker in anxiety disorders,
and there is evidence for this in rodents.’ In
humans, peripheral blood BDNF concentra-
tions were lower in patients with obsessive-
compulsive disorder and depression com-
pare to non-affected subjects.®’ In humans
with depression, BDNF concentrations have
increased after patients were treated with
antidepressants such as selective serotonin
reuptake inhibitors, tricyclic antidepressants,
serotonin norepinephrine reuptake inhibi-
tors, and tetracyclic antidepressants.*'° In a
meta-analysis,'" it was concluded that BDNF
could potentially serve as a peripheral blood
biomarker to aid in the diagnosis of psy-
chiatric disorders as well as to monitor the
efficacy of treatment for mood disorders.
Our group is especially interested in BDNF
with the goal to identify biomarkers to use in
diagnosing and monitoring canine behavior
disorders, such as separation anxiety. It is
essential to development better strategies

to detect and manage separation anxiety in
dogs as it is the most common anxiety dis-
order in dogs, and it often leads to the dog
being relinquished or euathanized.'” Another
reason to study anxiety disorders in dogs

is to define mechanisms and better strate-
gies for interventions that could possibly
apply to humans, as well as dogs. !* To date,
limited studies have published regarding
canine BDNF concentrations. Reports have
included studies of BDNF in old dogs such
as a correlation between canine brain BDNF
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concentrations and cognitive performance,'
and change of serum BDNF concentrations
before and after antioxidant dietary supple-
ment in aged dogs."

The most common method of measuring
BDNF concentrations in serum, plasma, and
platelets from rats and humans is Enzyme-
Linked-Immunosorbent-Assay (ELISA).'®
17 Blood platelets are the main reservoirs of
blood BDNF, from which it can be released
during platelet activation or coagulation
processes, and therefore serum BDNF con-
centration are 10 times higher than plasma
concentrations.'® Serum BDNF concentra-
tions are considered more relevant in anxiety
studies. There are various factors in humans
that can affect peripheral blood BDNF
concentrations including age, weight, fasting
state, drinking, smoking, exercise level, and
living environment.'®2?* Additionally, it has
been suggested that pre-analytical factors,
such as sample handling and storage condi-
tions, can affect peripheral blood BDNF
concentrations. However, it is unclear how
these pre-analytical factors affect BDNF,
and the results from studies and among spe-
cies have been inconsistent.?>>* For example,
Maffioletti et al. (2014) reported that in hu-
man samples at constant temperature, serum
BDNF concentrations continued to increase
at 10 minutes, and 30 minutes of clotting
time till up to 1 hour of clotting time.* An-
other study reported that BDNF was affected
by the clotting temperature, and degraded
unless the sera were kept at 4°C.%°

Another factor that could potentially
affect peripheral blood BDNF concentra-
tions is the degree to which a serum sample
is hemolyzed. Hemolysis can occur due
to mishandling the collection of blood in
a clinical setting. Hemolysis can prevent
analyzers from measuring the absorbance of
light as a result of a color reaction, which is
used to accurately quantify BDNF.?® To date,
published studies of the effects of hemolysis
on serum BDNF concentrations have been
lacking.

With the goal to apply BDNF analysis in
research and subsequent clinical application
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in dogs, it is critical to validate the sampling
conditions that will allow accurate test re-
sults. The aim of this study was to compare
various pre-analytical factors including
blood storage time in clot tube, temperature,
and extent of sample hemolysis when using
a commercially available Canine BDNF
ELISA kit.

MATERIALS AND METHODS

All work was approved by the Purdue
Animal Care and Use Committee (protocol
no. 1501001179). Blood was collected from
healthy dogs with no evidence of behavioral
or neurologic conditions following consent
from the dog owner.

Effects of Sample Time in Clot Tube and
Temperature on BDNF Concentrations:

Blood samples were collected and aliquoted
into 6 clot tubes. Three tubes were kept at
room temperature (25°C), and three tubes

at 4oC. Samples kept at 25°C were allowed
to sit in the clot tubes for 30 minutes, 1
hour, and 2 hours (one tube/condition). The
samples kept at 4°C were allowed to sit in
the clot tubes for 30 minutes, 1 hour, and
24 hours (one tube/condition). After meet-
ing the specific time point, each tube was
centrifuged at approximately 15,000 g for
15 minutes at 4°C. All serum samples were
stored at -80°C until the BDNF measurement
took place.

The BDNF assay was performed within two
months of sample collection.

The BDNF concentrations were measured
by a commercially-available Canine BDNF
ELISA (Cloud-Clone Corp., Houston, TX,
USA) following manufacturers protocol.
The absorbance was measured using a
microtiter plate reader at 450 nm (Molecular
Devices, CA, Sunnyvale, CA, USA). The
concentration of BDNF in the samples was
expressed as nanograms of BDNF per mil-
liliter (ng/mL) of serum using an external
BDNF standard curve provided with the
ELISA. According to the manufacturer, the
detection range of the BDNF ELISA kit is
0.156 -10 ng/mL, and the sensitivity is 0.061
ng/mL.
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Effect of Hemolysis on BDNF Concentra-
tions:

Non-hemolyzed blood samples were ob-
tained and placed in clot tubes. Following
clotting for 1hour at room temperature, the
tubes were centrifuged as above, and serum
collected and stored at -80°C. Hemolysis
conditions were experimentally produced as
previously described.”” Briefly, specific he-
moglobin concentrations were achieved by
adding washed canine red blood cells (Inno-
vative Research, Inc., Novi, MI, USA) in a
serum pool.”” Three hemoglobin concentra-
tions were prepared, that is, non-hemolysis
(0 g/L), moderate hemolysis (2.5 g/L), and
marked hemolysis (10 g/L), by adding the
washed canine red blood cells to the 10 non-
hemolyzed sera. BDNF concentrations were
measured as described above.

Statistical Analyses

Blood samples from a minimum of 10 dogs
were included to evaluate clot tube time,
temperature, and hemolysis conditions. The
effects of sample time in the clot tube and
temperature were evaluated using Fried-
man’s test and Wilcoxon signed ranks test.

To evaluate the effect of hemolysis on
canine serum BDNF concentrations, BDNF
concentrations for the three hemolysis
concentrations were compared using a linear
mixed model. The statistical significance

for all analyses was set at P < 0.05, and the
analyses were performed using IBM SPSS
Statistics for Windows (Version 22.0, Ar-
monk, NY: IBM Corp).

RESULTS

To evaluate the effect of time in clot tube
and temperature on canine serum BDNF
concentrations, serum samples from 11
clinically healthy dogs were used. Among
these dogs were 5 purebred and 6 mixed
breed dogs. The median age was 5.7 years
old (range: 1-11 years). All of the dogs (4
females and 7 males) had been neutered or
spayed. To evaluate the effect of hemolysis
on canine serum BDNF concentrations, 10
serum samples were used including samples
from 8 purebred and 2 mixed breed dogs.
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Table 1. Median (range) serum BDNF concentrations (ng/mL) at different clot tube storage

conditions
Sample time in clot tube
Temperature 30 minutes 1 hour 2 hours 24 hours
40C 0.232 (0.042-3.193) 0.141 (0.048-3.267) 0.543 (0.050-2.783)

Room Temperature | 0.141 (0.055-2.068)

(25°C)

0.110 (0.061-2.168)

0.128 (0.055-4.043)

Their median age was 5.9 years old (range:
1-10 years). Nine of the dogs had been neu-
tered or spayed (4 females and 5 males) and
1 dog was an intact male.

The serum BDNF concentrations at dif-
ferent clot tube times and temperatures are
summarized in Table 1. The change in serum
BDNF concentrations over clot tube times
in each temperature in each dog were shown
at Figure 1 and Figure 2. There were no
significant differences in BDNF concentra-
tions among the three groups (30 minutes, 1
hour and 2 hours) at room temperature (p =
0.913) or at 4°C (p = 0.148). No significant
differences in BDNF concentrations were
observed between the two temperatures at
30 minutes (room temperature, 4°C) (p =
0.091) or at 1 hour (p = 0.722). Additionally,
there were no significant differences ob-
served in BDNF concentrations between the

2-hour clot tube time at room temperature
and the clot tube time at 24 hours at 4°C (p
=0.374).

The mean serum BDNF concentrations
for each hemolysis level are shown in Figure
3. For non-hemolyzed and marked hemo-
lyzed samples, samples from 10 dogs were
analyzed. For moderate hemolyzed samples,
serum from 6 dogs were analyzed; insuf-
ficient sample volume precluded moderate
hemolysis samples being generated in the
other 4 dogs. There were no significant dif-
ferences in BDNF concentrations among the
three hemolysis concentrations (p = 0.273)

DISCUSSION

In order to support behavioral medicine’s
exploration of serum BDNF as a potential
biomarker for canine behavioral disor-
ders such as separation anxiety, this study
investigated effects of the pre-analytical

Figure 1. Change in BDNF concentration (ng/mL) in different clot tube times at room

temperature
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Figure 2. Change in BDNF concentration (ng/mL) in different clot tube times at 4°C

conditions such as sample time in clot tube,
temperature, and sample hemolysis on
canine serum BDNF concentrations. The
results showed that there was no statistical
difference between the clot tube time and the
temperature in canine serum BDNF concen-
trations at the times and temperatures used.
Measured concentrations were very consis-
tent in 9 of the 11 dogs, although variation
in measured BDNF concentrations were
noted in dogs #10 and 11. While these dogs
were thought to be healthy, it is not known if
they could have an occult underlying condi-
tion that could affect platelet coagulation
and potentially BDNF concentrations. Our

Figure 3. Mean canine serum BDNF concentration (ng/mL) for
different hemolysis conditions. Error bars are standard deviation

overall results were slightly different from
those of a previous study in humans which
reported that a significant difference was
observed between 30 min and 1 hour of clot
tube time at room temperature, although the
same study reported that the serum concen-
tration of BDNF at 30 minutes clot tube time
at room temperature reached 91.8% of the
BDNF concentrations at 1 hour or longer
clot tube time at room temperature?. No sta-
tistical differences were observed in canine
serum BDNF concentrations between clot
tube time at room temperature and at 4°C
for a duration of 30 minutes, or for 1 hour,
which does not agree with the conclusion

of a previous study
in human samples®.
Although it was

).8

W o\

Serum BDNF (ng/mL)

Non-hemolysis Slight hemolysis

small sample size,
the subjects in the
current study were
compared to them-
selves therefore; sex,
age and individual
signalment were all
controlled in our
study. Figure 1 and
Figure 2 showed
BDNF concentra-
tions in the major-
ity individuals were

Marked hemolysis
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stable, and the range of the concentrations
were similar over time except for dog 10
and dog 11. Dogs 4, 10 and 11 were the
only dogs that were older than 8 years old in
this samples, and it is unknown if their age
affected their BDNF concentrations. Further
study with larger sample size would be
needed to confirm this.

Even though the results from our study
showed that the clot tube time and tempera-
ture did not significantly affect the BDNF
concentrations in dogs, it would still be
advisable to apply a consistent protocol
of clot tube time and temperature that is
manageable in the clinical setting for further
study in dogs.

In the second part of the work, canine
serum BDNF concentrations among three
different hemolysis levels were compared. A
previous study? emphasized the importance
of pre-analytical conditions in clinical chem-
istry analyses. Specifically, hemolysis could
decrease the quality of the laboratory test
result if the assay measures the amount of
absorbance of light, such as is the case with
ELISA analyses.? The results of our study,
however, showed no statistical differences
among the three different hemolysis concen-
trations. Findings from this study provide
essential information needed in the applica-
tion of BDNF analyses in behavioral studies
in dogs. In conclusion, this study showed
that clot tube storage time, temperature and
sample hemolysis that are of concern in a
clinical setting did not usually affect canine
serum BDNF concentrations. The current
study contributes the essential information
that will lead to further investigation of se-
rum BDNF as a potential biomarker in dogs.
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