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Preanalytical variables affecting the
measurement of serum paraoxonase-1
activity in horses

Gabriele Rossi,' Amy Richardson, Hali Jamaludin, Cristy Secombe

Abstract. Paraoxonase-1 (PON-1) activity is a new inflammatory and oxidative marker. Technical effects and biological
factors could affect the accuracy of PON-1 activity measurement. We investigated the effects of storage at different temperatures,
repeated freeze—thaw cycles, interferences from hemolytic, lipemic, and icteric samples, and seasonal effects on PON-1 activity
in horses. We evaluated 2 substrates with an automated spectrophotometer. Ten equine serum samples were stored under
different conditions. Although storage at room (21°C) or refrigeration (4°C) temperature induced a statistically significant
decrease (p < 0.05) in PON-1 activity, this is not diagnostically relevant. PON-1 activity in frozen samples (—20°C) was stable
for short-term storage; diagnostically significant (p < 0.01) fluctuations were observed after 1 mo. Four repeated freeze—thaw
cycles were assessed, and all cycles affected PON-1 activity (p < 0.01); however, this was diagnostically significant only after
the 4th cycle. Hemolysis induced an overestimation of PON-1 activity; lipemia and hyperbilirubinemia did not change PON-1
activity. Thirty-four horses were sampled monthly for 1 y, and PON-1 activity was higher in autumn (p < 0.05) and winter

(p < 0.05) than in spring and summer.
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Introduction

Preanalytical errors are defined by ISO 15189:2012 as “The
processes that start, in chronological order, from the clini-
cian’s request, and include the examination request, prepara-
tion and identification of the patient, collection of the primary
sample(s), and transportation to and within the laboratory,
and end when the analytical examination begins.”" Preana-
lytical factors can be classified into 2 general categories: 1)
technical effects as a result of the sampling technique and
specimen management before analysis, and 2) biologic fac-
tors inherent with the animal sampled. The first category
includes effects such as the choice of anticoagulant, the sam-
pling technique, and the stability of the specimen during
storage or shipping to a laboratory. The second category
includes effects such as circadian rhythms, seasonal changes,
fasting, stress, or exercise.” Given that preanalytical errors
are reported to be responsible for the majority of laboratory
errors in veterinary medicine (range: 55-77%),'**® published
guidelines" provide recommendations for control of preana-
lytical factors related to clinical chemistry in veterinary labo-
ratories.

A new method to quantify paraoxonase-1 (PON-1) activity
in horses has been validated.”> PON-1 is a negative acute-
phase protein with both anti-inflammatory and anti-oxidative
properties." It is a high-density lipoprotein (HDL)-associated
enzyme synthesized by the liver that protects low-density

lipoproteins (LDL) from peroxidation,’” and possesses anti-
inflammatory properties blocking monocyte chemotaxis.*
PON-1 activity is closely associated with apolipoprotein Al
in HDL, and exerts its protective function through an aryles-
terase activity that hydrolyses oxidized lipids.*® During an
acute-phase response, HDL molecules lose apolipoprotein
Al, esterified cholesterol, and most of the HDL-associated
enzymes, including PON-1, which is replaced mainly by
serum amyloid A and ceruloplasmin. Changes in either com-
position or structure of the already synthesized PON-1 and
decreased hepatic gene expression lead to decreased PON-1
serum activity during the acute-phase response.”*® In
humans, serum PON-1 activity is strongly determined by the
enzyme genotype. Several polymorphisms in the promotor
and the coding regions of the PON-I gene have been
described and are significantly associated with changes in
enzyme activity.'*** The physiologic substrate or substrates
for PON-1 have not been identified. The available methods
to measure serum PON-1 activity use a variety of synthetic
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substrates such as paraoxon, 4-nitrophenyl acetate (4-NPA),
and coumarins, which take advantage of the catalytic versa-
tility of this enzyme. From a practical point of view, PON-1
gene polymorphism could affect the rate of hydrolysis of
PON-1 substrates differently. Therefore, it has been sug-
gested that more than one activity should be used.*

Diagnostic utility of PON-1 activity in horses has been
evaluated in few studies. PON-1 activity was lower in a
study in horses infected with Theileria equi, supporting its
role in oxidative stress.”” Another study investigating sub-
clinical leptospirosis in horses explored PON-1 activity as an
inflammatory protein, but no differences were found among
control group, carriers, or subclinically infected group.* It is
unknown if preanalytical errors could contribute to conflict-
ing study results.

Information about preanalytical variability of PON-I
activity in the horse has not been published, to our knowl-
edge. Our aims were to: 1) perform the analytical validation
of p-nitrophenyl acetate; and investigate 2) the correlation
between PON-1 activity measured with 2 different sub-
strates; 3) the effects of storage at different temperatures; 4)
the effects of repeated freeze—thaw cycles; 5) the effects of
interferences from hemolytic, lipemic, and icteric samples;
and 6) the effects of seasonality on PON-1 activity.

Materials and methods

Study population and sample collection

Ten serum samples were collected as part of a teaching exer-
cise from clinically normal Thoroughbred and Standardbred
teaching herd horses at Murdoch University (Murdoch,
Western Australia, Australia). Ethics approval was obtained
from the Murdoch University Animal Ethics Committee
(approval T3019/18). Blood was collected from the left or
right jugular vein through a 20-ga, 3.8-cm Vacutainer needle
into evacuated 4-mL plastic plain tubes with serum clot acti-
vator (Greiner Bio-One). After allowing 10 min for clot for-
mation, samples were centrifuged in a refrigerated centrifuge
at 4,000 x g for Smin at 4°C. Serum obtained was aliquoted
into 1.5-mL plastic vials (Eppendorf), and used for storage,
interference, and the repeated freeze—thaw cycles studies
described below.

Twenty-six additional samples were used to assess the
correlation between 2 substrates: paraoxon-ethyl and
4-NPA. These additional samples included samples from 9
other healthy horses of the teaching herd at Murdoch Uni-
versity plus 17 samples from horses with different patho-
logic conditions, collected as part of another study (approval
R2887/16) to assess the correlation over a broader range of
PON-1 activity. Samples used to identify seasonal differ-
ences came from a study investigating adrenocorticotropic
hormone in horses in Australia.*® Sera were stored at —80°C
in cryotubes (Cryo.s cryovials; Greiner Bio-One) and used
as detailed below.

Measurement of serum PON-1 activity

Serum PON-1 activity was measured spectrophotometrically
using an automated analyzer (Cobas Integra 400 plus; Roche
Diagnostic). The paraoxon-ethyl method was adapted from a
published study’: the reaction buffer was prepared using
0.05mM glycine buffer (pH 10.5; MilliporeSigma) contain-
ing 1 mM paraoxon-ethyl as a substrate (purity >90%; Mil-
liporeSigma) and 1 mM calcium chloride (Ajax Finechem).
The enzymatic reaction was initiated with 6 puL of sample, 89
pL of distilled water, and 100 uL of reaction buffer, at 37°C.
The rate of hydrolysis of paraoxon to p-nitrophenol was
measured by monitoring the increase in absorbance at 504
nm using a molar extinction coefficient of 18,050 L/mol/cm.
APON-1 activity of 1 U/L is defined as 1 pumol of p-nitrophenol
formed per minute under the assay conditions.

The other substrate, 4-NPA, has been validated in humans
but not in horses; therefore, analytical validation was per-
formed first (Suppl. material). The method was adapted
from a published study'®: the reaction buffer was prepared
using 50mM Tris-HCI (pH 8.0; Invitrogen UltraPure) and
ImM calcium chloride (Ajax Finechem). The starting
reagent is prepared with 63 mg of 4-NPA (MilliporeSigma)
dissolved in 10 mL of methanol (purity >99.9%; Millipore-
Sigma). One mL of this solution is added to 20mL of
distilled water. The enzymatic reaction is initiated by adding
14 uL of sample to 200 pL of buffer and then 50 pL of start-
ing reagents. After 100s, the reaction is monitored at 405
nm at 37°C for 210s. The 4-NPA activity is expressed as
units per liter of serum, in which 1 U equals 1 pmol of phe-
nyl acetate hydrolyzed per minute. The molar extinction
coefficient used to calculate the rate of hydrolysis is 14,000
M 'em™. Any measurement of PON-1 activity in our study
was performed using both substrates.

Analytical validation of p-nitrophenyl acetate

Intra- and inter-assay precision of PON-1 activity using para-
oxon-ethyl and p-nitrophenyl acetate as substrates was car-
ried out by measuring the samples 20 times in succession
(Suppl. Table 1). It was not possible to create a pool with
high PON-1 activity for the inter-assay study, thus only 2
pools with medium and low activity were assessed. Accuracy
was assessed using indirect methods, specifically the linear-
ity under dilution test (LUD; Suppl. Table 2) and the spiking
recovery test (SRT; Suppl. Table 3).

PON-1 storage stability

PON-1 activity was measured with both methods, immedi-
ately after collection (T, on 10 samples. Then, simulating
various sample delivery scenarios, serum aliquots were
stored at room temperature (RT; 20-25°C) and analyzed
after 24 (T,,) and 48 (T,q) h; refrigerated (4°C) and ana-
lyzed after 24 (T, ) and 48 (T, ) h; frozen (-20°C) and

48h
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analyzed after 24 (T24h) and 48 (T48h) h, 1wk (le), I mo
(Tlm), and 3mo (T3m). Before analysis, refrigerated and fro-
zen samples were brought to RT and measured in duplicate.
Means of duplicate measurements were used to estimate the
actual value of each sample.

Repeated freeze—thaw cycles

After the first analysis performed in 10 fresh sera, each sam-
ple was transferred into cryotubes (Greiner Bio-One) and
stored at —20°C. After 24 h, all frozen sera were thawed at
RT for ~1 h until completely thawed, and then mixed prop-
erly before analysis (freeze—thaw 1). Samples were immedi-
ately re-frozen at —20°C for the next study day. This cycle
was repeated for 4 consecutive days (T1 ¢ Ly T T4d).
Means of duplicate measurements were used to estimate the
actual value of each sample.

Interference study

The effects of hemolysis, hyperbilirubinemia, and hyperlipe-
mia were assessed using published protocols.***" A pool
from 8 sera with a medium PON-1 activity was prepared and
divided into aliquots. Each aliquot was spiked with different
concentrations of bilirubin (Bil; MilliporeSigma), commer-
cial fat emulsion (Trigl; Intralipid 20% lipid injectable emul-
sion; Fresenius Kabi), or hemoglobin (Hb; Hemoglobin
equine; MilliporeSigma), followed by duplicate measure-
ments of PON-1 activity. Because Bil is water insoluble,
dimethyl sulfoxide (MilliporeSigma) was used instead of
distilled water. Interfering substances were added to each
aliquot of the pooled sample to obtain final concentrations
adequate to simulate the following levels of icterus, lipemia,
and hemoglobinemia: slight (Bil = 1,540 umol/L; Trigl =
35.0mmol/L; Hb=0.625 g/L), moderate (Bil = 3,080 pmol/L;
Trigl = 70.6mmol/L; Hb = 1.25g/L), severe (Bil =
6,330 pmol/L; Trigl = 141 mmol/L; Hb = 2.50g/L), very
severe (Bil = 12,800 umol/L; Trigl = 282mmol/L; Hb =
5.00g/L), and extreme (Bil = 25,700 umol/L; Trigl =
565mmol/L; Hb = 10.0g/L). Interferograms were prepared
according to reported protocols'*'* (Fig. 1). The original val-
ues were calculated by adding the same volume of distilled
water or dimethyl sulfoxide as the volume of interfering
solutions.

Seasonal study

Sera (n = 35) were collected monthly from April 2015 to
February 2016 from 2 geographic locations within Australia:
Perth in Western Australia and Townsville in North
Queensland. All frozen sera were thawed at RT for 1h until
completely thawed, and then mixed properly before analysis.
Means of duplicate measurements of PON-1 activity were
used to estimate the actual value of each sample.
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Figure 1. Interferograms for hemoglobin (A), lipid (B), and
bilirubin (C) during measurement of PON-1 activity in a pool of
equine serum obtained by mixing 8 different sera (using 2 different
substrates: 4-nitrophenyl acetate [4-NPA] and paraoxon-ethyl).
The concentrations on the x-axis refer to the final concentrations
of interfering substances. The y-axes show the percentage change
(final/original x 100%).

Statistical analysis

Statistical analysis was performed using SPSS statistics soft-
ware (v.24; IBM). Data distribution was tested using the Shap-
iro—Wilk test; p < 0.05 was considered statistically significant.
Mean values were used for parametric data and median values
for nonparametric data. The Spearman rank correlation test was
used to determine the correlation between PON-1 activity esti-
mated using 2 different substrates. Irrespective of statistical
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significance, preanalytical variability was also considered
diagnostically relevant when the changes in PON-1 activity
exceeded the total observed error (TE obe ) calculated as 2 CV%
+ bias%, in which the CV was the average of the within- and
between-run imprecision, and the bias the average inaccuracy
of the method, as per ASVCP guidelines.'’

For each storage condition (i.e., RT, 4°C, and —20°C),
results obtained at different times were compared with a
repeated-measurement ANOVA test, with a Greenhouse—
Geisser correction if the assumption of sphericity was vio-
lated, followed by Bonferroni post hoc test to evaluate the
differences between basal values (T O) and those recorded at
every time point. Results obtained in different freeze—thaw
cycles or in different months were compared with the non-
parametric Friedman test followed by the Wilcoxon signed
rank test. Results obtained from the pooled serum, with and
without the different concentrations of interfering sub-
stances, were compared using a Friedman 2-way ANOVA for
repeated measurement.

Results

Analytical validation and total observed error

Data for the analytical validation are reported with the impre-
cision and bias of the method used to calculate the TE
(Suppl. Fig. 1, Tables 1-3). The least square linear regression
on mean values of LUD and SRT demonstrated excellent
correlation (#* = 0.988, p = 0.000; »* = 0.998, p = 0.000,
respectively), and data fitted the linear model (Suppl. Fig. 1).
The imprecision of the method was 2.92% and the bias was
8.12% with paraoxon-ethyl as substrate; TE was 14.0%.
The imprecision of the method was 4.96% and the bias was
4.46% with 4-NPA as substrate; TEObs was 14.4%.

Correlation between the substrates

Based on the 54 serum samples included in this part of our
study, there was a statistically significant, strong-positive
correlation (r,=0.723, p < 0.001) between PON-1 activity
measured using paraoxon-ethyl and 4-NPA.

Storage stability

Ten samples were included in the storage study, and PON-1
activity was assessed with both substrates paraoxon-ethyl
(PON-1) and 4-NPA. One PON-1 activity measured with
paraoxon-ethyl was missing in a sample stored at room tem-
perature for 48 h as a result of an analytical error.

In samples stored in different conditions, mean PON-1
activity were statistically significantly different between
times with any storage condition irrespective of the sub-
strate used (Table 1). Post hoc testing revealed that storage
at RT induced a reduction in PON-1 activity, either using
paraoxon-ethyl or 4-NPA as substrate, after 24h and 48h
compared to basal values.

Table 1. Results of PON-1 activity in equine sera (n = 10)
stored under different temperatures and assessed using 2 different
substrates.

PON-1 activity (U/L; mean + SD)

Storage condition/Time  Paraoxon-ethyl 4-nitrophenyl acetate

Fresh
TO 67.6 6.3 1,251 £ 85
Room temperature, 21°C
T24h 65.1+6.1* 1,191 + 57*
T48h 643 +6.1* 1,179 + 64*
Refrigerated at 4°C
T24h 66.9 £ 5.9% 1,200 £ 74**
280 66.0 £ 6.1* 1,179 £ 64 *
Frozen at —20°C
T2411 66.9+6.2 1,214 £ 85**
T4811 63.2 +59*% 1,145 + 69*
lek 62.3 +£6.0% 1,203 £ 71*
Tlmo 62.0 £5.5% 1,517 £ 82*
T 65.0 £5.8* 1,299 + 68*

3mo

*p <0.01 versus T,
** p <0.05 versus T,

When samples were stored refrigerated, a similar pattern
with decreasing mean PON-1 activity was observed with
both substrates after 24h and 48 h compared with the fresh
samples. When 4-NPA was used as substrate, a more pro-
nounced decrease was observed after 48 h of storage.

When samples were stored at —20°C and PON-1 activity
was assessed with paraoxon-cthyl as substrate, a different
pattern was observed. Except for short-term storage (24 h)
that did not show any difference, there was a statistically sig-
nificant decrease in PON-1 activity (p < 0.01) between T
and any measured time up to 1 mo. Then, after 3 mo of stor-
age, PON-1 activity increased again, but it was still signifi-
cantly different from T, (p< 0.01).

With 4-NPA, the pattern reflected the changes observed
with paraoxon-ethyl as substrate, but the changes were
even more pronounced, with PON-1 activity significantly
lower after 24 and 48h (p < 0.05 and p < 0.01, respec-
tively) and 1wk (p < 0.01). After 1 and 3mo of storage,
PON-1 activity was significantly higher (» < 0.01) than the
basal value.

Despite numerous statistical differences observed with
both substrates under different storage conditions, only sam-
ples frozen for 1 mo showed a variation greater than the TE
calculated for PON-1 activity using 4-NPA; all other fluctua-
tions were within diagnostically acceptable variation (Suppl.
Fig. 2).

Repeated freeze—thaw cycles

Ten serum samples were included in this part of the study,
and the PON-1 activity at each cycle was compared with the
baseline value (Table 2). Using paraoxon-cthyl as substrate,
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Table 2. Results of PON-1 activity in equine sera (n = 10)
repeatedly frozen and thawed, assessed using 2 different
substrates.

PON-1 activity (U/L; mean £ SD)

Cycle Paraoxon-ethyl 4-nitrophenyl acetate
0 659+8.2 1,256 £ 70

1 60.7 £7.1% 1,178 £ 69*

2 68.5 + 8.4* 1,254 £ 65

3 67.8 £9.4* 1,301 £ 87

4 82.6 £9.4%* 1,282+ 56

* p <0.01 versus cycle 0 (fresh samples).

the PON-1 activity showed numerous fluctuations, with a
significant decrease (p < 0.01) after the first cycle followed
by a significant increase (p < 0.01) in the following cycles. In
contrast, when 4-NPA was used as substrate, PON-1 activity
was significantly lower (p < 0.01) at the first freeze—thaw
cycle compared with the baseline value, but then no signifi-
cant difference was determined during the following cycles.
When the results were compared with the TE PON-1
activity was higher only in samples at the 4th freeze—thaw
cycle, when assessed with paraoxon-ethyl as substrate

(Suppl. Fig. 3).

Interference studies

Although icterus and lipemia did not interfere with PON-1
activity, severe hemolysis induced a significant (p < 0.001)
overestimation with paraoxon-ethyl as substrate (Fig. 1).
Specifically, when Hb is 5g/L, PON-1 activity is overesti-
mated by 425%, and overestimation increases further to
551% when Hb is 10 g/L; both results are above the TE , .

Seasonal study

Samples were available for only 11 mo (samples for March
were not available). We analyzed 35 samples using para-
oxon-ethyl as substrate and 34 samples using 4-NPA because
1 result was excluded as a result of an analytical error. PON-1
activity showed numerous significant differences across the
year with both substrates (Suppl. Table 3, Fig. 2).

To better interpret these results, the data was grouped into
the 4 seasons as follows: summer (December—February),
autumn (April, May), winter (June—August), and spring
(September—November). Changes in PON-1 activity, using
paraoxon-ethyl as substrate, were significant across the sea-
sons (Fig. 3a). In autumn, PON-1 activity was significantly
higher than PON-1 activity during summer (p < 0.01) and
spring (p < 0.05). PON-1 activity in winter is significantly
higher than PON-1 activity in summer (p < 0.01) and spring
(» <0.01); PON-1 activity in spring and summer did not dif-
fer. Using 4-NPA as substrate, PON-1 activity showed a sim-
ilar pattern across the seasons (Fig. 3b); PON-1 activity was

significantly lower in summer than winter (p < 0.05) or
spring (p < 0.01).

Discussion

The analytical validation of the substrate 4-NPA demon-
strated good precision and accuracy, thus either paraoxon or
4-NPA could be used without affecting the reliability of the
results. However, when compared with the analytical perfor-
mances of paraoxon-ecthyl, 4-NPA had higher intra- and
inter-assay imprecision.’> A limitation of our analytical vali-
dation was the use of only 2 levels (medium and low) for the
inter-assay precision. Unfortunately, the serum samples
included in our study did not demonstrate enough variation
in PON-1 activity. However, according to ASVCP guide-
lines,'’ 2 levels (normal and low) are sufficient if the analyte
is medically significant when decreased. Three levels (low,
normal, and high) are recommended if the analyte is medi-
cally significant when both decreased and increased.

There was strong and positive correlation between the 2
substrates, as demonstrated in humans®' and animals.>” The
correlation between the 2 substrates further supports that the
changes we observed are secondary to preanalytical factors,
more than to genetic polymorphisms. In human patients,
polymorphism has greater influence on paraoxon-ethyl than
4-NPA,” and further studies are warranted to investigate the
genetic polymorphism in horses and, if present, its influence
on different substrates.

Because both substrates provided reliable results, the
selection of the substrate could be based on preanalytical fac-
tors. Our study was focused on the investigation of preana-
lytical conditions that could affect the accuracy of PON-1
activity measurement. Information concerning optimal spec-
imen requirements, such as handling and delivery or ship-
ping temperature for the assays performed in the laboratory,
should be investigated in case of delays in shipping samples,
power cut, or voltage fluctuations of the freezers.*'”

Our results demonstrated fast degradation of paraoxonase
in serum samples when stored at RT or refrigerated, and the
degradation is time-related considering that the PON-1 activ-
ity was significantly lower after 24 h and even lower after 48 h.
Nevertheless, it seems that the differences were not diagnosti-
cally relevant and still within the intrinsic analytical error of
the methods. Given the consistent trend of degradation of the
enzymatic activity in the samples stored at RT and in the
refrigerator, we suggest that serum samples that cannot be
processed immediately (e.g., travelling from remote collec-
tion points) are frozen and tested later with the paraoxon-
ethyl substrate. In frozen samples, we observed several
fluctuations of PON-1 activity, with initial reduction in
PON-1 activity followed by almost normal activity after 3 mo
of storage. Because the variation of PON-1 activity observed
during storage was within the total imprecision of the method,
the fluctuations of PON-1 activity in frozen samples are
attributable to the analytical imprecision rather than real
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different substrates: A. paraoxon-ethyl and B. 4-nitrophenyl acetate.

degradation of the enzyme. A similar fluctuation has been
reported in another study’' in dog serum for PON-1 activity
quantified using 4-NPA with any storage condition (RT,
refrigeration, and freezing at —20°C and —80°C). It is impor-
tant to highlight that even in dog serum, as in horse samples
included in our study, the magnitude of the fluctuations was

never higher than the minimum significant change calculated
based on imprecision of the method, despite statistically sig-
nificant differences compared with T ,- In contrast with our
results, another study on canine serum® reported clinically
significant variation in PON-1 activity measured with para-
oxon-ethyl as substrate during storage at RT and refrigeration,
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but not in frozen samples for up to 3 mo. Therefore, it seems
that PON-1 activity is more stable in frozen samples from
horses than in canine species.

In practice, it is possible to reanalyze stored samples to
confirm previous results or to perform additional analysis;
however, the stability of the analytes after repeated freeze—
thaw cycles must be assured before giving results, or
before establishing new investigations. When we repeat-
edly froze and thawed our samples, there were differences
between the 2 substrates; paraoxon-ethyl displayed more
fluctuation than 4-NPA. After the 4th freeze—thaw cycle,
PON-1 activity was higher than in fresh samples, and the
difference was higher than the imprecision of the method.
Therefore, when sample handling requires repeated freeze—
thaw cycles (e.g., a single aliquot is available, but multiple
tests are required), the substrate should be 4-NPA. A simi-
lar study performed in dogs’' showed the same fluctua-
tions after 2 and 3 cycles, both greater than the imprecision
of the method using 4-NPA as substrate. This further sup-
ports the premise that PON-1 activity is more stable in
horse serum than in dog serum.

High levels of select blood contents (i.e., lipids, bilirubin,
and hemoglobin) may interfere with the laboratory test.**
PON-1 activity in strongly hemolytic samples should be
assessed using 4-nitrophenyl acetate as substrate, whereas
there were no interferences from lipids and bilirubin. This is
in contrast with a study’” in which lipids induced a significant
decrease in PON-1 activity; however, there were no interfer-
ences from bilirubin and an overestimation of PON-1 activity
with hemoglobin (despite starting the interference in our
study with 5g/L and in the other study’> with 10g/L). The
interference from lipids has also been reported in dogs,”~
and although interference with the hemolysate of canine
blood has been reported, this has not been demonstrated with
purified hemoglobin.” Considering the differences between
equine and canine species, it could be speculated that the
interference from hemoglobin is not purely the result of spec-
trophotometric tampering, but perhaps to the result of mole-
cules present in the hemoglobin powder (e.g., calcium
released during hemoglobin purification).

Given the strong link between PON-1 activity and lipids,
preanalytical factors could affect PON-1 activity measure-
ments. Specifically, lipid concentration and composition are
affected by seasons; serum triglyceride concentration is
lower in colder months than in warmer months in Morgan
and Thoroughbred horses.*® Therefore, seasonal changes in
PON-1 activity could be hypothesized. PON-1 activity dem-
onstrated seasonal variation and both substrates showed a
similar pattern with an increase from April, a peak in June,
and then a progressive decrease until October. When data
are grouped into seasons, PON-1 activity is higher in autumn
and winter than in spring or summer. Because PON-1 is
bound to HDL, the seasonal differences could be related to
the changes in lipid profile across the seasons. Studies
investigating the seasonal lipid profile in Thoroughbred
horses®'' have been undertaken in the northern hemisphere,

where seasonal variations of lipids have not been detected.
It is well known that proopiomelanocortin peptides pro-
duced by the equine pituitary pars intermedia demonstrate
circannual rhythm,* and it is plausible that dopaminergic
tone, which affects metabolism, appetite, and obesity, could
potentially influence PON-1 activity.”” Further investiga-
tions of seasonal variation of PON-1 activity are required to
determine if seasonal reference intervals are required.

A limitation of our study is the inclusion of serum samples
stored for almost 24mo at —80°C for the seasonal study.
Long-term storage could induce variation in PON-1 activity,
thus affecting the interpretation of results. However, a long-
term storage study performed in dogs demonstrated good
stability of PON-1 activity in canine serum samples for up to
1 y.*' Although there are no reports in which samples were
stored at —80°C beyond 1 vy, it could be speculated that,
at ultra-low temperatures, enzyme stability is high. Data in
our study did not show a pattern with significant or linear
increase or decrease during storage at —80°C when compar-
ing PON-1 activity in the samples collected at the beginning
of the study (April 2015) and the following samples up to
February 2016. The absence of a pattern further supports our
hypothesis that the significant differences observed were
seasonal-related and that constant degradation or activation
of the enzymatic activity was not induced by prolonged stor-
age. Given that samples went through only one freeze—thaw
cycle, it is unlikely this cycle would significantly affect the
PON-1 activity from a clinical perspective. In the long-term
storage study in dogs,’" repeated freeze—thaw cycles of sam-
ples stored at —80°C did not affect PON-1 activity in canine
serum. Studies on long-term storage at ultra-low tempera-
tures are warranted to confirm that the seasonal variation
observed was not affected by storage.
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