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Sammendrag

Fa tidligere studier har rapportert om nivaer av klinisk-kjemiske parametere i isbjgrn (Ursus
maritimus), og til dags dato har kun ett studie undersgkt nivaer av disse klinisk-kjemiske
parameterene og hvilken sammenheng de har med persistente, organsike forurensningsstoffer.
| dette studiet ble det analysert for nivaer av klinisk-kjemiske parametere (CCPer), og
undersgkt hvordan disse varierte mellom sessong, reproduktiv status, kondisjon og alder. |
tillegg ble det undersgkt hvordan CCPer er relatert til polyklorinerte bifenyler (PCBer),
hydroksylerte PCB-metabolitter (OH-PCBer), organoklor-pestisider (OCPer) og perfluorerte
alkylerstoffer (PFAS). Dette ble gjort ved & analysere plasma fra isbjernhunner (n = 111) fra
Svalbard, innsamlet var (april) og hast (september) i 2012 og 2013. De analyserte CCPene
var: kolesterol (CHOL), HDL-kolesterol (HDLP), triglyserider (TG),
aspartataminotransferase (ASAT), alaninaminotransferase (ALAT), y-glutamyltransferase
(GGT), kreatinkinase (CK), kalium (K) og ratioen mellom urea og kreatinine (UCR). Lineare
blandet-effekt-modeller og multivariat statistikk ble benyttet for & analysere dataene. Studiet
fant sessongforskjeller for UCR, GGT, CK og TG. De lipid-relaterte klinisk-kjemiske
parameterene (CHOL, HDLP og TG) var positivt korrelerte, og det samme var leverensymene
(ASAT, ALAT og GGT). Alle PFASene var interkorrelerte. Det samme var fem av atte OH-
PCBer. Y PFAS var positivt korrelert med de lipid-relaterte klinisk-kjemiske parameterene.
Det samme var flere andre, individuelle POPer. > OH-PCB var negativt korrelert med
leverensymene, det var ogsa fler individuelle POPer. Nivaene av CCPene var sammenliknbare
med tidligere studier. Sessongforskjellen i UCR statter opp om tidligere studier som knytter
denne til forende/fastende status. Sammenhengen mllom CCPer og POPer statter opp om
tidligere studier som knytter PFASeksponering til lipidmetabolisme. Sammenhengen statter

ogsa opp om tidligere studier som knytter POPer til leverskade.



Abstract

Few previous studies have reported on levels of clinical-chemical parameters (CCPs) in polar
bears (Ursus maritimus), and to date, only one study has investigated levels of CCPs and how
they are related to persistent organic pollutants (POPs) in this species. The present study
investigate levels of CCPs and how they vary between seasons, reproductive status, body
condition (BCI) and age. In addition, the present study investigate how CCPs are related to
polychlorinated biphenyls (PCBs), their hydroxylated metabolites (OH-PCBs),
organochlorine pesticides (OCPs) and perfluoroalkyl substances (PFAS). This was done by
analyzing plasma samples from female polar bears (n = 111) from Svalbard, Norway,
sampled during spring (April) and autumn (September) in 2012 and 2013. The CCPs analyzed
were: cholesterol (CHOL), high-density lipoprotein (HDLP), triglycerides (TG), aspartate
aminotransferase (ASAT), alanine aminotransferase (ALAT), y-glutamyltransferase (GGT),
creatine kinase (CK), potassium (K), and the ratio of urea and creatinine (UCR). Linear mixed
effect models and multivariate statistics were used to investigate the data. There were found
seasonal differences for UCR, CK, TG. The lipid-related CCPs (CHOL, HDLP, TG) were
positively correlated, as were the liver enzymes (ASAT, ALAT, GGT). All PFASs were inter-
correlated and thus summed, as were five of eight OH-PCBs. Y PFAS was positively
correlated with each lipid-related CCP, as were several other individual POPs. > OH-PCB was
negatively correlated with the liver enzymes. The levels of CCPs were comparable to
previous studies. The seasonal difference seen in UCR supports previous studies linking UCR
to fasting/feeding status. The relationships between CCPs and POPs support previous studies
linking PFAS exposure to lipid metabolism. It also supports previous studies linking POPs to
hepatic dysfunction.
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ALAT Alanine aminotrasferase

ASAT Aspartate aminotrasnferase

BCI Body condition index

BFR Brominated flame retardant

CCP Clinical-chemical parameter

CHOL Cholesterol

Cl Confidence interval

CK Creatine kinase
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1. Introduction

Persistent organic pollutants (POPs) are anthropogenic chemical compounds produced for a
wide range of applications, such as pesticides, surfactants, impregnation and flame retardants.
Others are products and by-products of industrial processes. They persist in the environment
for a long time after their release (AMAP, 1998). Due to their persistency, they are very
susceptible to long-range transport (LRT). When these POPs reaches the arctic region they
will deposit due to “cold condensation”. When deposited, the cold temperatures and periods
without sun light may “trap” the contaminants and prevent remobilisation, due to the “cold-
trapping” effect (Barrie et al., 1992, Mackay and Wania, 1995, Wania and Mackay, 1996,
Beyer et al., 2000). After they have deposited in the arctic environment, they have the
potential to bioaccumulate in organisms, and biomagnify through the food web (Letcher et al.,
2009, Hallanger et al., 2011). After they have been taken up by the organisms, they may cause
serious toxic effects such as endocrine disruption, disrupt homeostasis, reproductive effects,
neurological effects, teratogenic effects among others (Letcher et al., 2010). There are several
groups of POPs. Polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs)
such as dichlorodiphenyltrichloroethane (DDT), chlordanes and hexachlorobenzene (HCB)
are referred to as legacy POPs and refers mainly to past releases. These compounds have been
banned or are under restriction of use by the Stockholm Convention (Stockholm Convention,
2001). Perfluorinated alkylated substances (PFAS) and flame retardants such as
polybrominated diphenylethers (PBDES) are compounds of more recent concern, and are
referred to as emerging POPs (Butt et al., 2010). Limited studies have shown specific
mechanisms of toxicity for PFAS, but they are potential endocrine disruptors (Weiss et al.,
2009, Boas et al., 2012). Because of their abundance in the environment, and their potential
toxicity, PFOS and PFOSF are regulated by the Stockholm Convention (Stockholm
Convention, 2009). More recent studies show that many of the legacy contaminants such as
PCBs and OCPs are declining in the arctic environment and biota (Hung et al., 2010, Rigét et
al., 2010, Bytingsvik et al., 2012a, Dietz et al., 2013). Although decreasing trends have been
shown for legacy contaminants it is observed the opposite for emerging contaminants, such as
PFOS (Bytingsvik et al., 2012b, Rigét et al., 2013).

The polar bear (Ursus maritimus) is the apex predator of the arctic food web. Their diet

mainly consists of ringed seals (Phoca hispida) and bearded seals (Erignathus barbatus) and



they are dependent on the sea ice to hunt (Thiemann et al., 2008). With annual fluctuations in
sea ice cover, there are also an annual fluctuation in prey availability. Prey is abundant when
seals give birth on the sea ice during spring. During the summer months when the sea ice have
withdrawn, and partly during mid-winter, polar bears may fast for short or longer periods.
Pregnant polar bear females will fast from the time they enter dens in late autumn, until they

re-emerge with their new-born in the spring (Pilfold et al., 2012, Pilfold et al., 2014).

Polar bears of Svalbard are among the most contaminated bears in the Arctic, and the
contaminant levels are among the highest reported in any arctic species (Letcher et al., 2010,
McKinney et al., 2011). Lipophilic POPs such as PCBs accumulate in polar bear adipose
tissue. Even though the polar bear have a great metabolic capacity to biotransform POPs,
products of these processes such as the hydroxylated PCB metabolites (OH-PCBs) may be
retained in the body and lead to toxic effects. These metabolites can been found at even higher
levels in plasma than their parent compounds (Bytingsvik et al., 2012a). As an emerging
contaminant, the information on PFAS transportation, distribution and effect are limited
compared to legacy POPs. PFAS are less lipophilic than PCBs, and they bind to proteins, and
can thus be found in higher concentrations in protein-rich tissue such as blood, liver and
kidney (Conder et al., 2008).

POP levels found in polar bears may vary due to seasonal variability, availability of prey and
their condition. The polar bears’ capacity for bioaccumulating POPs is due to their high
trophic position and that they mainly consume the fatty tissue of their prey. Due to seasonal
variability in prey abundance, and thus fasting, polar bears mobilise their fat storage for
energy. When fat is mobilised, stored lipophilic contaminants are remobilised into the blood
stream. Females will also remobilise stored POPs when they are lactating to nurse their
young. Their fat are converted to milk, and contaminants can pass over from mother to
offspring through the mother’s milk (Bytingsvik et al., 2012a, Bytingsvik et al., 2012b).

Clinical-chemical parameters (CCPs) derived for plasma can provide valuable information in
evaluating polar bear health and physiology. Such parameters can also be used as biomarkers
for assessing toxicity induced by environmental contaminants (Sonne et al., 2012a). The
present study has focused on the lipid-related CCPs cholesterol (CHOL), high-density
lipoprotein (HDLP), and triglycerides (TG), the liver enzymes aspartate aminotransferase
(ASAT), alanine aminotransferase (ALAT), y-glutamyltransferase (GGT) and creatine kinase
(CK) in addition to potassium (K) and the ratio of urea/creatinine (UCR). ASAT and ALAT
are both transaminases and together with GGT they are involved in amino acid metabolism
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(Cattet, 2000). CK is an enzyme found in the liver but also related to other tissues as skeletal
muscles, heart and brain. Increased levels can be related to muscle injuries (Krefetz and
McMillin, 2005). K is an important intercellular cation and is essential for a wide variety of
functions, such as heart contraction and regulation neuromuscular excitation (Polancic, 2005).
Urea are a nitrogenous product of proteins and muscle catabolism. Creatinine is a product
from the breakdown of creatine phosphate, and thus a product of muscle catabolism. The ratio
of these compounds can be used to indicate the feeding/fasting status of the polar bear
(Derocher et al., 1990, Cattet, 2000). Few previous studies have reported information on these
CCPs in free-ranging polar bears (Lee et al., 1977, Derocher et al., 1990, Ramsay et al., 1991,
Cattet, 2000, Tryland et al., 2002, Ormbostad, 2012). To date, the only known study on
assessing links between contaminant exposure and response in CCPs in free-ranging polar
bears have been published in a master thesis by Ormbostad (2012).

With the continuing climate change that is especially pronounced in the arctic region, the
combined effects of continuing contaminant exposure and the struggle to adapt to climate
changes can have detrimental effects for the polar bear population (Jenssen, 2006, Jenssen et
al., 2015).

The aim of this thesis was to investigate CCP levels in female polar bears and how they are
related to environmental and biological variables and contaminants. The first aim was to
examine relationships between CCPs in female polar bear plasma and how they were related
to season, reproductive status, age and body condition (BCI). The second aim of this thesis
was to examine the relationship between CCPs and POPs.

2. Materials and Methods

2.1 Field sampling

Female polar bears from the Barents Sea population were sampled in 4 periods, April and
September 2012 and 2013. 111 samples were collected in total (N=33 in April 2012, N=24 in
September 2012, N=28 in April 2013 and N=26 in September 2013), representing 80

individual females of which 26 were captured more than once. The sampling was done



opportunistically throughout the Svalbard archipelago. The bears were immobilized by a dart
gun with Zoletil ® 100 (Virbac, Carros, France), from a helicopter (Eurocopter AS350
Ecureuil). After immobilization, a vestigial premolar tooth was used for age estimation. Blood
was collected from the femoral vein using heparinised collecting tubes, stored on ice and
centrifuged within 10 hours (3500 rpm, 10 minutes). The plasma was frozen and stored at -
20°C. Body mass was obtained to the nearest kg by suspending the bear on a stretcher from
two spring weights. BCI was calculated using the formula described by (Cattet et al., 2002).
Mature females, aging from 4 to 28 years were classified in three groups according to their
breeding status: solitary (alone, or together with male in spring), with one or two cubs of the
year (COY:; cubs younger than 1 year old) or with one or two yearlings (YRL: cub aged
between 1 and 2 years old).

2.2 POP Analysis

Extraction

POP analysis were performed at the Laboratory of Environmental Toxicology at The
Norwegian University of Life Sciences in Oslo (NMBU), previously the Norwegian School of
Veterinary Science (NVH). The laboratory is accredited by the Norwegian Accreditation for
analysis of PCBs, OCPs and brominated flame retardants (BFRS) in biological matrices
according to the requirements of the NS-EN ISO/IEC 17025 (TEST 137). PFAS and OH-

PCBs are not included in the accreditation, but validated according to the same procedures.

The analytical method is based on the principle of liquid/liquid extraction described by Brevik
(1978), prior to detection by gas chromatography-mass spectrometry (GC-MS), described by
Polder et al. (2008). An additional modification was introduced to the method by Lgken et al.
(2006) to cover OH-PCB, described in (Gabrielsen et al., 2011).

Before use, all glass equipment used in the procedure was washed with a 1:1 mixture of
acetone and cyclohexane. Plasma samples kept at -20°C was thawed in room temperature
prior to analysis.) Plasma (2 £ 0.100 g) was weight in centrifuge tubes (80 mL). The samples
were spiked with internal standards; PCB-29, -112 and -207 (Ultra Scientific, RI, USA),
BDE-77, -119, -181 and -[*3C1,]-209 (Cambridge isotope laboratories, Andover, MA, USA)
and 4’-OH-[*3C1,]-CB-159 and 4-OH-[*3C1,]-CB-187. NaCl (6 %, 2 mL), H,SO4 (1 M, 10
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mL), acetone (15 mL) and cyclohexane (20 mL) were added during the first step of extraction.
The samples were sonicated (1 min.) with an ultrasonic homogeniser (Cole Parmer CPX 750,
Vernon Hills IL, USA). After sonication, the samples were centrifuged (3000 rpm, 10 min.),
(Allegra X-12R Beckman Coulter, Fullerton CA, USA). The supernatants were collected and
transferred to Zymark® tubes (50 mL), and then the extraction was repeated with acetone (5
mL) and cyclohexane (10 mL), sonication (30 sec.) and centrifugation (3000 rpm, 10 min.).
Supernatants were again transferred to their respective Zymark® tubes. The extracts were
then evaporated down to approximately 1 mL aliquots (40°C with continues flow of pure
nitrogen gas ,purity: 99.6 %; AGA AS, Oslo, Norway, pressure 0.6 bar), using a Zymark®
evaporator (TurboWap |1, Zymark Corporation, Hopkinton, MA, USA). The aliquots were
quantitatively transferred to pre-weighed glass tubes (10 mL).

Gravimetric lipid determination

The aliquots were evaporated dry on sand bath (40°C with continuous flow of nitrogen), and

then weighed. The lipid concentration was calculated according to the formula:

(weight of 10 mL glass tube with dry sample-weight of empty 10 mL glass tube)*100

initially weighted quantity

Lipid clean-up

The dry samples were added cyclohexane (1 mL), then concentrated sulphuric acid (H2SOa,
97.5 %, 6 mL), (Fluka Analytical, Sigma-Aldrich, St. Louis MO, USA), thoroughly mixed
and stored in darkness for approximately one hour. The samples were centrifuged (3000 rpm,
10 min.), and the supernatant transferred to new glass tubes (10 mL). The glass tubes
containing acid were again added cyclohexane (approximately 1 mL) and centrifuged (3000

rpm, 10 min.) for quantitative transfer of the supernatant.



OH-PCB extraction

The glass tubes were added KOH (1M in 50% ethanol, 5 mL), mixed thoroughly and then
centrifuged (3000 rpm, 5 min.). The subnatant was collected and transferred to large test

tubes. The extraction was repeated.

The subnatant containing the OH-PCB was added concentrated H>SOj4 to adjust the pH to a
value between 1 and 2. The OH-PCB were extracted with cyclohexane (5 mL) added to the
tubes and the tubes stirred gently. After the two phases had separated, the supernatant
transferred to Zymark® tubes. This extraction was repeated. The extracts were then
evaporated down to approximately 1 mL aliquots (40°C with continues flow of pure nitrogen
gas), using a Zymark® evaporator. The aliquots were quantitatively transferred to test tubes.
The aliquots were then evaporated down to approximately 1 mL on sand bath (40°C with a

continuous flow of nitrogen).

Derivatisation

The test tubes containing the OH-PCB were derivatised. A 1:1 solution of pyridine and acetic
anhydride was prepared and 60 L was added to the each test tube. The test tubes were whirl
mixed and placed in a 60 °C hot cabinet for 30 min. After acclimatisation (5 min. in fume
hood), the tubes were added grade 1 water (2 mL) and centrifuged (3000 rpm, 5 min.). The
supernatants were then transferred to glass tubes (10 mL). The test tubes were washed with
one pasteur pipette cyclohexane, centrifuged (3000 rpm, 5 min.), and the supernatant again
transferred to its respective glass tube (10 mL). The aliquots were then evaporated down to
approximately 400 pL on sand bath (40°C with a continuous flow of nitrogen). The aliquots

were then transferred to GC-glass containers.

PCBs, OCPs and PFAS extraction

The remaining phase from OH-PCB extraction, the supernatant, was added one pasteur
pipette grade 1 water and centrifuged (3000 rpm, 10 min.). The supernatant was collected and
transferred to glass tubes (10 mL). The remaining phase was then added one pasteur pipette

with cyclohexane and centrifuged (3000 rpm, 5 min.), and the supernatant again transferred to



its respective glass tube (10 mL). The aliquots were then evaporated down to approximately
400 pL on sand bath (40°C with a continuous flow of nitrogen). The aliquots were then
transferred to amber coloured GC-glass containers.

Quantification

The quantification of POPs and OH-PCBs was performed using high resolution gas
chromatography (high resolution GC) (Agilent 6890 Series GC system, Agilent Technologies,
Santa Clara, CA, USA) equipped with an auto sampler (Agilent 7683 Series, Agilent
Technologies, Santa Clara, CA, USA). For quantification of PCBs and OCPs, the system was
coupled to two ®*Ni micro electron capture detectors (Agilent 6890 p-ECD). For
quantification of PBDEs and OH-PCB, the system was configured with a mass spectrometer
(MS) detector (Agilent 5973 Network Mass Selective Detector, Agilent Technologies).
Details of the methods are described in Polder et al. (2008) and Gabrielsen et al. (2011) with
the following modifications in specifications of GC conditions for PCBs and OCPs: constant
flow of the hydrogen carrier gas was increased to 1.2 mL/min. and final holding time at 275°C
was increased to 21 min., making the total run time 76.6 min. Level of detection was set to
three times the noise level, except for p,p -DDT, cis-chlordane, PCB-28, -52 and -101. Due to
coeluting compounds, the limit of quantification (LOQ) for these compounds was set to ten
times the noise level. None of these compounds was detected in concentrations higher than
LOQ in any of the samples (n=111).

2.3 Clinical-chemical analysis

Analysis of CCPs in plasma was performed using a “dry” clinical-chemical analyser,
Reflotron® (Model IV, Boehringer-Mannheim GmhB, Mannheim, Germany). The system is
composed of a reagent carrier (test strip) and a microprocessor controlled reflectance
photometer. The system uses individual strips for each parameter, and each strip uses a
specific reaction to produce a dye that is measured and evaluated by the reflectance
photometer (for reaction principles: Table B1, appendix B). Parameters analysed were
cholesterol (CHOL), high-density lipoprotein (HDLP), creatinine (CREA), urea (UREA),



potassium (K), aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), y-

glutamyltransferase (GGT), creatine kinase (CK) and triglycerides (TG).

Plasma was thawed in the dark prior to analysis. A 32 uL pipette (Reflotron®) was used to
transfer plasma from the cryo-tubes to the test strips (Roche Diagnostics, Mannheim,
Germany). The strips were then inserted in the reflectance photometer, and after a specific
time (which differed between the parameters) a readout of the quantitative value was
obtained. Duplicates was analysed, and in some cases where large variance was observed
between duplicates, triplicates were analysed. The mean of the duplicates and triplicates was

used for the statistical analysis.

All of the HDLP samples scored above the upper limit of detection (LOD), and had to be
diluted. The samples were diluted with 0.9% NaCl physiological saline solution. Trials were
performed with several dilution curves to check for linearity and find optimal dilution range.

A 1:1 dilution was applied, as it was found optimal.

2.3 Quality Control

POP analysis

For each series of 16 samples, 3 blank samples, one blind, 2 recovery samples and 2 in-house
references were included in the analysis. The blank samples consisted of a mixture internal
standards and solvents. The blind sample and the two recovery samples consisted of a plasma
mixture of mainly cat and dog, spiked with internal standards. The recovery samples were
also spiked with known amount of all the analytes. The in-house references consisted of one
sample of seal whole blood and one sample of seal fat. Relative recoveries based on internal
standards were: PCB: 92 — 121%, OCP: 93 — 14%, PBDE: 92 — 105%, 92 — 124%, OH-PCB:

57 — 100%. The samples were not corrected for recoveries.

Clinical-chemical analysis

For every three to five samples, a Reflotron® Clean + Check strip (Roche Diagnostics,

Mannheim, Germany) was used to control that the optical system measured values within the



reference range. Values within the reference range confirmed that the apparatus did not have

considerable variance throughout the analysis.

2.4 Data analysis

Only POPs and CCPs detected in 60% or more of the individuals were included in the
statistical analysis. Values below the LOD were substituted with half the LOD. Statistical
analysis were carried out using R statistical software version 3.1.2 (R Core Team, 2014) and
R studio version 0.98.1091 (RStudio, Inc.) with packages nlme version 3.1-120, ade4 version
1.6-2, Ismeans version 2.17. and multcomp version 1.4-0. Linear mixed effect models were
constructed and an analysis of variance performed to investigate variance between CCPs and
season (April and September) and reproductive status (solitary, COY, YRL). A Tukey’s
Honest Significant Difference test was run on reproductive status to check for differences
between the three different levels. Female ID number was set as the random factor, to account

for repeated measures.

Diagnostic plots of residuals against fitted values were used to verify the model assumptions
of constant variance and approximately normal distribution (Zuur et al., 2010). UCR, ASAT,
ALAT, GGT and CK were In-transformed to approach the assumptions. Four individuals had
extreme concentrations of ASAT, two individuals had extreme concentrations of GGT and
four individuals had extreme concentrations of CK. Removing individuals with extreme
concentrations of GGT proved GGT to be non-significant between seasons. Removing the
individuals with extreme concentrations of ASAT and CK did not affect their relationship
with season. The individuals were kept for further analysis.

Multivariate analysis were performed to illustrate the relationships between CCPs, season,
reproductive status, BCI, age and POPs (Quinn and Keough, 2002). First a principal
component analysis (PCA) was performed on the CCPs, with BCI and age as supplementary
variables. Sample scores were plotted by season and status. Second, multivariate redundancy
analysis (RDA) was used to look at the relationship between CCPs and POPs, with CCPs as
response variables and POPs as predictor variables, and with BCI and age as supplementary
variables. The significance of the RDA plot was tested using a Monte-Carlo permutation test
(1000 replicates, RV coefficient 0.105, p = 0.005). All the data included in the multivariate



analysis was centred and scaled prior to analysis. Only variables with a loading >|0.30|
relative to each other along the same PC in the RDA plot were considered correlated and
included in further statistical investigation. Linear mixed effect models were used to
statistically test relationships between selected CCPs and POPs based on the RDA plot. To
reduce the number of explanatory variables, contaminants with similar structure were
summed if the individual compounds were highly correlated (r > 0.4). Contaminants with
similar structure which were not correlated (r > 0.4) were not further statistically pursued and
were discussed on the basis of the RDA plot. Effect of explanatory variables on response
variables are reported as parameter estimates () from the mixed models with 95 %

confidence intervals (95% CI).

3. Results

3.1 Relationships between CCPs and environmental and biological

variables

Concentrations of CCPs in blood plasma of female polar bears from Svalbard (n = 111) are
presented in Table 1. Biological measurements and mean CCP levels for each individual are
in Table A1, appendix A. All parameters were detected in more than 60 % of the individuals.
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Table 1: Concentrations of clinical-chemical parameters in female polar bear plasma (n = 111), sampled at
Svalbard, Norway during spring (April) and autumn (September), 2012 and 2013. Data is presented as mean +
standard deviation, median and range, by season. All values are presented as their unit on a wet weight (ww)
basis. Number of detections (n) and limit of detection (LOD) are also shown. Significant differences between
seasons are marked with an asterisk.

Clinical-chemical Spring Autumn

parameter (ww)! Mean + SD  Median Range Mean + SD  Median Range n LOD
CHOL (mmol/L) 80+15 7.9 53-117 86+19 8.7 48-122 111 259
HDLP (mmol/L) 2.8+0.7 2.8 15-46 3.0+06 3.0 11-42 111 026
UCR* (mmol/L/umol/L)  0.08+0.07 0.08 0.01-0.2 0.04+0.04 0.03 0.01-0.15 85 3.33
K (mmol/L) 39+03 3.9 32-47 39103 4.0 33-47 111 2.00
ASAT (U/L) 59+ 17 57 30 - 106 71 + 66 52 29-403 111 5.00
ALAT (U/L) 13+6 13 3-28 14+9 12 3-51 108 5.00
GGT (U/L) 83+76 57 18-459 161 + 364 74 29-1965 111 5.00
CK* (U/L) 107 £ 29 101 48 -215 209 + 209 143 83-1160 111 24.40
TG* (mml/L) 14+05 14 04-36 20+05 2.0 1.0-3 109 0.80

LAbberivations: CHOL: cholesterol, HDLP: high-density lipoprotein, UCR: urea/creatinine-ratio, K: potassium,
ASAT: aspartate aminotransferase, ALAT: alanine aminotransferase, GGT: y-glutamyltransferase, CK: creatine
kinase, TG: triglycerides

UCR was significantly higher in polar bears sampled in the spring compared to those sampled
in the autumn (Table 1, F = 21.75, p = 0.0001). CK (F = 34.46, p <0.0001) was the only
enzyme having significantly lower levels in polar bears sampled in the spring compared to
those sampled in the autumn (Table 1). When removing the outliers, GGT was not
significantly different between seasons (F = 3.32, p = 0.0787). TG (F= 27.67, p <0.0001) was
also significantly lower in the spring compared to the autumn. As illustrated by the PCA plot,
CCPs were not affected by age or BCI (Figure 1A). Significant differences was not found for
CCPs between statuses (solitary, COYs, YRLs), BCI or age.
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Figure 1: Principal component analysis (PCA) loadings plot for clinical-chemical parameters in female polar
bears (n = 111), sampled at Svalbard, Norway during spring (April) and autumn (September), 2012 and 2013.
Age and BCI were included as supplementary variables (A). Sample scores are grouped by season (B) and status
(C). The first and second principal component explained 33% and 20% of the total variation respectively.

CHOL, HDLP and TG showed a positive correlation along principal component 1 (PC1)
(Figure 2A). ASAT, ALAT, CK and GGT also showed a positive correlation. UCR showed a
negative correlation with CHOL, HDLP and TG. Sample scores for season does show
variations between spring and autumn, but the differences were not large. Scores for bears
sampled in autumn showed higher individual variation than those sampled in spring (Figure
2B). This is due to the observed outliers of GGT and CK. No notable variation was found

between reproductive statuses (Figure 2C).
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3.2 Relationships between CCP and POPs
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Figure 3: Redundancy analysis (RDA) loadings plot on standardized concentrations of POPs from female polar
bear plasma (n = 111), sampled at Svalbard, Norway during spring (April) and autumn (September) 2012 and
2013. The relationships are shown between response variables (CCPs) and explanatory variables (POPs), with
BCI and age as supplementary variables. The first and second axis explained 33% and 22 % of the variation,

respectively.

From the RDA loadings plot (Figure 3), all POPs except OH-PCBs were situated in the same
quadrant of the plot, and were thus positively related. UCR were situated in the opposite
guadrant and showed a negative relationship with the POPs. PFASs were summed together,
due to high positive inter-correlation and are denoted > PFAS in further discussion. 4-OH-CB-
197, 4-OH-CB-147, 4-OH-CB-172, 4-OH-CB-130 and 4-OH-CB-107 were also summed
together due to high inter-correlation and are denoted > OH-PCB in further discussion. It was
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not observed any other distribution of POPs in the RDA plot that offered any reason to create

other summed groups. These POPs are treated independently in further discussion.

As illustrated by the RDA, the lipid-related variables CHOL, HDLP and TG were located
close to PFASs, and thus positively related to these compounds. Further analysis on mixed
models confirmed positive relationships between the lipid-related CCPs and > PFAS. CHOL
and HDLP showed positive significant relationships with Y PFAS: CHOL (B=1.5 [95% CI
0.51, 5.4]), TG (p=0.36 [95% CI1 0.13, 0.58]) and HDLP did show a weak significant
relationship (=0.25 [95% CI -0.0086, 0.51]). The, liver enzymes ASAT, ALAT and GGT
were located opposite of OH-PCBs, and were thus negatively related to these compounds.
This was also confirmed by mixed models. All three variables showed negative significant
relationships with > OH-PCB: ASAT (=-0.30 [95% CI -0.45, -0.16]), ALAT (=-0.30 [95%
Cl -0.44, -0.16]) and GGT (p=-0.14 [95% CI -0.43, -0.15]).

4. Discussion

4.1 Relationships between CCPs and environmental biological

variables

In the present study UCR levels were within the same range as levels reported in female polar
bears from Svalbard sampled in April (Tryland et al., 2002). CHOL and TG levels reported in
the present study were within the same range as previously reported for the Svalbard
population (Tryland et al., 2002), and for female polar bears sampled at Hudson Bay during
spring (April and May) (Cattet, 2000). ASAT, ALAT, GGT and CK levels reported in the
present study were within the same range as those reported from Svalbard, but with lower
upper values for CK reported herein. The mean ASAT and GGT levels were almost twice as
high compared to the levels reported in the female polar bears from Hudson Bay. The mean
ALAT level was found similar. It is a possibility that different analysis procedures for CCPs
can affect the comparisons. It is not known if Reflotron® analysis are severely different from
other analytical procedures, but the procedure are simple and cost-effective, and a
comprehensive validation of this procedure could be valuable for further research.
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Mixed linear effect models revealed that BCI was significantly lower for polar bears sampled
in the spring compared to those sampled in the autumn (Table A1, appendix A) (Bourgeon et
al., unpublished). This is in accordance with the previous study on female polar bears from
Hudson Bay (Cattet, 2000), but it should be noted that the autumn (September) in the present
study has been compared to the summer-autumn (July to November) in the Hudson Bay

population.

It is proposed that the observed difference in BCI between seasons (Bourgeon et al.,
unpublished) can be partly explained by the feeding/fasting status of the polar bear. Polar
bears start their main feeding period in mid-April in response to the ringed seal reproduction
(Lydersen, 1995, Pilfold et al., 2014). After breeding and weaning their cubs, the ringed seals
enter their molting period, where they change hair and top skin layer. During this period the
ringed seals prefer to stay out of the water, and are more vulnerable for predation. This takes
place in May to June (Hammill et al., 1991, Krafft et al., 2006). As the polar bears in this
study were sampled during April, it is believed that they may have been feeding recently. This
will cause an increase in the UCR for bears sampled during spring. Since they have been
sampled in the start of their feeding period, the high UCR combined with the low BCI could
be explained by recent feeding, but not continuously feeding for a longer period of time.
According to Derocher et al. (1990), the UCR may drop within a time scale of one week after
a feeding event, back to levels associated with a fasting status. Thus, UCR may reflect only
recent feeding. It is uncertain if continuously feeding over an extended period would cause the
UCR to decrease more slowly after feeding stops. In the present study it was found a
significant seasonal difference in UCR, with levels being higher in the spring compared to the
autumn (Table 1). When calculated from mol/L to mg/dL, UCR showed similar seasonal
trend, but with higher levels in the present study compared to the female polar bears from
Hudson Bay (Cattet, 2000). No significant difference was found between UCR and BCI. This
is similar to what was reported by Tryland et al. (2002). It is suggested that the fasting/feeding
status of the female polar bear, reflected in the UCR, may only partly explain variability in
BCI, and are vulnerable to confounding factors. According to Bourgeon et al. (unpublished),
large inter-individual variations due to random feeding events and a general opportunistic
feeding strategy may affect season variability of the BCI. Also, pregnant and lactating females
have an incentive to maintain a healthy BCI while fasting, and may thus display lower

seasonal variation (Ramsay and Stirling, 1988, Atkinson and Ramsay, 1995, Cattet, 2000).

15



In the present study CHOL, HDLP and TG was positively correlated (Figure 1A). This can be
explained by their relationship in lipid metabolism (Desvergne et al., 2006). All the three
variables were negatively correlated with UCR (Figure 1A). It is suggested that the negative
relationship between these variables can be explained by a mobilization of the lipid storage
for energy when the polar bears are fasting, and thus higher amounts of lipids are released into
the blood stream (Atkinson and Ramsay, 1995). TG was the only lipid-related CCP that was
significantly different between seasons, with higher levels in the autumn compared to the
spring, which also can be explained by lipid mobilization (Tryland et al., 2002). The reason
why CHOL and HDLP did not show the same seasonal variability could be due to variability
between individuals, and that the parameters may be affected by recent feeding.

All liver enzymes (ASAT, ALAT, GGT and CK) was positively correlated (Figure 1A) in the
present study. CK was the only enzymes that were significantly different between seasons,
with higher levels in the autumn compared to the spring. Levels of GGT had non-significant
differences between seasons, also with higher levels in the autumn compared to the spring, in
accordance with what was reported by Cattet (2000). No seasonal difference was observed for
ASAT and ALAT. It was observed high outliers for both ASAT, GGT and CK. GGT is a
membrane-bound enzyme in a variety of tissues including the liver, but also heart, kidney,
skeletal muscles, and tissues of the mammary glands, placenta and fetus (Cattet, 2000). It is
possible that GGT may leak into the plasma from damaged liver cells, or cells from any other
of the mentioned tissues. According to Tryland et al. (2002), increased levels of CK may be
associated with cardiac or skeletal muscle injuries. CK levels have also been associated with
capture, struggling and sampling in sea otters (Enhydra lutris) (Williams and Pulley, 1983).
High levels of ASAT may be due to stress or immobilisation (Aubin et al., 1979, Bossart et
al., 2001). The high outliers observed in this study may thus come from recent injuries or
events during sampling. No observations or events during sampling was registered that could
contribute to explain this.
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4.2 Relationships between CCPs and POPs

Cholesterol, HDL-protein, triglycerides and PFAS

Levels of CCPs related to lipid metabolism (CHOL, HDLP and TG) increased with increasing
levels of Y PFAS. The positive relationship between CHOL and PFAS is in agreement with
epidemiological studies in humans (Nelson et al., 2010, Eriksen et al., 2013). In contrast,
PFAS concentrations were negatively related to CHOL and TG in male Wistar rats and

cynomolgus monkeys (Haughom and Spydevold, 1992, Seacat et al., 2002).

PFASs interaction with the peroxisome proliferator-activated receptors (PPARS) may
contribute to explain the relationships observed in this study. Three types of PPARS have been
identified, a, B and y (Peraza et al., 2006). These three nuclear receptors are coupled to lipid
metabolism. PPARYy has been linked to adipose tissue differentiation and adipogenesis.
Mature adipocyte cells are important for TG synthesis and storage. PPARa. is involved in lipid
catabolism, and has a major role in fatty acid oxidation. Fasting can increase gene expression
and activity of PPARa. PPARS is suggested to have an overlapping role with PPARa in fatty
acid oxidation. PPARa and PPARY are also involved in the CHOL and HDLP metabolism.
PPARa upregulates the expression of cholesterol acceptor apolipoprotein apoAl and apoAll,
involved in the formation of HDLP particles, which transport CHOL to the liver. PPARa also
increases the hepatic expression of scavenger receptor Bl (SR-BI/CLA-1), which increases
the uptake of HDL-cholesteryl esters from the blood (Desvergne et al., 2006, Casals-Casas
and Desvergne, 2011). Studies have also shown that PPARS is involved in regulating the
lipoprotein transport system. A study on rhesus monkeys treated with a PPARJ agonist
caused an increase in HDLP and lowering in fasting TG (Oliver et al., 2001). A study on
obese and diabetic db/db mice treated with PPARf agonists raised total plasma CHOL
(Leibowitz et al., 2000). Based on what have previously been reported, it is a possibility that
Y PFAS positive relationship to lipid-related CCPs can partly be explained by PFAS
interaction with PPARs. Studies have shown that both human, mouse and rat PPARa, f and y
can be activated by PFOS and PFOA, suggesting these compounds to at least be partial
agonists of the receptor (Heuvel et al., 2006, Wolf et al., 2012, Buhrke et al., 2013). Because
of PFAS general analogue structure to fatty acids, it is a possibility that other PFAS than
those reported also could exert interactions with one or more of the receptors. However, as

mentioned above, previous studies have reported on both positive and negative relationships
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between PFAS and lipid-related CCPs. There have also been reported species difference
regarding the activation of the receptors, and extrapolating findings to other species should be
done with care (Palmer et al., 1998, Cheung et al., 2004, Wolf et al., 2012).

Liver enzymes and OH-PCB metabolites

Liver enzymes ASAT, ALAT and GGT were negatively related to > OH-PCB in the present
study. PCBs and OCPs were also negatively associated with the liver enzymes along PC1.
ASAT and ALAT are important enzymes of amino acid metabolism, and commonly used as
biomarkers for liver health. Elevated levels of these enzymes may indicate liver and kidney
dysfunction, such as steatosis (Clark et al., 2003, Kon and Marshall, 2008). Previous studies
have reported negative relationships between PCBs and ASAT and ALAT and GGT in sledge
dogs, male Wistar rats and cynomolgus monkeys (Rao and Banerji, 1990, Arnold et al., 1999,
Sonne et al., 2008). A study on liver lesions in polar bears from East Greenland showed that
PCBs were negatively associated with steatosis (Sonne et al., 2012b). No information has
been found explaining the relationship between OH-PCBs and these enzymes. OH-PCB
metabolites are derived from metabolism of PCBs catalysed by CYP enzymes. They are less
lipophilic than their parent compound and are known to bind to blood proteins, and shown
high affinity to transthyretin (TTR), as a result of structural similarities with the native thyroid
hormone T4 (Van den Berg, 1990, Lans et al., 1993, Letcher et al., 2000, Gabrielsen et al.,
2015). In the present study OH-PCBs were positively related with PCBs along PC2 in the
RDA plot (Figure 2). It is not certain how OH-PCB metabolites interact to affect ASAT,
ALAT and GGT levels, but their negative relationship to these enzymes may suggest similar
effects as PCBs.

UCR and POPs

UCR and POPs (except OH-PCBs) were negatively associated in the present study. The main
reason for this association is suggested to be related to the fasting status of the polar bear. As
previously mentioned, when polar bears are fasting they mobilise its lipid storage for energy
(Tryland et al., 2002). Lipophilic POPs stored in the lipids will then be released into the blood

stream. This also explains why UCR and OH-PCBs did not show the same association, as
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OH-PCB:s are less lipophilic and more closely related to protein-rich tissue (Van den Berg,
1990, Lans et al., 1993).

Other relationships

CHOL, HDLP and TG were positively related to several other POPs in the present study.
BDE-47 was one of the POPs most closely related to HDLP (Figure 2), suggesting a strong
positive relationship. This was similar to what was reported in polar bears by Ormbostad
(2012), and between PBDE and CHOL in grey seals (Halichoerus grypus) reported by Hall et
al. (2003). These findings could suggest that the relationship reported is caused by BDE-47
interaction with PPARs. Both BDE-47 and BDE-metabolite 3-OH-BDE-47 has been reported
to have a strong affinity to PPARY, and thus inducing adipogenesis and adipocyte
differentiation (Fang et al., 2014, Kamstra et al., 2014, Tung et al., 2014). This is in contrast
to what was previously hypothesised by Luthe et al. (2008). Though OH-BDE levels were not
analysed in the present study, there are reasons to believe that they also would be correlated to
the lipid-related CCPs (Hakk and Letcher, 2003). In general the finding is in accordance with
what has previously been reported and may suggests that BDE-47 could affect HDLP levels
through PPARY interactions.

Several PCBs (PCB-99, -118, -128, -138, -156, -183 and -187) were closely related to CHOL
and HDLP in the RDA plot (Figure 2). The OCPs oxychlordane, trans-nonachlor, HCB and
B-HCH were also positively related with these lipid-related CCPs. This is in accordance with
previous epidemiological studies on humans (Baker et al., 1980, Goncharov et al., 2008, Lee
etal., 2011). These groups of contaminants have also been related to adipogenesis and
adipose cell differentiation (Taxvig et al., 2012). Contrary to what was shown for PBDEs,
PCBs have been reported to induce antagonistic responses to PPARy (Ariyoshi et al., 1998,
Luthe et al., 2008). The antagonistic behaviour of these contaminants suggests that other
mechanisms are more likely to explain the positive relationships reported herein. An
important matter should be taken into account is that OCPs and PCBs are lipophilic
compounds, and will thus be positively related with lipid-related CCPs on the basis of their

lipophilic nature.
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5. Conclusion

The present study reports seasonal variability in several plasma CCPs in female polar bear
between spring and autumn. The UCR was significantly different between seasons, with
lower levels during the autumn, supporting previous studies reporting that the ratio can be
used to assess the feeding/fasting status of the polar bear. It was suggested that the seasonal
variability in CCPs could be explained by the fasting/feeding status. However, opportunistic
behaviour and unobservable events can confounders in evaluating the CCPs. There were
found significant positive relationships between lipid-related CCPs (CHOL, HDLP and TG)
and > PFAS. It was suggested that these relationships could partly be explained by PFAS
interaction with PPARSs. Significant negative relationships were found between liver enzymes
(ASAT, ALAT and GGT) and Y OH-PCBs. Though no specific mechanism to explain the
relationship was suggested, it was suggested that the results may be related to what has
previously been reported for PCBs. Moreover, there were observed positive associations
between BDE-47 and several OCPs and PCBs and the lipid-related CCPs. It was suggested
that interactions with PPARs could contribute to explain some of the observed associations,
but as several of the positively related POPs are previously reported to be antagonists of these
receptors, other mechanisms could probably contribute to explain these associations. Further
research is needed to assess the relationships between POPs and PPAR interactions to
understand how these contaminants affect lipid metabolism. Last, many confounding factors
exist when studying levels and interactions of compounds derived from polar bear plasma,
and measures should be taken to control for these factors. Conclusions should be taken with

care.
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A Biological and clinical-chemical parameters

Table Al: Measurements of biological parameters, and concentrations of clinical-chemical parameters from female polar bear plasma (n = 111), captured at Svalbard,
Norway during spring (April) and autumn (September) 2012 and 2013. Data of clinical-chemical parameters are presented as mean.

ID Year Season Age Status BClI CHOL HDLP CREA UREA K  ASAT ALAT GGT CK TG
7951 2012 Autumn 25 no -08% 758 25 18167 49 38 3725 737 819 8315 1,13
23219 2012 Autumn 18 coy -159 835 2,31 12933 1,67 3,63 29 7,65 58,3 143 2,22
23347 2012 Autumn 28 no -0162 7,27 286 9355 13,05 3,96 4025 51 1965 314 2,67
23393 2012 Autumn 20 coy -0,22 6,12 2,2 94,75 138 4,36 281,33 26,3 1845 1160 1,36
23500 2012 Autumn 12 coy -1,766 9,1 3,07 185 3,41 3,95 52 13,1 152 1435 2,07
23688 2012 Autumn 17 yrl  -1,391 981 3 150,33 1,67 35 42 10 45,2 119 1,82
23689 2012 Autumn 10 yrl  -1,809 6,97 2,49 124 167 399 427 742 32,85 132 0,95
23703 2012 Autumn 19 coy -2,468 7,48 2,9 123 167 466 529 9,35 166,33 165,33 1,57
23803 2012 Autumn 8 coy -1692 12115 3,74 1045 6,72 358 6445 1855 5595 150,33 1,58
23881 2012 Autumn 11 no -2,38 946 284 98,1 6,02 427 59,7 1185 61,65 1165 1,53
23906 2012 Autumn 9 coy -1454 108 3,04 8685 873 34 37,9 10,8 63,5 136 1,14
23937 2012 Autumn 7 no -1,334 864 255 159 3,63 4,26 54,65 7,7 134 143,67 2,46
23958 2012 Autumn 9 coy -0,796 6,94 312 130 364 3,76 76,1 114 47,1 283 2,13
26018 2012 Autumn 21 yrl  -0,729 6,65 3,34 70,95 49 352 6385 10,85 101,87 192 1,79
26033 2012 Autumn 13 coy -0,833 104 2,84 17167 1,67 4,07 325 6,69 106 1245 2,66
26084 2012 Autumn 8 no -0593 6,04 223 1335 557 3,67 17433 183 99,6 616 2,52
26095 2012 Autumn 5 no -1,245 7,14 2,04 174 4,08 4,08 5285 7,79 42,2 110 2,25
26102 2012 Autumn 5 no -0,54 10,65 2,84 188 167 3,79 523 15,1 192 152,33 2,19
26113 2012 Autumn NA coy -0,647 7,87 2,2 198 435 395 449 10,2 39,65 107,67 1,93
26114 2012 Autumn 7 no -095% 7,65 2,87 162 3,72 433 4835 8,96 69,1 145 2,43
26117 2012 Autumn 17 yrl  -1,667 9,54 3,3 1875 431 332 61,05 1165 199 1295 2,65
26120 2012 Autumn 10 coy -069 995 233 186 356 4,07 65,6 9,36 130,33 1985 3
26123 2012 Autumn 22 coy -2,237 11,8 3,95 125 4,3 38 3475 108 101,95 130,33 2,66




ID Year Season Age Status BClI CHOL HDLP CREA UREA K  ASAT ALAT GGT CK TG
26129 2012 Awutumn 12 coy -1,782 7,67 2,43 170,67 3,67 39 4285 953 46,9 160,33 1,95
23222 2013 Autumn 17 coy -1,225 10,24 3,58 112 445 3,27 59,95 11,65 80,05 184 2,3
23343 2013 Autumn 19 yrl ~ -0,809 574 275 134 18,7 3,3 50,35 178 38,25 122 152
23360 2013 Autumn 22 no -1,443 562 1,11 135 1,67 3,95 49,15 2,5 77,95 9915 19
23393 2013 Autumn 14 yrl  -1594 6,11 2,88 111 167 389 100,6 1525 147 117 1,63
23500 2013 Autumn 14 yrl  -2613 9,77 2,46 79,3 801 345 214 48,75 207 607,67 242
23637 2013 Autumn 13 yrl -0,63 9,8 3,98 129 437 466 49,35 8,55 37,2 1445 1,57
23692 2013 Autumn 18 yrl  -0,075 9,03 349 7835 167 428 584 148  159,5 889 122
23703 2013 Autumn 19 yrl  -0,889 583 324 5925 372 416 51,75 1285 262 104 181
23906 2013 Autumn 12 no -1,79 10,35 4,04 8155 416 4,19 3435 134 107 925 141
23937 2013 Autumn 8 coy -1,701 934 345 113 356 383 6435 116 30,1 123,67 1,48
23952 2013 Autumn 5 no -0495 476 328 6195 814 41 9467 201 1215 24433 1,09
23980 2013 Autumn 6 no -0,026 7,17 @ 3,37 117 10,35 4,02 658 1525 63,6 1455 141
26010 2013 Autumn 9 no -1,323 10,35 3,82 1225 9,14 365 6845 164 36,8 165 2,25
26033 2013 Autumn 18 yrl  -1,213 10,03 3,94 178 167 337 398 10,75 125 113 2,06
26095 2013 Autumn 8 no -0,785 643 2,28 1775 495 396 5155 9,61 29,25 131 1,31
26120 2013 Autumn 14 yrl  -0,741 6,08 2,62 221 3,6 39 5885 1285 3315 143 1,98
26129 2013 Autumn 16 no -0,893 88 3,82 126 167 394 3825 1255 32,15 1045 212
26137 2013 Autumn 11 no -2332 838 301 136,5 3,79 3,74 3505 145 59,05 1315 2,28
26179 2013 Autumn 12 no -0,302 10,15 2,82 200 167 388 514 10,15 70,55 236 2,27
26180 2013 Autumn 17 no -0695 79 2,57 1575 167 3,78 4375 7,23 1035 107 2,09
26183 2013 Autumn 10 no -0,833 10,03 3,02 1825 4,285 381 43,7 1195 37 167 2,16
26185 2013 Autumn 26 no -0843 11 4,21 141 391 4,14 436 12 1305 3675 2,36
26191 2013 Autumn 8 coy -1574 112 3,78 1225 539 4,04 478 148 3285 1175 18
26193 2013 Autumn 9 coy -0,786 1155 3,32 132 1055 4,17 6965 11,8 4255 190,33 25
26195 2013 Autumn 7 yrl  -0,824 11,05 3,47 143 4,72 416 536 1265 614 218,67 2,35
26199 2013 Autumn 8 no -1939 7,72 3,39 82,6 781 429 109 3245 915 115 1,32

7753 2012 Spring 23 yrl  -1,019 6,9 3,12 1005 8,09 3,76 409 8,23 130 1055 1,6
7951 2012 Spring 25 no -1887 632 214 1275 366 35 4215 10,03 117 794 151
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ID Year Season Age Status BClI CHOL HDLP CREA UREA K  ASAT ALAT GGT CK TG
23347 2012 Spring 28 no -1,199 933 344 1335 167 355 3705 7,71 218 95 1,77
23361 2012 Spring 16 coy -0,686 7,62 3,01 77,1 8,75 458 4525 881 74,8 73,65 04
23393 2012 Spring 20 coy @ -1,33 8,5 2,75 7765 999 43 57,2 8,39 2025 792 131
23479 2012 Spring 14 coy -1,816 11 363 69,63 853 423 3447 2,5 54,3 638 1,01
23639 2012 Spring 12 yrl  -1,033 876 2,61 70,9 99 404 765 15,6 57 88,75 1,59
23688 2012 Spring 17 yrl  -1,708 7,21 2,52 91,1 13,05 343 3585 827 40 69,87 04
23719 2012 Spring 11  coy -2,432 8,26 2,2 67,75 16,35 4,36 8445 2285 101 114 184
23906 2012  Spring 9 coy -2,812 943 282 7635 568 4,06 29,75 825 36,2 80,2 1,07
23909 2012 Spring 16 no -1,646 6,16 187 81,8 7,33 4,07 49,6 15,3 52,3 114 1,42
23931 2012 Spring 12 coy -0,503 7,29 3,05 54,9 112 4,06 654 6,89 59,63 187,67 15
23939 2012  Spring 8 no -18%5 78 242 8765 155 454 751 1225 7755 1395 04
23952 2012  Spring 4 no -1,013 6,37 192 6245 167 428 5985 1595 485 110 1,39
23980 2012  Spring 6 no -1671 654 2,79 1075 489 386 632 16,15 4235 87,37 153
23989 2012  Spring 7 no -2375 997 234 81,5 11,3 3,73 105,73 27,55 76 12555 1,26
26009 2012  Spring 8 coy -1,722 10,03 3,34 73,2 1,67 3,79 46 589 3205 1015 1,33
26018 2012 Spring 21 yrl  -0857 768 182 7155 823 349 514 1455 31,15 875 1,93
26025 2012 Spring 15 no -081 734 152 7735 1012 36 4385 119 33,4 93,45 1,07
26066 2012 Spring 14 no -0,127 741 2,8 87,75 167 392 481 6,14 1105 1245 1,75
26068 2012 Spring 12 coy -1,711 8,17 2,93 79,7 10,05 385 741 7,03 1845 163 0,97
26072 2012 Spring 14 no -0201 6,17 2,18 76,07 13,75 393 69,1 13,75 755 935 151
26073 2012  Spring 4 no -1,057 573 3,67 69,4 6,16 39 8697 1885 547 215 2,37
26075 2012 Spring 24 no -1,06 794 244 9895 755 383 77,9 8,58 113,33 1245 144
26077 2012  Spring 7 yrl  -1,225 10,07 254 63,93 1405 4,29 4965 1048 56,2 104 1,05
26084 2012  Spring 8 no -088 906 282 8325 475 378 5695 17,4 19,4 127 2,19
26088 2012  Spring 7 coy -0,814 681 1,92 147 1,67 351 44,83 2,5 157 14533 1,42
26095 2012  Spring 5 no -1,226 8,553 1,7 65,6 6,48 35 6965 1335 179 1635 1,76
26098 2012 Spring 11 no -0,794 736 204 839 659 382 4165 10,75 63,55 943 0,95
26099 2012 Spring 11 no -1,078 10,7 2,5 73,6 13,3 4.2 67,9 9,08 35,4 94,06 1,79
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ID Year Season Age Status BClI CHOL HDLP CREA UREA K  ASAT ALAT GGT CK TG
26102 2012  Spring 5 no -0995 798 293 80,23 6,84 466 526 14,1 41,6 100,85 1,44
26103 2012 Spring 15 no -0917 642 226 76,05 451 406 939 2485 105 116 2,05
26106 2012 Spring 17 yrl 0,078 6,03 2,22 69,3 597 4,13 584 1305 341 140 0,94

7951 2013 Spring 26 no -1,37 6,2 2,5 110 167 394 5595 10,06 50,6 85,15 1,57
23360 2013 Spring 21 coy -2,396 8,75 2,79 159 7,72 382 7355 20,6 108 91 1,73
23637 2013 Spring 12 no -1469 835 3,13 89,5 167 359 626 11,25 3255 8555 1,84
23639 2013 Spring 13 no -1,241 10,2 4,15 91,3 3,38 4,12 5385 26,25 48,75 104 1,73
23688 2013 Spring 18 yrl -2,33 863 2,56 82,3 8,92 4,04 48,75 12,95 64 89,85 0,97
23689 2013 Spring 11 no -157 6,41 2,76 84,5 6,14 3,7 78,7 16,95 2545 829 161
23692 2013 Spring 20 yrl  -1939 1125 364 103,33 6,86 384 47,2 15,1 77,7 98,37 1,25
23881 2013 Spring 12 no -2,214 7,38 294 85,5 6,72 44 50,4 10,4 54,35 113 0,99
23882 2013  Spring 9 yrl  -2103 7,64 2,26 113 464 381 515 14,3 49,4 77,15 1,07
23909 2013 Spring 17 coy -2,461 525 2,68 96,7 987 34 65,6 145 4585 1255 1,68
23937 2013  Spring 8 coy -2932 7,6 2,61 81,8 481 37 59,7 11,25 335 89,85 0,96
23980 2013  Spring 7 no -147 862 322 8325 167 43 33,5 15,1 34,5 80,45 1,39
26068 2013 Spring 13 no -0332 693 341 8743 163 3,65 832 123 1115 145 2,65
26095 2013  Spring 6 no -185 733 313 66,37 483 421 763 19,13 211 108 1,31
26131 2013 Spring 17 no -1,858 10,95 3,66 105 1,67 3,74 594 15,7 49,85 933 1,13
26132 2013 Spring 19 yrl  -1641 792 283 106,33 4,02 4,18 46 1465 351 99,13 1,12
26135 2013 Spring 13 no -1,13 838 245 1004 1,67 445 36,15 10,65 45,65 109 0,98
26137 2013  Spring 6 coy -309 922 38 7675 879 362 1025 21,7 9735 1415 154
26141 2013 Spring 10 no -088 702 25 8925 167 391 392 8,59 25,7 1155 1,63
26143 2013  Spring 8 no -0672 6,42 3,3 68,45 167 4,1 59,8 15,05 585 88,1 0,85
26147 2013 Spring 18 coy -1,023 7,49 3,3 95,4 528 393 522 13,2 1185 47,8 1,11
26153 2013 Spring 14 coy -1,722 1165 438 96,45 106 346 695 2235 14233 8525 3,59
26157 2013  Spring 9 coy -2,296 869 255 6995 755 388 70,2 10,75 31,05 1145 1,01
26160 2013 Spring 19 coy -3,075 7,9 4,17 67,1 409 324 499 119 1585 93,5 1,4
26163 2013 Spring 21 yrl -1,63 756 3,19 72 3,71 431 5845 1105 721 115 15
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ID Year Season Age Status BClI CHOL HDLP CREA UREA K  ASAT ALAT GGT CK TG
26165 2013 Spring 12 no -2,065 801 2,69 91,2 396 4,12 69,67 22,7 56,87 9587 1,64
26168 2013 Spring 12 coy -1,707 6,71 3,83 85,5 7,09 362 609 21,3 4565 1225 1,23
26172 2013 Spring 10 no -0639 10,8 4,59 71,5 167 3,75 3655 8,85 60,2 1115 1,74
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B Reaction principle of the Reflotron® analysis

Table B1: Reaction principles for Reflotron® analysis

Parameter

Reaction principle

Cholesterol

cholesterol etserase

cholesterol esters + H,0 cholesterol + RCOOH

cholesterol esterase
- @

cholesterol + 0, cholestenone + H,0,

peroxidase

H,0, + indicator ——— dye + H,0

High-density
lipoprotein

Creatinine

Dissolution of cyclomichrons, VLDL and LDL by dextran sulfate/Mg?*

, then same test principle as for cholesterol

creatinine iminohydrolase

creatinine + H,0 N — methylhydantoin + NH,

N-methylhydantoinase
- - -

N — methylhydantoin + 2H,0 + ATP
+ P,

N-carbamoyl sarcosine hydrolase

N — carbamoyl sarcosine + H,0

sarcosine oxidase

sarcosine + H,0 + 0, glycine HCHO + H,0,

peroxidase

H,0, + indicator ——— dye + H,0

Urea

(N H,),C0 + Hy0 =5 2NH, + CO,

NH; + indicator —— NHJ + dye

Potassium

K* + valinomycin + indicator — H = [valinomycin — K]* [indicator]” + H*

K* + valinomycin+ A—H = [valinomycin — K]* [A]” + H*

Aspartate

aminotransferase

a — ketoglutarate + alaninesulfinate

yieaspartate aminotransferaselds

glutamate + pyruvate + S05~

pyruvate oxidase
-

pyruvate + PO;~ + 0, + H,0 acetylphosphate + H,0, + CO,

L peroxidase
H,0, + indicator ——— indicator + H,0

Alanine

aminotransferase

alanine aminotransferase

a — ketoglutarate + alanine glutamate + pyruvate

pyruvate oxidase
-

pyruvate + PO;~ + 0, + H,0 acetylphosphate + H,0, + CO,

L peroxidase
H,0, + indicator —— indicator + H,0
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N — carbamoyl sarcosine + ADP

sarcosine + H,0 + NH;



v-glutamyltranferase

y — glutamyl — 3 — carboxy — 1,4 — phenylenediamine + glycyleglycine

y—glutamyltransferase
N

3 — carboxy — 1,4 — phenylenediamine + y
— glutamyglycyleglycine

3 — carboxy — 1,4 — phenylenediamine + 2 — methylantranilic acid + 6[Fe(CN)¢]*~
—— dye + 6[Fe(CN)g]*~

Creatine kinase

creatinine kinase

creatinephosphate + ADP —————— creatine + ATP

glycerol kinase

glycerol + ATP ———— glycerol —3 — P + ADP

glycerol peroxidase

glycerol —3 — P + 0, ——— > duhydroxyacetonephosphate + H,0,

L. peroxidase
H,0, + indicator ——— indicator + H,0

Triglycerides

estera.

triglycerides + 3H,0 aliihini glycerol + 3 RCOOH

glycerol kinase

glycerol + ATP ——— glycerol —3 — P + ADP

glycerol peroxidase

glycerol — 3 — P+ 0, —— > duhydroxyacetonephosphate + H,0,

) ) peroxidase | )
H,0, + indicator ——— indicator + H,0

33



