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ABSTRACT

Background: The reference interval(RIs) forthe renal biomarkerurea andreatininein
Greyhound are higher than tise fornonsighthound breed# recent studyhas demonstrateal
higherconcentrabn of another biomarker of renal functiossymmetric dimethylarginine (SDMAJn
Greyhoundicompared to other dog bregdsd thusabreedspecificRI for serum SDMAmay be
appropriate foiGreyhound. Greyhoundsppear to be predispostedrenal diseasandthe
establishment of an appropriate RI 8DMA mayimprovetheability to identify early renal
dysfunctionsinsthis breed.

Objectives: The aimof this studywasto establistanRI for serum SDMAIn nonracingGreyhoung

andto determine whether thRel for Greyhound is different fromthat ofnon-sighthoundoreeds.

Methods: Blood samples wereollected froml01 clinically healthy, nonracingGreyhound for
serum SDMAmeasuremest Resultsfrom Greyhound were comparewith serum SDMA
concentrations measured ig@up of norsighthounddogs (n=24) of similar weight, ageandsex
andwith a previously established caniserum SDMARI.

Results: Theserum SDMARI for Greyhound was6.3-19.9ug/dL (0.3-0.99umol/L). Greyhounds
hada significantlyhigher mean valugl3.1 pg/dL)Ythanthatof the nonsighthounddogs(10.2 pg/dL)
(P <0.001) and the RI ofsreyhound wasdifferent frompreviouslyestablished caningls for
SDMA.

Conclusion:_Thisstudysupports the use afGreyhoundspecificRI for SDMA. Usingpreviously
established canirRIsfor this breednay result in the ovediagnosis of renal disease.
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INTRODUCTION

Symmetric dimethylarginingSDMA) is released into cell cytoplasm following thranuclear
methylation otthe amino acidrginine Proteins carrying SDMA are involved DNA repair, protein
translocationand signal transduction, and the degradation of these methylated pleddm#o free
SDMA in the serunt In both veterinary and human mediciS®MA is usedas a biomarker to assess
glomerular filtration rateGFR) sinceit appearso beeliminatedexclusivelyby the kidneg?® Studies
have demonstrated a strong correlation between SDMAS&RIand suggedhat measurement of
SDMA may.bemore sensitivén the diagnosis of canirrenal diseaseomparedo serum creatinine
(SCn*’ An SDMA assaybased oriquid chromatographynass spectromett. C-MS) has been
validated«foruse indogs and areference intervalRl) of 6-13ug/dLhas been establishédm 122
dogs™® IDEXX laboratories have since released a commeirmiaunoassay for SDMAhatshows
excellent carrelation withC-MS and has become widely adopfe@urrently,the IDEXX
immunoassagdultcanine SDMARI is 0-14ug/dL

Several veterinary studies have shown tidike SCr, serum SDMAconcentratiordoesnot depend
on lean body massuggesting thahegeneric canin&DMA RI should be applicable for all
breeds*Indeed;astudy comparingDMA concentrations betweé@ndifferent breed¢Pointers,
Cairn Teffiersand Cavalier King Charles Spanieisiind no significant dierences™ In contrast,
SDMA concentratioawere sgnificantly higher inGreyhound (n=20)compared to other breeds
(n=20), and"68% ofGreyhound hadan SDMA concentrabn greater thathe upper limit of the

previously.establishecanineRl."

Largerstudies are requirdd confirm thislatterfinding,
particulaty sinceGreyhoundpet ownershias becomeicreasingly populaandwith this comes
greaterowner expectations fdireedspecific veterinarknowledge™ In addition,Greyhound appear
predisposed thypertensionproteinurigand renabtlysfunction and thus there is a need &arly

detection of renal diseagethis breed**®
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The aim of this studyasto establistanRI for serum SDMAconcentratiorin non-racing
Greyhound wsing the commerciBl availableimmunoassay® and compar¢his RIwith serum
SDMA concentrations measuredriansighthounddogs of gnilar weight age, andgex and with

previously established canine RIs

MATERFAESAND METHODS

Populations
This study was approved by The University of Melbourne Animal Experimentatiocs Committee

(ID: 1613906, andall owners gned a consent foriprior to participation

Nonracing@Greyhounddogs(n=149)and norsighthound dogs (n=3%)ereenrolledfrom September
2016 to July20L# All dogs lived in Victoria, AustraliaAfter exclusions were taken into accopihie
final analysis included 10&reyhound and 24 nossighthound dogs. Th@reyhoundpopulationwas
sourced from 35 different owners, which includegrogram that rehomes retired ractiggyhound
(n=40), 3 differentiracing trainers/breeders (n=27), an animal shelter (ndXjrieate dog owners
(n=33). Five dogs from the nesighthound group were sourced from a shelter, and the remainder
were owned by staff, students, or clients at the University of Melbourne Facultyerindey and
Agricultural Sciences. The nesighthound group consisted of the following breeds; mixed breed
(n=9), LabradoRetriever(n=8), Golden Retrieve(n=1), Wirehaired Poirgr (1), GermarShepherd
dog(n=1),Koolie (n=1), BelgianShepherdn=1),Kelpie (n=1), and a GordoBetter(n=1).

Sample collection

Sampling teek:place where the animals were housed, at the University of Melbe\Wetehbspital,

or in public spaces durimdpg walking eventdzree access to water was permitted unless it was
withheld by veterinary staff due to a planned medical or surgical procedyi¢e to neutering
surgery laterthat,day). Each dog was leasltked, allowed to urinate, ardmidstream sample was
collected inte.a clean container. Following urao#iection 3mL of blood were taken from the jugular
vein (or cephaliciif an IV catheter was placed) using a 21G needle (NIPRO Corporation, Osaka,
Japan)and-3ml=syringe (BD, Singape), with 2.5mL placed into a serum separation tube (‘Vacuette
tube’, GreineBio=OneFrickenhausen, Germanand 0.5mL into an EDTA microtube (MiniCollect,

GreinerBio‘OneFrickenhausen, Germany

Inclusion and exclusion criteria

Inclusionscriteria foiGreyhound comprisechealthydogsaged 112 years of anygender or neutering
statuslnclusion-eriteria for th@on-sighthoundpopulation comprisetiealthydogsaged 112 years,
of any breed apart from sighthounasthe weight range of 242kg, and of any gender or neutering
statusHealth status was assesséth histories physical examinatiasn PCV and total solids (TS)

measurement$SCr concentrationgndurinalysesOwners provided information on the health of
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119  each dog within the previous 14 days, including any medical conditiaggical procedures, as
120  well as racingstatusDogs were excluded if they had actively raced or trained within the last 7 days
121  had beeradministerednedicationghatmight interfere withGFRor SCr concentrationsithin the
122  previous 14 days)adeaten in thé& hoursprior to sampling or if afree catchurinesamplecould not
123 be collectedGreyhound were alsaexcluded if they hagtaluesoutside ofGreyhoundspecificRIs
124  established ahe,University of Melbourn&-Vet hospitalfor the following:SCr>170umol/Lwith a
125  urine specific gravityUSG) < 1.03Q PCV< 0.36 L/L; or TS< 48 gL. Similarly, nonsighthounds
126  were exeluded.if.they hachlues outside the canine RI established-&teti SCr >140pmol/L with
127 USG <1.030PCV < 0.37 lIL; or TS < 60 g/LBased orpublishedJSG results in healthy

128  Greyhound“dogsfrom either group were excluded if they had a USG 23r6gardless of SCr
129  Additionally;:degs were excluded if they hgubss hematuriar evidence suggestiva urinary tract
130 infection &5 WBC /high power field (HPFdr bacteriuriajpn urine sediment examination.

131  Analytical metheds

132  Serum tubswerecentrifuged withind hours ofsamplecollection andapproximately 0.8LmL of
133 serum wagplacedsinto an Eppendorf tulfgppendorf AG, Hamburg, Germariyiat was then

134  immediatelyfrozenfor storageat-80°C forup to3 monthsFrozen serum samples weater thawed
135 andsent to IDEXX laboratories for batch analysisSIMA. Theremainingserum wagither

136  immediately,analyedfor SCror refrigeratecand analygedwithin 36 hours of collectioatthe U-Vet

137  hospital’sielinicalspathologiaboratory.

138  Analyzersat bethlaboratories were calibrai@sidirected by the manufacture8€rwas measured
139  usingtheCOBAS INTEGRA 400 plus (Roche Diagnmmst Ltd, Rotkreuz, Switzerlandyith a

140  kinetic colorimetric assapased on the Jaffé methd@CVsweredetermined by centrifugingain
141  microhematoerit'tue (Fronline PTY Ltd., NSW, Australiaiilled with EDTA anticoagulatedvhole
142 blood at14 800y for 5 minutes (Orbital 260 centrifug€lementdNSW, Australig. TS was

143  determinedyrrefractomeaty usingplasmafrom the centrifuged micramatocrit tubes.

144  Routine urinalysis was performed within 6 hours of collegttomL of urine wascentrifugedat
145  210Qyfor 3)minutes The supernatant was uskxt USG, anddipstickanalysisand he sedimenivere

146  examinednicroscopically

147  Statistical Analyses

148  Study data.were collected and managed uRegearch EctronicDataCapture(REDCap)hosted at
149  the Universityzof Melbourné® Statisticalanalysesvas carried ouisingMinitab 17 Statistical

150  Software(Minitab 17 Statistical Software, Minitab Inc., State College, B8A) andMicrosoft Excd
151 2013 for Windows (Microsoft Corp., Redmond, WA, US#ijh Reference Value Advisor v2.1 Add

152 In (freewarev2.1: http://www.biostat.envt.fr/refereneslue-advisor).'® SDMA data were assessed
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153  for compatibility with a normal distributionsing frequency histograms and pratigbplots (or QQ
154  plots) and the mean SDMA and SCr values@eyhoundand norsighthound dogwere compared
155  using an independent samptdsst. The association between SDMA and SCr was assessed using
156  Pearson’s correlation coefficient and a scatterplgé and weight osreyhoundand norsighthound
157 dogswere compared using an independent saniglest The chisquared test was used to car
158 the proportionssef gender and neutering stafuGreyhound and norsighthound dogdn

159  accordance with American Society for Veterinary Clinical Pathology (AS\¢@QRIelines® reference
160 limits and the90%confidence intervals (I8) were determined paramieally. The Tukey and Dixon
161 methodwasused to detect outlier$he Rl comprises the central 95%the fitted distributionyvith
162  90% Ck caleulatecaround the lowef2.5%)and uppef97.5%)limits. Statistical signitance was set
163  atP <0.05 for.allanalyses.

164

165 RESULTS

166  The final analysis included 1@reyhound and 24 noisighthound dogsA total of 48 Greyhound
167 and llnonsighthounddogswereexcluded from the stugiytl due toUSG <1.02510 dueto pyuria,
168 andl Greyhounddue toan increase®Cr with insufficienly concentratedirine Of theremaining
169 dogs 5were excluded dum insufficient sample quantignd2 dogs were excluded as they were

170  subsequently found to have besministered sedativgsior to blood collection

171  Nosignificantdifferences between th&reyhound andthe non-sighthounddogsfor age P=0.34),

172 weight =0:65);;gender proportiond?€0.63), or neutering status proportior3+0.71 for male,

173 P=0.97 for female)were foundTable 1).The SDMA data for both groups showed no significant
174  deviation fram normality®=0.09 forGreyhound, P=0.12 fornonsighthound dogsNo outliers

175  weredetectedwhen using the Dixon or Tukey method. SgramSDMA RI for Greyhound was
176  6.3-19.9ug/dL (0.3-0.99umol/L). The upper end dhis interval was higher than the upper limit of
177  thepublishedeanine RI(6-13ug/dLy’. Themean SDMAconcentratiorior the Greyhoundyroupwas
178  significantlyhigher tharthe mean for thenon-sighthound dogrroup, witha difference between the
179 meanf 2:85ug/dlL (95% Cl = 48, 4.23 P<0.001) Figure ). There were 3Greyhound and4

180  nonsighthoundwdegwith SDMA concentrationkigher than th@ublishedcanineRIP.

181

182  TheGreyhounds had significantly (P<0.001) higheSCrconcentratiortomparedvith the non

183  sighthounddogs (Table 2) There was a significafiut weak correlation between SDMA and SCr
184  concentratior{r= 0.2, P =0.03) in theGreyhoundyroup but notn thenonsighthounddoggroup (r=
185  0.36 P =008) (Figure2).

186
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DISCUSSION

The RI fortheserumSDMA concentration irGreyhound was6.3-19.9ug/dL (0.31-0.99umol/L) and
themeanwassignificantly highercompared wittthat ofa group of norsighthound dogef similar

weight age andsex Theupper endf the GreyhoundRl is higher than the reported caniRéof 6-13
ng/dL (0.30°0.64 umol/L),2 indicaing thatGreyhound require awider serunSDMA RI than dogs of

other breeds.

The causéor.higher SDMA concentrations i@reyhoundis uncertainincreases iserum SDMA
and SCrconeentrationsiave been shown to predictoaver GFR*® It is possible that the GFR of
Greyhound'is,physiologically lower than that ofher breedsand this contributes to higher SDMA
and SCr concentrationsn the current study, GFR was not asses8&#ua publishedstudies have
reportedcontradictory results, witbreyhound having higher, comparabler potentiallylower
GFRsthan other dog breed?® Only small numbes of dogs weressessed in these studies, ata
to differences in methodology, comparisons between stadgedifficult Thus,future studies should
aim to assess GFR in conjunction with SDMAGreyhound.

Compared with other breedsreyhound possess a number of unique hematologic, biocheraial

&>2%and some of these factors could indicate differences in cellular

drug metabolism characteristi
production and.metabolism. Indeedlieased SDM#Aroduction due tan increasedell turnover
ratehas been"a proposed mechanism for higher SDMA concensatiguvenile dogdand could be

a potential mechanism f@reyhounds. Interestingly, increases in SDMA concentration have shown an
associationswith hypertension and endothelial dysfunction in p&bfiend a recent study
demonstrated that the eicosanoidfipecof Greyhound is shifted toward metabolites that promote
vascular dysfunction, hypertension, and proteintfihether there is a connection between

elevations in SDMA and vascular dysfunctiordreyhound remains to be elucidated

Dogs in this study.ere fed avarieddiet to reflecta representativRl for theGreyhoundpopulation.
Previous studies suggest that the effect of diet on serum SDMA is negdiidihieless thaliet is
purposefully chosen to treat renal disease, in which case SDMA decf&d43ésis, diet is an

unlikely explanatien for higher SDMA values seerGreyhound. SerumSDMA concentrations are
not influeRced by lean body ma%% and in the current study, the naighthound an@reyhound
groups were purposely chosen to be of similar weight and size to reduce any pofentiaf ¢fiese
factors on SDMA concentrationSDMA is thereforeunlikely to be higher and more variable because
of differences idean bodyweightbetween th&reyhound and norsighthound dogs
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In the nonsighthound dog groud, of the 24 dogs hadnildly elevatedSDMA concentrationsf

14ug/dL, which couldsupportearly renal disease. HowevegrumSDMA intermittently reaches
concentrations of 245ug/dL, and rarely up 1g/dL, in dogs unaffected by renal disease, and these
increases were found to occur more commonly in young Hiogerestingly,3 of the4 dogs wih

SDMA coneentrations of 14y/dL werel-2 years of agaNe decided tanclude these dogs in the
study sincemildsincreases could indicate normal biological variatamgthe goalof this studywas

not to establish accuratestbr nonsighthound dogs buatherto use these RIs ascomparison for
GreyhoundRls.The fact that nosighthound dogstudied herdave on averagehadsignificantly

lower SDMA thanGreyhound, despite the inclusion of dogs withildly increasedSDMA, strongly
supports a breespecific difference in SDMA concentrations.

Therewere limtations to this studyinternational recommendations state the preferred method for
establishindRIs is:with the use of nonparametric determinatioom at least 120 reference
individuals¥23Inethis study, 14%reyhound wereenrolled;however 48 Greyhound were

excluded, mostly dut insufficient urine concentratienThis was an unexpected finding and lead to
theinclusion ofonly 101 Greyhound in the final analysidVe decided to forgo samplingore
Greyhound, aghedata demonstrateghapproximate Gaussian distribution, and the upper and lower

Clsfell within' thé'recommended guidelin&s*

Although we.attempted texclude animalswith renal diseasen the basis dfistory, physical
exanmnation andlaboratory findingsywe did not measure GF&t blood pressurgnd the health
screen used to determine inclusion eligibititg not include a CBCThereforejt is possible that
someof the"dogs included in the study had subicihdiseaseespeciallygiventhatGreyhound are
prone to refal disease and hypertensfdnBy following ASVCP guidelines for establishing Ras
closely as practically possibline presence aomeanimals with subclinical diseasbouldhave

minimal impact orthe tolerable level of uncertainty.

A further limitation isthat £rum samples in this study underwent both a fréleae cycle before
analysisandwere storedor up to 3 months aB0°C. The SDMA™ immunoassay has been validated
for stability, with performance metsavithin FDA guidelines? Studies evaluating the effects of
shorttermrstorage and freezing on SDMBingLC-MS showed no significaneffect of storage time
on SDMA concentrationsn samples stored for 14 days4aC>>° Additionally, no significant
differences were foundvhen samples weibjectedo 3 freezethaw cycles when comparedth
unfrozen samplesThere are currently no published studies evaluating thetkmg stability of

SDMA in frozenserumsampleshowever anecdotal evidence suppostability for at leasb years
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257  when frozen at80°C (IDEXX, Laboratories, Inc., Personal CommunicatfSiurthermore, in this
258  study the storage protocaind timespamveresimilar for theGreyhoundand norsighthound dog
259  samplegdata not shown)ysuggesting sample storage was not a factor in the differences between

260  groups.

261  Of all thefsighthound breeds, orBreyhound were included in this study. Among the sighthounds,
262  hematologi¢ and biochemical Rls show some similaritigsalsosignificant dfferences’**"**and

263  thereforethe Ris established in this study should not be extrapolated to other sighthounds. In
264  addition,actively racingGreyhound wereexcluded from thistudy. Furtherwork is required to

265  determine thesgroupspecific RIs.

266

267  In conclusion, heRI for serum SDMA was establishéwm 101 healthy Greyhoundogs andvas

268  significantly higher thathat ofnon-sighthound dogsf asimilar weight, ageandsex We, therefore,
269  propose thatwhem.assessing SDM#Ais breedspecificRI should be adopted foonracing

270  Greyhound.
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376  Table 1. Summary of population characteristics for Greyhounds and non-sighthound dogs

Category Non-sighthound Greyhound
n=24 n=101
Agein years: mean (SD) 4.5 (2.4) 4.0(2.2)
Sex
Male intact, n (%) 2(8.3) 12 (11.9)
Male neutered, n (%) 10 (41.7) 44 (43.6)
Female intact, n (%) 5(20.8) 19 (18.9)
Female neutered, n (%) 7 (29.2) 26 (25.7)
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377

378

379

380

381

Weight (kg) mean (SD)

31.2(5.2)

31.7 (3.8)

n= number SD= standard deviation

Table 2. Summary of laboratory results for Greyhounds and non-sighthound dogs

8

Category Non- Greyhound Adult canine Rls
sighthound n=101 n=122
n=24

SDMA (pg/dLy'méan (SD) 10.2 (2.9) 13.1(3.4) N/R

Estimated lower (2.5%) and N/A* 6.3-19.9 6-13
upper (97.5%) limits (pg/dL)
90% Cl for lower limit (ng/dL)  N/A* 5.5-7.2 N/R
90% Cl for upper limit (ug/dL)  N/A* 18.9-20.8 N/R
Rangex(ug/dL) 4.0-14.0 6.0-21.0 5-17

Serum créeatinine;(pmol/L) 87.5(19.2) 126.0 (14.0) N/R

mean (SD)

Range (Umol/L) 48.0-119.0 89.0-161.0 44.2-141.4

PCV (L/L) median 44.0 52.0 N/R

Range 37-55 37-67
TS (g/L) median 6.7 6.0 N/R
Range 60-81 52-81

Cl = confidence interval; N/A= not assessed; N/R= not reported.

*The non-sighthound dog group was too small to accurately calculate the reference interval.
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