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O1 upég avagopdg 23 kAivikd xpi-

olpwv Broxynpikev napapétpwv otov
0p6 tou aiparog 107 KAivikd uyiav
aAdyev avapuyng om B. EAAdGda.

N. Atakdxkng', M. E. Mudwvdkng’, N. Poupmiéc’,
X. K. Koutivag’, A. Puudvor’, A. ®. Koutivag®

INEPIAHWH. Xkondg tng perétng fitav o npocdiopiopdg tou
e0poug vV @uolodoyk®V updv ("upég avapopds") twv miéov
xphiopwv and khviks dnoypn Proynpikav napapétpwv oe dhoya
avapuynig nou Siatnpodvar oe foperoeddadikoig mkovg opi-
2oug. To khviké Broynpuxé npogik neprrdpPave 23 ouvohikd na-
papétpouc, dnwg eival o1 0AIkég IPwIEiveG, o1 AeUukwpativeg, ot
opaipiveg ka1 0 Abyog AeuKkwpauvay pog o@aipive, o dlwto ou-
piag, n kpeauvivn, n yhuké(n, n yodootepén, ta tprylukepibia, n o-
AixA ka1 n Gpeon yohepuOpivn, n adxkahiki pwogatdon (ALP), n
adavivoapvotpavogpepdon (ALT), n actapayiviki apivotpavope-
pdon (AST), n y-yroutapudotpavopepdon (y-GT), n kivdon g
kpeativng (CK), n apupoyovdon tou yahakukoy oéog (LD), n
agupoyovdon g copPitéing (SD), o pwopbdpog (P), 1o aoPé-
ouo (Ca), 1o xdho (K), to vérpio (Na) kat 1o payvioio (Mg). Ta
Seiypata aiparog ndpOnkav ané 107 xhivikd vyid dloya pe fdon
10 1010p1K6, TV KAVIKA Kai tnv atpatodoyiks e§étaon. O1 petpa-
oeig éyvav otov 0pd tou afpartog pe ug peféSoug kar ta avubpa-
ouipia mou ypnorponotovvuai oto Epyactipio tng Khivikdg Aia-
yvooukig kat [Tponaibevuxiig ITaBoloyiag tou Tphparog K-
viarpikig tou A.I1.0.. Extég and tov kabopiopéd wov updv ava-
@opdg kabepiag and ug mapapétpous, o culAtnon oxohdloviar
o1 napdyovieg exeivor nmou ennpedlouy npog ta ndvw 1 mpog ta k-
1 Wy upi g oto afpa.

Aé€erg eupempiaong: Ghoyo, Proxnpikég mapdyetpot, upés avacpo-
pig

EIXATQI'H

O 1R00dLOPLOUSS TMV BLOYNUKADY TTOQAUETOMY TOV Ol
Ratog amoteAel TOMGTLIO dLoryVOOTIRG HECO YL T CWOTH
OLEQEVVNOT TWV TEEQLOTOTRMV ECWTEQURNS TTatBoroylag Tov
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Original Paper

Reference values of 23 clinically
important biochemical parameters
in 107 normal pleasure horses
residing in northern Greece.

Diakakis N.', Mylonakis M. E.?, Roubies N.?,
Koutinas C.?, Fytianou A.’, Koutinas A. E?

ABSTRACT. The purpose of this study was to establish the
reference values of the most useful biochemical parameters from a
clinical point of view in pleasure horses kept in northern greek riding
clubs. This biochemical profile included a total of 23 parameters
such as total proteins, albumins, globulins, the albumin/globulin
ratio, urea nitrogen (BUN), creatinine, glucose, cholesterol,
triglycerides, total and direct bilirubin, alkaline phosphatase (ALP),
alanine aminotrasferase (ALT), aspartate aminotrasferase (AST),
gamma-glutamylotransferase (y-GT), creatine kinase (CK), lactate
dehydrogonase (LDH), sorbitol dehydrogonase (SD), phosphorus
(P), calcium (Ca), potassium (K), sodium (Na) and magnesium
(Mg). A total of 107 horses, which had been considered clinically
normal on historical, clinical and hematological grounds, were
sampled. All the measurements were done in the blood serum,
applying the relevant methods and reagents which are normally used
in the Laboratory of Clinical Diagnosis and Clinical Pathology,
School of Veterinary Medicine, A.U.T.. Besides the establishment
of the reference interval for each biochemical parameter, all the
factors that may cause an abnormal increase or decrease are discussed
accordingly.

Key words: biochemical parameters, horse, reference interval

INTRODUCTION

Serum biochemistry is a valuable diagnostic tool in
resolving internal medical problems in the horse. In the
athletic animals, it could also reflect their physical condition
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aloyou. Zto aflntird dhoyo umoet emuthéov va emLpe-
BowwBel 1 wahij 1 Gy ratdotaon evég Liov oW amd v
€{000G TOV OTOV AYMVIOTLRG YHEO 1] RATA TN OLAOHELL TS
TEOTOVNONG.

Z1c Proymuiréc eEETAOELS QOVTIVOC TOV AAGYOU, TTOU
Baowd yivovtatr otov 006 Tou aipaTog, Tepithapfdvovat
0L OMXES TTOWTEIVES, OL AEVRMUOTIVES, OL CPALRIVES HOL O
AOYOC hevrmuativav Tpog ogapives, To dlwto ovplag, 1
REEQTLVIVY, N YAURGTY, M XOhOOTEQGAN, Tl TOLYAVRE QDL
1 Oy %O 1) GUEDT) XOAEQUBEIVY, N aAxaALXY] POOPATAOT|
(ALP), n ahovwvoauvotpavogpepdon (ALT), n aomogoyt-
vy auwvotpavogepdon (AST), n y-ylovtapvrotoavope-
pdon (y-GT), n nwvdon g reeativig (CK), n agudpoyo-
vaon tov yohartxot oE€og (LD), n agudooyovdon g
00pfrtéing (SD), o pwopdeog (P), to aoféono (Ca), to
xndho (K), to vdtpro (Na) now to poryviioto (Mg). H puéron-
01 TV TTOQOTTAV® TTOLQOUETOMV YIVETOL PAOUATOPOTOUE-
TOUA ®aL PAOYOPOTOUETOLRA UE ELOE avTLOQUOT O YLt
%d0e TUEAUETEO 1] 08 AVTSUATOVS PLoyXNULrovs avaluTES.

H gpunveia tov amoteheopdtwv wog tétotog eE€taong
eTNOEALETOUL OYL UOVO aTtS TO PUAO, TN QUAY], TNV NAwia, ™)
SLOTQOPH, TNV EYRUUOOTUVY] AL TH YEMYQUPLXT] TTEQLOXN ',
OANG now atd ) peBodoroyia wov epaudtetal amd To ov-
YRERQLUEVO EQYOOTIQLO.

ASGY® ¢ TavteAoUg EMAELYNG OYETIRAV AVAPOODV
omv elMnvuinri BLphoyoapia, oxomos ™ uerétg avtign-
TOV 0 TTROOOLOELOUAS TOV EVQOVS TWV PUOLOAOYLRMY TUUWDV
("npég avapoedc™) Tmv TAEOV YONOLMY a6 XAV AIT0-
Y1 PLONMRGY TOQAUETOMV 08 GAoya avapuyng tov Louv
%o exteéovtal oty EAhdda.

YAIKA KAI MEOGOAOI

Suvolnd yonouorowitnray 107 delyporta 0ot aitpa-
TOC IOV TTAEON ROV atd LodoLBua xhwvird vyw dhoya, Tov-
MLoTov He BAOT TO LOTOEUXG, THY RALVIXT] TOUS ELRGVA HOL
TA ATTOTELEOUATE, TG AUATOAOYLRNG TOVG EEETOOTG. ZTOV
AnBuous avtd Twv aldymv, Tov elyay nhxio o 3 péyol
now 18 yodvia (dudpecoc: 11), mepihappdvoviay 72 exto-
utee, 30 popddeg o 5 eTPNTOQES, EVA OVOPOQLRA e T
@uin 51 fitav Warmblood, 16 Ayyhuric KaBapdoawung, 6
Irish Draught, 2 Sel Francaise, 3 Avvop€pov, zou amd éva
Apapurrc, Cob, Quarter xal Avdahovoiac. Emonuaiveton
ot o€ 25 Ghoya 1 QUAT Oev utdpEeoE Vo #aBOQLOTEL.

Ting ovAhoYS TV deryudtmy, Tov €YLVe O€ TEVTE WimL-
%0U¢ outhovg oty gviteEn meQoxy e @ecoalovinng,
meonyOnxe Aemtropueoric Mym Tov LotoQLrot ®afevis a-
76 T Ldat, TEoreLUEVOL va dlepeuvnBel To TEGOPATO VO-
000y WG TaEABGY TOVG Row vaL atorheloBel 1 epimTmon
XOONYNONG paoudrmy xatd tov tekevtaio upva. o a-
76 TV cupoyia, ®40e Lo eEeTaldtov xhvind Hote va
aoEELPBOVV exelva OV TaEOVOTOLAY €0TM KoL TNV TToL-
papxe vtoyia cvoTuaTroy voorjuatos. H awpwodnyio
ywétav to el peta&t 8.30 m.p. won 10.30 w.u. uéoa oto
otdpho, dote va amogevyfel mbavn diEyepon Tmv ald-
yov 2otd Ty €006 Tovg 0To moatio. Xe Sha ta Lha ei-

either before the race or competition or during their
training.

The routine biochemical profile includes the measure-
ment of total proteins, albumins, globulins, the albumin/
globulin ratio, urea nitrogen (BUN), creatinine, glucose,
cholesterol, triglycerides, total and direct bilirubin, alkaline
phosphatase (ALP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamylo-
transferase (y-GT), creatine kinase (CK), lactate dehydro-
gonase (LDH), sorbitol dehydrogonase (SD), phosphorus
(P), calcium (Ca), potassium (K), sodium (Na) and magne-
sium (Mg). The biochemical analysis is accomplished by
means of atomic absorption spectrophotometry, emission
spectroscopy and by using automatic biochemical analyzers.
The results would be affected by the gender, breed, age,
nutrition, pregnancy or the geographical area' but most
importantly by the analytical methods utilized by the
referred laboratory. Due to a complete lack of relevant data
in the greek literature, the aim of this study was to establish
the reference values of the most useful biochemical
parameters in pleasure horses which are raised in Greece.

MATERIALS AND METHODS

A total of 107 horses made up the study population.
Their age ranged from 3 to 18 years (median: 11) and
considering the gender, 72 were geldings, 30 mares and 5
stallions, or the breed, fifty-one horses were warmbloods,
16 Thoroughbreds, 6 Irish Draughts, 3 Hannovarians, 2 Sel
Francaise and one each of Arab, Cob, Quarter and
Andalousian; however, in 25 horses the breed could not be
determined. The health status of these animals was based
on historical, clinical and hematological grounds.

Five riding clubs, located in the greater metropolitan
area of Thessaloniki, were picked for the study. Following
the owner’s consent, a brief history was taken in order to
investigate the health status of the animal and to rule out
the possibility of drugs used for at least the past month. A
thorough physical examination preceded the sampling
procedure. Those horses raising even the slightest suspicion
of systemic illness were immediately rejected from the
study. To avoid emotional stress, blood samples were taken
between 8.30 am and 10.30 am, inside the boxes. A fasting
period of at least 12 hours preceded the sampling.

After a jugular venipuncture with an 18G needle, 15 ml
of blood were collected in special anticoagulant-free
syringes (Monovette®, Sarstedt, Germany). For the sake of
CBC a volume of 2 ml was immediately transferred into an
EDTA-coated tube. Within a period of 45 minutes the
samples were transported to the Diagnostic Laboratory of
the School of Veterinary Medicine. A CBC was performed
in all the horses with the aid of an automatic hematological
analyzer (QBC Vet Autoread®, IDEXX). The white blood
cell differential count was estimated in peripheral blood
smears stained with the Giemsa method. Even the mildest
hematologic abnormality detected was a reason for
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YoV uecoAafrioel Tovhdytotov 12 heeg amd ) Mjym tou
TEAEVTOALOV YEVUOTOG.

A6 va0e dhoyo ovihéyovrav 15 ml afpotog amd ™
ogpayinda prhéPa ue Pehdva 18 G now e1dinr] ovoryya ou-
nwoinpiag (Monovette, Sarstedt, Germany) pog x0ong
mov dev mepLelye aviutnrnd. [oodmra alparog 2 ml to-
TOOETOVVTOY 0TI CUVEYELX O PLOAIDLO TTOV E AVTITTNXTLXG
mepLelye albuievodiapuvotetpaoewnd rdio (EDTA).
Metd ™mv ohoxAjpwon g atpornpiog amé »dbe otdpho,
TOL PLOLATOLOL PETAPEQOVTOY OE OLAOTNUAL TO TTOAD 45 hemtddv
oto Egyaotijoro mg Khviung Avaryvwotrng xow ITpomau-
devtnng Mabohoyiog tov Tuquotog Kmviatowiic tov
AILO. T »dbe Lo yvdtay atpatoroyuxy eE€taon o
autéuato awpatohoywd avoluty (QBC Vet Autoread®,
IDEXX), otov omoio mpoodropifoviav o arpatoxoitg
(PCV, %) nor 0 aiudc Tmv Aevrdv oLpoomaLiony
(WBC, ul-1) zow twov oupometarioov (PLT, ul-1). O Agvro-
RUTTOQLROG THITOG YLVOTAY O€ ETLyolopoTa alpatog ov fd-
povrav ue ™ uéfodo Giemsa. Kdbe Lo wov mapovoiale
omtoLad1ToTe apuatoroyry dtotaayy arorkeldtav o
™ perém. “YoteQa ot ™) puyorEVIoNoT TOU alpaTog Yo
10 hemrd otg 3.000 0TQOPES/AETTS RO TO LAY MELOUS TOU
TYUOTOS aTtd Tov 000, 0 Tehevtaiog tomobetotviay og
@Ladidia eppendorf mov cuvtnEovvtay yio §60 to oA -
uépeg otnv Yo&n (2 - 4°C), epdoov dev NTay eQLXTH 1 &-
utéheon népovg tav eEetdoemv v dra otrypy. Ogot pe
€0tm noL rEov Paduot opatn awwdivon | Mol a-
mopEimrovTay. Zg ravéva amd ta Loa dev aviyvevmne 1
TAQOVAT AVTIOMUATMV ROTA TOV 10U TS AOUddOUS avart-
ulog pe v natd Coggins doxu.

O froymuaéc TaQAUeTQOL, OL OTTOTES EXTLUONRAY, 1)-
TOV 0L OMAES TTQWTEIVES, OL AEVRMUOTIVES, OL OPALQIVES KOl
0 AGYOG AEVROUATIVAV TTEOC OPALRIVES, TO AlwTo ovplag,
1 ®EeQTViVY, 1| YAURGIN, N XOAOOTEQGAY, T TOLYAUREQIDLO,
1 ol xau 1 Aueon xohevBoivn, N ohxolxn PwogaTdon
(ALP), n ahavivoouwvotpavopepdon (ALT), n aomagaryt-
vy auvotpavopedon (AST), 1 y-yhoutapviotoavope-
odom (v-GT), y wvdon g npeativng (CK), n agpudpoyo-
vdom tov yohaxrtrot oE€og (LD), n agudooyovdon g
000PLTong (SD), o pwogpsdpog (P), 1o aoPéotio (Ca), to
zndho (K), to vdtoio (Na) zar to payvioto (Mg). Ta tov
TEOOAOQLOUS TWV OMADY TTOWTEIVAV, TWV AEVROUATIVAIV,
ToU aldToUu 0VELAS, TS ®EEATLVIVNG, ™S YAURATNC, TS XO-
MoOTEQOANG, TV TOLYAUREQLITWY, TG OMKNG ®aL TNG dte-
ong XoAeUOIVNE YONOLUOTOENRAY PAOUATOPMTOUE-
TOWHES YOMUATOUETOLRES HEBOOOL e EToLpa avdQaoToLa
%o OUppovaL e g 00N yies Tav etonpudv Human xon Za-
perpomoviog Diagnostica. H uétonom mg dpaotmordtrag
v evlipmv ALP, y-GT, ALT, AST, CK now LD €yuwve pe
HIVNTUES PAOUOTOPOTOUETOLES eBGdove, ot Bepuonpa-
ota 30° C (Zagepdnovhog Diagnostica). I'io tov mpoodio-
owoud mg SD yonowomonitnxe £Toyo avideaoTiolo mg &-
tawpeiog Sigma. O mEoodLOELOUGS TS CUYREVTQMONE TOV
Ca noi tov Mg €ylve o€ paopaTOQOTOUETQO OTOUKRNG O
mopeognone (Perkin—Elmer 100), tov K »atr tov Na og
phoyogputdpetoo Sherwood, evad) tov P €yive e ™ uéBodo

rejection from the study. Each blood sample was
centrifuged in 3000 rpm for 10 minutes and the serum
harvested was placed in eppendorf tubes, kept at 2-4°C and
analyzed within the next two days at most. Any serum
sample showing hemolysis or lipemia was discarded. All the
horses were tested negative for antibodies against the virus
of equine infectious anemia (Coggin’s test).

The clinically relevant biochemical profile comprised of
total proteins, albumins, globulins, the albumin/globulin
ratio, urea nitrogen (BUN)), creatinine, glucose, cholesterol,
triglycerides, total and direct bilirubin, alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate amino-
transferase (AST), gamma-glutamylotransferase (y-GT),
creatine kinase (CK), lactate dehydrogonase (LDH),
sorbitol dehydrogonase (SD), phosphorus (P), calcium
(Ca), potassium (K), sodium (Na) and magnesium (Mg).
Spectrophotometric chromatometric methods and com-
mercial kits (Human and Zaphiropoulos Diagnostica) were
used for the measurement of total proteins, albumins, BUN,
creatinine, glucose, cholesterol, triglycerides and total -
direct bilirubin. The activities of ALP, ALT, AST, y-GT,
CK and LDH were measured by applying a kinetic
spectrophotometric method at 30°C (Zaphiropoulos
Diagnostica). A commercial kit (Sigma Company) was also
used for the measurement of SD activity. Ca and Mg
concentrations were determined with the aid of an atomic
absorption spectrophotometer (Perkin—Elmer 100), while
those of Na and K with emission spectroscopy (Sherwood).
For P molybdenum blue method was used.

For statistical analysis, the values for each parameter
were first checked with the Kolmogorof-Smirnov test. In
case of even distribution, the reference values and the 95%
confidence interval were estimated by using the "arithmetic
mean *1.96 standard deviation" (X £1.96 SD), otherwise
they computed as the range between the 2.5 and the 97.5
percentile of sample distribution.

RESULTS

The mean, standard deviation and reference values of
23 biochemical parameters in the blood serum of 107
pleasure horses are presented in Table 1.

DISCUSSION

Prior to addressing each parameter, it should be noted
that the reference values of the present study should apply
only when the method used for the measurement of each
biochemical parameter is exactly the same with that already
cited in "Materials and Methods".

Total proteins, albumins, globulins, albumin/globulin
ratio

An astute interpretation of total protein concentration
may support the clinical evidence of dehydration or chronic
blood loss anemia. The combined increase of total proteins
and PCV is highly indicative of hemoconcentration. The
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Ilivaxag 1. Bioynuxés mapduetool 6tov 000 Tov aipitorog 107 evijAunmy xon #Avird vytav oASymv avonpuyig
Table 1. Biochemical parameters in the blood serum of 107 adult and clinically healthy horses kept for pleasure.

Iopdpetgog Méoog 6pog Tumuun amoxiion T avagoeds
Parameter Mean Standard deviation Reference value
OMnég mpmrelveg (g/dl)

Total proteins (g/dl) 6,3 0,32 57-7
Agvropariveg (g/dl)

Albumin (g/dl) 3,9 0,21 34-43
Zpoupiveg (g/dl)

Globulin (g/dl) 2,5 0,29 2-32
AEVROUATIVES / ZQALQIVEG

Albumin / Globulin 1,6 0,21 1,1-2
BUN (mg/dl)

Urea nitrogen (mg/dl) 21,8 3,64 15-29
Koeatvivn (mg/dl)

Creatinine (mg/dl) 1,4 0,16 1,2-1,8
Thwréty (mg/dl)

Glucose (mg/dl) 101 12,5 76-126
Xohootedhn (mg/dl)

Cholesterol (mg/dl) 97.8 13,76 70-125
Toryhvxepidia (mg/dl)

Triglycerides (mg/dl) 36,3 7,41 22-51
OM\. XohepuBpivn (mg/dl)

Total bilirubin (mg/dl) 1,4 0,32 0,7-2
Ap. XokepuBoivn (mg/dl)

Direct bilirubin (mg/dl) 0,49 0,15 0,3-0,8
ALP (U/L) 169,6 33,8 102 -237
ALT (U/L) 4,4 2,4 1-10
AST (U/L) 120,7 26,43 68-174
y-GT (U/L) 9,8 2,08 6-14
CK(U/L) 86,7 24,93 37-137
LD (U/L) 179,1 55,45 68-290
SD (U/L) 59 2,34 2-11
P (mg/dl) 2,8 0,59 1,9-4,5
Ca (mg/dl) 12,6 0,44 11,7-13,4
K (mEq/L) 3,6 0,35 29-43
Na (mEq/L) 138,7 3,38 132-146
Mg (mg/dl) 2,1 0,15 1,9-24

TOV %Vavoy Tov HoAvBdaviov.

T ototion eneEepyaoia Twv amoteAeopdTmY oL
TWES TS vdBe TAQAUETQOV EAEYYONRAY UE TO ROLTHOLO
Kolmogorof-Smirnov. ' 6oeg art’ avtég arohovBoioay
TNV ROVOVLKT ROTOVOUT] OL TWES avapoQdc yia dLdotnuo
EUTLOTO0UVNG 95% vroloylomray amd ) oxéon "aolun-
Twndg uéoog £1,96 rumrég amoxrhioers” (X £1,96 SD). Zwv
avtiBeT TEQTTTMOT), OL TES AVOPOQAS VTTOAOYIOTNHRAY UE
Béon to drdomua wov rabopiletat amd to 2,5 non 97,5 €-
AATOOTLOL(O ONUELD TNE HOTAVOUY|S TV TTOQOTNONTEWV.

AITIOTEAEXMATA

Srov mivaxo. 1 mapovotdloviar 0 uécog 6og, 1 TustLry

latter may have a masking effect in mild anemia. A
concurrent decline in PCV and total protein concentration
should switch the efforts to localize the bleeding site™’.

Albumin concentration reflects the rate of its synthesis
by the liver and the uptake with the food. An increase could
be attributed only to dehydration, while a decrease is usually
associated with heavy endoparasitism®, severe glomerulo-
pathies (e.g. membranous glomerulonephritis, renal amyloi-
dosis), gastrointestinal disease™ (e.g. lactose intolerance in
foals’, granulomatous enteritis*’, eosinophilic enteritis'"*"?),
poor nutrition and blood loss. Liver disease is uncommonly
a cause of hypoalbuminemia due to the prolonged half-life
(20 days) of albumins in the horse; the only exception could
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ATGRMOT AL TO E0QOG TWV TLUWV avagods 23 Broymut-
1V Tapauétowy og 107 evijna dhoya avapuyric.

YYZHTHXIH

TIpoTot avage B0ty oL TUBOAOYLRES ROTUOTACELS TTOU
ouvdéovtal ue ™V vdbe TapdueTEo EexmwoLotd, Oa meénel
V0L TOVLOTEL GTL OL TTOQOTTAVM TULES AVOPOQAS WTOQOVY va
xonowomonHovv pévo GTa yLo T UETENOT TS OUYRE-
HOWEVNCS PLoymunnic ToQAUETEOV Eaoudletal 1 Olo we-
Bodoloyio pe avtn Tov 1101 €xeL avapebet ota «YAxd
%o M€Bodow» g epyaoiag avtc.

OMx€g MQWTEIVES, AEVRONATIVES, GPULQIVES, AGYOS
AEVROPATIVAY [ GPALOLVOY

Me 1 UETENON TV OMXMDV TTEWTEIVAV OTOV 004 TOV aii-
UOLTOg TOLRAAMNACL ROl 08 CUVOVAOUS UE TOV CULUOTORQTTY
Tov Ldov umoel va extun et xatd Teoo€yyion o fadude
auddtmong og €va dhoyo row va diepevvndel ) mbovo-
TNTO XOOVIAS OLUOQQOYLRNG AVOLUIOG. ZUYRERQLUEVA 1)
TAVTEYEOVY UENOYN TS TLNS TOV OMAGV TTOMTEIVAV ROl
TOV ALUATOXETY CUVHOME VITOINADVEL AULUOCUUTHRVOOT
artd aguddtmon. Xeewdleton mpoooy, emeldn 1 televtaio
elvoL SUVOTS Vo LETOLACEL TN UETWOT TS TLUNS TOU CLLUOL-
Toxim ota avauuxd too. Epdcov ntun tov atpotoroltn
UELDOVETOL TAQAMNAC UE TN CUYREVTIQWOT TWV OMRADV
TEMTEIVAYV, 1) TpoooyH Do TEEmeL Vo 0TQOE! 0TV EVTOTL-
01 E0TIOG TTOV ALUOQEAYET™.

H ovyx€vipmon Twv AeVROUATIVAOY 0TOV 0Q0 TOU al-
norog eEaptdrtol rueing amtd to UOUS oBvBEsT|C TOVE OTO
NITALQ %O TV TTOOSTNTOL TTOV TEQLEYEL 1) TEOPY]. AVENON T™C
OUYREVTQWONG TOQATNOEITOL HOVO O apuIATWOT, EVH
uelwon ong Evioveg evOOTaQaoLTHoeLS’, Tig PaLég omet-
oauatondfetes (). uepupoavddng omelpauatovepoitda,
aUVAOEIDMON TOL VEPQEOD), TIG YUOTEEVTEQIREC TTaBTjoELS™
(70 avemdorelo M\arTdong OTovg THAOUS, RORKIOUATH-
g eviepitda®’, emovopuny eveepitda'”"?), vy eAmi
%O U1 L00QEOTNUEVY dtotpogy] ®at TS 0Eeleg ] xobvieg
apoppaytes. Ounmartomndfereg dev mporahov, Tapd ond-
VIO, VITOAEURMOUOTLYOUUTCL, ETTELON 1) NULTERT0d0S Twng Tovug
oto dhoyo dwoprel 20 nuépec”. “Etol amarteitan wota-
OTEOYY} TOV NTATLROU TAREYYVUOTOS OE TTOCOOTS PEYAAD-
100 ToV 80% na yuo dudotua pueyoliteo tmv 3 efdo-
uadwv, yua va roeoatnen et n froymuxi ot dtatapaxy®.

H ovyr€vipmon Twv opoLpvav oto aipa avEdver wu-
0lmg oTaL HLdPoEa AoLHIN YOO aTaL Tov AhGYOU, TS X006-
VLES NTATOTAOELES RO TA VEOTTAAOUOLTOL TOU dLrTU0EVIO-
Onhaxot cuoTiuaTog™, evd elval HELWUEVH OTOVE VEOYEV-
VNTOVE TTOAOVG TTOV OEV QALY TEMTEYUA RaL 0 AuTOUS

OV TTATYOVV 0TS TOLQOILKT| VITOYOLUUOLOPOLOLY oLl

Atoto ovgiag

O oynuatouds g ovplog eEaptdtal o to QUOUS
HATABOAOUOU TOV TTOWTEIVHV RO TV ATTERRQLON TG U~
umviac™. H ovyrévipmon g ovpiag oto aiua ouvifmg
enpEdletal wg AlwTo ovElag, 1 CUYREVTOMOT] TOU OO0V

be a massive (more than 80%) and long standing (more
than 3 weeks) parenchymal damage".

Hyperglobulinemia may be associated with infectious
diseases, chronic liver disease and neoplasms of the reticulo-
endothelial system", while hypoglobulinemia is usually
noticed in newborn foals deprived of colostrum and in the

transient hypoglobulinemia of foals™".

Blood urea nitrogen (BUN)

The synthesis of urea depends on the rate of protein
catabolism and ammonia excretion. Since the serum
concentration of urea is traditionally expressed as urea
nitrogen (BUN)), its value should be divided by 2.14". Renal
function, age, nutrition and the rate of liver synthesis may
affect the blood level of urea™". A decrease may be seen in
foals and ponies while an increase in prolonged fasting,
acute or chronic renal failure® and less often, in fever,
traumas, myopathies, severe burns, dehydration, intensive
training or glucocorticoid administration™.

Creatinine

Creatine, which is released during muscle contraction,
is transformed to creatinine before its excretion with the
urine™. Serum creatinine concentration may be increased
in foals during their first week of life, after a period of
intensive training, in fasting conditions or in renal dys-
function states. In the latter situation, its increase could be
attributed to prerenal (decrease in renal blood flow and/or
glomerular filtration rate), renal (primary nephropathies)
or postrenal (urinary tract obstruction or rupture) causes’.

Glucose

The serum concentration of glucose is mainly influen-
ced by the rate of intestinal absorption and liver gluconeo-
genesis', while various hormones may have a positive (glu-
cagon, glucocorticoids, catecholamines, growth hormone)
or negative (insulin) effect. Besides excessive training or
excitement, hyperglycemia may also be observed after a
carbohydrate-rich meal as well as in diabetes mellitus and
hyperadrenocorticism'*. In the horse, hypoglycemia may
be noticed in hyperinsulinemia®”, hyperlipidemia®,
septicemia’ and less often in liver failure®.

Cholesterol and triglycerides

Because of the ability of the equine liver to rapidly
metabolize these lipids, hypercholesterolemia and hyper-
triglyceridemia are quite uncommon laboratory findings,
seen almost exclusively in the hyperlipidemia syndrome, a
metabolic disease rather common in the poney; liver failure

20,22

is another, although rare, potential cause™*.

Total, direct and indirect bilirubin

Serum total bilirubin, which encompasses the indirect
or unconjugated and the direct or conjugated form, is a
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WToEel voL vItohoyLoTEL av 1) Ted T dtopeOel ue to 2,14%,

H ovyxévipmon g ovelog 0tov 006 Tou alpotog &-
Eaptdton ams ) vepourt] Aettovoyia, Ty nhwia, ™ duo-
ToQ1 ®aL to QARG TapaywYYS ™S oTo T, Stoug
TOAOVE M T TG EIVOIL OYETIA Y AUNAY], EVED O ouvrreg
vnoteiag avEdvel ota evijra Ghoya rou TEQPTEL 0T
ponies. AUENOM ®oTd ®iELo AGYo mapaeeital oty oEela
1] XOOVLQL VEQQLXY] OVETTAQRELD %Ll EVOEYOUEVIS TOV TTV-
€10, TI pomdbeLeg, Ta eyrowpata 30v faduov, Ty agpu-
dGTmON, TV EVIOV RO TTOQATETAUE VT TTQOTTGVION 1] TH XO-
OYNoN YAUROROQTKOELODV™.

Koeatwvivy

Katd m o0omoon v pudv arte L ev0eQmveToL #QENT(-
Vi, 1 oTtole 0OV HETATEAITEL O REEOTLVIVY atoBdAAETOL
ue T 0000, H ouyrévipmon g ®eatviviig 0to alua ov-
EdveL wotd v medt epdoudda g Long tov Tdlwv o€
ouvOreg EVIOovNG AOUNONGC, OE TTOLQOTETOUEVY VNOTEIOL ®OL
oe dLaTaQay TS VEQOLKRNG Aettoveyias. v tehsvtaia
TEQTTTON, 1) AENOT TG ®EEOTLVIVIG UTOQEL VaL Elvon TTO-
vepowng (Uelmon TS QONG ALITOG OTOUS VEPEOUS 1/#oL
™ omelpauaTiric dmOnong), vepownic (veppomddeiec)
1} HETAVEQOLRNGS (EupRaln, omdpoain 1j E1iEn ™S ovEoo-
00V 0d01) TEoéhevong’.

I'\wxzoln

H ovyxrévrpmon g yAurding oto aiua eEagtdtol and
70 faBus rat 1o ELBUS aToEESYNONS ™E amtd To PAevvo-
YGVo Tou AemTtov eVIEQOV kAL T BLootvOeot| g oo Y-
o™, evad 1) dpdom SLapSEWY OQUOVAY UTOQEET VoL TV aw-
Enoet (YhurorySvn, YAURoroQTUKOELdT, RATEXOMAUIVES, Qv-
Enrinii ooudvn) 1 va ) pewdoer (twaovhivn)™. Yregyhv-
raplio umoet vo magotenet, dtav to oLtnEEoio elval
TAOUOL0 08 VOUTAVOARES, OTTMG ETIONE ROL OTO CAURY 0L
M drafiritn, TOV VITEQPAOLOETLVEPOLOLOUS ROl OF OUV-
Orec évrovng doxnong 1 xatamévnong ™. Zra dhoya,
vroyhuraupie: roQel vor ogeheTOL OTNY VTTEQLVOOUALVAL-
uia”, v vrtepMmmdauia™, T ompayic’ xon oTaviéTeQa
NV NTOTLRY averTdorela’.

Xo0AooTEQOA %L TOUYAVXREQTIOLA

Metafolég oTig PLOYNURES QUTES TTOQAUETEOUS dLaTTL-
OTGOVOVTOL UGVO 0T0 0UVOQOUO TS VITEQMITLOLUOG TTOU
TQOTNEETAL OUYVSTEQQ OTaL TTOVET™ . YtepyohooteQo-
howpio vi/xon viteeToryhureotdatpio puGvo omdvia TaEoTh-
QETTOL OTNV NTTOTLKY| AVETAQRELDL, ETTELDT] TO TTTAQ TV LTT-
oLV €XEL TNV travOTNTOL VO UETABOATEL EvrOAOL TaL AL-
7TOLL QT

OMxr1j, dpeon ror €ppeon yoregudoivn

H olxn xoheovBoivn oto aipo dianpivetal omv uue-
on (un ouCevynévn) row v dueor (ouleuyuévn), oL TUES
TOV 0OV 0ITOTEAOVV OE XTI TNG ATTERRQLTIRIS LROVOTY-
TOE TOV HIOTOS. ZT0 AAOYO 0ENON TG CUYREVTOWONG TN
dueong xoreubpivng o T0o00Ts peyariteQo Tov 25%

crude index of the excretory ability of the liver. In
hyperbilirubinemia, when the direct bilirubin accounts for
more than 25% of its total concentration, hepatocellular
disease is high in suspicion, while if more than 30%, it
indicates cholostasis’. Hyperbilirubinemia of the
unconjugated type may be caused by hemolytic anemia,
prolonged anorexia, mechanical ileus, glucocorticoid or
halothane administration and heart failure or the
absorption of a large hematoma®". High levels of bilirubin,
although suggestive of liver disease, do not correlate always
with liver failure, while normal levels should be expected in
a certain number of cases with chronic liver failure’.

Alkaline phosphatase (ALP)

An increase of the ALP serum activity, which plays a
crucial role in the hydrolysis of monophosphate esters’should
be anticipated in cholestatic disease, prolonged admini-
stration of glucocorticoids, primidone or phenobarbital’,
skeletal or gastrointestinal diseases, leukocyte disorders and
pregnancy’. However, in foals where it is a normal finding, it is
attributed to the increased activity of osteoblasts™.

Alanine aminotransferase (ALT)

Alanine aminotransferase catalyzes the reversible
transamination of L-alanine and 2-oxoglutarate to pyruvate
and glutamate". An increase in ALT activity, mainly due to
increased permeability of hepatocyte membrane, may be
observed in acute liver disease. However, myopathies,
hemolysis and administration of certain drugs, such as
glucocorticoids'’, may cause the same abnormality, hence
limiting the diagnostic specificity of ALT in equine
hepatopathies’.

Aspartate aminotransferase (AST)

Aspartate aminotransferase catalyzes the transami-
nation of L-aspartate and 2-oxoglutarate to oxaloacetate
and glutamate'. Although AST can be detected in all body
tissues, its highest activity occurs in the liver, skeletal
muscles, myocardium, red blood cells and intestinal and
renal epithelial cells. Liver necrosis, excessive muscle
damage, hemolysis and lipemia are the most common
causes of an increased AST activity’. Interestingly, even
though the half-life of AST in horses is longer than 2 weeks,
its activity may not be elevated in chronic liver disease™.

Gamma-glutamylotransferase (y—GT)

The physiological function of y-GT is speculated to be
associated with glutathione metabolism". Biliary
epithelium, renal tubular cells and exocrine pancreas are
sources of y-GT>. Importantly, in interstitial nephritis an
increase of y-GT activity is noticed in the urine and not in
the blood serum. Furthermore, since pancreatic disorders
is an extremely rare cause of icterus in horses, an increased
activity should raise the index of suspicion for cholestatic

disease in the affected animals™*.
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™C OMHNS VITOINADVEL NTaTorvTTaEUXY] PAGPN ®ow Oe ue-
yoiteo tov 30% yordotaon’. H éuueon yoheoubpivn ov-
viiBwg avEdvelr oy cupolutiry avauio, TV TaQATETA-
uévn avopeEia, 1o unyavird gthed, ) xooqynon yivzo-
ROQTROELOWDV 1] ahoBaviov, TNV radiaxry oveTdoxreLa 1
%atd T OLLOXELD TS ATTOEEAPNONS UEYAAOV CULUATHNL-
toc™". Humegyoheouipivario vtodnhaver yevind BAAN
TOV NTTATOG, OAAG Gyl ATaQAlTNTO RO NTTATLXY| OVETAQ-
AELQL, EVA), avTIDETA, OE YOGVIEC NITOTOTADELES 1) PUOLOAO-
YURT| TNG OUYREVTOWON dEV WITOQEL TTOTE VoL TV astorheloel’.

Alrolxn googatrdon (ALP)

H dpaotnoidmra g alralMxic uogatdong, Tov ei-
VoL YVOOTO GTL RATOADEL TNV VORGAVOT TOV HOVOPOORO-
QWA E0TEQMV?, AEAVETOL ®VEIWE 0T XOASOTOON, TH HoL-
1EOYOOVLA YOONYNON YAUROROQTUROELGHV, TOULIGVNG 1]
pouvoPaoPrtdng’, Tig 0oTe0mdfEeLES ROL TG OLAPOQES TTaL-
00AOYIRES RUTOOTATELS TOV TETTLROV COAVAL, CTIMS ETTE-
O1)G KO 0TIV EYRVUOOTVI . ZTOVE TTHAOUE 1] AENUEVY TLuY]
TG OTOV 006 TOV AlpaTog oelletar oty €viovy deaoT-
QLETNTA TV 0OTEOPAAOTAV.

Ahavivoapvotgavegpepdon (ALT)

H ALT »otahier v augpidour LETapood a-ouvo-
nddag artd ™ L-ahavivn oto 2-xetoyhovtaoirnd o&0 o
TOU YAOUTOULVIROU 0TO TUEOOTAPUAMKES 0BG, AvENUEvn
dpaomoldtnra Tov eviiov 0Tov 006 TOV AlUATOC, TTOU V-
TodNAaIVEL AOENON TN LaTTEQAUTETNTAC TNE KUTTAOLRNG
UEUPOAVNE TV NTTATHMDY HUTTAQMV, TOQATNEELTOL GYL UG-
vo otg oEgleg Nratomdfele oAA ®ow Tig puomtdOeLes, v
auSAvom 1 ™ xoenynon yAvroxootxroeddv. Katd ouvé-
meta ) eldwmdmra ms ALT yio m Sudyvoon twv nratosta-
BeLdhv Tov aAGYoL Elvan TEQLOQLOUEVY.

Aomagaywoapuvorpavegepdon (AST)

To éviupo autd ®aTAADEL T PETAPOQEG C-auvopddag
art6 10 L-aomapoyvind oED oto 2-retoyAoutaoirnd 08U nou
ToU Yhoutauvixot 0to 0EahoELxrd 050'. Av woun AST v-
TA.QYEL 08 GAOUE TOUS LOTOVG, OL VYNAGTEQES TLUES TNG €-
oLV ALaTLOTWOET 0TO ITalQ, TOVS OXENETIROTS UVG, TO WVO-
%©3.0010, To £QUBEA aLpoTPaipLa xow ToL ETLBNMOrE ®iTTC-
Q0L TOV EVTEQOU RAL TOV VEQQEOU. ZT10. oVVYNOE€oTEQN QlTIL
AUENONE ™S 0QUOTNELETNTAS TS OTOV 004 TOV AL{UATOC TTE-
QLAAUPBAVOVTAL 1] VELQWON TV NITATLROY KUTTAQMV, 1 €-
ATETAUEVT #EARWON TV WUV, 1) cuSAuon xan 1) Matouuior.
Av rou ) nurepiodog L g AST elvon peyaliteon tmv
2 edouddwv oto dhoyo, Tty g ouyvd Poloxretan uéoa
0T PUOLOAOYLRA GOLAL OTLE XOOVLES NTTATOTIAOELEC TOV T~
o0 avtov eidovc™.

y-T'hovtapvrotpavaogepdon (y-GT)

H y-GT, mtov moteteta T OUUUETEYEL OTO PETAPOML-
oud e yhovtabeidvng”, evromitetal xvpilng ota embn-
Mord #UTT000 TS XOMPSEoU 000U %L TWV OTELQOELDMV
CWANVOQIWY TOV VEQEOT, SIS ETTIONG KL OTNY EEWHROLVT]

Creatine Kinase (CK)

The source of CK in the horse is the skeletal muscles,
myocardium and the brain®. Since the blood-brain barrier is
impermeable to this enzyme, an elevated activity may
indicate either skeletal or cardiac muscle disease’, such as
gastroknemius muscle rupture, postanesthetic myopathy’,
rhabdomyolysis™ and myocardiopathies.

Lactate dehydrogonase (LD)

LD consists of 5 isoenzymes, allocated in the liver,
skeletal muscles, red blood cells, intestinal epithelium and
kidneys, respectively. An increase of its serum activity in the
horse is usually indicative of myopathies, myocardial disease

or hepatopathies™".

Sorbitol dehydrogenase (SD)

The very short half life of this enzyme in the horse
explains its high diagnostic value in the acute liver
diseases’”*. A shortcoming is that the analysis must be
completed within the first 12 hours, following blood
collection; otherwise, the blood sample should be centri-
fuged and the serum kept frozen for no more than 48 hours’.

Calcium (Ca)

Serum Ca comprises the ionized (40%), protein-bound
(50%) and the complexed form (10%). Parathormone,
calcitonine and 1,25-dihydroxycholocalcipherol are
primarily involved in calcium homeostasis”. Hypocalcemia
in the horse has been seen in hypoparathyroidism,
hypovitaminosis D, acute pancreatitis, oxalate poisoning,
acute or chronic renal failure, thabdomyolysis, severe colic
and colitis”. The far less common hypercalcemia is mostly
associated with the iatrogenic hypervitaminosis D, primary
or secondary hyperparathyroidism, paraneoplastic hyper-
parathyroidism and acute or chronic renal failure’.

Phosphorus (P)

Serum P is incorporated in both organic and inorganic
salts. However, in the every day practice only the inorganic
salts are measured and consequently expressed as
elementary phosphorus. Hyperphosphatemia may be
induced by massive cell destruction (e.g. chemotherapy,
rhabdomyolysis, hemolysis), iatrogenic hypervitaminosis D
or that of plant origin, chronic renal failure, hypo-
parathyroidism, hypersecretion of growth hormone and
pheochromocytoma®"*. Hypophosphatemia may also be
noticed in chronic renal failure and is an uncommon finding
in respiratory alkalosis, metabolic acidosis, catecholamine
hyperexcretion and paraneoplastic osteomalacia'.

Potassium (K)

Serum K does not always reflect the potassium stores of
the lean body mass simply because most of it is located
intracellularly. In the horse, hyperkalemia most often
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potoa tov moryreéatoc. Katd ouvémeia otig pheyuovadelg
TOONOELS TV 0QYAVOV QUTHV avauévetal avEnor g
oM ELGTHTAS ™S 0TOV 006 TOU aliatos”. ‘Oumg ong duo-
UECOOWANVAQLORES VEPEITLOES TOV aAdYOU 1) dQUOTNOLS-
™MTd ™g avEdveL 0To 000 ®at Gyl oto alua. Ze Tha ue (-
%TEQO, AV ABel vTdym 6t m oela mayrpeatinda eivar
eEapeTird omdvio 0to dhoyo, N aENUEVN daoTNELET-
ta ™S V-G T ovviBwg vTodAGOVEL NITOTKNS TTEOEAEVONG
xoASoTaon™ .

Kivdon tng »eeativng (CK)

Zto dhoyo 1 CK vrdoyet nvping otovg oxeietinolc
WS, To pUoxdEdLo xat tov eyxéparo”. Exeudr to évivuo
aUTS OeV JLEQYETOL TOV QUUATOEYREPAMKRS PEOYUS, OTTOL-
adnmote avEnom g dpaomELdmTds Tov Ba TEémeL va -
0000l g puorddeLes 1 pworapdonddered’. v med-
En tétoov eldoug avEnom €xeL mapatmendet o ofEn Tov
YOOTQORVI IOV HUGE, T UeTavouodnunt puomdBewd’, Ty
TAQOELVTLXY LVoTpaLEvovQie’™ xat, TEAOG, OTLS dLAPOQES
uoraEdoTddeLee.

Agudoyovdon tov yahoxtizoU oEfog (LD)

H LD megihapfdver 5 to0€viupa #ou GUYRERQUUEVA
oUTA TOV NITOTLROU %Ol TOU PUiRoU LoToY, TV EQUOQORVT-
TAQWV, TMWV EVIEQORVTTAQMV KL TOU VEPELXOU LOTOU. Z1-
poavtrt] atEnon g dpaomoeidttag g LD €yet duomt-
oTwOEL OTLS VOTTADELES, TLS LVORAQOLOTAOELES HaL TG M-

matondfeleg Tov ahdyou™t.

Agudgoyovdaon tng ooefrroing (SD)

To évlupo avtd eivar Toh) XMoo yia ™) didyvwaon
TV 0EeLdV Nratorabeldv Tov akdyov* 7 eEartiag ™mg
oM ovvToung NuuteELddov twng tov. T'ia to Adyo avtd o
TROOALOQLOUGS ™S SD meémeL va yiveTol 1o aQydteQo o
12 dpeg amd ™ otyun TS apwoApiog. Av #ot epEooV o
0066 draymworotel omtd To mypa vow atopuy et auéome, 1
eE€Ta0m oW Wtoel va kaBuoterioel uéyot wow 48 dpec’.

Aopéotio (Ca)

To olx6 Ca otov 096 ToU alpuaTog amoQTiteTan amd T0
LoVIoUEvo (40%) nai to ouvdedepévo pe mpwrteives (50%)
1 obpmhora (10%). O petafolouds tov Ca Paocird gub-
uiteton amd ™ 0pdon TS TaEAB0EUAEVNS, THE RAAOLTOV(-
NG %o TS ®OAOLTELOANG (1,25-0118 08y 0horakoiped-
).

Zto dhoyo, vaopeotiauia €xeL tagatendel otov v-
TOTaEABVEEOEOLONS, TV VITo- 1] afttauivimon D, v o-
Eela maryrpeatitda, v toErmon omd oEahxrd dhata, T
oEela 1 x4V VEQELXY] AVETAQHRELDL, TNV TALEOEVVTLXY
HOGPOULELVOVQIE, TO GOPAES #mMKS o TV ®oATdo”. H
VITEQAOPECTIOULUICL, TTOV SIATULOTOVETOL OTTOVIGTEQQL, OUVY-
Bwg ogelletor oty waTpoyevy vepfitauivwon D, tov
TEWTOYEVH N OEVTEQOYEVT] VITEQTAQABVOEOELOLOUS, TOV
Pevdn 1] TAQUVEOTAATUATIZG VITEQTAQAOVEEOELOLOUGS RO
™mv oEeia 1j xoovVIa VEQOUXRTY AVETAQRELD .

indicates urinary tract disease (oliguric renal failure, rupture
of the bladder, complete urethral obstruction), metabolic
acidosis, intensive or excessive training, extensive tissue
damage, pheochromocytoma'* but particularly signifies the
periodic hyperkalemic paralysis®. In contrast, prolonged
anorexia, diarrhea, chronic renal failure, metabolic alkalosis
and the use of diuretics are common causes of hypokalemia
in the horse".

Sodium (Na)

Hyponatriemia is a rather common finding in external
loss of body fluids (i.e. diarrhea, profuse sweating, blood
loss) or their shifting in the body cavities (i.e. septic
pleuropneumonia, hydrothorax, exudative peritonitis,
ascites) and in overhydration'. Hypernatriemia is usually
induced when dehydration exceeds 10% (i.e. protracted
diarrhea, extensive and severe burns, diabetes insipidus by
water deprivation) and by the administration of hypertonic
saline'.

Magnesium (Mg)

In the horse, hypomagnesiemia should be anticipated in
hypoparathyroidism, cantharidin toxicosis and acute rhab-
domyolysis*', while hypermagnesiemia is an uncommon
finding in chronic renal failure*”. [
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