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Melém Broxnpikev napapétpev oto
aipa npoPauvev npiv Kai perd tov
TOKETO Y1A TOV £AEYXO UMOKAIVIK®V
pop@av toéivaipiag eyKupoodvng

N. Poupmiég', Z. IToduConotrou', A. Mnvdg,
Ay. Ilanaotep1ddng'

INEPIAHWH.EpeuviiOnkav o1 peraBorég S1apopwv froynpi-
KOV napapétpwv otov opd tou aipatog npofdwv, and §vo &-
mdeypéva avunpoownevukd noipvia g nepioyig tng Ocooca-
Mag katd v nepiodo twv toketdv yia t Siepedvnon mbaviig u-
nokAvikiig unepketovapiag. E§fivea téooepa npéPata ywpiom-
kav o€ Suo opdbeg . H npdrin opdSa (opdSa M) anotedotviav a-
16 29 npoPariveg mou Sev fArav éykueg ka1 n Sevrepn opdda (o-
padaIT) and 35 npoPativeg nou Bpiokoviav oto tehevtaio otd-
810 g eykupoovvng. [1dpOnkav Sefypara aiparog ot efSopabiaia
S1aotipata, and Svo efopddeg, nepinou, nprv and tov tokerd
péxp1 buo efSopdbeg perd tov toketd ka1 npoodiopiotnkay o1 ou-
yrevtpdoeig tou B-udpouPoutupikol o&éog, Tou aketoSikoy o-
&€og, g yAuk6{ng, tng ohikiig ka1 dpeong yohepubpivng, tou a-
oBeotiou, tou avépyavou pwopbpou, Tou vatpiou, tou kadiou,
10U payvnoiou ka1 tng §pactnpidtntog tng Seiib poyovdong tng
oopPredAng ka1 g y-yroutapurotpavopepdong. Ora wa (ba na-
pépervav uyid ka®’ 6An tn S1dpketa tou nelpapatiopod kai o To-
ketdg Atav oparde. Aekaoytd npoPativeg 51,4% yévvnoav and
évav apvd, 12 (34.3%) and Suo apvode, 4 (11,4%) and tpeig kai 1
(2,9%) téooepig apvoiig. And v eppnveia twv anotedeopdtwv
g Proynpikig avdluong e @aiverar va undpyer unoxkhivika ké-
won. H yAuké(n tou aipatog twv npoPatvav g opddag I na-
pépeve onpavukd xapnAdtepn (P<0,05) avtig wv paptipwy, evd
n yapnAétepn ouykévipwon g (2,3+0,34 mmol/L) mapatnpi-
Onke pia efSopdda np1v and tov tokerd. Muopei dpwg va epepa-
viotel pikpdg ap1Opég mepiotauk@v pe unokAvika kétwon mapd
g karég ouvinkeg S1aPiwong twv mopviwv.

Aé&erg evpenpiaong: Bioynpixég petafodéc, umokAwviki kétwon,
npdParo, eykupootvn.

Epeuvvnuxkn
Original article

A pre- and postpartum study of
selected biochemical parameters in
ewes for the early detection of
pregnancy toxemia

Roubies N.', Polizopoulou Z.', Minas A.?,
Papasteriades A.'

ABSTRACT. A field investigation on the incidence of subclinical
ovine ketosis was performed in two large sheep flocks in an
agricultural region of central Greece. Sixty - four animals were
allocated in 2 study groups: group C, consisted of 29 non-pregnant
females and group S of 35 end-term pregnant ewes. The trial lasted
6 weeks, including the immediate pre- and postpartal period.
Blood samples were collected on weekly intervals and used for
determining the concentrations of B-hydroxybutyrate (BHB),
acetoacetate (AcAc), glucose, total (TB) and conjugated (CB)
bilirubin, calcium (Ca), inorganic phosphorus (P), sodium (Na),
potassium (K), magnesium (Mg) and the activity of sorbitol
dehydrogenase (SDH) and y-glutamyl transferase (yGT). All the
animals remained clinically healthy throughout the trial and
parturition was uneventful. Eighteen group S ewes (51.4%)
delivered 1 lamb, 12 (34,3%) twins, 4 (11.4%) triplets and 1
(2.9%) 4 lambs. Although the overall evaluation of the biochemical
analysis did not support the existence of subclinical ketosis, blood
glucose remained significantly lower (P<0.05) in group S sheep,
with its lowest value (2.3+0.34 mmol/l) recorded 1 week prior to
parturition. Sporadic cases of subclinical hyperketonemia may
occur, despite optimal flock management.

Keywords: Biochemical changes, subclinical hyperketonemia,
sheep, pregnancy
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EIXATQI'H

H toEwvaupio e eyrupooivng eivon o petaforini
v300¢ o eugaviCetal ®xueing oto tehevtaio otddio g
EYRVUOOUVNGS TOAIOUU®V TTROPaTvdV, Gty dev valimto-
VIO OL EVEQYELORES AVAY®ES TOVS . ZTUS TTEQUTTHOELS TTOU
1 aTowTOUUEVY EVEQYELX ROMITTTETAL 08 OQLUXA ETiTEDAL,
1 EUQPAVLOT TWV CUUTTOUATOV EEAQTATOL 0Tt TNV EVOIL-
oftnolo g #dBe mpoPativac. H eppdvion mg véoou oe a-
vehddec yohantomapaywyng elvar omdvia, eugaviCetal
ouviBwg og Lo ToV ®VOPOEOTY TEQLOOGTEQO 0TS Eva EU-
Bova, abBdg now ndTm and 0QLOoUEves ouvOnreg duoreloL-
OGS TWV EXTEOPHV*.

Iapd to Yeyovdg, Gt ToEwvatuio T eyrupootvng &i-
Vo YVoOoTH £dd ®oL XOOVLA OTOVS ®TNVIATEOUS MG ot
OTOVS XTNVOTEOPOVS, O UNYAVIOUGS TTOORANONG TWV PETA-
Bolwrav dratapaywv mov avty Teorakel dev €yl diev-
ROWVLOTEL ETAORAS, LOLAITEQA EPSOOV dEV EIVOL YVWOTS OV
TEGRELTOL GVTOS YO TTRMOTOYEVT] VOO0 1] Yot dEVTEQOYEVY
ETULITAOKT] TTOV TTAQOVOLALETOL ®ATM aTtd E1OWMES CUVOT RES
(vTtEQOLTLOUGE, VITOOLTLOUGG, TAQUTETAUE VN avoeEla, ou-
VUTTAQYOVTA VOO uotal)*.

H vrtoxhvinr] #€tmaon, tov elva 1 moddooun rordota-
O1] TOV aVTIOTOLYOV RAMVIXOU OUVIQGHOU, YoeaxrTelleTaL
TG OUYHERQUUEVES PLOYMIMKES UETOPOMES, GTtmng 1 Pabut-
ala. ENOM ™S CUYREVTQMONGS TV RETOVIXADV COUdTWV (B-
vdPOEVoUTLELRG 0BT, aneToEWE 08D naw axeTdvn) 0TO -
poL %o o 0000 o€ ®elowa emtimeda, ®ow ard pn edd ovp-
TTAUOTA, OTImS 0voEEEn, artmlelo PAEOVE raw Helwom Twv
amodSoemv, £T0L DOTE 1) Eyraey Sdyvwor] TS Vo v
6,60%0)\’7]4.10.14.

O 71ROOIOQLOUSE TS CUYREVIQMONS TWV RETOVIXGV
copdtav, Wuaitepo tov B-udpoEufovtuoLrot 0Eog, ato
alua, To 000 %ot to Ydia, diver ooy ewmdva e ®atdota-
O1G TOU THOU TELV AITS TNV EUPAVLON TV OUUTTOUETMV.
Oa TEETEL SUMC VAL TOVIOTEL OTL Y] CUYREVIQWOY TOVS 0T
oovapeQOEvia froroyird vMrd Tagovoldlel duomv-
pdvoeLg rotd T dudorera Tov 24deov. O peyahitepeg Tt-
UEG TTAQOTNEOVVTOL TTOLV OIS T (O YNOT) TEQOPNS YEYOVOS
mtov emParher T Mjym deryudrtwv oe xabooLouévn doa'>'.

ZtaBe6 evonua 0TV ToELvaLpia ™G £YRUpHootvng ei-
VoL 1) vroyAuroupie, atoTéAEoUa TOV aQVNTLXOU LooLuYi-
oV eVEQYELOS ®al VOUTOVOQAXWY AGY® TV QUVENUEVOV O
TOLTHOEWMY TOU 0QYOVIOUoU Thg utépac®”'. Ounmartomd-
Bereg elvor onuavtrol ToEdyovies mov TEodLabétovy
oV EPPAVLON TS RETMONG, eEantiag ™g drataayc T
ouvBeonc ™S YAURGTNG, Tov ElvaL RoL PLoL aTtd TLS oML
vimdteeg uetaforés mov m yapaxtneiCovv'”. H exti-
UNOoT TS AELTOVQYIXIG AREQULATNTOS TOV NITATOS YLOL TO
0%OoTS AUTS, YIVETOW UE TOV TTQOOOLOQLOUS OTOV 0Q3 TOU aLi-
potog g dpaotnoLdTnTag TG dedQoyovdons g coepL-
TEMG, TG Y-YAOUTAUVAOTOAVOPEQAONG KAl TG OUYXE-
VIQWONG THE OIS ®ow THE dueong xohepuBoivng'™’. And-
un, Walteen onpooio oty dLeEetvion TV TEQLOTUTIRDV
€YEL 0 TTROOALOPLOUAS TOV VATEIOY, MOV, PUOPSQOV, O
ofeotiov rou paryvnaiov, epdoov 1 diataayti e oEeo-

INTRODUCTION

Pregnancy toxemia, a metabolic disease of polytocous
ewes, appears to occur when glucose demands of the fetal -
placental unit cannot be met, leading to a negative energy
balance, especially during the late gestation period**. Even
when energy intake is subnormal, the incidence of this
metabolic disease is reported to vary from susceptible to
resistant ewes. The syndrome is rare in dairy cows, its
prevalence depending on a number of factors, such as herd
management, parity and season *°.

Despite the fact that pregnancy toxemia has been
known for years to veterinarians and flock masters, detailed
knowledge of its characteristic metabolic disturbances is
still lacking. In particular, it must be clarified whether signs
are caused by the actual disease process or are a
consequence of diminished appetite®.

Subclinical ketosis, which is considered a prodromal
condition of the clinical syndrome, is characterized by
specific biochemical abnormalities, such as gradual
elevation to the critical point of ketone bodies (b-hydro-
xybutyrate, acetoacetate, acetone) concentration in blood
and urine and vague clinical signs such as inappetence, loss

of body condition and decreased productivity*'*".

Generally, the determination of blood, urine and milk
ketone bodies, especially -hydroxybutyrate (BHB) are
considered adequate indicators of preketotic status.
Limitations occur due to diurnal variations in ketone body
values (peak prior to feeding), which urges the setting of

standard sampling time'>'*.

Hypoglycaemia is a consistent finding of pregnancy
toxemia due to negative energy balance®". Since the
synthesis of glucose is carried out by liver, liver’s insuf-
ficiency is a main factor that predisposes the occurance of
hyperketonaemia””. The estimation of serum sorbitol
dehydrogenase (SDH), y-glutamyl transferase (yGT), total
(TB) and conjugated bilirubin (CB) are used for assessment
of liver function™”. Additionally, hyperketonaemia causes
acid-base imbalance that is influenced by the concentration
of potassium (K), sodium (Na), inorganic phosphorus (P),
calcium (Ca) and magnesium (Mg), which are components

of the intracellular and extracellular fluids'".

Other metabolic indicators, such as plasma glucose and
non-esterified fatty acids (NEFA), are impractical, because
of the observed value fluctuations**'**.

Sampling schemes for flock subclinical ketosis asses-
sment should be designed on a weekly basis, since false
negative results have been obtained, when sample
collection was performed monthly**.

The purpose of this study was to investigate pre- and
postpartum blood biochemical changes, when the risk of
hyperketonaemia is greater, in two selected sheep flocks in
Greece.

MATERIALS AND METHODS
Two sheep flocks were selected to be evaluated, from
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Baowrnig toopomtiag eival astd TLg oUVOTEQES PLOYXNULRES
uetaPorég mov yapuxrmeilovy v vétwon'™”.

AMeg ProynuLréc TAQAUETQOL, OIS TAL W) ETEQOTTOL-
nuéva Mtapd oEéa (non-esterified fatty acids, NEFA) oto
TAAOUO TOV alUaTog deV €XOUV TEAXTLXY dLayvOOoTLrY -
Elat, OL5TL TO £UQOC DLUKTUAVONG TWV CUYREVIQDOEWY TMV
OVOLAY CUTAY glvar TTOMG peydho* %,

T v extipnon g ratdotaons eveg ouviov og 6,1
aoed ™V vrorhviny ®€twon, Ba meémel va yivetal devy-
HTOAMPi TV BLOAOYLRAOY VARGV EVOL UV TTOLY AItd TOV
ToneTd, o¢ gfdonadiaio fdon, didt 1 eE€Taon Toug o€ a-
QUUATEQO XQOVIXA SLAOTHUOTO UWTOQEL VoL 00Ny OEL OF TTa-

poamhavnuxd amoteAéouatat,

O oromde ™ ueAée rav va epevvnotv oL petafo-
AEC TV EVOERTIRAV TAQAUETOMV TG TOELVOLUOS TN €-
YHUUOOUVNC, 08 U0 OVTUTROCMITEVTIRG TTOTUVIAL TTROPd TV
%aTd ™V TEQRI0DO TV TORETHV, 0TtdTE AVEAVOVTOL OL TTL-
BavoTTEC EUPAVIONG VITEQRETOVOLUIOS.

YAIKA KAI MEGOAOI

H gpgvva éywve omv ooy mg Adouoag v tepiodo
Agxeppoiov - Magptiov og dvo molpvia tpofdrwy, T o-
moia dafrovoay og avolytolc amd T véta Theved otd-
Brovg. EmAéyOnrav eEfvra téo0oepa medpata mov avij-
%o o™ U Xiov, 1) ortoia TeoTdTon 0TV EMAVIRY ®TY)-
voTeogia £meLdY EVOL TQOCUQUOOUEVY OTIE RMUATOAOYL-
%Ec ouVORES TG XDEAC NagS, OAAG ot dtdTL epgaviCer v-
YNAS 1000016 TOAVOLUINS, TO OTTOTN X WEIOT ROV O dTO
opddec. H oudda tomv paptigwv (M) arotehotviay and
29 mpdPatives Tov Ogv ®VOPOROVOAY KoL 1) OUAd TV TTEL-
papartolawv (IT) and 35 §ynvec mpdPatives mov avaug-
VOVTOWV VO, YEVVIIo0UY PETA artd 15-20 nuépec, otppmva pe
TS AVOPOQES TMV RTNVOTEOPMV AAG RO TNV EXTIUNOY UE-
T4 oS eEETao] Tovg.

Ola ta Lo fro rhvird vy, elyov eupohaotel votd
™S #AMOTNEWOI0ONE %Ol ETTOLQVAY RAVOVIRY] AYWYT] UE OLV-
BehuvOund. Ta medPata Efooray nau eITAEOV KON YOU-
VIOV UEYIOL ROQTIADY TOU EPITTOQI0V. ZTOVE ®THVOTEOQOUS d6-
Onrowv oL ratdAAnieg odnyieg, dote uetd amd vabnuewvs
EAeYY0, Vo avapépovy #dbe netafolr] Tov agod ™ yevt-
%11 »AVLRY ELROVA TV CDMV RO TNV ROTAVAAWDOT TQOPTC.

Ko 0716 tig 860 ouddeg twv mpofdrawv €yvay Myelg
derypdimv atpotog mévie Qoég oe efdopadiaio daot-
HOTaL, OVALOYOL [LE TNV CVALUEVOUEVT NUEQO TOU TORETOU.
ZuyrerQUUEVA, TOOYUOTOTTOW|Onray oo mpiec otg 15
%ol 7 NUEQES TTOLV OITS TOV TOXETO, TV NUEQC. TOV TORETOU,
™mv 7m xow ™ 15 nuéea petd amé outdv. O awpormpieg
yivovtav ot 8 To mpml, tpoTov ta Lha 0dnyndotv o Pfo-
ont}, OTE VO PNV VITAQYOVV TTALQATACVITLXRG EVOTUATO
7OV OPEILOVTUL OTLS PUOLOLOYLRES DLORVUAVOELS TOV TL-
UV TV TAQAUETOMY ®OTd T dLdEreLe Tov 24mQ0V.

Yortepa and mapaxévimon mge opoyiudag pAéBag ovl-
Aéyovtav 15 ml aipatog o gvpvotopa Yudhva prakidio.
To aipo apéows ueTd ™V THEN %ot T0 Sy mELoUS ToU 0-
00V vtofalhdtay og puyoxrévipnon oe 3000 otpopéc To

December to March, which is the period of lambing in
Greece. The sheep of both flocks were housed in adjacent,
open to the south sheds. Sixty-four sheep from these flocks
were chosen to be allocated into 2 study groups. The sheep
belonged to a Greek breed (Chios island sheep), preferred
from many farmers because of its high twinning potential
and its ability to adapt to adverse environmental conditions.
Group C (control group) consisted of 29 non-pregnant ewes
(not exposed to rams) and group S (study group) included
35 full term pregnant ewes, that were expected to lamb
within 15 to 20 days, according to the managers’ breeding
records, as well as the clinical examination findings.

All the animals were in good condition, did not have
serious health problems, were vaccinated routinely against
clostridial infections and treated regularly with broad-
spectrum anthelminthics. They were allowed to graze and
received supplemental grain rations purchased commer-
cially. The sheep animal caretakers were instructed to
inspect the sheep every day and record any change in feed
consumption and overall health.

For both groups, blood samples were collected 5 times
at weekly intervals, according to the expected day of
lambing, and specifically 15 and 7 days prepartum, at
parturition day, 7 and 15 days postpartum, respectively.
Sample collection was performed at 8:00 a.m., before the
animals were let out to pasture, in order to avoid analytical
errors due to diurnal variations.

Fifteen ml of blood were drawn via jugular
venipuncture in plain glass tubes, allowed to clot and
centrifuged immediately at 3.000 rpm (1600g). Serum
samples were transferred in plastic vials and forwarded for
biochemichal analysis. The parameters to be evaluated
included B-hydroxybutyrate (BHB), acetoacetate (ACAC)
and glucose for determination of body energy balance; total
(TB) and conjugated bilirubin (CB), sorbitol dehydro-
genase (SDH) and vy-glutamyl transferase (yGT) for
assessment of liver function; calcium (Ca), inorganic
phosphorus (P), magnesium (Mg), potassium (K) and
sodium (Na) for detection of electrolytes imbalances.

Methods of Analysis

Glucose, TB and CB were assayed colorimetrically,
using commercial kits and standard procedures, suggested
by the manufacturing company (Boehringer Manheim
GmbH, Germany). Ca and Mg were determined by means
of flame atomic absorption spectrophotometry, using a
Perkin Elmer model 403 instrument™. Inorganic P was
evaluated by the heteropoly blue method”. Potassium and
Na were analyzed, using flame atomic emission spectro-
photometry and an Eppendorf instrument.The activity of
SDH and yGT was estimated with enzymatic (kinetic)
methods and the relevant commercial kits (SDH: Sigma
Diagnostics, St. Louis USA, yGT: Sclavo diagnostici, Siena,
Italy). The assessment of BHB and AcAc concentrations

24,25

was performed enzymatically”

ITEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAZ 2003, 54(1)
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Aemtd (1600 g) o v mapahafr] tov ogov. O 0Qdg ueta-
@edtav og mhaotird QLaAidlo xau StapLaldtay auéomng
OTO EQYOOTHELO Yo avdAvo. Ot Broynurés ToQdueTooL
IOV 7TRO0dLoEIoTNHAY HTav TO B-vdEoEVouTVELRG 0EY
(BHB), 10 axetoEmd oEG (AcAc) rawn YAurGTH yuo Ty €-
®Tiunon tov wotvyiov evépyeag,  oMxt (TB) raw dueon
(CB) yoheouBpivn, m deidooyovdon g coQPLTOAng
(SDH) »own y-yhovtapvhotoavopepdon (YGT) yuo tyv €-
©TEUnon mg Aertoveyiog tov firatog. Eniong mpoodiopt-
omrawv 10 aopéotio (Ca), 0 avégyavog pwopséeos (P), to
payviowo (Mg), to »aho (K) xou 1o vdtoro (Na) yuo tov €-
Aeyyo g 0Eeofaoitung LOOQQOTINS.

Mé£0odor avdlvong

H yhuxdin, n TB xow  CB mpoodiopiomray pe €tolua
avTIdEAOTNOLOL RO OUUPVEL UE TS OONYIES TNE HATAORED-
dotolog etounptag (Boehringer Manheim GmbH, Ger-
many). To Ca zot 10 Mg tpoadioplotuay Pe Qoopato-
(POTOUETOLOL OTOURT|S ATTOREAPNONG O GQYOAVO THG ETAL-
pelag Perkin Elmer (timog tov ogydvou 430)™. O avégya-
VOG POOPASOOE TTROOIOQIOTNHE UE YOMUATOUETORY UEBO-
507, 10 K zou Na gphoyopmtouetouwmd, oe GQYavo g TaL-
oiag Eppendorf, eva ot dpaotnoidtnes twv eviipuwy SDH
»rot YGT pe eviupunéc ue0Gdove xonoomoLdvTos Etouua
avudoaotiola Tv etouuv Sigma Diagnostics, St Louis
USA yua m SDH, m¢ Sclavo Diagnostici, Siena, Italy yia
™V YGT ®ow o0upova. Ue TV TTEOTELVOUEVY OTTO QUTES UE-
Bodohloyia. Téhog, oL mpoadrogiopot twv BHB xaw AcAc
Eywav pe eviuuxéc pedddovg™?.

Troatiotizn avdivon

H otanionn eneEeoyaoio tmv amoteeoudtov €ywve
ue ) uéBodo g avdlvong me diaxdpavone. Lo my a-
%OLPY ETUOTUOVOT) TV LOPOQDV XONOLUOTOONKRE O €-
Leyyog Tov Tohathov ebpovg Ttov Tukey. Tt Tov mEOO-
dtopLopd g oxéong avd dYo petaEl TV TUEAUETOMV YON-
owpwomonxe 1 uéBodog g avdivong Tahvoodunone.
‘Olot ot Eheyyol Eywvay og emimedo onuavirdmrags 5%.

AITIOTEAEXMATA

Ta aswoteAéoparta g Proxnuntic avdivong otov 04
TOV Q{UOTOC TV TEOPATIVHV, TECO TMV TELQAUATOLHO!Y
(oudda IT) 600 naw TV paeTipmv (opdda M), rabdg ra
PUOLOAOYLHES TLES, divovTon otov Ttivara 1.

Agv mtaamefnre otamotind onuavtiny dlapoed ue-
TaE0 TV 00 opddmv ®ad’ Ghn ™ dudoxela Tov TELQOUA-
Topov og oxéon pe Tig mapauétoovs AcAc, TB, CB, SDH,
vGT, Ca, Na, K now Mg (mwivaxag 1). O uéoog 600g tg ov-
YXEVTOMONG TS YAURGTNG 0TOV 006 TOU AlUaTog TS Opd-
dac TT frav onuavTind YounAGTEQOS aTtd aUTEV TS Oud-
dag M (P < 0,05) now €pbaoe oyeddv ota puotohoyurd 6-
oL, £XoVTaS SUMS TAVTO ONUOVTLXY] dtapoed, uévo oty
tehevtaia derypotodypia, n omoia £yive dGo epdonddeg
uetd tov Tonetd. O P€cog 60¢ TS CUYKREVIOMONS TOU
BHB o1ov 006 tov aiportog g ouddag I vjrav onuavixd

Statistical analysis

The significance of the differences among groups were
determined by using analysis of variance. The Tukey
multiple comparison test was used to determine whether
there were statistical differences. In addition, linear
regression analysis was used for the estimation of the
relationship between the parameters per couple. Signi-
ficance was declared at P<0.05.

RESULTS

The results of serum biochemical analysis in
experimental (group S) and control (group C) sheep, as
well as normal values are presented in Table 1.

No significant differences between the two sheep groups
were recorded throughout the observation period for the
parameters AcAc, TB, CB, SDH, yGT, Ca, Na, K and Mg
(Table 1). Mean glucose concentrations were consistently
lower (P<0.05) in group S sheep, compared to the controls
and rose to nearly normal values only in the last observation,
which was 2 weeks postpartum. Mean BHB concentrations
differed significantly from group C animals (P<0.05) in the
first observation and remained slightly elevated in group S
during the trial period, not to exceed 1 mmol/L. Lower
mean P concentrations were consistently recorded in group
S animals (P<0.05). The lowest value (1,4+0,35 mmol/L)
observed 2 weeks postpartum.

Both groups of sheep remained clinically healthy during
the entire study period. Seventeen ewes (group S) delivered
one lamb, 12 twins, 4 triplets and 1 ewe gave birth to 4
lambs. Two fully developed lambs of the twin group were
born dead. The pregnant ewes were further divided in 2
subgroups, according to the number of delivered lambs (A-
one lamb and B-more than one lamb), in order to compare
and investigate the effect of twinning on the studied
parameters (Table 2). Table 3 presents the laboratory
findings in the subset of ewes carrying multiple fetuses.

Correlation analysis did not reveal the existence of any
significant relation among the evaluated parameters.

DISCUSSION

Overall evaluation of the findings in this study (Tables 1,
2 and 3) points to the conclusion that no evidence of
hyperketonemia exists. Nevertheless, as it is presented in
Table 3, sporadic cases of probable subclinical ketosis were
seen in ewes carrying more than one lambs.

Elevated serum BHB and decreased glucose concen-
trations were observed in selected cases of the multiparous
group (No 9, 20, 26 and 29, Table 2). These findings
support the opinion that although the incidence of sheep
ketosis has declined over the years, because of increasing
awareness and knowledge of nutritional requirements,
individual cases still occur under favorable situations™* .

Blood glucose concentration reached its lowest value
(2.3+0.34 mmol/L) one week prior to parturition and
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Hivaxaeg 1. AroteAé opara g Broynuxis avaiuong otov 006 Tov aipatog Tmv mopdrwy (MEon Ty £tummn amdriion)

dvoto- 2 efdopadeg 1 efoopdoda Toxetog 1 efoopdoda 2 epdopddeg
koytzcs;g QLY TG TOV TOXETO  TOLV U0 TOV TOXETO LLETd TOV TORETO WET TOV TOXETO
TG
M I M II M II M I M II
o éyrva  Eyrva oLéyvva  Eyrva oypLéyrva Eyrva oL éyrva  Eyrva opLéyrva  €yrva
g?nol/L 28-32 23%£0.09 22020 21+0.08 22+0.18 23+0.10 2.2+0.17 21009 23+021  22+0.11 23%0.22
;mol/L 1.6-23 1.9'+0.28 1.5'+0.28 1.8'x025 15’026 1.9'+030 1.5'+044 19032 1.5'+037 1.8'+0.30 1.4'+0.35
Iljli‘nol/L 139-152  140+8,3 142+4,8 141£8,7 14357 144+44  141+113  143£7,8 13769 138+6,5  140£78
ﬁmol/L 39-54 4.6%050 48+0.61  48+045 4.8+058 4.7+0.60 4.7+050  4.6x053 4.8+043  47+044 4.6x0.43
nl\/lll%lol/L 09-12 12+0.10 12+0.14  1.1+011 12+013 12+014 124014  12+0.08 1.2+0.09 1.1+0.13  1.2+0.11
mﬁ?/%' 28-45 29x049 24°'x031 2.8x045 23'+034 292040 25064 3.0°+035 25°%£055 2.9°£0.50 2.7°x047
él&lﬁ/oﬁ 00-46 14028 1.7+151  15+035 21+236  1.7+051 1.9+125 15031 15+027  1.6x035 1.7%0.50
r(r)li»nﬁ;)lf 1.7-85 34x076 39+244  38+0.80 44+3.60 4.0x11 4.6+340 35+0.70 3.7x057  3.6+090 4.1+1.13
%]/)LH 6-28 44+37 6865 51£32 61+39 55+49 45£32 53%28 53%35 48+35 57+45
}{JC/IE 20-52  37£7.0  35+£185 3910 43+204 32+£50  46x249 4011 47£163 44£9.0  38+18.6
gflrlgl/L 02-05 05=0.14 0.7°=0.16 05+0.11 0.6=039 03%0.07 0.6=023 04+0.09 0.6x015  05x0.11 0.6=0.13
ﬁ(r:rﬁ)(i/L 0.01-0.05 0.15£0.05 0.16=0.04 0.12+0.03 0.17+£0.09 0.16=0.05 0.18+0.14 0.17£0.06 0.15+0.10 0.14+0.04 0.15+0.05
*Ou néoeg Tég g (dLag oeLpde ne daoetird ex0€t dagpépovy otattotrd onuavrd ( P<0.05)
**Kaneko J.J., Harvey J. W., and Bruss M.L., Clinical Biochemistry of Domestic Animals 5-th ed., 1997, Academic Press
Table 1. Results of serum biochemical analysis in experimental and control sheep (Mean + SD)"
Normal 2 weeks 1 week Parturition 1 week 2 weeks
values**  before parturition before parturition after parturition after parturition
C S C S C S C S C S
non pregn. non pregn. non pregn. non pregn. non pregn.
pregn. pregn. pregn. pregn. pregn.
g?nol/L 28-32 23%£0.09 22020 21+0.08 22+0.18 23+0.10 22+0.17 21009 23+021  22+0.11 23%0.22
imol/L 1.6-23 1.9'+0.28 1.5°+0.28 18025 1.5°=026 1.9'+030 1.5'+044 19032 1.5+037 1.8'+0.30 1.4'+0.35
Injn?nol/L 139-152  140+8,3 142+4,8 141£8,7 14357 144+44  141+113  143£78 13769 138+6,5  140£78
In<1mol/L 39-54 46%050 48061  48+045 4.8+058 4.7x0.60 4.7+050 4.6=053 4.8+043  47x044 4.6%043
?n/lr%lol/L 09-12 12+010 12014  11x0.11 12+0.13 12+014 12+0.14  12x0.08 1.2+0.09 1.1£0.13  1.2+0.11
glﬁg(l)/sf 28-45 292049 24°x031 2.8'+045 23'+034 29£040 2.5°=0.64 3.0°0.35 2.5°%055 29050 2.7°=047
r(flrrllg(;ll/L 00-46 14+028 1.7x151  15+035 21+236 17+051 19+125  15+031 1.5+0.27 1.6+£0.35 1.7x0.50
inl?cl)ll/L 1.7-85 34x0.76 39+244  38+0.80 44+3.60 4.0x11 4.6+340 35+0.70 3.7x057  3.6+090 4.1+1.13
%]/)IE{ 6-28 44+37 6865 51%32 61+39 55+49 45£32 53%28 53£35 48+35 57+45
%?IT 20-52 37x70 35185 39+10 43+204 32+£50 46249 40+11 47163 4490  38%18.6
giEI/L 02-05 05+*014 077016 05011 06=039  03+0.07 0.6%023  04=0.09 0.6+0.15  05+0.11 0.6+0.13
ﬁ%\()CI/L 0.01-0.05 0.15%£0.05 0.16+0.04 0.12+0.03 0.17+0.09 0.16+0.05 0.18+0.14 0.17x0.06 0.15+0.10  0.14x0.04 0.15%0.05

*Means in the same row with different superscripts differ (P<0.05)
** Kaneko J.J.,Harvey J. W., and Bruss M.L., Clinical Biochemistry of Domestic Animals 5-th ed., 1997, Academic Press
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Ilivaxrag 2. Tyég Broymundy TOQAUETOWY 0TOV 004 TOV A{HATOS TMV TEORATLVAV OV YEVVNOOV EVay auveo (A) xow Tmv Tpofatvay

OV YEVVI OV TEQLOOGTEQOVG ATl Evary apvotsg (B). (MEon mun £tumt| amduiion)

2 efoouddeg 1 efoopdda TOXETOG 1 efdopdoa 2 efoopddeg
QLY ONG TOV TOXETO TTOLV 06 TOV TOXETO UETA TOV TOXETO LETA TOV TOXETO
A B A B A B A B A B

Ca
mmol/L 222024 2.3x0.16 22+0.19 23+0.18 22%0.10 2.3+0.21 2.2+0.18 2.3+0.24 2.3+0.21 2.3+0.20
P
mmol/L 1.5+0.37 1.6+0.19 1.6x0.26 1.5x0.25 1.7+£0.44 15x0.43 1.5+034 1.5+0.41 1.3+0.42 1.4x0.28
Na
mmol/L 14345 142+52 14258 143+59 142+6,5 139%14,9 138%+7,6 137x7,1 140+8,9 141+7,7
K
mmol/L 4.8+0.65 4.8%+0.58 4.8+0.55 4.8+0.63 4.5+0.54 48+0.45 4.6x047 4.9+0.37 4.6x0.43 4.7+0.44
Mg
mmol/L 1.2+£0.15 1.2x0.14 1.2£0.13 1.3x0.12 1.1£0.09 1.3%x044 1.2%+0.09 1.2+0.11 1.3£0.14 1.2%0.08
Thun6in
mmol/L 2.3+0.29 2.5+0.32 22+0.34 24+034 24x0.51 2.6x0.75 2.6x0.57 2.4+0.54 2.6x0.49 2.7+0.45
Ap. XoA.
mmol/L 2.0+2.15 1.4+0.25 27324 1.6x080 2.0+1.09 1.9%+143 1.6x0.34 1.6x0.21 1.6+0.44 1.8%+0.54
OM. Xoh.
mmol/L 44+3.40 3.5%0.65 54+496 3.6x137 45x1.99 4.8+450 3.6x0.54 3.9+0.60 3.8+0.72 4.3+1.38
SDH
U/L 69=+46 51£29 7444 4827 42+17 39+19 57+34 43+23 63+54 51£39
yGT
U/L 37+23 34+14 48+26 3711 46+33 45+15 5019 44+13 43+17 34+20
BHB
mmol/L 0.6+x0.17 0.6%0.19 0.7+£0.52 0.6x0.22  0.6x0.30 0.6x0.17 0.6x0.16 0.6x0.15 0.6+£0.15 0.6x£0.12
AcAc
mmol/L  0.16%£0.03 0.16+0.06 0.19%£0.13 0.16x0.04 0.18%+0.15 0.19+0.15 0.14+0.10 0.17+0.10  0.17%0.05 0.14+0.05

Table 2. Results of serum biochemical analysis of pregnant ewes carrying one fetuse (A) and multiple fetuses (B) on parturition

(Mean = SD)
2 weeks 1 week Parturition 1 week 2 weeks
before parturition before parturition after parturition after parturition
A B A B A B A B A B

Ca
mmol/L  2.2+0.24 23%0.16 22+0.19 23%0.18 22x0.10 2.3%0.21 2.2x0.18 2.3x0.24 23x0.21 2.3%0.20
imol/L 1.5+£0.37 1.6x0.19 1.6£0.26 1.5+025 1.7+x0.44 1.5x043 1.5=0.34 1.5x0.41 1.3x0.42 1.4+0.28
giml/L 143x4,5 142%5.2 142+5,8 143%5,9 142+6,5 139x149 138x7,6 137x7,1 140£8,9 141%7,7
III<1I1’101/L 48+0.65 4.8+0.58 48+0.55 4.8+0.63 4.5x0.54 4.8+045 4.6x047 4.9%x0.37 4.6x0.43 4.7x0.44
xI%IOI/L 1.2+0.15 1.2x0.14 1.2+0.13 1.3x0.12  1.1x0.09 1.3x0.44 1.2+0.09 1.2%0.11 1.3x0.14 1.2+0.08
gﬁg(l)/slf 232029 2.5%0.32 22%0.34 24x0.34  24x051 2.6x0.75 2.6x0.57 2.4x054 2.620.49 2.7x0.45
ﬁrr]?cl)ll/L 2.0+2.15 1.4+0.25 2.7x324 1.6x0.80 2.0x1.09 19%143 1.6+x0.34 1.6x0.21 1.6x£0.44 1.8+0.54
i(;l:ollg/lll; 4.4x340 3.5%+0.65 5.4+496 3.6x137 4.5%x1.99 4.8x450 3.6x0.54 3.9%0.60 3.820.72 4.3x1.38
ISJ]/)LH 69=46 51x29 T4x44 4827 42+17 39x19 57+34 43+23 6354  51x39
\I{JC/;I:F 3723 34x14 4826 37x11 46=33 45x15 50+19 44+13 43+17  34x20
rl?llr?qgl/L 0.6+0.17 0.6%0.19 0.7+£0.52 0.6x0.22  0.6=0.30 0.6=0.17 0.6%£0.16 0.6%0.15 0.6+0.15 0.6+0.12
ﬁfﬁocl/L 0.16=0.03 0.16+£0.06  0.19%0.13 0.16+0.04 0.18%0.15 0.19£0.15 0.14x0.10 0.17+0.10  0.17x0.05 0.14x0.05
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ueyaAiteQog Tov avtiotolyov g ouddag M (P<0,05) us-
vov ratd TV ™ derypatoMpia, ahhd Taéueve o
avEnuévog oe GAn ™ didoreLa TOU TELRAUATIOUOU, XWEIS G-
umg va EemepdogL v xeiown T Tov 1 mmol/L. Axéun,
otatotxrd younidtegog (P<0,05) fitav o uéoog 6pog ™mg
ovyrEVTEMONS Tov P otov 006 Tov ailpnatog twv telpauo-
totodwv. H puredteon i (1,4=0,35 mmol/L) oot or-
Onxre ot derypatolnyio mov €yive 0o efdouddec petd
TOV TOXETO.

Ovpofativeg nar ot g d60 opuddeg maEnevay vl
vird vyielc oe Gy ) dudpxrela g Epevvag. Aéxa emttd
mpopativeg (opddag IT) yévvnoav amd évav auvd, dade-
%o 07t6 Y0, TEGOEQLS 0TS TEELS RO (o TEOOEQLS. ¢ 2 a-
76 g dldvpec nuMoets, 1o 1 amd ta 2 yevviitnrav verpd,
av xnat frav TMjems avertuyuéva. O mpofatives g o-
nadag I ymplomray ot 2 emugpovg vtoouddec pe fdom
ToV 0LOUS TV euBEUmV IOV ®VOPoEOVaoY (A-povodu-
neg o B-modidupeg #ufoels), £€1oL dote va yiver n avil-
oToLyN OUYXQELON TV TLUEY TMV TTOQAUETOWY TTOU dLEQEV-
vBnuay (Fivaxag 2), aré my omolo Spwg Ogv Teodrmpay
onuavtkég duagoeés (P>0.05). Ztov mivara 3 didoviar
TA ATTOTELEOUATAL TOV BLOXNULRDYV OVAATOEWY OTOV 006
TOV A{HoTog TV TOAGdVUMY TEOPATLVADY RATA TNV NUEQO
TOV TOXETOU.

Emonuaivetal 6t ue ) otatotixn eneEepyaoio tmv
amoteheoudtov de Poétnre aEloonueimtog ovoyeTIonds
UETOED TV PLOXNUMAHGDV TUQOUETOWY TTOU HEAETI{ON®AY.

YYZHTHXH

Onwg TEORVITEL OIS TA ATOTELECUOTA TS EQEVVOAC
owtig (mivaxeg 1, 2 now 3), dev mapatner|Onre viepreto-
voupio oto TSPata wov pehemnray. BéPawa, Srme pal-
VETOL %O OTT6 TOV TTivora 3, Tapatnenfnray oroeadinés
TEQUTTHIOELS VTTOXMVIXNG RETWONCE, OL OTTOLES APOQOVOALV €-
mtitoreg TOAMIdVUES TTROPATIVES.

AvEnuévn ovyzévromon tov BHB zau petmpévn mge
YAURGING 0TOV 004 TOV AlUaTOg TOEATNENONRE OF PENO-
VOUEVES TEQUTTDOELS TOAIIUUWY TTROBaTVAY (atBude 9,
20, 26 naw 29 tov wivaxa 3). Ané ta aoteAéopata avtd
paiveTon 6Tl pe ) PEATimon Twv ouvONRGY EXTEOPNS 1) OU-
KVOTNTOL TS RETWONG TWV TEOPATV €L HELWOET oTNV RML-
vy TEAEN, av ka eEorohovBoty var raTaryQdpovToL OTTo-

3.9.26

QUOHES TEQUTTDOELS

H yapnAidtepn ovyxévipmon g YAuretng otov 0d
Tov atpatog (2,3+0,34 mmol/L) magatnondnxre oty opd-
da IT pio efdopdda oLy amd Tov TORETO oL OTAdLAKRA §-
pBaoe oxedov ota entimeda ™mg opddac M. Avtd eEnyeiton
aTt6 TO YEYOVAC, GTL 0T TEAPATOL VTTOYAVRALUTOL TTALEOTY-
et ouviiBmg 0To TEAOG TG TTEQLOOOU EYRUUOOUVIE *OL
GyL voTd ™y €vaetn g yahovyloc. Zm oxetny| fipiio-
yoaia ue ™y vroxhviry ®ETmwon o ayehddeg yohaxTo-
TAQUYWYNS, AVAPEQOVTAL CUYREVTQMOELS YAURGTNG OTOV
006 Tov afuatog ™mg TdEne Twv 1,1-2,2 mmol/L**¥. AMw-
ote 1) vroyAvrawpia O ouvodevetan amapaitnta ad v-
TEQRETOVOULULOL ROTA TO TENOG TG TTEQLOOOU EYHVUOTTVNS™.

subsequently rose almost to the level of control animals.
This is in agreement with the fact that in sheep, glucostasis
fails most commonly in late pregnancy and not in early
lactation. Values of 1.1-2.2 mmol/L have been reported in
retrospective studies of subclinical ketosis in dairy cows**”.
It should be emphasized, however, that hypoglycemia
associated with hyperketonemia is by no means the rule in
healthy end-term pregnant ewes™.

Serum BHB concentrations in pregnant sheep
remained constantly above the upper normal value of 0.5
mmol/L, but lower than the "critical" limit of 1 mmol/L,
when signs of ketosis are observed. The detection of
ketonuria is the simplest way in assessing subclinical ketosis
in field practice™’. However, technical difficulties did not
permit the concurrent collection of urine samples, in order
to evaluate the association of mild hyperketonemia with
ketonuria **"*. Serum BHB concentrations follow dietary
fluctuations and are considered a sensitive indicator of
alterations in glucose and lipid metabolism in ovine and

bovine ketosis '**.

There were no significant findings concerning mean
serum AcAc concentrations, which were ranged from 0.03-
0.10 mmol/L"**"*, An interesting observation is the fact that
these values are somewhat higher of those reported in the
literature, even for the control animals. Since no possible
explanation can be given at present for this phenomenon,
perhaps it would be of interest to investigate if this finding
is caused by differences in methodology, dietary factors
(increased concentrate intake, poor feedstuff quality
during winter months) or it poses a normal feature of the
sheep population in this region.

The relatively low Ca values, as well as the elevated
concentrations of serum Na, recorded for both pregnant
and control animals, are a common finding in Greek
sheep™”. On the other hand, low blood Ca levels have been
recorded in ketotic animals, but the significance of this
finding is unclear .

Mineral inputs may be important, where either
deficiency or excess influences the efficiency of energy
metabolism’. It has been suggested that blood Mg
concentrations are potentially associated with fatty
metabolism in the liver, hence playing a role in the

pathogenesis of ketosis™*.

Although a diagnosis of ovine ketosis in its "classic"
form has not been established in the present study, there is
evidence that some animals were at a greater risk for
developing metabolic imbalances. Individual susceptibility
factors and sudden changes in environmental conditions
(such as adverse weather, dietary changes, stress) can lead
to progressive elevation of total body ketone
concentrations to the threshold of clinical disease.

Without doubt, it would be interesting to extent similar
epidemiological studies to a greater sheep population and
to include longer trial periods in order to assess energy
balance throughout the seasons. [d
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Ilivaxrag 3. Tuyég Broynundy TOQAUETOWY 0TOV 004 TOV AIATOS TMWV TQORATLVAV IOV YEVVNOOV TTEQLOTOTEQOVE QTd EVOLY Apvovg

I'hvx.  ApXoh. OA.Xoh. SDH yGT BHB AcAc
veoyvav mmol/L. mmol/LL. mmol/L. mmol/L. mmol/L. mmol/L. mmol/. mmol/L. U/L UL mmol/LL. mmol/L

ITgofariva Aqif. Ca P Na K Mg
Ap. 3, 3 auvot 2.1 1.8 1522 4.6 1.1
Ao.7, 2 auvol 2.1 1.7 150.0 4.7 11
Ag. 8, 3 auvot 2.1 14 140.1 4.1 1.1
AQ.9, 4 auvot 2.2 1.9 143.5 4.8 12
Ap. 13, 3 auvot 2.1 1.9 137.0 4.2 1.1
Aop. 14, 2 auvol 22 1.5 135.7 39 1.1
Ap. 15, 2 auvol 24 12 150.1 43 13
Ap.17, 2 apvol 22 1.1 1375 4.6 1.0
Ap. 18, 2 auvot 2.1 1.6 138.3 4.5 1.2
Ap. 19, 2 apvot 2.1 23 1409 4.6 12
Ap. 20, 2 auvol 24 1.6 1444 5.9 13
Ap.22, 2 auvot 22 1.8 134.0 4.5 1.0
Aop.26, 2 auvol 23 2.6 141.8 4.7 11
Ap.27, 2 auvot 2.2 13 157.0 4.0 1.1
Ao. 29, 3 auvol 2.1 14 138.7 3.6 11
Aog. 34, 2 apvol 2.1 1.0 141.8 5.6 12
Ap. 35, 2 auvot 22 23 136.1 4.5 12

32
24
23
2.0
29
3.0
23
28
2.9
2.2
1.6
24
1.5
23
2.1
32
2.0

1.5 36 39 45 0.24 0.18
1.5 27 71 32 0.53 0.10
1.4 34 27 24 047 0.26
21 6.7 40 37 0.88 0.17
1.5 3.6 32 32 0.37 0.06
1.2 27 52 10 0.41 0.09
1.4 33 38 33 0.42 0.13
1.2 29 35 36 0.50 0.16
14 32 76 45 0.57 0.20
1.9 4.6 30 44 0.53 0.15
1.5 34 43 14 141 0.53
21 6.3 21 130 0.59 0.10
3.6 78 32 46 1.10 0.10
21 53 48 36 0.60 0.08
5.6 9.7 56 51 1.00 0.20
1.7 3.6 52 128 0.69 0.05
1.7 4.6 13 45 0.68 0.55

Table 3. Results of serum biochemical analysis of pregnant ewes carrying multiple fetuses on parturition

Gluc. C.Bil. Tot.Bil. SDH yGT BHB AcAc
fetuses mmol/L mmol/L. mmol/L mmol/. mmol/LL. mmol/L. mmol/L. mmol/. U/L UL mmol/. mmol/L

Ewe No of Ca P Na K Mg
No 3, 3 lambs 2.1 1.8 152.2 4.6 1.1
No 7, 2 lambs 2.1 17 150.0 4.7 1.1
No 8, 3 lambs 2.1 14 140.1 4.1 1.1
No 9, 4 lambs 22 1.9 143.5 4.8 1.2
No 13, 3 lambs 2.1 1.9 137.0 4.2 1.1
No 14, 2 lambs 2.2 1.5 135.7 3.9 1.1
No 15, 2 lambs 24 12 150.1 43 13
No 17, 2 lambs 2.2 11 137.5 4.6 1.0
No 18, 2 lambs 2.1 1.6 138.3 4.5 12
No 19, 2 lambs 2.1 23 140.9 4.6 12
No 20, 2 lambs 24 1.6 1444 5.9 13
No 22, 2 lambs 22 1.8 134.0 4.5 1.0
No 26, 2 lambs 23 2.6 141.8 4.7 1.1
No 27, 2 lambs 2.2 13 157.0 4.0 1.1
No 29, 3 lambs 2.1 1.4 138.7 3.6 1.1
No 34, 2 lambs 201 1.0 141.8 5.6 1.2
No 35, 2 lambs 22 23 136.1 4.5 12

32
24
23
2.0
2.9
3.0
23
2.8
2.9
22
1.6
24
1.5
2.3
21
32
20

15 3.6 39 45 0.24 0.18
15 27 e 32 0.53 0.10
1.4 34 27 24 0.47 0.26
21 6.7 40 37 0.88 0.17
1.5 3.6 32 32 0.37 0.06
1.2 2.7 52 10 0.41 0.09
1.4 3.3 38 a3 0.42 0.13
1.2 29 35 36 0.50 0.16
1.4 8.2 76 45 0.57 0.20
1.9 4.6 30 44 0.53 0.15
1.5 34 43 14 1.41 0.53
21 6.3 21 130 0.59 0.10
3.6 7.8 32 46 1.10 0.10
2:1 53 48 36 0.60 0.08
5.6 9.7 56 51 1.00 0.20
1.7 3.6 52 128 0.69 0.05
1.4 4.6 13 45 0.68 0.55

H ovyrévtpmon tov BHB otov 006 Tou alpotog tmv &-
YrUWV TEORATLVEV RUPOULVETAY GUVHOMG TTAVM™ OTTd TV O
VAOTEQRN PUOLOAOY LY T Tov 0,5 mmol/L, dev Eemevou-
o¢ Suwe 1o 1 mmol/L, tun mdvm amd mv omola Ttaaty-
QOUVTOUL CUUITTAOUATA ®ETWONGS. ZuvNOwg Yo vo extunOein
RATAOTOON EVEE TOWUVIOU OYETLXA UE TNV RETWOM, 1 dLaTi-
OTWOY ®ETOVOVRLOS €lval Evag amtd Tovg md arAovg TO6-
mtoug dudyvmaong oe enimedo exteoPic®. ‘Oumg, Texvirnég
duorohiec dev emérpepav va yivel Tavtdypovn OeLyuaTo-
Ayl 0oV, HOTE VO CUOKETLOTOUV 1] 1jITTLOL VTTEQRETOVAL-
ulor ue v retovovpia . Béfala, 1 ovyréviomon tov
BHB o1ov 006 tov aipatog Bewpeitan evaiodnrog delntg
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OV peTafoMopon T YAUrGINg now Twv AMtdimv oty #E-
TWON TV UNQURAOTIRAV .

Agv topotnofnrav onuovtrés dlagpoeés oto néoo
3600 ¢ oVYREVTOWONGS ToU AcAc 0TOV 000 TOU A{UaToC,
7o rupdvonxe amd 0,03-0,10 mmol/L"*"*. @a mpémel va
onuelwBel, Gt oL TEg auTtés elvar AMyo vymAidtepeg and
TS PUOLOAOYILRES TTOV avapéovtal oty debvh BLloyoa-
@ila, axdun rou yia 1ovg pdetvees. Emeld dev pumopel va
doBel eErfynon yia 1o evpnua avtd, iong Ha taovoiale
eVOLAEQOV 1) TaRATEQX OLEQEVVNOT TS ALTLOAOYOC TOV,
®OTE Vo OLoTLoTmOEL oV OL VPNAGTEQES OUYREVTOMOELS TOV
AcAc oTov 006 TV alpartog ogeihovrat ot peBodoroyia
™G vdAvong, o€ douTnTrovc TOEAYOVTES (X0 YNoN -
ENUEVIEC TOOGTNTOS CUUTTURVOUE VIV TQOPMYV, ROKT] TTOLG-
TNTOL TS TEOPNS #ATA TN SLAQRELDL TOV XEWUDVA), 1] UWTOQET
vaL EIVOL Y OQOXTNOLOTIG TV TTEOPATWY TNS TEQLOYTS.

OL oyeTInd YOUNAES ouyrevToMoels Tov Ca rabdg ot
ot owEnuéveg tov Na mov feétnray otig €yxrvuec mpoPativeg
%0l OTOVS UAQTUQEG, TTALQATNOOVVTOL GUY VA OTA TTOTUVLOL
™me xdag nag'®*. EEdhov, avagéoovion xaunhés ovyxre-
vipwoelg Ca o Lha pe nEtmon xmeic Suwg vo aELoroyel-
TOW M ONUaoto vTos Tov everjuaTtog’.

Idwaitepn onuacia amodidetor otV TOoSTNTA TWV O
VOQYAV®V OTOLYE WV TTOV TROCAAUPAVOVTOL UE TV TQOMT],
1 €AMerym 1 1 TEQIooELX TV OOV EYEL EMTTOOELS OTO
eveQyeLars looliylo’. At dudgopeg uehéteg paivetal 6-
TL T OVYREVTOMON TOV Mg 010 aipa €xeL onuavtré o6ho
oty maBoyEvela ™g ®ETMoNG, OoTL PaiveTar GTL VITEL-

z z s 2 31.32
ogQyeTaL 0TO PETAPOMOUS TwV ATTdimv 070 1jmag™ .

Zrta {oda wov peketOnray o” avti ™y €pgvva de dia-
motddnxre v€twon oty "rhaown" ™me Hoegy, gailvetol G-
nwg 6t apretd Loa diétpeEav dueoa tov xivduvo mg.
AdoQoL TaQdYOVTES TTOV OXETILOVTAL Ue TV LOLalTEEN
gvaotnoio tov xdbe Lhov, vabug xow mOavEg petafforég
TV TEQUPAMOVILRAOY SUVONRAY (GTmg rauLrég petafo-
Mg, ahhayéc ot datpogn, ratamtévnon) dev amtoxrkeiovv
™ oTadLort] aENON TV RETOVIRDY CwUdTwV O Emniv-
dvva emntimeda.

Avapgifola, Ba eixe 0aiteQo evoLagpépov va yiveL
wa TapopoLa ELdNULOAOY Y] LeEAETN o€ neyaiiteQo a-
oLBuS mEoRdTmy ®aL Og peYAles YQOVIRES TEQLOOOVS, M-
oTe va exTlUn 0l 1) EVEQYELART] LOOQEOTTIC TOVE OTIE dLd-
(POQEG €TOYEC TOV ETOVC. [
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