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ABSTRACT

Ascending placertis is a significant cause of abortions, stillbirths, and perinatal loss in
horses. A technique for laparoscopigided catheterization of the allantoic space was developed
and utilized in an experimental model of streptococcal infectivégone deliveryin pony mares.
Mares received either 1 x 1GFU live S. zooepidemicys=3), 5.1 x 18 CFU live S.
zooepidemicué=1), 1 x 10 heatkilled S. zooepidemicus=3), 1 mL sterile PBS (n=3). Sham
control mares did not receive a transcervical inoculation (n=3). One mare not instrumented with
an allantoic catheter received 5.1 ¥ OFU live S. zooepidemicusares with spontaneous
abortion had significantly ineased CTUP compared to mares in which delivery was induced.

There was not a significant effect of infection within the allantoic space on CTUP. Intrauterine

infection increased the expression oflllb ,-18)1l0-15, and IFNo i n -dependantimanner.
Spontaneous abortion also increased the expressiorbfiL, -18JIENo , and 1 NOS i
dependant manner. Soluble TNF was detected in only a few

concentrations of PGEnd PGE gn fetal fluids were increased within 24€hdelivery in mares

with spontaneous abortion or intrauterine infection. Increased cortisol concentrations were
observed in fetal fluid in some mares with infection or with histologic inflammation of the
chorioallantois. None of the fetal fluids from reariinduced to deliver or without inflammation

of the chorioallantois had increased cortisol concentrations. This data suggests that the equine
fetal adrenal gland less than 295 d may be capable of response to stimuli. Based on these
findings, the followingsequence of events leading from intrauterine infection to infective pre

term delivery is proposed. Following infection of the chorioallantois], Ik ,-18]1l-15, and

n
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IFN-0 ar e upr e gdederdanendannerniLl a csauses i-BECO0%€2Ased PGHE

expression, resulting in increased B@ad PGFE production, and ultimately labor. 4L b ma 'y
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also accelerate fetal hypothalarpituitary-adrenal axis (HPAA) activation, thereby promoting
precociousn uterofetal maturation. The eventual outcome of-fgen labor, i.e., neonatal

survivability, will depend on the degree of HPAA activation at the onset of labor.

Xiii



CHAPTER 1

INTRODUCTION AND REVIEW OF THE LI TERATURE

1.1 Overview of Placentitis

Placentitis has been reported toreégponsible foB.8[1], 194 [2], 24.7[3], and 33.5%
[4] of abortions stillbirths,and perintal loss in horsedBacterial infections were responsible for
53% of thesdosses Streptococcus equubspzooepidemicysereafter referred to &
zooepidemicysvas isolated in 28% dhesecased3]. Other bacteria frequently identified were
Escherichia coliLepiospiraspp, grampositive filamentous rod (subsequently named as
Crosiella equ), Pseudomonaspp, S equisimilis Enterobacteispp, Klebsiellaspp, - U
hemolytic sreptococciStaphylococcuspp, andActinobacillusspp [3]. The discrepancy in the
reported incidencesf placentitislies in a considerably higheccurrenceof umbilical cord
problems (38.8%) in the survey populat{ah, compared to 4.5%¢] and 3.4%43] in other
populationsThe localization of placentitis to the cervical star was present in 95% of cases,
supporting the argument thedcension of aerobic bacteria through the vagndacarvix is the
mostfrequent route of infectiofb]. Clinically, mares may have a vaginal discharge, show udder
developmentprenatally lactateand deliver a premature or dead f&ahpirical treatmentor
placentitisincludesprogestins to maintain uterine quiescence, bigttrum antibiotics to
eliminate bacterial infection, and amilammatory agents to premt prostaglandin synthesis.
Although these agents should address the basic problems of irdiecticred prostaglandin
synthesighatleads to uterine contractions and fetal expulsion, the efficacy of these regimes is
oftenpoor[6]. There are two major areas where the basic knowledge of the pathophysiology of
equine placentitis is lackingl) the endocrinological events associated with loss of myometrial

quiescence ang) the temporal relationshipetween the inflammatory cascagereass in



prodaglandin synthesis and releaaad activation of the fetal hypothalarmituitary-adrenal
axis
1.2 The Equine Placenta

The equine placenta is characterized as diffuse, chorioallantoic, epitheliGohltboias
(microcotyledonary), and adecidugig. Although there does not appear to be a relationship
between the structural anatomy of the placenta and its steriodogenic activities, a brief review of
the equine placenta is useful to the topic of placentitis.
1.2.1Embryonic Events

Theequine embryo enters the uterus on day 6 as a morula or early blastocyst. At this
stage the outer covering is the zona pellucida, which thins and sheds arour{8,8ayT8e
equine embryonic capsule begins to form within the first days of intrauterine life and ruptures or
retracts by day 21; its precise function is still unclear (reyi€}). Ginther provides a most
precise description of the delepment of thextraembryonienembranes in the majgl]. At
day 9 the blastocyst has a single layer of trophoblast (ectoderm) cells forming the blastocoele,
and a single layer of endodermal cells, arising from the inner cell mass, beginning to encircle the
blastocele (the eventual yolk sac). The exact day on which formation of the bilaminar yolk sac
is complete is unknown, but probably is around daj11]. Invasion of a mesodermal layer
(originating from the embryonic disc) between the trophoblast and the endoderm bedgys on
14, gradually encroaching towards the mesometrial pole. Blood islands within this mesodermal
layer form, enlarge, coalesce, and eventually connect with channels within the embryo proper
(vitelline-embryo circulation). At the leading edge of the mesot a prominent vein begins to
develop (sinus terminalis). The thykegered yolksac wall (ectoderm, mesoderm, and

endoderm) that extends from the embryo and the sinus terminalis is the trilaminar



omphalopleure. The bilaminar omphalopleure is the remginvo-layer wall of the yolk sac.
As the trilaminar omphalopleure continues to expand, the bilaminar omphalopleure contracts to
the pole opposite the embryo proper, and later becomes the site of umbilical cord attachment to
the fetus. Just after the noetermal layer begins its invasion between the ectoderm and
endoderm, amniotic folds begin to form, folding beneath the embryonic disc, and eventual fusing
to form the amniotic sac. At the margins of the amniotic folds an exocoelom forms within the
mesoderral layer, the outer layer of which becomes the chorion (ectoderm and mesoderm).
Following fixation on day 16, the embryonic disc assumes an antimesometrial orientation
leaving the yolk sac mesometrial. The transition from a yolk sac to an allantoic ses\itiy
the emergence of the allantois from the primitive hind gut on day 21, which forms a cup beneath
the amnion (within the exocoelom) and embryo proper by day 25, and continues to expand as
the yolk sac regresses through day 40. As the allantoisi@gefuses with the chorion to
become the chorioallantois (or allantochorifii)]. A unique feature of the equine placenta is
the endometrial cups, which develop from trophoblast cells from the chorionic girdle (area of
chorion between the developing allantoic sad #ne regressing yolk sac) invading into the
endometrium[2], review[13]).
1.2.2Attachment andicrocotyledonFormation

The process of attachment of the chorioallantois to the endometrium is an extremely
prolonged process comparedother domestic animals. Although one might consider the
invasion of the trophoblastic cells of the chorionic girdle equivalent to placental attachment, such
attachment is temporary and ends when invasion is complete (day 314]38)
Microcotyledons developdm primary villi, whose first appearance has been reported to range

from day 40 to 6115,16]. Interdigitation of the microvilli and the maternal epithelium begins at



this stage, and by day 100, the rmialli have branched and fused with adjacent villi, thereby
forming a microcotyledofil6].
1.2.3Umbilical Vasculature

The equine umbilical cord is comprised of allantoic and amniotic segments. The
allantoic segment is lined with endoderm contiguous with the allantoic membrane, and is
composed of two major arterie®ne artery supplies the gravid horn and cranial uterine body and
the other artery supplies the ngravid horn and the remainder of the uterine body. At the
periphery, umbilical veins tend to parallel the umbilical arteries, until converging into two
umbilical veins, which converge into a single umbilical veihile still within the allantoic
segment of the umbilical cord. The amniotic segment of the umbilical cord is comprised of two
umbilical arteries, one umbitokxalanwmeéi nheamnegt
sac stalk. An ossified remnant of the yolk sac is commonly identified at delivery of the fetal
membrane§l7,18] Umbi | i cal veins carry oxygenated bl oo
fetus, while umbilical arteries return the po
the placenta.
1.3Myometrium

Since los®f myometrial quiesence and the initiation of labor is a key event in
pregnancy loss due to placentitis, understanding myometrial function is crucial to elucidating the
mechanisms involved with piterm labor and identifying potential targets for interventional
strategieslnvestigations on the ultrastructure, biochemistry, and signaling events of equine
myometrium are scarce. The following discussion is based on finfiiorgsnyometrial function
in other species, general smooth muscle physiology, and, when avditablegsfrom the

mare.



1.3.1Cellular andntracellularOrganization

Myometrium is classified as unitary smooth muscle, also known as syncytial or visceral
smooth muscle, meaning that a large mass of muscle fibers contract simultaneously as a single
unit. Due to the aggregation of muscle fibers into bundles and the adheferel membranes
at multiple points, contractile force generated in one muscle bundle is transmitted to adjacent
bundles. The presence of gap junctions further contributes to the coordinated contraction of
muscle fibers. In the majority of species, udihg the horse, myometrial fibers are organized
into two layers each with distincphenotypic and biochemical propertteatare maintaineth
vitro [19]. Myometrial cells are typicallgpindleshaped. Their size (300 &0 um inlength by
51010 um in diameter) and mber vary with the degree of uterine distension and stage of
pregnancy20]. Theouter longitudinamuscle layeshortenghe length of the uterine horns
duringcontractionandtheinner circular muscle layecompresses the diameter of the horns
during contractionDifferences in response tontractionstimulaing agents exist. Circular
muscle from nul-gestational pregnantat myometrium spontaneously contractgadn exposure
to norepinephrineyhile longitudinal muscle did not. The circular muscle laygesponse to
catecholamines was inhibited by isoproterenol, and declined with approachingipartur
[20,21] Differences irin vitro spontaneous contractility due to stage tfees cycle and
myometrial layer were recently described in equine myometfd2h The frequency of
contractionsvasincreased in estrous circular muscle compared to longitudinal muscle, while
area under the curve and time occupied by contractions were greater for longitudinal muscle
during diestrusThese findingseadto the hypothesithat circular muscle contractions during
estrus are crucial to uterine clearance mechaasmthatlongitudinal contractions during

diestrus are key to embryo mobility prior to day[2B]. In contrastno spontaneous contractility



of either muscle layer was observed in myometrium collected mares under general
anesthesia during pregnar{@g], or from mares 1& following inseminatiorf24] , presumably
due toeither anesthetic agentstbe presence of propranolol in the Krebs solution used to bathe
the muscle stripdJnder these experimental conditid@4] the lengthtension relationships of
the two layerslid not differ and the response to contractile agonists were similar. Clearly
differences in the experimental design of these two studies make direct comparisons difficult, but
it is likely that difference# contractile propertiesxistbetween circulaand longitudinal equine
myometrium.
1.3.2Innervation

Postganglionic sympathetic fibers in the mare arise from the caudal mesenteric ganglion
and plexusand travel to the uterus via the hypogastric nerves and pelvic plexus.
Parasympathetic innervation comes via the pelvic nerves from the saci@=rd8de density
of nerve fibergnoradrenaline, dopamine, ancedylcholine) of sheep myometrium decreases
during pregnancy from day 15 through day 105 of gest§@h A similar pattern was seen
with human myometrium, where 30% of nerve varicositigs s yensaddpys nonpregnant,
nonparous women were classified as adrenergic, 53% as cholinergic, and 17% as indeterminate,
while nerve varicosities were only rarely observed at {@6h Bae et al[27] described the
immunohistochemical distribution of adwergic and peptidergic nerve fibers in the uterus and
cervix of cycling mares. Nerves immunoreactive for the catecholasymesizingenzymes
tyrosine hydroxyl ahsyed r(olxHy)l aasned (dDbbpHa)miweer eéb pr e s €
uterus, with veryarge numbers of fibers identified in both the longitudinal and circular layers of
the myometrium. Stage tlie estrougycle had no difference on the intensity of staining or

di stribution of TH and DbH withi nptidefyie ut er us.



nervescontaining the neuropeptidasuropeptide Y (NPY)vasoactivantestinalpolypeptide
(VIP), calcitoningenerelatedpeptide (CGRP), ansubstance P (SP) were also examined.
Moderate numbers of NRIR fibers were present in the myometrium. Only very small numbers
of VIP-IR and CGRHAR fibers were present, while no fibers with staining for SP were
identified. The adrenergic and peptiderginervation of the pregnant uterus was not
investigated, but presumably a similar reduction in nerve varicosities reported in other species
occurs in the mardf there is @unctional consequence of this reduction and whether alterations
in innervation ocar with infective processes of the uterus and placenta are unkAown.
alternative explanation is that the number of nerve varicossti@schanged during gestatidoyt
as hypertrophy and hyperplasia of the myometrium increases with advancing pregmancy,
relative number of nerve varicosities per myometrial cell declines.
1.3.3ContractileProteinsand Cytoskeleton

The contractile apparatus of myometrium is composed of thak, thnd intermediate
filaments, dense bodieand ion channels

Thin actinfilamentsi Monomeric actin (globular or @ctin; 42.5 kDa)s polymerized into

filamentous structures {&ctin), which in turrorganize intaa doublealpha helix tdorm the thin

actin filamentg60 A diameter) of myometrium. Several proteins (tropomyasifdesmon, and

cal ponin) are also associated with the al pha
hawe been shown to be expressediyometrium Alphaactin is invariant throughout pregnancy

in the mouse and r§28,29], buto-actin localization changes significantly during gestation from
predominant staining in the longitudinal layer to intense staining iaitbelar layer suggesting

that a change in the contractile apparatus is a key event to preparing the myometrium for

parturition[29].



Intermediate filamentand microtubule$ Intermediate fibrils (100 A diameténtermediate

filamenty and microtubular networks (25 A) atemposed of desmin, a member tud t
vimentinlike superfamily, and arhought to provide cytoskeletal support and hefyulate cell
shape by connecting cytoplasmic dense bodies with plasmalemmal dense [@@fues
Intermediate fibers may play a rolethre cellular transmission of active and passive force, as
demonstratetdy asignificant reduction in the active force per crgsstional area in smooth
muscle(urinary bladder and vas deferens) in a transgenic desmin null mouse[&idd€heir
functional role in myometrium is unknowalthough intermediate filamexntvere identified in
gene clustersactivated at terrmouse myometriunfcompared to thenurine genomé¢32]), and

in those mediating microtubule polymerization and microtubalsed movement in late
pregnant (96% gestation) guinea pig myometrison{pared to thBuman genomg83]).

Dense Bodie$ Dense bodieéso named because of a high affinity for elecidense
substancesyre located within the cytoplasm and at ttesmalemmal(.2 pm long, up to 0.3 pm
wide) and areeferredtoagi d ens e B ah d gioeyaar o mp o s adin and areU
the site of attachment foiin actin filaments and intermedidtaments and have been
suggested to function as a primary link between the contractile apparatus and the cytoskeleton
[34]. Someputativemyometrial denselaque proteins integrin, focal adhesion kinase,
paxillin, heat shock protein (hsp) 2@ndextracellular signatelated (ERK) kinase)are
upregulatedn rat myometrium at terr§85-38].

Myosincontaining (thick) filaments A thick filamentsubunitis composed of two heavy chains

and four light chains. Each heavy ch@#HC, 220 kbDghas a gl obul ar -head
helical coiledcoil rod domain. The two rod domains are in parallel arrangemertogiratound

one awther into a lefhanded super helix, leaving the globular headmaendof the rod A



regulatory light chain (MLg, 20 kDa) andanessential light chain (MLG 17 kDg are
associateavith each globular head of a MH@&Ithough the exact organizatiorh imyosin

filaments is the subject of debate, multiple subuiiéxameric groupd two MHCs andfour

MLCs) are associated in an aptarallel fashion, with the globular heaglgposed abpposite

polesfor interaction with thin actin filamen{89]. A single myosin filamen¢150 A diameter)s
locatedequidistanbetween two dense bodies and overlaps the many actin filaments emanating
from dense bodig80]. Myosin filamentsalsopossess sidepolar crelsgdges, which hinge in
opposite directionsn opposing sides of the myosin filamémnt attachment to actin filaments.

The cycling (time from attachment, to release, and subsequent reattachment)-bfidgessis
extremely slow compared to skeletal musblg, the length of attachment is much longer. This
translates into a greater forceamintraction at reduced energy expendifd®. An additional
feature of smooth muscle is the fAl atcho mecha
maintained with onlyninimal excitatory signal needed compared to that required for initiation of
contraction41].

lon channel§ Fast androltagegated sodium channels, calcium channels, and potassium
channelsave beemlescribedn myometrial cell membraneBuring pregnancy the Naon is

the main determinant of the resting membrane potential, which in turn establishes the degree of
membrane polarization. An increase in thé Blarrentdensitiesvas observedpproaching term
gestatior[42], and a Nagradient was important for the regulation of myometrial catitva

[43]. L-type voltagedependent G4 channelgnifedipinesensitive) are thought tze responsible

for oxytocin (OT} andprostaglandir, (PGF, rinduced contractions and increases in
intracellular calcium concentration pregnanmyometrium[44,45] While L-type C&" channels

may be involved with agonist stimulated myometrial contraction, there is no evidenteteat



channels are upregulated in term myometrilBtockade of Ftype C&" channels bynibefradil
indicates that this channel may also be important fosir@iiced contractiongl!6].
1.3.4Myometrial Gntraction

Contraction of the myometrial smooth muscle ceéigins with an increase in
intracellularC&* ([Ca®*];). Four C&" ionsbind with the calcium binding proteicalmodulin
(CAM, 17-kDa) resulting in a conformational change in CAM, allowing@RM to interact
with myosin light chain kinase (MLCKL30-160 kDa). The MLCK phosphorylates Seyof
MLC 0 (regulatory chain), increasing the aetictivated MgATPase activity of myosin,ral its
interaction {nitiation of a crossbridge cyclewith actin[40,47] (SeeFigurel.1) Substances
(fcontractile agentso, fAuter ot oQ#iireshérby fAut er o
entry through receptenediated C& channels or release from intracellular stores will increase
MLCK activity leading to contraction.

The principle agonists of myometrial contraction are oxytocin and prostaglandins (PGF
and PGE), which exert their effects through specific receptorghe cell membran®ther
agents such as endothelinbradykinin, plateleactivating factor, and cholinergic agents
increase MLG, phogphorylation either by increasing [€% or decreasing cAMP &ty [20].
The role ofcorticotrophinreleasing hormon@CRH) as an indirect uterine stimulant in primates
has received considerable attention. It is produced by the placenta (syncytiotropmablast
intermediate trophoblasts) in response to cortisel, Ih , ,,R®@IET, and it stimulates
increasegrostaglandin H synthas2(PGHS2), PGE, and PGE gproduction by the placenta
(review([48]). CRH production has not been documented in other species, and was shown to
have extremely limited ability to cross the rat placenta from the maternal circuld8pn

Relaxationof smooth muscleccurs by dephosphorylation of MLCK by a type 2A phosphatase
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Figure 1.1Biosynthetic pathways involved with smooth muscle contraction. Adapted from Challis et al.
(2000)[48]. Abbreviations: oxytocin receptor (GH), AA (arachidonic acid), prostaglandin @GE),
prostaglandin g (PGF), sarcoplasmic reticulum (SR), cyclic adenosine monophosphate (CAMP),
adenosine triphosphate (ATP), myosin light chain (ML@} enyosin light chain kinase (MLCK).
[50], or by reduction of MLCK activity. Reduction of [E4 reduces MLCK activity by
dissociation of calcium from GEAM.
1.3.5StimulatoryAgents
1.3.5.10xytocin

Oxytocin is a nonapeptid®[; 1007 DajsequenceCys Tyr-lle-GIn-Asn-Cys-ProLeu

GlyNH,) synthesized by the supraoptic and paraventricular nuclei of the hypothatardus,

stored bound to neophysin 1 within derescore vesicles of the posterior lobe of the pituitary
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gland.The principlephysiologicactions of OT ee involved with contractions of the

myometrium, epididymis, vas deferens, and myoepithelial cells within the mammary gland. OT
causes direct stimulation of myometrium by increasingcellularCa* concentrationand
MLC2[51]. Indirectmyometrialstimulationalso occurshrough increased prostaglandin release
from thedeciduag52,53]

The oxytocinrecepto{OTR)is coupled to several G proteifi®!] andis dramatically
increased near parturitigd8], as demonstrated layfourfold increase inn vitro myometrial
sensitivity to OT and a tefold increase in OFreceptorsn the 24 h presding parturition in the
rabbit[53]. Interestingly, oxytocin may not be essential to labor, as evidenced by failure of OT
antagonists to prevent labiorrats[55] andthe normalinitiation of parturition in OTFdeficient
mice[56]. While OT is undoubtedlyinvolved with normal parturition, these studggygesthat
labor can occur in the albsze of signalinghirough the OR. Thein vitro resting tension
contraction amplitude, anmbntractionfrequencyof equine myometrium displayed a dese
dependent response to Gilthough at higher doses of OT, the amplitadd frequency began to
decline. Therewasnoeffestf gest ati onal age or pres-ence
DHP,-d ib®Hd,i obl U -5R) see Talflell for nomenclature) either prior to addition of OT or
at the time of OT addition on the response to[28]. Althoughit wasconcluded that
progestagens are ineffective at controlling agonist stimulated myometrial contractitvo, the
myometrial preparation was not separated by layer, possibly masking significant effects.
1.3.5.2Prostaglandins

Prostaglandins are 2Zfarbon unsaturated fatty acid enzymatic derivatives of membrane
phospholipids containing adarbon ring. Prostaglandins are mediators of a wide variety of

physiologic processes including platelet aggregation, renal function, brorezgavity,
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vascular reactivityandmaintenance of gastrointestinal mucosal integrity, to name a few.
Prostaglandins also have many key roles in reproduction including ovulation, gamete transport,
implantation, luteolysis, ejaculation, cervical dilati@md myometrial contraction.
1.3.5.3ProstaglandirBynthesis

Isoforms of phospholipase,Aatalyze the release of unesterified arachidonic acid from
membrane phospholipidsd arébroadly categorized into cytosolic phospholipasesl(BO
kDa, with no catlytic requirement for Ca) and secretory phospholipases-{8kDa,which
require millimolarC&"* concentrationsfor catalysi3 [57]. Type-IV cytosolic phospholipasa.
(cPLAx-1V) is increaseat term compared to ptermin guinea pig cervix58], humanamnion
[59], human myometriuni60], and inovine endometriuni61]. In sheepand womerthere is no
change irmyometrialcPLA, duringgestation and lab¢60,61] TypellA secretory PLA
(sPLA-IIA) has been shown to either have no chdf@gor to beincreased in lower uterine
segmenbf humanmyometrium near term and in lagé2].

Prostaglandin H Syntha$eArachidonic acids metabolizedo prostaglandin H2 (PGH by

prostaglandirH synthasd (PGHS1, 70-71kDa), also known as cyclooxygenas¢COX-1),
which is a constitutively expressed enzym@staglandin H synthase (PGHS2, 7224 kDa),
also known as cyclooxygena8gCOX-2), can be induced by hormones, cytokines, growth
factors, tumopromotersandbacterialendotoxin PGHSs catalyze botfis-oxygenase
conversion of arachidonic acid to P&&hd the peroxidase conversion of PG&GPGH
(review,[63-65]).

PGHS1 andPGHS2 expressiorwaslocalized to human amniotic epithelium and
mesodernj66,67], whilethe chorion leave was found to either express B@&RS1 and

PGHS2[67,68]or only PGHS1 [66]. In most studies, thexpression oPGHS2 has been
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shown toincreasewith labor[66,69] andthe activity ofPGHS2 (measured as the ability of the
microsomal fraction of chorionic tissue to convert arachidonate t@)R@GSsignificantly

greaer inchorion fromterm spontaneous labpatientscompared t@horion fromterm prior to
laborpatient§69]. A gestational age dependent increase in PG¢tisity was observed after 35
to 37 weeks ohumanpregnancy (term 41 weeks), and was highly correlated wkBHS 2
MRNA lewels, but noPGHS1 mRNA levels[68]. Similar to human fetal membranés¥GHS1
andPGHS2 mRNA wereexpressed in cotyledonary tissues from eate$0d to term;and while
no change in the relative abundant®GHS 1 was observed during this peridde relative
abundance dPGHS2 mRNA increased sevenfold between 4@Btd and140 to145d. No
significant change iIRGHS2 was observed betweemwesnot in labor att40 to145d andewes

in labor[70]. To more critically evaluate the changes occurring near thermchanges iIRGHS

2 expression and prodtion werecomparedn ewes not in labor (140 to 149, in early labor
(143 t0149d), and in active labor (145 ©9d) in relationship to fetal PGEmaternal PGFM
(PGF, gmetabolite), and PG receptor subtype expression. Althougihservedrend of
increasing®GHS2 mRNA wasnon-significant there was a significant increaseAGHS2
protein in myometrium from ewes in labor comparedwesnot in labor. Fetal PGHncreases
followed the pattern of increaspthcentaPGHS2 mRNA (progressie increase towards labor),
while maternal PGFM did not increase significantly until the onset of labor. No change in PGE
or PGk, geceptor subtype with respect to onset of spontaneousvasidentified[71]. Taken
together these studies confirm an incread@GiiS 2 in fetal and maternal tissug®m women
and ewest term.Comparable studies have not bearried out with tissues from equine

pregnancies.
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Specific synthases and isomerases convert,R&Gthe primary prostaglandins. Both
cytosolic and membransound PGE synthases (cCPGES, mPGES) have been described.

Prostaglandin E SynthaseCytosolicPGES is the glutathione (GSidgpendent terminal

enzyme in thGHS1-mediated biosynthesis of PgBnd is identical to p23, less®0-

associated protei72]. Membranebound PGESMPGESalso referred to anicrosomaPGES)

is also GH&dependantandtwo isoforms (MPGE3 and mPGE&) have been identifigld0].
MicrosomatPGES1 is coupled to #GHS2-mediatecpathway leading to the production of
PGE and itsexpression is increased witipdipolysaccharide (LPS),{L b, a AUd73, 74N F
MicrosomatPGES2 was initially isolated from bovine heart, is constitutively expresseubt
homologous with the PGHStransfease family, and is thought to be coupleith PGHS 1. All
threeisoforms have been detected in human myometfithv6], with no change in the
expression ofPGES inower uterine segnme (LUS) with laborbutan increasedxpression of
MPGES2 in LUS with labor[76]. Similar to women in labor, upregulation of myomaitand

fetal membrane mPGE$8ut not cPGESyas seen following LP$duced labarThere was no
difference in time to delivery between witgpe mice and mPGES (-/-) mice most likely due

to upregulation of MPGE3 in mPGESL knockout micg77]. No changes imelationship to
spontaneous atfexamethazonreducedlabor were seen iIRGESIn sheepand PGES actually
declinedin endometriummyometrium cervix, amnionand placentomeompared to
gestationalhge matched controlg’8,79]. The reasons for the differences seen between women
and sheep are not entirely clear, but location of samplingeledtion of primers are

possibilities. A single site of the mgkction ovine uterus was sampled (horn not specified, but
presumably gravid), so potential differences in expression of PGES at different sites within the

myometrium are possiblelhe designs for oligonucledi primers for PGES used in thteidy
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were based on th@eviouslyreported bovine sequentar inducible PGES (membrane
associatd), for which the homology with cPGES in that species has not been re[@9}ed
Another possibility is that upregulation of PGES is caipledwith PGHS2 in ovine
gestational tissues as was shown Wiitt. bt r e ahtinmae trophobtast cel[81]. Bovine
endmetrium andnyometrium(day 16 of diestrus)avebeen shown tpossess PGE®Vestern
blot and immunohistochemistrgnd although the antiboviFre@GESwas generated from a
primer sequenckasedn human mPGES, the vivo activity wasmore similar tahatdescribed
for cPGES, since interfered | E N ;embryonic signal for maternal recognition of pregnancy
in this species) caused no change in PGEH3GHS1 expressin, whilePGHS2 was
upregulated82]. It should also be noted that confusion in the literature exists over the
designation of the three isoforms. Sooranal €f75] suggested that PGES investigated was
cytosolic, when in fact, according to the Genbank reference numbeas imembrane
associated.

Prostaglandin F SynthaseProstaglandin F3s produced by one of three pathways (review,

[83]). (See Figire1.2)
(1) PGE 9ketoreductas€-KPR, 36,000kDa), presentn cytosdic fractions, converts
PGE to PGFk gn the presence of NADH/NADPIh a reversible fashigrand has beesolated
from human84] and boving85] termplacents, and bovine endometrial epithelial c4B6].
Very little has been reported on the roles-®PR in reproductive tissuekicreased KPR
activity was seen with retaindmvinefetal membranes, whethpre-termor term, with higher
activity in caruncular tissue than cotyledonary tig@r@. Down-regulationand activity of 9
KPR due to | FNU has been [8]bwhiehsuggedts-APRhasavi ne e

key role in the sigHag events of maternal recognition of pregnancy in this spe&educed
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activity of 9-KPR due todiethylamine NONOate (NO@S8, a nitric oxide donor), and incredse
activity due to aminoguanidine (an iNOS inhibitaras seein term human chorioamon [88].
Further investigationareneeded to determine iflRPR is increased in fetal and uterine tissues
at termcompared t@re-term, and whethein vitro incubation of endometrial epithelial cells with
TNF-U o0 41 calsks increases irkK®R activity,

(2) PGD 11-ketoreductas€36,666 kDa) converts PGD o -, 9 UPIGEF 2 U -( I | epi
PGFR ), requires NADPH as a cofactor, amasbeen isolated predominatelylumg and liver
[83]. PGD 1ZXketoreductaswasdesignated by Watanalpg3] as PGF$(lungisozyme) and
PGFSII(liver isozyme). PGFS (isozyme not specified) was detected in cycling and pregnant gilt
myometrium; and although OT increaseditihgitro production of PGk ythere was no
detectable change in the amount of PGFH.

(3) PGH 9, 11-endoperoxide reductase converts B&HPGF, yalso in the presence of
NADH or NADPH. TwoPG endoperoxidasésve been reported. The firgasa 16,50kDa
glutathione (GSH) dependent microsomal enzyme issdafrom sheegeminal vesiclethat did
not utilize PGD in the production of PGR{90]. The second was a 33,000 kRgtosolicPG
endoperoxidase isolated frofnypanosoma bruciand althouglt wasdesignatd PGFS, it is
considered distinct from mamalian PGFS§91].

The effect of cytokines on prostaglandin production is well documented in a variety of
tissues. Intedukinl KIL-1b) has been shown to increase prostaglandin production by cultured
human amnion cell$92,93]and myometrial cellf94]; and while the administration of an-IL b
receptor antagonist preventedftinduced labor in micg5] it was unable to prevent delivery
in endotoxinrinducedpre-termlabor[96]. The observed response to direct stimulation with IL
has been less cerstent, varying from causing an increase in cP&fpression by myometrial

cells[75], to having no significant effect on Pgroduction by human myocty§g4].
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1.3.5.4ProstaglandiMetabolism

The enzyme 1Hydroxy prostaglandin dehydrogengdB&DH) metabolizes the primary
prostaglandins to biologically inactive metabolif@g], and due to its localization to trophoblast
cells of the choriophas been hypothesized to act as a barrier preventing the access of primary
prostaglandins to the endometrium and myomet{d®h PGDH is upregulated by progesterone
(P4), synthetic progestagens, anterleukin10 (IL-10), and is downrregulated by
glucoomrticoids (endogenous or exogenous}lilbtymorne r o s i s (TRFaW;, and ERHU
(review,[48]). A relative deficiencyf PGDH activity was identified in a subset of human
patients with idiopatic pretermdelivery[98]. The site of PGDH localization is somewhat
different in the marePGDHwaslocalized to maternal epithelium and interstitial cells in the
microcotyledons of the equine placenta between 150 and,28@Ito thematernalepithelium,
maternal interstium, androphoblast cellby day 30099]. Altered expression or activity of
PGDHdue to infection in equine tissues, although not documented, would contribute to
increaseatoncentrationsf PGk, @and PGE available to the myometrium.
1.3.6Electromyographi&tudies

The pattern of myoelectrical activity preceding parturition variesranspecies. In sheep
during the second half of gestatjdmursts of EMG activity occuedat 54.7minute intervalsand
lasiedfor an average dd.7 min. The frequency of activity increased in the 24 h preceding
parturition,butthe duration of bursts decreag&@0]. Similar to skeep,nodiurnal pattern of
EMG activitywasseen with goatfgL01], pigs[102], and cowg103,104] In primates, aiurnal
pattern of EMG activityvasobserved with a greater percentage of activity occurring during
night and early morning houf$05-107]. Two patters of activity have been described in
primates. Contractures are approximatehgibutes in duration and occur 2 to 6 times per hour

Contractions are 1 minute in duratjdout occur up to 30 times per haumwd with a greater force
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of contractiorthan contracture§ he switch from contractures to contractions occurs
spontaneously aetm, usually at the onset of darkness, over a variable number of days preceding
labor[107]. The pattern of EMG activity in the mare is most similar to that of the primate, in that
adiurnalpattern of activity exists with spontaneous parturif®8,109] Interestinglyin both

the marg108] andthe goa{101], a period of quiescenc® {o4 h and8 to 12 h, respectively

was seen immediately prior to deliverigelaxin was suggested ag ttause of this phenomenon,
possibly due to its ability to increase cAMP, leading to a lowering df JGada reduction in

MLCK in myometrial cells.An increase in myoelectrical activity at night (spike buratz3not

seen in mares with experimentally induced placeffifi®], suggesting that pathways leading to
spontaneous labor are altered with iifatT.

1.4 Gestational andPeripartal Endocrinology of theMare (Control of L abor)

1.4.1MaternalProgestagens

ProgestagenareC-21 steroid hormone$atareresponsible for maintaining uterine
myometrial quiescence during pregnantlge biosynthetic pathway for their production is
illustrated in Figire 1.3. Species such ake cow rabbit pig, dog rat, and goaare dependent on
P, from the corpus luteum for pregnancy maintenance, althplagiental contributioof
progesteron€uring lde gestation has been demonstrated in the cow and rat (r¢¢iE 12]).

In ewes, placental secretion of progesterone is sufficient to maintain pregnancy during the last
two-thirds of pregnancy since ovariectomy after day 50 does not result in aljdfi&jn
Progesterone concentrations decline irohthese species approaching the end of gestation, with
a precipitous drop immediately prepart{ti1]. Primates are similar to sheep in that the

placenta is the major source of progesterone during the last half dfayess&rum Rin

luteectomized baboons was unchanged from controls, and administration of the antiestrogen
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ethamoxytriphetol (MER25) from day 130 to term (180 d) caused a 50% reduction of serum P
in intact animals, while producing an 80% reduction in luteectomized animals, indicating that the
placenta is the predominant souatd>; [115].

What is interestings the concept that progesterone withdrawaleast at the level of the
maternal circulationis not a prerequisite in the control of labor in primgids$]. Progesterone
concentrations were measured in maternal and fetal blood, and irtiarfiaid, in long-term
catheterized rhesus macaqtresn animals receivingpostaneganinhibitorof t he enzy me
hydroxyster oi d-HS8B Which coverts pregiseroloiieXkb P, aloneor P,
implantsprior to the administration apostaneEpostanelonecaused a 75% reduction in
maternal Rwithin 24 h andproducedielivery within48 h. Progesteroneupplementation
preventedilterations in maternal and fetal progesterone concentrations and uterine activity
duringtheadministration of epoahe, buuponremoval of theé?, implant, delivery occurred
within 48h. A third group of animals received, nplants on day 146 tb48of gestationterm
gestationl67d). These animals had markedly elevated materpale® delivered spontaneously
at term.Postpartum R concentratiosin this group vere8.13+ 0.84 ngimL, falling to 0.81+
0.13 ngimL after implant removdll17]. Clearly, there are signaling events leading to labor that
can override the effect of,®n myometrial quiescence.

In the mare, ovarian progesterone is responsible for maintenance of myometrial
guiescence for roughly the first third of gestation; metabolites of progesterone produced by the
fetoplacental unit assume this role thereaftieitan et al.[118] ovariectomized pony mares
different stages of pregnanapdrevealed the following pattern: pregnancies less Hfkh
resulted inabortion inall mares, 9 of 20 mares between 50 and @borted, and all mares over
140d maintained pregnancy to territhe fetal gonad was subsequently hypothesized as a source

of progestagens; however, this is not the case asl@maenstrated bghe failure of fetal
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gonadectomypetweenl97 to 253 of gestatiorto cause a reduction in maternal progestagens
[119]. Progestagen profiles of the mare during late gestation have been studied extensively, with
variable results depending on the type of assaygWsing an assay with a detection limit of 4
ng/mL, Short[120] found no measurable progesterone in jugular vein sampteares from 120
to 310d of gestation, but was able to measure progesterone in cord blood (3.8 tan@L} ofg/
fetusesat parturition Other arly studies usingompetitive proteirbinding assay or
radioimmunoassafRIA) found rising concentrations of progestagénsmunoreactivity with
progesteroneguring late pregnancyith maximums of 2121}, 12.8[122], and 10 nghL
[123] on the day preceding foalinglthough a precipitous decline in progestagens b@gsn
prior to foaling,the progestageconcentration at the time of parturition was 1[1232] and 5
ng/mL [123], and was 3.3 ngiL for progesterongl22]. This pattern is distinctly different from
that observed in theforementioned domestic animals.

In order to identify and quantify specific progestagens, Holtan ¢124] used gas
chromatographynass spectrometi(fzC/MS)to evaluate samples fromaternal blood samples
in normal (n=10jandabnormal (n=4) pregnanciesnd from fetal and maternal blood samples in
chronicallycatheterized animalsr during generahnesthesia (n=11Jhe systematic names of
the progestagens are listed in Tabl®et. o g e s t -® H® n e a5P Had Baballel increases
during early pregnancygutafter day 200 Pwasund et ect abl e i n +DBRBand mar e s,
3 BBP remained elevated term. Other pregnanes were detectable afterd@estation 2 0 U
5 P a rdiol wérdhigher than all other pregnanes from day 170 to @uming the last 3@
of g e s t-BPtincreased-206-tbld, reaching anaximum concentratio(656.4+ 210.7

ng/mL, range of 358 tt063ng/mL) 2 d prior to foaling. Twelve to twent§our hours prior to
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Table 1.2Systematic names and abbreviations of progestagens.

Systematic name Abbreviation
5 WPregnanes,20-dione 5 DHP
4-Pregnene3,20-dione Ps

3 EHydroxy-5-pregner20-one Ps

3 HHydroxy-5 bpregnan20-one 3 BP
2 0-Mydroxy-5-pregnanr3-one 2 0-%P
5-Pregneneé b , -Ai0l b P5bb
5 WPregnanes b , -2idl b b Ediol
5 WPregnane b , Aol U b ol
2 0-Mydroxy-4-pregner3-one 2 0-OH
2 0-Hydroxy-4-pregnen3-one 2 0-OH

foaling a eRanmdedddecuried, andl By24 postpartum all pregnanes were

undetectabl e. P rbePg n eadnoverbrfignificafly Migher in Biébfetal artery

than all other vessels (fetal or mat®Hmhal) .

and its concentration wasgher than that of the fetal artery. Progesterone was higher in the fetal
vein than fetal artery, and was detectable in only 3 of 19 maternal venous samples and no
mat er nal artery s amp |58 was higher e the matecnal wein thaatth o n
maternal artery and was only detected in 1 of 8 fetal artery samples. Venous plasma samples
from four mares wittabnormal pregnancies were also evaluated by GC/MS andPRIA
transi ent -BhandRiA#®svas detectedfdldiving endoscopicaihduced

placental separation in one mare; this nveeat on to carry to term with progestagepattern

similar to that of normal pregnancies. A mare with vaginal dischithegalelivered with dystocia
had increasesii 250 End RIAP, from 30d until 4 d prior to delivery. An EHV1 infected

mare delivered dead fetus at 32@having a profile thatvas agradual decline in 205P and

RIA-P, duringtheweek precedinghe abortion. A mare with premature udder develepm
delivered a premature foal at 284vith a pattern of declining0U-5P andRIA-P, in the 20d

preceding deliverylt wassuggestd[124] that abnormal pregnancies are associated with a
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pattern of decreasing progestagens; however, this conclusion is based on a small sample size
with a single observation from a specifype ofabnormalpregiancy.

Thepossibles i t e-DIdFf produttion in pregnant horse and pony mares during the last
six weeks of gestatiowas investigatedsing a specific ELISA for thiprogestagemetabolite
[125] . Samples were also obtained from fpopled samples collected at 208@ minute
intervals froma maternal artery andterine \ein, andumbilical atery andvein froma pregnant
mareunder general anesthesig?&, 280, 284pr 300d of gestationAt the end of the
anesthetic period, the fetus, placenta, and endometrenecollected to evaluate the abiliof
each tissuéo convert fH Ps] and [“C Py] to various progestagens as measured byldyier
chromatographyvalues were expressed as the me&EM percentages of added radioactivity
found in TLC).There was no significant differendat h e-DHPP ldoncentration between pony
and haose mares prior to 3@prepartum, and both groups had increases during the last month
which peaked at 8 prepartum; however, during the last8@ he concendDHPmti on of
thoroughbred maregashigher hanin pony mares ahe majority of sampling points. Umbilical
and venous pl as maDHR weredhigherttharathiosefrthe unabilical arid
uterine arteryChorioallantoic membranes surgically collected from day 254 tongd8able to
convert Rto P, (47.5+ 9.09%9, 5 (DHP (2.6+1.2%) a n-® HP 0 W-DHPQ®H1+ 1.7%),
and to convert Pt o -2r@206-DHP (7.7 + 2.0%), ando 5 DHP (2.9+ 1.2%) The
endometrium was able to convegttB P, (11.0+3 . 0 %) -RHP (7.8 62A4%);butthe B,
production was lower than that cfiorioallantois  w h i |-BHP prbdectidsvs higher than
that ofchorioallantois Ther e was negl iDgR fiorh B or B, bydetaltisstes.o n o f
Based on the vmusarterial (\LA) differences and the convsion of Rand Rt o -DERby
fetal membrangst wasconcludelt h at ma-DHPrismerived ot endometrial

metabolism of Pand/or R. Unfortunately, these conclusions are based on samples from a single
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mare at each gestational age evaluated, amnd wbtained at the end of an anesthetic periad
least two hours duration.

Ousey et aJ.[126] catheterizedhefetal aorta and vena cava, umbilical vein, uterine vein,
and maternal aorta Hiree stages of gestation [18@®@0d (n=5), 260 t0280d (n=3), and>
300d (n=4)] to measure umbilical and uterine plasma flows and progestagen concentrations
(GC/MS).Antipyrine steadystate diffusion techniques were used to determine the uterine and
umbilical flow rates andwere converted tolasma flow rates based on matérauad fetal
hematocritsUsingF i ¢ k 6 s (e ratenof diffpsiomis proportional to the difference in
concentration)uteroplacental uptak&/PU) and outpu{UPO) of the progestagens,P P 54b b, P
3B P,-DAP,-dibdkd,i obl U -5° were caldated.The following equations were
usedto calculate the uptake or outpay the uterus or placenta
UPUumbilical circulation= FIOWumbitical X [Atetal T Vumbilicall Plasma
UPOumbilical circulation= FIOWumbilicalX [V umbitical T Atetal Plasma
UPUterine circulatior= Fl0WuterineX [Amaternall Vuterind Plasma
UPOvuterine circulatior= FIOWyterineX [V uterineT Amatemal pPlasma
where [AT V ]| = arteriali venous or [Vi A] = venousi arterialplasma concentration
differenceacross the respective circulat®®ignificant uteroplacental uptakes from the
umbilical circulation of B, P 5 B50P,, -d3b | , -dial;mmtl significant uteroplacental
out pu t-BHP tothe Gmbilical circulation during the second half of gestatiere detected.
Uteroplacental output ofs n d -5P @ the umbilical circulation was also detected af€rd
gestation. There was mignificant uteroplacental uptake from the maternal circulation of any of
the progestagens. Significant uteroplasent o u t puH B, -doif&J | 5, U-5@ todhe 2 0 U
mat er nal circulation were found in al l5Pgroups

a n d-didl id pregnancies >30@compared to pregnancies 18@@0d. There was a-5o 10
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fold increasein he net o&Pt{ppedominaiely to2h@ tdother) after 2)Avhich most
likely accounts for the increase in total progestagensrssgmnterm in previous studigs21-
1241271 Based on the net uteroplacental 4DHR akes
an d -5P @ppeared to be B n d-5F3 Bhe rate of uptake of these two progestagens increased
5-fold between mid and late gestatidtnwas concluded thdhe source of fetalda n d-53 b
during the last half of gestation is difficult to explain, since fetal gonadectomy failsucered
maternal progestagefisl8] and fetal acenalactivity of P45Q.c.was not detected until near term
[114], although P48..chas been localized to the fetal adrenal during late gesf{a2ah
Although the full complement of enzymes involved in progestagen biosyntiaesisot been
identifiedin uteroplacental tissues, the equine teracehta has been shown to posSeés
hydroxyster oi d-HBMHMFgyrdl3oagtieity[229]e ( 3 b

If the assumption that thietoplacental unit ishe source oprogestagenduring the last
half of pregnancy in the maig correct then processes that adversely affeettthalth of the
fetus or placentaould be expected to affect progestagen production and peripheral maternal
concentrationg-ollowinginduced placental sepaion between 228 and 2@82f gestation,
jugular venougprogestagen concentratio(lRIA-P,) wereincreaseddefined as @alue 2 s.d.
outsideof the mean established for that individual prior to induced separatidrf 7 pony
mares within 411 d of the procedurgl27]. Increases were not seen untildiafter the
procedure in &fth mare. Five of the placentas were available for examination; 4 of which had
gross placental pathologyhree of the four placentas with pathology wieoen mares with
increased progestagen concentrations. Four ndate®red live foalg3 induced deliverigswith
a mean gestational age of 323The three aborting mares delivered between 9 ant{28
induced deliverygpfter the procedurdlacentahistopathologyas not performedRepetitive

embolization (112 to 128 of gestationterm 144 tdl51d) of the uterine arterial circulation in
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chronically catheterized pregnant ewes produced a significant increase in fetal arterial cortisol,
with labor occurring during or immediately after embolization in 66% of ewes. Maternal
progesterone exhibited an extremely variable pattern; however, whentbut of progesterone
was compared, there was a statistically significant increase in progestermeatrationn
embolized ewes compared to control efle30]. Similarly, comparison of plasma progestagen
concentrations (RIA4) from 25 abnormatquinepregnanciegn=25; criteria: RIAP, > 10
ng/mL and < 3081 of gestation}o a group of contropregnanciesevealedhat 16 had
increased progestagens, 24 had abnormal placemi#3 live foals were producedf which
11 were abnormal based pastnatabehavio{127]. Unfortunately, only gross examination was
used tadetermine placental abnormalitiemd the types of placental patholoagyied from
avillous, edema at pol@although not defined by the authors, thipriesumably cervicalYwins,
or necroti¢ andmore than one classiitionwas present in many instances

SubsequentlPusey et al[131] usedGC/MS and RIAP, to evaluate plasma
progestagens from normaldaabnormal pregnancies with the aim of identifying specific
progestagens present and their ontogenic profil& mares with concurrent premature
pregnancy terminatiorMares with placentitis (n=7) had elevated $9.8% CI) concentrations of
P5 b b-giol,b B iUo | , -5® cainpaled t0 control mares. Compromised pregnancies due to
norrinflammatory placental lesior{avillous placenta, placental edens&)maternal causes
(colic, uterine rupture, laminitis, uterine torsion, and premature udder developlspidyeda
mixed pofile of progestagen concentrations (elevated, normal, or decreased); however, each
type of pathologyvas represented lpnly a single mareA similar finding of reduced
progestagens following medical or surgical diseasefr@souslybeen reportefll32,133] It
was speculatefdl 31] that placentiticausegetal stress andrecocious fetahdrenal maturatign

whichresults inan overproduction off?and thatliseasediteroplacental tissues retain their
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capacityto metabolize Pt o -D3HWP , -d ib &JI , -5Rleading 2olhcreased circulating
concentrations of these metabolitAs alternatie explanatiorsuggested wahat fetal
production and metabolisarealtered as well, not only leading to increase@put, but
increasd fetal hepatic conversion o§P 0 r e d-pregmadesPBdéntally derive@€RH has
been shown to be increased in women pigstermdelivery[134,135] and is believed to be
involved withfetal hypothalamigituitary-adrenalaxis (HPAA) activation duringore-term
delivery. Localzation of CRHin the equine placenta has not yet been described, fmesent
would provide greater insight to the endocrinologic pathways leading to HPA activatipneand
termdelivery due to placentitis

An experimental model of induced placentitighe mare measuredaternal plasma
progestin profiles(RIP4; cross r e®ePi vilBRe s DWL5P90.25%2 0 U
before and after transcervical inoculatiorSofzooepidemicy436]. The endpoint used for
statistical analysis was defined as a >50% change in progestin from a baselilgarstmmpa
mare.Placentitis was confirmed by gross and histopathologic evaluation of the pladenta.
following patterns were observeddacreasén 7 of 15, an increase in 6 of 15, and no change in
2 of 15 inoculated mares. Mares that abortedd€rém inoculation exhibited a decrease in
progestins, while those aborting > 7ollowing inoculation exhibited an increase in progestins.
As a diagnostic tool, a change in progestin concentratiom lsadsitivityand specificity of 87%
and 100% respectiveland the positive and negative predictive vdtlefined as the proportion
of mares testing positive that were truly affected or testing negative that were truly unaffected)
were 100% and 78% respectivelihe inconsistent pattern of change in inoculaedes was
thought to result from instrumentation with myometrial electrodes and allantoic catheters in 11
of the 15 inoculated mareSata thatwerenotdescribedvere the days from inoculation to

abortion for each mare and the days from inoculation to detected change in progestin profile.
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1.4.2FetalMaturation

In mostspecies, activation of theypothalamiepituitary-adrenalaxis(HPAA) is a key
event inthe cortrol of labor at termin sheep the increase in fetal cortisol during the last 2 weeks
of gestation causes a decline in the placental production of progesterone and an increase in
estrogen productio(Figure 1.4) [137,138] Laborcaneither be delayed byypophysectomy
[139] or adrenalectomy140], or accelerated by fetal ACTH administratid41]. The fetal pig
also has a gradual increase in cortisol during the last 2 weeks, but the final surge is of a shorter
duratian thanthat ofthe fetal lamid142,143] In contrast, the cortisol in the fetal horse only rises
just before birth (Figre 1.5) [142,144] HPAA activation in primates is characterized by
increased fetal cortisol, dehydroepiandrosterone sulfate, estrone, and progesterone only a few
days prior taermvaginal delivery{116]. Similar to sheep, administration of glucocorticoids
does promote fetal maturation, and is commonly giveafféat pulmorary surfactant secretion
[145,146]. Activation of theHPAA has also been shown to be a key evepté&termdelivery
dueto intrauterine infectiom women Patients with intrauterine infection apdetermdelivery,
as defined by recovery of a microbial pathogen from amniotic fluid or an amini@iteukin6
(IL-6) concentration > 2 ngiL, had significantly higheamniotic fluid concentrations of

dehydroepiandrosteror@ad cortisol than patients wigvetermdelivery without intrauterine
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Figure 1.4Relationship between fetal cortisol and maternal progesterone, estrogen, and
prostaglandins in relation to partion Day 0O in the ewe. Adapted from Challis et[4B8].
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Figure 1.5Prenatal changes in plasma cortisol in fetal sheep, pig, and horse in late gestation,
Day 0 is day of delivery. Adapted from Silver et al. (1983R].

31



infection[147]. It wassuggestdthat gacental CRHS responsible for HPA activation
however, elevated CRH has only been demonstratednmenin whompre-termbirth is not due

to intrauterine infectiopl35].

Elevation of eqine fetal cortisol vasseen during the final 4 t[148] or the final9 d
[144] of gestationLevels for catisol rose from3.1+ 1.0 to 13.4+ 3.7 ngiL, while significant
increases in ACTH were not seen uttig last 2 of gestation 159+ 21 to 246+ 42 pgmL)
[144]. Fetuses less than 28®f gestation fagdto release cortisol in response to administration
of intravenousACTH;.»4(the partially degadedproduct of ACTH havingnly amino acids 224
but maintaining aleffects ofthetotal molecule)those > 3041 showedsmall but significant
releases in cortisol, while those823d of gestation shoedthe greatest release of cortisol,
demonstratinghat the equine fetal adrenal responsiveness to exogenous ACTH does not develop
until extremely late in gestatid48]. Based on the observed adrenal response in fetl@@$ >
d, the investigators then compared the effects of intramuscular intrafetal AE{r=£16)
administratiordaily for 3 d with salineadministrationn=7), and whther induction of
parturition 2 to4 d after ACTH,..4 administration was associated with a positive neonatal
outcome (n=4rompared to spontaneous delivefive mares aborted immediately following the
lastACTHi.24 injection. Administration ofACTH1.o4 shortered gestation significantlyn
spontaneous delivery margl2 to 314 vs. 327 t833) and postnatal adaptive and endocrine
patterns were normal; however, in pmagcies induced to deliver (306368d) 1 fetus died, and
5 of the remaining 6 foals required supportive care, and had lower plasma cortisol and elevated
progestagens which failed to decline with the firsh2#4 life [149] . Given the number of
abortions and postnatal complications associated with intrafetal injections, the effect of

maternally administered depot ACTH (1 mg vs. 4 t&d mg)at300,301, and 302 on fetal
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maturation was examineHarlier parturition was significantly correlatevith high doseACTH
given to mares mated late in the seasdte{July 1) compared to those mated early, although
the strength of the cofiegion was not strong {= 0.5). Maternhplasma cortisol and progestagen
concentrations were elevated following ACldadministrationandthis effect was greater and
of a longer duration with high dose ACTK[150]. It is apparent from these studies that not
only doesHPAA maturationoccur only at the end of gestatjdyut that manipulaticsin an
attempt to acceleratetal maturation precociousirefrequently complicated with negative
neonatabutcome Effective nterventional strategies to advance fetal maturation would be of
great benefit in many instanceshafth reproductive and nonreproductive compromised

pregnancies.

1.5 Immunologic Aspects ofl nfective Pre-term Delivery
1.5.1ImmunologicAspects of th&lon-pregnantquineUterus

The equine uterus is a mucous membrane; therefore, the predominant immunologic
response to disease is characteristic of ininateunity. This is an obvious advantage when
breeding on successive cycles to the same stallion, where a strong adaptive response would
likely preclude establishment of pregnancy. Likewise, vigorous adaptive immunity would be
disadvantageous during pregngnice., the fetus as an allogr@f61]. From a historical
perspective, much of the early work on definimgmune parameters of the uterus #imel cause
of susceptibility to endometritis in mares focused primarily on the innate response to infection,
namely opsonins in uterine secretions anduhetion of uterinederived neutrophils. Once
physical or mechanical clearance was determined to be an extremely important factor in the
resolution of uterine infectiof152-155], research emphasis shifted away from further

investigation of the uterus as a mucosal immune system. In the meantime, the field of
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immunology has expanded exponentially, and compared to other species, thereyarasitan
aspects of equine uterine mucosal immunity that remain to be elucidated. Cells involved with
adaptive immunity have been identifiedendometriaand the presence of mucociliary currents

has been proposed; however, their role in diseases of tiis ot yet clear.

1.5.1.1Role ofImmunoglobulins irJterinedefenseMechanisms

Immunoglobulin AJ156-161], secretory IgA159,160] IgG [157-159,161,162]IgG(T)
[157-159], IgGa[156], IgGb[156], IgGc[156], and IgM[157,158]have been demonstrated in
luminal ecretions from mares resistant and susceptible to endometritis. Secretory IgA (11s peak)
comprises a mean of 60% of the total IgA present in uterine seciditdistThe former (and
curren) designations for the stibotypes of IgG are as follows: IgGa (IgG1, 19G2), IgG(T) (IgG3,
lgGb5), 1gGb (IgG4), and IgGc (IgG6, 1gG[A)63]. Demonstration of secretory IgA and higher Ig to
albumin ratios in uterine secretions compared to those in serum supports the classification of the
equine uterus as a local secretory immune sygtéfr}. Transudation of Ig and active transport
may also be a significant source of intralumingdlL§0]. The relative contributions of active
transport from serum versiocal Ig production is largely unknown, liuitvitro endometrial
production of specific IgG, IgM, and IgA has been repdiiéd].

Results of studies on immunoglobulins in luminal secretions and immusiobisof the
equine endometrium pose some interesting questions. First, that antigen processing in the equine
uterus is variable. Intrauterine inoculation withzooepidemicusgsults in a local titer increase
with no concurrent increase in systemiertitinoculation withraylorella equigenitali®r dinitro-
phenylated human serum albumin results in both local and systemic titer increases in antibody
[165,166] Despite no overall change in the peripheral titer, differences in the bactericidal activity of

blood is seen following intrauterine inoculation wihzooepidemicughis activity is not only
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strain specific, but also is comprised of hetabile and hedabile componentgL67-169]
Antigenprocessing and denddtcell function in the equine uterus has not been studied. Second,
since in general mares susceptible to endometritis have similar or higher levels of free Ig in the
uterus, the common inference is that a dysfunction in the humoral response to ingranfeiion
does not contribute significantly to increased susceptibility to endometritis. The suggestions that
lgGr[164] or IgA [170] may interfere with effective opsonization by specific antibody warrants
further study. Invstigation of bacterial proteins, such as immunoglobuilaling proteing171],
which can reduce both antibedyediated complement fixation and opsonization, would lead to a
better understanding of the humoral response to intrauterine infection and its role in susceptibility to
infection Indeed, immunoglobun-binding proteins have been identified in uterine secretions, and
deplete hemolytic complement activityvitro [172].
1.5.1.2Chemotactic Properties of Uterinec®etions

The chemotactic activity of uterine fluid is influenced by ovarian hormones. Fluid collected
during estrus possessed similar cheutic activity to the activated serum control, but was
significantly greater than that of diestrous uterine fLidB]. Uterine washes from estrogen
supplemented ovariectomized mares prior to inoculationSvitooepidemicugimulated random
migration of neubphils under agarose, while those from control or progestsigu@emented
mares inhibited chemokinetic activiti/74]. Infection[175], spermatozoinduced complement
activation[176], and susceptibilityl77,178]appears to increashemoattractants in uterine
secretions, and susceptibility increases the chemotatitityadrrespective of stage of cycle or
presence of uterine infectiph77]. This pattern was thught to reflect the increased chemotactic
activity present in uterine secretions from mares with activeneetlitis observed by Blue et al
[175]. Chemoattractants are composed of both-ladsie [176,179]and heat stabilg79]

components, and are dose depenfeft]. This finding is specific to chemoattractants released by
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the endometrium sinc®. zooepidemicusself does not to possess chemotactic actj¥®B@].
1.5.1.30psonins in terineSecretiors

Interest in characterization of opsonins in uterine luminal secretions began with the clinical
response seen with the use of intrauterine plasma infusion in mares susceptible to endometritis
[181]. The conadlision was that susceptibility to uterine infection may be due in part to deficiency
either in quality or quantity of opsonins in uterine secrefib8%]. In vitro, the addition of serum to
uterine washings resulted in a significant increas@somization and phagocytosis by peripheral
neutrophils, and this activity wasduced by complement depleti¢hB2].

Nonrinfected estrous fluid promoted greater pf@agosis than diestrous flujd83], and the
opsonic activity of susceptible maressmather increasgd 77,184]or decreasefl 78] compared to
that of resistant mares. The interaction between ovarian hormone status and sugaaptibilit
opsonins is complex with opsonic activitging reported as greater in resistant mares during
diestrus and greater in susceptible mares during €843, while culture supernatant of
endometridrom mares treated with progesterone was less effective at bacterial opsonization than
supernatant from control mares or those éatith estrogefiL85]. The contribution of
complement as an opsonin has also been controversial. In one study, opsonic acthoty was
reduced by heat inactivation, and the major opsonin was associated wWiil8#jGlowever, when
standardized for protein content, both complement and specific IgG were found to be important
opsonins in uterine washes from reproductively normalayshing mare¢186]. An interesting
observation of declining IgG concentration in susceptible mares hypf3@fection[162] raises the
guestion of whether decreased production or secretion, or increased consumption of IgG is involved
with persistence of endometritis.
1.5.1.4Complement irUterineSecretions

Examination of complement components and hemolytic activity has yielded conflicting
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results. Antigenic C3 and breakdown products of C3 were identified, yet no hemolytic complement
(functional) activity was measureduterine secretiond.82], possibly due to thepecief target
red blood cells. Hemolytic complement activity using porcine red blood cells was significantly
greaterin uterine flushings from susceptible mares compared to resistant mares, although individual
variability was high and stage of cycle was varigbl]. Lastly, immunoactive C3 was not
significantly different between resistant and susceptible mares, although aftt@&6bacterial
challenge immunoactive C3 was greater in resistant {625
1.5.1.5AntibacterialActivity of UterineSecretions

Although it has been reported that dedle uterine flushes from mares in raligstrus
possesses antibacterial actijity 3], other investigators failed to demonstrate inherent antibacterial
activity of uterine fluid from noncycling mar¢k36] or from E- or P;-supplemented
ovariectomized marg487]. The discrepancy in the results from these studies may ligentzd
qualitative and quantitative differences between the uterine secretions from cycling and noncycling
mares. Recentlactoferrin an antimicrobial and immunomodulator member of the transferrin gene
family which is expressed by epithel@dllsandneutrophil granules, has been identified in the
equine endometriufi88). Lactofar i n6s anti bacterial property | i
free iron, thereby inhibiting la#erial growth. Lactofem expression was upregulated during early
estrus, protein stainingasuninfluenced by cycle and was most intense in the glandular epithelium,
and expression of lactoferrin was only increased in mares with delayed physicakelenamg
early estru$188], which might represent a response to inflammation. While intriguing from a
perspective of hogiathogen interactions, unless diminished responsetofdain expression and
production were observél susceptible mareseduced lactoferriactivity is unlikely to be
responsible for increasedsceptibility tanfection

1.5.1.6Modulators of Uterine @Gntractility
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In cycling[189], and E- or P;-supplemented ovariectomized mgrE30,191] uterine
luminal immunoreactive PGF, PG&nd leukotriene B(LTB,4) dramatically increase following an
inflammatory insult. Progesteroisepplemented, ors3upplemented followed by.Eupplemented
ovariectomied mares had higher concentrations of immunoreactive PGF andtR&@those
receiving k& alone[191]. Resistant mares have greater release obRGFesponse to antigenic
stimulation (insemination) or oxytocin administration than do mxsusceptible to persistent
endometritig192]. Since LTB, and PGEcause doseelaied chemokinesis of peripheral
neutrophils, PGfand LTB, increase bactericidal activity, and LfBcreases phagocyto$i93],
their presence is unlikely to play a role in persistence of endometritis by adversely affecting
neutrophil function. To the contrary, it has been suggested that increased eicosanoids in susceptible
mares may contribute to enhanced phagocytic fundigs].

Nitric oxide (NO), a bactericidal agent produced by macrophages and neutrophils following
ingestion of microorganisnj&94], can cause myometrial relaxatid®5]. Nitric oxide
concentration was higher in uterine secretions from mares susceptible to delayed clearance than in
resistant margd.96]. Whether this is due to upregulation of M¢nthase or due to accumulation of
inflammatory byproducts in susceptible mawas not determined, biitwas speculated that NO
accumulation may contribute to undesirable uterine relaxation following an antigenic challenge
[196].
1.5.1.7Functional Poperties ofNeutrophils

Uterine neutrophils frorsusceptible mares have been reported to have either reduced
[197,198]or equal178] chemokinetic function compared to resistant mares. Similarly, decreased
[177,199]or increasedL 78,200]phagocytic function of uterirderived neutrophils from
susceptible mares has been reported. Clearly there is an interaction between stage of estrous cycle

and céegory of mare and both may have a profound effect on the functional capacity of uterine
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neutrophis. It is doubtful that some level of compromised uterine neutrophil function exists in the
susceptible mare; the more likely explanation for findings toiddtes effect of experimental
design, specifically method of uterine neutrophil recruitmstage of cycle, and differences in
bacterial strain on itro neutrophil function. Indeed, when a chemokine (recombinant human
interleukin8) was used to rectuneutrophils into the uterus not only was there no difference in
phagocytic capacity of uterine neutrophils between normal mares and those with degenerative
changes, but the capacity of uterine neutrophils from mares with degenerative uterine changes to
generate reactive oxygen species was enhanced relative to peripheral neutrophils or uterine
neutrophils from normal marg®01]. Diminished cellular clearance occurs most likely secondary to
persistence of infection and continued bacterial growth, which exceeds the capability of normal
phagocytic function.
1.5.1.8Evidence of a\daptivelmmuneResponse in thelterus

The endometrium of the mare is inhabited by T lymphod2@2206]. Genitally normal
mares had greater nbers of CD4+ lymphocytes(ic e | | ; i h eahdfCB8+ cells (dcedl;l | 0 )
Acytotoxic/suppressor cell o) in thdg204the at um
density of cells was either increased during the eg208 or found to be independent of cycle
stagg204], was not influenced by ag206], and greater numbers of CD4+ and CD8+ celisaw
present in the uterine body than in the uterine H@08]. Following inseminatioi205] or in the
presence of endometrif®04] the number of CD4§204,205]and CD8+ cell$204] increased; the
number of CD4+ cells doubled in lymphoid aggregates, and the number of CD8+ cells in the
luminal and glandular epithelium increag2@4] suggesting tt an adaptive response is initiated
following antigenic stimulation of the endometrium.

Exogenous antigens, such as thos®.aooepidemicuare processed through an endocytic

pathway and are presented on the surface of the membrane eilgeliexpress class Il Major

39

co



Histocompatability Molecules (MHGQ207]. Presentation of class Il MHC to CD4+ Cells is

restricted to fAprofessional 06 antigen presentin

and B cells. ANonprofessional o APCs, such as
endothelial cells, can present antigen in the ebwtfeclass Il MHC, but fail to deliver a
costimulatory signal and present antigen for brief periods during a sustained inflammatory response.
Cells in the equine endometrium expressing MHC class Il staining include macrophages,
monocytes, dendritic cellgymphocytes, vascular endothelium, and uterine luminal epithelium
[202]. Expression of MHC |l was greater in genitally normal mamesstrus than in diestrus; the
distribution was predominantly beneath the luminal epithelium, with occasional foci in the stratum
compactum and rarely in the stratum spongiog204]. This pattern is consistent with antigen
presentation. There was difference in expression between infected and noninfected jpa4és
which is similar to findings from murine models of intestinal Salmonellosis where little change
from the steady state numbers of dendritic cells is seen with infé2€i8h
1.5.1.9CytokineExpression irResponse tinfection and msemination

It has been suggestdthtincreased endometrial expression of theipflammatory
cytokines Il-1 b ,-6, TNEU,  a-8 dlring dstrus, increased1Lb , -UO,N Fa-8dlring L
diestrus, and decreased expression of therdl@mmatory cytokine IE10 during estrus
contributes tsusceptibility taeendometritig209,210] although norinfected susceptible mares
were not examined in these studies. This pattern would be predictenitavith chronieactive
inflammation; however, rexamination of mares susceptible to endometritis prior to initiation of an
inflammatory insult would be useful to understand the potential roles of these cytokines during
persistent endometritis. If elevdt# -8 expression and diminished-10 expression in susceptible
mares in the absence of infection or inflammation exists, a potential factor in susceptibility to

endometritis may be explained. These studies are a first step towards investigating te cytok
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signaling involved with endometritis, and clearly further study is needed in this area.
1.5.1.10Mucociliary Clearance in th&lare

It has been recently suggested that mucociliary clearance may play an important role in the
clearance of infections arnldat disruption of mucociliary currents in the susceptible mare leads to
persistence of infectioj211]. While mucusproducing cells and ciliated cells beneath a mucus
blanket suggests a functional mucociliary apparatus in the equine[@t2jjsn vitro
documentation of ciliary movement is lackifj 1]. Mucus production and secretion is increased
during estru$212] and inflammatiorj212,213] and the optical density of the mucus is increased in
mares with delayed clearan@2]. The biological significance of alterations in the mucous blanket
is unknown. The effects of fluid accumutats[214], intrauterine therapj215], and uterine
pathogen$214,216,217pn mucociliary clearance are deserving of future research, as is whether or

not there is a primary defect in the mucociliary apparatus in mares susceintmetritis.

1.5.2 Animal Models forInfectivePre-termDelivery

Thepre-termdelivery (PTD) ratefor humaninfants in 2005 was 12.79218], arate that
is ontherise despite considerable efforts and progtesgardsdefining the pathogenesid pre-
termbirths and advancingeatment strategiemfection has been reported to be responsible for
up to 10 to 50% opretermdeliveries, with higher rates being seen in underdeveloped countries
[219,220] Intrauterine infection resulting from ascension acteria through the cervix with
invasion of the chorioamnion addeciduagmaternal endometrium at the site of placental
attachment) is a significant cause of-peam delivery in womeas it is in the marf221,222] A
wide variety of animal models have been described to investigate the mechanisms dilRTDs;
directcomparisons between models are hampered by diffes@mspecies usedheagens used

to initiate PTD,andtheroute of inoculation oadministration.
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In most species studied, an increase inipflammatory cytokines has been observed in
fetal fluids in response taflammation orinfection[223-229]. Nonrinfectious models fopre-
termdelivery typically use lipopolysaccharide (LP&)minisered into thenaternal circulation
[230], the maternal peritoneal spd@31,232] or the uterug233] to cause pregnancy loss.
Intraamniotic, but not maternal, administration of LPS to sheep at appreki8aes gestation
resulted in increases amniotic and fetal IL6 (immunoreactivefoncentrations but no
premature labor despite increased uterine actithtyughthere was a considerable degree of
variability andthe samples size were sm@e8]. Intraamniotic inoculation of group B
streptococci in instimented (fetal artery and vein, amniotic pressure catheter, myometrial EMG
electrodes, maternal artery and veimsusmacaquesit 77% gestation produced increased
bioactivity of TNF-Uin amniotic fluid and increased immunoreactive concentratifnd_ -1 b ,
andIL-6 as early as Bfollowing inoculation. PGEand PGE £oncentrations paralleled the
increases in cytokines, and uterine contractility occurredma8h. The peak concentrations of
PGE,, compared to contrplverel16,046 pghL vs. 2,765 pgmL (p < 0.05) and was ®47vs.

708 pgmL for PGR, fp < 0.05)[224].

While intraamniotic inoculation may provide a greater uniformity of response due to
precise deposition of the inflammatory agent, it does not reproduce what happens during the
course of natural infection, namely ascension through the cervical Gahafmodelshave
attempedto mimic natural infection by intracervical inoculatiomtracervical inoculation of
rabbit does at 70% gestation wih colialso produced increaseactivity of TNF-U and
increased immunoreactive concentrationieib , &-6, dnd PGEand PGE gn amniotic
fluid as early as # after inoculatior[223]. Similarly, intracervical deposition of either LPSr

coli in wild-type or IL-1 B/- mice produced increases in amnidtionunoreactivefNF-U , -bl, L
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and IL-6 and prematurdeliveryin 92% (E. coli) to 100% (LPS) omice Although decreased
cytokine was observed in4L B/- mice, pregnhancy loss was the sgd225].

One of the proposed mechanisms of infectimuced preeerm delivery is that pro
inflammatory cytokines (It1, IL-6, TNFU )  f hedeciduasand cortisol from the mother
cause activation of the fetal hypothalarpituitary-adrenal axis, causing elevation of fetal
cortisol[48]. Increased fetal cortisol, either at term or in response toflaanmatory cytokines,
decreases levels of PGDH, an enzyme responsible for inactivation gefRGBGE,, leading to
increased P&, and PGE, and subsequent myometrial contractions-iRflammatory cytokines
also increase the activity of another key enzyme, prostaglandipnthase (PGH&), which
increases prostaglandin synthesis. The decrease in PGDH and increase i2 RGHS
increased PGEand PGE, synthesis, myometrial contractions and premature lgbeeFigure
1.6) [227,234236)

1.5.3A Model of Ascending Placentitis in théare

Onemodel examininghe relationship deveen inflammatory cytokines and ascending
placentitis in pregnant mareas been reportd@37]. Placentitis was induced ligtracervical
inoculation ofL0’ to 16* CFU of S.zooepidemicui mares between 283 and 29af gestation.
Groups consisted ohares instrumerd with allantoic catheters 10 16 d prior to inoculation
(n=4), noninstrumented inoculated mares (n=4), and-marctulated control mares (n=4).

Allantoic fluid samples were obtained from the cathafgratent) or by allantocentesis from
inoculated mares at preoculation, 3 to 4 d poshoculation, 6 to 10 d poshoculation, and a
sample within 48 h of delivery. Mares in the control group were sampled at 280, 288 to 290, 296
to 303 d, and within 48 of delivery. Allanotic fluid was analyzedfor TNF ( cyt ol yt i ¢

IL-1 and IL-6 (lymphoproliferative assay), P@tnd PGE (competitive binding RIA).
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Figure 1.6 Role of progesterone and cytokines in regulating prostaglandin synthesis during
pregnancy. From Challis et al., (20Q@3].

Placental tissue was collected for histtyodtgy andnRNA expression of I1, IL-6, and IL-8.
No differences were detected in the concentrations of solubled'NF1 larid I-6 between
groups over time (means and standard deviations were not repBieeental |6 and IL-8
MRNA was higher at the cervical star anddImMRNA was higher in the placental body of
inoculated mares compared to control mdtiesues not matched for gestational aggdsed on
the mRNA datat washypothesizedhat bacteriainfection causes increased expression of
proinflammatory cytokines leading to the release of P&t PGE jnto the allantoic fluid

resulting in premature labor.
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The failure to demonstrate an increase in the concentrations-offlarmmatory
cytokines in equine fetal fluids following bacterial infectidiffers fromresults from rabbits,
monkeys, womensheepand micg223-226,228,238] There may be several explanations for
this difference. In the stydusingmareg237], the number of days from ino@ation to abortion
ranged from 4 t@7, and the clinical and histologic characterization of the placentitis varied from
acute to chronic, thus the experimental group esrogeneous. This variation may have
resulted from individual differences in response to the straghzifoepidemicussed[168], the
variabledose of thenoculum anddifficulty in standardizing the site of inoculation witttime
cervical canalFailure to detect soluble cytokines in the allantivicd may have been due to
sampling intervalsvhich were to infrequent to detect changes in cytokine concentrations.
Amniotic levels of TNFU, -110L, alnbd welr e e | ehobtransagrvicaliinodulation 4
of pregnantabbitswith E. coli[223]. In pregnant ewes, the concentration oflin amniotic
fluid peaked between 4 ®h following administration of LPS and had begun to decrease by 24
h [228], making it conceivable that changes in cytokine levels were missedenquimestudy.
Other potential sources of wability werethe presence of allantoic cathetersome but not all
of the maresand repeatedltrasoundguidedallantacentesido obtain fluidfrom mareswithout
catheters othosewith non-patent catheter8iochemicalcharacterizatiofi239,240]of fetal fluid
was not performed, therefore the potential confounding effect of amniotic fluid contamination on
analytes cannot be assessed.
1.6 Conclusions and Proposed Studies

The need still remains for a dependable method for collection of allantoic fluid that would permi
reliable and frequent sampling within the figgth aftertranscervicainoculation. The temporal
relationship between elevations inaaitoic cytokines and prostaglandins is quite important. If the

synthesis of PGFRand PGEis driven by cytokines in concert with fetal cortisol, as has been suggested
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in a model of ascending placenti#8], then treatment strategies that fail to interrupt the inflammatory
cascade anceducefetal stress may be ineffective in delaying the onset of lébother species,
activation of the fetaHPAA axis is likely a key event in placentiiisduced preerm pregnancy loss
[147]. However, this may not be the case for the haisee the fetal HPA oglmatures near the end of
gestatior{126,241] Therefore, iwwould be usefuto delineate a noninfectiousflammatorymodelfrom
an infectiousnflammatorymodel Inflammation of the chorioallantois will be induced by inoculation
with live bacteria or hedktilled bacteria. Heakilled S zooepidemicubas been used boitlhvivoin an
endometritis model in the maf&72] andin vitro in phagocytosis assays for equine neutrophils
[184,200] By comparing the inoculation witheatkilled S. zooepidemicus the inoculation with live

S zooepidemicysvemay beable to separate the effectsaofransientnflammatoryresponsend
resultant prostaglandin synthesis from the effects of placental, and possibly fetal, infection. We
hypothesize that both types of inocula will induce an acute placentitis, thakillesdhS. zooepidemicus
will produce a less variable pattern of inflammatory mediators than that produced 8y live
zooepidemicysnd that liveS. zooepidemicusill lead to preterm delivery in all mares. Because the
inflammatory insult initiated by heilled S. zooepidemicusould occur as a single event without
continual replication and propagat of the inflammatory casca@es would occur with livé.
zooepdemicusit is unlikely to lead to préerm delivery in all mares.

In the mare, ovarian progesterone is responsible for maintenance of myometrial quiescence for
roughly the first third of gestation; metabolites of progesterone produced by the fetadlanént
assume this role thereaf{@d1]. The fetus synthesizes pregnenolone, which is the precursor fdea w
variety ofprogestagensTwo progestagens -prdgnane3,20d i o n- ® HPS U a 4mydiroxg-® W)
pregnan3-o n e -BP2, Bré&Jexcreted into the umbilical and uterine circulation and are believed to be
the most biologically important progestagens for préagruterine contractiond 26]. Changes

observed in progestagen profiles during latgpaacy appear to depend on the nature of the stress and
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the maturity of the fetal HPA. Stress of the equine fetus due to infecimiuced placentitis has been
shown to result in two patterns of progestagen profiles: acute placentitis was associatedchvithge

in total progestagens, whereas chronic placentitis was associated with elevations in maternal total
progestageng 36]. In contrast, maternal progestagens tend to remain stable and then decline prior to
abortion in cases of severe matdrstress without direct involvement of the fetus, such as colic or
uterine torsiorf133]. What is not clear from previous studissvhy supplementation with synthetic
progestins (altrenogest) in cases of placentitis is not always successful in preventing uterine
contractions. Although maternal progestagens appear to provide some measure of placental health, w
is needed is a measuof synthesis of pregnenolone from the fetus. Fetal output of pregnenolone and
progestagens are typically measured in studies involving fetal umbilical vasculature, uterine vasculatul
and maternal catheterizatift?6]. No attempts have been made to measither cortisol or

progestagens in allantoic fluid; therefore we propose to anall@eoic samples serially to examine
possible effects of placentitis on fetal synthesis of cortisol.

This is the first reported attempt to use laparoscopy rather than laparotomy for allantoic cathete
placement in the maf@42]. Avoiding general anesthesia and laparotomy in a late gestation mare, with
all the attendant problems of poperative fasting, intraperative hypotension, pesperative ileus, and
potentiallyincreased concentrationgfetal cortisol due to maternal fasting, justify attempting the use of
laparoscopy as a less invasive alternative to instrumentation of pregnant\wearesl test the
hypothesis that TNHE) , -1 larld 1L-6, which increase in response to inflammation efahorioallantois,
are temporally related to increases in allantoitisol,PGF, @nd PGE, leading to myometrial
contractions and premature foal delivery. Inflammation of the chorioallantois will be induced by

inoculation with live or killed bacteria.
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CHAPTER 2

LAPAROSCOPIC PLACEME NT OF AN INDWELLING ALLANTOIC
CATHETER IN THE MARE : DEVELOPMENT OF THE TECHNIQUE

2.1 Introduction

Catheterization of fetal vasculature, maternal vasculature, and the allantoic and amniotic
compartments has been used to study normal physiology and pathologic conditions of pregnancy
in many species for several decades. Undoubtedly the knowledge gasnmekhanvaluable;
however, the invasiveness of the described surgical procedures are tremendous, leading to fetal
demise, potential alteration of endocrine function of the dam and fetus, and limited ability to re
instrument the dam in future pregnanciBise mare has proven to be extremely problematic for
these studies, especially with regards to allantoic catheterization. A recently reported model of
placentitis in the mare showed increased expression ahfiaonmatory cytokines in the
chorioallantois ®mares transcervically inoculated wiitreptococcus eqgubspzooepidemicus
compared to control mares, while no differences were detected in activities of soluble cytokines
from both groups of marg&37]. In womenrhesus monkeys, rabbits, and mice increased
concentrations or activity of soluble pidflammatory cytokines in amniotic or allantoic fluid are
observed as a result of natural or experimental infection of the pld28ata26,243]. The
reason for this digsepancy between the mare and other species is not clear. It was felt that a non
invasive method of catheterizing the allantoic space of the mare was needed. The objective of
this study was to develop a technique for laparoscopic placement of an allattteiercin the
standing mare. Obstacles and concerns included side of placement, catheter design, bacterial

contamination, catheter patency, locating the allantoic space, and future mare fertility.
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2.2Material and Methods
2.2.1 Experimental Animals

Twenty-nine adult pony mares and one horse mare of various ages were used in this
study over a fouyear period (2003 to 2007). Mares were maintained on pasture and
supplemented with hay and a pelleted ration during the winter to maintain good bodyeconditi
All procedures were in accordance with Loui si
and Use Committeebds guidelines for the humane
was artificially inseminated with a horse stallion, and the poasemwere pastwigred with one
of four different adult pony stallions. Two weeks after introduction of the stallions, mares were
examined for pregnancy by transrectal ultrasonography every 7 to 14 d to determine gestational
age of the early embry@vulaion dates were extrapolated from this information to provide
ovulation dates that would be accurate within 2 tgB14. Laparoscopic procedures were
performed between 234 and 285 d of gestation.
2.2.2 AllantoicCatheterPlacement

Allantoic catheters were plagén sedated standing animals under local anesthesia using
laparoscopic visualization. Mares were not fasted prior to surgery. Either immediately, or 24 h
preceding surgery and again immediately prior to surgery, the hair of the left or right flank was
clipped and the skin scrubbed with a povidardne cleanser. Mares were sedated with 0.05
mg/kg detomidine iv and 0.1 mg/kg butorphanol iv, and then restrained in stocks. After regional
anesthesia with 2% lidocaine (approximately 60 mL), the left or righkfwas aseptically
prepared prior to insertion of the laparoscopy cannulas (See Figure 2.1). From 2005 to 2007,
following a stab incision through the skin, a 14 ga Veress needle (VS150000, Vef$aStep

United States Surgical, Tyco Healthcare Group, NdkwCT) covered with a radially
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Figure 2.1 Laparoscopic portal placements for catheterization of the allantoic space in the
standing mare

expandable sleeve (VS101500, VeraStepnited States Surgical, Tyco Healthcare Group,
Norwalk, CT) was usetb allow bladeless entry into the peritoneal space. Mt cannula and
dilator (VS101512P, VeraSt&p, United States Surgical, Tyco Healthcare Group, Norwalk, CT)
were inserted into the expandable sleeve, and pneumoperitoneum was created,with CO
insufflation. Intraperitoneal pressure was maintained between 10 and 14 mm Hg. This step was
repeated for each portal site. After identifying the gravid uterus, one of three types of catheter
designs was introduced either through a cannula or along a rigid gulte dterine wall. With a

quick thrust, the catheter was introduced into the allantoic space. The dead space of the catheter
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and attached access port system, if present, was measured for each individual. The skin incisions
were sutured with-BD nylon sutue in either a cruciate or a Fentterlocking pattern (depending

on incisional length) and a sterile adherent dressing with a-aglbiotic ointment (Bacitracin
NeomycinPolymyxin B, ClayPark Labs, Inc., Bronx, NY) was applied.

Postoperatively, phgical examinations were performed twice daily for one week to
monitor body temperature, vaginal discharge, and pain, heat or swelling at the cannula entry
sites. Fluid from the catheter was collected, centrifuged at 2,000 x g for 15 min and st6i€d at 4
until analyzed for creatinine, chloride, sodium, and calcium concentrations to confirm that it was
of allantoic origin[239,240] All samples were analyzed within 12 h of collection. In two mares,
amulti-frequencyrigid laparoscopic transducfdST-5526L-7.5, Aloka, Inc. Wallingford, CT),
amulti-frequencyflexible laparoscopic transducer (U$b367.5, Aloka, Inc. Wallingford,

CT), or a 6.8MHz transvaginal transducer (Medison, Universal Medical SystemsBeadford

Hills, NY) was introduced through a separate portal site to evaluate the usefulness of
laparoscopic ultrasonography in locating a suitable site for catheter insEltimhsamples were
obtained at surgery, 4, 8, 12, 16, 20, 24, 28, 36, 425@rdpostoperatively, and then daily

until fetal delivery. Biochemical and cytologic analysis of each sample verified the nature of the
fluid as allantoic, amniotic, peritoneal, or an admixture of allantoic and amniotic fluid.

2.2.3 Catheter Bsign

Three custoradesigned and one commercially available catheter were evaluated. The first
catheter design was aF3, 75cm, polypropylene, balloctipped catheter; placed by a-f@
split-steel introducer (Figure 2.2A). The second catheter waBra?scm, pdypropylene,
throughthe needle (12 ga) catheter with a collapsible disk at the terminal end and a moveable

disk designed to anchor the catheter to the serosal surface of the uterus (Figure 2.2B). The third
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Figure 2.2 Schematic drawings for custedesigned catheters for catheterization of the allantoic
space in the standing mare. A) A balletipped catheter; placed by a-fj@ splitsteel introducer.

B) A throughthe needle catheter with a collapsible disk at the texh&ind and a moveable disk
designed to anchor the catheter to the serosal surface of the uterus.

catheter design was a polypropylene, ether needle, (10 ga) catheter with a bonded flange for
anchoring the system to the serosal surface of the uterihélva fourth catheter design was a
commercially available, ovehe-needle, 7.5 Fr, 26m, polyurethane catheter, with a locking
pigtail (Ultrathan& Suprapubic Catheter, Cook Urological, Spencer, IN) designed for

percutaneous placement of a loop cathietéhe renal pelvis for nephrostomy drainage (Figure

2.3A). Figure 2.3B depicts the placement of the locking pigtail within the allantoic space.
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Figure 2.3A) A commercially available ovethe-needle, 7.5 Fr, 26m, polyurethane cagter,

with a locking pigtail (UltratharfeSuprapubic Catheter, Cook Urological, Spencer, IN) used for
catheterization of the allantoic space in the standing mare. B) Schematic drawing of catheter
placement within the allantoic space.

2.2.4 Mdificationsto Reduce Microbial Tracking along the Cathetgst&m

2.2.4.1 Subcutaneous AccesstP

For 13 of 17 of the catheterizations, a subcutaneous access port (F3ILBZVO0
Custom, Instech Solomon, Plymouth Meeting, PA) was incorporated in the collegstem.
Attached to the port was a-Ir&ch section of silicone tubing ending in a locking male luer. After
catheterization of the allantoic cavity, &#h vertical incision was made 4 to 5 cm dorsal and 3
to 4 cm anterior to the exit wound of the allantwatheter. A subcutaneous pouch under the
anterior margin of the port incision was formed by blunt dissection. The access port was placed
in this pouch. After bluntly dissecting a tunnel from the catheter incision to the port incision, the
tubing of the pd was connected to the catheter, and both incisions were closedOvitkil@n

suture in a Foranterlocking pattern (Figure 2.4).
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Figure 2.4Placement of a subcutaneous access port in mares with an indwelling allantoic
catheter.

2.2.4.2 Indwéling HuberNeedle

Non-coring needles (Huber needles, Instech Solomon, Plymouth Meeting, PA) were used
to obtain samples from the access ports. Straightsinglee 22 ga x 3/ 40 Huber
used for sample acquisition in seven mares. Fortennzare®£ 2 ga x 5/ 80 right
needle with a énch PVC tubing and female luer was inserted into the subcutaneous access port,
and a sterile adherent bandage applied. Bandages and needles were changed every 72 h.
2.3 Results
2.3.1 Side of Aproach

A total of 48 laparoscopic procedures were performed; eight during 2004, 30 during
2005, eight during 2006, and two during 2007. The first procedure was on a mare at 234 d of
gestation and a left flank approach was utilized. The left uterine horn was adeuyisatgiyed;

however, later in gestation (>260 d), the left uterine horn was totally obscured by small intestines
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or small colon (n=2). For the remaining procedures, mares were between 260 and 285 d of
gestation, and a right flank approach provided adequatialization of the right uterine horn in
all but two instances. In both of these cases fat, in addition to loops of small intestine, obscured
visualization of the uterus.
2.3.2 Catheter Design

None of the custordesigned catheters could either be iteskinto or retained within the
allantoic space. The throughe-needle catheter with a terminal collapsible disk was too bulky to
allow advancement of the catheter through the introducing trocar. Although the Higlloech
catheter could be successfulhgerted into the allantoic space, the balloon size was inadequate
to retain the catheter within the allantoic cavity. The catheter material of th¢hevezedle
design created too much tissue drag, and prohibited advancement of the catheter through the
uterine wall. The nephrostomy catheter proved to be an acceptable design, creating minimal
tissue drag during insertion and having good retention of the locking pigtail. It was important
however, that the tension on the pull tie was sufficient to crbeatsmaximal degree of loop
fixation to retain the catheter. Failure to do so resulted in three catheters pulling out of the uterine
wall. The peritoneal location of the catheter was determined by biochemical and cytologic
evaluation of the sample. (See TaBl1) Subsequent to identifying the appropriate catheter
design, 17 catheters were successfully placed into the allantoic space (2005 to 2006). Two of the
three catheters that pulled out were successfully replaced during a second laparoscopy; the third
mae was not reatheterized.
2.3.3 Catheter&ency

The number of days indwelling, patent, and number of potential and missing samples is

summarized in Table 2.2. In 2004, four mares were successfully catheterized during the eight
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Table 2.1Biochemical Analysis of fluid samples collected from allantoic catheters

Treatment All Fluid Categories Allantoic Fluid Admixed Fluid Peritoneal Fluid
Mare Group Date Creat. Chloride Calicum Sodium Creat. Chloride Creat Chloride Creat Chloride

25 sham 1/26/2005 39.8 36 26.5 112 39.8 36
25 1/27/2005 27 84 18 130 27 84
25 1/28/2005 27 93 21.7 127 27 93
25 1/29/2005 25 102 18.5 129 25 102
25 1/30/2005 25 102 17.6 122 25 102
25 1/31/2005 23 109 16.4 120 23 109
25 2/14/2005 20.8 99 254 105

762 sham 5/30/2005 72 39 22.2 74.5 72 39

762 5/31/2005 74 36 23.1 71 74 36

762 6/1/2005 79 34 23.1 69 79 34

762 6/2/2005 79 34 22.3 63 79 34

762 6/3/2005 80 36 21.8 63 80 36

762 6/4/2005 83 38 225 61 83 38

762 6/5/2005 86 38 21.9 58 86 38

762 6/6/2005 87 37 20.3 57 87 37

762 6/7/2005 91 36 22.5 54 91 36

847 sham 3/21/2005 97.9 22 39.8 50 979 22

847 3/22/2005 101.8 19 41 47 101.8 19

847 3/23/2005 87 35 37 65 87 35

847 3/24/2005 83 46 34.7 73 83 46

847 3/25/2005 56 24 20.8 108 56 24

847 3/26/2005 90 48 34 74 90 48

847 3/29/2005 141 13 50.1 51 141 13
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Table 2.1continued

Treatment All Fluid Categories Allantoic Fluid Admixed Fluid Peritoneal Fluid

Mare Group Date Creat. Chloride Calicum Sodium Creat. Chloride Creat Chloride Creat Chloride
790 PBS  2/22/2005 53 66 149 24 53 66
790 2/24/2005 48 67 137.5 31 48 67

790 2/25/2005 1 107 9.9 138 1 107
781 PBS  3/23/2005 27.4 57 13 116 27.4 57
781 3/24/2005 53 21 24.1 107 53 21
781 3/25/2005 88 48 33.6 75 88 48
781 3/26/2005 57 22 22.2 113 57 22
22 PBS 6/14/2005 49.9 23.7 9.6 116 49.9 23.7
22 6/15/2005 48.2 36.3 10.8 118 48.2 36.3
22 6/16/2005 49.2 41 10.8 122 49.2 41
22 6/17/2005 50.3 45 10.9 122 50.3 45
22 6/18/2005 53 50 12.1 123 53 50
22 6/19/2005 51 52 11.2 118 51 52
22 6/20/2005 53 54 13.3 116 53 54
22 6/21/2005 55 57 15.6 115 55 57
22 6/22/2005 54 59 19.3 110 54 59

57



Table 2.1continued

Treatment All Fluid Categories Allantoic Fluid Admixed Fluid Peritoneal Fluid
Mare Group Date Creat. Chloride Calicum Sodium Creat. Chloride Creat Chloride Creat Chloride
682 killed 3/4/2005 58 13 37.1 92 58 13
682 3/5/2005 1.5 110 9 142 1.5 110
682 3/6/2005 1.1 108 9.7 142 1.1 108
682 3/24/2005 82 64 12.4 114 82 64
682 3/25/2005 82 61 11.7 109 82 61
682 3/26/2005 84 59 12.1 107 84 59
682 3/27/2005 77 64 12.2 111 77 64
682 3/28/2005 88 62 12.8 109 88 62
682 3/30/2005 86 65 13.3 109 86 65
682 3/31/2005 89 63 13.3 107 89 63
682 4/1/2005 101 57 13.1 105 101 57
682 4/2/2005 82 71 12.5 112 82 71
682 4/3/2005 53 82 13.8 127 53 82
416 kiled  3/30/2005 32 82 33 99 32 82
416 3/31/2005 24 82 29.3 111 24 82
416 4/1/2005 20 85 19.2 121 20 85
416 4/2/2005 18 88 19.3 125 18 88
416 4/3/2005 16 85 25 125 16 85
416 4/4/2005 16 79 22.4 121 16 79
12SG kiled  6/22/2005 32 80 13.5 118 32 80
12SG 6/23/2005 27 95 12.9 126 27 95
12SG 6/24/2005 27 97 13.2 131 27 97
12SG 6/25/2005 29 104 11.5 128 29 104
12SG 6/26/2005 31 107 10.7 129 31 107
12SG 6/27/2005 31 109 10 126 31 109
12SG 6/28/2005 30 112 10.5 124 30 112
12SG 6/29/2005 26 113 10.2 124 26 113
12SG 6/30/2005 25 113 10.2 123 25 113
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Table 2.1continued

Treatment All Fluid Categories Allantoic Fluid Admixed Fluid Peritoneal Fluid
Mare Group Date Creat. Chloride Calicum Sodium Creat. Chloride Creat Chloride Creat Chloride

20 live-low 2/28/2005  18.5 58 5.95 137 18.5 58

20 3/1/2005 12 84 7.3 144 12 84

20 3/2/2005 11 80 11.3 141 11 80

20 3/3/2005 11 72 9.4 131 11 72

20 3/4/2005 11.9 63 6.7 132 11.9 63

20 3/5/2005 14.8 53 8 125 14.8 53

12 live-low 3/28/2005 57 7 48.6 84 57 7

12 3/30/2005 52 23 30.5 95 52 23

12 3/31/2005 48 36 31.7 105 48 36

12 4/1/2005 51 38 324 106 51 38

12 4/2/2005 54 36 31.1 107 54 36

12 4/3/2005 57 34 30.9 106 57 34

12 4/4/2005 57 32 31.6 104 57 32

12 4/5/2005 58 30 32.8 103 58 30

12 4/6/2005 60 28 28.3 103 60 28

12 4/7/2005 61 26 39.7 102 61 26

12 4/8/2005 63 24 36.3 105 63 24

12 4/14/2005 79 14 31.6 97 79 14
24SG  live-low 7/5/2005 43 26 41.7 98 43 26
24SG 7/6/2005 24 101 154 123 24 101
24SG 71712005 25 109 13.9 126 25 109
24SG 7/8/2005 24 111 12.6 126 24 111
24SG 7/9/2005 26 114 111 129 26 114
24SG 7/10/2005 23 114 10 129 23 114
24SG 7/11/2005 21 118 104 130 21 118
24SG 7/12/2005 20 120 104 130 20 120
24SG 7/13/2005 20 122 10.8 128 20 122
24SG 7/14/2005 18 122 10.7 128 18 122
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Table 2.1continued

Treatment All Fluid Categories Allantoic Fluid Admixed Fluid Peritoneal Fluid
Mare Group Date Creat. Chloride Calicum Sodium Creat. Chloride Creat Chloride Creat Chloride
23 live - high 8/25/2006 54 19 30.7 130 54 19
23 8/26/2006 58 20 32 129 58 20
23 8/27/2006 60 17 33.7 129 60 17
23 8/28/2006 65 14 36.3 130 65 14
23 8/29/2006 67 15 36.8 129 67 15
23 8/30/2006 66 17 37.3 127 66 17
23 8/31/2006 65 20 38.1 128 65 20
23 9/2/2006 66 30 34.3 127 66 30
23 9/6/2006 61 31 32.2 126 61 31
= 104 104 64 64 36 36 3 3
AVE 502 60.1 68.1 382 232 94.1 1.2 108.3
STDEV 27.7 33.7 18.9 177 6.9 217 03 15
SEM 2.7 3.3 24 2.2 1.2 3.6 0.2 09
MEDIA
N 53 57 62 36 24 99 1.1 108
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Table 2.2Summary results of allantoic catheterization for 2005 to 2006. Number of days indwelling, days patent, potential samples,
missing samples, for 13 mares laparoscopically catheterized between 260 and 285 days of gestation.

Mare ID Indwelling (d) Patency (d) Potential Missing
samples samples
Group A Single Huber sampling; spontaneous abortion
25 19 19 13 0
790 7 2 13 4
20 10 5 18 5
Group B Indwelling Huber sampling; spontaneous abortion
682 10 10 12 0
847 12 8 20 6
781 3 3 11 0
Group CIndwelling Huber sampling; spontaneous abortion; flank preparation 24dppratively
12 17 16 24 1
416 5 5 13 0
23 11 8 19 3
Group D Indwelling Huber sampling; induced delivery day 8; flank preparatiorp2ddperatively
24SG 8 8 16 0
12SG 8 8 16 0
762 8 8 16 0
22SG 8 8 16 0
Mean 9.7 8.3 15.9 14
SEM 1.22 1.3 1.0 0.6

61



procedures; however, biochemical confirmation of the fluid was only performed in three mares
due to limited funding resources. Catheters were patent for an average of 5.6 d, with a range of
five to six d. In 2005, 12 mares were successfully catheterizatgd?0 procedures. In 2006,
two mares were successfully catheterized during eight procedures. Fluid samples were obtained
at surgery, 4, 8, 12, 16, 20, 24, 28, 36, 42, and 50 hopesatively, and then daily until fetal
delivery. Biochemical and cytolagal analysis of each sample verified the nature of the fluid as
allantoic, amniotic, an admixture of allantoic and amniotic fluid, or peritoneal. (See Table 2.1)
For all mares in 2005 and 2006, catheters were indwelling and patent fo1 2'd and 8.3
1.3 d, respectively (meanSEM). Of a potential 207 samples for all mares, there were only 19
sample times for which no fluid sample was obtained. For four of the last five mares
instrumented, samples were acquired from all mares at each of theéesp@tié points. (See
Table 2.2) The majority of the samples were easily withdrawn usingrl@mL syringe. On
occasion, fluid recovery was not immediate, presumably due to fetal position. In these instances,
ballottement of the fetus resulted in sci#nt fetal movement to allow sample retrieval.
2.3.4 Control of Bacterial @tamination

Tracking of skin microflora along the catheter system and into the allantoic cavity was a
significant problem. During the pilot study of 2004, the cathetiée@xhe body wall through the
portal site created during l