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ABSTRACT

The metabolic changes in blood may reflect the biochemical composition
of follicular fluid and this may influence oocyte and surrounding somatic
cell quality. The aim of this study was to examine the metabolic stressors
composition composition of follicular fluid and sera of sheep and goat.
Serum and follicular fluid samples were assayed for glucose, cholesterol,
triglycerides, urea, ammonia, non-esterified fatty acids and beta-
hydroxyburyric acids. Result showed that the trends of metabolic stres-
sors compositions in sera and follicular fluid were found to be similar in
sheep and goats. The serum concentrations for glucose, cholesterol, trig-
lycerides and non-esterified fatty acids were significantly higher com-
pared to follicular fluid. The ammonia and beta-hydroxyburyric acids con-
centrations were significantly higher in follicular fluid. No significant dif-
ference was observed in urea concentration between sera and follicular
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INTRODUCTION

At the onset of production there is a massive and
rapid increase in nutritional requirements, which the ani-
mal is unable to meet because of the limitation in volun-
tary dry matter intake!'l. There is mobilization of body
reserves. These metabolic loads involved in fat mobili-
zation lead to a stressful situation and reduced welfare!!l.
Below a certain level of metabolic load the animal is not
challenged; even at high intensity of metabolic load the
animal remains largely unchallenged provided that the
duration is short and vice versa. When the metabolic
load reaches a level where it becomes challenging, the
animal will attempt to cope by behavioural and physi-
ological response!. Further increases in metabolic load
will leave the animal unable to cope and will lead to

pathological response®?. The follicular fluid formed the
biochemical environment of the oocytes®. Follicular fluid
was in part exudates of serum and was in addition par-
tially composed of locally produced substances, which
are related to the metabolic activity of the follicular cells™.
Most substances present in the follicular fluid could dif-
fuse freely into and out of follicle. Follicular fluid com-
position was under intensive investigation to know the
follicular development, oocyte maturation and follicular
atresia®. The present study was undertaken to study
the levels of metabolic stressors in sera and ovarian fol-
licles in sheep and goat models.

MATERIALAND METHODS

Twenty non-pregnant, cycling, parous ewes (Ovis
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aries) and does (Capra hircus) ingood healthand with
normal reproductivetractsupon macroscopica exami-
nation after daughter wereused for thisstudy. Ovaries
weretransported to thelaboratory in 0.9% chilled (4°C)
norma salinesupplemented with gentamicin (50 ug/mL)
within 1 hof daughter. The serawerecollected fromthe
same animal sfrom which the ovarieswere coll ected.
Thefollicular fluid wascollected by aspiration technique
and was centrifuged for 5minat 1000g. Thefallicular
fluidswere subjected to biochemical andysis(glucose,
cholesteral, triglycerides, urea, ammonia, non-esterified
fatty acidsand beta-hydroxyburyric acids). Metabolites
wereanayzed asper theAssociation of Officia Anayti-
ca Chemists(1990) guidelinesand asoby usngaUV
spectrophotometer. Reagent kitsused for estimation of
glucose, cholesteral, triglycerides, and ureawerefrom
Span Diagnostics (Bangdore, India). Ammonia, Beta
hydroxybutyric acid (beta—hydroxybutyrate) and non-
esterified fatty acids (NEFA) kitswerefrom Randox
laboratories, UK and theestimationsof stearic, pamitic
and oleicacidsweretakenfromacommercid dinic. All
measurements were carried out according to the
manufacturer’s instructions. The intra- and inter assay
coefficentsof variationfor dl anayseswerebe ow 5%.
Four samples(replicates) from separate groupsof ova:
riesfor each of thefollicle s ze categorieswereformed.
Thecomposition of each samplewasperformedin qua-
druplicates, and the mean vauesfor the quadruplicates
werecal culated and used for analysis.

Results are expressed as means + S.E.M. The
overal mean concentration+ S.E.M. of each metabo-
litefor follicular fluid and for blood serum. A compari-
sonwasmadefor thelevelsinthefollicular fluid and
those of serum. A value of P < 0.05 was considered
datidticaly sgnificant.

RESULTS

Thetrends of metabalic stressorscompositionsin
seraandfollicular fluid werefound to be similar in
sheep and goats. The serum concentrations of glu-
cose, andtotal cholesterol weresignificantly higherin
serathaninovarianfollicles (P < 0.05). B-OHB was
sgnificantly inlower concentrationin blood serum com-
paredtothelevelsinovarianfollicles(P < 0.05). The
serum concentration of triglycerideswassignificantly
higher thaninovarianfollicles(P < 0.05). Bothinse-
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rumandinfollicular fluid, oleicacid, pAmiticacidand
stearic acid were the three predominant freefatty ac-
ids. The NEFA composition differed significantly be-
tween the two compartments. The averagerelative
importanceof oleic acid, pamitic acid and stearic acid
was 40%, 25% and 15% respectively. Thefollicular
fluid concentrationsof anmoniaand total NEFA were
sgnificantly higher thanthosefoundin sera(P < 0.05).
No difference was observed in urea concentration
between seraand follicular fluid.

DISCUSSION

Low reproductiveefficiency isthemodt critica prob-
lem faced by thelivestock industry despite significant
gainsin genetic selectionfor increased production out-
put. Thisdeclinemay be dueto achangeinthe nutri-
tional intaketo meet theincreased energy and protein
demandsfor production. The pathogenesis of sub-fer-
tility isacomplex system involving many interactions
between nutritiona componentsand physiologica Sg-
nals. Reduced ovarian functionsareresponsiblefor low
conception ratesand early embryonic mortality. One of
themain reasons of reduced ovarianfunctionsareim-
balance feeding (moreprotein diet, lessenergy diet),
negative energy balance (NEB) and the associated en-
docrine and metabolic signaling pathways. Thismay be
reflected in the microenvironment of thegrowing and
maturing ovum, and likely result in theovulation of a
devel opmenta ly incompetent oocyte. Protein metabo-
lite (ammonia) and metabolic parameters of NEB may
beharmful tothefollicleand oocyte devel opmenta com-
petence, but thishasnever been substantiated. Elevated
metaboli ¢ stressorsduring oocyte maturation, may com-
promisefertility through areductioninfollicleand oo-
cytedevelopmenta competenceand theviahility of the
subsequent embryo. These metabolites can adversely
affect uterinefunction andindirectly causeearly embry-
onic death. Early embryonic death canaso result from
asub-optimal combination of genesarisenduring fertili-
zation. Ammoniaand NEFA hasrecently received at-
tention asmetabolic stressorsthat may adversdly affect
oocyte and or embryo devel opment. Elevation of am-
moniaand NEFA concentrationsin thefollicular fluid
resultsin gamete or embryo toxicity and decreased re-
productive efficiency. Our recent meta-analysisdata
showed that acomplex multi-step ammoniametabolism
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and anegligibleureametabolism exist in ovaryf®.

Our resultsarein agreement to those observed in
cattle®, goat™>7, buffa o, sheg¥, pigd'® and camel™
and to those presented in areview!*d, However our
observation of values of cholesterol and total NEFA
were lowered than those observed in sheep by ear-
lierl®: however they collected follicular fluid from shegp
fedwithfatty acid diet. Wefound that glucose concen-
trationsinfollicular fluid werelower than those mea-
sured inserum. Thismeansthat glucose metabolismis
lessintengveinovaianfollicles Ardatively sablecon-
centration of triglyceridesismaintained inthe bovine
ovarianfollicle, regardlessof increasesin serum dueto
physiologica statusor diet!*. Triglycerides probably
do not passthrough thefallicular membranesincethey
aretransported primarily by the very low-density lipo-
protein fraction (VLDL), which istoo large to pass
through thisbarrier™®. Cholesterol isconsidered the
precursor of all steroid hormones, including estrogen
and progesterone. Thelow level of cholesterol inthe
ovarianfollicle compared to serum may indicate the
biotransformation of cholesterol to sex steroids. NEFA
aretransported in the blood by meansof abumin, and
thiscomplex can easily penetratethefollicular wall.
NEFA concentrationsdid not differ betweenthediffer-
entfollicleclassesand tended to be higher in serumt®,
Our values for NEFA composition was in the same
trendsasthose observed earlier in cattl €3¢

Elevated ammoniaconcentrationsin reproductive
fluids may be afactor affecting embryo devel opment
and resultingin decreased reproductiveefficiency inearly
lactation dairy cows'™. An excessof protein and adefi-
cit of energy inthefeed ration increasesthe production
of ammoniathat, when convertedinto ureaintheliver,
causes embryo mortality through an exacerbation of

negative energy balance and reduced plasma
prtogesterone levels, an alteration of uterine pH and
increased secretion of PGF-2a/*8. Although follicular
fluid ammoniaconcentrations appear to berelated to
proteinintakeand blood ureanitrogen level , the exact
mechanismsresponsiblefor e evated concentrations of
ammoniainfallicular areunknown.

Follicular fluid, eesly availablematerid inlVFcydes,
would bean optimal sourceon non-invasive predictors
of oocytequality™. Most studiesaimingtofind agood
molecular predictor of oocytequality in FFaremainly
correlativeand not performed on large-scal e, prospec-
tiveandwdl controlled basis. Themetabolomic goproach
isapowerful tool to study such marker(s) infollicular
fluid, but itsapplicationistill at theinfancy stage; this
techniqueisfacingtheproblemsarisngfromanaysinga
complex biologica fluid such as follicular fluid™.
Metabolomicsof thefollicular fluidisthedynamic quan-
titativeassessment of al low molecular weight substances
that are present in FF at agiven time?. Being theend
productsof cell’s metabolism, low-molecular weight
metabolites can reved theresponseof thefollicletodl
influencesaffectingitsdevel opment. Metabolitesarepo-
tentially moreinformativethan thedirect sudy of gene
expression (genomics), MRNAS(transcriptomes) or pro-
teins(proteomes)™?. Themetabolic prafiling of follicular
fluid collected from largeantrd folliclesismorehomoge-
neousthat the one obtained with fluids collected from
smdl fallicles, reflecting differencesin thebiochemica
profilelinked to oocyte maturational stage’®Y.

In conclusions, the serum concentrationsfor glu-
cose, cholesteral, triglyceridesand non-esterified fatty
acidsweresignificantly higher comparedtofollicular
fluid. Theammoniaand beta-hydroxyburyric acidscon-
centrationsweresgnificantly higher infollicular fluid.

TABLE 1: Metabolicstressorsin seraand follicular fluid of sheep and goat

. Sheep Goat
M etabolic Stressors

! > Sera FF Sera FF
Glucose (mM) 1.89+ 0.25% 1.44 +0.05° 1.76+0.292 1.49+0.07°
Triglycerides (mM) 0.24+0.04% 0.18+0.04° 0.27+0.02° 0.24+0.03°
Cholesterol (mM) 3.62+0.31% 2.22+0.29° 3.98+0.172 2.33+0.14°
Total NEFA (uM) 80.7+ 4.26% 70.4+ 4.21° 87.2+3.21° 67.5+3.27°
Stearic acid (uM) 12.4+ 1.312 10.3+ 1.27° 13.6£2.32° 8.6+1.21°
Palmitic Acid (uM) 20.1+ 1.26% 17.6+2.26" 22.4+1.27° 16.0+ 1.46°
Oleic acid (uM) 32.2+3.20% 27.6+£4.21° 34.7+2.27° 29.1+2.27°
B-hydroxybutyric acid (mM) 0.34+0.04* 0.48£0.05° 0.37+0.05°% 0.44+0.02°
Ammonia (uM) 100.1+ 16.132 130.2+ 14.23° 107.4+ 14202 142.7+ 17.25°
Urea (mM) 411+ 0.17 4.16+0.19 4.01+0.11 414+0.14
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