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Abstract insemination and lower rate of progesterone in@eas
after insemination (Pernet al, 2005).These results
The relationship between follicle vascularityindicated that induction of ovulation before thdlifte
and establishment of pregnancy was studied in 24 physiologically mature has a negative impact on
mares. An ovulation-inducing injection of hCG wasestablishment of pregnancy. Diameter of the
given when the preovulatory follicle was 34.0 to®Bimhm  preovulatory follicle did not affect pregnancy ratben
(Hour 0). Mares that had not ovulated by 30 h aftesvulation occurred spontaneously. Induction of
treatment were bred once (Hour 30). Each mamvulation is common in mares, especially with hCG
ovulated by 48 h after treatment, and 14 maresrbeca (reviewed in Ginther, 1992). The use of hCG does no
pregnant and 7 were nonpregnant. The preovulatonave an adverse effect on pregnancy rate, indug&tiat
follicle was evaluated by B-mode and Doppleonly physiologically mature follicles respond to GC
ultrasonography at Hour O (before treatment) andrt3@ stimulation. The effect of characteristics of the
(before breeding). B-mode echogenicity and thicknafs preovulatory follicle on the pregnancy-producing
the stratum granulosum and prominence of the arechegapacity of the oocyte has been studied in women,
band beneath the granulosum increased in both gmmegnowing to the popularity of assisted-reproduction
and nonpregnant groups (hour effect, P < 0.001) nit programs. The extent of the follicular wall withlae
group effect or interaction. An increase in follidiameter Doppler detected blood flow was positively ass@tat
and percentage of follicle circumference with celorwith pregnancy rate (Chet al, 1997; Bhakt al, 2001,
Doppler signals was greater between Hours O and 8@ Borini et al, 2001). There was no significant
pregnant group than in the nonpregnant grougelationship between pregnancy rate and uterireryart
(interactions, P<0.001). Spectral-Doppler measungsne or intraovarian Doppler pulsatility index (Bhat al,
were made at the most prominent intraovarian ipral. 2001). A recent in vitro fertilization study in wem
Decreases in resistance and pulsatility indiceg \gegater found that well-vascularized follicles early in a
between Hours 0 and 30 in the pregnant group thémei follicular wave and on the day of hCG treatmeng liat
nonpregnant group (interactions, P < 0.05), indicat the wave resulted in a higher pregnancy rate after
increased vascular perfusion downstream from thembryo transfer (Shresthat al, 2006). Results of
spectral measurement in the pregnant group. Relatianother study indicated that examining vascular
peak systolic velocity and time-averaged maximunmpedance distal to an intraovarian artery by spéct
velocity of blood flow at the point of spectral Doppler indices may be useful in assessing theitgual
assessment showed a group effect (P < 0.05; greateof an oocyte (Dwet al, 2006).
pregnant group) without an hour effect or interacti Despite the increasing and productive use of
Results supported the hypothesis that greater dload the transvaginal Doppler technology for assessie t
to the preovulatory follicle is associated with liig quality of oocytes by the blood-flow characteristiof
pregnancy rate. the follicle in assisted-reproduction programs imnven,
similar studies apparently have not been done in
Keywords: blood flow, follicle, mares, pregnancy rate,association with spontaneous ovulation. In farntigs
preovulatory follicle. oocyte and embryo collection have become common
techniques (Betteridge, 2006), but the relationship
Introduction between follicle vascularity and oocyte competeirce
establishment of pregnancy, with or without oocgte
Limited information is available in farm embryo collection, has not been reported.
species on the effect of the characteristics of the Transrectal Doppler ultrasonography is
preovulatory follicle on subsequent pregnancy rate. beginning to be used in mares for studying other
cattle, GnRH-induced ovulation of follicles 11 mm reproductive mechanisms (Bollwedh al, 2002; Acosta
resulted in decreased pregnancy rates in assaciatiet al, 2004, Silva and Ginther, 2006). Changes in
with decreased circulating estradiol on the day ofchotexture and color-Doppler signals of the fidlic
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wall as ovulation approaches in mares with andauth Nonlactating pony mares (n=26) of mixed breedsp 5 t
hCG treatment have also been studied (Gasttedl, 20 yr of age, and weighing 260 to 450 kg were used.
2006). An increase in granulosa thickness an@ihe experiment was done from June 15 to Septentber 1
echogenicity and a decrease in circulating esttadim the Northern Hemisphere, and all mares ovulafest
during the 36 h post-treatment was greater in 86 h the experiment was completed. Mares were kept under
group than in the controls. Percentage of follislell  natural light in an open shelter and outdoor pakidow
with color-flow signals and prominence of the signa were maintained on alfalfa/grass hay with accessatier
increased in both groups during the 36 h. Durirgath and trace-mineralized salt; body condition for ratres
before ovulation, the two groups showed similawas high throughout the experiment. Mares with ldoci
decreases in prominence and percentage of wallamith temperament and no apparent abnormalities of the
anechoic band and prominence and percentage of wadproductive tract as determined by ultrasound
with color-flow signals. The anechoic band is lechin examinations (Ginther, 1995) were selected 15 dr aft
the area of the thecal layers and its charactesistave ovulation. Mares were not used that developed ansec
been described (Gastatt al, 1998; 1999). The follicle 27 mm, ovulated before breeding, were
morphology accounting for the changes in the aniechononreceptive to natural breeding, or developedinger
band and the increasing echogenicity of the graaulofluid (> 3 mm in height) 48 h after breeding.
layer as ovulation approaches have been discussed Gray-scale ultrasonographic examinations were
(Gastalet al, 2006). done daily, beginning 15 d after the previous otiola
Luteal progesterone is essential for variousVhen the largest follicle was 34.0 to 37.0 mm, all
mechanisms associated with early pregnancy, bist it selected mares were given a single i.v. injectibB5®00
not clear whether a deficiency in luteal developtram U of hCG (Hour 0). Scanning was done for ovulation
progesterone production can result in a naturalced detection 30 h after hCG treatment (Hour 30). Mares
pregnancy rate (reviewed in Ginther, 1992; Seviaga that had not ovulated by Hour 30 were scanned by
al. 1999). Conflicting results on primary lutealDoppler ultrasound and then were bred. Mares were
insufficiency as a cause of failure of pregnancgcanned at 18 h after breeding to check for owanati
establishment have been obtained in horses. Antaffe and at 48 h to check for uterine fluid; even small
defective vascularization of the corpus luteum onollections of uterine fluid are associated witlerite
reduced pregnancy rate apparently has not bemmflammation and reduced pregnancy rate (Gintber
considered in any species. al., 1985; Adamst al, 1987; Cadari@t al, 1999). The
The Doppler technology generates many endext scanning was done 7 and 13 d after ovulation f
points concerning blood-flow velocities and pattgrn evaluation of the corpus luteum and for pregnancy
but the ovarian artery of mares usually does naliagnosis, respectively. Blood samples for hormaseay
accommodate the placement of an angle cursor &r ttvere collected at Hours 0 and 30 and 7 d afteratioul.
determination of velocities (Ginther and Utt, 2004) Natural breeding 30 h after hCG treatment was
However, relative, as apposed to actual, velocitiedone once by one of two stallions, designated iStel
between experimental groups or side of body duaing A and B. The assignment of a stallion to a mare was
arterial pulse can be obtained without the anglsaru done by randomization for every replicate of tworesa
Indices of vascular impedance in the tissues beyioad and only the assigned stallion was used. Successful
point of velocity assessment in the ovarian arterjts breeding was based on intromission with tail flaggi
branches are especially useful end points becawese tnd confirmed by digital detection of ejaculatonjses.
indices are independent of angle of insonation Iéaay
intersection between direction of blood flow an
direction of the ultrasound beam; Ginther and P04, To generate 0pt|ma| ultrasound imageS, mares
Zwiebel and Pellerito, 2005). These end points mayere sedated during scanning with a subdose of
substantiate the results of direct assessmenedattent detomidine hydrochloride (1 mg per animal, i.v.;
of blood-flow signals but were not used in the ®pd  Dormosedan, Pfizer Animal Health, Philadelphia, PA,
study of hCG-induced changes in equine preovulatoysa). A duplex B-mode and pulsed-wave color-
follicles (Gastakt al, 2006). Doppler ultrasound instrument (Aloka SSD-2000;
The hypothesis for the present study in maregjoka America, Wallingford, CT, USA) equipped with
was that a higher pregnancy rate is associated wigh finger-mounted 7.5-MHz convex-array transducer
greater blood flow to the preovulatory follicle. (UST-995-7.5) was used for transrectal scanningB~o
mode, the brightness and contrast controls of the
monitor and the gain controls of the scanner were
standardized to constant settings (Gastahl, 1998).
The color mode was used to display signals of blood
Animals were handled in accordance with thélow in vessels of the follicle wall. For maximabv-
United States Department of Agriculture Guide foe t velocity detection by color signals without aliagirthe
Care and Use of Animals in Agricultural Researchvelocity range was set at 10 cm/s. The color-gattirg
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was kept constant. The B-mode and color-Doppler eratea from two frozen images. Percentage of
points were evaluated while the entire follicle vbe$ng circumference of the follicle wall with an anechbiand
scanned in a slow continuous motion several times.  (Fig. 1) was estimated from B-mode real-time imagfes
For the spectral-Doppler mode, the setting fothe sequential two-dimensional planes during scanni
the range of flow-velocity detection was adjusted iof the entire follicle. Therefore, the term circuarédnce
each scanning to obtain the optimal spectral grapk. refers to the periphery of a three-dimensionalidlal
sample cursor or gate was set at a width of 1 mime. TOther B-mode end points (prominence of anechoic
angle of insonation was unknown, and therefore tHeand, echogenicity and thickness of granulosa) also
velocities were not absolute but were consideredere evaluated during real-time scanning and were
relative in the comparisons for hours and groupscored from 1 to 3 (minimal to maximal) as desatibe
(Zwiebel and Pellerito, 2005). The gate was pleategin  (Gastal et al, 2006). Scores were assigned without
intraovarian location with the most prominent coloreference to the score from the previous examinatio
signal. A Doppler spectrum with three cardiac cycleThe scores were made from the real-time images
was generated, and one of the cycles was used frcompassing the entire follicle to minimize thepauat
spectral measurements. This also was done a secaifdocalized areas of the follicle wall that weresocured
time, and the mean of the two measurements was udsdultrasound artifacts. Only Operator A scannadtie
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in the statistical analyses. B-mode end points but Operators A and B
independently estimated values from the monitoesgh
End points two operators were experienced and used these end

points for a previous study (Gasttl al, 2006). The
Follicle diameter was obtained from the averagealidity of the scoring approach for mares has been
of height and width of the antrum at the appamaikimal  demonstrated (Ginther, 1995).

Figure 1. Color-Doppler sonograms illustrating tdeftow
signals in the wall of preovulatory follicles ofraare (A)
that became pregnant and a mare (two images iareift
planes; B,C) that did not become pregnant. Imagese w
taken 30 hours after hCG treatment and show higha(dl
low (B,C) percentages of follicular wall with blodldbw
signals. A portion of an anechoic band is showmo(as,

C). Distance between graduation marks is 10 mnt (lef
margin).
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For color Doppler-mode, the percentage oflescribed and validated in our laboratory for mare
circumference of the follicle wall with an appareniplasma (Gintheet al, 2005a). The intra-assay CV and
network of arterioles was estimated from the blflodr  sensitivity, respectively, were 13.2% and 0.03 ng/m
color displays (Fig. 1) of the real-time sequentiab-
dimensional planes of the entire follicle. The sdncer Statistical analyses
was held at various angles to display the maximum
overall color signals throughout the three-dimenalo The values for the end points in B-mode and
circumference of the follicular wall. Estimation§the color mode obtained independently by two operadads
proportion of the follicle circumference with blofldw not show a statistical main effect of operator or a
signals also have been used in women (B¥tahl, operator-by-group interaction, and the mean vabre f
1999; Chuiet al, 1997; Coulamet al, 1999). The the two operators was used in the analyses. Qatwngit
percentage approach for the equine preovulatotiglol data were analyzed by the SAS MIXED procedure to
has produced similar results by two operators wayki determine the main effects of group (pregnant and
independently (Gastat al, 2006). Prominence of the nonpregnant) and hour (Hours O and 30) and their
color displays was based on intensity of color exigint interactions, using a repeated statement to acdount
of coverage and was scored from 1 to 4 (minimal tthe autocorrelation between measurements (versiin 8
maximal). Values for the two color-signal end psint SAS Institute Inc., Cary, NC). Measurements for the
were estimated independently by two experiencecbrpus luteum 7 d after ovulation were analyzedaby
operators during scanning by one of the operafdne. one-way ANOVA. A probability of P< 0.05 indicated
spectral evaluations were done separately by al thithat a difference was significant and a probability
operator. The end points for the gated intraovaci@or between P > 0.05 and 0.1 indicated that significance
signals were resistance index (RI), pulsatilitydrdPl), was approached. Data are presented as the mean *
peak systolic velocity (PSV), and time-average@EM, unless otherwise indicated.
maximum velocity (TAMV). The meaning and formulas

for these spectral end points are well established Results
(Zwiebel and Pellerito, 2005).
The corpus luteum 7 d after ovulation was The number of mares that were removed from

compared between pregnant and nonpregnant groups tite experiment after having been preselected wiadl@ass:
cross-sectional area (énestimated percentage of thel) presence of a second follicle 27 mm, 0 mares;
entire gland with blood-flow signals, and the fourovulated before 30 h after hCG treatment, 2 mares;
spectral end points (RI, PI, PSV, TAMV) from the sho nonreceptive to breeding, 1 mare; and uterine #i#ich
prominent intraovarian color signal. The validity o after breeding, 2 mares. The number of mares réngain
using the estimated percentage of the structuré wifor the experiment was 21; 10 were bred by Stalkon
blood-flow signals for evaluation of the equinepuess and 11 were bred by Stallion B; only one mare was
luteum has been documented by comparison to tlhwailable for the last replicate. All of the 21 msr
number of colored spots and pixels in frozen imagesvulated between 30 and 48 h after hCG treatmext, a

(Gintheret al, 2006). breeding by the designated stallion was succegsful
each mare. The pregnancy rate was greater (P § 0.03
Blood samples and hormone assays for Stallion A (9 of 10) than for Stallion B (5 dfl).

Age of mare and the interval between use of ai@tall

Blood samples were collected into heparinizedor breeding were not different between the pregnan
tubes and centrifuged (1500 x g for 20 min), anel thgroup (9.0 £ 1.1 yr; 5.6 = 0.8 d) and the nonpregna
plasma was decanted and stored (*20 until assay. group (10.2 + 1.6 yr; 4.4 £ 0.9 d).
Plasma samples were assayed for estradiol and Data for B-mode (Fig. 2) and color-flow mode
progesterone. The estradiol assay concentraticed ais for the preovulatory follicle and spectral mode fbe
double-antibody radioimmunoassay kit (Doublemost prominent color-flow signal (Fig. 2) in theavy at
Antibody Estradiol, Diagnostic Products CorporationHour 0 (hCG treatment) and Hour 30 (breeding) and
Los Angeles, USA), as described and validated in osignificant main effects and interactions are sho#n
laboratory for mare plasma (Ginthetr al, 2005b). The mean increase between Hour 0 and Hour 30 averaged
intra-assay CV and sensitivity were 2.4% and 0/2nbg over the two groups (hour effect), without a grduyp-
respectively. Plasma progesterone concentrationg wénour interaction, was obtained for granulosa
measured using a solid-phase radioimmunoassay kithogenicity and thickness and for prominence ef th
containing antibody-coated tubes antfl-labeled anechoic band and prominence of color-flow signals.
progesterone (Coat-A-Count Progesterone, Diagnostitoup-by-hour interaction was obtained for follicle
Products Corporation, Los Angeles, CA, USA), asliameter and percentage of circumference with eolor
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flow signals; the interaction reflected primarilyegter ovulation between the pregnant group and nonpreégnan
values at Hour 30 in the pregnant group. When thgroup for area of the corpus luteum (7.7 + 1.0 &6
Doppler sample gate was placed on an intraovaridnh9 cnf), percentage of corpus luteum with blood-flow
color-flow signal, an interaction was obtained ®RF signals (56.1 + 4.1 vs 58.8 =+ 5.9 %) or promineate
and PI reflecting lower values in the pregnant grati signals (3.2 £ 0.1 vs 3.1 £ 0.1 score), Rl (0.50.63
Hour 30. A significant group effect from higher vat vs 0.44 + 0.3), Pl (0.79 + 0.08 vs 0.62 = 0.06)YPS
in the pregnant group, but without an interactinas (20.7 £ 1.6 vs 21.8 + 2.0 cm/s), TAMV (14.1 £ 18 v
obtained for PSV and TAMV. Plasma estradioll5.7 + 1.7 cm/s), and plasma progesterone
concentration decreased in both groups after tre@tm concentration (12.8 + 1.2 vs 10.2 £+ 1.2 ng/ml). The
with hCG (Fig. 3), but there were no significantdifferences approached significance for the follogvi
differences for progesterone (not shown). end points: Rl (P < 0.07), PI (P < 0.07), and
There were no significant differences 7 d afteprogesterone concentrations (P < 0.09).
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Figure 2. Values (mean + SEM) for diameter of theopulatory follicle,
plasma estradiol concentrations, and B-mode cteniatits of the follicle
wall in mares that became pregnant (n = 14) or regiqant (n = 7). A
single injection of hCG was given when the folliglas 34.0 to 37.0 mm
(Hour 0), and mares were bred 30 h later (Hour &ores are for
minimal (1) to maximal (3) for echogenicity and dkimess of the
granulosa and prominence of the anechoic band.astexisks indicate a
significant main effect (H, hour) and significamtéraction (GH, group
by hour) as follows: *** P < 0.001.
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Color-Doppler signals
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Figure 3. Values (mean = SEM) end points obtaingd Omppler
ultrasonography for the preovulatory follicle in mes that became
pregnant (n = 14) or nonpregnant (n = 7). A sirigjection of hCG was
given when the follicle was 34.0 to 37.0 mm (Holr &d mares were
bred 30 h later (Hour 30). Scores are for minindalt6 maximal (4) for
prominence of the color-Doppler signals. The indicgl, PI) are
inversely related to the extent of tissue vascpkfusion downstream
from the point of assessment at the most promiirgrdovarian color
signal. RI = resistance index; Pl = pulsatility éxg PSV = peak systolic
velocity; TAMV = time-averaged maximum velocity. &hasterisks
indicate significant main effects (G, group; H, Hoand significant
interactions (GH) as follows: * P < 0.05; ** P <0Q; *** P < 0.001).

greater reduction in RI and Pl of an intraovariassel
in mares that became pregnant than in mares tdat di
Results supported the hypothesis that a higheot. The RI and Pl are indices from the spectratieno
pregnancy rate is associated with greater blood flm that are inversely related to the extent of vascula
the preovulatory follicle. Support was indicated thg perfusion in the tissue downstream from the point o
vascular changes between Hour 0 (hCG treatment) anelssel assessment (Ginther and Utt, 2004; Zwiatdl a
Hour 30 (breeding), including a greater percentafje Pellerito, 2005). The relative blood-flow velocgie
the follicle wall with blood-flow Doppler signalsnd a (PSV and TAMV) did not increase differentially ihet

Discussion
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pregnant group between Hours 0 and 30 but wereehighTAMV just before breeding. These considerations
in the pregnant group at both hours. That is, bloo@dicate that the stallion effect was not a confting
velocity was already higher in the intraovariansedf factor in the test of the hypothesis.

the pregnant group by the time the follicle reacBédo The mechanism associated with the detrimental
37 mm (Hour 0) and remained elevated until jusbbef effect of inadequate blood flow to the preovulatory
breeding (Hour 30). Apparently, increased bloodollicle on oocyte competence or pregnancy rataads
velocity in the ovary with the preovulatory follel known. Given that the vascular system deliversienits
preceded the increased vascular perfusion of thieléo to tissues, the relationship between oocyte qualitgt

or tissue distal to the spectral evaluation. Theithe blood flow may be similar, at least in part, to the
association between establishment of pregnancytend relationship between oocyte maturation and nutritio
extent of vascularization of the preovulatory fiéiis a Dietary intake affects follicular-fluid concentratis of
novel finding, except for reports for women in otecy steroids and insulin-like growth factors and oocyte
and embryo transfer or assisted-reproduction progra morphology (Callaghanet al, 2000), but a direct

(cited in Introduction). relationship between follicle blood flow and these
An unexpected result was the differentiafactors apparently has not been considered.
increased diameter of the follicle between Hourn@ None of the luteal end points 7 d after

30 in the mares that became pregnant. Previousteepavulation indicated a difference in luteal morplmlo
have indicated that the follicle does not increase vascularity, or function between pregnant and
diameter during about 2 d before ovulation in botmonpregnant mares. The decrease in progesterone and
control and hCG-treated mares (Koskiretnal, 1989; increase in Rl and PI in the nonpregnant group were
Gastalet al, 2006). Previous studies, however, did nogéquivocal in that the differences only approached
separate the mares into future pregnant and nonanég significance, indicating a need for further stuttythis
groups. The increased diameter in the present studyregard, the literature also seems conflicting (Sgaet
the pregnant group, therefore, does not contratiet al., 1999), and a need for further study with greater
previous findings. The diameter increase was <min® number of subjects is indicated.
in each of the seven mares in the nonpregnant gaodp In conclusion, diameter of the preovulatory
> 1.0 mm in 57% of the 14 mares in the pregnantigro follicle increased in the pregnant group but nothe
Further study will be needed to determine th@onpregnant group between the time of hCG treatment
practicality of using diameter increase as an iicof and breeding 30 h later. Doppler ultrasonographic
the likelihood of future pregnancy in individual rea. characteristics of the preovulatory follicle 30 freahCG
The B-mode echotextural characteristicsnjection indicated that follicle blood flow wasegter in
averaged over Hours 0 and 30 were not differembares that became pregnant than in mares thatadid n
between the pregnant and nonpregnant groups. T@aracteristics that supported this conclusion were
main effect of hour indicated an increase in valuegercentage of circumference of the follicular waith
between Hours 0 and 30 in both groups for echoggnic blood-flow signals and resistance and pulsatilitgices
and thickness of the granulosa and prominence ®f tkaken at the most prominent intraovarian color aign
anechoic band. These results confirm those of the
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