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Abstract

The present study evaluates the effect of the presence of a large growing follicle at the onset of
superovulatory treatment on follicular recruitment and ovulatory response in dairy goats. The
treatment consisted of six equal doses of pFSH given every 12 h (total dose: 200 mg NIH-FSH-P1)
which was initiated at Day 0 (Group DO0) or Day 3 (Group D3) postovulation. Two half-doses of an
analogue of prostaglandin F2a (delprostenate, 80 pg each) were administered together with the last
two FSH doses to ensure luteolysis. A dose of a GnRH analogue (busereline acetate, 10.5 ng) was
administered at the onset of estrus. Ovarian changes were evaluated twice a day by transrectal
ultrasonography. Follicles were classified according to follicular diameter as small (3 to <4 mm),
medium (4 to <5 mm) and large follicles (>5 mm). The number of corpora lutea (CL) was recorded
after laparotomy performed 6 days after estrus. The work was conducted in replicates. In the first
trial, the does were assigned to either the DO (n = 4) or D3 group (n =4) and in the second
replicate, each goat was assigned to the alternate group. No large follicles were recorded and the
diameter of the largest follicle was 3.3 = 0.1 mm (mean £ S.E.M.) at the initiation of the treatment
in DO-treated goats. In contrast, a growing large follicle was present (6.7 == 0.4 mm, P < 0.01)
when the treatment was initiated in D3-treated goats. In these goats, the number of small follicles
increased 24 h after ovulation but then declined 48 h later, temporally correlated with the growth of
the largest follicle of the first follicular wave. The number of small follicles recruited by the FSH
treatment was significantly higher and occurred earlier in DO- than in D3-treated goats (9.0 £ 1.3
versus 5.6 & 1.1 follicles; P < 0.05; and 24 h versus 48 h from the onset of the treatment,
respectively). The number of large follicles at the onset of estrus was higher in DO- than in
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D3-treated goats (14.4 £ 1.9 versus 10.3 £1.3; P < 0.05). Consequently, the number of CL
recorded 6 days after estrus were higher in DO- than in D3-treated goats (13.6 == 1.9 versus
10.4 £1.9; P < 0.05, respectively). These results demonstrate that the presence of a dominant
follicle at the time of initiation of super-stimulatory treatment is detrimental to ovulatory response.
This study supports the advantages of the so-called Day 0 protocol, e.g. treatment starting soon after
ovulation, when the emergence of the first follicular wave takes place and there are no dominant
follicles.

© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

The introduction of transrectal ultrasonography as a tool to study ovarian physiology
provided information about follicular changes occurring during the estrous cycle and the
wave-like pattern of follicular development in many species [1]. In each wave, a pool of
small antral follicles emerges stimulated by a previous increase in FSH plasma concen-
trations. At least one of these follicles is selected and continues to grow while the other
follicles undergo atresia. The selected (or dominant) follicle ovulates if progesterone levels
decrease, which allows the development of positive feedback between the large follicle and
the hypothalamus—pituitary axis that ends with ovulation.

The ovarian response obtained after stimulatory treatment in ruminants has been related
to many factors [2,3]. It is known that the variability observed in response to superovulatory
trials is associated with the presence or absence of a large growing follicle at the onset of
treatment in cattle [4] and sheep [5]. The advantages of initiating superovulatory treatment
at the time of emergence of a follicular wave (i.e. in the absence of a dominant follicle)
have been demonstrated. Various commercial protocols have been designed in cattle using
these findings [6]. In sheep, few studies have been conducted taking this concept into
consideration, but successful results have been obtained using the so-called “Day 0
protocol” [7]. Treatment with FSH initiated soon after ovulation (Day 0) increased follicle
recruitment, ovulation rate, embryo quality and the number of embryos recovered
compared to treatment initiated 3 days after ovulation when an active growing follicle
was present in the ovary [7]. Previous reports in goats [§—10] showed that follicular
development also occurs in a wave-like pattern and it was proposed that at least during the
first wave the phenomenon of follicular dominance is present [8]. Traditional protocols for
ovarian superstimulation used commercially in goats consist of a long priming (11-18
days) with progesterone/progestagen devices and the administration of gonadotropin (FSH
or eCG) previous to or around the time of the device withdrawal. These protocols do not
take into account new information about ovarian follicular growth. Moreover, the effect on
ovarian of the follicular status at the onset of the superstimulatory treatment response has
not been yet studied in goats.

In the present work, we focused on the study of follicular dominance early in the
ovulatory cycle in goats. We tested the hypothesis that the ovarian response is higher when
the superstimulatory FSH treatment is initiated soon after ovulation, e.g. at the time of the
emergence of the first follicular wave.
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2. Materials and methods
2.1. Animals and treatments

The study was conducted during the breeding season (March—May) at the Laboratory of
the Physiology of Reproduction of the Faculty of Veterinary Sciences (Montevideo,
Uruguay, 35°C SL). Eight multiparous nonlactating Alpine goats weighing
49.5 + 3.8 kg (mean + S.E.M.) and with a mean body condition score of 2.9 4 0.1 (scale:
0, emaciated; to 5, obese) were used. The daily food was alfalfa hay and pellets (mean:
1500 and 700 g per goat, respectively), and water was available ad libitum. The does were
housed outdoors in a sheltered pen (30 m x 30 m), and indoor box stalls (3 m x 3 m) were
used for ultrasonic examinations.

The estrous cycle was synchronized with the insertion of a controlled internal drug
release device (CIDR-G, 0.3 g progesterone, Eazi Breed, InterAg, New Zealand), which
was removed after 7 days. An i.m. dose of a prostaglandin F2o analogue (delprostenate
160 pg, Glandinex, Universal Lab, Montevideo, Uruguay) was given at the time of CIDR
insertion. Estrous behavior was detected twice a day without allowing the complete mount
of the buck. Ovulation was detected as the collapse of a large follicle (>5 mm) using
transrectal ultrasonography. The superovulatory treatment consisted of six equal i.m. doses
of FSH (Folltropin V, Vetrepharm, Ontario, Canada) given every 12 h (total dose equivalent
to 200 mg NHI-FSH-P1). The goats received two i.m. half-doses (80 pg) of the PGF2«
analogue together with the last two FSH doses to ensure luteolysis. Estrous behavior was
detected at 4-h intervals beginning at time of first PGF2a dose. An i.m. dose of a GnRH
analogue (busereline acetate, 10.5 pg, Receptal, Hoechst, Argentina) was given at the onset
of estrus. The goats were allocated randomly into one of two groups (DO and D3, four goats
in each) and assigned to the experimental treatments. In Group DO, the FSH treatment was
initiated when ovulation (Day 0) was determined by ultrasonography, and in Group D3, the
treatment started 3 days after ovulation. The first dose of FSH was considered as Hour 0.
The experiment was replicated 6 weeks later using the same goats but each goat was
assigned to the alternate treatment.

2.2. Ultrasonography

Ovarian images were obtained by transrectal ultrasonography at 12-h intervals using a
B-mode machine and 5.0 MHz linear array transducer (Aloka 210, Tokyo, Japan). A
slightly arched plastic open tube (diameter, 2.5 cm; length, 40 cm) was fastened to the
transducer with duct tape so that the probe could be manipulated externally into the rectum.
The diameter and positions of antral follicles (>3 mm) were recorded by a scan of both
ovaries. The antral follicles were classified as small, medium and large follicles (3 to
<4 mm, 4 to <Smm and >5 mm in diameter, respectively). Examinations were also
recorded on videotape, one tape per goat (Sony, Tokyo, Japan), for further analysis of data.
The ultrasonography examinations were carried out from the beginning of the synchro-
nized estrus until 3 days after the end of each of the superovulatory treatment periods. A
laparotomy was performed 6 days after estrus to record the total number of CL present on
the ovaries.
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2.3. Hormone assays

Blood samples (10 ml) were collected daily by jugular venipuncture into vacutainer
tubes for progesterone assay. Samples were centrifuged within 1 h of collection and serum
was stored at —20 °C until assayed. A direct solid-phase RIA (DPC, Diagnostic Product
Co., Los Angeles, CA, USA) was used to determine the progesterone concentrations. The
intra- and inter-assay coefficients of variation were 6 and 9%, respectively.

During the second replicate additional blood samples (2 ml) for LH determination were
taken every 4 h from the onset of estrus (just before GnRH administration) until 28 h after.
Luteinizing hormone concentrations were determined in duplicate using the procedure
described by Forsberg et al. [11]. The minimum detectable level of LH was 0.2 ng/ml; all
samples were determined in the same assay and the intra-assay coefficient of variation was
8%.

2.4. Statistical analyses

The diameter of the largest follicle when the superovulatory treatment was initiated and
the number of CL at laparotomy were compared between groups by paired Student’s #-test.
The number of the different classes of follicles recorded every 12 h from the beginning of
the FSH treatment until the onset of estrus, and the changes in progesterone concentrations
were analyzed by the general linear model procedure of the Statistical Analysis System
[12]. The statistical model included the effects of treatment group, time and the interaction
between treatment group and time, and also the random effect of goat within treatment
group. Data are presented as mean = S.E.M., and differences are considered to be
significant when P < 0.05.

3. Results
3.1. Follicular status at the initiation of treatment

The mean intervals between CIDR withdrawal to estrus and ovulation preceding the
superovulatory treatment for pooled groups were 39.8 + 6.3 and 77.3 £ 6.3 h, respec-
tively. The mean interval between the onset of estrus and ovulation was 38.3 + 1.6 h.

Fig. 1 shows the growth profile of the largest follicle of the first follicular wave and the
changes in the mean number of small follicles during the first 3 days after ovulation in
Group D3 (e.g. before starting the FSH treatment). The largest follicle grew continually
attaining a diameter of 6.7 = 0.4 mm at 72 h after ovulation. The number of small follicles
increased during the first day (Oh = 1.9 +£0.7 follicles; 24h = 6.0 0.7 follicles,
P < 0.05) but 1 day after, decreased significantly (48 h = 2.5 £ 0.6 follicles; P < 0.05).

In Group DO the largest follicle present in the ovaries at the onset of superovulatory
treatment was significantly smaller than in Group D3 (3.3 = 0.1 mm versus 6.7 &= 0.4 mm;
P < 0.01). At the time that treatment was initiated, the mean number of small follicles in
Group DO (4.0 +0.8 follicles) was greater than in Group D3 (1.6 +0.2 follicles;
P < 0.05).
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Fig. 1. Growth profile of the largest follicle of the first follicular wave and changes in the mean number (&
S.E.M.) of small follicles (3 to <4 mm in diameter) during the first 3 days after ovulation for the eight D3-treated
goats (v.gr. before FSH treatment) (a vs. b: P < 0.05).

3.2. Ovarian response to FSH treatment

Fig. 2 shows the changes in the mean number of small, medium and large follicles in
both groups normalized to the onset of FSH treatment. The recruitment of small and
medium follicles promoted by the FSH treatment was higher and occurred earlier in DO-
treated goats. The maximum number of small follicles recruited in DO-treated goats
(9.0 + 1.3) was observed at 24 h from the initiation of the treatment, while the maximum
number of small follicles recorded in D3-treated goats (5.6 = 1.1, P < 0.05) was observed
48 h from the onset of treatment. The maximum number of medium follicles recorded in
DO-treated goats (7.5 &= 1.9 follicles at 36 h) was also higher and occurred earlier than in
D3 goats (4.5 &= 0.8 follicles at 60 h, P < 0.05). At 48 h and thereafter, the number of large
follicles was significantly higher in Group DO.

The intervals from the last FSH dose to the onset of estrus did not differ between groups
(15.3 £ 3.3 h versus 17.0 &= 4.7 h, for DO- and D3-treated goats, respectively).

Table 1 shows the number of large follicles at the onset of estrus and the number of CL
recorded directly at laparotomy performed 6 days after estrus.

3.3. Progesterone and LH assays

Mean serum progesterone concentration in D3-treated goats was 1.6 + 0.4 ng/ml at the
onset of FSH treatment and from then increased until the first PGF2a dose (2.7 + 0.9 ng/
ml). The concentration of progesterone then decreased to 0.5 4 0.2 ng/ml (P < 0.05). In
DO-treated goats, mean concentration of progesterone was 0.5 &+ 0.2 ng/ml at Day 2 when
the first PGF2o dose was given. After superovulation, the progesterone concentration
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Fig. 2. Mean number (£ S.E.M.) of small (3 to <4 mm), medium (4 to <5 mm) and large (>5 mm) follicles
normalized to the time of the first FSH dose in goats treated with a FSH superovulatory treatment initiated At the
day of ovulation (DO group) or 3 days later (D3 group) (for the same time and class, a vs. b: P < 0.05).

increased rapidly and similarly in both groups. In two DO-treated goats estrous behavior
was observed again at the day of laparotomy, which was consistent with a decrease in
progesterone concentration and a small and pale CL found in these animals.

The GnRH administration elicited an LH surge in the eight assayed goats. These values
did not differ in DO and D3 goats and were pooled. Basal LH concentrations just before
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Table 1

Number (mean £+ S.E.M.) of large follicles (>5 mm) at the end of FSH treatment, at the onset of estrus, and
number of CL recorded by laparotomy performed 6 days after estrus in goats superstimulated with a FSH
treatment initiated at Day 0 (DO group, n = 8) or Day 3 (D3 group, n = 8) after ovulation

Group End of FSH Onset of estrus Number of CL
DO-treated 14.1 + 1.9° 14.4 + 1.9° 13.6 + 1.9°
D3-treated 9.0 £ 1.4° 103 £ 1.3 104 £ 1.9°

In the same column, superscripts a and b differ significantly (P < 0.05).

GnRH administration averaged 0.7 £ 0.1 ng/ml whereas the maximum LH peak occurred
4 h after of GnRH dose and averaged 23.6 + 3.1 ng/ml (range: 15.2-35.5). The duration of
the induced LH surge lasted 8—12 h in all goats.

4. Discussion

The number of small follicles increased immediately after ovulation and before
initiation of treatment in D3-treated goats, (e.g. emergence of the first wave). The largest
follicle was actively growing more than 4 mm in size 2 days after ovulation; this was
temporally correlated with a significant decrease in the population of small follicles. The
inverse relation between the growth of the largest follicle and the total number of small
follicles is one of the components of follicular dominance. Similar observations were
described previously in goats supporting the theory that follicular dominance occurs during
the first follicular wave [6,8]. This phenomenon has been extensively studied in cattle
[13,14] and was described during the first wave and the ovulatory wave in ewes [7,15,16].
The present study confirms that follicular dominance occurs during the early luteal phase in
goats.

At the onset of the FSH treatment the number of small follicles was higher in DO goats.
The FSH treatment promoted an increase in the population of small follicles (24 h), which
agrees with the increase in the number of medium follicles found at 36 h, and is also
consistent with the increase of large follicles at 84 h. The presence of a large follicle at the
time of the onset of treatment delayed this follicular recruitment pattern (D3 goats). The
total number of small and medium follicles started to increase only after the fourth and fifth
FSH dose. This delay shows an inhibitory effect of the presence of a large (dominant)
follicle on follicular recruitment. Results observed in the present work are similar to those
observed using a similar experimental design in ewes [7]. Follicular dominance appears to
be controlled by a number of mechanisms acting in concert [17]. These include alterations
in endogenous FSH concentrations caused by estradiol and inhibin secreted by the
dominant follicle during the growth phase, as well as the production of local ovarian
factors, which can directly inhibit the development of subordinate follicles.

The ovulatory rate was also lower when a dominant follicle was present at the time
treatment was started. This response could be the result of delay in follicular recruitment
due to the presence of a large follicle, thus resulting in a lower number of large follicles at
the onset of estrus and a lower ovulation rate. An interesting observation is that the number
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of large follicles recorded by ultrasonography at time of the onset of estrus is correlated
with the number of CL recorded at laparotomy. This relationship could be used to predict
ovulatory success in a superovulatory program [18]. Overall, these results support the
advantages of the use of superstimulatory protocols in goats initiated in the absence of a
dominant follicle. One possibility is the use of the so-called “Day 0 protocol”, starting the
FSH treatment immediately after ovulation is detected by ultrasonography or estimated
40 h after the onset of estrus.

In summary, the present work shows that the increase in the number of small follicles that
occurs soon after ovulation (emergence of the first follicular wave) is suppressed correla-
tively with the growth of a large follicle, confirming that follicular dominance is present
during the early luteal phase in the goat. The dominant effect is also evident when a
superovulatory treatment is initiated in the presence of a large growing follicle. A delay and a
decrease in follicular recruitment and a lower ovulation rate were also observed, supporting
the advantages of initiating stimulatory treatment in the absence of a large follicle in goats.
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