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Abstract. Eighteen estrous cycling Brahman cows were randomly allotted into three groups (n = 6 cows/
group). All cows were subjected to daily transrectal ultrasound measurements for a complete estrous cycle
plus various number of days of the consequent estrous cycle until alarge dominant follicle (= 8 mm diame-
ter) of the first (anovulatory) follicular wave was detected, At this time group 1 (G1) cows were ovariec-
tomized, group 2 (G2) cows were injected (i.m.} with 50 mg Lutalyse™ and ovariectomized 24 h later,
however, group 3 (G3) cows received 50 mg Lutalyse and ovariectomized 48 h later. Follicular fluids (FF)
were aspirated from the dominant follicle, pool of medium (> 4-7.9 mm) and pool of small (< 4 mm) fol-
licles. IGF-1 concentrations in FF of the dominant follicle remained constant after PGF2a injection.
Number of ovarian fellicular waves within an estrous cycle has no significant effect on IGF-I concentra-
tions.

Estradiol-17p (E2) production by granulosa cells increased by 7 (24 h) to 10+(48 h) folds after PGF2a
injection as compared to control (0 hr). As follicle diameter increases, its E2 concentration increascs (p
< (.01). However, E2 concentration in FF was not influenced by number of follicular waves. Although
progestercne (P4) concentration in FF tended to decrease as time progressed after PGF2« injection, the
differences were not statistically (P > 0.05) significant. Morcover, P4 concentration was similar in small,
medium and large follicles. E2/P4 ratio was about 60 folds higher after PGF2a than in control cows.
Additionally, this ratio was 50 times higher in large than in small follicle, however sev=n folds of increase
was obtained with large than with medium follicles. Testosterone (T) production also increased by 2 times
after PGF2a injection. As follicle size increases, its T-content decreases significantly, this also was con-
firmed by a significant negative correlation coefficient {r = — 0.70). Injection of PGF2a at the growth
phase of the dominant nen ovulatory follicle could rescue its cocyte of atresia.
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Introduction

In a recent study Rodes et al. [1] found 67% of Brahman cows have a pattern of 3 ova-
rian follicular waves, 26% with 2 waves and 7% with 4 waves. Each wave contains
one dominant follicle in addition to several subordinate cohort of smaller size folli-
cles. The dominant follicle is considered as non-ovulatory in the non-ovulatory
wave(s) or preovulatory in the ovulatory wave.

After a single injection of prostaglandin F2a during the luteal phase, estrus
occurs within 3 to 4 days in cows. During this interval, two large follicles (= 6 mm
diameter)/pair of ovaries are usually present [2]. One follicle is estrogen-active (E-
A), the other is estrogen-inactive (E-1). The E-A follicles have higher concentra-
tions of estradiol-17p in FF than both progesterone and androgens, whereas E-I fol-
licles have higher concentrations of either progesterone or androgens than estradiol.

During the interval PGF2 injection to estrus, sizes, follicular fluid concentra-
tions of P4, E2 and androgens and specific binding of I'**-human chorionic gonadot-
ropin (hCG) to granulosal or thecal cells in E-A follicles increase, whereas specific
binding of 1'*-bovine Follicle Stimulating Hormone (b-FSH) to granulosal cells

decreases [2].

The E-I follicles, although similar in size to E-A follicles, contain fewer
granulosal cells, a lower concentration of E2 in FF and a reduced capacity to bind
gonadotropins. It has been reported [2] that changes in growth, concentration of
steroids in FF and specific binding for E-A and E-I follicles after PG-induced
luteolysis were characteristic changes in ovulatory and non-ovulatory follicles,

respectively.

A multitude of growth factors have been implicated in the local regulation of
ovarian follicular steroidogenesis in a variety of mammalian species [3]. Of these,
insulin - like growth factor-I (IGF-T) has received considerable attention {4}. Positive
relationships have been shown between follicular IGF-T and estradiol concentrations
in cyclic cattle |5]. Therefore, the experimental objective aimed to determine how
prostaglandin F2a administered at the growth phasc of the first (non-ovulatory) ova-
rian follicular wave do alter functions of the granulosa cells to produce steroid hor-
mones as well as IGF-I in Brahman ovaries.
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Materials and Methods

Animals

This experiment was conducted in May 1994 in the Texas A&M agricultural
experimental station at OQverton, TX. Eighteen mature cstrous-cycling non lactating
Brahman cows (3-5 yrs.) were randomly allotted into 3 groups (6 cows/group). Out
of thesc cows, 6 expressed 2 ovarian waves, 6 with 3 waves and 6 with 4 waves. Two
cows of cach follicular wave category were randomly allocated into one of the three
experimental groups. Cows grazed on pasturc and were fed on a concentrate mixture
of 6:1 corn : soybean (2.25 kgfhead/day) and coastal bermudagrass free choice. Estr-
ous behavior was visually observed 3 time daily by the aid of vasectomized chin bali-
marked bulls.

Ultrasound measurements, PGF2¢ administration and ovarectomy

A daily (7:00 AM) transrectal ultrasound (Aloka 210, linear array S5mhz trans-
ducer, Japan) measurement was performed for each ovary for a complete cstrous
cycle. Each ovary was monitored for different sizes of follicles and a corpus luteum
from two different angles and two images were recorded (Sony UP 850 Graphics
printer', Japan). Cows were sorted according to the number of follicle waves they
have expressed with their ovaries during an estrous cycle. The daily ultrasound scan-
nings were continued in the subsequent estrous cycle untii a dominant follicle (= 8
mm diameter) of the first wave was detected. At the growth phase of this follicle
wave, i.e. when the diameter of the dominant follicle increases daily, the GI cows
were exposed to a midflank laporotomy with local anaesthesia (20 ml 5%
Lidocaiene). Only the ovary which contains the dominant follicle was removed {(un-
ilateral OVX). On the other hand, G2 cows were injected i.m. (at the growth phase
of the dominant follicle) with 50 mg Lutalyse (UpJohn, Kalamazoo, M1) and 24 h
later cows were subjected to ovarectomy. However, G3 cows were ovarectomized 48
h after PGF2a injection cows were kept in a restricted area without access to food or
water 24 h before surgery.

Ovarian and follicular fluids collection

Ovary which contains the largest follicle was excised, submerged in a 50 mi chil-
led sterile media (M199. GIBCO. Grand Island, NY). Follicular fluids of small (= 4
mm, pool) and medium (> 4-7.9 mm, pool) follicles were aspirated by icc, 25 gauge-
syring. Fluids of the largest follicle were aspirated separately. All fluids were frozen
{(—20°C) until P4, E2. T and IGF-1 were assayed.
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Radioimmunoassays of steroids and IGF-I

Progesterone [6], estradiol - 17f [7] and testosterone [8] were measured in the
follicular fluids of all size follicles by radioimmunoassays using procedures validated
in R.D. Randel’s lab. [9]. All steroid antisera were purchased from G.D. Nisewinder
(Colorado State University, Fort Collins, CO).

The E2 antibody (GDN 244) cross-reacts 2.6% with estrone and 0.02% with tes-
tosterone. The P4 antibody (GDN 337) cross-reacts 1.1% with pregnenolone, 0.3%
with estrone, 0.3% with estradiol, 0.2% with testosterone and 0.2% with andros-
tenedione. The intraassay coefficients of variation for the estradiol, testosterone and
progesterone were 3.8, 6 and 9.6%, respectively.

IGF-I was only measured in the largest follicle follicular fluid by using extraction
RIA kits (# 40-2100, Nichols Diagnostics Inc.. Los Angeles, CA). The extraction
procedure was performed by C-18 Sep-Pak® (Waters Associates, Milford, MA)
chromatography. Six levels (0,0.3,0.6,1.2,2.4 and 4.8 ng/ml) of standard were estab-
lished. A radiolabelled tracer (I'**-1GF-1) was used and samples were measured in
gamma counter. All samples were analysed in duplicates. The intra-assay coefficient
of variation was 2.8% and the assay sensitivity was (.06 ng/ml.

Granulosa cells (GCs) collection and viability

Granulosa cells were collected from the largest follicle by dissecting the follicle
after aspirating its FF, scraping the mural GCs. The luminal GCs were collected by
centrifuging (300 X g/30 min) the FF. Both mural and luminal GCs were combined
and resuspended in 1 ml of M199 medium. Ten microliters of the GCs were taken out
in a microcentrifuge tube and mixed thoroughly with 10 ul Trypan blue (5%, in 2X
distilled water). A drop of the GC-Trypan blue mixture was mounted on a
haemocytometer and the non-stained cells (non-opaque) were counted as viable.
Total number of GCs and number of viable cells in the dominant follicle was also esti-
mated, taking in consideration that the dilution rate was 1 Ges: 1 Trypan blue.

Statistical analysis

Data were analyzed by the analysis of variance procedures and treatment differ-
ences determined by preplanned mean comparisons using Student’s test [10].

Results

Average number of viable GCs in the dominant follicle was not significantly (P
> 0.10) different between treatments (9.0 + 7.8,5.1 + 2.4and 6.4 £ 5.5 x 10° cells
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for 0, 24 and 48 kL, respectively). Although there was a slight decrease in ovarian
weight after PGF2a injection, the differences were not statistically significant (P >
0.10). PGF2a injection increased (P < 0.01) testosterone and estradiol-17 concen-
trations in follicular fluid, however, no significant effect was found on progesterone
or IGF-I concentrations (Table 1). IGF-I was only measured in the largest follicles.

Table 1. Steroid hormone (ng/ml) in follicular fluids of ail size follicles and IGF-I concentrations {ng/mi}
in large follicles of Brahman cows at 0, 24 and 48 h after PGF2u. injection (Mean § sem)

Time after PGF2a(h)
Steroid of IGF-1 ¢ 24 48
Fstradiol-178 (E2) 304 £86.3 306.7 £ 79.0° 210.1+91.3"
Progesterone (P4) 9355 £299 F32+274 52.5+31.7
Testosteronc {T) In2 =+ S51° 0+ 47" 325+ 5.4°
1GF-1 163.3  *21.5 1722 £ 183 177.9+227
£2/P4 oong £ 2.3 52+ 210 42+ 2.5

Values in the same row with different superscripts differ at P < (.01

Simitarly, when steroid hormones data were analyzed based on the amounts scc-
reted by 1 % 10° viable GCs, there were 18 (24 h) and 10 (48 h) foids increase in E2
concentrations as compared to that secreted in control group. Morcover, PGF2a
treatment caused a sharp incrcasc in the E2/P4 ratio (0.008 £ 23,52 £ 2. 1and 4.2
* 2.5 for 0, 24 and 48 h respectively).

Regardiess of the treatment effect, there were significant effects (P < 0.01) due
to follicle size (Table 2) on the testostcrone and estradiol-17f but not on proges-

Table 2. Steroid hormone concentrations (ng/ml) in follicular fluids of small, medium and large follicles
(Mean £ sem)

Follicle size

Steroid Small Medium Large
Estradiol-17( 962773 97 .2 £ 103 (* 4205+ 77.3
Progesterone 06.0+ 26.8 1.3+ 35.7 S39% 268
Testosterone 432+ 4.6 254+ 617 10,1+ 4.6°
E2/P4 02+ 2.1 PRI 83+ 200

Values in the same row with different superseripts differ at P < .01
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terone concentrations in follicular fluids. Follicular fluids of small follicles have 4
times as much testosterone/ml FF as these found in large follicles. Contrariwise, E2
concentration in large follicles approached 14.5 folds as much as these determined in
small follicles. Evidently, E2/P4 ratio was highest in large (8.3) and lowest in small
(0.2) follicles.

A positive correlation coefficient (r = 0.90) was found between ovarian weight
and total volume of follicular fluids. The PGF2u injection did not affect this relation-
ship (P < 0.10). Likewise, a positive correlation coetficient was obtained betwecen
size of dominant follicle and its content of follicular fluids. This relationship was
highest at 0 h (r = 0.98) and decreased after PGF2a injection (r =0.39 and 0.76 at
24 and 48 h, respectively).

Discussion

Concentrations of steroids in FFF have been shown to reflect capacity of a follicle
to produce and secrete steroids [11, p. 230; 12,13]. Thus, changes in the relationship
of concentrations of E2 to other steroids within a follicle during an estrous cycle may
reflect alterations in capacity of a follicle to synthesize E2. Consequently, when con-
centrations of P4 or androgens in FF were higher than E2, such a follicle has probably
lost the capacity to produce E2 or may have not approached enough development or
may became atretic [2,14,15]. This is in agreement with the present finding (Table 2)
that the large follicle posses as much 40-folds E2/P4 ratio as that in small follicles.

Pulses of E2 are secreted in responsc o pulses of LH during the luteal and
periovulatory phases of the estrous cycle in cows [16,17].

The largest follicle gencrally regresses following an injection of PGF2a on day
8 or 9 of the estrous cycle of the cow [18]. This would explain the large variation
between cows within and between treatments with regard to the secretion pattern of
E2 as time progresses after PGF2a injection. Increased concentrations of E2 (Table
1) after PGF2a injection have been previously reported [19]. Louis et al. [20] have
observed increased basal concentrations of luteinizing hormone (LH) between 6 and
12 h after injection of PGF2a in heifers. Secrction of E2 by the dominant follicle in
rats is dependent on LH to stimulate the conversion of cholesterol to testosterone in
thecal cells [21].

Therefore. some basal concentration of LH is required to provide androgen pre-
cursors from thecal to granulosal cells for follicle stimulating hormone (FSH) -
directed synthesis of E2 {21]. In the present study both E2 and T were elevated in FF,
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however, P4 concentration remained similar after PGF2a injection (Table 1}. It was
proposed that after Juteal regression, due to PGF2a injection, LH pulse frequency
increased, thus allowing the dominant follicle to increase its production of estradiol
and androgens. Low levels of progesterone were required for maintenance of domin-
ant follicle and increased LH pulse frequency, whereas high levels of progesterone
were associated with follicular turnover and lower LH pulse frequency [22].

Likewise, E2 linearally increased with the increase of follicle size (Table 2). The
E2 concentration in large follicles was 14.5 folds greater than those in small follicles.
On the contrary, a linear decrease in T concentrations in FF was obtained as follicle
enlarges in diameter. Follicle growth involves hormonally induced protiferation and
differentiation of both theca and granulosa cells, leading uitimately to the increascd
ability of follicles to produce E2 and to respond to gonadotropins [23; p.121].

Ratio of concentration of E2 to P4 and androgens in FF has been shown [24] to
be a reliable method of separating healthy (E-A) from atretic (E-1) antral follicles in
heifers.

Insulin-like growth factors were found to be secreted by granulosa cells in FF,
There is an increasing acceptance that these growth factors being autocrine/parac-
rine amplifers of gonadotropin action on follicular development and actions. How-
ever, IGF-I does not modulate FSH binding. Effects of IGF-I on FSH-mediated
responses include increased aromatase activity and estrogen production [4}. The
positive relationship (r = 0.43) found in the present study between IGF-Tand E2 con-
centrations in FF has been confirmed elsewhere [25].

In concluston, the ultrasound-time based injection of PGF2a at the growth
phase of the non ovulatory dominant follicle could rescue this follicle of atresia and
enhance an ovulatory LH surge resulting in a normally ovulated oocyte.
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