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ABSTRACT 

Two experiments, each arranged as a 2 x 2 factorial, were conducted in ewes to examine 
direct effects of bovine follicular fluid (bFF) on follicular development and luteal function 
and to further characterize follicular development and luteal function after pituitary stalk 
transection (SS). In Exp. 1, ewes were sham-operated or SS on d 6 of an estrous cycle and 
received 5 ml of saline or bFF three times daily on d 5 through 11 of the same cycle. In 
Exp. 2, all ewes were SS on d 6 of an estrous cycle and treated with saline or bFF three 
times daily on d 5 through 11 and with ovine FSH (60 pg; NTADDK-oFSH-16) or saline 
(1.2 ml) from d 7 to 11. In Ekp. 2, ewes were ovariectomized on d 11 to assess effects of 
treatments on follicular development and luteal function. In both experiments, 
concentrations (ng/ml) of FSH on d 7 were suppressed (P I .005) by bFF compared with 
saline ( S O  f .17 vs 1.63 f .15) and remained suppressed (P I .005) through d 11 (.46 f .12 
vs 1.54 f .12). Replacement therapy (oFSH) restored concentrations of FSH. 
Concentrations of LH were not affected by bFF but were elevated (P I .05) 1 d after SS (d 
7; .88 f .09 vs .56 f .W) and remained elevated (P I .05; 1.31 f .20 vs .65 f .11) from d 6 
through 1 1. Concentrations of progesterone were unaffected by SS. The number of follicles 
2 2 mm on d 11 was reduced by SS and by bFF. Growth of follicles even with oFSH 
supplementation, which restored follicular development in SS ewes receiving saline, was 
inhibited by bFF, and no follicle exceeded 2 mm after treatment with bFF. Administration 
of bFF in vivo did not alter circulating progesterone or LH-stimulated secretion of 
progesterone in vitro. These results indicate a direct action of bFF at the pituitary to reduce 
secretion of FSH and provide evidence that bFF acts at the ovary to reduce follicular 
development. 
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Exogenous bovine (b), ovine (o), and 
porcine (p) follicular fluid (FF) reduced 
ovarian follicular development either by 
reduced secretion of FSH (e.g., Hoak and 
Schwartz, 1980) or by direct action on the 
ovary (e.g., Cahill et al., 1985). Luteal function 
was reduced in ewes by bFT in one study 
(Larson et al., 1987) but not in another 
(Wallace and McNeilly, 1985). Pituitary stalk 
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transection (SS) frees the pituitary of hypothal- 
amic input. Follicular growth was reduced 
after SS in cattle (Anderson, 1977; Anderson 
et al., 1981; Awotwi et al., 1984), and in ewes 
luteal function was decreased after interruption 
of hypothalamic input to the pituitary was 
performed 1 d (Mallory et al., 1986), but not 5 
d, after estrus (Niswender et al., 1986). 

The present study examined the effects of 
treatment with bFF on secretion of FSH, LH, 
and progesterone in SS and intact ewes. 
Pituitary stalk transection provided an in vivo 
model to evaluate alterations in FSH and LH 
produced by bFF and to examine subsequent 
effects on follicular development and on in 
vivo and in vitro luteal function. Treatment 
with bFF and FSH allowed examination of 
direct ovarian effects of bFF alone. 

Materials and Methods 

Surgical Procedures 

Vasectomized rams with painted briskets 
were penned with ewes twice daily for 
detection of estrus. Mature ewes of mixed 
breeding that had shown an estrous cycle of 
normal duration (= 17 d) were used. Surgical 
procedures, including cannulation of a jugular 
vein, were initiated on d 5 after estrus (estrus = 
d 0). After exenteration of the left orbit and 
exposure of the dura mater between the optic 
and orbitorotundal foramina (Mallory et al., 
1986). Gel-Foam6 was packed into the orbit 
and the upper and lower eye lids were sutured 
closed. The following day (d 6), ewes were 
immobilized with gallamine triethiodide (14 
mg, infused i.v. at a rate of approximately 3 
mglmin) and the orbit and palpebral margins 
were desensitized with 2% lidocaine by inject- 
ing 1 ml (s.c.) into the upper and lower eye 
lids and by instilling 2 ml into the orbit for 2 
to 3 min. The dura mater was reflected in 19 
sham (SH) ewes, whereas the pituitary stalk 
was transected and a Teflon barrier was 
inserted between the cut ends in 17 ewes. 
Penicillin G procaine, USP (20,OOO IU/ml) in a 
solution of dihydrostreptomycin sulfate (.25 
nglml) was injected (i.m., 3 ml/d) for 3 d after 
surgery. Completeness of transection and 
proper placement of the Teflon barrier were 
confirmed at necropsy. 

Experiments 

Two experiments (Figure l), each with a 2 
x 2 factorial mangement of treatments, were 
conducted sequentially. In Exp. 1, the first 
factor was surgery (sham operation or pituitary 
stalk transection), and the second factor was 
treatment with 5 ml of .9% NaCl (saline; SH, n 
= 9; SS, n = 8) or charcoalextracted bFF (SH, 
n = 10; SS, n = 9). Treatments were injected 
(s.c.) into the axillary region at 8-h intervals 
beginning at 0800 on d 5 and continuing 
through d 11. This regimen reduced circulating 
FSH and prevented any rebound in concentra- 
tions of FSH between bFF injections (Larson 
et al., 1987). Bovine follicular fluid was 
obtained and processed as described by Larson 
et al. (1987) and included culture to confirm 
the absence of the bacterium Serratia liqufa- 
ciens, which has been associated with an 
inhibition of binding of FSH to its receptors 
(Sluss and Reichert, 1984). 

Stalk-sectioned ewes from Exp. 1 were used 
for Exp. 2. In addition to injections of saline or 
bFF (first factor), these ewes received treat- 
ments with saline (1.2 ml) or ovine FSH (60 
pg; NIDDKaFSH-16; second factor). Saline 
or oFSH was administered (s.c.), in the axillary 
region on the opposite side of that given bFF, 
at 8-h intervals beginning at 0800 on d 7 and 
continuing through d 11. This dose and route 

EXPERIMENTAL DESIGN 

SS or  SH 
I 

BLOOD 3X daily 

IINJ: 5 m l  3X daily (bFF or SAL) I 
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Time Day 7 

Figure 1. Experimental design detailing time of 
treatment injections, blood collection, and surgery for Exp. 
1 and 2. 
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of administration was based on the half-life of 
FSH and the approximate total fluid volume of 
the ewes; it was as follows: an attempt to 
produce circulating levels of FSH similar to 
those during the luteal phase. The resulting 
groups were 1 = saline-saline, n = 4; 2 = bFF- 
saline, n = 5; 3 = saline-FSH, n = 4; or 4 = 
bFF-FSH, n = 4. 
AU ewes were ovariectomized during the 

afternoon of d 11,  allowing 4 d between the 
beginning of treatment with oFSH (d 7) and 
ovariectomy (d 11). This is sufficient time for 
oFSH to stimulate growth of ovulatory folli- 
cles (Coleman and Dailey, 1983) after treat- 
ment with bFF. Treatment of ewes with bFF 
from d 1 through 15 of the estrous cycle 
increased the length of the follicular phase by 
3 d (Larson et al., 1987) and the estrous cycle 
by 4 d (Miller et al., 1982), presumably by 
inhibiting folliculogenesis. 

Corpora lutea (CL) were dissected from the 
ovary on ice and placed in icecold vials 
containing TC Medium 1997. Numbers and 
diameters of visible follicles (2 2 mm) and 
mass of each CL were recorded. Processing 
and incubation of luteal tissue were modifica- 
tions of procedures described by Gross et al. 
(1985). Briefly, each CL was sliced into six 
equally thick pieces (.5 to 1.0 mm). Each piece 
was weighed and placed in an individual vial 
(6 x 2.5 mm) containing 5 ml of fresh TC 
Medium 199. Two vials were incubated on ice, 
and four vials (two containing no LH and two 
with 5 0  ng of LH, NM-oLH-S~~) were 
incubated at 3 8 T  in a closed chamber under 
02:COz (955) while agitating on a shaking 
platform. After 4 h of incubation, media were 
decanted and stored frozen. Ovaries, exclusive 
of CL, were placed in 10% buffered formalin 
and subsequently embedded in paraffin using 
an automated system. Serial sections (15 pm) 
were mounted and stained with hematoxylin- 
eosin (Humason, 1962). Follicular populations 
were characterized microscopically using every 
seventh section. Assuming that follicles were 
spherical, diameters of follicles were measured 
in the section containing the maximal circum- 
ference using a digital image analyzer. 
Measurements could not be made on 11 of 72 
ovaries across all treatments because of inade- 
quate fixation of the tissue. 

'DrPCO Laboratories, Detroit, MI. 
'Sigma chemical CO., St. ~ouis ,  MO. 

Blood Collection and Hormone Assays 

Blood (6 ml) was collected via indwelling 
jugular catheters every 8 h beginning at 0800 
on d 6 and continuing through d 11 after 
estrus. Blood samples were always collected 
before injection of treatments and placed into 
heparinized tubes held on ice and centrifuged 
within 10 min of collection. In addition, the 
short-term effects of SS on concentrations of 
FSH and LH were evaluated in samples 
collected every 20 min from 0800 to 1200 on d 
7. Plasma was stored frozen until it was 
assayed by RIA for FSH (Keisler et al., 1985) 
and LH (Fogwell et al., 1977). Samples taken 
at 1600 from d 6 through 10 were assayed for 
progesterone (Sheffel et al., 1982). Standard 
preparations were ovine FSH (NIAMDD- 
oFSH-RPl), ovine LH (NIH-oLH-S~~), and 
crystalline progerstone.* Least detectable 
amounts of LH, FSH, and progesterone were 
.25, .17, and .20 nglml, respectively. Intra- and 
interassay CV were 2.9 and 20.7% for LH (n = 
6), 4.4 and 24.0% for FSH (n = 6), and 9.9 and 
13.4% for progesterone (n = 5). Efficiency of 
extraction of progesterone exceeded 90%. 
Samples from incubations of CL were diluted 
1:100 or 1:500 with fresh medium, and 
progesterone was determined by RIA without 
extraction. Minimum sensitivity was 10 pgl 
tube, and intra- and interassay CV were 7 and 
14%, respectively. Assay data were computed 
as nanograms of progesterone per milliliter of 
media per gram of incubated tissue. Mean 
values for progesterone from 4°C incubations 
were considered to be passive release because 
synthesis and active release were inhibited. 
The values from 38'C incubations were cor- 
rected by subtracting the corresponding pas- 
sive release values. Control incubations were 
considered baseline. Therefore, effects of 
added LH on secretion of progesterone were 
expressed as percentage changes from the 
nonstimulated baseline. 

Statistical Analysis 

Data for plasma concentrations of FSH, LH, 
and progesterone were examined by ANOVA 
for a split-plot design with repeated measures 
in time (Gill and Hafs, 1971; SAS, 1986). 
Variables in the main plot were type of surgery 
and treatment (bFF or saline; Exp. 1) or 
treatment with bFF or saline and FSH or saline 
(Exp. 2). Time and interactions with time were 
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TABLE 1. CONCENTRATIONS OF FOLUCE-STIMULATING HORMONE (FSH) 
AND L-G HORMONE (LH) FOR STALK-(SS) OR SHAM-(SH) TRANSECTED EWES 

RECEIVING SALINE (SAL) OR BOVINE FOLLICULAR FLUID (bFF) 

FSH m 
Treatment D 7  D 6 t o  10 D 7  D 6 t o 1 0  

SH 1.29 f .15' 1.76 f .12 5 6  f .09 .65 f . l l  
ss 34 f .14 1.32 f 22 .88 f .09* 1.31 f .20* 
SAL. 1.63 f .15 1.54 f .12 .74 f .10 .98 f .10 
bFF .SO f .17* .46 f .12* .70 f .08 .74 f .09 

'Me, f SEM (nghl) 
*P S .05 

in the subplot. Main plot sums of squares were 
partitioned into planned contrasts. Data for 
progesterone were examined by analysis of 
covariance (SAS, 1986); luteal mass was used 
as the covariate to adjust for differences in 
mass among ewes. Because treatments were 
initiated after luteal formation, differences in 
luteal mass would be due to individual ewe 
variation, principally the number of CL. Data 
for concentrations of progesterone from incu- 
bations of CL, visible follicles (2 2 mm in 
diameter), and for number of follicles (2 .2 to 
2.0 mm) per ovary observed histologically, 
were examined by ANOVA. 

Results 

Gonadotropin Concentrations 

Short-term effects of SS were examined on 
d 7 (Table 1). Concentrations of FSH were 
unaltered 1 d after SS; however, FSH was 
lower (P 5.005) in ewes treated with bFF than 
in those treated with saline. Concentrations of 
LH were increased (P I .05) 1 d after SS but 
were not affected by treatment with bFF. 

Concentrations of FSH were lowered (P I 
.OOOl) on d 6 through 11 in ewes given bFF 
compared with those given saline (Figure 2), 
and FSH was increased by administration of 
FSH three times daily (Figure 3). Stalk 
transection had no effect on the concentrations 
of FSH during d 6 through 11. Concentrations 
of LH during d 6 through 11 were not affected 
by treatment with bFF, however, SS ewes had 
higher (P I .05) concentrations of LH than SH 
ewes (Figure 4). No surgery x bFF interactions 
were significant for FSH or LH. In bFF-treated 
ewes receiving replacement therapy with 
oFSH, concentrations of FSH equaled those 
observed in control (SS-saline-saline) ewes 
(Figure 3). 

Follicular Development 

Number of visible (2 2 mm) follicles 
(Figure 5) was reduced after SS (P  I .01) and 
during treatment with bFF (P I .01). The 
number of follicles tended to be greater (P I 
.06) during treatment with oFSH than during 
treatment with saline. The interactions between 
SS and bFF and between oFSH and bFF were 
not significant. No follicle in ewes treated with 
bFF exceeded 2 mm, although ewes that were 
SH, SS, or SS and treated with oFSH had at 
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Figure 2. Concentrations of folliclestimulating hor- 

mone (PSH) for bovine follicular fluid (bFF) vs saline 
(SAL) administration pooled for stalk- and sham-tran- 
sected ewes (P S .OS). 
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Figure 3. Concentrations of follicle-stimulating hor- 
mone (PSH) in stalk-transec~ed (SS) ewes treated with 
saline (SAL, n = 4), FSH (n = 4). bovine follicular fluid 
(WF, n = 5).  or FSH and bFF (n = 4) three times daily 
from d 6 through 11 of the estrous cycle. Mean squares for 
error A and B were 2.62 and .15, respectively. 

least one follicle 2 2 mm; average diameter of 
the largest follicle was 4.9 f .5, 5.3 f 1.7, and 
3.8 f .8 m, respectively. Histologically, the 
number of follicles 2 .2 but c 2.0 mm were not 
altered by SS or treatment with bFF, FSH, or 
their interaction. 

Luteal Function 

Circulating concentrations of progesterone 
were not affected by administration of FSH, 
bFF, SS, or their interactions (overall mean = 
3.6 f .25 ndml). Weights of CL did not differ 
among treatments. Percentage of change in 
LH-stimulated concentrations of progesterone 
in media from incubations of CL was not 
altered by treatment with bFF or oFSH (overall 
mean response = 139 f 20%). 

Discussion 

Administration of bFF three times daily 
reduced concentradons of FSH, but not of LH, 
in intact ewes (Larson et al., 1987). Because 
concentrations of FSH were not differentially 
suppressed in SS and SH ewes, we conclude 
that the site of inhibitory action of bFF on 
secretion of FSH must be the anterior pituitary, 
in support of previous studies in ovariecto- 
mized ewes (Clarke et al., 1986; Li et al., 
1989). In contrast to the effects of FSH, 
concentrations of LH were not affected by 
bFF, but they were greater in SS than in SH 

L 1.2 " 1.0 
. 8  G 

/ . 6  
M . 4  

.2 

SS SH S S  SH 

D 6-11 D 7  

Figure 4. Concentrations of luteinizing hormone (LH) 
for stalk-(SS) and sbam-(SH)transected ewes for d 6 
through 11 and d 7 after estrus. (mean It SEW 

ewes, which support previous results from this 
laboratory (Mallory et al., 1986; Gust et al., 
1987) and from studies using median emi- 
nence-lesioned (Bishop et al., 1972) and SS 
male rats (Ching et al., 1986). Progesterone is 
the dominant circulating ovarian steroid in- 
hibiting secretion of LH during the luteal 
phase in ewes (Hauger et al., 1977) and its 
inhibitory action is at the level of the 
hypothalamus (Kaynard and Karsch, 1988). 
The increased concentrations of LH seen after 
SS may be due to an intermption of an 
hypothalamic signal to the pituitary induced by 
progesterone. For example, intravenous dopa- 
mine inhibited GnRH-induced secretion of LH 
in rabbits (Dailey et al., 1978) and dopamine 
inhibited the LH response to GnRH in SS ewes 
(Donnelly and Dailey, 1991). Progesterone 
receptors have been found in hypothalamic 
areas containing dopaminergic neurons (McE- 
wen, 1981). 

The number of follicles was reduced by SS, 
but SS did not affect mean diameter of the 
largest follicle. A low FSHLH ratio, such as 
that after SS in the current study, led to altered 
follicular development in primates (for review 
see diZerega and Hodgen, 1981). Injections of 
oFSH tended to promote follicular growth after 
SS. Alternatively, the increase in mean LH 
after SS may have induced widespread atresia, 
as observed after administration of hCG to 
ewes (Turnbull et al., 1977), rats (Selye et al., 
1933), and guinea pigs (Reed and Hounslow, 
1971). 
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Figure 5. Number of follicles (2 2 mm in diameter) on 
the ovaries of ewes that were sham- (SH) or stalk- 
transected (SS) and received saline (SH-saline. n = 9; SS- 
saline, n = 4), bovine follicular fluid @PP; SH-bFF, n = 
10; SS-bFF, n = 5), follicle-stimulating hornone (PSH; 
SS-saline-FSH, n = 4) or bFF and FSH (SS-bFp-psH, n = 
4). The respective standard errors of the mean were 2.3, 
.6, 2.3, .6, 7.2, and .6. 

In contrast to SS, treatment with bFF 
restricted follicular growth to a size 5 2 mm, 
suggesting inhibition of the movement of 
follicles into a pool of larger follicles. Treat- 
ment with bFF for 3 d reduced the diameter of 
the largest follicle and the number of follicles 
2 3 mm for 8 d after prostaglandin-induced 
luteolysis in ewes (Miller et al., 1979). 
Treatment of mares with equine FF for 4 d 
after prostaglandin-induced luteolysis reduced 
concentrations of FSH and growth of the 
largest follicle for at least four more days 
(Bergfelt and Ginther, 1985). Administration 
of bFF prevented the rise in FSH and 
compensatory ovarian hypertrophy after 
unilateral ovariectomy in prepuberal heifers 
(Johnson et al., 1985), whereas bFF treatment 
in heifers within 12 h after estrus reduced the 
secondary surge of FSH and delayed follicular 
growth ( " d o  and Fortune, 1990). Treat- 
ment with bFF from d 5 through 10 after calf 
removal at 24 h postpartum reduced concentra- 
tions of FSH and diameter of the largest 
follicle (Hinshelwood et al., 1987). 

Because replacement therapy with exoge 
nous oFSH increased concentrations of FSH in 
SS ewes treated with bFF to levels observed in 
SS ewes treated with saline but did not restore 
the number of follicles or the diameter of the 
largest follicle, bFF would seem to reduce 
follicular development directly at the ovary. 
Similarly, treatment with pregnant mare serum 
gonadotropin (PMSG) failed to restore follicu- 
lar growth from d 12 through 15 of the estrous 
cycle after electrocautery of follicles and 

treatment with OFF in ewes (Cahill et al., 
1985). In anestrous ewes, treatment with bFF, 
concurrently with GnRH, increased the number 
of small follicles (5 2 mrn) but reduced the 
number of large follicles (Hunter et al., 1987). 
Injections of FF into gilts impaired the 
stimulatory effect of exogenous pFSH in 
recruitment of medium-sizes follicles (Guthrie 
et al., 1987). In hypophysectomized, diethyl- 
stilbestrol-treated immature rats, follicular re- 
sponse to gonadotropins (human menopausal 
gonadotropin; PMSG) was suppressed by 
human FF (diZerega et al., 1983a), pFF (Kling 
et al., 1984), and media from human granulo- 
sal cell cultures (diZerega et al., 1983b). In 
contrast, infusion of oFSH concurrently with 
bFF increased concentrations of FSH 
10- to 20-fold, prevented the delay to onset to 
estrus, increased ovulation rate, and increased 
secretion of progesterone in ewes (McNeilly, 
1985). Administration of bFF for 4 d did not 
inhibit pFSH-induced follicular growth in 
unilaterally ovariectomized, prepuberal heifers. 
However, concentrations of LH increased after 
injection of pFSH and remained elevated, 
possibly due to contamination (1.9%) of 
exogenous pFSH with LH (Moser, 1988, 
1989). 

Circulating concentrations of progesterone 
were not affected by any treatment in this 
study, which supported previous reports of no 
effect of bFF on plasma concentrations of 
progesterone from d 1 through 11 of the 
estrous cycle of ewes (Wallace and McNeiUy, 
1985). Although Larson et al. (1987) demon- 
strated an effect of bFF on concentrations of 
progesterone during d 11 through 15, this 
effect was attributed to an early decline in 
progesterone. Concentrations of progesterone 
before d 11 were not affected by bFF. In the 
present study, LH-stimulated secretion and(or) 
synthesis of progesterone from CL in vitro was 
not altered by treatment with bFF in vivo on d 
5 through 11. 

Formation of functional CL requires LH in 
ewes (Niswender et al., 1986, 1972). Although 
hypophysectomy 5 d after ovulation resulted in 
regression of partially formed CL (Kaltenbach 
et al., 1968), interruption of the 
hypothalamopituitary portal vasculature on d 5 
(Niswender et al., 1986) or 6 (present study) 
did not disrupt secretion of progesterone. 
Disruption of hypothalamic connections to the 
pituitary prior to formation (d 1) of the CL 
(Mallory et al., 1986) altered secretion of 
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progesterone, possibly by altering the bioac- 
tivity or the pattern of luteotropic support. 
Induction of hourly pulses of LH with hourly 
infusion of GnRH restored progesterone to 
values similar to those of controls (Mallory et 
al., 1986). Therefore, secretion of progesterone 
after d 5 or 6 may be resistant to alteration in 
the quality of luteotropic support. However, 
the formative stages of the CL. seem to q u i r e  
precise luteotropic input. 

implications 

By using treatments with bovine follicular 
fluid (bFF) andtor) ovine follicle-stimulating 
hormone (oFSH) and pituitary stalk transec- 
tion, different paradigms were established for 
plasma concentrations of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH). 
Stalk transection increased concentrations of 
LH without affecting FSH, treatment with bFF 
decreased FSH without affecting LH, and 
treatment with oFSH increased circulating 
FSH without affecting LH. These results 
confirm that b W  acts at the pituitary to 
preferentially reduce FSH secretion and at the 
ovary to decrease follicular development inde- 
pendent of the ratio of FSH:LH or absolute 
concentrations of FSH. Decreasing the ratio of 
FSHLH by pituitary stalk transection reduced 
follicular growth because exogenous oFSH 
restored follicular growth. In contrast, luteal 
function was not affected by these treatments. 
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