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ABSTRACT: Prepubertal gilts of obese (n = 241 
or lean (n = 241 genetic lines were injected (s.c.1 
daily with 0, 2,  or 4 mg of porcine somatotropin 
(pST1 for 6 wk starting a t  160 d of age to determine 
whether pST affects follicular function. Blood and 
ovaries were collected at  slaughter 24 h after the 
last injection. Surface follicles 2 1.0 mm in 
diameter were counted, and pools of follicular fluid 
(FFL) and granulosa cells were collected from 
1.0- to 3.9-mm (small) and 4.0- to 6.9-mm (medium) 
follicles. Oocytes were collected from small and 
medium follicles and evaluated for maturational 
stage and viability. Porcine somatotropin in- 
creased (P c .08) the numbers of small but not the 
numbers of medium follicles per gilt (P > .lo). 
Oocyte maturation and viability were not affected 
by pST or genetic line. Porcine somatotropin 
increased (P c .05) concentrations of insulin-like 
growth factor I (IGF-I) in serum and FFL of both 
obese and lean gilts; IGF-I was lower (P c .01) in 

lean gilts. Treatment with pST decreased (P c .05) 
IGF-I1 in FFL of lean but not in that of obese gilts. 
Dose of pST and line had no effect on concentra- 
tions of progesterone in FFL of small or medium 
follicles or on concentrations of estradiol in FFL of 
small follicles. Concentrations of estradiol in FFL 
of medium follicles were decreased (P c .05) by 
pST (z and 4 mg/d in obese gilts, but estradiol was 
lower (P c .011 and unaffected (P > . lo) by pST in 
lean gilts. The numbers of LHfiCG binding sites 
in granulosa cells were decreased (P c .05) by pST 
(4 mg/d in medium follicles. The 4 mg/d dose of 
pST increased (P c .05) IGF-I binding protein 
activity only in serum of obese gilts. We conclude 
that 2 and(or1 4 mg/d of pST can increase 
concentrations of IGF-I in serum and FFL and 
stimulate growth of small follicles in two geneti- 
cally divergent lines of gilts without affecting 
oocyte viability. 
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Recent attempts to improve production effi- 
ciency in domestic animals have concentrated on 
the use of exogenously supplied somatotropin (ST; 
Enright, 1989; Hamahan, 1989). Longterm (2 30 d) 
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effects on reproductive functions in gilts (Bryan et 
al., 1989, 1990; Kirkwood et al., 1989). However, 
little is known about the reproductive responses of 
genetically obese or lean swine to pST. Although 
ST can directly stimulate rat (Jia et al., 19861 and 
porcine (Hsu and Hammond, 1987; Mondschein et 
al., 1989) granulosa cell functions in vitro, the 
systemic effect of ST is thought to be mediated, in 
part, through increased hepatic production of 
insulin-like growth factor I (IGF-I) (Gluckman et 
al., 1987; Evock et al., 1988). Similar to pST, IGF-I 
(and IGF-11) also has direct effects on growth and 
differentiated function of ovarian follicle cells in 
vitro (Adashi et al., 1985; Hammond et al., 1988b; 
Geisthovel et al., 1990). In female rats, ST is 
thought to play an  important role in the onset of 
puberty (Ramaley and Phares, 1980) and ovarian 
function (Advis et al., 1981). Thus, our experiment 
was designed to determine whether pST affects 
follicular function in prepubertal gilts obtained 
from populations selected for either high (obese) or 
low (lean) backfat. 

Materials and Methods 

Animals and Treatments. Gilts from lines selected 
for high (obese, n = 24) or low (lean, n = 24) 
backfat were injected (s.c.1 daily with 0, 2, or 4 mg 
of recombinant pST for 6 wk, starting at 160 d of 
age (59.0 f 1.4 kg of BWI. The obese and lean pigs 
were Duroc obese x Yorkshire obese and Duroc 
lean x Yorkshire lean pigs derived from popula- 
tions selected solely for high or low backfat 
thickness over multiple generations (Hetzer and 
Harvey, 1967). The gilts were alloted equally into 
four replicates to be slaughtered on four different 
days between July 7 and August 3, 1989, and 
averaged 211 & 5 d of age and 87.4 f 2.5 kg BW at 
slaughter. Gilts were fed, to appetite, a diet 
composed of 64.5% corn and 31.6% soybean meal 
(19.5% CP; DM basis), supplemented with dical- 
cium phosphate (2.4% DM basis), ground lime- 
stone (.5% DM basis), trace mineral premix (.2% 
DM basis), and vitamin premix (.2% DM basis). 
The contents of the trace mineral premix and 
vitamin premix have been described previously 
(Yen et al., 1990b). Calculated lysine concentration 
of the diet was 1.08% (DM basis). 

Gilts were slaughtered 24 h after the last 
injection of pST. Ovaries and uteri were removed 
and weighed at slaughter. The surface diameter of 
all follicles 2 7 mm was recorded and their 
follicular fluid (FFL) was collected individually. 
The FFL from follicles 1 to 3.9 nun (small) and 4 to 
6.9 mm (mediuml in diameter was collected and 
pooled within each size group and ovary. Blood 
samples were collected a t  slaughter for IGF-I 
analysis. 

Granulosa cells from small and medium follicles 
were recovered from FFL samples by centrifuga- 
tion and resuspended in PBS with 20% glycerol for 
storage at -70°C until they were analyzed. Serum 
and follicular fluid were stored a t  -20' C until they 
were analyzed. 

Oocyte Measurements. Oocytes were examined 
microscopically (phase contrast, loox) for viability 
(morphologically), nuclear maturation (Le., germi- 
nal vesicles, germinal vesicle breakdown, 
metaphase I, metaphase 11, and so on), and for 
morphological appearance of the cumulus mass 
(e.g., tight, loose, or no cumulus; pyknotic nuclei, 
and so on) surrounding the oocyte (Christenson et 
al., 1975). Oocytes were categorized by assigning a 
maturational stage score for subsequent analyses 
of treatment and line effects on the oocyte- 
cumulus complex. Maturational stages ranged 
from 10 to 45; 10 = oocyte degenerate without 
germinal vesicle, 20 = oocyte degenerate with 
germinal vesicle, 21 = oocyte intact with germinal 
vesicle, 30 = oocyte degenerate with germinal 
vesicle containing fine-threaded chromatin, 3 1 = 

oocyte intact with germinal vesicle containing 
fine-threaded chromatin, 40 = oocyte degenerate 
with germinal vesicle containing contracted 
threads of chromatin, 41 = oocyte intact with 
germinal vesicle containing contracted threads of 
chromatin, and 45 = oocyte with germinal vesicle 
breakdown. Oocyte recovery averaged 38.5 f 

Radioimmunoassays. Immunoreactive IGF-I in 
FFL and serum was determined by RIA after acid- 
ethanol extraction as described previously (Ham- 
mond et al., 1988a; Echternkamp et al., 1990). This 
procedure resulted in parallelism between human 
IGF-I standard LAmgen Biologicals, Thousand 
Oaks, CAI and porcine FFL and serum. Intra and 
interassay CV were 4.6 and 16.3%, respectively. 
Concentrations of IGF-I1 in FFL were determined 
by RIA as described previously (Buonomo et al., 
1988). Concentrations of progesterone in FFL were 
quantified by RIA (Baranao and Hammond, 1985). 
Intra- and interassay CV were 11.0 and 16.9%, 
respectively. Concentrations of estradiol in FFL 
were quantified by RIA (Cox et al., 1987) as 
modified by Spicer and Enright (19911. This proce- 
dure resulted in parallelism between estradiol 
standard and porcine FFL. Intra- and interassay 
CV were 10.5 and 22.6%, respectively. 

Radioreceptor Assay. Specific binding of LH/hCG 
to granulosa cells was determined by using a 
t12511hCG receptor assay as described previously 
(Spicer and Ireland, 1986; Spicer et al., 19861. 
Granulosa cell DNA was quantified by the 
methods of Burton (1956). 

Insulin-Like Growth Factor I Binding Protein Ac- 
tivity. Insulin-like growth factor 1 binding protein 
activity in serum and FFL was determined by 

3.2%. 
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Table 1. Effect of porcine somatotropin (pST] on oocyte maturation (OM), granulosa cell (GC) DNA content, 

insulin-like growth factor I1 (IGF-11) and progesterone concentrations in follicular fluid (FFL) 
and ovarian and uterine weights of obese and lean gilts 

~ ~~ 

No. No. of GC FFL FFL 
Treatment of follicle OM DNA, IGF-11, progesterone, Ovarian Uterine 

0 mg of pST 
and line gilts samples stage& w h 3  ng/mLb ng/mLb wt, gc wt, g 

Obese 6 24 22 (40) 1.58 15.7de 322 4.9Ede 156 
Lean 7 26 21 (29) 1.96 22.gf 161 4.14d 123 

2 mg of pST 
Obese 6 26 25 (531 1.89 17.3df 190 5.540 120 
Lean 8 37 24 (43) 2.01 13.6de 163 5.34e 123 

Obese 7 37 27 (56) 1.78 14.7de 176 6.92f 89 
Lean 8 29 22 (41) 2.30 11.0e 497 6.01ef 153 

4 mg of pST 

- 2 .29 2.2 127 .42 .23 Pooled SE - 
~ ~ ~~ ~~ 

&Number in parentheses is average number of oocytes evaluated per gilt. 
bValues are pooled means of both small and medium follicles. 
%i nificant treatment effect (P < ,011. 
d,efMeans with different superscripts differ (P c ,051. 

incubation with 1251-labeled IGF-I by the method of 
Moses et al. (1979). Follicular fluid samples from 
1.0- to 3.9-mm or fron l.0- to 6.9-mm follicles were 
pooled within gilt Pefore analysis. Briefly, 
10-pL aliquots of serum or FFL were incubated 
overnight at 4OC with 100 pL of 1251-labeled IGF-I 
(15,000 counts per minute; counter efficiency was 
75%) and 140 pL of assay buffer (PBS containing 
2.5 mg of BSA/mL, pH = 7.4). To separate bound 
from free [125111GF-I, activated charcoal (500 pL; 5% 
wt/vol in PBS containing 2.0 mg of BSA/mL) was 
added to each tube, incubated for 30 min at  4OC, 
and centrifuged at  1,200 x g for 20 min at  4OC. 
Intra- and interassay CV were 7.9 and 17.4%, 
respectively. 

Statistical Analyses. Hormone data within each 
treatment were grouped into three follicle-size 
groups, based on diameter of follicle: 1.0 to 3.9 mm 
(small), 4.0 to 6.9 mm (medium), and 2 7.0 mm 
(large). Because very few large follicles were found 
in these prepubertal gilts, only data from small 
and medium follicles were analyzed. Data were 
subjected to least squares ANOVA (SAS, 1988) for 
a 3 x 2 x 2 factorial arrangement in a randomized 
design; main effects were dose of pST = 0, 2, and 
4, line = lean and obese, and follicle size = small 
and medium. All possible interactions were also 
evaluated. Only data from prepubertal gilts were 
analyzed; 2, 2, and 0 gilts had corpora lutea a t  the 
time of slaughter in the 0, 2, and 4 mg of pST 
groups, respectively. Data showing heterogenous 
variance (FFL progesterone and estradiol, and 
numbers of LH/hCG binding sites) were analyzed 
after transformation to In (x + 1). All means 
presented in results are least squares means f 
SE. Specific differences between means were 
determined using the PDIFF procedure (SAS, 1988) 

if significant main effects were observed. Relation- 
ships among the variables measured were evalu- 
ated by regression and simple correlation analysis 
(Pearson correlation coefficients; SAS, 1988). 

Results 

Gross Ovarian and Uterine Molphology. Ovarian 
weight was increased (P c ,011 in pST-treated lean 
and obese gilts. However, ovarian weight was not 
affected (P  > .lo) by line of gilt (Table I). Uterine 
weight was unaffected (P > .lo) by pST dose, line, 
or their interaction (Table 1). 

The number of 1.0- to 3.9-mm follicles increased 
(P c .08) with dose of pST (Figure 1) but was 
unaffected (P > .lo) by line of gilt. Averaged 
across lines, 4 mg of pST increased the number of 
1.0- to 3.9-mm follicles by 52%. The numbers of 
medium follicles were unaffected (P  > .lo) by pST 
dose, line, or their interaction (Figure 11. 

Oocyte Measurements. Maturational stage of 
oocytes was not affected by pST dose, line, or their 
interaction (Table 1). Similarly, oocyte viability 
averaged 77.2 f 2.2% and was unaffected (P > ,101 
by pST dose, line, or their interaction. 

Insulin-Like Growth Factor I in Serum and Follicu- 
lar Fluid. Significant main effects on serum IGF-I 
were dose of pST (P .01) and line (P < .011. Both 2 
and 4 mg of pST increased ( P  c .05) concentrations 
of IGF-I in serum at slaughter in lean and obese 
gilts (Figure 2); 4 mg of pST increased serum IGF-I 
3.6- and 3.9-fold above controls in lean and obese 
gilts, respectively. The largest difference in serum 
IGF-I between lean and obese gilts were observed 
in gilts treated with 2 mg of pST (Figure 2). No 
significant pST dose x line interaction was ob- 
served . 
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Figure 1. Numbers of small (1.0 to 3.9  mm) and 
medium (4.0 to 7.0 mm) follicles measured in prepuber- 
tal obese (A) and lean (B) gilts. In (A), pooled SE - 21.9 
and 3.0 for small and medium follicles, respectively. *P 
< .OS vs 0 mg/d. In (B), pooled SE = 20.4 and 2.8 for 
small and medium follicles, respectively. PST = porcine 
somatotropin. 

Porcine somatotropin also increased concentra- 
tions of IGF-I in FFL (Figure 21. Significant main 
effects were dose of pST (P < .Ol), line (P e .Ol), 
and follicle size (P < .05), with no significant (P > 
.lo1 interactions. Obese gilts had 33% greater 
concentrations of IGF-I in FFL than did lean gilts 
(1,220 vs 915 f 69 ng/mL), and medium follicles 
had 21% greater concentrations of IGF-I than 
small follicles (1,171 vs 964 k 78 ng/mL1. 
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Insulin-Like Growth Factor II in FoZlicular Fluid. 
Concentrations of IGF-I1 in FFL were affected (P < 
-05) by dose of pST, and there was a pST x line 
interaction (Table 1). Porcine somatotropin (2 and 4 
mg) treatment decreased (P < .05) IGF-I1 concen- 
trations in FFL of lean gilts but had no effect (P > 
.lo1 on FFL IGF-I1 in obese gilts (Table 1). Line, 
follicle size, or their interaction did not affect (P > 
.IO) FFL IGF-11. 

FoZZicuZar Fluid Steroids. Concentrations of 
progesterone measured in FFL of small and of 
medium follicles were not affected (P > .lo) by 
dose of pST, line, or follicle size (Table 1). 

Concentrations of estradiol in FFL were in- 
fluenced (P < .01) by pST dose, line, and follicle 
size, and there was a pST x line interaction. As 
illustrated in Figure 3, both 2 and 4 mg of pST 
decreased estradiol in FFL of medium follicles of 
obese gilts but had no effect on FFL estradiol in 
medium follicles of lean gilts. Also, dose of pST 
had no effect on FFL estradiol in small follicles of 
lean or obese gilts (Figure 31. Averaged across 
follicle sizes and pST doses, obese gilts had 
2.0-fold greater FFL estradiol concentrations than 
did lean gilts (13.0 vs 4.9 f 2.2 ng/mL1. Averaged 
across line and pST doses, medium follicles had 
fourfold greater concentrations of estradiol than 
did small follicles. 

Luteinizing HormonelHurnan Chorionic 
Gonadotropin Receptors. The numbers of granulosa 
cell LH/hCG binding sites were influenced (P c; 
.05) by dose of pST and follicle size. No significant 
(P > .lo) interactions were observed. Averaged 
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Figure 2. Concentrations of insulin-like growth factor I (IGF-I) in serum and follicular fluid of small (1.0 to 3.9 
mm) and medium (4.0 to 7.0 mm) follicles collected in prepubertal obese (A) and lean (B) gilts. For (A) and (B), 
pooled SE = 195, 138, and 190 nglmL for serum and small and medium follicles, respectively. a~b~c~dWithin serum 
and follicle-size categories, but across panels, means with different letters differ (P < .05). PST = porcine 
somatotropin. 
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across pST dose and line, medium follicles had a 
4.1-fold greater (P e .01) number of LH/hCG 
binding sites than small follicles (77 vs 19 f 17 
cpm/pg DNA; Figure 4). Porcine somatotropin (2 or 
4 mg) had no effect on LHhCG binding in small 
follicles, whereas 2 and 4 mg of pST decreased (P 
e .05) LH/hCG binding in medium follicles (Figure 
4). Averaged across lines, 4 mg of pST decreased 
LH/hCG binding in medium follicles by 8 1 O/O. 

Dose of pST, line, or follicle size had no effect (P 
> .lo) on granulosa cell DNA content (Table 1). 

Binding Protein Activity. The IGF-I binding pro- 
tein activity (expressed as percentage of [12511IGF-I 
specifically bound/lO pL) in serum was influenced 
( P  e .05) by pST dose, and there was a pST x line 
interaction (Table 2). Porcine somatotropin (4 mg 
but not 2 mg) increased (P  < .05) IGF-I binding 
protein activity in serum of obese gilts but not in 
serum of lean gilts. Insulin-like growth factor I 
binding protein activity in FFL of small and 
medium follicles was not affected (P > . lo) by pST 
dose, line, or their interaction (Table 2). 

CorreZution Coefficients. Data of small and 
medium follicles were separated within line for 
correlation analysis (Table 3). In obese gilts, FFL 
estradiol in small and medium follicles was cor- 
related with FFL IGF-I (r = -.23 and -.36, respec- 
tively), progesterone (r = .27 and .40, respectively) 
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Figure 3. Concentrations of estradiol (E2) in follicular 
fluid (FFL) in small (1.0 to 3.9 mm) and medium (4.0 to 
7.0 mm) follicles collected in prepubertal obese (A) and 
lean (B) gilts. In (A),  pooled SE = 4.3 and 6.7 ng/mL in 
small and medium follicles, respectively. In (B), pooled 
SE = 4.4 and 5.7 ng/mL in small and medium follicles, 
respectively. **P e .05 vs 0 mg/d (A). * P  c .05 vs 
obese gilts within follicle size and porcine somatotropin 
(PST) dose. 
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Table 2. Effect of porcine somatotropin (pST) 
on insulin-like growth factor I (IGF-I) binding 
protein activity (BPA) in serum and follicular 

fluid (FFL) of obese and lean gilts 

IGF-I BPA, YO a 

FFL 
Treatment No. of 
and line samplesb Serum Small Medium 

0 mg of pST 
Obese 0 7.9c 10.5 7.8 
Lean 5 9.gde 9.6 9.2 

Obese 5 9.1cd 9.8 10.5 
2 mg of pST 

Lean 8 9.8de 10.9 9.4 

Obese 7 10.7e 9.9 9.3 
Lean 6 10.1de 11.9 11.9 

Pooled SE - .4 1 .o 1.1 

specifically bound per lo-@ sample. 

follicles were pooled within gilts. 

4 mg of pST 

aIGF-I BPA is expressed as the percentage of 1125111GF-I 

bNumber of samples; FFL samples from small and medium 

Csd@Means with different superscripts differ (P < ,051. 

and [WlhCG binding (r = .25 and .82, respective- 
ly). Follicular fluid IGF-11 was correlated with FFL 
estradiol Ir = .53) and progesterone (r = .23) in 
small follicles of obese gilts only. In lean gilts, FFL 

IB 
0 1-3.9 rnrn 

0 4-7 rnrn 
150 

2004 I I 

O 1-3.9 rnrn 

0 4-7 rnrn 
150 

1 100 

50 

0 
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Figure 4. Numbers of luteinizing hormone/human 
chronic gonadotropin (hCG] binding sites in granulosa 
cells of small (1.0 to 3.9 mm) and medium (4.0 to 7.0 
mm) follicles in prepubertal obese (A) and lean (B) gilts. 
In (A), pooled SE = 29.1 and 43.0 cpm/pg of DNA for 
small and medium follicles, respectively. Follicle size 
effect was significant (P c .01). * * P  < .05 vs 0 mgld 
within (A) or (B).  PST = porcine somatotropin. 
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IGF-I1 and IGF-I were negatively correlated (r = 
-.31) in medium b u t  not in small) follicles. 
Progesterone in FFL was correlated with FFL IGF-I 
in small (but not in medium) follicles of lean (r = 

.Sll and obese (r = ,271 gilts. Mean FFL IGF-I was 
positively correlated (r = .811 with serum IGF-I in 
each line of gilts (Table 3). In addition, serum IGF-I 
and mean FFL IGF-I were positively correlated 
with numbers of small follicles in lean (r = .48 and 
.50, respectively; P c .05) but nonsignificantly in 
obese gilts (r = .29 and .32, respectively; P > .lo). 
Numbers of medium follicles were not correlated 
(P > .lo) with serum IGF-I or mean FFL IGF-I in 
either line of gilts. 

Discussion 

Treatment of pigs with pST has caused 
2- to 11-fold increases in serum IGF-I concentra- 
tions in previous studies (Sillence and Etherton, 
1987; Evock et al., 1988; Bryan et al., 1989). 
Similarly, we observed three- to fourfold increases 
in serum IGF-I in blood of gilts treated with 2 or 4 
mg of pST daily. This increase in serum IGF-I, and 
the associated increases in pST, IGF-11, and 
insulin (Buonomo et al., 1990) [either alone or in 

ET AL. 

combination), may account for the increases in 
ovarian weight and follicular function (Hsueh et 
al., 1984; Geisthovel et al., 1990) and for the 
changes in growth performance and carcass meas- 
urements (Yen et al., 199Oa). However, pST treat- 
ment did not affect oocyte maturation in gilts of 
the present study, a n  observation not previously 
reported. Studies using Xenopus oocytes (Hainaut 
et al., 1991) and rat cumulus-oocyte complexes 
(Feng et al., 1988) have shown direct stimulatory 
effects of low doses of IGF-I (10 to 50 ng/mL1 on 
oocyte maturation in vitro. The cause(s1 for the 
differences between in vivo and in vitro effects of 
IGF-I on oocyte maturation remain to be deter- 
mined. 

Also, our study is the first to report effects of 
exogenous pST treatment on the number of LH/ 
hCG binding sites in granulosa cells. This may 
explain why Bryan et al. (1989) observed a signifi- 
cant reduction in LH responsiveness of porcine 
granulosa cells cultured in vitro from pST-treated 
gilts. Based on in vivo (Advis et al., 1981) and in 
vitro (Jia et al., 1986) work in rats, increased pST 
should increase the number of LH receptors in 
granulosa cells. Similarly, Kirkwood et al. (1990) 
have shown a significant increase in LH/hCG 
binding in corpora lutea of gilts treated with pST 

Table 3. Correlation coefficients between concentrations of insulin-like growth 
factor I (IGF-I), insulin-like growth factor I1 (IGF-11), progesterone (P4), 
and estradiol (Ez) in follicular fluid (FFL) and granulosa cell luteinizing 
hormone (LH)/human chorionic gonadotropin (hCG) binding in small (S) 

and medium (M) follicles of obese and lean gilts 

LHhCG 
Line and binding, 

cpm/pg of DNA 

Obese-S 
hormone na IGF-I1 E2 p4 

IGF-I 58 -.09 -.23* .25* -.20 
IGF-I1 59 .53** .23* .20 
E2 61 .27** .25* 
p4 61 .30** 

Obese-M 
IGF-I 24 -.07 -.36* -.30 -.14 
IGF-I1 23 -.23 -.15 -.32 
E2 24 .40** .82** 
p4 26 .29 

IGF-I 58 -.22 .o 1 .61** -.21 
IGF-I1 54 -.04 -.09 -.OQ 
E2 54 -.07 .17 
p4 57 -.23 

IGF-I 35 -.31* .26 .02 -.lo 
IGF-I1 33 -.2 1 -.16 -.02 
E2 32 .19 -.14 

Lean-S 

Lean-M 

p4 35 -.28 

*Number of samples. 
* P  < .lo; **P < .05; Mean FFL IGF-I correlated (P  < .0011 with serum IGF-I in obese and lean 

gilts (r = .81 and .81, respectively). 
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for 8 d. Moreover, because IGF-I enhanced FSH- 
induced increases in numbers of LH receptors in 
rat (Adashi et al., 1985) and porcine (Maruo et al., 
1988) granulosa cells, it was anticipated that the 
increased IGF-I (or STI would increase rather than 
decrease LH receptors in medium follicles in pST- 
treated gilts of the present study. However, the 
high concentrations of IGF-I may have caused a 
down-regulation in the ovarian IGF-I response 
system, as has been shown in other systems 
(Cascieri et al., 1988). Because estradiol increases 
the numbers of LH receptors in cultured porcine 
(May et al., 1980) and rat (Hsueh et al., 1984) 
granulosa cells, perhaps the decreased concentra- 
tions of estradiol were, in part, responsible for the 
decreased number of LH/hCG binding sites ob- 
served in the present study, a t  least in obese gilts. 
In support of this suggestion, FFL estradiol and 
numbers of LH/hCG binding sites in medium 
follicles were positively correlated in obese (r = 
.82) gilts but not in lean (r = -.14) gilts. Greater LH 
binding to granulosa cells from medium than from 
small porcine follicles agrees with previous studies 
(Nakano et al., 1977). 

In vitro, IGF-I stimulates estrogen production by 
granulosa cells from rats (Adashi et al., 1985) and 
pigs (Maruo et al., 1988). However, in the present 
study estradiol concentrations were lower in FFL 
of pST-treated obese gilts than in that of untreated 
obese gilts in spite of fourfold increases in serum 
and FFL IGF-I concentrations. Estradiol concentra- 
tions in FFL of lean gilts were lower than those in 
FFL of obese gilts and were unaffected or slightly 
increased by pST, thus explaining the significant 
pST dose x line interaction. Because IGF-I1 concen- 
trations decrease'd in FFL of lean but not of obese 
gilts, it is unlikely that changes in IGF-I1 are 
responsible for the decrease in FFL estradiol 
concentrations or numbers of LH/hCG binding 
sites observed in medium follicles of obese gilts. In 
comparison, Bryan et al. (1989) found no effect of 
pST on FFL estradiol concentrations in Yorkshire 
or Duroc gilts. In vitro, ST has no effect on FSH- 
induced estrogen production (Jia et al., 19861, and 
thus it is unlikely that increased pST caused the 
decrease in estradiol concentrations in FFL of the 
present study. Reasons for the discrepancies be- 
tween in vitro and in vivo studies are unknown. 

In vitro, ST and IGF-I enhance progesterone 
production by cultured granulosa cells (Adashi et 
al., 1985; Veldhuis et al., 1985; Jia et al., 1986; Hsu 
and Hammond, 1987). Although pST treatment had 
no effect on FFL progesterone, FFL IGF-I was 
positively correlated with FFL progesterone in 
small b u t  not in medium) follicles of obese and 
lean gilts. Similarly, a positive correlation between 
FFL progesterone and IGF-I has been reported for 
bovine follicles (Spicer et al., 1988; Spicer and 
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Enright, 1991). In a previous report (Bryan et al., 
1989), a significant increase in FFL progesterone 
was observed in only one of two experiments in 
which gilts were treated with pST for 30 to 65 d. 

The mechanism by which pST alters follicular 
growth is unknown. Presumably the increased 
number of small follicles in pST-treated gilts 
resulted from increased IGF-I concentrations in 
serum and(or1 FFL because the in vitro stimulatory 
effect of IGF-I on follicular granulosa cell mitosis 
is well known (Adashi et al., 1985; Hammond et al., 
1988bl. In support of this suggestion, we observed 
that serum and FFL IGF-I and numbers of small 
b u t  not of medium) follicles were positively cor- 
related Cr = .29 to .32 in obese and r = .48 to .50 in 
lean gilts). Because the positive association be- 
tween numbers of ovarian follicles and serum and 
FFL IGF-I was limited to small follicles, perhaps 
IGF-I is involved with follicular recruitment and 
not with follicular selection in the gilt. 

As previously reported (Walton and Etherton, 
1989; Owens et al., 19901, pST increased IGF-I 
binding protein activity in serum of the present 
study. Although total IGF-I binding protein ac- 
tivity in FFL was not altered by pST, it is possible 
that the amounts of the various molecular weight 
species of IGF-binding proteins in FFL may have 
been altered by pST treatment, thus affecting local 
actions of IGF-I (Mondschein et al., 1991). 

Similar to previous studies examining bovine 
(Spicer et al. 1988; Echternkamp et al., 1990; Spicer 
and Enright, 1991) and porcine follicles (Hammond 
et al., 1988a1, a positive association between 
follicular size and IGF-I concentration was ob- 
served. Whether this increased concentration of 
IGF-I in medium follicles is due to increased local 
biosynthesis or increased diffusion of IGF-I from 
serum remains to be determined. Concentrations 
of IGF-I in serum and FFL were positively cor- 
related (r = .811, supporting the idea that blood 
serum is a source of intraovarian IGF-I. Regard- 
less of the source of FFL IGF-I, the concentrations 
measured in FFL in the present study are a t  least 
lo-fold greater than the maximal concentrations 
that have been tested and shown to stimulate 
porcine granulosa cell proliferation and steroid0 
genesis in vitro (Baranao and Hammond, 1984; 
Veldhuis et al., 1985; Maruo et al., 1988; May et al., 
1988). 

Implications 

Long-term porcine somatotropin treatment 
tended to increase the numbers of small follicles 
and significantly decrease estradiol concentra- 
tions and numbers of granulosa cell luteinizing 
hormone/human chorionic gonadotropin binding 
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sites in medium follicles of prepubertal gilts. The 
hormonal mediator(s1 of the effects of porcine 
somatotropin on follicular function are unknown 
but may include insulin-like growth factor I and(or1 
porcine somatotropin directly. Additional studies 
will be required to determine whether exogenous 
porcine somatotropin can alter reproductive per- 
formance. 

Literature Cited 

Adashi, E. Y., C. E. Resnick, J. D'Ercole, M. E. Svoboda, and J. J. 
Van Wyk. 1985. Insulinlike growth factors as intraovarian 
regulators of granulosa cell growth and function. Endocr. 
Rev. 6:400. 

Advis, J. P., S. S. White, and S. R. Ojeda. 1981. Activation of 
growth hormone short loop negative feed back delays 
puberty in the female rat. Endocrinology 108:1343. 

Baranao, J.L.S., and J. M. Hammond. 1984. Comparative effects 
of insulin and insulin-like growth factors on DNA synthesis 
and differentiation of porcine granulosa cells. Biochem. 
Biophys. Res. Commun. 124:484. 

Baranao, J.L.S., and J. M. Hammond. 1985. Serum-free medium 
enhances growth and differentiation of cultured pig 
granulosa cells. Endocrinology 116:51. 

Bryan, K. A,, A. M. Clark, and D. R. Hagen. 1990. Effect of 
treatment with and subsequent withdrawal of exogenous 
porcine somatotropin on growth and reproductive charac- 
teristics of gilts. J. Anim. Sci. 88:2357. 

Bryan, K. A., J. M. Hammond, S. Canning, J. Mondschein, D. E. 
Carbaugh, A. M. Clark, and D. R. Hagen. 1989. Reproduc- 
tive and growth responses of gilts to exogenous porcine 
pituitary growth hormone. J. Anim. Sci. 67:196. 

Buonomo, F. C., D. L. Grohs, C. A. Baile, and D. R. Campion. 
1988. Determination of circulating levels of insulin-like 
growth factor I1 (IGF-11) in swine. Domest. Anim. En- 
docrinol. 5:323. 

Buonomo, F. C., J. Klindt, J. T. Yen, and W. G. Pond. 1900. 
Effects of porcine somatotropin (PST) administration on 
endocrine parameters in genetically lean and obese swine. 
J. Anim. Sci. 68(Suppl. 1):292 [Abstr.). 

Burton, K. 1056. A study of the conditions and mechanisms of 
the diphenylamine reaction for the colorimetric estimation 
of deoxyribonucleic acid. Biochem. J. 82:315. 

Cascieri, M. M., N. S. Hayes, B. Kelder, J. J. Kopchick, G. G. 
Chicchi, E. E. Slater, and M. L. Bayne. 1988. Inability of a 
mouse cell line transformed to produce biologically active 
recombinant human insulinlike growth factor-I (IGF-I) to 
respond to exogenously added IGF-I. Endocrinology 122: 
1314. 

Christenson, R. K., S.E. Echternkamp, and D. B. Laster. 1975. 
Oestrus, LH, ovulation and fertility in beef heifers. J. 
Reprod. Fertil. 43:543. 

Cox, N. M., J. L. Ramirez, I. A. Matamoros, W. A. Bennett, and 
J. H. Britt. 1987. Influence of season on estrous and luteiniz- 
ing hormone responses to estradiol benzoate in ovariec- 
tomized sows. Theriogenology 27:395. 

Echternkamp, S. E., L. J. Spicer, K. E. Gregory, S. F. Canning, 
and J. M. Hammond. 1990. Concentrations of insulin-like 
growth factor4 in blood and ovarian follicular fluid of cat- 
tle selected for twins. Biol. Reprod. 43:8. 

Enright, W. J. 1989. Effects of administration of somatotropin on 
growth, feed efficiency and carcass composition of 
ruminants: A review. In: K. Sejrsen, M. Vestergaard, and A. 
Neimann-Sorensen (Ed.) Use of Somatotropin in Livestock 
Production. pp 132-158. Elsevier Applied Science, London. 

Evock, C. M., T. D. Etherton, C. S. Chung, and R. E. Ivy. 1988. 

ET AL. 
Pituitary porcine growth hormone (pGH) and a recom- 
binant pGH analog stimulate pig growth performance in a 
similar manner. J. Anim. Sci. 66:1928. 

Feng, P., K. J. Catt, and M. Knecht. 1988. Transforming growth 
factor-p stimulates meiotic maturation of the rat oocyte. 
Endocrinology 122:181. 

Geisthovel, F., 1. Moretti-Rojas, F. J. Rojas, and R. H. Asch. 1900. 
Insulin-like growth factors and thecal-granulosa-cell func- 
tion. Hum. Reprod. 5:785. 

Gluckman, P. D., B. H. Breier, and S. R. Davis. 1987. Physiology 
of the somatotrophic axis with particular reference to the 
ruminant. J. Dairy Sci. 70:442. 

Hainaut, P., A. Kowalski, Y. Le Marchand-Brustel, S. Giorgetti, 
N. Gautier, and E. Van Obberghen. 1991. Effects of insulin, 
insulin-like growth factor-I (IGF-I) and progesterone on glu- 
cose and amino acid uptake in Xenopus laevis oocytes. 
Mol. Cell. Endocrinol. 75:133. 

Hammond, J. M., C. J. Hsu, J. Klindt, K. B. Tsang, and B. R. 
Downey. 1988a. Gonadotropins increase concentrations of 
immunoreactive insulin-like growth factor-I in porcine fol- 
licular fluid in vivo. Biol. Reprod. 38:304. 

Hammond, J. M., C.-J. Hsu, J. S. Mondschein, and S. F. Can- 
ning. 1988b. Paracrine and autocrine functions of growth 
factors in the ovarian follicle. J. Anim. Sci. 66(Suppl. 2):21. 

Hanrahan, T. J. 1989. Use of somatotropin in livestock produc- 
tion: Growth in pigs. In: K. Sejrsen, M. Vestergaard, and A. 
Neimann-Sorensen (Ed.) Use of Somatotropin in Livestock 
Production. pp 157-177. Elsevier Applied Science, London. 

Hetzer, H. O., and W. R. Harvey. 1967. Selection for high and 
low fatness in swine. J. Anim. Sci. 26:1244. 

Hsu, C.-J., and J. M. Hammond. 1987. Concomitant effects of 
growth hormone on secretion of insulin-like growth factor I 
and progesterone in cultured porcine granulosa cells. En- 
docrinology 121:1343. 

Hsueh, A.J.W., E. Y. Adashi, P.B.C. Jones, and T. H. Welsh, Jr. 
1984. Hormonal regulation of the differentiation of cultured 
ovarian granulosa cells. Endocr. Rev. 5:76. 

Jia, X.-C., J. Kalmijn, and A.J.W. Hsueh. 1986. Growth hormone 
enhances follicle-stimulating hormone-induced differentia- 
tion of cultured rat granulosa cells. Endocrinology 118:1401. 

Kirkwood, R. N., P. A. Thacker, B. L. Guedo, and B. Laarveld. 
1989. The effect of exogenous growth hormone on the endo- 
crine status and the occurrence of estrus in gilts. Can. J. 
h i m .  sci. 69:931. 

Kirkwood, R. N., P. A. Thacker, B. L. Guedo, and B. Laarveld. 
1990. Effect of exogenous growth hormone during the follic- 
ular phase on hCG binding by porcine luteal tissue. Can. J. 
Anim. Sci. 70:719. 

Maruo, T., M. Hayashi, H. Matsuo, Y. Ueda, H. Morikawa, and 
M. Mochizuki. 1988. Comparison of the facilitative roles of 
insulin and insulin-like growth factor I in the functional 
differentiation of granulosa cells: In vitro studies with the 
porcine model. Acta Endocrinol. 117:230. 

May, J. V., J. P. Frost, and D. W. Schomberg. 1988. Differential 
effects of epidermal growth factor, somatomedin-C/insulin- 
like growth factor-I, and transforming growth factor-p on 
porcine granulosa cell deoxyribonucleic acid synthesis and 
cell proliferation. Endocrinology 123: 168. 

May, J. V., K. McCarthy, Jr., L. E. Reichert, Jr., and D. W. 
Schomberg. 1980. Follicle-stimulating hormone-mediated 
induction of functional luteinizing hormone-human chori- 
onic gonadotropin receptors during monolayer culture of 
porcine granulosa cells. Endocrinology 107: 104 1. 

McLaren, D. G., P. J. Bechtel, G. L. Grebner, J. Novakofski, F. K. 
McKeith, R. W. Jones, R. H. Dalrymple, and R. A. Easter. 
1990. Dose response in growth of pigs injected daily with 
porcine somatotropin from 57 to 103 kilograms. J. Anim. 
sci. 68:640. 

Mondschein, J. S., S. F. Canning, D. Q. Miller, and J. M. Ham- 
mond. 1989. Insulin-like growth factors (IGFs) as autocrine/ 



PST AND OVARIAN FUNCTION IN GILTS 3157 

paracrine regulators of granulosa cell differentiation and 
growth: Studies with a neutralizing monoclonal antibody 
to IGF-I. Biol. Reprod. 40:79. 

Mondschein, J. S., T. D. Etherton, and J. M. Hammond. 1991. 
Characterization of insulin-like growth factor-binding pro- 
teins of porcine ovarian follicular fluid. Biol. Reprod. 44:315. 

Moses, A. C., S. P. Nissley, J. Passamani, and R. M. White. 1979. 
Further characterization of growth hormone-dependent 
somatomedinbinding proteins in rat serum and demon- 
stration of somatomedin-binding proteins produced by rat 
liver cells in culture. Endocrinology 104:536. 

Nakano, R., T. Akahori, K. Katayama, and S. Tojo. 1977. Binding 
of LH and FSH to porcine granulosa cells during follicular 
maturation. J. Reprod. Fertil. 51:23. 

Owens, P. C., R. J. Johnson, R. G. Campbell, and F. J. Ballard. 
1990. Growth hormone increases insulin-like growth factor- 
I (IGF-I) and decreases IGF-I1 in plasma of growing pigs. J. 
Endocrinol. 124:269. 

Ramaley, J. A,, and C. K. Phares. 1980. Delay of puberty onset in 
females due to suppression of growth hormone. Endocrinol- 

SAS. 1988. SAWSTAT User's Guide (6th Ed.). SAS Inst. Inc., 
Cary, NC. 

Sillence, M. N., and T. D. Etherton. 1987. Determination of the 
temporal relationship between porcine growth hormone, 
serum IGF-I and cortisol concentrations in pigs. J. Anim. 
Sci. 64:1019. 

Smith, V. G., and C. W. Kasson. 1991. The interrelationship 
between crude protein and exogenous porcine 
somatotropin on growth, feed and carcass measurements 
of pigs. J. Anim. Sci. 69:571. 

Spicer, L. J., E. M. Convey, K. Leung, R. E. Short, and H. A. 
Tucker. 1986. Anovulation in postpartum suckled beef 
cows. 11. Associations among binding of 1251-labeled 
gonadotropins to granulosa and thecal cells, and concen- 

ogy 106:1989. 

trations of steroids in serum and various sized ovarian 
follicles. J. Anim. Sci. 62:742. 

Spicer, L. J., S. E. Echternkamp, S. F. Canning, and J. M. 
Hammond. 1988. Relationship between concentrations of 
immunoreactive insulinlike growth factor-I in follicular 
fluid and various biochemical markers of differentiation in 
bovine antral follicles. Biol. Reprod. 39:573. 

Spicer, L. J., and W. J. Enright. 1991. Concentrations of insulin- 
like growth factor I and steroids in follicular fluid of 
preovulatory bovine ovarian follicles: Effect of daily injec- 
tions of a growth hormone-releasing factor analog and(or1 
thyrotropin-releasing hormone. J. Anim. Sci. 69:1133. 

Spicer, L. J., and J. J. Ireland. 1986. Specific binding of 
lZ5I-labeled human chorionic gonadotropin to gonadal tis- 
sue: Comparison of limited-point saturation analyses to 
Scatchard analyses for determining binding capacities and 
factors affecting estimates of binding capacity. Anal. Bi- 
ochem. 156:25. 

Veldhuis, J. D., R. W. Furlanetto, D. Junchter, J. Gamey, and P. 
Veldhuis. 1985. Trophic actions of human somatomedin C/ 
insulin-like growth factor-I on ovarian cells: In vitro studies 
with swine granulosa cells. Endocrinology 116:1235. 

Walton, P. E., and T. D. Etherton. 1989. Effects of porcine growth 
hormone and insulin-like growth factor-I (IGF-I) on im- 
munoreactive IGF-binding protein concentration in pigs. J. 
Endocrinol. 120:153. 

Yen, J. T., J. Klindt, F. C. Buonomo, H. J. Mersmann, and W. G. 
Pond. 199Oa. Effects of porcine somatotropin (PST) adminis- 
tration on growth performance and carcass measures in 
genetically lean and obese swine. J. h i m .  Sci. 68(Suppl. 1): 
292 (Abstr.1. 

Yen, J. T., H. J. Mersmann, J. A. Nienaber, D. A. Hill, and W. G. 
Pond. 1990b. Responses to cimaterol in genetically obese 
and lean pigs. J. Anim. Sci. 68:2698. 




