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Summary

We assessed effects of ovine luteinizing hormone (oLH) and follicle-stimulating hormone (oFSH) 
on the granulosa and theca layers from the four largest follicles, B-E, of hens which had been 
hypophysectomized 12 h before expected ovulation. Ovine LH (0.4 mg), oFSH (0.4 mg) or oLH in 
combination with oFSH (0.4 mg each) was injected intravenously 6 h after hypophysectomy. Proges
terone, testosterone and estradiol-17 P levels of the granulosa and theca layers which were removed 
6 h after hormone injection, were measured by radioimmunoassay. Progesterone contents of FrF3 
granulosa layer at 12 h after hypophysectomy were much lower than those of control hens. This 
reduced progesterone level was restored partially by the injection of oLH alone for F” while no 
follicles responded to oFSH treatment. In contrast, the injection of oLH in combination with oFSH 
resulted in high progesterone content of the granulosa layer from all four follicles. Progesterone 
content of the theca layer was negligible in all treatments. Simultaneous injection of oLH and oFSH 
also elevated estradiol-17 level accumulating in the theca layer from all follicles, of which much 
higher concenirations of estradiol-17/3 were observed when comparison were made lo each of their 
corresponding controls. No appreciable change in testosterone contents of two layers was observed 
in the present experiments. These results suggest that oFSH augments function of oLH to stimulate 
the production of progesterone in the granulosa layer and estradiol-17 fi in the theca layer.
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Introduction

In the domestic fowl, high plasma concentra
tions of plasma progesterone, testosterone, and 
estradiol-17 白 occur in coincidence with increased 
concentrations of these gonadal steroids in the 
ovary, and progesterone level rises only in the 
largest follicle and estrogen in the smallest one 
(Shahabi et al., 1975). Preovulatory surge of LH 
in plasma of laying hens is associated with 
increased plasma concentration of steroid horm

ones, being possibly due to a positive feedback 
action of LH (Furr et al., 1973; Senior and 
Cunningham, 1974; Johnson and van Tienhoven, 
1984). Exogenous progesterone or testosterone, 
but not estrogen, has been reported to cause 
increased secretion of LH from the pituitary 
(Wilson and Sharp, 1975, 1976a; Etches and 
Cunningham, 1976). Extensive studies on the role 
of these steroids revealed that testosterone may 
not participate in preovulatory surge of LH 
(Wilson and Sharp, 1976b; Luck, 1982). On the 
other hand, Wilson and Sharp (1976b) suggested 
that, in the hen, the release of LH is facilitated 
by positive feedback effect of a combination of 
estrogen and progesterone. Thus, it is still not 
clear whether any particular steroid has a temp
oral relationship with preovulatory LH release 
mechanism and whether FSH participates in this 
event.

The present study was conducted to clarify 
effects of GTH on the production of gonadal 
steroid hormones in hypophysectomized hens.
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Materials and Methods

Birds
Birds from commercial hybrid egg-laying stock 

(Shaver) were used throughout the present study. 
Tliey were maintained in individual laying cages 
fitted with automatic oviposition recorders and 
were exposed to a 14 h-photoperiod (lights on 
from 05:00-19:00 h). Feed and water were avail
able at all times. All hens selected for these 
studies were 9 months old and producing more 
than 5 eggs with a pause of only a single day 
between clutches.

Experimental procedures
Hens were anesthetized by an intravenous 

injection of Nembutal (40 mg/hen; Abbot Labo
ratories, U.S.A.) 12 h bef이'e expected ovulation 
and anchored on a stereotaxic instrument, follow
ed by removal of the anterior pituitary (trans- 
buccal approach) according (o the method of 
Tanaka and Nobukuni (1977). Sham operation 
was done to each hens of the control group by 
drilling the palate until the tip of burr reaches 
just anterior to dural sheath of the pituitary. A 
total of 50 birds were hypophysectomized.

Six hours after hypophysectomy, each hens 
were injected intravenously with 0.4 nig of oLH, 
0.4 mg of oFSH or a combination of the two 
hormones (0.4 mg each). Treated hens were killed 
by cutting the jugular vein 6 h following admi
nistration of GTH. Ovine LH (NIAMDD-oLH- 
22, 2.3 々/mg) and oFSH (NIAMDD-oFSH, 15 
“/mg) were generously provided by the National 
Pituitary Agency. The four largest follicles 
(F「F4) of ovarian hierarchy were cut from their 
respective stalks and placed immediately into a 
0.15 M-NaCl solution which had been cooled 
previously with the ice water. The granulosa and 

theca layers were isolated following Gilbert et 
al. (1977) and homogenized separately using a 
glass homogenizer placed in ice. Homogenates 
were stored al —20°C until use.

Granulosa and theca homogenates from each 
follicle were mixed respectively with ethyl ether 
(3:1 V/V) and allowed to stand for a few minutes. 
Ether phase was set aside and water phase re
extracted with ethyl ether. This extraction 
procedure was repeated 10 times. Pooled extracts 
were evaporated to dryness in a water bath at 
40 °C.

Radioimmunoassay
For radioimmunoassay, each dried extract was 

dissolved in 1 ml of absolute ethanol and two 
aliquots of 0.4 ml were transferred to a 12 X 
73 mm disposable glass tube. Progesterone, tes
tosterone and estradiol-17 were measured 
according to the method described by Tanaka 
et al. (1986) except that different antisera were 
used. Cross-reactivity of antisera against various 
steroid hormones has been summarized in table
1. Minimum detectable levels of progesterone, 
testosterone and estradiol-17/? were 0.75 pg, 
1.5 pg and 1.5 pg per ml, respectively (n=3). Intra 
assay coefficient of variability was 1.55%.

Protein content in homogenized granulosa and 
theca layers was measured by the Lowry method 
(Lowry et aJ., 1951), and the amount of each 
steroid hormone was expressed as ng or pg per 
mg protein.

Slatistical analysis
All experiments were statistically analysed by 

using analysis of variance, followed by Newman- 
Kuels test to assess the significance of difference 
among the means (Snedecor and Cochran, 1967).

TABLE 1. CROSS-REACTIVITY OF ANTISERA AGAINST VARIOUS HORMONES

Antisera to:

Percent (%) cross-reactivity of hormones

Proges
terone

Testos
terone

Estra- 
diol- 
17Z?

17^-hydro- Dehy- 
Pregene- .

xyproees- drotesto-
Andro
stene
dione

Estrone EstriolnoJone terone sterone

Progesterone — 0.02 0.01 0.03 0.08 一 — — —
Testosterone 0.01 — 0.01 0.01 — 11.60 0.70 — —
Estradiol- 0.이 0.06 — 0.이 — — — 0.20 0.61

17/?
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Results

Progesterone concentration of the granulosa 
layer in controls was 34 ng per mg protein for 
F\ follicle. However, it decreased as follicular size 
decreased, while all of four follicles (Fi-F4) re
moved 12 h following hypophysectomy showed 
markedly low level (figure 1). When oLH alone 
was given 6 h following hypophysectomy, only 
Fi follicle showed progeterone-producing ability 
at 50 percent (17 ng/mg protein) of controls and 
no other follicles showed any significant response 
to oLH treatment. Ovine FSH administration had 
no effect on four follicles. In contrast, admini
stration of oLH in combination with oFSH after 

hypophysectomy resulted in a high progesterone 
level in the granulosa layer from all follicles.

Negligible concentration of progesterone was 
detected in the theca layer from F2-F4 follicles, 
whereas appreciable amount of progesterone was 
observed in F\ follicle when treated with oLH 
alone or oLH in combination with oFSH fol
lowing hypophysectomy (figure 1).

Estradiol-17 Z? content of the granulosa layer 
was much lower than that of the theca layers 
from any of the follicles. On the other hand, the 
concentration of estradiol-17 Z? of the theca layer 
in control hens was lowest (6 pg) for Fi follicle 
and highest (25 pg) for F4 follicle.
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山 111IIH) Hypox — LH 4-FSH

Theca layer
1. Progesterone concentrations of isolated granulosa and theca layers of the four largest follicles
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2. Estradiol-17/? concentrations of isolated granulosa and theca layers of the four largest follicles 

removed 12 h after hypophysectomy. Hormone was given 6 h after hypophysectomy. Each 
datum point is the mean ± SEM. Values with no common superscripts are significantly diffe
rent (p < 0.05).

413



LI ET AL.

A low or non-detectable concentration of 
estradiol-17 /? was observed in FrF4 granulosa 
layers regardless of hypophysectomy (figure 2). 
In the theca layer, the production of estradiol- 
17 ft was completely inhibited by hypophysectomy. 
Administration of oLH or oFSH alone 6 h after 
hypophysectomy failed to stimulate the production 
of estradiol-17 Z? for all four types of follicle. In 
contrast, simultaneous administration of oLH and 
oFSH led to increased estradiol-17 /3 content in 

the theca layer and response was increased as 
follicular size decreased. There was a significant 
difference in estradiol-17 (3 content in the theca 
layer between controls and combined admi
nistration of oLH and oFSH for all four 
follicles (figure 2).

On the contrary, there was no difference in 
testosterone level in the granulosa and theca layers 
between hens that had with or without the GTH 
treatment post the hypophysectomy (figure 3).
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3. Testosterone concentrations of isolated granulosa and theca layers of the four largest follicles 
removed 12 h after hypophysectomy Hormone was given 6 h after hypophysectomy. Each 
datum point is the mean 土 SEM. Values with no common superscripts are significantly diffe- 
rent (p < 0.05).

Discussion

Hypophysectoinized hens were used in the 
present study, because it has been considered that 
the elimination of the pituitary factor other than 
GTH is necessary to clarify effects of exogenous 
LH and FSH on ovarian steroidgenesis. The 
choice of time interval of 6 h between hypophy
sectomy and administration of GTH seemed 
reasonable as there is evidence that 100 percent 
of follicles of hypophysectomized hens can be 
ovulated after 15 h of GTH administration (Opel 
and Nalbandov, 1961). Hypophysectomy showed 
an inhibitory effect on progesterone synthesis in 
the granulosa layer and estradiol- 17 /3 in the 
theca layer. Such lowered progesterone-producing 
ability was restored by exogenous adminstration 
of oLH in combination with oFSH for all four 

follicles, while oLH or oFSH alone were partially 
effective only for Fj follicle. Action of oFSH, 
when combined with oLH, may not be due to 
additive effect of oLH contamination in oFSH 
preparation, since a dose of 0.4 mg FSH used 
in the present experiment contains only about 
3 mg activity of NIH-LH-SI. On the other hand, 
the finding that the theca layer did not respond 
to FSH agrees with the results of Wells et al. 
(1985) and Hammond et al. (1981) who used 
intact hens and isolated granulosa cells, respec
tively. In view of the fact that FSH augments 
action of LH to induce ovulation in vivo (Kam- 
iyoshi and Tanaka, 1972) and in vitro (Tanaka 
et al., 1987), this facilitated ovulation might be 
attributed to accelerated synthesis of progesterone. 
The present remits also imply that endogenous 
FSH participates in preovulatory surge of pro
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gesterone in addition to action of follicular matu
ration. Estradiol-17 /3 production by follicles was 
also abolished by hypophysectomy. However, 
simultaneous administration of oLH and oFSH 
resulted in a very siginificant elevation of the 
estradiol-17 Z? contained in their theca cells rather 
than from the control birds, and the response 
of smaller follicles was much greater than that 
of the later ones. On the other hand, no ap
preciable change in testosterone concentrations of 
either cell layer was observed in hypophysectomiz- 
ed hens with or without GTH treatment. The 
cause for this phenomenon is not clear at the 
present time.

Steroid production in theca cells from pre
ovulatory follicles is thought to be primarily under 
the stimulatory control of LH, because highly 
purified chicken follicle-stimulating hormone (FSH) 
and recombinant human FS니 stimulate steroid 
production in vitro only at high doses (100 to 
200 ng/ml) (Tilly and Johnson, 1989; Kowalski 
et 시., 1991). On the one hand, shortly after a 
follicle has been selected into the preovulatory 
hierarchy, the granulosa layer acquires the ability 
to respond to LH (Tilly et al., 1991) and loses 
responsiveness to FSH (Ritzhaupt and Bahr, 
1987). Subsequent steroid production from gran
ulosa cells of preovulatory follicles appears to 
be predominantly under the stimulatory control 
of LH, and resets in the formation of proges
terone, which is required for initiating or poten
tiating the preovulatory LH surge or both (Joh
nson, 1993).

Under the present experimental conditions, 
it is suggested that FSH augments action of LH 
to produced progesterone in the granulosa layer 
and estradiol-17 B in the theca layer. Further 
work, however, is required to determine the exact 
mechanism of action of GTH to follicular ste- 
roidgenesis in laying hens.
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