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ABSTRACT Prostaglandin F (PGF) concentrations in
the serum of laying and nonlaying hens and of cocks at
various times during a day were measured by radioim-
munoassay. The serum concentration of PGF was higher
in laying hens than in nonlaying hens or cocks without
regard to time of day. In all birds, the concentration
showed a peak at 2 h after onset of light (0700 h). In

laying hens on the day of laying the fourth egg of a
sequence, two peaks were found: one at 2 h after onset
of light and another at the time immediately after
oviposition. The results suggest that the serum concen-
tration of PGF in both male and female chickens shows a
daily change and that in laying hens it also shows a
change associating with oviposition.
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INTRODUCTION

Prostaglandin F (PGF) is one of PG that are classified
into a series of 10 forms (PGA through PGJ) with three
types (1 to 3) (Maclouf et al., 1977; Fukushima et al., 1982;
Wolfe, 1982; Fukushima, 1990). The amount of PG in
tissues can be measured by RIA (Behrman, 1971),
although available methods of RIA cannot distinguish
the types of PG (Hertelendy and Biellier, 1978).
Prostaglandins are produced in various tissues and have
been thought to be a local hormone (Bentley, 1976).
Prostaglandin F is present in the blood of both male and
female chickens (Hertelendy and Biellier, 1978), and its
concentration in the plasma of laying hens increases at
the time of oviposition with an increase in the content of
the ovarian preovulatory follicle (Saito et al., 1987a).
However, the role of PGF existing in the blood for
oviposition is obscure, because the blood PGF level
(order of 10–9 M) is much lower than the value of
equilibrium dissociation constant (order of 10–7 M) of
the specific binding component for PGF2a in the uterus
(shell gland) (Toth et al., 1979). It has not been reported
whether the level of blood PGF changes during a
24-h period in chickens not associated with oviposition
such as nonlaying hens or cocks. The present experi-
ments were performed to elucidate whether the increase
in the blood PGF concentration at the time of oviposi-

tion in laying hens is a specific event relating to the
occurrence of oviposition.

MATERIALS AND METHODS

White Leghorn laying hens, nonlaying hens (20 mo of
age; 1.8 to 2.2 kg body weight), and cocks (20 mo of age;
2.2 to 3.3 kg body weight) were kept under a light
regimen of 14 h (0500 to 1900 h) light and 10 h darkness,
with feed (15% CP; 2,800 kcal ME; Japan Feeding
Standard for Poultry, 1992) and water provided for ad
libitum consumption. The laying hens used were those
laying five or six eggs in a sequence (clutch) with a
1-d pause between sequences. The nonlaying hens used
were those that had not laid for at least 10 d prior to
experiments. The weights of ovary and oviduct of the
nonlaying hens were less than 8.8 and 11.2 g, respec-
tively. Serum concentrations of estradiol-17b and
progesterone were less than 290 and 321 pM, respec-
tively, as measured by RIA (Shodono et al., 1975).

The sera of the laying and the nonlaying hens and the
cocks were obtained at seven different times (five birds
at each time) during a 24-h day: 1500, 2000, 0100, 0400,
0700, 0900, and 1130 h. In the laying hens, the samplings
at these hours were made on the day of laying the first
egg of the sequence. The samplings from the laying hens
were also made on the day of laying the fourth egg of
the sequence at 0400, 0700, 0900, 1130 (within 5 min after
oviposition), and 1330 h. The times of oviposition were
determined by observing all of laying hens used.
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FIGURE 1. Changes in prostaglandin F (PGF) concentrations of the
serum in laying hens on the day of laying the first egg (C1; ÿ) and
fourth egg (C4; o) of a sequence, and nonlaying hens (⁄) and cocks (π)
during a day period. The PGF concentration was measured by RIA.
Each point represents the mean of five birds. Vertical bars represent
SEM and when not shown, SEM falls within the symbol. Asterisks
indicate significant differences (P ≤ 0.01) from values of points without
asterisk within each group of bird (C1 laying hens, C4 laying hens,
nonlaying hens, or cocks).

Prostaglandin F was extracted by the method
reported by Shimada et al. (1984). Serum was mixed
with ice-cold diethyl ether, and the aqueous portion was
placed in an ethanol bath at –60 C, to obtain the organic
phase. The remaining aqueous portion was mixed again
with ice-cold diethyl ether and frozen. The two organic
phases were combined and dried in a CVE-100
centrifugal evaporator.2 The recovery ratio of
[5,6,8,9,11,12,14,15(n)-3H]PGF2a ([3H]PGF2a)3 from the
serum was 67.7 ± 5.2% (x ± SEM, n = 5) in laying hens,
68.2 ± 1.2% (n = 5) in nonlaying hens, and 68.9 ± 2.0% (n
= 5) in cocks. The PGF concentrations were measured by
RIA (Behrman, 1971; Takahashi et al., 1994). The amount
of PGF was expressed as nanomoles of PGF2a. The dose
at which 90% of [3H]PGF2a was bound was 0.022 ± 0.002
nM (x ± SEM, n = 9), and the dose at which 50% of
[3H]PGF2a was bound was 0.34 ± 0.02 nM (n = 9). Cross-
reactivity of the PGF2a antiserum4 used was 0.01% with
PGE2, 1.58% with PGD2a, 0.68% with 6-keto-PGF1a,
0.11% with 11b-PGF2, and 0.01% with thromboxane B2.
The intra- and interassay coefficients of variation were
8.1 and 10.3%, respectively.

Statistical Analyses

The data were analyzed by one-way ANOVA
(Snedecor and Cochran, 1967). When significant (P ≤ 0.05)
effects were found, Tukey’s multiple range test (Tukey,
1953) was used to compare means of more than two
groups.

RESULTS AND DISCUSSION

The results are shown in Figure 1. The blood PGF
level was higher in laying hens than in nonlaying hens
and in cocks without regard to time of day, and the level
in the nonlaying hens was almost equal to that in the
cocks (Value of the serum PGF concentration except
peaks was 0.83 ± 0.04 (x ± SEM, n = 45) in laying hens,
0.36 ± 0.02 (n = 30) in nonlaying hens, and 0.32 ± 0.01 (n
= 30) in cocks, respectively). The levels in those birds
changed during a 24-h day showing a peak not only in
laying hens but also in nonlaying hens and cocks. In
laying hens on the day of laying the fourth egg of a
sequence, the second peak was shown. The common
peak appeared at 0700 h, which is 2 h after onset of light
and the time immediately after oviposition (within 5
min after oviposition) of the first egg of a sequence in
the laying hen. The second peak in the laying hen
appeared at 1130 h, i.e., immediately after oviposition
(within 5 min after oviposition) of the fourth egg of the
sequence.

The appearance of the peak immediately after
oviposition corresponds to the findings with the find-
ings of Olson and Hertelendy (1981), Saito et al. (1987b)
and Shimada et al. (1987). However, these authors did
not find any other peak. Because all birds showed a
peak at a definite time of day, the appearance of the
peak may be due to a rhythm of physiological functions
associating with PGF actions in various tissues. The
reason for the discrepancy between the laying hens on
the day of laying the first egg of the sequence and the
fourth egg of the sequence may be explained as a
coincidence of the appearance of peak due to this
physiological rhythm, with the appearance of peak due
to oviposition on the day of laying the first egg of the
sequence, because the time of oviposition of the first egg
of the sequence was very close to the time of the first
peak at 0700 h.

Prostaglandin F is produced in various tissues of
animals (Bentley, 1976). In laying hens, it is produced by
the ovarian follicle (Day and Nalbandov, 1977) and by
the shell gland (uterus) of the oviduct (Day and
Nalbandov, 1977; Hester and Newlon, 1991). The
production of PGF in these tissues of the laying hens is
known to be increased near the time of oviposition (Day
and Nalbandov, 1977; Saito et al., 1987a). It may be
assumed that the elevation of blood PGF level immedi-
ately after oviposition is due to the increase in the
production by the ovary and the oviduct in laying hens.
However, the cause of the peak at 0700 h appearing in
all birds is unknown and needs further investigation.
The results of the present study shows that the PGF
concentration in the blood of chickens reveals a peak
during a 24-h period, with and without regard to the
occurrence of oviposition.
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