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SUMMARY

The effects of prostaglandin-Eq (PGE4) on the induction time of
oviposition, and plasma mineral levels during egg shell calcification were
studied in sexually mature female Japanese quail (Coturnix coturnix japonica).
The birds were maintained under photoperiod (LD 14:10) till the end of the
experiment. Five levels of PGE4 (5,4, 3, 2 and 1 ug/bird) were i.m. injected
into 75 (8-wk old) females, while 45 birds served as controls. Each female was
given a single injection of PG E1/4 hrs before the predicted oviposition.

Results indicated that;-

1) the induction time of oviposition increased with the decrease in PGE;
doses,

2) Plasma Na, K, Ca and total protein concentrations increased significantly
with the increase of PGE4 doses. There were no significant differences in
the concentrations of plasma inorganic phosphorus.

3) Significant differences were noticed in egg shell colour and calcification
between the groups injected with different doses of PGE4.

It is concluded that PGE4 level plays an important role in the timing of
oviposition, increasing plasma mineral levels and total protein concentrations
in the female Japanese quail.

Keywords: Japanese quail, egg shell color and calcification, oviposition,
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INTRODUCTION
The oviposition in birds and the parturition in mammais appear to be similar

phenomena, although the underlying fundamental mechanisms are not fully
understood (Goto et al, 1985). The oviposition in birds is the result of a
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coordinated series of precisely timed physiclogical events culminating in shell
gland muscles contraction and vaginal relaxation to expel the egg (Saito ef al.,
1987).

The neurohypophyseal hormones which are implicated in regulating
oviposition in birds and initiating labor in mammals have received prominent
attention (Gilbert and Lake, 1963; Coch et al,, 1965). Several additional lines
of evidence indicated that a highly potent endogencus substances termed
prostaglandins (PGs), present in most lissues, play a functional role in the
regulation of oviposition (Wechsung and Houvenaghel, 1976 and Hertelendy
and Biellier, 1978). Several PGs particularly the E-series, when injected into
the shell gland can induce premature oviposition within a few minutes
(Hertelendy et al., 1974b). Interestingly, PGE4 and PGE3 may also play a
physiological role in the CaZ* mobilizing process during the time of active
shell calcification when the demand for Ca2t is maximal (Hertelendy et af.,
1984).

Since the high producing female Japanese quail lays an egg almost daily, it

is a convenient experimental model for studying the roles of PGs in
oviposition. The objectives of this investigation were as follows:
t- To determine the effect of PGE4 on the time of oviposition in Japanese
quail, 2- To determine the effect of PGE4 on the leve! of some minerals such
as Na®, K*, Ca2* and P. which are related to egg shell calcification and
muscle activity. 3- To assess the effect of PGEq on the total plasma protein
and its fractions.

MATERIALS AND METHODS

Two hundred and sixty eight (268) cone-day old Japanese: quail chicks
Coturnix coturnix japonica were individually weighed and their weights were
recorded to the nearest tenth gram. Chicks were brooded in starting five deck
batteries. The brooding temperature was 35°C, then reduced gradually until it
reached room temperature at 7 days of age. Chicks were fed on turkey starter
ration contained 24% protein, 3.3% crude fiber and 2954 Keal/lkg ME (Table
1). Birds were supplied with feed and water ad. libitum. At sexual maturity,
birds were reared in 18x18 cm cages (pair per cage) with a sloping floor for
collecting the eggs. The cages were in an air conditioned room with the
temperture maintained at approximately 23°C. A light period of 14 hrs/day was
provided.

Age at sexual maturity was measured in days as indicated by the lay of the
first egg. A record of egg laying for each female was kept for several weeks
before starting the experiment. The mean length of the clutches was recorded
for all individuals. The time of oviposition was determined manually every 15
min and the experimental females which laid relatively at regular sequence of
7-16 eggs on consecutive days were selected for the experiment.
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Table 1. Composition of ration

Ingredient %o
Ground yellow corn 62.0
Soybean meal (44% protein) 26.5
Fish meal 6.00
Meat meal (60% protein) . 4.00
Bone meal (12.6%protein) 1.00
Sodium chloride 0.25
Vitamins (a) & Minerals (b) : 0.25
100
Calculated analysis Yo
Crude protein : 24.0
Crude fat 3.48
Crude fibers . 3.33
Lysine 1.39
Methionine and cystine 0.80
Calcium 0.80
Available phaosphorus 0.49
Kcal ME/kg 2954.0

a) Vitamin mixture: Each kilogram of diet contains = A, 12.000 I.U. ; D3, 2000 1.U; E,
10mg.; K, 2mg.; B1, 1mg.; B2, 4mg.; B8, 1.5mg.; B12, 10pg.; Niacin, 20 mg.;
Pantothenic acid, 10mg.; Biotine, 50pg.; Folic acid, 1000ug. and Coline chloride, 005
mg.

b) Mineral mixture: Each kilogram of diet contains = Copper, 10mg.; lodine, 1.0 mg.;
lron, 30mg.; Manganese, 55mg. ; Zinc, 55mg, and Selenium, 1 mg. The carrier was
wheat bran.

Prostaglandin treatments

A total of one hundred and twenty sexually mature females were randomly
assigned to eight treatments with three replications. Since it was impossible to
collect blood samples for plasma analysis from each female, so it became
necessary to classify the laying females within each treatment into groups
according to the time of oviposition before being treated with PGE4.
Prostaglandin-E4 (Sigma Chemical Co., St. Louis, Missouri, U.S.A. No. P-
5515) was dissolved in 95% ethanol (1 mg/ml) and diluted with saline solution
(0.9% Nacl) immediately before injection. Each fermale was given a single i.m.
injection, 4 hrs before the predicted oviposition. The period between treatment
and induced oviposition "induction time" was recorded in Tables 2 and 3. The
amounts of PGEq injected were 5, 4, 3, 2, 1 ug/mlfbird for T4, Ty, T3, T4 and
Ts, respectively. As controls; females were given ethanol and saline solution
(C™).
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Table 2. The percentage incidence of oviposition in female Japanese quail
injected with PGE1 four hours before expected oviposition

Treatments No. of bird Mean Induction % ug/ bird Induction
Time

Control 15 199.5 2.9

T5 15 206.0 0.0

T4 15 155.8 25.0

T3 15 -106.1 33.3

T2 15 67.30 58.3

T1 15 160.8 25.0

Table 3. Induction of oviposition in female Japanese quail injected with PGE1

Treatment” Dose No.of No.of No. of premature  Average induction

ug/ bird Test  oviposition time (min.)®
PGE 15 12 3 12

4 12 7 21

3 12 4 13

2 11 3 20

1 12 0 -
C+ 1ml 12 0 --
a PGE1 was injected four hours before expected oviposition.

b The respaonse of the hen was regarded as positive when oviposition was
induced within 3 — 22 min. after injection.
ct The females were given ethanol and saline solution 0.9% (1 ml)

Blood analysis

Blood samples were collected at 10 min. before the expected oviposition,
zero ‘"induced oviposition”, 5, 15, and 30 min. after induced oviposition.
Selected females were decapitated and blood was collected directly into
heparinized centrifuge tubes, and were centrifuged immediately at the speed
of 6500 r.p.m for 10 min. After centrifugation, plasma were decanted into
plastic tubes, stoppered tightly and stored in deep freezer at-20°C until mineral
and hormonal assays were conducted. The plasma samples were analysed
for Ca™*, P~, K™ and Na* using 400 Flame Photometer except for Phosphorus
element, which was determined by use of phosphorus Kit (Inorganic
phosphorus 12601, 3 Palm City FL 34890 U.S.A.).

Egg shell

At the time of oviposition, the egg shell color was scored as the following:
Score 3 for prematare eggs, their shells had no color, score 2 for inadequate
color or little color eggs and score 1 for normal shell color eggs (control). The
frequency distribution of eggs was 4% for score 3, 6% for score 2 and 90% for
score 1. Egg shell calcification was scored according to the following: hen
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laying soft shelled egg (Partial calcification) took rank 2, hen laying hard
shelled egg (normal calcification) took rank 1 and control took rank zero.

Plasma proteins

Total plasma proteins were determined by the (Hitach Apparatus No. 705
manufactured by Japan). Separation of plasma protein by electrophoresis was
accomplished by use of protein electrophresis Kit, P/N 655900 manufactured
by Beckman, U.S.A. according to Beckman Instructions 015-556458-0G
(Paragon Electrophoresis System) CA 92621-6208.

Statistical Analysis

The data were statistically analysed by the use of General Linear Models
procedure as described by Statistical Analysis System (SAS), SAS/STAT
User's Guide (1988). Duncan’s New Multiple Range test was used to estimate
significant differences among means.

RESULTS AND DISCUSSION

Effect of PGE4 on the induction fime

The resulis clearly showed that the PGE4 only at relatively high doses (4 ug
per bird) induced premature oviposition in a few minutes when injected 4 hrs
before the expected oviposition, while low dose, (1 pg PGE4 per bird) had no
effect on inducing oviposition. The induction time was significantly lower in To
(4 pgfbird) than all other groups except Tz (3 pg/bird), while no significant
differnce was found between low (1 pg/bird) and high doses (5 ug/bird). Mean
while, all treated groups had significantly lower induction time than the control
groups as shown in Tables 2, 3 and 4 and Fig. 1. These results are in
agreement with the findings of Hertelendy (1972), (1973) and (Hertelendy et
al., 1974a and b); Hertelendy et al. (1975), Hammond et al. (1981); Goto et al.
(1985); Saito ef al. (1987) and with those reported by Shimada and Saito
(1989). :

Table 4. Analysis of variance for the effect of PGE1 on induction time in
female Japanese quall

S.0.V, d.f. M.S.
Total 5 43B607.87**
Error 75 6979.28*"
o P<0.01 '

High and low doses of PGE4 (5 and 1 pg/bird), produced less response in
inducing oviposition than 4 pg/bird. This may be attributed to the position of
the egg in the clutch to variations in the response of the same tissues to
different doses of the same PG (Hertelendy ef al, 1975), or to a temporary
inhibition of the shell gland (Hertelendy, 1972).

ik
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Fig. 1. Effect of different doses of PGE1 on the induction time of female
Japanese quail. '
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Table 5. Analysis of variance for the effect of PGE1 on plasma potassium
concentration in female Japanese guail

S5.0.V. d.f. M.S.
Total 5 51533.53
Error 92 ; 7821.36™
o pPe 0.01

The increased plasma calcium concentration observed in this study was
similar to the findings of Hertelendy et al., (1984). in addition, they reported an
increase in cytosolic free Ca2* concentration above a threshold fevel, which
was an essential prerequisit in the activation of the contractile elements of
shell gland smooth muscle. Such increase in Ca* was derived either from
intracellular stores (release of bound and/or decreased uptake by intracelluiar
organelles). PGs had been implicaied in both of these events. They also
added that, a specific receptors for PG appear to exist in the cell mernbrane of
shell gland muscle. Occupancy of such receptors by certain PGs should alter
some of the properties of the cell membrane in such a way as to cause inter
alia "change in ion fluxes, particularly in transport of Ca".

It is apparent that birds injected with 5 pg PGE4 had highly significant
higher calcium concentration as compared to birds injected with 1 pg PGE4.
This might indicate that PG had an enhancing effect on calcium metabolism.
Gilbert et al. (1982) postulated that PGs were involved in calcium metabolism
in both mammals and birds. They noted that PGs synthetase inhibitors (PGI)
caused hypocalcemia. In addition, elevated plasma levels of PGE4 in laying
hens, that were injected with high dose of PGE4 during the time of active shell
calcification (4 hrs before oviposition), might had stimulated the mobilization of
skeletal calcium (Hertelendy, 1980). Molnar et al. (1987) found that both Ca2*
and cAMP were key components of the mechanism regulating shell gland
smooth muscle contractility. Uterotonic PGs and other myometrial agonists
have been proposed to initiate their physiological response (contraction of the
muscles) by increasing intracellutar CaZ* levels, wherease substances that
increase cAMP accumlation caused relaxation.

There appear to be an interrelation between PGs and calcium metabolism,
but the available literature contains no studies on the mechanism of action of
PGEq on bone resorbtion.

Phosphorus concentration increased only slightly using 3 and 2 pg of
PGE4. However, the mean differences between treatments were not
significantly different. These results indicated that PGs may have an indirect
effect on the phosphorus, through its effect on the cAMP.

Data of the present study showed that when PGE4 was injected into
female laying quail 4 hrs before expected oviposition, egg shell appeared with
no pigments. These effects were due to PGE4 which enhanced the uterine
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mechanism by which PGs interact with the feedback and neurotransmitter
systems known to regulate the hypothalamo-pituitary unit.

Table 7. Effect of prostaglandin-E | on the total plasma protein and plasma
protein electrophoretic fractions

Total plasma Plasma protein electrophoresis fractions AIG
T Concentrations Albumin alpha- beta- gamma- Ratio
grn/d| globulin globulin  globulin
ug/mi/bird
1 7 51.38 29.6 13.63 7.85 1.39
2 2.61 47.48 22.0 19.13 . 9.78 1.20
3 3.70 44.03 26.05 19.28 8.88 1.12
4 4.21 49.88 16.5 224 1123 1.34
5 477 44 .4 18.4 242 12.83 1.06
C+ 2.22 39.35 16.63 5.43 8.0 0.91

All values presented as means.
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