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　　Difference of onset of increase of PRL content in the anterior pituitary gland and plasma PRL concentration during 
the late stage of chicken embryogenesis is well known.  To investigate the disagreement, changes in PRL content and 
PRL mRNA levels, and the effects of vasoactive intestinal polypeptides (VIP) on PRL release and PRL mRNA 
expression were examined using western blot analysis and real-time PCR quantification.  Changes in SPRL content 
were strongly correlated with PRL mRNA levels.  The increase in PRL content on day 17 of incubation may be caused 
by the increase in PRL mRNA levels on day 16 of incubation.  Additionally, the effects of VIP on PRL release from the 
embryonic anterior pituitary gland were not observed until day 18 of embryogenesis.  These results suggest that 
increased levels of PRL mRNA and PRL content in the anterior pituitary gland are closely correlated.  However, the 
increased expression of PRL mRNA observed on day 17 and the initiation of PRL release from the anterior pituitary 
gland on day 19 were differentially regulated.  According to the results of western blot analysis, the proportion of 
glycosylated PRL (G-PRL) and non-glycosylated PRL (NG-PRL) in the anterior pituitary gland at the end stage of 
development differed from the proportion of PRL released from the anterior pituitary gland.  According to the results 
of two-dimensional western blot analysis, no isoforms with different isoelectric points were detected in the culture 
medium on days 19 and 20.  These data suggest that the peptide chains of G-PRL and NG-PRL were not modified.  In 
conclusion, the differentiation of PRL-producing cells and the maturation of the hypothalamus and anterior pituitary 
gland were completed at the end stage of incubation, and that different factors regulated the initiation of PRL mRNA 
expression before day 18 of incubation.
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Introduction

　Prolactin (PRL) is a peptide hormone primarily synthesized 
in the anterior pituitary gland.  PRL primarily promotes the 
growth and development of the mammary glands and stimu-
lates milk production in mammals.  Additionally, PRL modu-
lates various physiological activities.  Many functions of PRL 
are supported by the expression of the PRL receptor gene in 
various tissues (Kelly et al., 1989; Bole-Feysot et al., 1998).  
Similarly, the mRNA expression of PRL receptor genes in 

various tissues supports multiple functions of PRL in birds 
(Zhou et al., 1996; Ohkubo et al., 1998).  For example, crop-
sac development in Columbiformes and the induction of 
broody behavior in Galliformes are well-known PRL func-
tions in birds (Riddle et al., 1935).  Furthermore, PRL is 
associated with anti-gonadal effects (Zadworny et al., 1989), 
immune responsiveness (Skwarlo-Sonta et al., 1986), and 
osmoregulation (Doneen & Smith, 1982a, 1982b).
　Changes in plasma PRL levels in chicken embryos were 
first identified by Harvey et al. (1979), who observed an 
increase in PRL levels between days 13 and 15 of embryo 
development.  Ishida et al. (1991) measured both plasma 
levels and pituitary PRL content during chicken embryo-
genesis.  The increases in PRL levels between days 18 and 19 
were significantly positively correlated with PRL mRNA 
levels in the anterior pituitary gland.  Kansaku et al. (1994) 
reported a similar PRL mRNA expression profile and PRL 
content in the cephalic lobe of the anterior pituitary gland 
during chicken embryogenesis.  Additionally, increases in 
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plasma PRL levels, pituitary PRL content, and PRL mRNA 
expression have been detected at the end of turkey em-
bryogenesis (Bédécarrats et al., 1999c).  These results indicate 
that increases in plasma PRL levels in chicken embryos 
originate from PRL mRNA expression in the anterior pituitary 
gland.
　PRL exists in several isoforms.  Using western blot analy-
sis, Bédécarrats et al. (1999c) detected PRL of different sizes 
in the anterior pituitary gland of turkey embryos.  The higher 
levels of PRL observed on day 26 of incubation than on day 
22 were due to changes in the PRL content in the anterior 
pituitary gland.  Two sizes of PRL molecules have also been 
detected at different reproductive stages (Bédécarrats et al., 
1999a, b).  In addition, different PRL isoforms have been 
detected in chickens using one- and two-dimensional SDS-
polyacrylamide gel electrophoresis (PAGE); they differed 
slightly in molecular size and isoelectric points (Hiyama et 
al., 2009).  Interestingly, treatment with N-glycosidase and 
neuraminidase resulted in PRL of a single molecular weight 
and PRL of two molecular weights, respectively.  Thus, 
different molecular sizes and isoelectric points are produced 
by post-translational modifications, such as glycosylation and 
the addition of neuraminic acid to the end of glycans.
　Plasma PRL levels and pituitary PRL content were pre-
viously detected on day 12 of chicken embryogenesis and day 
18 of turkey embryogenesis (Harvey et al., 1979; Ishida et al., 
1991; Bédécarrats et al., 1999c).  In addition, PRL in the an-
terior pituitary gland has been reported on days 17 and 22 of 
chicken and turkey embryogenesis, respectively (Bédécarrats 
et al. 1999c; Hiyama et al., 2009).  Thus, PRL was only de-
tected in the late stages of embryogenesis.  However, it is 
unclear whether PRL, including glycosylated PRL, exists in 
the anterior pituitary gland during the mid-stage of embryonic 
development.  Moreover, a two-dimensional identification of 
the released PRL has not yet been reported.
　In addition, vasoactive intestinal polypeptide (VIP) induces 
the release of PRL in adult birds; thus, active and passive 
immunization against VIP prevents the secretion of PRL in 
galliform species, interrupting the incubation behavior (Sharp 
et al., 1989; Youngren et al., 1994; El Halawani et al., 1995).  
Notably, hypothalamic VIP content and mRNA levels of the 
incubation phase were higher than those of the laying phase 
(Sharp et al., 1989; Talbot et al., 1995; Chaiseha et al., 2004).  
In addition, PRL secretion from the anterior pituitary gland  
of adult chickens and turkeys can be stimulated by VIP 
(Proudman and Opel, 1988; Kansaku et al., 1995; Bedecarratts 
et al., 1999b).  The VIP receptor (VIPR) is expressed in the 
anterior pituitary gland of embryonic chickens (Kansaku et 
al., 2001).  Moreover, changes in PRL mRNA levels during 
the late stage of embryonic development are stimulated by 
VIP (Kansaku et al., 2016).  These data suggest that hy-
pothalamic VIP induces PRL mRNA expression and increases 
plasma PRL levels during the late stage of embryogenesis.  
However, VIPR mRNA levels in the late stages of em-
bryogenesis have not been reported.  Thus, the details of the 
relationship between VIP and PRL release remain unknown.
　Therefore, this study aimed to investigate the regulatory 

mechanisms of PRL synthesis and release from the anterior 
pituitary gland of chicken embryos.  In addition, the molecular 
form of the released PRL at the late stage of chicken em-
bryogenesis was compared with the PRL isoform ratio in the 
anterior pituitary gland.

Materials and Methods

Preparation of Embryonic Anterior Pituitary Glands and 
Ethical Guidelines
　A total of 450 fertilized eggs from White Leghorn hens 
were obtained from a local hatchery (Chiba Hatchery Co., 
Togane, Chiba, Japan) and incubated at 37℃ in a humidified 
incubator.  Handling of the eggs and sampling of embryonic 
anterior pituitary glands were conducted according to the 
guidelines for animal experimentation at Azabu University 
(approval numbers 190701-2 and 210121-2).
Production of Chicken PRL Antibodies
　The pCold-I plasmid (Takara Bio, Tokyo, Japan) was used 
as an expression vector to produce recombinant chicken PRL.  
The mature chicken PRL-coding region was amplified via 
PCR and ligated into the cloning site of pCold-I.  The 
constructed vector was used to transform Escherichia coli 
(BL21) according to the protocol described by Hanahan 
(1983).  Transformed cells were grown, and the synthesis of 
recombinant PRL was induced using cold shock.  Recombinant 
PRL was purified as previously described (Ohkubo et al., 
1993).  The extracted PRL was then used as an immunogen to 
produce polyclonal chicken PRL antibodies.  Western blot 
analysis of the homogenate of the chicken anterior pituitary 
gland revealed that the antibodies raised against recombinant 
PRL produced the same immunoreactive bands as the antisera 
of the PRL Radioimmunoassay system previously provided 
by the National Hormone and Pituitary Program (Kansaku et 
al., 1998) and the monoclonal anti-PRL antibody (provided 
by Prof. Luc. R. Berghman, Texas A&M University) raised 
against recombinant PRL (Ohkubo et al., 1993).
Detection of PRL in Embryonic Anterior Pituitary Glands
　Anterior pituitary glands were harvested from developing 
embryos on days 14, 15, 16, 17, 18, 19, and 20 of em-
bryogenesis.  Between six and ten anterior pituitary glands 
were pooled and stored at －80℃ until homogenization.  The 
anterior pituitary glands were homogenized using a micro-
homogenizer (Wheaton Science, Millville, NJ, USA) in 50  
µL of homogenizing buffer (10 mM Tris–HCl (pH 8.0), 1 mM 
EDTA, and 0.5% Tween 20).  After centrifugation, aliquots 
were used for western blot analyses.  Total protein content 
was measured using the Bradford method (Bradford, 1976).  
Then, the protein concentrations of the aliquots of the homo-
genate were adjusted to 500 ng protein/µL, as described by 
Hiyama et al. (2009), and 5 µg of protein was analyzed via 
SDS-PAGE using precast 12.5% polyacrylamide gels (e-Pagel 
E-T12.5L, ATTO, Tokyo, Japan).  Electrophoresis was con-
ducted under reducing conditions with 2% 2-mercaptoethanol.  
After electrophoresis, the proteins were electro-transferred 
onto a Hybond-P membrane (GE Healthcare UK Ltd., Little 
Chalfont, England) using a Trans-Blot SD Semi-Dry Transfer 
Cell (Bio-Rad Laboratories, Hercules, CA, USA) at a constant 
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voltage of 15 V for 1 h.  Next, the membrane was incubated 
for 1 h with rabbit anti-chicken PRL antibody at a 1:6000 
dilution in Tris-buffered saline (TBS) containing 0.5% Tween 
20.  The membrane was then washed thrice with TBS contain-
ing 0.5% Tween 20 and incubated for 1 h with horseradish 
peroxidase-linked goat anti-rabbit IgG antibody (GE Health-
care UK Ltd., UK) at a 1:15000 dilution in TBS with 0.5% 
Tween 20.  The membrane was then washed three times (10  
min each time) before PRL detection.  PRL was detected 
using detection reagents (GE Healthcare).  In addition, immu-
noreactive PRL band signals were detected using Chemi-Doc. 
(Bio-Rad Laboratories).  Finally, PRL was quantified by 
measuring the signal strength of the immunoreactive bands 
using Image Lab. (Bio-Rad Laboratories).
Changes in PRL and VIPR mRNA Levels
　Total RNA was extracted from the remaining homogenate 
using an extraction kit (NucleoSpin® RNA Plus, Takara Bio).  
The amount of total RNA was measured via spectrophotometry 
(DS-11/R DeNovix Inc., Wilmington, DE, USA), and the 
RNA was reverse-transcribed using a PrimeScriptTM RT 
Master Mix (Takara Bio).  Reverse transcription was per-
formed in 10-µL reactions using a thermocycler (Takara MP, 
Takara Bio) at 37℃ for 15 min and 85℃ for 5 min.  The cDNA 
was stored at －20℃ until the gene expression levels of PRL 
and VIPR were measured.  Quantitative polymerase chain 
reactions (PCRs) using specific primers (Table 1) were per-
formed for PRL and VIPR using a Thermal Cycler Dice® 
Real-Time System (Takara Bio).  The amplification profile 
comprised an initial denaturation step at 50℃ for 2 min and 
95℃ for 10 min, followed by 40 cycles at 95℃ for 15 s and at 
60℃ for 30 s.  Each sample was run in duplicate.  Lastly, the 
2-ΔΔCt method was used to calculate the relative expression of 
the analyzed genes after normalization to the expression of 
the glyceraldehyde-3-phosphate dehydrogenase gene.
Effects of VIP on PRL Release and PRL mRNA Expression
　Based on the signal strength of the one-dimensional SDS-
PAGE analysis, 6-8 anterior pituitary glands from days 16 to 
20 of incubation were pooled and used to investigate the 
effects of VIP stimulation on PRL release and PRL mRNA 
expression.  The pooled anterior pituitary glands were in-
cubated in 300 µL of M199 (Life Technologies Corporation, 
Carlsbad, CA, USA) supplemented with 10 mM HEPES 
(Wako Pure Chemical Industries Ltd., Osaka, Japan) and 
0.1% bovine serum albumin (Sigma, St. Louis, MO, USA) for 

60 min in a humidified incubator at 37℃ with 5% CO2 and 
95% air.  Subsequently, the anterior pituitary glands were 
incubated with or without synthetic chicken VIP (Genscript, 
Tokyo, Japan) (10-7 M) at 37℃ for 60 min.  Next, the protein 
content was measured and total RNA was extracted as de-
scribed above.  The amount of culture medium was adjusted 
for one- and two-dimensional analyses based on the protein 
content of the homogenized anterior pituitary glands.  For 
one-dimensional analysis, the culture medium (300 µL×10  
µg of protein/total protein obtained from the pituitary gland) 
was prepared; whereas for two-dimensional analysis, the 
culture medium (300 µL×100 µg of protein/total protein ob-
tained from the pituitary gland) was prepared.  A one-dimen-
sional analysis was conducted as described above.  To in-
vestigate the presence of glycosylated PRL, two different 
exposure times (short exposure, 30 s; long exposure, 2 min) 
were used.  Two-dimensional analysis was conducted ac-
cording to the methods described by OʼFarrell (1975) and 
Hochestrasser et al. (1988).  Briefly, the culture medium 
incubated with chicken VIP was concentrated through vac-
uum drying and dissolved in 125 µL rehydration buffer (8 M 
urea, 50 mM dithiothreitol (DTT), 2% 3-[(3-cholamidopropyl) 
dimethylammonio]-1-propanesulfonate, and 0.2% Bio-lyte 
3/10 (Bio-Rad Laboratories).  The samples and an immobilized 
7-cm pH gradient (pH 4-7) strip (Bio-Rad Laboratories) were 
rehydrated at a constant voltage of 50 V at 20℃ for 12 h.  
After rehydration, isoelectric focusing was conducted at 
250 V for 15 min, 4000 V for 1 h, and at 10,000 V/h at 20℃ 
using a Protean IEF cell (Bio-Rad Laboratories).  Next, the 
isoelectric focused strips were equilibrated with 2.5 mL of 
equilibration buffer I (6 M urea, 2% SDS, 0.375 M Tris–HCl 
(pH 8.8), 20% glycerol, 130 mM DTT, and 0.002% bromo-
phenol blue) for 20 min.  The strips were then equilibrated 
with 2.5 mL of equilibration buffer II (6 M urea, 2% SDS, 
0.375 M Tris–HCl (pH 8.8), 20% glycerol, 135 mM iodoacet-
amide, 0.002% bromophenol blue) for 10 min.  After equili-
bration, the strips were fixed on the flat surface of a precast 
gel (12% Mini-Protean TGX Protein Gel; Bio-Rad Labo-
ratories) using agarose to perform a two-dimensional analysis.
Effects of Forskolin on PRL Release 
　The anterior pituitary glands from day 18 were pooled and 
used to investigate the effect of forskolin on PRL release.  The 
experimental procedure of one-dimensional analysis was 
conducted as described above.

Table 1.　Primers used in real-time PCR
 

Gene Direction Sequence Size

GAPDH Forward 5′- CTCTGGCAAAGTCCAAGTGGTG-3′ 103 bp
Reverse 5′- GCCCTTGAAGTGTCCGTGTGTA-3′

PRL Forward 5′- AAAGCTGTTAATGGCTGCCACAC-3′ 122 bp
Reverse 5′- TCATTCCAGGAACGCAGCAC-3′

VIPR Forward 5′- GAGCTCGTGGTTGGGTCATTC-3′  87 bp
Reverse 5′- TCGCTTGAGCTCAGCTTGGA-3′

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; PRL, prolactin; VIPR, vasoac-
tive intestinal peptide receptor 1.
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Statistical Analysis
　Changes in PRL content, PRL and VIPR mRNA, and the 
effects of VIP treatment on PRL release and PRL mRNA were 
analyzed using one-way analysis of variance.  The significance 
of the differences between the means was assessed using the 
Tukey-Kramer test.  The effects of VIP on PRL mRNA ex-
pression were analyzed using Studentʼs t-test.  The significance 
threshold was set at p＜0.05.

Results

Detection of PRL in Embryonic Anterior Pituitary Glands
　PRL was not detected in embryonic chicken anterior 
pituitary glands on days 14 and 15 of embryogenesis.  A very 
weak 23-kDa PRL band was detected on day 16.  Protein 
bands of two different molecular sizes, 23 kDa and 25 kDa, 
were detected on day 17.  In addition, 23-kDa and 25-kDa 
bands were observed on days 18, 19, and 20 (Fig. 1).  Finally, 
a significant increase (p＜0.05) in PRL levels was observed 
between days 17 and 18 and days 18 and 19 (Fig. 2).
Changes in PRL and VIPR mRNA Levels
　PRL mRNA levels remained low until day 17 of embryo-
genesis.  They began to increase on day 18 (p＜0.05) and 
reached a maximum on day 20 (Fig. 3a).  The levels of VIPR 
mRNA were generally low throughout embryogenesis.  While 
low levels of VIPR mRNA were observed until day 19, a 
significant increase (p＜0.05) was observed on day 20 of 
embryonic development (Fig. 3b).
Effects of VIP on PRL Release and PRL mRNA Expression
　PRL release from the embryonic anterior pituitary gland 
was not observed until day 18.  VIP-induced PRL release was 
observed on days 19 and 20 (Fig. 4).  Although the band 
signals were very weak, the 23-kDa PRL band was detected 
on days 19 and 20 without VIP stimulation (Fig. 4a).  VIP-
induced PRL release was observed on days 19 and 20 (p 
＜0.05, Fig. 4b).  Two spots of PRL molecules were detected 

using two-dimensional western blot analysis on days 19 (Fig. 
5a) and 20 (Fig. 5b).
　No significant difference in PRL mRNA levels was de-
tected between VIP-stimulated and control conditions until 
day 18 of embryogenesis.  In response to VIP-induced PRL 
release, significant differences (p＜0.05) in PRL mRNA 
levels were detected on days 19 and 20 (Fig. 6).
Effects of Forskolin on PRL Release 
　PRL release from the embryonic anterior pituitary gland 
following VIP stimulation on day 18 was not observed.  How-
ever, 23-kDa PRL was detected under forskolin-stimulated 

Fig. 1.　Example of SDS-PAGE and Western blot analy-
ses of embryonic chicken PRL.  Five micrograms of pro-
tein from the embryonic anterior pituitary glands were sepa-
rated on a 12.5% SDS-PAGE gel, transferred to a mem brane, 
and visualized using antibodies against recombinant chicken 
prolactin.

Fig. 3.　Changes in PRL and VIPR mRNA levels during 
embryogenesis.  (a) PRL.  (b) VIP receptor. Means with dif-
ferent letters are significantly different from each other 
(p＜0.05).  The values are represented as the means±SEM 
(n＝4).

Fig. 2.　Changes in PRL levels as measured via den si-
tometry.  Means with different letters are significantly dif-
ferent from each other (p＜0.05).  The values are represented 
as the means±SEM (n＝4).
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conditions (Fig. 7).

Results and Discussion

　PRL molecules in the anterior pituitary gland can be 
detected in turkey embryos five days before hatching 
(Bédécarrats et al., 1999c) and in chicken embryos four days 
before hatching (Hiyama et al., 2009).  In this study, the an-
terior pituitary glands of chicken embryos from days 14 to 20 
of embryogenesis were analyzed using western blot analysis 

to determine the presence of PRL.  PRL was first detected on 
day 16, and a marked increase in PRL levels was observed 
between days 17 and 18 of incubation.  In addition, significant 
increases in PRL mRNA levels were detected between days 
17 and 18 of incubation.  This increase in PRL mRNA levels 
strongly suggests increased translation of PRL mRNA and the 
production of PRL in the anterior pituitary gland.
　Hiyama et al. (2015) found the increased change of in the 
mRNA levels of PREB, Pit-1, and PRL genes during chicken 
embryogenesis and proposed that these changes might be 
related to the regulatory mechanisms of PRL mRNA ex-
pression.  Pit-1 is related to an initial increase in PRL mRNA 

Fig. 4.　SDS-PAGE and Western blotting analyses of PRL 
released from the anterior pituitary gland.  (a) Control.  
(b) VIP stimulation. Short and long exposure were conducted 
to identify G-PRL.

Fig. 5.　Two-dimensional analyses of the PRL released 
by the anterior pituitary gland on days 19 and 20 of in-
cubation.  (a) Day 19.  (b) Day 20. Isoelectric points (pI) are 
indicated.

Fig. 6.　Effects of VIP stimulation on the expression of 
PRL mRNA.  ■: control; □: vasoactive intestinal polypep-
tide stimulation.  Means with asterisks are significantly 
different (p＜0.05).  The values are represented as the means 
±SEM (n＝4).

Fig. 7.　SDS-PAGE analyses of the PRL released from 
VIP- or forskolin-stimulated anterior pituitary glands.  
Short and long exposure were conducted to identify G-PRL.
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levels; it then interacts with PREB to further increase PRL 
mRNA expression at the late stage of embryogenesis.  In the 
present study, a significant increase in PRL mRNA levels was 
detected between days 17 and 18 of incubation.  This increase 
in PRL mRNA expression may be related to Pit-1 mRNA and 
PREB mRNA expression.
　This study examined the effect of VIP on PRL release and 
PRL mRNA expression.  The initiation of a response to VIP is 
noteworthy.  Strong PRL signals were observed in the em-
bryonic anterior pituitary gland on day 18 (Fig. 1); however, 
VIP-induced PRL release was not initiated until day 18 (Fig. 
4).  Changes in plasma PRL levels during embryogenesis 
have previously been reported in chickens and turkeys 
(Harvey et al., 1979; Ishida et al., 1991, Bédécarrats et al., 
1999c; Leclerc et al., 2007).  In addition, Ishida et al. (1991) 
observed significant increases in plasma PRL levels two days 
before hatching in various breeds of chickens.  The initiation 
of the response to VIP on day 19 strongly suggests an increase 
in plasma PRL concentration before hatching.  Furthermore, 
these results suggest that the hypothalamic regulation of PRL 
release is initiated on day 19 of incubation.
　The effects of VIP on PRL release were observed on days 
19 and 20 of incubation.  Similarly, the effect of VIP on PRL 
mRNA expression was observed on days 19 and 20.  However, 
increases in PRL mRNA levels upon VIP stimulation were 
not detected until day 18 of incubation.  In contrast, forskolin 
treatment induced PRL release from the embryonic anterior 
pituitary gland on day 18 (Fig. 7).  Since the levels of VIPR 
mRNA were low until day 19, the expression of PRL mRNA 
and PRL content in the anterior pituitary gland before day 18 
of incubation may be regulated independently of hypothalamic 
VIP.  In contrast, VIP is critical for regulating PRL release and 
increasing PRL mRNA expression on days 19 and 20.
　In this study, one- and two-dimensional analyses of released 
PRL were conducted.  Differences in isoform components 
between pituitary PRL and released PRL were also noticeable.  
Hiyama et al. (2009) observed changes in the proportion of 
G-PRL to NG-PRL between days 17 and 20 of incubation, 
and similar proportions of G-PRL and NG-PRL in the anterior 
pituitary gland on days 19 and 20.  However, the proportions 
of G-PRL and NG-PRL in the culture medium were different 
from those obtained from pituitary PRL.  Two-dimensional 
western blot analysis also revealed a different isoform pattern.  
Hiyama et al. (2009) reported the presence of multiple G-PRL 
isoforms with different isoelectric points on day 20 of em-
bryogenesis.  In this study, a single G-PRL signal was detected 
in the culture medium using two-dimensional analyses for 
both days 19 and 20, whereas multiple G-PRL isoforms with 
different isoelectric points were detected via two-dimensional 
analyses using an aliquot of the anterior pituitary gland 
homogenate from days 19 and 20 (data not shown).
　Phosphorylation, acetylation, and deamidation are among 
the post-translational modifications that reduce the isoelectric 
point of a protein.  The post-translational modification of hor-
mones occurs in the trans-Golgi network, which then become 
incorporated into immature vesicles.  Subsequently, multiple 
immature vesicles fuse into mature secretory granules.  Here, 

the difference in isoform composition between pituitary PRL 
and released PRL on days 19 and 20 of embryogenesis 
suggests that secretory granules located near the cell mem-
brane contain only unmodified and glycosylated PRL.  There-
fore, PRL isoforms with different isoelectric points may be 
released after hatching.
　In conclusion, the increased PRL content in chicken em-
bryos is originating the PRL mRNA expression.  However, 
PRL mRNA expression and PRL release from the anterior 
pituitary gland, may be regulated by different factors.  The 
increased plasma PRL concentration before hatching is stimu-
lated by hypothalamic VIP.
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