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A B S T R A C T

Objective: E vidences im plicate roles fo r prolactin 
(PRL) in the  regulation of em bryon ic growth. To clarify 
the roles of PRL in rat em bryogenesis we exam ined 
the  up take  and e xp re ss io n  o f the  horm one in 
em bryon ic tissues.

Methods: N ine and a half day postim plantation rat 
em bryos w ere  cu ltu red in v itro  fo r 44h in rat serum  and 
serum  dep leted  of low  m olecular w e ight m olecules 
(re tenate). The em bryos w ere  transferred to  M 199 for 
the last 4h, and 12.8 ng/m l rat PRL was added to 
cu ltu re  m edium  for d iffe ren t tim es (4h - 15 min) and/or 
d iffe rent tem pera tu res (37°C  and 4°C). As a control 
tissue, p itu ita ry g lands from 11.5 and 18.5d pregnant 
rats w ere  used. Em bryos and tissues w ere  then 
exam ined by an ind irect im m unofluorescence protocol.

Resu lts : The p itu ita ry  g lands  show ed pos itive  
im m unoreactiv ity  fo r an ti-P R L antibody w h ils t there 
w as no s ta in  in the  con tro l b ra in  tissue . 
Im m unoreactiv ity  w as observed in em bryos grown in 
rat serum , and in tensity w as m uch g reater in the 
p resence of add itiona l rat PRL, w hilst there was no 
im m unoreactiv ity  de tected in those grown in retenate 
only. S horter incubations and incubations at 37°C 
caused  a g re a te r im m u n o re a c tiv ity  fo r PRL, 
suggesting tha t th is  is an active and tem perature  
dependent m etabo lic  process.

Conclusion: These results show  the uptake and 
d is tribu tion  of PRL by the yo lk sac and em bryonic 
tissues w hich m ight be in terpre ted fo r the presence of 
PRL receptors.

K e y  W o r d s :  P rolactin receptors; O rganogenesis; 
Em bryo cu ltu re ; D eve lopm ent

I N T R O D U C T I O N

Evidence from several stud ies im plicates roles for PRL 
in the  regulation of em bryon ic and fetal metabolism . 
For instance it has been show n that PRL circulates in 
fetal as well as the  m aternal serum  (1). A lso the 
presence of lactogenic b ind ing sites and PRL receptor 
m RNA in em bryon ic (2) and fetal rat tissues in late 
gestation (3-6), and the high levels of PRL in am niotic 
flu id (7) suggest tha t the PRL may exert d irect effects 
on em bryon ic and feta l m etabolism . In agreem ent with 
these, w e  observed tha t cu ltu red rat em bryos are able 
to utilise exogenous PRL w hen cu ltured in serum 
depleted of low m olecu lar w e igh t m olecules, and the 
a dd itiona l P RL in c re a se s  all g row th  and 
deve lopm enta l param eters (8, 9). Th is im plies that 
functional PRL receptors m ight be expressed during 
organogenesis.

B inding sites fo r PRL, detected using labelled ligands, 
have been reported in a varie ty  of tissues and animal 
species (10). Boutin et al. (11) dem onstrated the 
expression of RPL receptor gene by Northern blotting 
in the  adult rat liver, ovary, prostate, testis, kidney, 
adrenal and m am m ary gland. These findings have 
recently been extented by in situ hybrid isation (12). In 
the feta l rat, s im ilarly to adults the b io logical actions of 
PRL appear to be m ediated through b inding to PRL 
receptors (2). R ecently Freem ark et al. (5) and Royster 
et al. (4) dem onstra ted tha t PRL receptor m RNA is 
expressed w ide ly  in feta l tissues and is induced in late 
gesta tion  (em bryonic days 17.5-20.5). However, apart 
from the study carried out by Freem ark et al. (2) there 
appears to  be no published da ta  w hich m entions the 
presence of PRL receptor m R N A  in the early stages of 
developm ent. They de term ined the presence of PRL, 
receptor m R NA in the w ho le  rat conseptus as early as 
days 9 and 10 of gestation.
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However, the m echanism  o f the grow th prom oting 
effects o f PRL in em bryon ic  tissues is still not clear. 
PRL m ay activa te  em bryon ic  grow th  v ia  its own 
recep to rs  as m e n tio n e d  above. T he re fo re , a fte r 
observing the grow th prom oting  effects o f PRL from  
d ifferent species, especia lly  rat PRL on deve lop ing rat 
em bryos in cu lture (8, 9), w e exam ined the uptake of 
rat PRL and the  expression of the horm one in rat 
em bryonic tissues to  c la rify  the roles of PRL in rat 
em bryogenesis.

MATERIALS A N D  M ETHODS

Male and fem ale  W is ta r rats (Rattus norvegicus) used 
in th is study w ere  obta ined from  the breeding co lony of 
the  an im a l house  a t Q u e e n 's  M ed ica l C en tre , 
Nottingham  U niversity. Rats w ere  m ated overn ight and 
the fo llow ing m idday on w hich the vaginal p lugs w ere 
detected was assigned as 0.5 day of gestation. In 
order to contro l the e ffic iency of the im m unofluoresce in  
sta in ing system  w hich w as planned to be used in th is 
study, as a test tissue, p itu ita ry g lands from 11.5 and
18.5 day pregnant rats w ere excised a fte r decap ita tion  
of the an im als under anaesthesia . A lso brain tissue 
from  those  anim als w as excised to use as the control 
tissue. T issues w ere  then placed into sm all foil b locks 
conta in ing su ffic ien t O C T  em bedding com pound (BHD 
Chem icals, Poole, UK) to  cove r the  tissue. These 
blocks w ere  then im m edia te ly  frozen by im m ersion in 
liquid n itrogen and stored in a -20°C  freezer until 
required.

In order to observe the  uptake of rat PRL and the 
expression of b inding s ites of the horm one in rat 
em bryon ic  and ex tra  em b ryo n ic  tissu e s  
postim plantation rat conceptuses w ere  explanted at 
day 9.5 and cu ltu red in v itro  fo r 44 hours using the 
technique of New  (13) in w ho le  rat serum  and serum  
w hich has low  grow th supporting  capacity  (8, 9) 
(retenate prepared by u ltra filtra tion of serum  fo r a 
period of 8h using M acrosep centrifuga l concentra tors 
w ith a m olecu lar w e igh t exclusion o f 30kDa, there fo re  
it does not conta in  low m olecu lar w e igh t (< 30kDa) 
grow th supporting m olecu les such as EGF, FGF, IGFI- 
II, pro lactin  or p lacenta l lactogen). 1 ml re tenate used 
for each em bryo w as supp lem ented w ith 2 m g/m l 
g lucose and 10 pl/m l MEM vitam in solution (S igm a, 
Poole, UK). The conceptuses w ere  then  transferred to 
phenol red free M edium  199 (S igm a, Poole, UK) for 
the last 4h, and 12.8 ng/m l rat PRL (rPRL; B iogenesis, 
Poole, UK) was added to the cu lture m edium  for 
d iffe rent tim e in terva ls (4h, 2h, 1 h, 30m in and 15 min) 
a t 37°C. A fte r the cu ltu re  period em bryos w ith the ir 
yolk sacs w ere  rem oved from  M edium  199 and 
w ashed in 1 % sa line . C oncep tuses  w ere  then  
arranged in O C T em bedding com pound, frozen down 
and stored at -20°C  until required.

In order to  estab lish if the  uptake w as an active 
process, low tem pera tu re  incubations w ere  perform ed. 
T he  experim ent above w as repeated, but th is  tim e 
a fte r trans fe rring  the em bryos to  pheno l red-free 
M edium  199 for last 4h, and 12.8 ng/m l rPR L was 
added to the cu ltu re  m edium  fo r d iffe ren t tim es (4h, 2h, 
1 h, 30m in and 15 m in) a t 4°C . These cond itions had 
p rev iously  been show n to  inh ib it both flu id phase and 
absorp tive  p inocytos is  (14). In all cases conseptuses 
w ere  equ ilib ra ted  at 4°C  for 30 m inutes before the 
add ition  o f rPRL. Em bryos w ere  b locked and stored at 
-20°C.

Six to e igh t pm sections from  the b locked tissues w ere 
cut using a M icrom  HM 505 E cryosta t and m ounted on 
g lass m ultiw ell s lides (10 w ell). The sections w ere 
dried  fo r 15 m inutes at room  tem pera tu re , and then 
placed in petri d ishes and w ashed in PBS tw ice  (2 
m inu tes  each w ash ), and  then  fixe d  in 3%  
para fo rm a ldehyde  (in PBS) fo r 10 m inutes at room 
tem perature. The fixed tissues w ere  w ashed w ith PBS 
(conta in ing 3%  bovine serum  a lbum in ; BSA) tw ice 
(2m in each) and d iv ided into tw o  groups; firs t four well 
used as a contro l, and the last 6 well used as an 
e xp e rim e n ta l. An in d ire c t im m u n o flu o re s c e n c e  
protocol w as perform ed as fo llows:

Sections w ere  pe rm eabilised  in 0 .05%  triton  X-100 
(BDH C hem icals, Poole, UK) in PBS for 10m in at room 
tem pera tu re , then  w ashed  in P BS using severa l 
changes of PBS and left in PBS for 1 hour at 4°C . PBS 
w as rem oved from  s lides using a vacuum  driven 
suction pum p and firs t s tage an tibody (anti rat pro lactin  
at a d ilu tion of 1:100, B iogenesis, Poole, UK) added, 
30pl to  each experim enta l w ell, and 30pJ of PBS to 
each co n tro l w e ll. S lid e s  w e re  then  incuba ted  
overn igh t at 4°C. Excess an tibody w as rem oved from  
the  w ells and they w ere  w ashed in PBS tw ice  (2m in 
each). Fo llow ing the  rem oval o f PBS, the second stage 
antibody (F ITC -con juga ted  Anti rabbit IgG at a d ilu tion 
of 1:20, B iogenesis, Poole, UK) w as added to all wells 
and the tissue incubated for 1 hour at 37°C. Antibody 
w as rem oved from  the  w e lls  and they w ere  w ashed in 
PBS for 30 m inutes, and PBS w as then  rem oved from 
the wells.

For bette r observation  o f the  tissues on the slides the 
nuclei o f the ce lls w ere  sta ined w ith 1 :3 d ilu tion of 
p rop id ium  iod ide fo r five  m inutes at room  tem perature , 
then w ashed tw ice  (10 m in each) w ith PBS. A fter 
d ry ing , the  s lid e s  w e re  m oun ted  w ith  
an tipho tob leach ing  m ountan t (C ito fluor, A gar S cientific  
Ltd, S tansted, Essex, UK). The s lides w ere  then 
exam ined using an inverted N icon AFX fluorescence 
and Le ica  T C S  40  c o n fo ca l m ic ro sco p e s , 
photographed on Fuji P rovia  100 and 1600 co lour 
transperancy film  respective ly . For each experim enta l 
cond ition  trip lica te  concep tuses w ere  incubated on
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each occasions. Ten sections, w hich w ere selected at 
in terva ls th rough the  tissue b lock w ere viewed from 
each conceptus. The resu lts  from  d iffe rent em bryos of 
the series w ere  very cons is ten t for any experim ental 
c o n d ition  and the  p ic tu re s  d e m ons tra ted  are 
representa tive  sam ples. In each case an independent 
w orker also v iew ed the s lides to at least partia lly 
va lida te  the conclus ions.

R E S U L T S

The sections from  the p itu ita ry g lands obta ined from
11.5 and 18.5day p regnant rats show ed positive 
im m unoreactiv ity  fo r an ti-P R L antibody (Figs. 1b 2b) 
w hilst there  w as no stain in the sections from control 
bra in tissue and the  tissue  from  p itu itary g land which 
w ere not p re incuba ted  w ith the prim ary antibody (Figs. 
3a-b, 4a-b, 1a, 2a).

Im m unoreactiv ity w as observed in the yolk sacs and 
the em bryos grow n in re tenate in the presence of 
a dd itiona l ra t PRL, w h ils t the re  w as no 
im m unoreactiv ity  detected in those grow n in retenate 
only. The yolk sacs and em bryos grow n in w hole rat 
se rum  exp ressed  less o r no im m uno reac tiv ity  
com pared  to  those  cu ltu red  in the  p resence  of 
exogenous rat PRL. S horter incubations showed a 
g reater uptake of PRL by the yolk sacs and d istribution 
of PRL to the rat em bryon ic tissues (Figs. 5a-f, 6a-f).

Im m unoreactiv ity w as observed in the  yo lk sacs and 
the em bryos grown in re tenate in the presence of 
additional rat PRL incubated at 4°C. However, the 
in te n s ity  o f im m u n o re a c tiv ity  w as m uch low er 
com pared to those incubated at 37°C  (Figs. 7a-c) the 
results indicate tha t uptake is greatly  decreased by low 
tem perature.

F i g . l  .8 Immunofluorescence micrographs from 11.5 day pregnant rat pituitary tissue. Indirect immunofluorescent staining of the tissue 
with a) FITC alone, b) antibody recognising rat prolactin (magnification X 400).

F i g . 2  Immunofluorescence micrographs from 18.5 day pregnant rat pituitary tissue. Indirect immunofluorescent staining of the tissue 
with a) FITC alone, b) antibody recognising rat prolactin (magnification X 400).
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F i g . 3  Immunofluorescence micrographs from 11.5 day pregnant rat brain tissue. Indirect immunofluorescent staining of the tissue 
with a) FITC alone, b) antibody recognising rat prolactin (magnification X 400).

F i g - 4  Immunofluorescence micrographs from 18.5 day pregnant rat brain tissue. Indirect immunofluorescent staining of the tissue 
with a) FITC alone, b) antibody recognising rat prolactin (magnification X 400).

D IS C U S S IO N

This study has dem onstra ted tha t there  is an uptake 
and d istribution of rat pro lactin  by the rat yo lk sac and 
em bryonic tissues at the stage of early organogenesis. 
Before trying to dete rm ine  the uptake and d istribution 
of PRL by rat yo lk sac and em bryo, it w as necessary 
to test the re liab ility  o f the im m unosta in ing  protocol 
used in th is study. Therefore, p itu itary g lands and 
control brain tissues w ere  excised from  11.5 and 18.5 
day p re g n a n t ra ts , and an in d ire c t 
im m unofluorescence protocol was carried out. There 
was an in tense sta in ing fo r the rat an ti-P R L antibody in 
the  p itu itary tissue  w hils t contro l brain tissue did not 
show  any sta in ing suggesting tha t the m ethod used in 
this study is adequate  to dem onstra te  the loca lisation 
of PRL. Previous stud ies have detected PRL receptor

m R NA in the  adult (12, 15) and feta l (4, 5) rat p itu itary 
gland.

The study perform ed did not a ttem pt to quantita te  the 
exten t o f sta in ing by any ob jective  m ethods such as 
im age analysis. H owever, a lthough th is  s tudy was 
qua lita tive  it w as perform ed in such a w ay as to give an 
ind ication of the exten t o f PRL b ind ing under d iffe rent 
cond itions. Further s tud ies w ou ld  be perform ed to 
p rov ide  q u a n tita tiv e  da ta , such as FAC S 
(F luorescence  A ctiva ted Cell Sorter) assay of the 
em bryo and yo lk  sac hom ogenates, confocal and 
im age ana lys is , rad io im m unoassay  or quan tita tive  
autorad iography.

PRL uptake and d is tribu tion  w ere  de tected  in the yolk 
sacs and the em bryos grow n in rat serum  in the
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F ig .5 . :  Uptake of rat prolactin by 11.5 day rat visceral yolk sacs. Immunofluorescence micrographs from yolk sacs cultured in (a) 
retenate, (b) 4h, (c) 2h, (d) 1h, (e) 30 min and (f) 15 min incubations with rat prolactin at 37°C (magnification X 400). Showing 
increased uptake of rat prolactin in shorter incubations.
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F ig .6  Indirect immunofluorescent staining of 11.5 day rat embryonic tissues. Immunofluorescence micrographs from embryos 
cultured in (a) retenate, (b) 4h, (c) 2h, (d) 1 h, (e) 30 min and (f) 15 min incubations with rat prolactin at 37'C (magnification X 
400). Showing increased distribution of rat prolactin in shorter incubations.
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presence and absence of additional rat PRL, 
suggesting the presence of receptors for PRL in the 
embryonic tissues. However, the intensity of 
immunoreactivity of PRL in embryonic tissues was 
much greater in the presence of exogenous PRL. This 
is not surprising because rat serum contains a certain 
amount of the circulating forms of PRL which may 
have been taken up by the yolk sac as well as the 
exogenous PRL. The immunoreactivity observed in 
the embryonic tissues was widespread and was not 
tissue or organ specific; only the neural tube did not 
show any staining. At this stage of development, it is 
difficult to distinguish the organs from each other on 
the sections, and also the preparation of the tissues in 
our study did not allow a standardisation on the 
position of the embryo. It was therefore impossible to 
ensure that the sections were obtained at similar levels 
from each sample and to compare them. Therefore 
from our observations it can only be said that there is 
an uptake of rat PRL by the yolk sac and binding sites 
for rat PRL are expressed by embryonic tissues at this 
stage. Several authors have demonstrated that the

f i g . 7  Effect of incubation at low temperature on uptake ot 
rat prolactin by 11.5 day rat visceral yolk sacs. 
Confocal micrographs from yolk sacs cultured in (a) 
retenate, (b) 30 min and (c) 15 min incubations with 
rat prolactin at 4 C. Incubations at lower 
temperature caused a delay on the uptake of 
prolactin.

yolk sac endoderm possesses mechanisms for the 
specific uptake and transport of maternal 
macromolecules including IgG, EGF, albumin, rat 
transferrin, insulin and IGF I (16-21).

Increased immunoreactivity was observed in shorter 
incubations (especially 30min and 15min), which 
suggests that the uptake and distribution of PRL is 
time dependent and this may be considered as a 
preliminary data. However, this would need to be 
further investigated by a more sensitive and 
quantitative approach. Considering the short half-life of 
rPRL this was not suprising. Shorter incubations may 
cause accumulation of PRL in the yolk sac and the 
tissues before it is broken down. Incubations at 4'C 
caused less immunoreactivity in embryonic tissues 
and a delay in the uptake of PRL by the yolk sac, 
suggesting that the uptake of rPRL is an active 
metabolic process and is temperature dependent. 
This can be explained by the effects of low 
temperature which may reduce the speed of the 
uptake process. The data represented here fit in well
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with the results of experiments with both yolk sacs and 
macrophages, using PVP and BSA, which show that 
below 20°C there is little or no internalisation of 
substrate (14, 22). Similarly to those, Cumberland and 
Pratten (19) showed the lower rate of uptake of the 
transferrin by the yolk sac at 4°C compared to uptake 
at 37°C. These effects were attributed to reduced 
mobility of membrane constituents as well as 
metabolic activity of the cells.

There was no detectable immunoreactivity for PRL in 
the embryos grown in retenate showing that 
ultrafiltration of serum for 8 hours is an effective 
method to remove rat PRL molecules from the serum. 
A further experiment would be to investigate the 
distribution of the PRL receptors which can be studied 
with anti-PRL receptor antibodies, which may be more 
informative for this kind of study. At the time of this 
experiments carried out we could not locate any 
commercially available anti-receptor antibody for rat 
prolactin from the chemical companies despite an 
intensive research. However, the method used in this 
study provides an opportunity to observe the uptake of 
PRL as well as the distribution of the hormone.

Previous studies demonstrated the presence of PRL 
receptors in fetal rat liver (3) and in uteroplacental 
tissues (23). The widespread distribution of the bovine 
PRL receptor transcripts in bovine fetal and 
uteroplacental tissues has also been reported (24). 
Freemark et al (2) demonstrated the distribution and 
expression of PRL receptor mRNA transcripts in fetal 
rat adrenal, kidney, small intestine, liver, lung, and 
brain on day 20 of gestation and in the whole 
conseptus on days 9 and 10 which is in agreement to 
the observations in the present study, suggesting that 
PRL receptors are present at the early stage of 
development. Similarly to this study, using the method 
of reverse transcription-PCR, Freemark et al (5) 
demonstrated the expression of PRL receptors in 
numerous tissues on day 19 of gestation. Recently, 
Royster et al. (4) examined the cellular distribution and 
developmental expression of the PRL receptor in the 
late gestational fetal rat (days 17.5-20.5) by in situ 
hybridisation, immunohistochemistry, and radioligand 
binding, and demonstrated the widespread expression 
of mRNA encoding the two isoforms of receptor in 
tissues derived from all three germ layers. They also 
observed an increase of the levels of expression of 
PRL receptor mRNA and protein between 17.5 and
20.5 days of gestation in a number of fetal tissues. 
More recently Freemark et al. (6) compared the 
expression of PRL receptor mRNA in the olfactory 
system of fetal and lactating rats, and demonstrated 
that the levels of PRL receptor mRNA of the lactating 
rats was lower than those in the fetal and neonatal 
rats. It has been well established that PRL-dependent 
tyrosine kinase activation is an early event in the signal

transduction pathway for PRL in Nb2 cells (25-32). 
Recently, we have investigated the relationship 
between the PRL receptors and tyrosine kinases in 
the mitogenic action of PRL, and in agreement with the 
previous studies, we observed that, addition of 
tyrosine kinase inhibitors genistein and tyrphostin A47 
to the PRL-supplemented retenate abolished the PRL- 
induced increase in growth and development of rat 
embryos (9). These results fit well with the 
observations in the present study indicating that 
functional PRL receptors are present in rat embryos at 
this stage, and the growth promoting effects of PRL 
observed in retenate cultures (8) is likely to be 
mediated by PRL-receptors which play essential role 
during organogenesis.
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