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In the cichlid fish Oreochromis mossambicus prolactin cell activity is inversely related 
to the osmolari ty  and the C a : ~ concentra t ion  of  the ambient  water. Prolactin cell activity 
was es t imated ,  at the end of  a 3-week experimental  period, by determinat ion o f  the rate of 
prolactin synthesis  during incubation o f  the rostral parts o f  the pituitary gland, in the pres
ence of  13HJlysine. Since the secre tory  activity of  isolated prolactin cells is known to be 
inversely related to the osmolari ty  of  the incubation medium, the possibility was investi
gated that the effects of  changes  in ionic composi t ion of  the ambient  water  on prolactin 
secretion in vivo are mediated by changes  in osmolari ty  o f  the blood plasma. No support  
was found for this hypothesis .  In fish exposed  to high water  osmolari t ies  prolactin cell 
activity was reduced,  while plasma osmolari ty  increased. In contras t ,  at high C a : ~ co n 
centra t ions  o f  the water, when prolactin secretion was inhibited to a similar extent ,  plasma 
osmolari ty  was significantly reduced.  Although direct effects o f  plasma osmolari ty  on pro
lactin cells cannot  be excluded  completely,  it is unlikely that plasma osmolari ty  is the 
predominant  factor  in the control of  prolactin cell activity in situ. The physiological signif
icance o f  the capaci ty  of  isolated prolactin cells to respond to changes  in osmolari ty  o f  the 
ambient  m e d iu m — a capaci ty  shared with some o ther  endocr ine  cell t y p e s — is therefore
unclear.  V 1985 Academic Press. Inc.

In genera l  there  is c o n se n s u s  ab ou t  the 
osm olar i ty  o f  the w a te r  as an im por tan t  a m 
bient fac to r  contro l l ing  pro lac t in  sec re t ion  
in fish (E n so r  and Ball, 1972; D ubourg  ct 
cil., 1980; W e n d e la a r  B onga  and  Van d e r  
Meij,  1981). F o r  s p e c ie s  su c h  as s t i c k le 
b a c k s  and  the  c ich l id  O reochrom is mos- 
scimhicus ( fu r ther  called tilapia), the w a te r  
c o n cen t ra t io n s  o f  C a 2+ and M g2 + and the 
pH o f  the w a te r  are  im por tan t  addit ional  
fa c to r s  (W e n d e la a r  B o n g a ,  1978; O g asa -  
w ara  and Y am ada,  1979; W en d e laa r  Bonga 
and Van de r  Meij, 1980, 1981; W end e laa r  
Bonga cl ciL, 1983, 1984). H o w e v e r ,  sp e 
cies-specific d iffe rences  have been  repo r ted  
fo r  the  r e s p o n s e s  o f  p r o l a c t i n  ce l l s  to 
changes  in ex te rna l  C a :+ levels (D ubourg  
ct a i ,  1983).

With r e s p e c t  to the  in te rn a l  c o n t ro l  o f

larity. T h e re  is am ple  ev idence  for the p re s 
ence  o f  hypo tha lam ic  contro l  (W igham ct 
ul., 1975; Peter  and M c K e o w n ,  1975; Ball, 
1981). T h e  o s m o l a r i t y  o f  b lo o d  p l a s m a  
could be a fac to r  in mediat ing  the effects  o f  
the o sm ola r i ty  o f  the w a te r  on prolactin  se 
c r e t i o n  (S a g e ,  1968; N a g a h a m a  ct cil., 
1975), since pro lactin  cells in vitro re spond  
to  o s m o la r i t y  o f  the  i n c u b a t i o n  m e d iu m  
(S a g e ,  1968; N a g a h a m a  ct cil., 1975; 
W ig h am  ct cil., 1977; G ra u  ct cil., 1981). 
H o w e v e r  it should  be s t ressed  that the e v 
idence support ing  this hypo thes is  is indi
rec t  an d  b a se d  on the  s tu d y  o f  p ro la c t in  
cells that were  deprived  o f  their  h y p o th a 
lamic con nec t ions .  The  ques t ion  rem ains  to 
be a n sw ered  w h e th e r  pro lactin  cells in situ 
can respond  a u to n o m o u s ly  to p la sm a  o s 
molarity  if the hypo tha lam ic  contro l  mech-

prolactin  sec re t ion ,  tw o  m ech an ism s  have an ism s are  intact.
been p ro posed :  neural contro l  and regula
tion by blood fac to rs  ac t ing  d irect ly  on the 
prolactin  cells, in par t icu la r  p lasm a osm o-

In ou r  s tud ies  on the contro l  o f  pro lact in  
secre t ion  in ti lapia we m ade  several  obser-  
va tons  that  w ere  co n s is ten t  with the c o n 
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cept o f  direct  contro l  o f  p ro lac t in  cell a c 
tivity by p la sm a  osmolar i ty .  But the results  
o f  so m e  e x p e r i m e n t s  ra ised  d o u b t  a b o u t  
this concep t .  If s t ick lebacks  o r  tilapia were  
ex po sed  to s e a w a te r  with highly reduced  
co n cen t ra t io n s  o f  both  C a 2 + and M g:+ (but 
not in low -C a2 + seaw a te r ;  in this respec t  
this w ork  has often  been  m isquo ted ) ,  p ro 
lac t in  ce l l s  w e r e  a c t i v a t e d  e v e n  th o u g h  
p la s m a  o s m o la r i ty  in c r e a s e d  (W e n d e la a r  
Bonga, 1978; W en d e laa r  Bonga and Van der  
Meij,  1980). In a n o t h e r  e x p e r i m e n t ,  fish 
were ex p o sed  to fresh  w a te r  with high C a 2 + 
or M g:+ levels. T he  result ing d e c re a se  in 
prolactin  cell ac t iv i ty  was a cco m p a n ied  by 
a d rop  instead o f  a rise in p lasm a osm olar i ty  
(W ende laar  Bonga and  Van d e r  Meij, 1980). 
In the ex p e r im en ts  desc r ibed  in the p resen t  
paper,  p lasm a  osm ola r i ty  was modified by 
e x p o s in g  t i l a p ia  to f r e s h  w a t e r  w i th  d i f 
ferent osm olar i t ies  o r  different ca lc ium  c o n 
c e n t r a t io n s .  It w as  in v e s t ig a te d  w h e t h e r  
there  is a cons is ten t  re la t ionsh ip  b e tw een  
p la s m a  o s m o la r i ty  an d  p ro la c t in  cell a c 
tivity. While in p rev ious  e x p e r im e n ts  p ro 
lactin cell ac t iv i ty  was e s t im a ted  by m o r 
ph o m etry  at light and e lec tron  m ic roscop e  
levels, in this s tudy  pro lactin  cell activity  
was mainly a s se s se d  by d e te rm ina t io n  o f  
the rate o f  pro lactin  syn thes is  o f  the p i tu
itary glands.

MATERIALS AND METHODS
Freshw ater  male tilapia {O. mossambicus; this name 

has recen t ly  been p ro p o se d  for Sarotherodon m os
sambicus; Trewavas,  1981) o f  about 20 g were used. 
These  tlsh were accl imated ei ther  to fresh water  sup 
plemented with NaCl or  to artificial fresh water  (for 
composi t ion see Wendelaar  Bonga and Van der  Meij,
1980) with different C a 2 + concentra t ions .  The o s m o 
larity of  the NaCl-enr iched fresh water  varied from 10. 
165, 320. and 670 to 980 ( ± 1%) mosmol/l iter.  The fish 
were adapted to these solutions in several s teps,  as 
described earlier (Wendelaar  Bonga and Van der  Meij,
1981). Transfer to water  with different C a 2~ c o n c e n 
trations was performed in the following way: groups 
o f  tlsh were t ransferred from tapw ater  (Ca2^,  0.8 mM) 
to artifical fresh water  with the same C a 2~ co ncen t ra 
tion. After  2 days three groups o f f i sh  were transferred 
to water  containing 0.2 m M  C a 2~, and 2 days later for 
two of  these groups transfer followed to either 0.1 or

0.05 myVI C a2*: three o ther  groups o f  fish were t rans
ferred directly to water  with 2.5. 5.0. 7.5, or 10.2 mA7 
C a 2+ ( ± 2 % ) .

After an exposure  period o f  21 days the fish were 
lightly anesthet ized in MS-222. Blood was collected 
from the caudal blood vessels and the pituitary glands 
were dissected.  Methods for determination o f  plasma 
osmolarity.  for plasma total calcium, or  for light mi
c r o s c o p y  have  been  d e s c r ib e d  e a r l i e r  (W e n d e la a r  
Bonga and Van der  Meij. 1980). The glands were used 
either for light microscopy or  for amino acid incor
poration studies.

Pulse incubations. The rostral pars distalis was sep
a r a t e d  f rom f resh ly  d i s s e c te d  p i tu i ta ry  g land s  and 
t rans fe r red  to D u lb e cc o ' s  modif ied Eag le 's  medium 
(MDM). as modified by Van Eys el al. (1983). The final 
osmolari ty  and C a 2~ concentra t ions  were 310 mosmol/  
liter and 1.25 m M, respectively,  similar to the o sm o
lality and free Ca concentrat ion o f  the blood plasma 
o f  S. mossambicus. The prolactin lobes were placed 
in 100 fj.1 MDM and preincubated for I hr 30 min in a 
metabolic shaker  at 24°. Subsequent ly  they were in
cubated  in 100 p .I MDM containing 15 ( j l C i [3H]lysine 
(New England Nuclear,  sp act 90 Ci/mmol) for 3 hr at 
24°. Afterwards  the lobes were  homogenized in 500 p.1 
0 . 1 M acetic acid in an all-glass homogenizer.  The ho- 
mogenate  was centrifuged at lO.OOOg for 5 min in a 
Beckman microfuge and the supernatant  was stored at 
- 2 0 °  for later  h igh-pressure  liquid c h ro m a to g ra p h y  
(H PL C )  or  freeze dried for later gel e lectrophoresis .

HPLC analysis. The 500-p.l samples were analyzed 
with a Spectra  Physics SP 8000 high-pressure liquid 
c h r o m a t o g r a p h  (S p e c t r a  P h y s ic s ,  E in d h o v e n ,  T he  
Nether lands)  equipped with a stainless-steel column 
packed with Spherisorb 10 ODS (Chrom pack  BV, Mid- 
delburg. The Netherlands) .  The linear gradient c o n 
sisted of  a 0.5 M  formic a c i d - 0 . 14 M pyridine mixture 
(pH 3.0) and  l -p ro p a n o l .  T he  f low ra te  o v e r  the 
column was 2 ml/min, and 0.5-min fractions were col
lected with a L K B  Redirac  2112 fract ion collector .  
F o u r  millil iters Aqua  L um a (B aker  Chem ica ls )  was 
a d d e d  and  the f r a c t io n s  w ere  c o u n te d  in a Phil ips  
liquid scintillation analyzer  (Model PW 4540).

Proteins were separated by sodium dodecyl  sulfate 
(S D S )-ge l  e lectrophoresis  after  Laemmli ,  with 15% 
a c r y l a m id e ,  as d e s c r ib e d  r e c e n t ly  (Van Eys  et al., 
1983). T h e  cels  w e re  s i lve r  s t a in e d  a f t e r  M o r i s se v  
(1981) and scanned with a Bio-Rad Model 1650 d en 
sitometer.

Statistics. The results were tested for statistical sig
nificance by S tuden t ' s  t test,  at the 5% level.

RESULTS

Prolactin Syn thes is  in Vitro

After  incubat ion  o f  the rostral  pars  d is 
talis o f  the p itu i tary  g lands (prolactin  lobes)
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in the p re sen ce  o f  [3H ]lysine, h o m o g en a te s  
o f  the lobes and the incubat ion  m ed ia  were  
ana lyzed  by H P L C .  A nalysis  o f  lobes o f  
fish from norm al fresh w a te r  (10 m osm ol/  
liter; 0.8 mA</ C a 2 + ) revea ls  only one m ajor  
labe led  and  th e r e f o r e  n e w ly  s y n th e s i z e d  
p roduc t  that e lu tes  a f te r  65 min. T he  sam e 
product  is re leased  in the incuba t ion  m e 
dium during incuba t ion  (Fig. 1). Only t races  
o f  th is  p r o d u c t  w e r e  o c c a s i o n a l l y  fo u n d  
af ter  incuba t ion  o f  the prox im al  pars  dis- 
talis, while it w as  absen t  a f te r  incubat ion  of  
the pars  in te rm edia .  SD S e lec t ro p h o re s is  o f  
this peak resu l ted  in two bands  with  M r o f  
20.5K and 21 .5K , which  are  typical for  ti- 
lapia  p ro la c t in  u n d e r  o u r  e l e c t r o p h o r e t i c  
cond i t ions  (W end e laa r  B onga  et al.,  1984). 
H P L C  peaks  eluting in the first 10 min are 
13H ] 1 ysine and small p ro d u c ts  rep resen t ing  
co n tam in a t io n s  o f  the [3H ]Iysine p re p a ra 
tion (Van Eys et al. ,  1984). U l t ras t ruc tu ra l  
e x a m i n a t i o n  s h o w e d  th a t  th e  p r o l a c t i n  
lobes did not con ta in  any grow th  h o rm one  
cells o r  o th e r  types  o f  endocr ine  cells, e x 
cept  for som e A C T H  cells. Minute  a m o u n ts  
o f  newly syn thes ized  A C T H — eluting a f te r

HPLC elution time Imin)
F ig . I . High-performance liquid rad iochromatogram 

of  newly synthesized proteins in prolactin lobes (ros
tral pars distalis) o f  tilapia pituitary glands. Two lobes 
of freshwater  tilapia were incubated for 3 hr in medium 
conta in ing  f H ] l y s i n e .  S u bsequen t ly ,  e x t r a c t s  o f  the 
lobes (left) and the medium (right) were  submitted to 
H PLC .  and the radioactivity o f  the elution samples  was 
determined.  Peaks eluting within 10 min represent  un
incorporated | 3H ] 1 ysine and contaminat ion;  the peak 
e lu t ing  a f t e r  65 min w as  iden t i f ied  as p ro la c t in  by 
S D S -g e l  e lec trophores is ;  dot ted line is elution gra
dient as percentage o f  secondary  solvent ( 1-propanol).

40 min u nd e r  the ch ro m a to g rap h ic  co n d i 
tions u s e d — could be o b se rv ed  (Fig. 1).

The  total a m o u n t  o f  labeled prolact in  re 
c o v e r e d  a f te r  in c u b a t io n  f ro m  lobes  and  
m e d ia  re f lec ts  the  h o r m o n e - s y n th e s i z in g  
capac i ty  o f  the prolactin  lobes at the m o 
ment o f  d issec t ion  and is there fo re  used as 
a p a ra m e te r  for pro lact in  cell activity.

Effects  o f  External  O sm olar i ty  a n d  C a 2 1
on Prolact in Synthes is

As show n  in Fig. 2, e x p o su re  o f  fish for
3 w eeks  to fresh w a te r  enr iched  with NaCl 
leads to a m arked  reduc t ion  o f  prolact in  cell 
ac t iv i ty .  In a m e d iu m  tha t  is i so -o sm o t ic  
with the blood p lasm a  (330 mosmol/l i ter) ,  
the ra te  o f  prolactin  syn thes is  is only 20% 
of  that o f  fish from normal fresh  water.  At 
h ig h e r  o s m o la r i t i e s  the  ra te  o f  p r o l a c t i n  
s y n th e s i s  is s l ightly  but not  s ign if ican t ly  
hieher.c

E x p o su re  to w a te r  en r iched  with C a C l2 
induces  a reduc t ion  that is even  m ore  p ro 
nounced  if e x p re s sed  on a m olar  basis.  For 
a 50% reduc t ion  o f  pro lact in  syn thes is ,  as 
ob ta ined  a f te r  ex p o su re  to 2.5 m M  C a C l2 
(17 mosmol/l i ter) ,  a co n cen t ra t io n  o f  80 m M  
NaCl (165 mosmol/l i ter)  is requ ired  (Fig. 2).

O f  the fish ex p o sed  to the highest NaCl 
co n cen t ra t io n  (980 mosmol/l i ter)  abou t  50% 
died in the cou rse  o f  the ex pe r im en t .  The  
fish o f  the o th e r  g roups  did not show  e n 
hanced  mortality.

In b o th  e x p e r i m e n t a l  s e r i e s ,  p r o l a c t in  
cell  s ize  s h o w e d  a s im i la r  d e c r e a s e  at  
higher osm olar i t ies  o r  C a 2 + c o n c e n t ra t io n s  
as prolactin  syn thes is  (Fig. 2).

P lasm a  O sm olar i ty  an d  Total  Carnr

An increase  in the NaCl co n cen t ra t io n  o f  
the w a te r  leads to a small but cons is ten t  
increase  in p lasm a osm olar i ty  (Fig. 3). The  
values  for fish from w ate r  with an o s m o 
larity o f  980 m osmol/ l i ter  differed signifi
cantly  from the con tro l  value (P  <  0.05). 
P lasma total C a  did not change .  E x p o su re  
o f  fish to high C a 2+ c o n c e n t ra t io n s  leads to 
a slight d rop  in p lasm a osm olar i ty ,  s ta t is t i 
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incorporation cell volume incorporation- cell volume

Fig. 2. Effect o f  w ater  osmolari ty  (left; NaCl in fresh water) or  C a 2 ' concentra t ion (right; CaCL in 
lresh water) on prolactin cell volume and rate o f  prolactin synthesis .  After exposure  o f  the fish for 3 
weeks the pituitary glands were removed and either processed for microscopy to determine prolactin 
cell volume (squares;  n = 6) o r  incubated in the presence of  | ;H|lysine;  the amount  o f  newly syn
thesized prolactin recovered from prolactin lobe homogenates  and incubation media was est imated 
by determinat ion o f  the radioactivity o f  the H P L C  fractions eluting between 60 and 70 min (dots;  n 
= 4; expressed  as the percentage radioactivity found for fish from normal fresh water,  10 mosmol/  
liter; 0.8 m M  C a2~).

cally significant at 5 m M  C a 2 + and higher. 
If the C a 2 + co n cen t ra t io n  is red u ced  below 
n o rm a l  f r e s h w a t e r  l e v e l s ,  p l a s m a  o s m o 
larity also d ec rea se s .  P lasm a  total C a  levels 
sh o w  a c o m p l i c a t e d  p a t t e r n .  At a m b ie n t  
C a 2 + levels up from 7.5 m M  it is signifi
c a n t ly  i n c r e a s e d  {P < 0 .05 ) ,  w h e r e a s  at 
c o n cen t ra t io n s  be low  the contro l  level (0.8 
m M  C a 2 + ) p la sm a  C a  first inc reases  and 
then d rops  rapidly  (Fig. 3).

DISCUSSION

H P L C  analys is  o f  pro lact in  lobe h o m o g 
ena tes  and incubation  m edia  sho w ed  one 
m ajor  peak  that  yielded tw o peaks  on SDS 
gel, with M r va lues  o f  20.5K  and 21.5K, 
that  are typical for p ro lac t in  u n d e r  ou r  e lec 
t rophore t ic  cond i t ions  and that  a p p e a re d  to 
be specific for the prolact in  lobe and not for 
the o th e r  parts  o f  the hy pop hy s is .  F o r  ti- 
lapia prolactin  slightly low er  (C larke ,  1973; 
F a rm e r  et a l . , 1977) o r  h igher (S p eck e r  et 
cil. , 1984) values  have been  repo r ted  af ter  
SDS e lec t ro ph o res is .  We co n s id e r  such dif
f e r e n c e s  ty p ic a l  fo r  th e  S D S  p r o c e d u r e ,  
which involves d ena tu ra t ion  and binding o f  
an anionic  de te rgen t ,  t rea tm en ts  that may

affec t  e l e c t r o p h o r e t i c  mobil i ty .  We cou ld  
modify  the mobility o f  the 21.5-Da band to 
a value co r re spo nd ing  to 24 Da by p ro 
longing the dena tu ra t ion  t rea tm en t  from 1 
(as usual) to 3 min. A pparen tly ,  S D S - g e l  
e lec t rop ho res is  is not the m ethod  o f  choice  
fo r  d e t e r m in a t io n  o f  p ro lac t in  m o le c u la r  
weight in tilapia.

External factors controlling prolactin se
cretion. O s m o la r i ty  and  C a 2+ c o n c e n t r a 
tion are probably  im portan t  env ironm en ta l  
fac to rs  in the control  o f  pro lactin  secre t ion  
in f r e s h w a t e r  t i lap ia .  I n c r e a s e d  levels  o f  
N a C l  an d  C a C l 2 o f  the  w a t e r  lead  to  a 
m arked  d ec rease  o f  prolactin  cell activity. 
On a m olar  basis ,  C aC l2 is m uch  m ore  ef
fective than NaCl.  Obviously ,  Ca and not 
Cl ions are the re levant  factor,  s ince there  
is no c lear  corre la t ion  be tw een  the chloride 
co n cen t ra t io n  and the rate o f  prolactin  sy n 
thesis  if the da ta  on NaCl and C a C l2 e x 
posure  are co m p ared .  A lthough we a ssu m e  
that the inhibitory effect o f  the NaCI-con- 
ta in in g  w a t e r  on p r o l a c t i n  s y n t h e s i s  is 
caused  by the osm olar i ty  o f  the water ,  a d 
ditional effects o f  e i the r  N a + or  C l"  canno t  
be ruled out completely .
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F i g .  3. Effect of  water  osmolari ty  (NaCl in fresh water) or  ambient  C a 2* (CaCL in fresh water) on*  mm

plasma osmolari ty  (dots:  // = 8) and plasma total Ca (squares;  n = 8). Fish were acclimated for 3 
weeks.

The m arked  reduc t ion  o f  prolact in  sy n 
thesis  show n  by pro lac t in  cells o f  fish e x 
posed to high C a 2 + levels conf irm s ear l ie r  
r e s u l t s  o b t a i n e d  by u l t r a s t r u c t u r a l  m o r 
phom etry  (W ende laa r  B onga  and Van der  
M eij ,  1980, 1981). To a la rg e  e x t e n t  the  
same conc lus ion  can be d raw n  for the ef
fe c ts  o f  a m b i e n t  o s m o la r i t y .  We h a v e  
show n before  that  an increase  in the o s 
molarity  o f  fresh w a te r  leads to a reduc t ion  
o f  p r o l a c t in  cell  a c t i v i t y  as  r e f l e c t e d  by 
m o rp h o m e t r i c a l  a n a ly s i s  in t i lap ia  ( W e n 
d e l a a r  B o n g a  a n d  Van d e r  M eij ,  1980, 
1981). H o w e v e r ,  in t h e s e  e a r l i e r  e x p e r i 
ments  prolact in  cells sh o w ed  signs o f  high 
activity  in fish a d a p ted  to w a te r  with an o s 
m o la r i ty  h ig h e r  th a n  th a t  o f  th e  b lo o d  
p lasm a, if the C a 2 + and Mg2+ levels were  
kep t  low. T h is  w a s  no t  o b s e r v e d  in the  
presen t  study. T he  reason  for this d is c re p 
ancy  may be c o n n e c te d  with the s tra ins  of  
tilapia used.

Prolactin  cell ac t iv i ty  in tilapia in vivo  is 
s t im u la t e d  not  o n ly  by low w a t e r  o s m o 
larity or  C a 2+ levels, but also by low w a te r  
pH (W ende laa r  Bonga et al. ,  1984). R e d u c 
tions in w a te r  osm olar i ty ,  C a 2+ level, o r  pH 
have three  effects  in co m m o n :  the branchia l  
influx o f  w a te r  and the pass ive  outf low  o f  
ions are initially inc reased ,  p lasm a  o s m o 
larity and ion c o n c en t ra t io n s  are  d e c re a se d ,  
and prolactin  cells b eco m e  ac t iva ted  (W en

de laa r  Bonga et al.,  1984). Since pro lact in  
reduces  gill perm eabil i ty  to w a te r  and ions 
and inc reases  p lasm a  e lec tro ly te  levels in 
fish (Clarke and Bern ,  1980), s t imulat ion  o f  
prolactin  secre t ion  seem s  an a d e q u a te  re 
sponse  to c o u n te ra c t  the effects  o f  reduced  
w a te r  osmolar i ty ,  C a 2+ c o n c e n t ra t io n s ,  or  
pH.

Internal f a c t o r s  controlling prolact in  s e 
cret ion.  If fish prolactin  cells are  incuba ted  
in cu l tu re  media,  their  sec re to ry  activity  is 
s t im ula ted  w hen  the o sm ola r i ty  o f  the incu
ba t ion  m e d iu m  is r e d u c e d  ( N a g a h a m a  et  
al.,  1975: W igham  et al.,  1975, 1977: B en 
jam in  and Baker,  1976, 1978: Grau  et al.,  
1981; ou r  unpublished  obse rva t ions) .  This  
re sp o n se  has led to the suggestion that the 
s t im ula t ion  o f  pro lactin  cells as o bse rved  
a f te r  t ransfe r  o f  fish from seaw a te r  to fresh 
w a te r  is m edia ted  by a reduc t ion  o f  p lasm a 
osmolari ty .  O ur  p resen t  da ta  do not support  
th is  s u g g e s t i o n ,  s in c e  the  r e d u c t i o n  o f  
p lasm a osm olar i ty  in fish ex p o sed  to high 
w a te r  C a 2+ levels was a c c o m p a n ie d  by a 
reduc t ion  o f  prolactin  syn thes is .  T h us  it is 
unlikely that prolactin  syn thes is  in tilapia is 
p redom inan t ly  contro l led  by d irect  o r  in
direct  effects  o f  p lasm a osm olar i ty  on these  
cells. B rew er  and M cK eo w n  (1980) cam e  to 
the sam e conc lus ion  for co h o  sa lm on ,  a f te r  
they  found that  the  s t im ula t ion  o f  prolactin  
secre t ion  following t rans fe r  o f  the fish from
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se a w a te r  to  fresh w a te r  was not a c c o m p a 
nied by no tab le  ch an g es  in p lasm a  osm o- 
larity.

A pparen t ly ,  t ilapia p ro lac t in  cells show  a 
c o n s i s t e n t  r e s p o n s e  to  o s m o la r i ty  o f  the 
su rround ing  fluid only in the a b se n c e  o f  in
tact hypo tha lam ic  contro l  m ech an ism s .  A 
similar conc lus ion  can be d raw n  for p ro 
lactin cells o f  E u ro p e a n  eels and rats  that 
are also s t im ula ted  in vitro a f te r  reduc t ion  
of  the osm ola r i ty  o f  the incubation  m edium  
(Benjamin and Baker ,  1976, 1978; LaBella  
et a l., 1975). In c o n t ra s t ,  if in E u ro p e a n  eels 
p lasm a osm ola r i ty  is reduced  by expos ing  
the fish to de ion ized  w ater ,  the prolactin  
cells are unaffec ted  (O livereau  et al., 1980, 
1981). Similarly, p lasm a  pro lac t in  levels in 
rats are not no t iceab ly  influenced by e x 
p e r im e n ta l l y  i n d u c e d  i n c r e a s e s  o r  d e 
c r e a s e s  in p l a s m a  o s m o l a r i t y  ( M a t th e i j ,  
1977a,b). T h u s ,  the  p h y s io lo g ic a l  s ign if i
cance  o f  the re sp o n se  o f  pro lact in  cells in 
vitro to changes  in o sm ola r i ty  seem s  u n 
clear. This  is the m ore  so s ince such a re 
sponse  is not typical for pro lactin  cells. It 
has  a l so  b e e n  d e s c r i b e d  fo r  i n c u b a t e d  
A C T H  and g row th  h o rm o n e  cells o f  E u ro 
pean eels and the molly Poecilia latipinna 
(Benjamin and Baker,  1978; Bat ten  et al., 
1983) and  b o v in e  a d re n a l  m e d u l la ry  cells  
(H a m p to n  and H olz ,  1983).

We have suggested  that  p la sm a  calcium 
instead o f  p la sm a  osm ola r i ty  may influence 
p r o la c t in  s e c r e t i o n  in f ish  ( W e n d e l a a r  
B onga  and  G r e v e n ,  1978). H o w e v e r ,  the  
p resen t  d a ta  show  that there  is no c o n s is 
tent re la t ionsh ip  b e tw e en  p lasm a  ca lc ium  
levels and pro lac t in  syn thes is  in tilapia. Al
though the p re sen ce  o f  ca lc ium  ions m ay 
be a p re requ is i te  for basal pro lactin  re lease  
(G ra u  et al., 1981; M a c D o n a l d  a n d  Mc- 
K eow n ,  1983), as it is for  re lease  in m any 
gland cells, it is unlikely that  the prolactin  
cells in tilapia are  p red o m in an t ly  con tro l led  
by changes  in p la sm a  ca lc ium  levels.

In the p resen t  e x p e r im e n ts  a com plica ted  
re la t ionship  was found b e tw een  the ca lc ium  
c o n c e n t r a t i o n s  o f  the  w a t e r  a n d  b lo o d

plasma. Although in general the p lasm a ca l
cium levels are co rre la ted  positively to the 
ex te rna l  ca lc ium co n cen tra t io n ,  a reduction  
in the calcium concen tra t ion  o f  the w ate r  
from 0.8 to 0.2 m/VZ leads to an increase  in 
p lasm a calcium. The  most simple ex p la n a 
tion is that p lasm a calcium levels are  d e 
te rm ined  by both the calcium concen tra t ion  
o f  the w a te r  and the rate o f  secre t ion  o f  a 
h y p e r c a l c e m i c  h o r m o n e ,  fo r  w h ic h  p r o 
lac t in  is a l ike ly  c a n d i d a t e  (P ang ,  1981; 
W ende laa r  Bonga and Flik, 1982).

We suggest that prolactin  syn thes is  and 
release are  mainly contro l led  by h y p o th a 
lamic t rac ts ,  and not by d irect  effects  o f  
p l a s m a  f a c to r s  on the  p r o la c t in  ce l ls .  
W h e r e a s  in h ib i to ry  c o n t r o l  by d o p a m i 
nergic fibers has been well es tab l ished  for 
te leost  pro lactin  cells, there  is growing e v 
idence that there  are  in addition s t im ula tory  
t rac ts  that may be sero tonerg ic  (Ball, 1981). 
The problem  rem ains  to be solved as to how 
information  abou t  the ionic com posi t ion  of  
the w a te r  is m edia ted  to the central  ne rvous  
sys tem . M ore a t ten t ion  should be paid to 
the  s e n s o r y  in n e r v a t io n  o f  the  b ran ch ia l  
a r e a ,  s in c e  M a y e r - G o s t a n  and  H i r a n o  
( 1976) show ed  that in eels t ransec t ion  o f  the 
vagal and g lossopharyngea l  nerves ,  which 
i n n e r v a t e  the  b r a n c h ia l  a r e a ,  has  p r o 
n o u n c e d  e f fec ts  on o s m o re g u la t io n .  T h e  
au th o rs  suggested  that efferent nerve fibers 
m ay  send  in fo rm a t io n  f rom  b ran ch ia l  r e 
cep to rs  to the brain that may regulate  the 
re lease  o f  ho rm ones .
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