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Abstract

The chronological appearance of selected endocrine cells in the pituitary of African catfish Clarias gariepinus (Burchell, 1822) 
was studied morphologically, histologically and immunohistochemically by using antisera raised against catfish growth hormone 
(cgGH) and recombinant tilapia prolactin I (tPRL). cgGH- and tPRL-like immunoreactive cells were visible from day 1 post 
fertilisation (hatching) throughout the juvenile and the adult stage. From 1 to 90 days after hatching, the larval pituitary is oval 
in shape with a distinctly shaped rostral pars distalis, proximal pars distalis and pars intermedia. From day 120 onwards 
allometric growth of the rostral and proximal pars distalis extended the prolactin and growth hormone cells anteriorily and 
posteriorily, respectively. Size and activity of the prolactin and growth hormone cells, measured by the ratio of cell surface to 
nuclear surface remained constant until day 40 and showed a growth spurt thereafter. Growth hormone content, measured with 
a catfish-specific radio-immunoassay from hatching until 60 h post hatching, increased exponentially between 30 and 60 h. © 1999 
Elsevier Science Inc. All rights reserved.

Keywords: African catfish; Clarias gariepinus; Growth hormone; Immunohistochemistry; Ontogeny; Pituitary gland; Prolactin; 
RIA; Teleostei

1. Introduction

W hile classical techniques such as experim ental en­
docrinology, histology and  im m unohistochem istry have 
taugh t us m uch about the  location and  possible func­
tions o f the growth horm one (G H )-p ro lac tin  (PRL) 
family [11,18], m ore recent studies on gene regulation 
provide evidence for specific and  defined roles o f  h o r­
m ones [33,39]. G H  and P R L , originating from  the same 
stem cells [7], are expressed in specific cells located in 
the p itu itary . G H  plays a role in anabolic processes,
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energy m obilisation (including energy repartitioning 
and lipid m obilisation) and osm oregulation in"fish [9]. 
P R L  has multiple effects in fish, ranging from  osm oreg­
ulation, ion transport across gili epithelia, grow th, re­
production  and m etabolism  to  behaviour [11,32]. The 
regulation o f these horm ones, together w ith som ato- 
lactin (SL) which belongs to  the sam e G H -P R L  gene 
family [42], has several com m on features a t the m olecu­
lar level. F or example the pituitary-specific Pit-1 protein 
regulates the tem poral and  spatial transcrip tion  of 
PR L , G H  and SL [43], Insulin-like grow th factor 
(IG F)-I mediates the action o f G H  and  P R L  [34,39]. In  
addition, it has become clear th a t the m olecular evolu­
tion  o f fish G H , P R L  and IG F -I largely follows the 
m orphological evolution in several sustained bursts of 
evolution [34,48]. It has been hypothesised th a t the 
ancestral gene of G H , PR L and SL played a role in 
regulating the flux o f m etabolites necessary to m aintain
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cell volum e in response to changes in environm ental 
salinity in the early deuterostom e ancestors o f  the chor- 
dates [9].

The African catfish Clarias gariepinus (Burchell, 
1822) (Teleostei, Siluroidei) has been used as an en­
docrinological model, especially for the regulation and 
functioning o f the gonadotrophic horm one (G tH ) [38]. 
T he genes G H  and  PR L  have been studied to a lesser 
degree, bu t they have been cloned [16], the grow th 
horm one protein has been purified [6] and  a rad io im ­
m unoassay has been developed [26]. G H  release in 
catfish is affected by growth horm one-releasing h o r­
m one and  som atostatin  [26]. The em bryonic and larval 
developm ent of African catfish follows the typical p a t­
tern  o f bony fish [27].

The embryonic and  larval expression o f  G H  and 
P R L  is indicative o f the time-specific onset o f  their 
activity. In  addition, the endocrine actions o f G H  and 
P R L  m ay vary am ong species. Thus far the ontogeny of 
G H - and PRL-expressing-cells has been studied  by light 
m icroscopy or electron microscopy com bined with his- 
tochem ical and later on im m unohistochem ical identifi­
cation in teleosts such as Anguilla anguilla [2], 
Cynolebias whitei [35], Dicentrarchus labrax [8], H e x a ­
grammos otakii [20], Oncorhynchus m ykiss  [36], 
Oncorhynchus kisutch  [24], Oreochromis mossambicus 
[19], Oryzias latipes [37], Pleuronectes platessa  [12], 
Poecilia reticulata [21] and Sparus aurata [31]. A  single 
histochem ical study o f developm ent has been reported 
fo r a  catfish, Clarias batrachus [5]. M ore recently the 
em bryonic and larval appearance o f  G H , SL and P R L  
transcrip ts in lower vertebrates has been show n to trace 
the  appearance o f  these peptides [14,22].

O ur study m onitors the chronological appearance of 
im m unoreactive G H  and P R L  cells in the  p itu itary  of 
A frican catfish from  hatching until adulthood and  com ­
pares the adult pituitary with the larval p itu itary . In  
addition, m orphom etric traits o f the P R L  and G H  cells 
are m easured simultaneously and  the G H  conten t o f 
the  youngest stages is related to larval age.

2. Materials and methods

2.1. Larviculture

African catfish C. gariepinus were spaw ned and  the 
larvae hatched according to the procedures detailed 
previously [47]. F ish were raised at 28°C in a fresh 
w ater flow-through system. They were fed A rtem ia 
cysts from  day 4 (yolk sac resorption com pleted) till 
day 8. From  day 8 till day 12, the larvae were weaned 
to  a  dry commercial catfish diet (Trouvit, Belgium). 
Thereafter the fish were fed progressively larger dry 
food  pellets ad libitum (Bio M eerval, T rouvit, 
Belgium).

2.2. Tissue preparation, histology and 
immunohistochemistry

A t least ten  fish w ere  sam pled shortly  after hatching 
(day 1), at day 6, 10, 15, 22, 30, 60, 90 and  270 (adult). 
Com plete catfish la rv ae  were fixed in B ou in -H ollande 
sublim ate [10] from  days 1 to  15. A fter fixation, the 
heads o f 22- and 30-day-old juveniles were decalcified 
in formic acid (4 N ) fo r  2 days, while the pituitaries of 
older fish were rem oved from freshly killed specimen 
and fixed in to to  in B o u in -H o lla n d e  sublim ate. Tissues 
were dehydrated th ro u g h  an e th an o l-d io x an e  series 
and embedded in P arap last. Sections o f 6 pm thick 
were pu t on gelatin subbed  slides.

Polyclonal rabbit antiserum  directed against African 
catfish G H  (cgGH) w as obtained as specified previously 
[26] and used at a  dilution o f  1:10 000. Polyclonal 
rabbit antiserum  directed  against recom binant tilapia 
Oreochromis niloticus prolactin  I (tP R L x) [41] was do­
nated by F. R entier-D elrue and used a t a dilution of 
1:1,500. Its cross-reactivity to catfish P R L  has been 
docum ented previously [26].

The tissue sections were processed fo r im m unohisto­
chemistry as described previously [44], After an 
overnight incubation w ith the prim ary  antibodies, sec­
tions were stained using  H R P-labelled secondary anti­
bodies (D A K O ) and diam inobenzidine as chromogen. 
Adjacent sections w ere stained w ith the  G H  and PR L 
antisera and a m odified trichrom e M asson staining [30].

Controls were carried  ou t to test efficiency, accuracy 
and precision, sensitivity and specificity o f  bo th  antisera 
[28]. All steps in the staining procedure were standard­
ised. Efficiency was tested by progressive elim ination of 
a step in the stain ing procedure. Sensitivity was tested 
by using initially decreasing dilutions until immunos- 
taining disappeared (1:100000, 1:50 000, 1:10000, 
1:5000 and  1:1000 fo r cgG H  and 1:3000, 1:1500, 1:1000 
and 1:500 for tP R L x). Cells from  bo th  tilapia and 
A frican catfish were used to  test specificity. The cgGH 
antiserum  did no t cross react w ith tilap ia  G H  (O. 
niloticus), while the tP R L r antiserum  reacted with PR L 
cells in tilapia and A frican catfish, b u t did no t cross 
react w ith any other cell type. cgG H  and  tP R L , specifi­
cally stained G H  and  P R L  cells, respectively, without 
background.

2.3. Radio immunoassay

Larvae were sam pled every 6 h from  fertilisation (0 
h) until 72 h post fertilisation. G row th  horm one was 
quantified in the early life stages by radioim m unoassay 
(RIA) [26]. Ten larvae were pooled and hom ogenised in 
assay buffer (50 m M  Tris, 1% BSA, 0.5%  N aN 3, 0.1% 
Triton-X , pH  7.8) and m easured w ith an antibody 
specific to A frican catfish G H . T he interference of yolk 
in the assay was checked with a d ilu tion curve o f  larval
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extracts. F inal results are expressed as picogram  G H  
per individual. Larvae older th an  72 h were assayed 
individually. P R L  was not quantified since no catfish 
specific R IA  was available.

2.4. M orphometry

Various m orphom etric param eters o f  the G H  and  
PR L  im m unoreactive cells were m easured with a  Video 
Image Analysis System (K ontron, Germ any). The abso ­
lute cell diam eter, cell surface, nuclear diam eter and 
nuclear surface were m easured on 15 cells from  several 
individuals (except a t days 1 -4  when less cells were 
available fo r measurem ent). Only cells w ith a com plete 
nucleus on  the slide were m easured. The ratio  o f  cell 
area to nuclear area was used as a  m easure o f  cell 
activity. Statistical analysis was perform ed w ith the 
Statistica v. 4.5 (STA TSO FT) softw are package.

3. Results

3.1. General morphology, histology and 
immunohistochemistry o f  the adult p itu itary

M acroscopically, the p itu itary  o f  adu lt C. gariepinus 
is an ovoid organ with a slight m edian fissure giving 
rise to the appearance o f a tw o-lobed gland, when 
observed from  the ventral side. M idsagittal sections 
show an irregularly shaped oval p itu itary  connected to 
the hypothalam us, and  an infundibular recess. 
Trichrom e staining differentiated the adenohypophysis 
o f the adu lt A frican catfish into three areas: the rostra l 
pars distalis (R PD ), the proxim al pars distalis (PPD ) 
and the pars interm edia (PI; Fig. 1). A cidophilic cells 
staining by Poliak and reacting fo r G H , PR L  and  SL 
were observed in the pars distalis (PD ) and PI. Cells 
reacting w ith the an ti-G H  serum  were located in the 
PPD  adjacent to the gonadotrophs; they were som e­
w hat m ore loosely packed and occupied a larger area 
dorsally. T heir shape was triangular, the cell diam eter 
was 8.7 pm  ( ±  0.5) and  they tended to be organised in 
chains. Cells reacting with the an ti-P R L  serum were 
confined to  the R PD , stained purple w ith trichrom e and  
occupied a ra th er large area. They were densely packed, 
had  a rounded  shape and  m easured 2.9 pm ( +  0.7). 
D ouble staining w ith P o liak ’s m ethod and P R L /G H  
im m unohistochem ical techniques corroborated  these re­
sults. A drenocorticotropic-like cells (A C TH ), identified 
w ith T richrom e Poliak in pale blue, were located 
th roughou t the R P D  interm ingled w ith the PR L  cells 
and  the neurohypophysis. Their size and  shape was 
similar to  the P R L  cells. G onadotropin-like cells (G tH ) 
stained blue w ith trichrom e and could only be identified 
ventrally o f  the proxim al pars distalis. Since the fish 
sampled h ad  n o t spawned, the G tH  cells were no t

activated yet [29]. Cells p robab ly  secreting thyro id  stim ­
ulating  horm one (TSH) stained blue and were located 
in between the G H  cells.

3.2. M orphology o f  the larval pituitary

The general m orphology o f the larval and  juvenile 
p itu itary  differs from  th e  adult (Figs. 1 -3 ). One- to 
6-day-old larvae have a p itu itary  gland shaped triangu­
larly which is in in tim ate contact w ith the hypothala­
mus. We could no t find evidence for an infundibular 
stalk after inspecting serial sections. T he infundibular 
recess/third ventricle o f  the hypothalam us is visible 
from  day 6 onwards. T h e  pitu itary  contains a  dense 
mass o f  cells w ithout clear boundaries betw een the cells 
o f  the  R PD , PPD  and P I. T he R P D  is located in the 
an terior corner o f the triangular pituitary. A t day 6 the 
neurohypophyseal fibres are  visible; the p itu itary  gland

Fig. 1. D iagram  o f  a m idsagittal section th ro u g h  the p itu ita ry  gland 
o f  larval, juven ile  and ad u lt A frican catfish show ing G H  (do tted ) and 
P R L  (gray) cells as obtained  from  trichrom e Po liak  an d  im m unohis­
tochem ical staining: (a) d ay  1; (b) day  6; (c) day  10; (d) d ay  22; (e) 
d ay  30; (f) day  90; and (g) day 270 (adult). T h e  b a r  ind icates 50 pm.

V.
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Fig. 2. M idsag itta l section th ro u g h  the p itu itary  o f  A frican  catfish on  days 1 and  6. T h e  actual size is ind ica ted  with a  b a r  represen ting  20 (panels 
a - c )  and  40 pm  (panels d - f ) .  U p p er panel (a, d): section stained with trich rom e Poliak; m iddle panel (b , e): section im m unostained  fo r P R L ; lower 
panel (c, f): section im m unostained fo r G H . A rrow s indicate  the position  o f  the p itu itary . N o te  th a t  the adenohypophysis is connected  to the 
buccal epithelium .

rem ains located close to the hypothalam us and is trian­
gular in cross-section. T he adenohypophysis is con­
nected to  the epithelium  o f  the buccal cavity. A t day 10 
the infundibular stalk  becomes visible and a clear dis­
tinction is seen between the  R P D , PPD  and PI. A t day 
22 the neurohypophyseal fibres deeply penetrate in the 
p itu itary  and  the p itu itary  becomes pear-shaped in 
cross-section. F rom  day 90 onw ards, the p ituitary gland 
resembled the adult type w ith clear separations between 
the R P D , PPD , PI and neurohypophysis, although 
proportionally  still sm aller than  the adult. The shape is 
oval in cross-section.

3.3. H istology, morphometry and immunohistochemistry 
o f  the larval adenohypophysis

tPR Lj-like im m unoreactive cells were observed in the 
rostral p a rt of the p ituitary gland im m ediately after 
hatching (day 1; Fig. 2(b)). The cells stained rather 
weakly and were round  in shape. Cell surface and the 
ratio  o f  cell surface to cell nucleus rem ained constant 
until day 40 and increased thereafter (Fig. 4). P R L  cells 
tended to occur in the rostral p a rt close to the in ­
fundibular stalk; a  clear allom etric grow th w ith exten­
sion to the anterior and posterior p a rt was observed
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from  day 120 onwards. The PR L  cells observed in adult 
A frican catfish extend dorsally, anteriorily and laterally 
in the rostral pars distalis.

cgG H -like im m unoreactive cells were observed in the 
m id p a rt o f a  dense mass o f  pituitary cells immediately 
after hatching (day 1 ; Fig. 2(c)). The cells reacted strongly 
and  had  an  angular shape. Cell surface and the ra tio  o f 
cell surface to cell nucleus remained constan t until day 
40 and increased thereafter w ith a concom itant change 
in shape from  round to triangular (Fig. 4). G H  cells 
tended to  occur in the middle p a rt o f the p ituitary 
posterio-ventrally from  the PR L  cells till day 90 (Fig. 
3(0)- U ntil th a t time the position o f the P P D  relative to 
the R P D  was m ost unam biguous. A t 120 days allom etric

grow th extended the position anteriorily and  posteriorily 
such th a t they envelope the pars interm edia. The G H  cells 
observed in adult A frican catfish were located in the PPD.

3.4. GH content o f  the larvae

The G H  content stayed below detection levels until 36 
h post fertilisation (Fig. 5). I t  was only a t 42 h that 
m easurable am ounts were detected; thereafter the content 
increased exponentially. A t 72 h G H  was detectable in 
hom ogenates o f individual larvae. G H  content correlates 
linearly w ith body mass up to  60 h p ost hatch: G H  content 
(pg ind - l) =  -  33.33 +  453.87*Dry W eight (mg ind ~ l) 
(r — 0.95; P <  0.001).

Fig. 3. M idsagitta l section th ro u g h  the p itu ita ry  o f  A frican catfish on  days 22 and  90. T h e  actual size is indicated  w ith a  b a r  representing  40 
(panels a - c )  and 200 pm  (panels d - f ) .  U p p er panel (a, d): section stained w ith  trichrom e Poliak; m iddle panel (b , e): section  im m unostained  for 
PR L ; low er panel (c, f): section im m unostained fo r G H .
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Fig. 4. L inear regression o f  cell surface (a, c) (gm 2 ±  S D ) and  ra tio  o f  cell surface to nuclear surface (b, d ) ( +  SD) o f  G H  (a, b ) an d  P R L  cells 
(c, d) in function  o f  tim e (from  hatch ing  till adu lthood) o f  A frican  catfish. N o te  the lo g ,0 scale on  th e  x-axis.

4. Discussion

The physiological actions o f  prolactin  and growth 
horm one cover a  b road  spectrum  [11,18] and  are likely 
o f relevance during larval development. Their spatial 
and  tem poral dynamics as observed in o ther vertebrate 
taxa  po in t to physiologically variable actions [15,22]. 
How ever, the ontogeny o f horm ones o f the  G H -PR L  
group  have been studied in only a  lim ited num ber of 
fish. A frican catfish is a suitable m odel for such studies 
because o f the short duration  o f  em bryonic develop­
m ent, the external em bryonal developm ent, the large 
size o f  the adults (which facilitates sampling), the de­
tailed knowledge o f the biology and  the ease to  culture.

M ost significantly, very shortly  after hatching 
(eleuthero-em bryo) cells im m unoreactive to  G H  and 
P R L  were detected. G H  cells appear active during the 
early stages o f  development, although few cells are

present at th a t time. T h e  absolute am ount o f  G H  in the 
larvae increases m easurably and exponentially between 
42 and 60 h (the endpoin t o f  our m easurem ents). Both 
observations prove th a t G H  is active a t the very early 
stages o f developm ent. G H  expression is though t to be 
linked to m otion; the first movem ents o f  catfish em­
bryos are registered a t abou t 18 h post fertilisation at 
28°C (pers. ob.). O ur attem pts to  detect G H  in un­
hatched em bryos im m unohistochem ically or by ra ­
dioim m unoassay failed. In  the first case this is probably 
due to the low sensitivity o f  the m ethod while in the 
latter case we noticed interference w ith vitelline sub­
stances when we tried to  measure G H  in a  large batch 
o f  larvae. P artia l purification o f  the tissue extracts 
m ight im prove the R IA  while PC R  titra tion  o f m R N A  
could provide a m ore sensitive detection m ethod for 
younger stages. G H  m R N A  was detected in larvae of 
sea bream from  day 3 post hatch [14], Thus the pres­
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Fig. 5. T o ta l average G H  con ten t (pg ind -  ')  ( ±  SD ) in  the body  o f  
larval A frican  catfish from  hatching un til 60 h.

ence o f  G H  (and PR L) and/or their m R N A s in unfer­
tilised fish eggs and in embryos rem ains an  open ques­
tion. L ipophilic substances such as L-thyroxine (T4) and 
triiodo-L-thyronine (T3), which are influenced by G H  
and originate from  the m other, are present in fish eggs, 
their levels decreasing w ith developm ent [25]. The 
grow th regulator IG F -I, which affects P R L  and G H  
expression, is present as m R N A  in unfertilised eggs and 
em bryos [34].

P R L  cells appeared active during the early stages o f 
developm ent. A  weaker signal was detected shortly 
after hatching, which was also reported  in m edaka and 
C. whitei [37]. M ost im portan t is the osm oregulatory 
action  o f P R L  in freshwater species, including catfish 
[11], T he differences in the appearance o f  G H  and P R L  
merely reflect species-specific differences in patterns of 
developm ent [4], Developm ent is saltatory  due to  the 
passing o f thresholds and  can be modified by an altered 
time o f  appearance o f  structures and functions. The 
d istribu tion  and appearance o f P R L  and  G H  cells 
am ong species shows elements o f  this process (see

T able 1
C om p ara tiv e  developm ental biology o f  G H  and P R L  in  A frican catfish

later). I t  m ight also b e  argued th a t freshw ater species 
have in com parison to  m arine species a  higher need to 
regulate osm otic pressure. Indeed, P R L  expression has 
been detected in sea bass [8] and  sea bream  [31] a t a 
later stage in developm ent th an  tro u t [36] and  catfish.

The pituitary o f A frican  catfish, sea bass and  sea 
bream  grow allom etrically bu t the expression o f  African 
catfish G H  follows a linear p a tte rn  in relation to  body 
m ass up to  60 h p o s t hatch. A t some stage, either 
earlier (catfish) o r la te r (sea bass) in developm ent, the 
relative position o f the G H  and  P R L  cells is conserved, 
bu t the final three-dim ensional d istribution p a tte rn  may 
show m ajor m odifications anteriorily, posteriorily  and 
laterally. This raises th e  question w hether the differen­
tial developm ental ra te  o f the various species is a 
crucial factor. A frican catfish em bryos develop rela­
tively fast a t warm  tem peratures; the threshold  tem per­
ature  fo r developm ent is 14.5°C [17]. Larvae hatch  24 h 
post fertilization at 28°C and resorb their lipid-rich 
yolk during the following 2 days, only to s ta rt feeding 
a t day  3 post hatch. T he digestive system is lim ited to 
an ‘A nlage’ which develops very fast during the first 4 
days o f  exogenous feeding [46]. The ontogeny o f  the 
chondrocranium  reflects the p rem ature developm ent of 
the A frican catfish a t hatching [1], This study confirms 
th a t the developm ent o f  the nervous system is p rem a­
tu re  a t hatching. The h y p o th a lam o -p itu ita ry -g o n ad a l 
axis fully develops during puberty.

W e com pared the ontogeny o f  G H  and P R L  among 
a  few well studied teleosts (Table 1). In  general the 
developm ent o f catfish larvae follows th a t o f  other 
teleosts such as rainbow  tro u t [45], sea bass [8] and 
zebrafish [23] although the order o f appearance o f the 
horm ones considered m ay change. D uring em bryonic 
developm ent G H  and P R L  appear only in salm onids 
before hatching; other fish produce G H  and  PR L  
shortly  after hatching. T he reduced need to  osmoregu- 
late in sea w ater (with its high Ca content) delays the 
expression o f  PR L  in m arine fish. How ever, a  detailed 
interspecific com parison am ong stages is ham pered by 
the absence o f a standardised staging term inology.

(this study), ra inbow  tro u t [36], sea bass [8] and  sea b ream  [31]

T im ing  o f  characteristics A frican  catfish 
{Clarias gariepinus)

ra in b o w  tro u t 
{O ncorhynchus m ykiss)

sea bass {Dicentrarchus 
labrax)

sea bream  
{Sparus aurata)

D ays to h a tc h  from 1 day a t 28°C 40 days a t 12°C 4 days a t 16°C 2 days a t  16°C
fertilisa tion

D ays to  first feeding from 3 days a t  28°C 45 days a t  12°C (stage 37) 6 days a t  19°C 4 days a t 16°C
fertilisa tion

Size o r  age to  a d u lta 35 cm (240 days a t 26°C) 

Days p re  ¡post-hatch; appearance of:

24 m on ths 25 (M )-32  (F) cm 12 m o n th s  (M )-24  
m o n th s (F)

G H 0 days — 14 days (stage 21) +  1 days + 1  days
PR L 0 days — 27 days (stage 28) +  9 days +  4 days

a F: fem ale; M : m ale.
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A nother aspect is the observed increase in cell size o f 
the P R L  and G H  cells at 40 days o f age. A nurans show 
various patterns o f decreasing and increasing cell size 
during m etam orphosis [15]. It was also shown th a t the 
volum e and activity o f  PR L  cells is a function o f 
environm ental osm olarity [35]. W hether our observa­
tions can be interpreted in view o f an increase in 
activity o r  a species-specific effect related to age re­
m ains to  be verified experimentally, preferably by the 
m easurem ent o f receptor density [32],

W e used the tilapia PR Lj antiserum  (the form  which 
is the m ost similar to o ther fish P R L  genes, contains 
188 am ino acids and shows 69% sequence identity to 
tPR Ljï) to  screen for P R L  in A frican catfish. Recom bi­
nan t tP R L j is m ore sensitive to  the transfer from  fresh 
to  salt w ater in com parison to  recom binant tP R L n 
[3,13] while it may possess som atotropic actions similar 
to G H  [39], The tilapia PR L n horm one comprises 177 
am ino acids and is know n to be present in the same 
granules as PR L ï [40]. The tP R L n antiserum  turned  out 
to express antigenic epitopes equally efficient as tPR L , 
w ithout any obvious difference between the P R L  cells 
stained. The presence o f  m ore than one form o f the 
horm ones PR L  and G H  in catfish rem ains to be eluci­
dated; so far, there is evolutionary no indication o f 
gene duplication.

In conclusion, G H  and P R L  im m unoreactive cells 
have been identified a t all stages o f free living larvae 
and adults o f African catfish. Their activity appears to 
be changing through life time. The question rem ains 
when exactly these horm ones are expressed for the  first 
time during em bryonic development; im m unoreactive 
sites are present shortly after hatching.
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