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The melanophore-stimulating hormone (MSH) cells of the amphibian pars intermedia 
secrete the peptide a-melanophore-stimulating hormone (a-MSH), which induces pigment 
dispersion in dermal melanophores. The purpose of the present study was to determine (1) 
whether prolonged activation of the secretory activity of the pars intermedia is associated 
with hypertrophy, hyperplasia, or both and (2) whether the MSH cells function as a homo
geneous or heterogeneous population in meeting the physiological demand for MSH. The 
demand for MSH was manipulated by adapting animals for at least 3 weeks to white, two 
shades of grey, or black backgrounds. Morphometric analysis showed that the intermediate 
lobe volume was positively correlated with the degree of pigment dispersion in the mela
nophores. The number of MSH cells per lobe was not affected by the degree of pigment 
dispersion. Therefore, we conclude that enlargement of the tissue associated with MSH cell 
activation involves hypertrophy rather than hyperplasia. Ultrastructural examination indi
cated that the majority of MSH cells in black-adapted animals are biosynthetically active, 
whereas the cells of white-adapted animals are relatively inactive and show granule storage.
The pars intermedia of grey-adapted toads contained both active and inactive cells, indi
cating that MSH cells respond as a heterogeneous cell population in meeting the endocrine 
demand imposed by background. © 1990 Academic Press, inc.

In general, activation of endocrine cells 
may involve hypertrophy, hyperplasia, or 
both. Furthermore, two patterns of cell re
sponses can be distinguished during activa
tion: either all cells become activated or 
only subpopulations of cells become acti
vated. An example of the former are the 
oxytocin-producing neuroendocrine cells 
that respond as a homogeneous population 
to the suckling stimulus (Poulain and Wak- 
erley, 1982). An example of the latter are 
the vasopressin-producing neuroendocrine 
cells that respond as a heterogeneous pop
ulation to osmotic stress (Poulain and Wak- 
erley, 1982). Morphometric and biochemi
cal evidence has been advanced that the rat 
gonadotropes (Neill et al., 1986) and lacto- 
tropes (Lucque et al., 1986) as well as the p 
cells of the pancreatic islets (Schuit et al., 
1988) and thyroid follicular cells in mice 
(Gerber et al., 1987) form heterogeneous

populations with regard to their secretory 
response to demand for hormone.

In the present investigation we studied 
the response of amphibian melanophore- 
stimulating hormone (MSH)-producing 
cells to a physiological stimulus. Two major 
questions were addressed. First, does the 
activation of the pars intermedia involve 
hypertrophy, hyperplasia, or both? Second, 
do the endocrine cells of this tissue function 
as a homogeneous or as a heterogeneous 
cell population in response to a demand for 
MSH? The MSH cell of Xenopus laevis 
provides a good model to study these ques
tions because the pars intermedia activity 
can be easily manipulated. The MSH cells 
of animals placed on a black background 
release a-MSH, which stimulates pigment 
d isp ers io n  in derm al m e lan o p h o res ,  
thereby darkening the skin. Conversely, 
MSH cells of animals on a white back-
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zround are relatively inactive, which re
sults in a light skin. To manipulate the pars 
ntermedia activity, we adapted X. laevis 3 
veeks to white, light grey, dark grey, or 
'»lack backgrounds. Plasma MSH levels 
vere measured to confirm that the treat- 
nent altered secretory activity of the pars 
ntermedia. Analysis of intermediate lobe 
ictivity included morphometric determina- 
ions at the light microscopic level and ul- 
rastructural characterization of the MSH 
jells.

M ATERIALS AND METHODS
Animals. X. laevis were obtained from laboratory 

.tock and fed on ground beef heart and trout pellets 
Trouvit) once a week. Lights were on for 12 hr a day. 
The water temperature was 22°. All animals were 
eared and held on a grey background before the ex
periments started. Consequently, they showed a me- 
anophore index (MI) of 3 or less, according to the 
protocol of Hogben and Slome (1931). A MI of 1 indi
cates full aggregation of melanin in dermal melano- 
phores, a MI of 5 indicates full dispersion. During ex
periments they were fed trout pellets only and were 
;ept in lights for 24 hr. Males and females of approx- 
mately the same weight (25 g) were used for the ex
periments. They were adapted to white, light grey, 
lark grey, and black backgrounds in 10-liter buckets 
or 3 weeks. These backgrounds give consistent MI 
/alues of 1.0 ± 0.1, 1.9 ± 0.1, 3.5 ± 0.1, and 4.9 ± 0.1, 
espectively.

Radioim m unoassays.  To determine the plasma 
VISH content, animals were decapitated and trunk 
Dlood (1 ml) of individual animals was collected in 250 
j l I  ice-cold saline (0.9%) containing Na2-EDTA (2 mM) 
md trasylol (45 KlU/ml). After centrifugation (10 min, 
I0,000g, 4°), the supernatant of each sample was ap
plied to a octadecyl C-18 column (J. T. Baker, Chem- 
cal Co), pretreated with 3 x 1 ml buffer (0.5% formic 
icid and 0.14 M pyridine) and 3 x 1 ml 1% polypep 
Sigma) in the same buffer. The column was washed 
vith 6 x 1 ml 8% propanol in buffer. MSH was eluted 
rom the column with 3 x 1 ml 26% propanol in buffer. 
The eluents were pooled and 20 jxg • m l-1 bovine se- 
um albumin (BSA; Sigma, fraction V) was added. The 
ample was vacuum dried (Savant Speed Vac) and re- 
lissolved in assay buffer (0.02 M  Na-barbital, 0.2 g/ 
iter Na-azide, and 0.3% BSA, pH 8.6) for the radio- 
mmunoassay. MSH plasma levels were not corrected 
or losses during the extractions and were therefore 
elative (percentage recovery was 40-50%).

The MSH antiserum used in the radioimmunoassay 
vas produced by injecting rabbits with synthetic 
x-MSH (Sigma) coupled to thyroglobulin with carbo-

diimide. In all our assays the MSH antiserum, ob
tained by the ninth bleeding (L9), was used at a final 
dilution of 1:30,000. The cross-reactivity of the MSH 
antiserum for des-acetyl-a-MSH and for a-MSH was 
100% and for ACTH and ACTH(l-24) less than 0.5%. 
Free and bound l25I-a-MSH was separated by precip
itation of the immunocomplex with polyethylene gly
col (BDH)/ovalbumine (Sigma) (15%/2.4%). The MSH 
detection limit was 2.5 pg per tube.

Light microscopy. Freshly dissected brain-pituitary 
complexes of Xenopus  were fixed overnight by immer
sion in Bouin-Hollande, dehydrated, and embedded in 
Paraplast. Serial sections (5 pLm) were cut. Every 10,h 
section was mounted on a microscope slide and 
stained with Mayer’s haematoxylin/eosin.

Electron microscopy. Freshly dissected neurointer- 
mediate lobes were prefixed in 3% glutaraldehyde in
0.1 M sodium cacodylate (pH 7.4) for 15 min and fixed 
in a mixture of 3% glutaraldehyde in 0.1 M sodium 
cacodylate buffer, 2% osmium tetroxide ( 0 s 0 4), and 
5% potassium dichromate (1:1:1) for 1-1.5 hr (Wen- 
dellar Bonga et al., 1984). After fixation the tissues 
were block stained by 2% uranyl acetate in water (1 
hr). Subsequently, the tissue was dehydrated and em
bedded in Spurr's resin. Ultrathin sections (50 nm) 
were collected on 150 mesh copper grids, stained for 5 
min with lead citrate (Reynolds, 1963), and examined 
with a Jeol JEM 100CX II microscope. Semithin sec
tions (1 ^im) of the same blocks were cut for the de
termination of surface areas of MSH cells and their 
nuclei.

Immunogold labeling. Neurointermediate lobe tis
sue was fixed in Kamovsky’s mixture (2% paraform
aldehyde and 2% glutaraldehyde in 0.1 M  sodium cac
odylate, pH 7.4) and embedded in Spurr’s resin. Sec
tions (90 nm) were collected on 150 mesh nickle grids 
and immunogold labeled with protein A gold (<J> 16.2 
nm; Janssen Biotech NV) essentially as described by 
Van Putten and Kiliaan (1988). One modification was 
introduced by omitting etching with H 20 2. The 
a-MSH antiserum was used in a dilution of 1:1000. 
Replacement of the a-MSH antiserum with preim- 
mune rabbit serum or preadsorption of the antiserum 
with excess antigen served as control procedures.

Morphometry; o f  the intermediate lobe volume, cel
lular and nuclear cross-sectional surface areas. Cross- 
sectional surface areas of sagittal intermediate lobe 
sections, of MSH cells, and of their nuclei were esti
mated with a light microscope connected with an X-Y 
tablet and Kontron MOP integration equipment. By 
determining the intermediate lobe surface areas of ev
ery 10th Paraplast section, the intermediate lobe vol
ume was calculated.

The number of cells per intermediate lobe was esti
mated by determining the average cell cross-sectional 
surface area of 100 MSH cells in semithin sections. 
Only cell profiles that showed a nuclear section were 
scored. From these data the average cell volume was
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calculated. In vitro studies on MSH cells showed that 
the cells are approximately spheroidal in shape. This 
information has been used in the calculation of the 
average cell volume. Consequently, the cell surface 
area is directly related to cell volume. By dividing the 
intermediate lobe volume by the average cell volume, 
the number of MSH cells per intermediate lobe was 
assessed. The nuclear cross-sectional surface area was 
determined in semithin sections for a sample of 100 
MSH cell nuclei per experimental group.

Statistical tests. Differences between means of 
plasma MSH levels, of intermediate lobe volumes, and 
of cell numbers were tested with Student's t test. Dif
ferences in the relative numbers of MSH cell types 
were tested with nested ANOVA (Sokal and Rohlf, 
1981). In both tests statistical significance was ac
cepted for P < 0.05.

RESU LTS

Plasm a M S H  levels. P lasma M SH levels 
o f  b lack -adap ted  anim als  w ere all above 
100 pg/ml, w hereas  those of w hite-adapted  
animals were below the linear part of the 
s tandard  curve  o f  our  RIA. Plasma M SH 
levels o f  dark  grey- and light grey-adapted  
animals fell be tw een  the values of black and 
white ones. As show n in Fig. 1 the MI is 
positively corre la ted  with the logarithm of 
the M SH  levels in the blood plasm a (r0 = 
0.8263; n = 12; P  <  0.001).

In term edia te  lobe volume. The volume of 
the in term edia te  lobe o f  b lack-adapted  ani
mals was a lm ost twice the volume of  that of 
w hite-adap ted  animals (Table 1). In te rm e
diate lobe vo lum es o f  dark  grey- and black- 
adap ted  animals had significantly increased 
co m p ared  to w hite-adap ted  toads (0.02 <  P 
<  0.05 and P  <  0.001, respectively) and the 
difference in lobe volum e of  dark  grey- and 
b lack-adap ted  animals was also significant 
(0.002 <  P  <  0.01).

The num ber o f  M S H  cells. Table 1 gives 
the  n u m b e r  o f  cells  in the in te rm ed ia te  
lobes  o f  an im als  ad ap ted  to w hite ,  light 
grey, dark  grey , and black backgrounds .  
N o  significant d ifferences in cell num bers  
am ong these  groups were found (P >  0.05; 
S tu d e n t ’s t test).

Ultrastructure o f  M S H  cells. On the b a 
sis o f  u ltras tructura l  and im m unocy tochem - 
ical (see below) criteria, two types o f  M SH

cells were distinguished. The first cell type 
(type I; Fig. 2a) con ta ined  num erous  round- 
to oval-shaped  secre to ry  g ranu les ,  which 
were often electron  trans lucen t .  The  Golgi 
com plex  in this cell type was poorly  dev e l
oped and dilatations o f  the rough en d o p la s 
mic reticulum (RER) w ere rarely  observed .  
The o ther  cell-type (type II; Fig. 2e) c o n 
tained less secre to ry  granules ,  w hich were 
round in shape and con ta ined  m ostly  e lec 
tron-dense  material. The  Golgi a reas  in this 
cell type w ere  well d ev e lo p ed  and  large 
am ounts  o f  R E R  were p resen t .  T he  type  II 
cell was much larger than  the type  I cell. 
Nearly  all M SH  cells in the in te rm edia te  
lobes of w hite-adapted  anim als  w ere  iden
tified as type  I (ab o u t  95% ). In b lack -  
adapted  toads type II cells w ere  the p re 
dom inant type (about 80%). T he  pars  in ter
m ed ia  o f  (da rk )  g r e y - a d a p te d  X e n o p u s  
consis ted  of  nearly equal num bers  o f  type  I 
and II cells. This is i llustrated in Fig. 2c. 
I m m u n o c y to c h e m is t r y  at the  E M  level 
s h o w e d  th a t  b o th  cell t y p e s  c o n ta in e d  
M SH -positive  granules  (Figs. 2b, 2d and 
2f). The electron m icrographs also show ed 
some im m unostain ing on R E R  areas .  C o n 
trol sections were essentially  devoid  o f  im
m unostaining (Fig. 2g).

N o signs o f  increased  apop tos is  o r  n e c ro 
sis of M SH  cells w ere found.

Cell cross-sectional surface area (cellu
lar surface) and  nuclear cro ss-sec tio n a l  
surface area (nuclear surface). In Fig. 3 the 
relative abundance  of  M S H  cells has been 
plotted against cellular surface  (Fig. 3A) or 
nuclear surface (Fig. 3B). T he  cellu lar su r
face was categorized  in g roups  by 0.1 x 
10“ 4 m m 2 steps, the nuclear  surface by 0.46 
x \0 ~ > m m 2 steps. F igure 3A show s thal 
M SH  cells can be divided into tw o main 
groups on the basis o f  the cellu lar surface:
one group below a surface a rea  o f  0.9 x 

i  ^

10 ~~ m m “ and the o th e r  g roup  above  this 
value, particularly ev ident in the dark  grey- 
adap ted  anim als. T he  ce llu lar  su rface  of 
most cells o f  w hite -adap ted  animals w as be
low 0.9 x 10-4 m m 2. In light g rey-adap ted  
animals the surface o f  the majority  o f  cells
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Fig. 1. Effects of long-term adaptation to different 
backgrounds (W, white; LG, light grey; DG, dark 
grey; B, black background-adapted animals) on the MI 
and the a-MSH levels in the blood plasma in X. laevis 
(means ± SEM; n = 4)

was also below this value, a lthough a small 
popu la tion  o f  cells with a surface  larger 
than 0.9 x 10 ” 4 m m 2 was present.  The lat
ter g roup com prised  the majority  (75%) of  
M SH  cells in b lack-adap ted  animals. The 
d is tr ibu tion  o f  nuc lea r  su rfaces  fo llowed 
the sam e trend  but no c lear  segregation into

TABLE 1
The I n t e r m e d i a t e  Lobe V olum e a n d  t h e  

N um ber o f  MSH C e l l s  in t h e  Pars  In te rm e d ia  
o f  W hite- ,  L ig h t  Grey-, D ark  Grey-,  a n d  

B la c k -A d a p te d  X. laevis (Means ± SEM; n = 5)

Background

Intermediate 
lobe volume 

(mm3)

Number of 
MSH cells 
(x 10~4)

White 0.036 ± 0.002 7.3 ± 0.7
Light grey 0.040 ± 0.004 6.9 ± 0.8
Dark grey 0.045 ± 0.003* 5.9 ± 0.5
Black 0.063 ± 0.003** 6.2 ± 0.5

* 0.02 <  P < 0.05; **P <  0.001.

two popula tions  was obse rved .  The differ
ences  in d is tr ibution  o f  cell and nuc lear  su r
face of  the different g roups  w ere  significant 
(P < 0.001; nested  A N O V A ).

DISCUSSION

We found a positive corre la t ion  be tw een  
p lasm a M SH  values and the degree  o f  pig
m ent d ispersion  in derm al m e lanophores ,  
which indicates  tha t ou r  m an ipu la tion  o f  
backgrounds  indeed alters  the dem and  for 
M SH . T hese  results  w ere  in line with those  
o f  W ilson  and  M organ  (1979) w h o  c o n 
cluded that in long-term background  a d a p 
tation the circulating level o f  M SH  is the 
prim ary  fac to r  de term in ing  the degree  of  
p igm en t d isp e rs io n  in X e n o p u s  k ep t  on 
b lack ,  g rey ,  and  w hite  b a c k g ro u n d s  for  
long periods.

O ur m orphom etr ic  ana lyses  d em o n s tra te  
that the volum e of  the in te rm edia te  lobe of  
b la c k -a d a p te d  X e n o p u s  a lm o s t  d o u b le d  
co m p a re d  to w h i te -ad ap ted  an im als .  We 
found that the m ean cell size is d irectly  re 
lated to the in term edia te  lobe volum e and 
that there  was essentially  no difference in 
the num ber  o f  cells in the pars  in te rm edia  o f  
a n im a ls  a d a p te d  to  the  d i f f e re n t  b a c k 
grounds. T here fo re ,  we relate this differ
ence in pars in te rm edia  volum e to an in
c rease  in volum e o f  the individual M SH  
cells. Both  h y p e r t ro p h y  and  h y p e rp la s ia  
have been show n in pars in te rm edia  cells of 
som e fish spec ies  (T h o rn to n  and H o w e ,  
1974; M alo-M ichele , 1977; Van E ys ,  1980; 
W endelaar  Bonga et a i ,  1986), while in the 
pars in term edia  o f  the rat,  only hyperp las ia  
was o b se rv ed  a f te r  giving the an im als  a 
t rea tm en t which leads to ac tivation  o f  M SH  
cells (Chronwall et a i ,  1988). A pparen tly  
there  is cons iderab le  species  difference in 
the response  o f  the in te rm edia te  lobe tissue 
to endocrine  cell activation .

At the u ltras truc tura l  level we found that 
the g ranular  cells in the in te rm edia te  lobe of  
w hite-adap ted  animals could be ca tegorized  
as secre to ry  inactive (type I) cells. The pars 
in te rm e d ia  o f  b la c k -a d a p te d  to a d s  con -
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F i g . 2. Electron micrographs of MSH cells from the pars intermedia of X. laevis, adapted to white 
background (a), dark grey background (c), and black background (e) ( x  10,900). Immunocytochemical 
staining with anti-a-MSH/immunogold of sections from animals adapted to white (b), dark grey (d), 
and black backgrounds (f). In controls (preimmune rabbit serum), no labeling was observed (g) 
(x 3 9 ,0 0 0 ) .  (I, type I; II, type II)
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Fig. 3. Effects of long-term adaptation to white, light grey, dark grey, and black backgrounds on the 
distribution of MSH cell surface areas (A) and MSH cell nuclear surface areas (B) in X. laevis (n = 
100). The degree of shading of the bars corresponds to the background colour.

sisted primarily of secretory active (type II) age type cells while the type II cells are 
cells. Similar observations have been made probably very active, producing and secret
in earlier studies and we conclude that cells ing a-MSH (Hopkins, 1970; Weatherhead 
with characteristics of our type I are stor- and Whur, 1972; Van Helden, 1980). This
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conclusion  has been supported  by in vitro 
studies showing that the pars in term edia  o f  
b lack -ad ap ted  anim als  is b iosynthetica lly  
active while that o f  w hite-adapted  toads is 
relatively inactive (Thorn ton , 1971; W hur 
and W h ea th e rh ead ,  1971; H opkins ,  1972; 
Jenks  et al., 1977, 1985). Application of  the 
pro te in  A gold techn ique  with a specific 
a -M S H  an tiserum  show ed that both types 
w ere a -M S H -p ro d u c in g  cells.

To de term ine  w he the r  all cells or only a 
subpopula tion  are ac tivated  during ac tiva
tion o f  the pars  in term edia , we paid special 
a tten tion  to the u ltras truc tura l  cha rac te r is 
tics o f  M SH  cells in animals adap ted  to grey 
backgrounds .  To our  know ledge, the pars 
in term edia  o f  such animals has never  been 
exam ined  at the EM  level. W hen all M SH 
cells are ac tiva ted  during adap ta tion  to grey 
backgrounds  (as in the case o f  a hom oge
neous cell population),  one would predict 
that all M SH  cells show  structural ch a rac 
teristics in term edia te  be tw een  those  of  type 
I and type II cells d iscussed  above. In the 
case o f  the ac tivation  o f  subpopu la t ions ,  
one would predict that som e cells remain in 
a relative inactive form (type I) while o thers  
are ac tiva ted  (type II). The latter situation 
was clearly observed  in grey-adapted  ani
mals. T hese  da ta  on the u ltras truc ture  of 
the in term edia te  lobes com bined  with the 
da ta  o f  p lasm a a -M S H  o f  animals kept at 
different backgrounds  support  ou r  conc lu 
sion that  high p lasm a M SH  levels corre la te  
with the ap p ea ran ce  o f  increased  num bers  
o f  type II cells in the in term ediate  lobe. We 
conclude  that M SH  cells respond  as a he t
e rogeneous  cell population  to meet the d e 
m and for M SH .

The distr ibution of  the cell surface area  
o f  the M SH  cells in white-, light grey-, dark  
grey-, and b lack-adap ted  toads fu r ther  sup 
ports  the p resence  o f  two populations of 
M SH  cells, different in size and activity. 
O ur results  dem ons tra te  that the pars in ter
m ed ia  o f  w h i te -ad ap ted  an im als  is c o m 
posed o f  small cells, while b lack-adapted  
animals possess  primarily large cells. These

results are consis ten t with the u l t ra s t ru c 
tural o b se rv a t io n s  o f  type  I and  type  II 
cells. Analysis o f  the size o f  cells in the pars 
in term edia  o f  g rey-adap ted  anim als show ed 
a distribution into at least tw o cell p o p u la 
tions. This was particularly  ev iden t in dark 
grey-adapted  animals, w here  one o f  these 
popula tions  had an average  su rface  area  
similar to that observed  in w hite -adap ted  
animals, while the o the r  popula tion  had a 
surface distribution com parab le  with that 
d isplayed by b lack -adap ted  an im als .  The 
distribution of  M SH  cells in g rey-adap ted  
animals into two popula tions  is supported  
by the nuclear surface a rea  m easu rem en ts ,  
although the differences o bse rved  be tw een  
the two populations w ere  not as d ram atic  as 
those found in the cell surface  a rea  an a ly 
sis.

In conclusion, we p resen t  ev idence  that 
the response  o f  the pars  in te rm edia  o f  X. 
laevis to the dem and  for M S H  in the  long 
term involves hyper trophy  ra th e r  than  h y 
perplasia . M oreover ,  during  such a c t iv a 
tion the M SH cells respond  as a h e te ro g e 
neous population , with p rogress ively  more 
cells activated as the physiological dem and  
for a -M S H  increases. The  regulation  o f  the 
secre tory  activity o f  the M S H  cells o f  this 
spec ies  is very  co m p lex ,  invo lv ing  bo th  
stimulatory and inhibitory hypo tha lam ic  in
put, conveyed  by both classical n e u ro t ra n s 
m itte rs  and n eu ro p e p t id e s  (Jenks  et al., 
1988). A difference in the sensitiv ity  o f  in
dividual M SH  cells to these  regula tory  fac 
tors might form the basis for the h e te ro g e 
neity observed  in the re sponse  o f  the M SH  
cell population to changes in background .
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