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The pars intermedia of the pituitary gland in Xenopus laevis secretes a-melano- 
phore-stimulating hormone (a-MSH), which causes dispersion of pigment in dermal mela- 
nophores in animals on a black background. In the present study we have determined 
plasma levels of a-MSH in animals undergoing adaptation to white and black backgrounds. 
Plasma values of black-adapted animals were high and decreased rapidly after transfer to a 
white background, as did the degree of pigment dispersion in dermal melanophores. Plasma 
MSH values of white-adapted animals were below the detection limit of our radioimmuno- 
assay. Transfer of white animals to a black background resulted in complete dispersion of 
melanophore pigment within a few hours, but plasma MSH levels remained low for at least 
24 hr. This discrepancy between plasma MSH and degree of pigment dispersion suggested 
the involvement of an additional factor for stimulating dispersion. Results of in vitro and in 
vivo experiments with receptor agonists and antagonists indicated that a f3-adrenergic mech- 
anism, functioning at the level of the melanophore, is involved in the stimulation of pigment 
dispersion during the early stages of background adaptation. o 1989 Academic press, IK. 

The pars intermedia of the amphibian pi- 
tuitary gland produces melanophore- 
stimulating hormone (MSH), a peptide that 
causes dispersion of pigment in dermal me- 
lanophores. This hormone is the endocrine 
link in a neuroendocrine reflex regulating 
skin color; in animals on a black back- 
ground the hormone is released and conse- 
quently their skin is dark (Bagnara and 
Hadley , 1973). Previous in vitro studies 
have shown that the amphibian Xenopus 
luevis has the potential to produce and se- 
crete two forms of MSH, the highly mela- 
notropic N-terminally acetylated form, 
o-MSH, and the less melanotropic, non- 
acetylated form, desacetyl-a-MSH (Mar- 
tens et al., 1981; Verburg-van Kemenade ef 
al., 1987b). In an attempt to characterize 
the circulating forms of MSH during back- 
ground adaptations, we experienced diffi- 
culty in demonstrating the presence of 
MSH in blood plasma of animals trans- 

ferred from a white to a black background, 
although a rapid pigment dispersion was 
observed in dermal melanophores. In the 
more extensive study of plasma MSH lev- 
els reported in this paper, we indeed found 
that plasma MSH levels increase only very 
slowly during the process of black back- 
ground adaptation. This observation sug- 
gested to us that a factor besides MSH must 
be involved in the stimulation of pigment 
dispersion. 

There have been reports that catechola- 
mines induce pigment dispersion in X. lae- 
vis (Burgers et al., 1953; Brouwer and van 
de Veerdonk, 1972; Graham, 1961; van de 
Veerdonk and Konijn, 1970). The presence 
of endogenous catecholamines in the skin 
(Brouwer and van de Veerdonk, 1969) sug- 
gests a possible involvement in the regula- 
tion of pigment dispersion. Therefore, in 
the present studies we have also investi- 
gated the possible role of catecholamines, 
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functioning at the level of the melanophore, 
in the regulation of dermal melanophores 
during background adaptations. 

METHODS 

Animals 

Two strains of X. luevis were used: Strain I was 
obtained from the Hubrecht laboratory, The Nether- 
lands Institute for Developmental Biology, Utrecht. 
Strain II was from the Faculty of Science, University 
of Nijmegen. The former strain has been a laboratory 
stock for many generations; the latter was obtained by 
crossing the F, generation of animals obtained from 
Africa. The animals were bred and raised on a gray 
background at a temperature of 22”. Three weeks prior 
to the experiments, four or five young adults (1 year) 
of both sexes were placed in a white or a black bucket, 
under constant iIhunination, to adapt to white or black 
background. In all experiments the meianophore index 
(MI) was scored following the criteria of Hogben and 
Slome (1931). MI = 5 represents full dispersion, and 
MI = 1 complete aggregation, of melanin. 

Radioimmunoassay 

Antiserum was raised against synthetic a-MSH 
(Sigma M4135) coupled with carbodiimide to thyro- 
globulin (Sigma type I) according to the method of 
Hong et al. (1983). Blood was collected from an ear 
vein of the rabbits (New Zealand white) and serum 
prepared. In the radioimmunoassay (RIA) of this study 
serum of the ninth bleeding (L9) was used. One vol- 
ume of serum was mixed with one volume of glycerol 
and stored at - 20”. 

In the RIA the final dilution of antiserum was 
1:30,000. The total incubation volume was 500 pl. Af- 
ter 48 hr incubation at 4”, in the presence of trasylol 
(trypsin inhibitor, 45 KIU/tube, Serva), bound and un- 
bound a-MSH were separated either by polyethyl- 
eneglycoliovalbumin (15%/2.4%) precipitation or by 
the use of a second antibody coupled to cellulose 
beads (Sac-CeE, Wellcome, donkey anti-rabbit). Cross- 
reactivity with des-a-MSH was essentially 100% but 
the antiserum showed almost no cross-reactivity with 
ACTHi-, or ACTH,-, (<0.5%). The detection limit 
was 10 pg/tube (40 pg MSH/ml plasma) with the PEG/ 
albumin method and 2.5 pg/tube (10 pg MSH/ml 
plasma) with the Sac-Cel method. The interassay vari- 
ation was 13% and the intraassay variation, 6%. 

Plasma Preparation 
for Radioimmunoassay 

Xenopus were adapted to a black OF white back- 
ground according to different protocols (see Results). 
At different times after transfer the animals were sac- 

rificed by decapitation; trunk blood was collected in an 
ice-cold saline solution containing N+EDTA (2 r&f) 
and trypsin inhibitor (40,000 KIU/tube, Serva). After 
centrifugation each plasma sample was loaded on a 
Baker octadecyl-Cl8 column, the column was washed 
three times with 4% I-propanol in buffer B (0.14 M 
pyridine/0.5 M formic acid, pH 3.0), and the MSH was 
then eluted with 40% I-propanol in buffer B. After 
addition of 50 pg bovine serum albumin (BSA; Sigma, 
fraction V) the eluate was evaporated to dryness 
(Speed-vat concentrator, Savant), and stored at 4” un- 
til assay. Before assay the samples were redissolved in 
RIA buffer (0.02 M sodium barbital, 0.2 giliter NaN,, 
3 g/liter BSA, pH 8.6). 

Pigment Dispersion in Isolated Webs 

Web tissue was obtained from white-adapted ani- 
mals. Small pieces (+25 mm*) were placed in wells 
containing amphibian Ringer’s solution [112 m&f 
NaCl, 2 r&f KCI, 2 mM CaCl*, 15 m&f Hepes (Cal- 
biochem, Ultrol grade), 0.3 mg/ml BSA (Sigma, frac- 
tion V), 2 mgim1 glucose, 1 t&ml ascorbic acid, pH 
7.41. Solutions of the neurotransmitters OF drugs to be 
tested were prepared in amphibian Ringer’s solution 
and added to the wells. After various time periods, the 
melanophore index was recorded. 

The following substances were tested: adrenaline, 
noradrenaline, propranolol, isoproterenol, phenyleph- 
tine, all from Sigma. Phentolamine (Regitine) was 
from Ciba-Geigy. Concentrations used are given in the 
legends to the figures. 

Treatment with Receptor Agonists and 
Antagonists in Vivo 

Black OF white animals were intraperitoneally in- 
jected with the B-adrenergic receptor antagonist pro- 
pranolol in saline in a volume of 0.1 ml. Saline-injected 
animals served as controls. The MI was recorded dur- 
ing background adaptation. In some experiments the 
specific GABA, receptor agonist baclofen (Ciba- 
Geigy) was injected. Concentrations used are given in 
the legends to the figures. 

Calculations and Statistics 

Results are shown as means + SEM. Student’s I test 
(two-tailed) was used to determine differences be- 
tween means. A P value less than 0.05 was considered 
to indicate significance. 

RESULTS 

Plasma A4SH and Pigment Dispersion 

During black-to-white backmound adav- 
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tation, plasma MSH levels of strain I ani- decreased gradually thereafter (Fig. la). In 
mals dropped rapidly, from about 130 pg/ml plasma of strain II animals, the changes 
to a nondetectable level within 30 min. The were comparable but the response was 
MI dropped significantly within 30 min and somewhat slower: plasma MSH dropped 
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FIG. 1. Plasma MSH values (mean - SEM, n = 4) and melanophore index (MI; mean + SEM) of 

black-adapted animals after transfer to a white background for (a) strain I animals and (b) for strain II 
animals. wh are the 3-week white-adapted animals. Arrows indicate that the plasma MSH level was 
below the detection limit of the RIA. Significance: *P < 0.05, **P < 0.01, compared with t = 0. MI: 
all mean values were significantly different from that of I = 0 (P < 0.001). 



22 VAN ZOEST ET AL. 

from 200 to 80 pg/ml within 30 min and was 
not detectable after 4 hr; the MI dropped 
significantly to 3.8 within 30 min and de- 
creased further thereafter (Fig. lb). 

In white-adapted animals transferred to a 
black background the MI of strain I animals 
increased rapidly, reaching 4.5 within 1 hr 
of transfer, whereas the plasma MSH level 
remained below detection for at least 24 hr. 
The mean plasma MSH level in long-term 
black-adapted animals was 385 pg/ml (Fig. 
2a). The melanophores of strain II animals 
responded more slowly: the MI increased 
to 4.5 after 4 hr on a black background. 
Plasma MSH became detectable within 4 hr 
but remained at relatively low levels for 
several days. In long-term black-adapted 
animals the mean plasma MSH level was 
215 pg/ml (Fig. 2b). 

Effect of Baclofen on Pigment Dispersion 
in Vivo 

Treatment of white-adapted animals with 
baclofen prior to transfer to a black back- 
ground delayed pigment dispersion in der- 
ma1 melanophores (Fig. 3a). Results shown 
are for strain I animals. In animals adapted 
for 60 min to a black background (i.e., a 
period sufficient to reach MI greater than 
4) baclofen treatment had no significant ef- 
fect on pigment dispersion, whereas the 
same treatment of long-term black-adapted 
animals resulted in a decrease in the MI 
from 5 to 2.3 after 180 min (Fig. 3b). Results 
shown are for strain I animals; results for 
strain II animals are similar. 

Pigment Dispersion in Isolated Webs 

Adrenaline and noradrenaline caused 
pigment dispersion in Xenopus isolated 
web, reaching MI = 4-5 within 1 hr (Fig. 
4). These effects were dose dependent (data 
not shown). The effect of adrenaline was 
blocked by the p-adrenergic receptor antag- 
onist propranolol, but not by the a-blocker 
phentolamine (data not shown). Isoprotere- 
nol, a P-receptor agonist, caused a disper- 

sion similar to that caused by (nor)adrena- 
line, which was blocked by propranolol; 
phenylephrine, an or-receptor agonist, had 
no effect on dispersion (Fig. 5). All results 
shown are for strain I animals. 

Effect of Propranolol on Pigment 
Dispersion in Vivo 

In white-adapted animals propranolol de- 
layed the dispersion after transfer to a black 
background, compared with saline-injected 
controls (Fig. 6). Results shown are for 
strain I animals; similar but less pro- 
nounced results were obtained for strain II 
animals. For both strains, the injection of a 
cocktail of propranolol and baclofen com- 
pletely prevented pigment dispersion in 
white-adapted animals transferred to a 
black background (Fig. 7). Results shown 
are for strain II animals. 

DISCUSSION 

The observation that long-term black- 
background-adapted animals had high cir- 
culating levels of MSH and long-term 
white-background-adapted animals had low 
levels is consistent with the classical view 
of the neuroendocrine regulation of dermal 
melanophores. There is an earlier report of 
MSH plasma levels in Xenopus laevis, 
namely that of Wilson and Morgan (1979). 
They measured plasma MSH levels in Xe- 
nopus adapted for 4 to 7 days to either a 
white, gray, or black background and 
showed that there is a positive correlation 
between melanophore index and circulating 
levels of MSH. They concluded that in 
long-term adapted animals, the circulating 
level of MSH is the crucial factor in deter- 
mining the degree of pigment dispersion in 
dermal melanophores. Our results concern- 
ing plasma MSH values of long-term white- 
and black-adapted animals support their 
conclusion. 

To our knowledge, the present study is 
the first in which plasma MSH values have 
been examined in animals during the adap- 
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FIG. 2. Plasma MSH values (mean - SEM, n = 4) and melanophore index (MI; mean + SEM) of 
white-adapted animals after transfer to a black background for (a) strain I animals and (b) for strain II 
animals. bl are the 3-week black-adapted animals. Arrows indicate that the plasma MSH level was 
below the detection limit of the RIA. Significance: **P < 0.01, ***P < 0.001, compared with t = 0. 
MI: all mean values were significantly dierent from that of I = 0 (P < 0.001). 
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3. (a) Melanophore index (MI) of white- 
adapted animals after ip injection at t = 0 with saline 
(controls) or baclofen (3.3 x lo-* mol/g body wt). 
Animals were placed on a black background after in- 
jection. Results are expressed as means + SEM (sa- 
line, n = 3-5) and means - SEM (baclofen, n = 4). 
Differences between groups were significant at r = 30 
min (P < 0.05); t = 45 min (P < 0.01); t = 60 min (P 
< 0.001); and t = 90 min (P < 0.01). (b) MI of long- 
term (3 weeks) black-adapted animals after ip injection 
at t = 0 with baclofen (3.3 x lo-* mol/g body wt) and 
of short-term (1 hr) black-adapted animals injected 
with the same dose of baclofen. Animals were re- 
turned to a black background after injection. Results 
are expressed as means + SEM (short-term, n = 4) 
and means - SEM (long-term, n = 4). Differences 
between groups were significant at t = 60 min (P < 
0.05); r = 90 min, t = 120 min (P < 0.01); and t = 150 
min, f  = 180 min (P < 0.001). 
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FIG. 4. MI of isolated webs from white-adapted an- 
imals submersed in amphibian Ringer’s supplemented 
with adrenaline (10e6 M) or noradrenaline (10m6 M). 
The averages of three web pieces per well are shown. 

tive process, as opposed to the long-term 
adaptations mentioned earlier. The rapid 
drop in plasma MSH in black animals 
placed on a white background and the con- 
comitant decrease in melanophore index 
are consistent with the view that adaptation 
to a white background results from inhibi- 
tion of MSH secretion. 
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FIG. 5. MI of isolated webs from white-adapted an- 
imals submersed in amphibian Ringer’s supplemented 
with isoproterenol (iso; 10e6 iU) ?propranolol (prop; 
10m4 M) or phenylephrine (phen; 10s6 M). Results are 
means rt SEM of three wells. Iso and iso + prop were 
significantly different at t = 25 min (P < 0.05); and t = 
35 min, t = 45 min (P < 0.01). 
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FIG. 6. MI of white-adapted animals after ip injec- 
tion at t = 0 of 0.1 ml saline (controls) or propranolol 
(5 x lo-’ mol/g body wt). Animals were placed on a 
black background after injections. Results are ex- 
pressed as means + SEM (saline, n = 3-5) and means 
- SEM (propranolol, n = 5). Differences between 
groups were significant at t = 10 min (P < 0.001); t = 
20 min (P < 0.01); t = 30 min (P < 0.01); t = 40 min 
(P < 0.001); t = 50 min (P < 0.001); t = 60 min (P < 
0.01); and t = 75 min (P < 0.05). 

We observed a clear discrepancy be- 
tween pigment dispersion and plasma MSH 
levels initially after transfer of animals from 
a white to a black background. Pigment was 
fully dispersed within hours of transfer, 
whereas it took a number of days for 
plasma MSH values to approach those of 
long-term black-adapted animals. Previous 
studies show that following transfer from a 
white to a black background, the capacity 
of the pars intermedia to synthesize (Jenks 
et al., 1977; Loh and Gainer, 1977) and 
acetylate (Verburg-van Kemenade et al., 
1987b) MSH is only very slowly developed, 
taking a number of days to achieve the full 
capacity of long-term black-adapted ani- 
mals. It had always been assumed that an- 
imals depend on release of stored MSH to 
maintain pigment dispersion during the pe- 
riod the pars intermedia is acquiring its full 
biosynthetic capacity. Our results clearly 
question the validity of this assumption. 

Earlier studies show that treatment of 
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FIG. 7. MI of white-adapted animals after ip injec- 
tion at r = 0 with saline (controls) or a cocktail of 
baclofen (bat; 3.3 x lo-’ mol/g body wt) and pro- 
pranolol (prop; 5 x lo-* mol/g body wt). Animals 
were placed on a black background after injections. 
Results are expressed as means + SEM (saline, n = 8) 
and means - SEM (bat +prop, n = 4). Differences 
between groups were significant at t = 15 min (P < 
0.01) and t = 30, 45, 60, 75, and 90 min (P < 0.001). 

black-adapted Xenopus with baclofen, a 
MSH release-inhibiting factor, which acts 
at the level of the MSH cell (Verburg-van 
Kemenade et al., 1986a), leads to rapid 
blanching of the animals (Verburg-van Ke- 
menade et al., 1987a), most likely a result of 
its inhibition of MSH secretion. In the 
present in vivo experiments we gave the 
same treatment to white-adapted animals, 
which were subsequently transferred to a 
black background. The results show that 
while there was a slower rate of pigment 
dispersion, indicating at least a partial role 
for the pars intermedia in stimulating dis- 
persion, these animals nonetheless showed 
an increase in melanophore index. Remark- 
ably, administration of baclofen to animals 
that had been placed on a black background 
only 60 min earlier (MI = 5) had no effect 
on pigment dispersion. As expected, the 
same treatment in long-term black-adapted 
animals caused rapid aggregation of pig- 
ment, suggesting inhibition of MSH re- 
lease. Altogether the present results with 
baclofen are consistent with the concept 
that long-term adaptation to a black back- 
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ground relies primarily on MSH for main- 
tenance of pigment dispersion, while, dur- 
ing the adaptive process itself, a factor 
other than MSH must also be involved in 
achieving full melanin dispersion. 

In considering the possible identity of the 
factor responsible for pigment dispersion in 
animals undergoing adaptation to a black 
background, our attention was drawn to 
earlier studies showing that adrenaline 
causes pigment dispersion in Xenopus me- 
lanophores (Burgers et al., 1953; Burgers, 
1956), functioning through a P-adrenergic 
receptor (Graham, 1961; van de Veerdonk 
and Konijn, 1970). Our experiments with 
isolated Xenopus webs confirm that the me- 
lanophores are sensitive to adrenaline and 
noradrenaline. Using isoproterenol and 
propranolol, we also confirm that this stim- 
ulatory action is through a p-adrenergic re- 
ceptor. 

To establish whether a p-adrenergic re- 
ceptor mechanism could be involved in in- 
ducing pigment dispersion during the adap- 
tation of Xenopus to a black background, 
we performed in vivo experiments. Treat- 
ment of white animals with the P-blocker 
propranolol slowed the rate of pigment dis- 
persion when these animals were subse- 
quently placed on a black background. It is 
important to note that the pars intermedia 
of Xenopus, unlike that of some other am- 
phibian species (Bower ef al., 1974; Tonon 
er al., 1983), is devoid of p-adrenergic re- 
ceptors for the regulation of MSH secretion 
(Verburg-van Kemenade et at., 1986b). 
Therefore, we believe that the present re- 
sults indicate the functioning of a 
P-adrenergic mechanism at the level of the 
melanophore during the process of black 
background adaptation. The observation 
that propranolol had no effect on pigment 
dispersion in long-term black-adapted Xe- 
nopus (data not shown) corroborates the 
view that maintenance of dispersion in 
those animals is achieved primarily through 
the action of MSH. 

There was a clear strain difference in 

both the speed of the melanophore re- 
sponse to changes in background and the 
magnitude of the response to propranolol 
treatment. The melanophores of strain I re- 
sponded more rapidly to background trans- 
fer, and also gave a more pronounced re- 
sponse to the P-adrenergic receptor 
blocker, than those of strain II. These ob- 
servations could reflect strain differences in 
the relative contribution of the P-adrenergic 
mechanism versus MSH in the early stages 
of black background adaptation, with strain 
I relying more heavily on the P-adrenergic 
mechanism. Treatment of animals with the 
P-adrenergic receptor antagonist in combi- 
nation with the MSH release-inhibiting fac- 
tor baclofen completely eliminated the abil- 
ity of the animals to adapt to a black back- 
ground. Treatment with either drug alone 
was only partially effective. Thus, our data 
provide evidence that pigment dispersion 
during the early stages of black background 
adaptation involves both P-adrenergic and 
MSH stimulatory mechanisms. Although 
our results indicate that quantitative differ- 
ences in the adaptive response of strain I 
and II animals were present, qualitatively 
their responses were comparable. 

There are several potential sources of 
catecholamines for physiological regulation 
of melanophores. Involvement of circulat- 
ing catecholamines from the adrenal gland 
seems unlikely as only a very slight tran- 
sient pigment expansion (maximum MI = 
2.5) in dermal melanophores occurs during 
acute stress (Burgers et al., 1953; Burgers, 
1956), when circulating catecholamines 
are expected to be elevated. Although there 
is no evidence for direct autonomic inner- 
vation of melanophores in Xenopus, the 
skin is reported to be rich in catechola- 
mines (Brouwer and van de Veerdonk, 
1969), probably located in skin glands 
whose secretion is under autonomic con- 
trol. It is conceivable that catecholamines 
in such secretions or from nerve terminals 
in the vicinity of the melanophores could 
generate a local catecholamine concentra- 
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tion of sufftcient magnitude to have a phys- 
iological function during background adap- 
tation. In preliminary in vivo experiments 
to investigate this, we have excised web 
pieces (thus severing any autonomic nerve 
fibers) and transplanted the web tissue to 
the back of the animal (van Zoest and 
Jenks, unpublished). Vascularization of the 
autotransplant was reestablished within a 
few days, as demonstrated by the full re- 
sponse of the melanophores of the trans- 
plant to injections of (w-MSH. In contrast, 
these melanophores showed retarded pig- 
ment dispersion when the animal was 
placed on a black background, an observa- 
tion that supports the view that the action 
of nerve fibers could be an important ele- 
ment in inducing pigment dispersion during 
physiological adaptations. 

In conclusion, we have presented data 
that demonstrate that in Xenopus, MSH is 
not the only factor involved in stimulating 
dermal melanophores during the process of 
adaptation to a black background. The re- 
sults indicate the involvement of a 
P-adrenergic mechanism, and, therefore, 
we attach physiological significance to the 
presence of this receptor type on the me- 
lanophore. We conclude that the p-adren- 
ergic mechanism plays an important role in 
stimulating the melanophores during the 
period in which the pars intermedia is ac- 
quiring its full biosynthetic and acetylation 
capacity. 
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