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INTRODUCTION 

Among vertebrates rapid color changes 
in the skin are restricted to fishes, am- 
phibia and reptiles. These reactions are 
based on the movements of pigment gran- 
ules in special cells, the chromatophores 
which may be classified as leucophores, 
xanthophores, erythrophores and melano- 
phores. 

It is generally agreed that these chro- 
matophores have a fixed outline and that 
the pigment granules can migrate from the 
center towards the periphery, and vice 
versa; for these migrations the terms pig- 
ment dispersion and pigment concentration 
will be employed. 

The pigment migration processes in the 
melanophore are of a complex nature ; they 
are influenced among others by the stato- 
electric condition of the cell-membrane 
and the gel- or sol-phase of the cell-plasm. 

Various stimuli like light and humidity, 
as well as nervous and hormonal factors 
play an important role in the regulation 
of the pigment migrating processes in the 
melanophore. In some fish- and reptile- 
species the color changes are chiefly regu- 
lated by the nervous system, in others by 
hormones or by both. 

In the present paper we will draw special 
attention to the regulation of the migration 
of the pigment granules in the melano- 
phores of amphibia, in which the principal 
control of the color change is hormonal 
and in which neurogenic factors play, if 
any, a very unimportant role. 

HORMONES CONTROLLING 
PIGMENT DISPERSION 

Melanophore Stimulating Hormones 
(MS.H’s) .’ From the extensive literature 

on MSH, reviewed among others by Parker 
(1948)) Landgrebe et al. (1955) and Voss 
(1960)) it appears on one hand that MSH 
is present in the pituitary glands of nearly 
,a11 vertebrates investigated so far, and on 
the other that there are considerable dif- 
ferences in the pigment stimulating poten- 
cies of various pituitary extracts. As all 
MSH-preparations used up to 5 years ago 
were impure, these differences may be 
explained by contamination. 

It was of great importance that recently 
investigations in pigment cell biology re- 
ceived considerable support from biochem- 
ical sides. Especially the application of 
modern technics like counter-current dis- 
tribution, electrophoresis and chromatogra- 
phy made the purification, isolation, and 
determination of the chemical structure of 
MSH possible. Thousands of pituitary 
glands from pigs, beef, and sheep formed 
the starting material for these fundamen- 
tal investigations, which revealed not only 
the existence of t,hree different MSH’s, but 
also the exact amino acid sequences of 
these hormones (Lee and Lerner, 1956; 
Harris and ROOS, 1956; Harris and Lerner, 
1957; Geschwind et al., 1957a,b). These 
MSH’s received the names: a-MSH, glu- 
tamyl+MSH and seryl+MSH. 

These important findings raised many 
interesting problems, some of which were 
put already by Geschwind (1959). For 
instance, the question had to be answered, 
whether one or more than one type of 

‘Synonyms are for example intermedin, B- 
(= blackening) hormone, pigment dispersing hor- 
mone and chromatophorotropic hormone. In the 
present paper we will use the term melanophore 
stimulating hormone (MSH) 
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MSH is found in a single pituitary gland, 
and also whether still other MSH’s than 
the three, mentioned above, exist.. 

As a matter of fact, working with single 
pituitaries of pigs, beef, and sheep, Burgers 
(1960, 1961) demonstrated that three 
MSH’s are present in the pituitaries of each 
of these animals, and that the electropho- 
retie behavior of these hormones is similar 
to that of a-MSH, glutamyl+MSH or 
seryl-p-MSH, respectively. Further, the 
existence and the chemical structure of 
MSH’s, other than those mentioned so far, 
were detected in the human (Harris, 1959) 
and horse pituitaries (Dixon and Li, 1961). 

For investigations into the relation of 
the chemical structure and biological ac- 
tivity of MSH the amphibian melanophore 
proved to be an excellent test-object. This 
follows among others from the fact that 
nearly all information about the pigment 
dispersing potencies of various MSH- 
molecules has been obtained by means of 
an assay, based on the photoelectric meas- 
urement of the darkening of a piece of 
Rana pipiens-skin (Shizume et al., 1954). 

From a comparative endocrinological 
standpoint it is desirable to have informa- 
tion on the nature of the MSH or MSH’s 
of poikilotherm Vertebrates. With this in 
view Burgers (1960) st,udied the electro- 
phoretic behavior of batches of intermedi- 
ate lobes of the bull-frog, Rana catesbei- 
anu. As a matter of fact three different 
compounds with MSH-activity were found: 
the electrophoretic behavior of one of these 
was similar to that of seryl-p-MSH, of the 
second to that of cy-MSH, whereas the be- 
havior of the third was different from any 
of the MSH’s known at that moment 
(autumn of 1959). The chemical structure 
of these hormones could not be determined. 
It may be assumed that the MSH’s pro- 
duced in frog’s pituitaries possess such 
chemical structures that they are maxi- 
mally apt to induce a pigment dispersion 
reaction in amphibian melanophores. 

Adrenocorticotropic Hormones (ACTH’s) , 
The pigment dispersing activity of ACTH- 
preparations was discovered by Sprague 
et al. (1950) when experimenting with hy- 
pophysec tomized frogs. His observations 

were confirmed by many others, of whom 
Johnsson and Hogberg (1952) and Sulman 
(1952) suggested that ACTH and MSH 
are identical. The results of the experi- 
ments of various other investigators (Mor- 
ris, 1952 ; Geschwind et al., 1952; Karkun 
et al., 1953; and Benfey et al., 1954), how- 
ever, showed that ACTH and MSH have 
distinctly different biochemical properties. 
It was, therefore, concluded that the pig- 
ment dispersing activity of ACTH was 
attributable to contamination of ACTH 
with MSH. 

Further the experiments of de Wied and 
Gaarenstroom (1953) and of Dixon (1956) 
showed that highly purified ACTH-prepa- 
rations still possess a pigment dispersing 
action; consequently, it was assumed that 
ACTH has an intrinsic melanophore stimu- 
lating activity. 

On comparing the chemical structure of 
ACTH (a polypeptide consisting of 39 
amino acids (Li et al., 1955) with that of 
(Y-MSH (13 amino acids; Lee and Lerner, 
1956), it appeared that the sequence of the 
13 amino acids of cu-MSH is identical 
with that of the 13 amino acids at the 
C-terminal of the ACTH-molecule; thus 
the melanophore dispersing property of 
ACTH found its explanation. 

It must be stressed that the ACTH- 
preparations tested on amphibian melano- 
phores were all of mammalian origin ; 
consequently, it is not certain whether the 
ACTH, present in the frog’s pituitary 
gland (Geschwind et al., 1952), plays a 
role in the color change of this animal. It 
will, therefore, be of much interest to in- 
vestigate the chemical properties and 
structures of this hormone in poikilotherm 
vertebrates. 

The fact that pigment dispersion in am- 
phibian melanophores can be caused by 
such different molecules as ACTH (39 
amino acids), both /3-MSH’s (18 amino 
acids each) and (Y-MSH (13 amino acids) 
has further raised the question whether 
only a part of the polypeptide is essential 
for the pigment reaction. Schwyzer and 
Li (1958) investigated therefore numerous 
synthetic polypeptides, and found among 
others t.hat. the pentapeptide L-His-L-Phe- 
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L-Arg-L-Try-Gly possesses some pigment 
dispersing potency. This amino acid se- 
quence is present in ACTH, as well as in 
(Y- and in both ,&MSH’s. As Rana pipiens- 
skin was used as a test-object, it was con- 
cluded that the pigment migration in the 
melanophores of this frog can be induced 
by even a pentapeptide. 

HORMONES CONTROLLING PIGMENT 
CONCENTRATION 

Adrenaline. By the end of the 19th cen- 
tury adrenaline was already known to act 
on the amphibian melanophore. Corona 
and Moroni (1898) and later Lieben 
(1906) found that it has a strong pigment 
concentrating effect in larval and. adult 
amphibia, which fact was confirmed by 

Kulemann (1960) demonstrated that ex- 
planted embryonic Xenopus-melanophores 
also react with pigment dispersion follow- 
ing adrenaline administration. 

As there is no appreciable difference in 
melanophore reaction to injected adrena- 
line in normal Xenopus, adapted to a 
white background and in hypophysecto- 
mized Xenopus, this pigment dispersion 
cannot be the result of an increased secre- 
t,ion of MSH by the pituitary gland under 
the influence of the adrenaline. This view 
is supported by in vitro experiments, in 
which isolated webs from the same animal 
were immessed in adrenaline- and in con- 
trol saline-solutions. The results of this 
experiment are shown in Fig. 2, from which 
it appears that the M.I.‘s of t.he melano- 

FIG. 1. Formulas of adrenaline, serotonin, and melatonin. 

many others [cf. Parker (1948, p. 196) 1. 
According to Burgers et al. (1953), how- 
ever, adrenaline can have also a melano- 
phore dispersing effect in Xenopus. As a 
matter of fact these workers found, using 
the melanophore index (M.I.) of Hogben 
and Slome (1931) : (1) The melanophores 
of normal Xenopus, adapted to a black 
background (M.I. 4.8-5.0) react,, following 
adrenaline administration, with pigment 
concentration until an intermediate pig- 
ment dispersing state (M.I. +- 3.0) is 
reached, whereas those of other amphibia 
concentrate completely under the influence 
of this hormone; (2) Adrenaline, injected 
into normal Xenopus, adapted to a white 
background, induces a distinct pigment 
dispersion in the melanophores, a phe- 
nomenon unknown in other amphibian 
species. This was confirmed by Hudson 
and Bentley (1955) in adult toads, whereas 

phores of isolated webs from normal light 
adapted animals increase distinctly under 
the influence of adrenaline, whereas the 
M.I.‘s of control webs in saline slightly 
decrease (Van Oordt and Burgers, 1958). 
As the possibility that the skin secretion 
interfered with this reaction could be ex- 
cluded (cf. p. 104), it was assumed that 
in Xenopus adrenaline has a direct pig- 
ment dispersing effect on melanophores 
with concentrated pigment granules. 

Other Pigment Concentrating Hormones. 
W.-honnone. The experiments of Hogben 
and Slome (1931, 1936) with Rana fusci- 
gula and Senopus laevis led these work- 
ers to assume the existence of two melano- 
phore stimulating hormones, the first being 
MSH, which is formed in the intermediate 
lobe of the pituitary and induces pigment 
dispersion, and the second, the S.C. W.- 
(= whitening) hormone, which is pro- 
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duced in the pars tuberalis of the pituitary 
gland and causes pigment concentration. 

This viewpoint was shared by Steggerda 
and Soderwall (1939)) who found that cau- 
terization of the pars tuberalis of Ranu 
pipiens abolished a complete pigment con- 
centration, and supposed this to be due to 
the absence of a pigment concentrating hor- 
mone in the cauterized part of the pitui- 
tary gland. Extracts of the pars tuberalis 

is present which has a pigment concentrat- 
ing effect on the melanophores of am- 
phibian larvae. These observations were 
confirmed by Beall et al. (1937) working 
with Xenopus-tadpoles, and by Bors and 
Ralston (1951) using larval and adult 
Xenqms in vivo and Xenopus-skin in 
vitro. 

The principle acting on the melano- 
phores was recently isolated from beef 

I  
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FIG. 2. Graph, showing M.I.-curves of melanophores in isolated webs of normal Xenopus (adapted 
to a white background), and immersed in adrenaline (solid line) or in saline solution (broken line). 

with a pigment concentrating potency, 
however, have never been obtained, as it is 
obviously very difficult to prepare MSH- 
free extracts of such a minute part of the 
pituitary gland. Parker and Scatterty 
(1937)) however, were of opinion that only 
one hormone, namely MSH, is involved in 
the color change processes, and that 
blanching of the amphibia is caused by the 
loss of MSH from the blood. 

Melatonin.2 The classical investigations 
of McCord and Allen (1917) showed that 
in the mammalian pineal gland a principle 

’ The melatonin (batchnumber U-12.884) used 
in these experiments was kindly supplied by 
the Upjohn Company, Kalamazoo, Michigan 
NJ. s. A.). 

pineals by Lerner et al. (1958)) who named 
it melatonin; its chemical structure (Fig. 
1) was determined as N-acetyl&methoxy- 
tryptamine (Lerner and Case, 1959). 

The biological assay for melatonin de- 
veloped by Mori and Lerner (1960) is 
based on the pigment migrations in the 
melanophores of Rana pipiens-skin in 
vitro. Using tadpoles of Xenopus laevis, 
Burgers et al. (unpublished) have recently 
studied the effect of melatonin on melano- 
phores in vivo. It was found that tadpoles, 
adapted to a black background, display 
a marked pigment concentration when 
placed in aquarium water containing mel- 
atonin; consequently the results of Bag- 
nara (1960) were confirmed. 
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The M.I. of the melanophores of such crease of the M.I. (from 5.0 to 4.3). Mori 
tadpoles reached its minimal value in and Lerner (1960) were able to detect 
about 20 min; thereupon the M.I. gradu- 10-11 g of melatonin by using a photoelec- 
ally increased again. To establish whether tric arrangement for measuring the light 
this phenomenon was due to inactivation transmission through a piece of Rana 
of the melatonin in the aquarium water pipicns-skin pretreated with caffein and 
another group of tadpoles was placed in Supniewski et al. (1960) were able to 
the same water, 3 hr later (see Fig. 3). As determine a quantity of 2.10-O g melatonin 
it appeared that the M.I. of the animals by observing the changes in the M. I. of 
of the second group showed the same M.I.- the melanophores in the web of Ranu tem- 
changes as those of the initial group, it poruriu following injection with melatonin. 
was concluded that the melatonin was not It may, therefore, be concluded that 
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FIG. 3, Graph, showing the melanophore changes in different groups of Xenopus tadpoles, adapted 
to a black background and swimming in melatonin 
see text. 

inactivated. Consequently the cause of the 
pigment dispersion in the melanophores of 
tadpoles exposed for over 20 min to a 
melatonin solution must be ascribed to 
internal processes, which counteract the 
pigment concentrating effect of melatonin. 

The results of our experiments concern- 
ing the time relation of the melanophore 
reaction induced by melatonin confirm 
those of Supniewski et al. (1960), who 
noted that in adult Rana temporariu the 
pigment concentration, induced by an in- 
j ection of melatonin, disappears quickly 
after 30 to 40 min. Thus, our results are 
comparable with those of McCord and 
Allen (1917)) Huxley and Hogben (1922) 
and Bors and Ralston (1951), who tested 
crude mammalian pines1 extracts in tad- 
poles of Rana pipiens, Rana temporaria 
and Xenopus Eaevis, respectively. 

In another experiment the sensitivity of 
the melanophores of Xenopus to melatonin 
was determined. It was found that a dose 
of lo-lo g/ml still induces a distinct de- 

(lOma fig/ml) or in tapwater. For further details 

normal tadpoles of Xenopw laevis, 
adapted to a black background rank 
among the most sensitive test objects for 
the in vivo bioassay of melatonin. 

The significance of the melatonin pres- 
ent in the mammalian body is still obscure, 
for its only biological activity, known so 
far, is its action on amphibian melano- 
phores. Moreover, it has not yet been dem- 
onstrated whether or not melatonin is 
present in the pineals of the lower Verte- 
brates. With respect to color change reac- 
tions in amphibia the pineal gland may 
play a role, for according to Simonnet 
et al. (1952, 1954) adult specimens of Rana 
esculenta become considerably darker fol- 
lowing pinealectomy, and subsequently 
pale after administration of extracts of 
(sheep) pineals. 

Moreover, Bagnara (1960) investigating 
the color change reactions in tadpoles of 
Xenopw 1aevi.s found that the strong pig- 
ment concentration in the melanophores of 
the head and of the myotomes, which these 
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larvae exhibit, when placed in complete 
darkness did not occur following pinealec- 
tomy. 

As several investigators, e.g. Thieblot 
(1947) and Moskowska (1951)) suggested 
that in mammals the pineal gland inhibits 
the production of certain hormones in, or 
their release from the pituitary gland, it 
might be possible that in frogs the pineal 
gland impedes the intermediate lobe to 
secrete its MSH. A direct influence of the 
secretion products of the pineal gland on 
the melanophores is, however, also prob- 
able. 

EXCITEMENT REACT103 AND 
SKIN SECRETIOX 

During preliminary investigations into 
the color changes of Xenopus we noticed 
(Burgers et al., 1953) that in several re- 
spects Xenopus appears to be an exception 
among the amphibia. For nearly all frogs 
investigated react to excitement stimuli, 
e.g. rough-handling or the prick of a 
needle, with a distinct pallor, which con- 
veniently may be called excitement-pallor. 
Following excitement stimuli, however, 
Xenopus shows a darkening reaction 
(Burgers et al., 1953; Ketterer and Remil- 
ton, 1954), which as far as we are aware 
is among amphibia found only in the fly- 
ing frog, Polypedates reinwardtii (Sied- 
lecki, 1909). 

It was also observed that excitement 
stimuli induce an abundant release of skin 
secretion. It was, therefore, assumed that 
the excitement darkening reaction might 
be mediated by a substance present in the 
skin secretion. 

This secretion is produced in a large 
number of macroscopically discernable 
skin glands. Each gland is connected to 
the exterior with a narrow duct. Two kinds 
of glands can be distinguished: large ones 
filled with short microscopical needle-like 
crystals, consisting of a protein-like sub- 
stance, and small ones, containing mucus. 
According to Spannhof (1954) the mucous 
glands release their contents continuously, 
whereas the sticky substance of the pro- 
tein glands is only secreted following cer- 

tain stimuli. By a simple procedure, i.e. by 
massaging the skin of normal adult 
Xenopus or by exposing the animal to 
ether-vapor, which causes the animal to 
release the contents of these glands, one 
can easily collect this secretion which ap- 
peared to consist mainly of the product of 
the protein glands. 

Injection of skin secretion extracts in- 
duce pigment dispersion in Xenopus- 
melanophores with concentrated pigment. 
As this extract also has a pigment. dis- 
persing effect on the melanophores of iso- 
lated webs-which only contain some 
small mucous glands-it was concluded 
that in skin secretion a substance is pres- 
ent, which acts directly on the melano- 
phores (Burgers, 1956; Burgers and Van 
Oordt, 1956). 

In our studies on the relation of the 
chemical structure and the melanophore 
stimulating activity of the phenylalkyl 
amines it appeared that only the catechol- 
amines, possessing two OH’s in the 3,4- 
position at the phenylnucleus, are able to 
induce pigment dispersion in the melano- 
phores. These and other studies suggested 
that the pigment dispersing agent in 
Xenopus skin secretion is a compound pos- 
sessing a phenylnucleus with two OH- 
groups in the 3,4-position (Burgers, 1956). 

This hypothesis, however, had to be re- 
jected since it has been found recently in 
our laboratory by Van de Veerdonk (1960) 
and by Van de Veerdonk et al. (1961) that 
the pigment dispersing activity of the skin 
secretion is due to serotonin.3 In connec- 
tion with this it is interesting that Kahr 
and Fischer (1957) described a dispersing 
effect in Rana temporaria after application 
of serotonin in vivo. This was confirmed 
by Davey (1959) in Rana pipiens. Lerner 
et al. (1958) and Wright and Lerner 
(1960)) however, have described a concen- 
trating effect of serotonin on the pigment 
granules in the melanophores of the same 
species in vitro. 

3 Moreover, a second indole-compound (bufo- 
tenidin) was detected in the same extract; it, 
however, lacked any pigment dispersing prop- 
erties. 
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THE EFFECT OF LIGHT 

In addition to the various substances 
which have an action on pigment migra- 
tions in the melanophores of Xenopus, 
another factor must be mentioned which 
also affects the melanophores, namely 
light. 

Bles (1905) found that in young Xeno- 
pus-larvae the pigment granules in the 
melanophores of the head disperse in 
light, whereas in darkness they concen- 
trate. The pigment in the melanophores of 
the tailfin, however, shows reverse reac- 
tions: in light the melanin granules con- 
centrate and in darkness they disperse. 

In 1957 Bagnara, repeating these experi- 
ments, observed that in isolated tails of 
Xenopus-larvae placed in darkness for at 
least 30 min, the pigment granules in the 
tailfin melanophores disperse completely ; 
when transferred into light such tailfins 
become transparent, in 5 to 7 minutes. 
These observations were independently 

confirmed by Van der Lek et al. (1958). 
Recently Van der Lek (unpublished) 

studying the spectral sensitivity of this 
phenomenon found among others that in 
light with a wave length of more than 
650 rnp, the pigment migrations in the 
melanophores are similar to those of mel- 
anophores kept in complete darkness. 

In order to determine whether light 
causing pigment concentration is absorbed 
in the melanophores themselves, Van der 
Lek illuminated single melanophores with 
a light beam having a diameter of about 
100 p. In Fig. 4(a) the illuminated area is 
shown just prior to the experiment; in Fig. 
4(b) the situation is visible 5 min later. 

From these figures it can be seen that 
the pigment in all branches of a melano- 
phore concentrates when a certain part--- 
in this case about a third-of it is ex- 
posed to light (see melanophore nr 1) 
and illumination of a much smaller part 
results in only a local effect: the pigment 

(a) 

t 
2 

tb, 
FIG. 4. The local effect of a narrow light beam on melanophores in the isolated tailfin of a Xenopus- 

tadpole kept in complete darkness. (a) Just prior to exposure to the light beam; (b) Five minutes 
later. 
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granules migrate from the illuminated area 
and accumulate near its border (see mel- 
anophores, nrs 2 and 3). 

It is not likely that the reaction in the 
nonilluminated parts of melanophore nr 1 
is due to the influence of stray light for 
other melanophores, situated at the same 
distance of the light-beam, did not react, 
at ail. 

The results of these experiments indi- 
cate: (1) At least a part of the melano- 
phore must be illuminated in order to 
induce a pigment concentration reaction; 
(2) This reaction is restricted to a small 
part of the melanophore, if only a small 
area of it is illuminated, whereas pigment 
concentration occurs in the whole cell, if 
a larger area is exposed to light. 

As far as we know the local effect of 
light on a single melanophore has not 
previously been investigated in verte- 
brates. In invertebrates, however, Yoshida 
(1956) studied the effect of a very narrow 
light-beam on the pigment migration in a 
melanophore of the sea urchin Diadema 
setosum, a species in which the pigment 
of the melanophores is concentrated in 
darkness and dispersed in light. When a 
light-beam with a diameter of only some p 
was directed to a place near such a con- 

centrated pigment mass, it induced the 
pigment granules to migrate into the illu- 
minated part of the melanophore-process. 

From the above it can be concluded that 
in Xenopus laevis as well as in Diadema 
setosum light has a direct effect on the 
melanophores, resulting in Xenopus in a 
pigment concentrating and in Diadema in 
a pigment dispersing reaction. 

Finally Van der Lek found that when 
melanophores with dispersed pigment 
granules were illuminated for only a few 
seconds a temporary pigment concentra- 
tion took place after a short latent period; 
this period appeared among others to be 
dependent on the temperature. For exam- 
ple, when isolated Xenopus-tails were kept 
at a temperature of 22°C and a certain 
light stimulus was given, the melano- 
phores reacted after about 1 min; at 12°C 
the reaction was only visible after .3 min, 
and at 4°C the same light stimulus had no 
visible effect at all (Fig. 5). When, how- 
ever, in the latter case the temperature 
was increased in some tails from 4°C to 
22”C, 15 min after the light stimulus had 
been given, a pigment concentration oc- 
curred as yet. This indicates that even 
at low temperatures light causes certain 
changes in the melanophores, the visible 

FIG. 5. Graph, showing the effect of temperature on melanophore changes in isolated tailfine of 
Xenopus kept in complete darkness after illumination during 10 seconds. 
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effect of which can be observed at tem- 
peratures high enough to permit the pig- 
ment migration processes to take place. 

In view of the rapid development in the 
field of protein chemistry it may be ex- 
pected that before long relative large 
quantities of highly purified and even 
synthetic melanophore stimulating hor- 
mones (MSH’s) will be available to carry 
out fundamental research in pigment cell 
biology on a wide scale. 

As the pigment migration processes in- 
duced by these hormones can be easily 
observed in the living melanophore, this 
object is highly appropriate for studies in 
hormonal action on the cellular level. 
From the outline given above it is clear 
that the amphibian melanocyte may be 
considered the test-object by preference 
for such investigations. 
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DISCUSSION 

BAGNARA: I should like to expound a bit on 
the relationships between light and the pineal 
body in the regulation of pigmentation in Xeno- 
pus and other amphibian larvae. First of all, just 
as you say, the tail melanophores are primarily 
regulated by the absence of light, however, one 
wonders why these tail melanophores are con- 
tracted under normal illumination, for they are 
exposed to chromatotropic hormone from the 
pituitary. Apparently, they are less sensitive to 
hypophyseal stimulation than the body melano- 
phores which are expanded under normal con- 
ditions of illumination. The tail darkening reac- 
tion which occurs when Xenopus larvae are placed 
in the dark is due to a photochemical substance 
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which is slowly produced in the tail. It takes 
about 30 min for the accumulation of enough of 
this substance to cause expansion of tail melano- 
phores. Upon exposure to light, this substance is 
destroyed in just a few minutes, thus, the tail 
melanophores contract in 5 to 7 min. Because 
of this direct sensitivity to light of the tail 
melanophores, it was thought that the contrac- 
tion of the body melanophores which results 
when larvae are placed in the dark was also a 
direct melanophore reaction to light. However, 
body lightening begins in just a few minutes 
and the subsequent return to the expanded con- 
dition requires almost an hour. These time fac- 
tors are not consistent with the concept of a 
photochemical regulation, but suggest instead 
the sudden release of a stored substance which 
is active immediately, but which requires a long 
time for destruction or for inactivation by nor- 
mal metabolic processes in the body. Because of 
the recent emphasis placed upon the action of 
the pineal body as a light receptor and because 
of the known action of pineal substance, espe- 
cially melatonin, in causing melanophore contrac- 
tion, I have proposed the following hypothesis 
(Science, November 19601 to explain the regula- 
tion of the body lightening reaction which occurs 
in almost all amphibian larvae after relatively 
short periods in the dark. The absence of light 
stimulates the pineal to release its stored mela- 
tonin or some related substance, thus leading to 
the quick onset of body lightening. The long re- 
covery corresponds to a slow disappearance of 
this compound from the circulation. With respect 
to such a mechanism it would be necessary for 
the pineal hormone to be active in extremely 
small amounts. This is the case for melatonin, 
the minimal effective dose of which is 0.0001 
cg/ml of aquarium water in which Xenopus 
larvae swim. Xenopus embryos at the time when 
melanophores first differentiate (stage 36 of 
Nieuwkoop and Faber) are sensitive to mela- 
tonin, and moreover, melanophores contract on 
such embryos when they are placed in the dark. 

I might summarize my comments by saying 
that melanophore regulation is a complex phe- 
nomenon. Thus, the specific state of melano- 
phores at any given time is the net result of 
the action of the hypophysis, the pineal, and the 
direct effect of light on the chromatophores. 

VAN OORDT: We like to thank Professor Bag- 
nara for his most interesting remarks, and it is 
nice to hear that his results are in full agreement 
with ours. 

WELSH : (1) What is the relation between sero- 
tonin and the secretion of the large glands of 
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frog skin? (2) What role, if any, does the sero- 
tonin of amphibian skin play in color changes? 

VAN OORDT: (1) The mechanism of skin secre- 
tion and the possible role played by serotonin 
in it was not studied by us. The presence of 
serotonin in the large skin glands could be 
proved chemically. (2) It is our opinion that 
serotonin may be responsible for the darkening 
of Xenopus in the excitement darkening reaction, 

NOVALES: I agree with Dr. Welsh that the pic- 
ture with regard to serotonin is confusing. As to 
melatonin, I have found it to be a potent MSH 
antagonist on the isolated frog skin. It also con- 
tracts the cultured embryonic Ambystoma mel- 
anophore. However, thus far serotonin has ex- 
panded the cultured Ambystoma melanophore. 
Perhaps the divergent results are due to dose- 
response situation, which should be investigated 
on the isolated skin and cultured cell. In relation 
to the expanding action of epinephrine on the 
cultured Xenopus melanophore, this contracts 
the cultured Ambystoma and Tarida melano- 
phore, thus the different responses of Xenopus 
and the other species are due to inherent differ- 
ences at the cellular level. 

VAN OORDT: As far as serotonin is concerned, 
we regard the pigment dispersing reaction in- 
duced by serotonin as a nonspecific one. 

Lo: When we were purifying P-MSH from 
bovine and equine pituitary glands by a counter- 
current distribution, we found out that there 
were two fractions having MSH activities. A 
slow moving component shows a very low activ- 

ity: 8 x 10’ c/gm (in vitro frog skin assay), while 
a fast moving component has normal activity: 
2 x lO”p/gm. The differences in chemical struc- 
ture between these two components were found 
to be that slower moving, less active fraction 
contains one molecule of methionine sulfoxide 
instead of methionine. When the methionine sulf- 
oxide analog was reduced with large excess 
of cystein-HCl, the activity was enhanced to 
1.2 x IO” p/gm. In other words, there are two 
forms -of p-MSH; oxidized form and reduced 
form, and the oxidation-reduction site is located 
on methionine-methionine sulfoxide. The same 
phenomena were also observed in cases of a-MSH 
and adrenocorticotropin. 

VAN OORDT: I like to thank Dr. Lo for his 
most interesting remarks. We are wondering 
whether or not methionine sulfoxide MSH is 
present in nature. 

MORI: I would like to add a short comment 
concerning the difference between serotonin and 
melatonin. Fortunately, I was in Dr. Lerner’s 
laboratory at the time when isolation of mela- 
tonin was accomplished, and I did the assay 
work of melatonin. First, I tried to use serotonin 
as the standard for biological assay, but I found 
that serotonin sometimes did not show any light- 
ening effect on the frog skin. As far as I know, 
the difference in the effect on the frog skin be- 
tween serotonin and melatonin is as follows: 
melatonin always causes lightening in the frog 
skin, while serotonin has variable effects on the 
frog skin, bringing about either a marked lighten- 
ing, no color change, or a slight darkening 


