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One of the most fascinating activities bv wilch animals can respond
to environmental changes is their 2bilily to change the colour of their
skin, Among Vertebrates this phenomenon is restricted to numerous
poikilotherm animals.

The colour change of the skin is }wnught about by the activity of
specific cells, the chromatophores, which contain large quantities of
pigment granules. In view of the eolcur of this pigment dilferent xinds
of chromfltophorcs can be distinguished,

In the present paper we will draw attention to the dermal melano-
phores of the amphibians, which phv he most important part in the

colour change of thesc animals. I‘ lanophaores contzin blackish brown
pigment granules, probal; iner of melanin, which can migrate
from the centre towards the peripacry of the mcnnovho*‘cx ¢ dnper—
sion™) or in the reverse directon from the p(,rlphcr;. towards the
centre of the cells ““concentration™ . As a result of these pigmenrt
migrations the 'mlmal becomes either dark or pale.

In the first decennia of the 2oth contury if was generally thought
that the colour adaptaton of amphilians to their environment was
regulated by the eyes and by nervovs transmission. Later experiments,
however, have shown that alse the prescnce of the pituitary gland is
essential for their celour adaptation ler ablation of the pituitary
gland in Rena-tadpoles or in adull frogs (ADLER, 19143 ALLEN, 1916
Krooi 1g2g, p. 150 the experimental animals inv :ma.}ly show a very
pronounced irreversiblic pigment concentration in their melanephores,

1 This paper gives a survey of the inve
our labaratory and chieflly relate to the o
of the melanopnores.

zions, which have been carried out in
locrinelngical aspects of the physiology
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e, they remain pm‘,. It was, therelore, supposed that the pituitary
gland is the source of a poweriul pizment dispersing substance. That
this supposidon is correct was proved by the results of experiments in
which extracts of frogs” pltuitaries were injected or pituitary glands
were d‘&nﬂplanu d inio R\lm‘-j 1WiC mo*nzcd animals.

Morcover, it was found hat the : plgment dis persion activity of
extracis of intermedicte pindtary LH)LS wuas much grealer than that
of extracts of neourohypophivscs [Guwtr and Houssay, 1g24; Vax
Dyxe, 1926} and also that suppression of the development of only the
intermediaie lobe in Hn.‘-mapoix.s resulted in albino-like animals
(Burasn, 1938).

These and other experhments showea that the hormone responsible
for the melanin dispcr::io*“ in amphibian mdmvcmhorbs Is located in
the intermediate lobe of th T“tmt:: - gland. Afier its source ZoNpek
and Nromx (1 ggu, named it “intermedine’. It is also called fpigment
dispersing”- or leaI’iOthOI'e c».paachm ~hormone. The release of
11115 Lormone into the blood is thought to be controlled by the central
LUTYVOUS SYSTETIL.

Before reporting our invcstirr'uions} we will draw attention w0 a
paper of Hoepoey and Mimvise l\lc-)b; 1z which these authors described
2 distinet melanin concentration in the dermal melanophores after
clectric sumuladon oi the palate of the CGupe Chameleon. This
phenomenon was cailed excitement pailor. Laer, similar sudden
colour changes caused b 3 citement-stimuli, ¢.g. rough handling, the
prick of & ntt,(lu;, or the Injen: ion of a physiclogical saline solution were
named exciiement colowr reactons {Burcurs, 1636); they can be
divided into excitement pallor and excitement darkening reaciions.

In Rara-species an exciteraent pa“ur obtained by rough handling,
was described by several auihors .VO\ Wreticr, 1854; Kropp, 1927;
Parxer and SCAITL.L ¥, 10575 2.0, .in udc,mau, many other mactions
like changes in blood circulasdion, micturition or skin gland sccretion
can be observed when amplibians are suddenly disturbed. We consider
all thesc phenomena as cxprcssio:zs of the alarmereaciion.

The pigment migrations in the mclanophorus of amphibians are
not only infleenced by intermudine but aiso by adrenaline. Already in
u,oo LiEeEN showed that adrencline has 2 con wentrating elfeet on the
pigment granules of the mclunonhores of Rana temporasia. As adrenaline
is thought to p}a.y an imporiant roie in the alarm reaction, it is not
mrnob*wh that it is the cause of the excitement colour reaction, l.c.
n At.mpzu the excitemien: mr;{cnmﬂ' reaction.

!l reaction was defined by Sive (1049, P- 837 as “the sum of all non- :.pu:mc
&}’:-LCJ.TUC phenomens elictted by sudden chnmmc to stimuli 1o which the organism
Is quantitatively or qualitatively not adapred”
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Our interest in the hormonal regulation of the melanophores was
aroused several years ago by two facts, viz. i, the prescnce of black-
brown plcrmcnt(d cells In or on internal organs of amphibians, as g
on the testes, in the pcrlmrd or in the peritonenm of [rogs and toads,
and 2, hy thc so-called Konsurorr-renction, a pregnancy diagnosis
test, in whicli the pﬁmem dispersal in the mc.’moohorcs of hypo-
phwectomwcq [rogs plavs a dominant role.

As regards the first the qurf;*mn arose whether these internal cells
rcact in ti ¢ same way as and simultancously with dermal melanophores.

It appeared that the reactions of these internal pigment cclls differed

ﬁmchmuzmhv from those of the dermal me ianophores. We found for
instance rBU‘IGFR? Boscran and Vaxy or Kaer, unpublished; of,
DURGERS 1936, p. gm that Intcrmeadine, cavww o maximal pigment
dvsp{we*on in dermal lrrzapur-mc-wuo hores had hardly anv effect on
he black pigmented cells present in the wail of the intestine, cven
when 1t was administered in much higher concentrations than those
giving a maximal reaction in dermni melznephares. Consequently
these Internal pigment cells are furdame atally different from the
dermal melanophores: their phvsiologica ssgnification, however, is
still obscure.

In 1934 Koxsurorr inimduced the test, ~which later was named after
hir, He then deseribed his experimenss with hypop! hysectomized frogs,
in the dorsal lvmplusac of which hm‘j'n‘ urine wag injected, As onlv
the frogs darkened in case the urine originated from pregnant women,
and cven from women in the frst weeks of pregnancy, KoNSULOFT
concluded that in pregnancy urine a subsianees is present which acts on
the prgment (!llenr&o'l of ﬁom: mearophores,

Alter the war the KoxsvLorr-reaction wos re-intraduced 25 a
pregnancy test by Dn BoUrReRraAr and DINGEAMANSE {1946} and in-
dependently by SunvanTiz , Canisan, Mowntrr and Boxxan {1o47).
During an investigarion, rmlth carricd outin our fahoratory, Mreiorsr,
SrorTE, DE Roo and Crs UTZRERG {1040Y found that the KossULore-
e [\.CUOH 15 a reliable pregnaney test, i certain precaurions have been
taken. These workers were then of opirfon that intermedine was the
active substance in the pregnancy urine, Later Stonte, Bakxker,
VERBOOM and DATVILLIER {1053} assumed that the KoNSULOFF-reaction
18 caused by chorionic gonadotropin unf’ that there arc at least two
substances with melanophore hormone
adrenaleorticotropic hormone LACT
andfor) lactogen.

in1051 wedecided tostudy the pigment spersion and concentration
in amphibian mclanophores in dewmil. For these investigations the
South-Alrican clawed Lo:ld, Xemopas laseis, was chosen,

wilvitv in the pltuitary eland:
ot luu:inisntion hormone (LH)



PIGMENT MIGRATIONS IiN MELANGPHORES OF XENOPUS 203

In preiminary experiments it had been shown that Nenopus s
admirably suited for Invesdgations invo the regulation of melanophores.
I the first place Newnpus, like Rana, can adapt lself to a white and 1o a
black background: on a white background these animals become pale,
wheress on a black backgrouud they darken. Moreover, in Xenepus
only melanephores are found, which, contrary o the melanophores and
ather chromatophores of Rane, do not overlap each other, o phenom-
enon which cnables vs 10 determine the mclanephore reacdons more
accurately. Finaliy, ihe webs hotveven the first and second, and between
the second and third digies of e mindicgs are ideally suited for studying
the melanophores in viow.

In the following pages ihe chenges of the melanophores will be
o YS o) 1
indicated with the aid of Hossex and Srous’s meiznaphore index
(1937; M.1}, in which the diflerent scages of pigrieat dispersal in the
mwelanophores arc indicated by the figures 1 -3, 1 reigting o a melano-
hore in which the melanin granules are concentrated around the
O- . . -
nucleus, and 5 to the stage of maximal dispersion of these granules (fig. 1).
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Tig. 1. Melanophore index {(M.1) alier Hocuex and Suous {1931},

In a preliminary swady (BURcERs, Boscayas and VAN DE KAMER,
1053) 1t was shown that among (e amphibians Newesas is an excepiion
with reference to its melunephiore reactions, ollowing excltement
stimuli and adrenaline Injeciions. As to the excicement stimuli we found
that fightradapted adult specimuns 6] Xeaspus react to stimuli with
distinetly, perceptible exciiement oo skening, whereas most other adult
amuhibians react w such siimull with an excirement pailor. Only
SIEDLECKI (1409) has shown that in the amphibinn Padieduates reinardinl
exciiement stimull ako produce skin darkening. KETTERER and
REMILTON have confirmed our observaiions in TO54.

Further experiments showed rthat hypophysectomized specimens of
Xengpus also show an excitemert darkening reaction, Hence, 1t was
concluded that in Xemgpus the excitement darkening reaction is pot
incuced Ly a hormone secreted by the pituitery gland, Consequenty
the question had to be answered by what agent this excitement darken-
ing is caused.
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handling of Xrofus induces not only an

e

.
|

As it appeared that rough
excitement ¢l rm\cmnq Lt errulta‘
secretion, we thotght it worth wi

1

gousiv o Abunc&ant release of skin
i to investigate whether a relation-
ship exists between these twe pheromena. :

In the skin of Xemapue o number of macroscopically visible g"lnds Is
present, most of them being found in the (“ mal laver. Tach gland is
connected {o the exterior ﬁ\- A nerrosy duct, Two kinds of g;ands can
be distinguished: large ones, {ifled with short microscopical needle-Iike
cry si"us, consisting of a prowin-le subsinnee, and small oncs, con-
talning mucus. According to SpaNNHOF ‘ros4) the mucous zlands

release their contents comtinuousiy, wherens {he slicky substance of
the protein glands is orly scereted, Sollowing certain stimuli. By a
simple procedure, i J} massaging Qe oskin of normal acult Nenapus,

. it appeared to consist chiclly of
ieeied extrocts of this skin seeretion
d(’dn el 1o a white background.

We Cas! 1\» could collect this seeretis
the product of the protein glands,
induced pigment dispersicn in Yeuwsp
As it acts also on the melancnhnres of fsolated Xengpus-w ehs—which
possess no skin olands v wes shown that this is o direet action.

We assumed, therefore, thet in 1le sin secretion of Semofs a
substance 1s present, w hich mav be resmensible for the excitemen:
reaction.

Already 1n 1q

qo Gusy supposed ot in Xenepus skin scerction a
sympathomimetic substance. similar o hut not identical wilh acl-
renaiine, is the main active princizie. Later, one of us {Burenrs, 1956
confirmed that this secretion poscsses an ndrenaline-lke acton

We have already ment ored 1ha amongs

tthe amphibinng Yenopus
is an exeeption with regarc 1o ig melanoshore reactions following
adrenaline injection. We observed tint melenophores with disnersed
pv"m‘n\ granules react to adrenaline with o pigment concentration
like those {)E other ampnibinns, wherens zmelanophores of pale animals
react to the same hermone wil .ﬂn‘("n (.mnm‘mon conirary (o
those of other amplibions (Buncers, Doscioiay and Vax pe Kaner,
3 De 73
As there is no appreclable difference 1 melanophore reaction 1o
adrenaiine in normal Nenspus, acapted to a white background and in
hvpophysectomized tonds, this 1 cisnersion cannot be the result
ol an action of intermedine 1 pituittary gland under the
influenee of injected acdren cw s supported by the resulis

B

IS

secreied o

of m wirs experiments in which isolnied Yompus-webs were immersed
I adrenatine sohut ae. Prom ﬁg. 2 it appears that i
M.Ls of the melanophores of aleted webs (rom normal light adapted

ons and in si
-

* In the present paper we will focus ovr atiention especinliy on the pigment dispersion
cnusng IJ}’ adeenatine I pale animals,
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animals inerease distinetly under the imiluence of adrenaline, whercas
the M. Ls of the control webs, immersed in salineg, slichily decrease.
5 3 ]
From these experiments we couchided that in Xemopus adrenaline
has a direct pizment dispensing acilon on melanophores with con-
R p P i O )

centrated plgment granulus.
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Fig. 2. Graph, showing M.T.-carves of meanspiores nisolated webs of nermal light
adapted Xennpus and imumiersed in wdrenaline {solid ling) or in saline {(broken line).

In a further series of cxnerimonss we found (Buroers, 1gs6;
BURGERS, 1057; Burezrs and Vax Ooxot, 1556, that in isolated webs,
immersed in Xeaogus skin: scerciion extracy, in human pregnancy urine
extract, or 1n solutions of adrenaicoriicotropic hormone [AGTHS, of
ntermedine and of a large number of phenylalkylamines (adrenaline
included?, a disiinct pigmeny dispersion in the melanophores was
evoked. In conwol webs, however, walch were immersed in saline
solution, no pizment dizacsion wis observed.

Interesting with regard w0 the phonvialiylamines is the relaton of
the chemical structure of these compounds and their biological
activity. As a matter of fact it couldl be demonstrated thar the presence
of two OH-groups in the 3,1 sosidons at the phenylnucleus of these
substances is esseniial io obtain pigment dispersion.

In view of the melanophore rvactions of isolated Nenmopus webs,
caused by these extracs and compounds, we are of opinion, that
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ACTH and intermedine on the one nand, and extracts of Xenopus
skin sceretion or of human pregnancy urine and the phenylalkylamines
or the other, cvoke two &'fferent melannphore patterns in isoiated

webs. In control webs, which were immevsed In saline only, no pigment

dispersion, of course, was ohserved i, 53

e

{lzrences in melanophore pattern
I ar interimedine, and ¢, Venahuy
mines. Alter Bunarrs (19560,

Tig, 3. Drawings of Xerapue-webs to il ustrute the d
after immersionin a. control saline solution, 7
skin exwract, preenarey urine extraes or Bhy

It is not yet known which pigment dispersion agent is prcscm in
cither Amcwv seeretion or in human presmaney urine, On the basis,
however, of a comparative 5“1:." o these :mmnoo‘mrc patierns, we
assume that the active principics present in Vesspue skin sceretion and
in human prenancy urine arce olso crﬂ“u‘n"na poxchqmv & phenvl-
nuclens with 2 OLI'?TOL]DS in the 3.1 ‘:m‘*‘f‘n\ TBURGERS and :\LIL.HORSI,
1057;. We hope to solve this prohism in e Binchemical deportinent
of onr LIDC‘ru'Or}'.

In the last ten years the psychic actions of ‘e d ug d-lvscrgic acid
diethvlamide .LJSL 250 delvsid “Savpoz Lf,d.. leﬁ;ic':] have been
extensively studied in mon and other mammals, Little work, however,
has been done on its action in lower Vertebraies, It was found that in
fishes the influence of LSD manifists self in both f)(‘hu\'m'n‘- and
colour-changes. Besides charpoierisiic i' ‘nzes e bhehinviour o disting
aarkening of the teleost fish Befie shlendon was ohtained w1Lh L3D by
Arranson and Evaxs {1054 ;:nr! by Evans o al. T1956), Morcover,
Cerrertr and BERDE 710550 and Birns and Crriprr (1956, 1057
demonstrated that LID ¢ iod pigmnent dispersion in the
nelanophores of the femple LunRnY, = FPuoceifin) yeliculatus, in

LS8S o1mn

TIn the fllowing pages only the
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vivo as wall as iu zitie, Tence 13 s st mentioned authors assumed thar
L3D acts direetly on the dermal melanophores of thiis fish.

I recent experimienss we i:;;\'(_% examined the acton of LSD on
Lemafius- n*.piunopnm o, W fuad, S 110, mlvuci in the water of
aguaria, inwiich specimens of Yewsbus, JL...L{).,\ d 76 a black backeround
are present, or bjeced i doses oF o Hg inio the dorsal \mphmcs of
twse animals, induces o morked pigment concentracion in th
melanophores which: lusts many hours. In Newopaus, adapted w o wilte
backeround, we observed o funber slight plgment concemration,
following adn;.mst;xu o0 of Ly diug,

We also notced that injcciion of ACTH (intcrrncdi:';c:; in LSD-
treated, as well as in normel pule Yerobes causes a similar pigment dis-
persion reaction {fig. 4. \qum e 1d H“ i Lbu his no ¢livet on
vine melanophores ol isolated webs, In which a ploment dispersion had
been induced by immersing them first in an intermedine solution, Fi-
nally we showed that a pretreaiment of the webs with LSD does not
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caused hy .1]‘(2{ an of ACTH i one group;

borctices of AUTT N0 2 grows ol non-LSD-rcated Nenobus-

specimens, adaptled io Gound. | The time spent by the animals in white

or in black jars is indicuicd b\' the white or black swipes under the dgures.) After
Deroprs, Lemumzs, Dosvixigzak and Vay Goror, 1955
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influcnee the pmm( nt disserston, induvced in the melanophores by

immersing these webs inic an it smedine solution.

The results of these in vive and vl experiments indicate that in
Ience it was concluded {Buxours,

Kenapur LED acts centrally,
Lirures, Domsiczak and Vax QoroT, 1058} that L8D inhibits the
'Qe in Aenapus.

production andjor tae relense o
In conncction with these 7 . neriments relating to the
important question whethey or croonine {3-hydroxviryptamine or
(nt(“"n*;n(‘"\-—-—"} o oaciion of whizh 1s ‘-;'nﬁ“q‘”‘t to inhibit rhat of LSD
{cf. BerpE and CERLETTI m-'_\'?_. 1057 affeets the colour change

reaction induced by LSD in Naegrs, aze now In progress in our
lzzoratory.

et

In addition to the hormenes and drues, acting directly or indirectly
on the plcrmcm migrations in e melanephores of Xewsims, there is
still another factor which nlso nifeeis the "u‘lanopho"es, L enoliobd,

Already in 1993 Bruss ehrarved thar in voung Nemopus-larvac the
pigment gnmulf:. in the dermal malanophores of the head disperse in
light, wherenas in darkness the pigment i concentrated. The melano-
phores of the tailfin, however, show roverse reactions: in light the
mclanin granules are corcentrated nnd in darkness dispersec.,

Basxara found in 1957 thal B direct eftect on the nigment
migrations in the mck.:m::.im‘a‘s ol sus-tadpoles; this can very
casily he demonstrated in the 0iifn melonophores, Isolated tails of
these animais nineed in cost 90 minulics ecome exe
tremely dork; when travsierred to Drieln lght they again become
transparent 1 5-6 minuics.
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+fudings wore confirmed by Vi per L
and Vax Ooror 1"3\)0 wiho 1t wadiiton studied the elicer of light
ol cilivrent imensides on the mclanophores of s, solated [rom

& Thos R P iy T
i, i Hrekr, Burcors

tedpoles which had been adanwed {or various seriods to absoluic
cis or o bright ]iff.‘lt. somae of the resulis of these experiments

rolinion exists Between the intensity
of hic i olit Wo i TUS 1O QDO x(l SO0 thelr reaction,
vity i isolated 1aidls
{Me innact o wdpoles

CAUT, iL was Touns
L “ lcni :

fe phyvsioin : vie txiliin melanophores
.Lmu‘d the ompnysica vackeround of this
i the I LL.u‘.&. Lo wddiidon we hope o colicer more
ires to light and to
ment of the Newyjus-tadpolcs.
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