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SUMMARY

The effect of varying CaZ+ concentrations on the action of a
number of pigment dispersing substances has been studied. The absolute
Calt regquirement for MSH activity, contrary to the noradrenaline and
cyclic AMP activities, suggests a role of Ca2+ in the formation or the
primary action of the MSH-receptor-complex.

Prostaglandin (PGEq) is also able to disperse the melanophores of
Xenopgs laevis. Its activity proves to be independent of the presence
of Cact,

A hypothesis has been put forward concerning the mechanism of
MSH activity: formation of the MSH-receptor-complex may be responsible
for prostaglandin synthesis in the membrane. This prostaglandin may
produce displacement of Ca2+, followed by a Nat intlux, which is
responsible for the activation of the catalytic unit of membranous
adenylate cyclase.

INTRODUCTION

Dispersion of the pigment granules in the melanophores of
Amphibia, resulting from adaptation to a black background, is a hormone
regulated process. The melanophore stimulating hormone (MSH) initiates
the migration of the melanin granules by activation of the enzyme
adenylate cyclase (1,2,3), which is situated in the plasma membrane of
the melanophore. Activation of adenylate cyclase results in a higher
intracellular level of cyclic AMP (CAMP), which in turn is respongible
for the migration of the melanosomes. The mechanism of <chis intra-
cellular movement is still unknown. A possible involvement of micro-
tubules and microfilaments has been suggested (4,5).

Investigation of hormone activated adenylate cyclase systems in
other fields reveals the presence of distinet molecular components:
at the outer side of the membrane one or more hormone specific recep-
tors are located. A hormone-receptor-interaction induces a reaction
process which is conducted through part of the membrane (named trans-
ducer) to the catalytic unit, situated at the inner part of the
membrane. Activation of the catalytic unit results in the formation of
cAMp (6,7,8).
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Apart from activation by peptide hormones, many adenylate cyclase

systems are sensitive to catecholamines as well. The corresponding
adrenergic receptor appears to be of the beta type (9). The mechanism
underlying activation of the catalytic unit is not uniform. In adipose
tissue separate activation by each of the different receptors present
is described (7,10). In the melanophores of Xenopus laevis, however,
activation by MSH is only possible when the adrenergic receptor is
operating concomitantly (3,11).

The function of Ca2+ in a number of stimulus-response reactions
is generally acknowledged., Especially the influence of Ca2+ in hormonal
stimulation has been studied by Rasmussen and Tenenhouse (12). However,
their interesting hypothesis encounters much opposition (13). In many
systems Ca2+ should be present extracellularly in order to facilitate
horumone-receptor-interaction. In the case of melanophore dispersion
Ca2+

present study an attempt will be made to localize this Ca2+ requirement

indispensibility has been demonstrated earlier (14,15). In the

in the serieg of reactions necessary ror adenylate cyclase activation.
Apart from Ca2+, prostaglandins are assumed to be involved in a
number of cAMP mediated hormonal effects (16,17,18). This prostaglandin
influence may result in either an increase or a decrease of the intra-
cellular cAMP level. Ramwell and Shaw (18) presented evidence indica-
ting an influence of prostaglandin on intracellular calcium content.
The present paper describes the effect of exogenous prostaglandin on

the pigment migration process.

MATERIAL AND METHODS

The melanophore dispersing activity was determined in vitro,
using excised webs of adult Xenopus laevis. The animals (weighing about
30 grams) were kept in white illuminated jars for 48 hours. Then the
webs of the hindlegs were excised, cut into pieces of 2 x 3 mm and
soaked in Ringer solution of the following composition:NaCl (110.10-5M);
KC1, CaCl2 and NaHCO3 (each 2.10-3M) and ascorbic acid (10-4M) to pre-
vent oxidation. The compounds to be tested for dispersing or inhibiting
activities were dissolved in the Ringer solution and the melanophore
index (MI) according to Hogben and Slome (19) was recorded at various
time intervals.

AMSH was generously provided by Dr.W.Rittel of CIBA, Ltd., Basle,
Switzerland. PGEq was a gift of Dr.R.J.Christ, Unilever Research,
Vlaardingen/Duiven. Indomethacin was a gift of Merck Sharp & Dohme
Nederland N.V., Haarlem.

131



Vol. 52,No. 1, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Ca?* free Ca?*(2.10-3M} Ca?*(4.10-3M) Ca?*{8.10-3M)

Rl

T T T 1 T T T T
0 60 120 60 120 60 120 60 120

fime in min.

Fig 1, HMelanophore dispersion, initiated by o}M3I é.ipg/ml, —_—,
noradrenaline (10=4M, <+«+++) and cAMP (1072M, -=----- ) in media
containing various Ca2+ concentrations.

RESULTS

The dispersing capacity of MSH, noradrenaline and cAMP was
determined in various calcium concentrations (0-%-1-2-4-8-16-32 mM).
In each of the various solutions isotonicity was maintained by varying
the Nall amount of the Ringer. The Ca2+ ifreec Ringer solution contained
in addition BGTA (10-3M),

The results of some Calt concentrations are presented in Fig 1.
As expected, MMSH induced the best dispersion reaction in the normal
Ringer solution, containing 2.10-3M Ca2+. But all other Ca2+ concen-
trations, except the Ca-free solution, did show any dispersion. The
dispersion caused by norazdrenaline, cAMP or dibutyryl-cAMP is
influenced by fluctuations in the external Ca2+ concentration to a
certain degree, but not entirely inhibited.

In order to test a possible role of prostaglandin in the MSH-
induced dispersion reaction, PGEq was used in various concentrations.
As shown in Fig 2a, PGHq (5.10-5M) is capable of inducing a marked
dispersion in Xenopus' melanophores. In order to test whether
synthesis of prostaglandin is underlying the MSH activity, the
inhibitor indomethacin (20) was injected in a black background
adapted toad {24 mg/kg). After three hours maximal aggregation was
reached (Fig 3).

To check whether prostaglandin may be involved in the role
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Fig 2. Melanophore dispersion, initiated by = MSH (.03 pg/ml, =———),
and PGE4 (5.10-5M, -~mwe- ) in (a) Rirger solution,
§b§ propranolol (5.10-4M), (c) phentolamine (10-5M) and
d) Ca2+ free Ringer solution containing EGTA (10~3M).

played by catecholamines (11,21,22), the adrenergic blockers phentol-
amine and propranolol were tested (Fig 2b,c).

In order to determine whether prostaglandin activiiy depends on
the presence of Ca2+, an experiment was mede in Ca2+ free Ringer

solution (®ig 2d).
DISCUSSION

The dispersing activity of noradrenzline and cAMP in excised webs
of Aenopus laevis is only moderately intluenced by the external Ca2+
concentration. M3H activity, nowever, behaves different : whereas
an increase of Ca°’ concentration results in a (slightly) decreased
activity, absence of Ca2+ in the medium completely blocks MSH activity
(Fig 1). This points to an involvement orf Ca2+ in one of the early
steps between the formation of the hormone-receptor-complex and
activation of the catalytic unit of the enzyme adenylate cyclase.

+ . .
regulates membrane permeabi-

I. is generally accepted that Ca2
lity. Ramwell and Shaw (18) studied the regulation of the permeability
0f Trog skin and descrived the activity of prostaglandin in this
respect. They put forward the hypothesis thai PGEq displaces membrane
bound Ca2+. The result is an increased wa¥ inrlux which may be
responsible for subsequent intracellular events, such as activation
of adenylate cyclase. Their suggestion is in agreement with earlier
statements (12) that an initial event of hormone action may be a

displacement of Ca2+ from the membrane. In agreement with these
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Fig 3. Melanophores in the web of a hindleg of Xenopus laevis,
adapted for 3 hours and 45 minutes to a black background;
{a) control animal, (b) animal afier injection of
indomethacin (three hourly injections gf each 24 mg/kg).

results we also noticed a dispersing effect of PGE4 administration
(rig 2a). The results obtained with indomethacin, which has been
described as a blocker of prostaglandin synthesis (20), point to a
de novo synthesis of prostaglandin as a result of MSH action (Fig 3).
In the field of pigment migration prostaglandin also displays its
dispersing activity in a ca®t free medium (Fig 2d). Consequently,
the absolute Ca2+ requirement of MSH cannot be explained by the Ca2+
displacing activity of prostaglandin.

Since the limiting factor in endogenous prostaglandin biosyn-
thesis is the concentration of free essential fatty acids (23,24),
MSH acuivity may fundamentally consist of an activation of membrane
bound phospholipase, in order to release polyunsaturated fatty acids
(PUFA) from the membranous phospholinid stores. The liberated fatty
acide are rapidly transtformed into prostaglandin. A similar suggestion
has been made for the hormone induced permeability change of frog
skin (25) and rat fundus (26).

The exact nature of the phospholipase involved is still wnknown.
The absolute Ca2+ requirement of the enzyme from porcine pancreas
(27) and from several snake venoms (28,29), may be extended to the
enzyme pregent in melanophores., This might explain the specific

Ca2+ requirement of MSH.
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Fig 4. Suggestion of the role played by PGE4 in the darkening reaction
induced by MSH.

Liberation of catecholamines from certain reservoirs in the skin
of Xenopus laevis, as a result of MSH activity (11,22) might well be
explained by an identical action of MSH, since binding of catechol-
amines to phospholipids is one of the possible ways in which these
amines are stored (30,31,32).

Involvement of catecholamines in the MSH induced darkening
process is firmly established for Xenopus laevis (21), but does not
likely play a role in Rana species, where these amines induce a
lightening of the skin, due to the presence of alpha adrenergic
receptors (33). Sih et al.(34) suggest a coenzymatic role of cate=

cholamines in the mechanism of prostaglandin biosynthesis.

PGE4 activity is not influenced by either alpha or beta blockers
(Fig 2b,c), indicating that the role of PGEq is localized in the MSH-
rather than in the catecholamine route of adenylate cyclase activation.
The special mechanism of this catecholamine involvement in Xenopus'
darkening is still obscure. Whether or not the suggested MSH-PUFA-PGEq
route (Fig 4) may be of general validity for all Amphibian species,

has to be investigated.
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