
The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  of  Japan

ZOOLOGICALSCIENCE  2: 317-322 (1985) @  1985 Zoological Society of  Japan

Mechanisms  Controlling Motile Responses of

      Melanophores  in the Medaka,  Oryzias

 Amelanotic

lati'pes

MASAZuMI SUGIMOTO,  NORIKOOsHiMA  and  Ryozo  FuJiii

Department of Bielogy, hacutty
            Fleinabashi, Chibof

 Science, 71oho University,
a  274, Japan

ABSTRACT-Using  light-coEored varieties  of  the medaka,  Oryzias latipes, we  have studied  the

mechanisms  by which  the  aggregation  and  dispersion of  prernelanosomes  within  amglanetic  
mgl-

anophores  are  contro[ted,  An  atpha-adrenergic  agenist  (norepinephrine), melatonm.  melanin-

concentrating  hormone  (MCH), and  K  ions gave rise to the  aggregation  ef  the cellular  inclusions, while

a  beta-agonist (isoxsuprine), adenosine,  alpha-melanophore-stimulating  hermone (alpha-MSH) and

                                                      . PharrnacologicaL anaty-
atropine  were  effective  in dispersing them. Acetylcholine was  without  effects

ses  on  the mode  of action  of these agents  indicate that, like other  usuat  motite  chromatophores,  the

amelanotic  melanophores  are motite,  and  further that they  are  regulated  in the same  way  as the

chrornatophores  of  common  teteosts, comprizing  the  melanophores  of  the wild-type  specimens  of  the

present species,  Oryzias tatipes. Implication of the presence of the sound  but purpose}ess controlling

system  for those  colorless  chromatophores  was  discussed.

            INTRODUCTION

  Hishida et al. [1] first demonstrated that the

so-called  
"colorless"

 or  
"amelanotic"

 melano-

phores are  present in the  skin  of  lightly colored

varieties  of  
'the

 medaka,  Oryzias latipes, Later,

Oikawa [2] showed  that, like most  colored  chro-

matophores,  these  cells  are  motile,  namely,  the

cellular  inclusions can  migrate  centripetally  into

the perikarya or  centrifugally  into the dendritic

processes in response  to epinephrine  or  to atro-

pine, respectively.

  As  for the regulatory  mechanisms  for colored

pigment cells  of  vertebrates,  much  information has

accumulated  up  to the present time, especially  on

those  for the  melanophores  of  teleosts [3, 4]: The
melanophores  are  primarily controlled  by the sym-

pathetic system  through  the  liberation of  the

neurotransmitter,  norepinephrine,  which  acts  to

aggregate  the pigmentary inclusions, the melano-

somes  [5, 6]. In addition,  the cellular  movements

are  influenced humorally by a  pineal principle,
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melatonin  [5, 7], and  further by pituitary ones,

i.e,, melanophore-stimulating  hormone (MSH) [3,
8] and  possibly melanin-concentrating  hormone

(MCH) [9-11].
  Until recently, other  sorts  of  motile  chroma-

tophores,  i.e., xanthophores,  erythrophores  and

leucophores, have also become known  to be simi-

larly controlled  by the sympatheties  andlor  the

endocrines  l3,4, 12-15], No  trials, however,  have

ever  been made  to clarify the  mechanisms  by

which  the motility  of  the amelanotic  melanophores

are controlled.  In the present study,  therefore, we

have tried to elucidate  the  probleni.

       MATERIALS  AND  METHODS

  Two  varietie$  of  the  medaka,  Oryzias latipes,

i.e., orange-red  (bR) and  white  (br), of  both sexes

were  used  as  the  experimental  materials.  The

adult  specimens  of  the  former  variety  were

cbtained  from a  commercial  source,  while  those  of

the latter were  given by Dr. S. Kikuchi of  the

Chiba University.
  Scales on  the dorsal trunk  were  isolated in a

physiological saline  solution, which  had the follow-

ing composition  (mM): NaCl  128, KCI  2.7, CaCl2
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1,8, MgC12  1.8, D-glucose  5.6, Tris-HCI buffer 5.0

(pH 7.2), The  perfusing system  employed  for

observing  and  measuring  the  responses  of  pigment
cells  were  essentially  the same  as that described

elsewhere  t16].
  No  daTkly pigmented cells  were  found in the

integumental tissues in either  variety  used.  In-
stead,  amelanotic  melanophores  were  observable

by carefu11y  surveying  the granular feature of  their

ce]lular  inclusions, the premelanosomes,  even

through the ordinary  light microscope,  That those
cells were  indeed amelanot'ic  melanophores  was

ascertained  by the method  described elsewhere

[2].
  The aggregation  into the perikarya of  these

organelles  caused  clearing  of  peripheral parts of
the  cells. Thus, the phot6electric method  for re-

cording  chromatophore  responses  could  be applied

upon  condition  that a  proper photosensor and

appropriate  electronic  devices were  employed

[17]. In the  present study,  a  photomultiplieT tube

(931A, Hamamatsu  Photonics, Hamamatsu)  was

adopted  as  the  transducer.  By  restricting  the area
of  the  skin  to be measured  of  the Iight transmit-
tance  to be 150"m  in diameter, the response  of  a

single  amelanotic  melanophore  could  usually  be
assessed.  Care  was  taken in selecting  the cell,

around  which  no  chromatophores  of  other  sorts,

i.e., leucophores and  xanthophores,  were  present,
especially  when  we  used  the scales of  the orange-
red  variety,  in order  not  to pick up  the motile

activities  of  xanthophores.  The  motile  responses

were  registered  on  a  paper-chart recorder  (EPR-
10B, or  EPR-221A,  Toa Electronics, Tokyo).

  Distribution of  the premelanosomes  in live cells
could  be observed  more  clearly  by employing  the

Nomarski  differential interference optics  of  tTans-

mission  type. In some  experiments,  therefore,  the

motile  responses  of  amelanotic  melanophores

were  observed  and  photographed with  an  Olympus

(Tokyo) BHA-LB-N  microscope.

  Electrical nervous  stimulation  was  done by put-
ting the skin  preparation in the A.C. (50 Hz) field
[18]. In order  to stimulate  chemically  the nervous

elements  around  the chromatophores,  an  eievated

K+  concentration  was  used  [19, 20]. For this

purpose, the saline  containing  50mM  K+  was

used,  in which  the concentration  of  Na+  was
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compensatorily  decreased to keep  the tonicity of
the  solution  constant.

  In experiments  in which  the effects  of  chromato-

some-dispersing  agents  were  studied,  we  employed

the scales  taken from the fish which  had been
reared  in reserpine  (3× 10M6M;  Nakarai Chemi-
cals,  Kyoto) solution  made  up  in tap wateT  for
12-24hT [21].
  Other drugs used  in the present study  included:
norepinephrine  hydrochloride (Sankyo, Tokyo),
isoxsuprine hydrechloride (Daiichi Seiyaku,
Tokyo), acety[choline  ch]oride  (Daiichi Seiyaku).
melatonin  (Nakarai Chemicals), phentolamine
mesylate  (Ciba-Geigy, Basel), propran'olol hydro-
chloride  (ICI, St. Louis), adenosine  (Kohjin,
Tokyo)  and  synthetic  alpha-me}anophore-stimu-

lating hormone (alpha-MSH, Sigma  Chemical, St.
Louis).  Synthetic  chum  salmon  melanin-

concentrating  hormone (MCH) was  the gift from
Dr. M, E. Hadley of  the University of  Arizona,
which  was  synthesized  by Dr, B. C. Wilkes [10],
Department  of  Chernistry of  the  same  University.

  Alt measurements  were  perfbrmed at a  room

temperature between  17 and  250C,

                RESULTS

  Carefully observing  the dermal tissue in the

scale,  we  could  find amelanotic  melanophores

even  through  the  ordinary  light microscope.  By
employing  the Nomarski optics,  however,  those

cells were  more  clearly  observable,  and  the motile

responses  to norepinephrine  of  a  few chromato-

phore species  including those  amelanotic  ceHs  are

demonstrated in Figure 1. The  series  of  photo-
micrographs  c]early  indicate that in the amelanetic
melanophoreS  the  premelanosomes migrated  from
the dendritic processes into the perikaryon just in
the same  manner  as  the melanosomes  within  the

melanophore  of  many  common  te[eost  species,

and  further,that the configuration  of  these  cells

resernb]ed  well  that of  the  melanophores  of  the
wild-type  specimens  of  Oryzias.

  A.C.  field stimutation  and  K'-rich saline,  both
being known  to stimulate  the chromatic  nervous

elements  to liberate the neurotransmitter  [5, 6, 19,
20], induced the aggregation  of  premelanosomes
within  the amelanotic  melanophores..  In the  left
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FIG.1. Sequence of  photomicrographs showing  motile  responses  of chromatophores  in the dcrmis  gf
the medaka,  Oryzias latipes, Nomarski optics  was  employed,  In this fieid, two  

amelanotic

melanopheres  (AM), two  xanthophores  (X) and  a leucophore (L) are  included, AmQng  
them,

 
an

amelanotic  meLanophoTe  and  a  leucophore in the  lower right part lie.one upon  another:  
a:

Equilibrated in physiotogical saline. Premelanosomes  in the amelanotic  nie]anophores were  
in

 
a

dispersed state. b: 75 sec  after  the appHcatien  of 5× 10-6M  narepinephrine.                                                        Premelanosomes

were  on  the  way  to aggregation.  c: After 120 sec. Premelanosomes were  maximally  aggregated

into the  perikaryon. × 180.

part of  Figure 2, the neurally  evoked  response  to

an  elevated  K+  concentration  (50mM) ,is exhib-
ited, Further, norepinephrine  of  moderate

strengths  gave rise  to a  complete  aggregation  of

the cellular inclusions. The  action  of  these chro-

matosome-aggregating  agents  could  easily  be

antagonized  by the alpha  adrenolyties,  i,e., phen-
tolamine and  phenoxybenzamine.  The  inhibitory

effect  of  phentolamine  on  the K'  action  is typical-

ly shown  in Figure2. 0n  the other  hand, acetyl-

choline,  which  is known  to induce strongly  the

pigment  aggregation  in melanophores  of  some

teleosts [22, 23], lacked the effect,  It is therefore

evident  that the peripheral nerve-fibers  controlling

chromatosome  aggregation  in the amelanotic

melanophores  are  quite orthodoxly  adrenergtc,

mo".Ee-9

 sog<

   0  50mM  50mM
 K' -.  -

pA  !E!gz!y
                         lo-5M
 MT  

-
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FiG. 2. Typical photoeLectric recording  showing  the re-

   sponses  of  an  Oryzias amelanotic  me]anophore  
to

   K',  melatonin  (MT) and  norepinephrine  (NE).
   The effect  of an  alpha  adrenolytic  agent,  phentol-

   amine  (PA), on  the K'  action  is aLso  exhibited  in

   the centrat  part of  the figure.

 Although not  shown  in the  figure, melanin-

concentrating  hormone  (MCH) was  very  effective

in aggregating  the premelanosomes within  these

cell$, On  the other  hand, the premelanosome-

aggregating  action  of  melatonin  was  Tather  differ-

ent  from that of  n.orepinephrine  or  of  MCH. 
FIhat

is, the action  was  rather  weak  (cf. Fig. 2), and  the

effect  was  quite differential arnong  the effector

ce11s  [7].
  By  making  use  of  their rnoderate  pigment-

aggregating  action,  tolazoline and  melatonin  have

been conveniently  employed  in.the studies,  in

vvhich  various  substances  were  tested for their

possible melanosome-dispersing  action  [8, 21]. In
the present materials,  however,  the former  failed

to induce the premelanosome aggregation  within

the cells, while  the latter had only  a  weak  action  as

stated  above.  So, the scales excised  from the  fish

previously treated with  reserpinp  was  employed

for this purpose  [21]. It was  clearly shown  that a

beta adrenergic  agonist,  isoxsuprine, was  effective

 in inducing premelanosome dispersal (Fig. 3), As

 can  be seen  in the figure, the'effect of  the agonist

 could  easily  be antagonized  by propranolol, a  beta

 adrenergic  blocking agent.

  Adenosine,  which  has recently  been shown  to be

 the co-transmitter  of  the  adrenergic  postganglionic

 fibers to the  melanophores  of  some  teleosts [6, 24],

 was  also  effective in dispersing the premelano-

 somes  (Fig,4). Alpha-MSH,  the  intermediate

 lobe･principle, also  exhibited  remarkable  activity

 to disperse the cellular inclusions (Fig. 4). In addi-
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FiG. 3. Serial recordings  obtained  on  an  amelanotic  melanophore  to shew  the effect of  a

   
beta-adrenergic

 agonist,  isoxsuprine (IX), a: Passiye pigment dispersion in physiologic-
   al saline following 3-min treatment with  5× 10-6M  norepinephrine  (NE). b: Pre-
   

melanosorne
 dispersion in response  to 10-SM  isoxsuprine. c: Antagonistic effect of

   propranolol (PP), a beta blocker, on  the action  of  isoxsuprine.
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Fi6.4, Photoelectric recordings  successively  obtained

   on  an  amelanotic  melanophore  to show  the pre-
   melanosome-dispersing  action  of  some  substances

   known to induce pigment dispersion in many  chro-

   matophore  species,  In each  recording,  the response

   to a test substance  is preceded by a  3-min treatment

   with  Sxl076M  norepinephrine,  which  brought

   about  the chromatosome  aggregation  almost

   completely,  a: Passive graduat premetanosome dis-
   persion in physiologicat saline.  b: Premetanosome

   dispersion in 10-SM  adenosine  (AS), c:  Pre-

   melanosome  dispersion in 10"M  alpha-MSH.  d:
   Premelanosome  dispersion in 10'6M  atropine.

tion,
 it was  ascertained  that atropine  , a  cholinergi6

blocker of  muscarinic  type, strongly  dispersed the

premelanosomes (Fig. 4).

              DISCUSSION

  The  present results  have clearly shown  that the
amelanotic  melanophores  existing in pale varieties
of  the medaka  are  motile,  and  that they  are
controlled  in the same  way  as the usual  mela-

 nophores  of  the wild  type  or  dark varieties  of  the

 same  species  of  fish, and  further as those in many

 other  teleost species  [3-8], notwithstanding  the

 fact that the organelles  of  the present materials  are

practically colorless.  That  is, the sympathetic

post-ga.nglionic fibers are  certainly  responsible  for
the rapid  aggregation  of  the chromatosomes,  Iike
in chromatophores  of  usual  soits. It has also  been
shown  that alpha  adrenoceptors  are  involved in
mediating  the response.  

'Further,
 possible involve-

ment  of  adenosine  or  adenine  nucteotides  as  the
co-transmitter  antagonizing  the  effect  of  the sym-

pathetic true transmitter, norepinephrine  [6, 24],
has also  been  strongly  suggested,

  Positive effects  of  atpha-MSH,  MCH  and  mela-

tonin on  those clear  cells further indicate the
possible participation of  these  hormonal sub-

stances  in their motile  responses,  although  the
response  rates  to those  endocrines  should  be much
lower than those seen  in the neural  regulation.

  That such  colorless  chromatophores  are  motile,

and  further regulated  in the same  rnanner  as  the
usual  pigmented chromatophores  seems  to be
quite strange,  if we  come  to think of  it, because'
their

 motile  activities must  be practically meaning-
less in fu1fi11ing part in the  integumentary color
change  phenomena,  Thus, we  should  consider

these situations.

  In the  amelanotic  melanophores,  the process of
melanization  is believed to be blocked by the
inhibition of tyrosinase activity  [1, 2]. As a  result,

the vehicles  for the black pigrnent, melanin,  are
vacant,  being in contrast  with  mature  melanized
ones,  the  melanosomes,  present in normal  melano-
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phores, As  mentioned  above,  we  have found in
the present study  that the motor  systems  for those
unpigmented  melanophores  are  functioning quite
normally  as  those for the pigmented cells of  the

dark specimens.  We  presume here that the sys-

tems themselves may  have been remaining  un-

c.hanged  ever  since  the time of  the rnutational.

change  or  the genetic transformation  causing  the

blockade of  tyrosinase activity,  oocurred  many

years ago  in the wild-type  individual(s). The  pres-
ence  of  the  sound.  but meaningless  regulatory

systems  may  thus be smoothly  understood.  If the

enzyme  action  is restored  spontaneollsly  or  arti-

ficiaLly by some  means,  therefore,  the melanized

cells can  easily be supposed  to be controlled  quite
normaL!y  like the melanophores  fOund in wild

forms or  those  of  the  recent  dark varieties.

  
rlhe

 present results  may  also  deny the possibility
that the presence of  the innervation naturally  leads

to the induction of  pigmentation or  melanization  in

the teleostean chromatic  effector cells; Even  in

the presence of  the  normal  neural  controlling

system,  the pigmentation has not  developed at al1

in those  cells, Tlie reason  why  we  want  to discuss

such  a problem here is that nowadays  derrnatolo-

gists assume  that human  vitiligo,  i.e,, local depig-

mentation  frequently seen  in skin,  might  be caused

by the defects in nervous  supply  [25]. By way  of

the  side  remark,  the chromatic  innervation men-

tioned  above  is of  course  the adrenergic  motor  one

in this species  of  fish, but we  like to consider  it to

include a putative 
"trophic"

 innervation, since  the

nervous  supp]y  of  the latter sort has frequently

been claimed  to be deeply concerned  with mhn-
taining effector  cells  healthy and  motile,  and  fur-

ther  responsive  to regulatory  agencies.  In any

case,  further studies  are  naturally  needed  for

understanding  the chrornatic  as well  as  achromatic

phenomena  seen  among  those less investigated

effector  systems.
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