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Studies on melanomas induced by trematode infection 

on the skin of fresh.water teleosts 

II. Formation of the dark spot 

By 

Tetsuro IGA 

(Department of ~iology, Shimane University,Matsue) 

A considerable number of descriptions concerning melanosis on the skin associated 

with infection of trematode larvae have been given in teleost fishes (Ishii 1915a, b, Smith 

1935, Hsiao 1941, Caldwell and Caldwell 1962) . Such melanosis fesulted in excessive 

aggregations of meJanin-containing celJs in the tissue surrounding the skin parasite 

Recently, the present author (Iga 1965) reported that, in Ory~;ias latipes and Carassius auratus 

with dark spots, meZanomas, on the skin, these pathologically developed pigment cells 

were indistinguishable in responses to pigment-concentratin_~ stimulants for the melano-

phores, such as adrenaline and potassium ion, and to electric current from usu*"I melano-

phores in the adjacent areas of the skin. In spite of these investigations the process of 

the formation of these dark spots on the skin in fishes has remained an open question 

Alternative possibi[ities are obvious ; either the pigment cells in a parasitized region 

migrate to the site of infection from the other areas or are formed in situ. Such a question 

may be resolved by observations on the region of infection of a parasite in vivo during 

the formation of a dark spot. 

The present papar described a course of the formation of the dark spot, melanoma, on 

the skin in Ory~;ias latipes. 

Materials and Methods 

Oryzias latipes possessing the dark spots, which in these fishes were induced by 

trematode infection, on the skin of their body and fins were used as materials. These fishes 

were caught in a stream near the Shimane University over a period of about a month from 

the middle part of October to November. 

For histological studies small pieces of skin with the dark spot were fixed in Bouin's 

fluid, sectioned serially at 10 /1 ar)d stained with Heidenhain's azan stain or Heidenhain's 

haematoxylin and eosin. 

Observations 

( I ) HistoZogical observations of the melanotic portion 

On some hundred fishes infected by the trematode larvae, the number, and the site of 
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the　d－ark　spots，whlch　were　attr1butable　to　the　encysted－paras1te，on　the　skm　o壬the　bod．y

and．fms1n　each　of　these　amma1s　was　exammed　The　number　of　the　d－ark　spots　var1ed

w1th　each1nd．1v1dua1，1t　extend－ed　from　one　to　severa1tens　A　certa1n1nd－1v1d－ua1possessed，

on　the　sk1n　so　numerous　dark　spots　as　of　seventy　s1x1n　number　These　spots　were　present

on　the　tegumentary　syste皿from　the　t1p　of　the　snout　to　the　caudal　fm，mc1ud1ng　the

cornea，as　a1ready　stated　m　the　prev1ous　papar（Iga1965）　They　occurred　a1so　m　para－

sitized．areas　on　the1ower　jaw　or　the　abdomina1region，where　the　me1anophores　norma11y

d－1d－not　ex1st　or　a11tt1e

　　When　the　me1anotic　portion　with　a　dark　spot　was　studied　histologica11y，an　encysted

trematode1arva　was　found－above　or　be1ow　a　sca1e，but　not1n　the　musc1e　t1ssue　The

cyst　was　surround．ed　centr1fugany　by　three　or　four1ayers　of　me1anophores　m　the　ful1y

b1acksk1n　Adarkspotonthesk1nconcealed－acyst1napatchonthemostcasebut
two　cysts　were　rare1y　obsereved－In　th1s　case，1t　may　be　the　resuIt　that　two　paras1tes

1nfected1n　the　ad。］acent　reg1on　of　the　sk1n　The　connect1ve　t1ssues　were　hypertroph1ed．so

that　the　skm　was　more　than　three　tmes　as　thlck　as　the　norma1sk1n　from　a　corespond－mg

part　of　the　body（Fig．1）．

Fig．1　Section　of　a　severe1y　me1anotic　porLion，

　　　show1ng　aggregat1on　of　the　me1anophores

　　　aroundthee1ncystedparasite．m；muscle
　　　tissue，P；Parasite，s；scale．

　　　　（1皿）D舳Zo伽θ励o〃加刎θ1αηoμo㈱加伽クαr伽づ加66rθgづo〃

　　In　ord．er　to　e1uc1date　the　process　of　the　aggregatlon　of　the　me1anophores1n　the　reg1on

of　the　encysted　skin　parasite，direct　observation　of　a　parasitized　area　was　made　perio－

d1ca1ユy伽肋ηo　for　one　month　Severa1fユshes　wh1ch　possessed　a　sma1l　number　of　mela－

nophores　at　the　site　of　infection，　in　consequence　the　parasitized．　area　cou1d　not　be　yet

recogn1zed，as　a　d．ark　spot　w1th　the　naked　eye，were　chosen　as　mater1a1s　A　port1on　of

the　cauda1fm　was　exc1us1ve1y　used　for　ease　of　the　m－lcroscop1c　observat1on　Th1s　portlon

was　transparent　and－moreo▽er　f工at，so　it　was　suitab1e　for　the　photographic　researches．

Be1ng　anesthet1zed　by1％urethane　so1ut1on，anma1s　were　photographed　every　d．ay　on

the　region　of　the　encysted　parasite　on　the　caud．a1fin．1n　this　way　increases　in　the　number，

changes　m　s1ze，and　morpho1og1es　of　the　p1gment　ce1is　were　record．ed，photographユca1ly

A　typ1ca1examp1e　of　the　format1on　of　the　d，ark　spot　was　produced．m　f1gure2As

sbown　in　this　figure，the　pigment　ce11s　were　new1y　formed　in　the　area　where　the　paraslte

1nfected．，but　not　gathered．there　by　m1grat】on　of　the皿e1anophores　wh1ch　had．ex1sted－

noma11y1nthe　adJacentreg1on　Nom1tot1c　f1gures　of　the　p1gmentce1ls　werea1so　obser－

ved　The　me1an1n－conta1nmg　ce11s　appeared　f1rst　m　a　sma11number1n　the　reg1on　near

the　cyst　and　grad．ua11y　mcreased1n　the1r　numbers趾ound．1t　Thus　the1nfected．area

beca1皿e　dark　more　and．皿ore1n　co1or　and　deve1oped－1nto　the　recogn1zab1e　dark　spot

fig150901.pdf
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Fig. 2 Formation process of the dark spot on the caudal fin. A, At the beginning 

of observation. The eight subsequent photographs (B- I ) were made after the 

following number of days : 1, 2, 3, 4, 5, 6, 9, 14. room temp. 17.0-19.5 'C 

fig150902.pdf
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　　F1gure3111ustrates　the1ncrease　of　me1anophore’s　number　and．the　change　m　sユze　of

the　cyst　The　ax1s　of　absc1ssa　m　th1s　f1gure1nd．1cated．the　d．ays　after　the　beg1m1ng　of　th1s

observat1on　Elghteen　p1g皿ent　ce11s　m　number　were　a1ready　produced．m　the　reg1on　near

the　cyst　on　this　prep趾ation，when　this　in▽est三gation　was　begun．After5d．ays　tbe　number

of　p1gment　ce11s　mcreased　m　three　tmes，and．n1ne　days　after　the　exa皿mat1on　the　plgment

cens1n　the　reglon　around　the　paras1te　were　so　numerous　that　they　for皿ed　a　cont1nuous

sheet，皿akmg1t1mposs1ble　to　asserta1n　the1r　number
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　　The　f1rst　recogmzab1e　p1gment　ce11s　conta1ned　few　me1amn　granu1es，they　were　sman

and．somewhat　dend．ritic．Then　they　increased－in　sセe　and．d．e▽e1oped，somewhat血ore

p1gment　and　dendr1t1c　processes　Few　days　after　the1r　appearance　they　d．1ffereDt1ated．mto

the　me1anophores　of　the　we11deve1oped　branched　types．Figure4showed　apPearance

and　transformation　of　pigment　ce11s　at　the　site　of　the　enc）・sted　parasite．These　morpho－

1og1ca1d，1fferent1at1on　of　the　p1gme二nt　ce1ls　proceed．ed　at　the　s1te　of　the1r　appearance

However　some　of　these　pigment　ce11s　were　obsereYed，to　move　slight1y　in　the　ear1y　stage

of　d．eve1opment　The　d1rect1on　of　the　m1grat1on　of　the　p1gment　ce11s1n　these　cases　d．1d

not　see皿to　be　dec1ded．Therefore，such　a　m1grat1on　m1ght　p1ay　no　part1n　the　format1on

of　the　d．ark　spot　essent1a11y

　　In　a　p砒a11eユseries　of　m士ected　port1ons，a　norma1part　of　the　caudal　f1n　where　the

paras1te　was　not　conta1ned．was　obseryed　per1od．1ca11y　d－ur1ng　the　course　of　exper1ments1n

the　same　proced，ures．In　this　part，an　increase　or　a　d．ecrease　of　the　me1anophore　did．

nOt　OCCur．

　　　　（皿）　Cθ∬励o〃o！ゐηθ1oク倣〃τo∫伽加g・伽励cθZZ5α！妙伽ゐo肋o〆伽ク〃α∫伽

　　It　became　ob▽10us壬rom　the　obser▽at1ons　m　the　prev1ous　sect1on　that　the　p1gment　ce11s
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were　formed．1n　the　s1te　of　mfect1on　of　the

paras1te　In　consequence，1t　may　be1nterest　to

ascertam　whether　an　occas1on　of　d－e▽e工opment

of　these　p1g1皿ent　ceus　depends　on　a　n1echan1＿

ca1st1mu1us，an　mvas1on　and－a　sett1ement

of　the：paras1te1n　the　sk1n　of　a　f1sh，or　on　a

chem1ca工one　wh1ch　the　encysted　paras1te　g1▽es

the　host　tissues．　There　was　an　ind．ivid．ua1

whlch　possessed1n　a　reg1on　of　the　caud．a1fm

an　encysted　paras1te　wh1ch　m1ght　d．1e　soon

after　the　mvas1on1n　the　skm　　There　ex1sted．

two　me1anophores1n　tb．e　area　of　mfect1on　at

the　t1me　of　the1mt1a工exammat1on　On　th1s

f1sh　a　per1od1c　observat1on　was　contmued　for

one　month　Howe▽er1t　was　observed．that　no

prod，uctio1〕，　nor　rεduction　in　me〕anophores

occurred，1n　the　area，1nstead　the　number　o壬

these　ceus　renユa1ned．constant

48hrs． I）iSCuSSiOn

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　A1though　Orツz伽Zα妙θ5wh1ch　possessed

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　on　the　sk1n　the　dark　spots　1nduced　by　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　parasites　were　a11the　year　round。，they　were
　　　　　　　　　f　　　細　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　co11ected．in1砒ge　numbers　on　and　after　Octo－

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ber，when　it　began　to　decrease　in　atomos一

　　　　」凹］72h・・　　　　ph。。。。t・mp…t…　F・・th・・，th・p・・…t…d
・i・…i予・・子m？・・・・…？…、…，・・…一一．丘・h・・whi・h。・・・・…d・h・i・f・…d・…i三

　　　　for蛆at1on　of　p1gm－ent　cel1s　around　the
　　　　。・。）。・・d。・1・・…f，f…。。，P，P。。。一wh1・h・g9・・g・t・・…fp・gm・・t・・11・d・d・・t

　　　　s1te　　　　　　　　　　　　　　　　　　　yet　proceed．were　sometmes　found　m　the

period　of　the1ate　part　of　October．In　the　period’of　the皿idd．1e　part　of　November，the

regions　of　infection　were　so　d．ark　in　au　the　fishes　observed．Sasaki（1935）Pointed．out，

us1ng　Cα閉55伽5α鮒励鮒1nfected．w1th　trematode1arvae，that　the　aggregat1on－s　of　meユa－

nophores　concerned　w1th　the　paras1te〕m1ght　produced　by　a　d．ecrease　m　atmosphenc

temperature　It｛ouowed　from　the　seasona1obseryat1ons　that　the　same　was　true　of　aggre－

gat1ons　of　p1gment　ce11s　around　the　encysted　paras1tes　m　the　skm1n　Orツzzα∫Zα妙θ∫

　　Hs1ao（1941）descr1bed　a　codf1sh　d．1sp1aymg・an　unusua1d．egree　of　me1anos1s　assoc1ated

w1th　trem．atode1nfect1on　In　th1s　pat1cu1ar　cod－the　number　of　me1anophores　was　so　much

1n　excess　of　that　found1n　an　ord1nary　cod．and．they　so　comp五etely　c0Yered　the　who1e

bod，y　that　m1grat1on　of　rαe1anophores　couId　not　account　for　therα　　From　these　negat1ve

obser∀at1ons，hethoughtthatthem．elanophoreshadtod－eveヱopanew　Aremarkab1e
deve1opment　of　me1anophores1n　an　unusual　reg1on　was　reported　by　Osbom（1940），wh0

d．emonstrated－that壬unct1ona1me1anophores　were1nd．u．ced，to　form　on　the　norma11y　pa1e

ventra1sur壬ace　o｛summer　f1ound．ers　e1ther　by　p1ac1ng　the　an1ma1s1n　b1ack　tancks
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illuminated from below, or by blinding them and i]luminated underneath. He (1941) .fulther 

studied the source of these experimentally induced me]anophores in the same fishes. He 

observed no subsequent migration of the me]anophores in the sca]es of naturally unpig-

mented areas from originally pigmented surfaces. He concluded that the melanophores 

developed in the ventral scales in situ from potential melanophores (melanoblasts) whose 

presence was evidenced by the positive "Dopa" reacton," by direct observation of variQus 

stages ' of differentiation using direct a'nd reflected light, by studies on regenerating sca]es 

It has been genera]ly accepted that the locomotor activity bf melanophores is limited 

only in their very early stages of growth. However, Caldwell and ' Caldwell (1962) 

indicated that; in an Atlantic goatfish, MulZus aurqtus, a~id in an 'Atlantic short bigeye, 

'Pseedopriacanthus aZtus, melanophore~ continued to move well b~yond the larval stage in 

these marine fishes that underwent metamorphosis with an environment~] changes. They 

furthermore found that ther~ were aggregations of 'melanin-containing, cells in regions of 

encysted skin parasites in a Pacific goatfish, Mulloidichthys. xanthogrammus. They thought 

that the~e aggiregations of pigment cells rais~'d the possibi]ity of the mela:nophores' ability 

to migrate even when the fish had become adult an;d pointed out the generally accepted 

assumptions concerning melanophores iri fishes had to be restricted to observed species 

The present work froin direct observation of the parasitized area in vivo indicated that, 

in Oryzias latipes, the characteristic dark spot was formed by the excessive ~development 

of the melanophores in the infected region of the skin parasite.' In the previous papar, 

using Oryzias latipes and Carassius auratus, the present author (1965) pointed out that 

the pathologically induced pigmel~t cells were indistinguishable in some physiological 

respects from the normal melanophores. When the transform~tion,- 6f newly dev~10ped 

pigment cells was traced in the present work, they showed the complete series of deve-

lopmental stages from the small, somewhat dendritically., pigment ~~lls to th.e large, 

dendritically fully pigment cells. These developmental stages of the pigment cells, parallel 

those of the normai melanophores. From these observations it may be apparent that 

these pigment cells are indistinguishable also in embryological respects from the normal 

melanophores, 

The occurrence of pigment cells in the skin of xanthic, melanin-free b"oldfish by X-ray 

irradiation has been described by several investigators (Slilith 1935, El]inger 1940) 

Chavin (1956) , working with the goldfish, induced melanization by stress, the iminersion 

of the fish in a salt solutiori, in iritact fish and by implantati6n ' of goldfish or carp 

pituitaries into intact and hypophysectomized fish. He concluded that the release of ACTH 

from the pituitar'y is stimulated by e~rposing the fis~h to a salt soluti6n (Chavin 1959) 

Recently, Egami et aZ. (1962) showed fro'm the experiment ' of X-ray irradiation of the 

gbldfish, that ACTH secretion from pituitary gland was stimulated by exposing tbe 

goldfish to X-rays, and the melanophores in the skin were produced by the oversecretion 

of the hormone. The development of the pigment .cells around the parasite did not 

proceed after the death of the larval parasite. This observation suggests that, in 

melanization induced by the encysted parasite, a 'tropic influence for development of the 

pigment cells is probably effective in a chemicaJ rather. than in a physical stimulus. 
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　S凹mm肌y

　　The　present　papar　descr1bed．a　course　of　format1on　of　the　dark　spot，wh1ch　co㎜pr1sed，

a　mass　of　the　me1anophores　and　wh1ch　was　mduced－by　the　encysted．1arva　on　the　sk1n

1n　0ヅッ別α∫Zα妙θ5．Deve1op㎜enta1observatlons　were　carr1ed　out　over　a　per1od　fro㎜

October　to　November．

　　D1rect　obser∀at1on　of　a　paras1t1zed－area　showed　that，1n　th1s　f1sh，the　p1gment　ce1s

were　new1y　formed．in　the　area　where　the　parasite　infected，but　not　gathered．there　by

m1grat1on　of　the　me1anophores　wh1ch　had．ex1sted　m　the　ad．Jacent　regloΩ

　　The　process　of　d搬erent1at1on　of　the　new1y　de▽e1oped－p1gment　ce11s　para11e1ed　w1th　that

of　the　norma1me1anophores

　　The　d．eve】op㎜ent　of　the　p1gment　ce11s　around．the　encysted．Paras1te　d．1d　not　proceed．

after　the　death　of　the1arYa1paras1te．

　　Tlh1s　work　was　dlone1n　cooPerat1on　w1th　M1ss　Su皿1ko　FUKUDA　The　author　w1shes

to　express　h1s　cord1a1thanks　to　Prof　H　Nagahama　of　H1roshma　Umvers1ty　for　h1s

enCOuragement
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