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Studies on melanomas induced by treamatode 

infection on the skin of fresh-water teleosts 

I. Physiological properties of the melanoma cells 

by 

Tetsuro IGA 

Department of Biology, Shimane University, lvlatsue 

In winter, the individuals having dark spots on the skin have been observed in some 

fresh-water fishes (Sasaki 1935. Yamaguti 1939) . These dark spots are attributable to 

infection of the encysted treamatode larvae, namely, the cysts are enveloped in these 

spots which are constituted with heavy aggregations of melanin containing cells. Yamaguti 

(1939) worked out experimentally the life history of this tredmatode in Carassius auratus 

and identified it as Metagonimus sp 

These dark spots become clearer with increasing the cold, and disappear gradually as 

it becomes warmer again. However, Iittle is known about the physiological properties 

of these melanoma cells' and, in this connection, a peculiar interest attaches to their 

activity as compared to that of normal functional melanophores in the adjacent areas 

of the skin. 

In the present study, the effects of pigment-concentrating stimulants for the me]ano 

phores, such as adrenaline and potassium chloride, and of electric current on the 

melanoma cells were investigated 

Experimental 

In November, 1962, we found Oryzias having many d ark spots on the skin from a 

stream in the vicinity of Shimane University, in Mat-sue (Fig. 1, A and B) . Microscopic 

studies of the fresh and fixed specimens revealed that these dark spots were formed with 

aggregations of pigmemt cells which were produced in connection with encysted treamatode 

larvae (unidentified) which attacked the whole tegumentary system (Figs. I C and I D) 

Oryzias latipes infected by the treamatode larvae was mainly used as materials and a 

crucian carp, Carassius auratus, with melanomas also was used 

On the experiments, a piece of the skin or slit strip of fin including a parasitized 

area was isolated and was immersed in physiological solution (M/7.5 NaCl, M/7.5 
KCI and M/11 CaC12 , mixed in a volume ratio of 100 : 2 . O : 2 . I respectively, pH adjusted 

to 7.2 by NaHC08) . Test solutions were M/7.5 KCI and l0-4-10-5 M adrenaline made up 

with physiolcgical solution. For the electric stimulation, an alternating current (60 cps) was 

applied through a pair of Ag-AgCl electrodes (diameter : O . 3 mm, distance ; I mm) placed 

on a slit preparation of near the proximal extremity 
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Figs. I A and I B. Oryzias having melanomas which were shown as black spots. Fig. 1 

C. Melanotic portion of the tail fin. A black spot is constituted with heavy aggregation 

of melanin containing cells. Fig. I D. Encysted unidentified parasite from the melanotic 

skin of Ory2ias. 

I. Response to adrenaline 

The preparation isolated was kept in physiological solution for t.imes enough to 

cause the dispersion of the granules within the pigment cells* (Figs, 2 A and 2 D) 

When the external solution was changed to the test solution of adrenaline, the pigment 

* The term '<prgment cells" m this paper will be reffered to the melanm contarning cells 

generall y. 

fig140601.pdf
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ce11s，be1ng　re丘erab1e　to　the　d．ark　spots，were　concentrated　fu11y1n　a　few　m1mtes　as

derma1皿e1anophores　were　d－one（F1gs2C　and　2F）．

　　　　　　　　　　　　　　　譲　驚

　　　　　　　　　　　　　　　　　　　註蟻
　　　　　　　　　　　　　　　　　　　蟻

　　　　籔　　　　蘇

　　　　　　　　　雛　　　㌶　篶

　　　　　　、瑞銭　鶴！
　　　　　　　　　　　　　　　　　　　　　蓑　　　　　　　　　　　　　　　、綴董　暮

　　　　　　　　　　　　　　　　　　嚢舷

　　　　　　　　　　　　　　　　　　籔駕

　　　　　　　　　　　　　　　　　　　萎簸

　　　　　　　　　　　　　　　　　1窪

　　　　　　　　　　　　　簸磁療

一　鍵　　1

　　F1g2　Responses　to　KC1and　adrena1me　of　the　norma1me1anophores（A＿C）and　the

me1anoma　ce11s（D＿F）m　the　caudal　fm　of01ツ2zα5A　and　D，m1t1a1d1spe1s1on　state　m

phys1olog1ca1so1ut1on　B　and　E，15mmutes　after　KCl　app11cat1on　C　and　F，5m1nutes

after　the　app11cat1on　of10i4M　adrena11ne　Room　temp200．C

　　A1so，m　Cαブα∬伽5α〃α肋5adrena11ne　mad－e　to　concentrate　the　p1gment　granu1es　w1th1n

the　melanoma　ce11s　On　retummg　the　mmers1ng　f1u1d　from　the　test　so1ut1on　to　phys1olog1ca1

so1ut1on，the　p1gment　ce11s　began　to　d．1sperse　s1ow1y

　　Thus，me1anoma　ce11s　respond　to　adrena1ユne1n　the　same　manner　as　d，o　the　me1anophores

　　　　H．　ReslPo皿se　to　KC1

　　When　an1so1ated　preparat1on　was　mmersed1n　lsotonlc（M／75）KC1so1ut1on，the

me1anophores　on　the　margin　of　the　isolated　piece　began　to　concentrate　at　first　and　in

the　course　o｛t1皿e　the　concentrated　area　grad．uany　spread．toward．s　the　center　of　the

preparat1on　In　th1s　case，血e1anoma　ce11s　a1so　respond－ed　to　the　stmu1ant1on　w1th　a　typ1ca1

concentrat1on　of　the1r　p1gments　and　there　was　no　apprec1ab1e　d1fference　of　aqu1red．tme

fig140602.pdf
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for　the　beg1nn1ng　of　the　concentrat1on　response1n　the　me1anophores　and　the工ne1anoma

ce11s（F1gs2B　and－2E）On　changmg　the　mmersed　f1u1d　from　the　exper1menta1so1ut1on

to　phys1o1og1ca1solut1on，P1g皿ent　ce1】s　assumed　a　fu11y　d1spersed－state　aga1n

　　In　Cα閉∬加5α〃rα肋∫，a　sca1e　possessing　the　parasite　cou1d．be　iso1ated　because　the　sca1e

was　so1arge　to　the　cyst．If　such　a　sca1e　was　used。，co皿parision　of　the　responses　of　the

me1anoma　ce11s　and　of　the　norma1me1anophores　was　c1ear（F1g3B）

　　The　fact　that　these　me1anoma　ce11s　responded．to　K1on　so　fast　as　me1anophores　d1d，

seeIns　to1mp1y　that　the　melanoma　ce11s　rec1eye　the　term1na1s　of　the　chromatlc　ner▽es，

because1t1s　genera11y　be11eved　to－d．ay　that　K1on　acts　1nd1rect1y　on　the　Ine1anophores

by　exc1tmg　the　nerve　termma1s（Fu］111959）

　　F1g3　Responses　to　KCl　of　the　me1anon1a　ce11s　m　the　sca1e（A　and　B）and　the　caudal

fm（CandD）ofC〃αs8刎∫α鮒o切sAand．C，m1t1a1d1spers1onstatemphys1o1og1ca1
so1ut1on　B，5mmutes　after　KCl　app11cat－on　D，15mmutes　after　KCl　app11cat1on

Room　temp，200．C

III．　正£eSp0皿Se　tO　e1eCtriC　Sti酊ユu1ati0皿

　　If　the　preparation　which　had－been　equi1ibrated　in　physio1ogica1so1ution　（Fig．4A）

was　st1mu1ated　by　A　C　at1ts　prox1ma1extrem1ty，me1anoma　ce11s　began　to　concentrate

w1th1n　a　few　seconds（F1g4B）If　the1ntens1ty　of　the　current　was　strong　enough，p1gment

ce11s　attamed，to　the　max1皿a1concentrat1on　w1thm　one　m1nute（F1g4C）　When　the

stmu1us　was　remoyed，the　p1ちment　gram1es　w1th1n　the　me1anoma　ce11s　began　to　d1sperse

and．reco▽ered－the1r1n1t1a1state　No　essent1a1d．1fferences　m　the　response　to　a1tematmg

current　were　observab1e　between　the　two　k1nd．s　of　p1gment　ceus，the皿e1anoma　cens　and－

norma1me1anophores

fig140603.pdf
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Fig. 4. Responses of melanoma cells to A. C. stimulation. Current was flowed with Ag-

AgCl electrodes for 60 secnds, at 4 V. A, just before stimulation. B, 30 seconds after 

stimulation. C, 60 seconds after stimulation. Room temp. , 22.5･C 

Discussion 

Many cases of the individuals having the dark spots on the skin associated with 

treamatode larvae have been observed ir] fresh-water fishes. According to Nordmann, the 

parasite i s a species of Diplostomum (Holostomum) cuticola in some European fresh-water 

fishes. Ishii (1915 a) has reported the melanoma associated with encysted treamatode 

larvae in the crucian carp, Carassius auratus. He named this fish disease Diplostomiasis, 

because he supposed the treamatode infected Diplostomum sp. He (1915 b) supplemented 

the fresh-water fishes suffe.ring from this disease on the following species, Cyprinus 

carpio, C. carpio var. spectaris> Leucogobis gilntheri, Paracheilogunathus sp., Acheilognathus 

sp. As stated in the introduction, Yamaguti (1939) made to clear experimentally that this 

parasite belonged to a species of Metagonimus takahashii, in some Japanese fresh-water 

fishes. There are a]so some cases of melanosis in marine fishes parasitized by treamatode 

larvae (Smith 1935, Hsiao 1941, Caldwell and C.aldwell 1962) . Reichenbach-Klinke (1954) 

reported that, in fishes, pigmentation on the tissue of the host was induced by Phyco-

mycetes, Ichtyosporydium hoferi(Plehn et Mu]sow) , besides the treamatode larvae. Howewer, 

as far as the author is aware, there is no report on the melanosis in Oryzias due to 

parasitism. In Oryzias found here, the heaviness of infection and the development of 

excessive pigment cells were very remarkable. Furthermore, in Carassius auratuus, the 

dark spots induced by the infection of the parasite fade and become difficult to be 

distinguished as it is getting warmer, as has been already repGrted by some investigators 

(Sasaki 1935, Yamaguti 1939) . In Oryzias, the dark spots on the skin seemed not to fade 

a]1 the year round though observations were not so precise. Whether there is a fundamental 

difference between Oryzias and Carassius with regard to the pigment cell-parasite relation, 

must wait for future inquiry 

Osborn (1940) reported the development of melanin pigment cells on the lower surfaces 

of the animals which were exposed to light ventrally. Furthermore, he observed that these 

fig140604.pdf
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new　p1gment　cel1s　showed．a　typ1ca1concentrat1on　to　a血ena11ne　On　the　resu1ts　of　the

present　expenments，the　p1gment　cells　proauced－by　the　lnfect1on　of　the　paras1te　respond．ed

w1th　concentrat1on　of　the1r　p1gment　granu1es　when　the　preparat1on　bearmg　the　me1anoma

was　p1aced1n　adrena1me　so1ut1on　These　ce1ls　showed　concentrat1on　of　the1r　plgment

granu1es　to　KC1，and　a1so　to　A　C　stmu1at1on　These　may　mp1y　that　these　ce11s　rec1e∀e

a1ready　supp11es　of　the　chromat1c　nerve　f1bers　Thus，1t　may　be　conc1ud－ed．that　these

me1anot1c　ce11s　are　the　same　ones　as“me1anophores’，morpho1og1ca11y　and．Phys1o1og1ca11y，

d．1ffermg　w1th　p1gmented1皿acrophages　or1eucocytes　wh1ch　phagocyt1zed－smply　the

me1an1n　p1gment

　　The　appearance　of　the　p1gment　ce11s　concemed　wヱth　the1nfect1on　of　the　paras1te

suggests　that㎜elanophores　possess　a　defense　ro1e　patho1og］cauy　Sm1th’s　exper1ments

（1931．1932）on　the　evok1ng　of　me1anophores　through　exper1menta1wounds　and　X＿ray

exposure　may　1nd1cate　that　ro1e1n　me1anophores

　　It　may　be1nterestmg　that　the　me1anomas　were　fomd　on　the　norma11y　unp1gmented

areas　of　the　f1shes　The　source　o｛these　new　me1anophores　w111be　g1ven　e1sewhere

　　The　author　w1shes　to　express　h1s　smcere　thanks　to　Prof　H　Nagahama　of　H1rosh1ma

Un1vers1ty　for　hls1nvaluab1e　adv1ce　A1so，thanks　are　d．ue　to　Miss　S，Fukud．a　for　her

aSS1StanCe　m　Var10uS　WayS

Su㎜㎜雛y

　　1　Ind．1v1dua1s　possessmg　dark　spots　on　the　skm　were　found－1n　07ツ醐α5Z励ψθ∫

M1croscop1c　obser▽at1ons　revea1ed　that，as　has　been　descr1bed1n　some　otherfresh－water

f1shes，the　dark　spot，1皿e1anoma，compr1ses　a　mass　of　p1gment　ce11s　of　branched　types，

m　wh1ch　an　encysted1arva　of　a　treamafode（un1dent1f1ed。）1s　enc1osed．

　　2　The　actmty　of　the　me1anoma　cens　m　the　exc1sed　sk1n　or　a　s11t　str1p　of　fm　was

mvest1gated　They　show　act1ve　concentrat1on　of　the　p1gment1n　response　to　adrena1me

（10■4＿10－5M）app11ed　through　the　extemal　f1u1d（phys1olog1ca1so1ut1on）of　the1so1ated

p1ece，just　as　do　the　usuaI　me1anophores1n　the　ad］acent　areas

　　3　The　me1anoma　ce11s　m　the1solated．p1ece　are　a1so　caused　to　concentrate　the1r

p1gment　ent1re1y　m　the　same　manner　as　d－o　the　ne1ghbor1ng　me1anophores，e1ther　by

bathmg　the　p1ece1n1sotmc（M／75）KC1so1ut1on　or　by　f1owmg　a1ternatmg　current
through　the　e1ectrod－es　p1aced．on　the　p1ece　Th1s　seems　t01mp1y　that　the　me1ano皿a

ce11s　ha∀e　been　supp11ed　w1th　p1gment－concentrat1ng　nerve　f1bers　for正he　me1anophores

　　4　Some　exper1ments　were　done　on　the皿e1anoma　ce11s1n　Cαrα∫5㈱α〃rα肋3，mfected．

by1arvae　of　treamatode，ル切g・o〃伽伽ヵα肋肋∫ん〃，w1th　s1m11ar　resu1ts
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