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Effects of thyroxine and thiourea on the development of chum salmon larvae

(Oncorhynchus keta)
Yoshiharu Honma and Sinjuro MuRAKAWA

(Dept. Biol., Fac. Sci., Niigata Univ.)

W ORI, RHELOD 2 FIICEE R B Y 1T SHEND Do KIEDOY FH 2 b
5 2 DBREMRI O ENC DWW, SKLOWER (*30) HHEEEMICBEI L E ¢ A, FRIEOR
RBREIT A= v OBROBCRONZBLNBETH O EWVWS, HR ZOFFRICENT, vV FF
L7 20BECE. FRIESELELTVWE L LW EHEATWS, X Hoar (39) ic ki,
FEdgEo Atlantic salmon ik, HUARIRAHEEBELEDOHIEE L R T, KREOEPKBICBFE LW
BiLAsEL T smolt itk 3, WRAKEEWSTHE, ZACHET2RECEILICHEE T %7
BT, FRESRE LR LT WD O EE 2 T b, #AIHO RIS EE O TR
LD TWHDE 5HCONTIE, RERHDHEBE Vo Pl AFERMICHRIRELINT 2T
LI EOT, HBLH (Pl2 EREBRE) T 3HELYR L5 & LeRAML, FRA EEEN
AR OTE b, fiidvic Smrth and MATTEWS (C48) 7SR Lz WK HI#E & 45 T s parrot
fish ¥ Hwt, FHLTV2BIcBE AV,

=57 T = OWFHECHT BHEE, TRYMEER LD O BT » ). LanpcreBe (41) 743
Atlantic salmon ¢ parr stage THE L7D ¥ 4%, LasQuin ('49) . characin =, X
3% La RocHE and LesLonp (’52) 2. Atlantic salmon & brook trouto parr Tz DT
LERELTVS, LMzic Hoar (51) i€ X . chum salmon o fry T, 27 =v 0
A i FIRIRASBIR T 2 HE R DB AN 2%k L5, X DTHiHL b AFREE Salmonidae £ ¥
e, BEEEY b WiiHO 1T 5 v r ( Oncorhynchus keta) ¥#kte LTI b B,
TS OMEDOI L RAB I, £ ViBE OEREIBZCE22OT, zeiczo—MHERE
L7z,

MROEMIc D&, JEERERE \nie 2\ e iR K E S BRE FTE U5 ) |1 38 f35 o Fl F e R fif
WHECERICHP N E WKW e ZEBRRICE, BRP0E YR T 2,

= B® ) &

o L7224 RH2 1953411 H24 H 4> 526 B Ofic, W T30 THiE 2 fu7e g5 & IR IpELRs
L. EEC I D>TATREYToRbDOTH 3, MFEI2A250 4 5270 Oflic, —HICHiEE
G ORI CHHL L,

ERIZ 2 HicH3 TH ok, BIBARRI., BHLOoR « N ofF-fakE bic, Thiourea 1/3,000
%&tr Thyroxine 1/1,000,000 o¥#kic 6 M (19534512 H29H X b 19544E2A9H % T) LI
L7zbDOTH b, BRIZ. ARDRER 1 BT 5 Thyroxine 1/1,000,000 OEic7:ENR
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7 2Bk #iic 30 fifkSoA#. 3,000 cc DY ANTEHE Lic, EBRKTRICIE, &K
L & BEBEASIERD 570 b i WEREEIC & THH L. ¢ OB KR o i EERE O ik
RRELH 1 RiRT,

Table 1. Water and room temperature in experimental period.

Maximum (°C) Minimum (°C)
Range Average Range Average
‘ |
Room temperature i 12.0-23.2 | 17.1 5‘ 1.0-7.0 4.1
| -
Water temperature 5.0-12.0 9.2 1.0-8.5 4.5

XA EZBRXEFEE L 3EM%IC, —ISAPOFRIBCHT2EREBRT 5720, K« 21
SR &5 Lco EREKTEBLTHTOM ML, Boun KECHEE L. &&HE
HWEL, ~HRFECHETOH» I0u0g i & L, DELAFIELD E~< bt >V vexF o v OE
R OTREBE L, FRIEOEEPREE HEEMICHIF T 27 HIc, BEAABIEEE %
10, B2, SRy IEFET 22 e, BHickiBizs o2&/ (Eilhth & ikt & 1T
S0) ¥EF, ERMROES ¥ IEESE L.

ES = ¥& *

1. BKrRETHE

a) RECRNT 2R ¢ EEREIERE & K THICRT 2. £ RRRR ISR O EHRE KR UE
HEHNMBHEAOBRITVHEETH 2EHREHIND, XARLEBRLHK LSS, FBH 0L
B3 HBRBARDOE IFULO BB ME RTHBIIE%S S 2. HEEcz DELBR TR, Thyrox-
ine, Thiourea #ciRERIN (RO THEERE) YT 2maERYEO L,

Table 2. Effects of thyroxine and thiourea on body weight in chum salmon larvae.

Number Average body weight (gr)
-of ‘
Experimental series i animals ‘ Initial 1 Terminal N Weekly increase
1
- Control i 5 0.182 | 0.222 0.0067
A-series  Thyroxine i 5 0.18 | 0.204 9.0037
: \
| - - i ) )
' Thiourea | 5 0.182 3 0.202 0.0033
_ -i, ] o
‘ Control 1 5 | 0.200 i 0.294 0.0134
B-series i
} Thyroxine | 5 0.200 } 0.254 0.0077
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BRIMRZE T, RE, TEE, & T
BESEERICIN D B IKE, TFRESEER ICIA D Bk
B, IREEEERICIAD B IKE. BB OS
2| MRS ICNG Bk, IREHEN D
TEEHEEL 2 TOESE, BRSO 10/ &R
ACHERI Lies € DAL K
Mk oflic, KECRTD 2EEDENR
b 5D Ty MOREEILOKILE 2 O
: 2 HIKHEF. 20%H CNEOAE
LIKEL O ERD (ALINEOR L. T
ELOREYRD) . cofiir b oTHED
BHLE Lico f60 THREDSFOKIER, &

TEMELFEOEFRELTEZLNTWVWS

DI TH B, chL ¥ 3 KicRLko

b) ST B2ML ¢ BTHR LN DN
{. AR 3BX % Thyroxine LI fDOIFEL
. R, EELeHiA Ly REAEDT
W3O L., MBS/ NE Ve TOH
IR BRICRTHALTHETH DT, ]
N OEBICRR T2 I0TH % A
BRIR Y 5 F OB ¥ i s & R4
#A5EE (frontal) s 5 BAEF#S (parietal)
T TERIERLTWS, chidihipo
e c& o T, Thiourea L7 £ T 1% &
BROLHMYrBLCcoEBEYR(EHbLL
Twb, Lmsic Thyroxine ¥ TR
#5881 (supraoccipital) o#sro level
BEEOTWD, iR bHEAT 2RI
e BRicjr T, Thyroxine fLE!f DM
HRRIOIEsE L CEL, HRB AR
MY ETHETH D, BIHHEE LG OERER
WAL IEELTE D, cORDIRFKD
Bbnsmicdy, REH»WHS3 A D
enophthalmus ¥g{loERAY 2T 2012,
CHNCHERT 2 b D TH %o il BRiT
HTE, BF (nasal) oOFfEOE S H
b, EERI ORI RS I E O
LrHEICESTWS (51 KD,
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Fig 2. Lateral view of head region
in normal and two types of
thyroxine treated chum salmon
parr (B series).

A. normal parr; B. thyroxine

Fig 1. External morphology of chum salmon parr (Oncorhynchus treated parr (commonly); C.

keta) (A series). A. control; B. thyroxine; C. thiourea. thyroxine treated parr (rarely).

BRTr 1 iZ3BEELL A (ROTHEEIN) & 2HESD O7cht, ThRBEEREHTERE
L3 2BOF2BERAALTLEZORIENFEREEbIL, cODELEBENLOMEBRT S
EHHHk? (2R,

Thiourea MLIBH TR, LROEX BN TRRIGHLFAAERR bW

C) RFcid? 2281k : ARo Thyroxine JLELMH T, HEOWIRMNASEL L 7. IHEHIX
BRLTYVS, EOTHEERE L Y S coKE IR, LWIMAOTNATH DD, KL ) REFE
T ORI D TIHEHE it L7 ¥ fad L 3, BX © Thyroxine Lz, lgifo
ERE R M. BHFCE S CHEwIERM AoTiTE, Sifactt LEFL (ES/N2 v, TD
BRI OIZDRABORD . HFY I FDOEERLTWS,

Thiourea LIMBTIX. KF « Rihiic@r AR sHalE b KTh 29, cARKREDE
WE, EOTIHBERINO B NECE T R o

d) #8552k : Thyroxine MEfticfR b . FEEDOIELHMD TRIFTHOT WL
FTVBEIST 2, cOFREBEEOSIICHI2ELILET L. B H B, ALIKED
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M THRMESSIAE R L, 2 0TRO KGR b eo

LIk, Thyroxine oML, 77 =+ OkEL D TRES &, KOCELVWEILE b b
FTIChhbsF EEEXIHT b0 L2 b s, X Thioureap ik, #icid B>
RELRZD bk s, REERZSIRHWE Y. i L ORlICESHOESTEET 25
TH %,

2. b BRRRERETHE

fiho Salmonidae #¥Fictk L, + 5o parr mark XAk b %wo g fry oBlic. BE
CHERHEO Y7 = v BERINT, KRB LTV IHELBbNS, 20EYFy TR &
ERFCHEEREDO 7 7 = v &R IN, Bio FrUET 2-b5%E4c parr mark ¥ L, %
Lw pallor h&Eiz silver ¥ BF2b3Tddo EOTHREROM « THOHHELIFHOTIR
IREALER L7 Bifix, &+ © parr mark OBg GESMICEED £ 5 = Mo ERT2)
CHLT; @ Ricik fry oOBlicibE 57 7 = &R « 27 (RIC 1 RO 7T = » ki
LI It LT; @ Fic parr 25 smolt ik AR 27 = L OER,
CGE2WZ T = 35 LT BRI E ORRFE R 37T LOCd 20 EVMKT 2 HIC
B, *ofsE Thyroxine UMK TIE, FL GBREA YT = L BEOIESR 6N, FIMO
parr R (EBMETH) 1K, Blicser pallor b, BHEY5ET L smolt iwfPl7ethta®
BB HT 2504 o%ko NN OBEICIE. 2 7 = HIAAEE L TERNIT 2EHLRAT
Wb, Z CTHEER, EE ENEACRD 2 GHOBRERY 6 Bifcb P T, zh &
Thyroxine ¥R D 2 & & HEBIRET L7e DT, fMiBICERT 2705 4 R 7, ML
ROBFL, HMEEARKC L OTY, FLUNELZER, #AER S TEE TR WES

Table 4. Development of coloration in normal and thyroxine .treated fishes.

Time Development of reflecting region
Stage |Nomenclature|(after Developmental process .
hatch out) Control ’ Thyroxine
1 week Body is still transparent,|l. Iris of eye. l'1. 2. and 3.
1 Early rounded with continuous2. Pectoral region. ' Beginning of guanin
alevin initial unpaired {in; yolk sac3. Subopercle. | deposition is 2 days
oval. " earlier than control.
Melanophores are pre-l. 2. and 3. | 1. 2.3.4.5. 6. and
Post (Early| 10 days sent ; 4. Ventral fin region. 7.
2 alevin larval c. u. fin begins to disap-'5. Operculum. ‘ Excessive guanin
stage) pear; 6. Preopercle. ! deposition is recogni-
yolk sac curved. 7. Top region of head. zed.
2 weeks Body rather ichthyoform;|l. 2. 3.4.5.6.and 7. 1. 2. 3. 4. 5. 6. 7.
3 Early melanophores are den-{8. Interopercle. 8. 9. and 10.
- fry sely spotted above yolk|9. Heart region. Greenization or pallor
sac. 10. Caudal region. . is now produced.

I Color green in dorsal,

(Post | from 2 to| All the fins separated; | Guanin deposition to . . N
4 I;)S;t}l arvall 3 weeks | inhibition of growth rate| be added, and further 2‘;‘5}? rtar‘lflgcetril;rgalr’egion
stage) in treated is recognized. | proceed. begins to continue.
. . 2:3 of yolk sac is | Yolk sac is covered
about Heart pulsation is not . P B :
: - covered with guanin | with heavy guanin
5 E:;ly (sﬁggu:)g I month (r:ectt>gmzed for guanin| coat ; coat exclusive of vent-
parr g oat. parr mark is present. | ral slit.

4/5 of yolk sac is

covered with guanin Pallor is perfect ac-

complished ; yolk sac

Yolk sac is not observed

Intermediate | from 6 to by side view ; morpho-

6 | parr 7 we.eks logical differences IC—)(;?:.; mark more is covered completely.
-terminal-| begin to be distinct. remarkable.

e
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HD, ¢ ORMICMILMITHE b NEROBELE, TR bBIA DO L BbiL. EFEo smolt
BRIRLTZHIZEZILW LD TR AV,

R Thiourea LELMOMK AL, MIGTIAME RITEL T 457 = L OUFENBVE & 2,
lipochrome ZtHENLE Wikic R E LN B, hotifa parr mark EAE T WEEICED
N7eX I TH 2, Bpt, Thiourea pMLEL, fry oRGITHG 2 HBIRD 77 = o phAEICH LT
SIWER & b 7oafl, ABEOERIC bR A W TS %, Thiourea gLfi)s, smoltation 5%
) silverication © & DR MEY 52 2R, SHOERCHREETNTE B E v,

3. ARRBEZOMBICRIETHR
EFHRRCEWTIX, A BERRIEHH Ao FRIE LEMIBRIEHKRT. L b &HiiEss
KEBSHRCHTI LT 20 ZRROFRICEMELIR L 2L BMIENIC TR b OFF YL 50
ZORTEREZORMYKO 2 v~ F v MABR b 2o BIERAKAEZ L SORRU BN L
BL, 284 FRZOBBSERERTM. EREVEALTVSE, =4 > v TEECHEEOTE
b, AEHROE[BBEIEL T3, D ofFRiE, —SHEGEr c AEEMaRRIRTH % & b
N2z, '
A .BEERIt Thyroxine THMFIAN7BIE O LK, FLIFEFETHD. ZOWHEbIZD
ED) LTS, HEMAFRCEC, BRI AOZ X D HskEIF T, BRI KRE W,
2 e FRIBERACATCTEZ22TED . LEHBEFEELTCWRHEANEW, =F > 20
O & 12V LI ORI, —SHEEAE T LARGE (RILRIE) AHREEBbh 2,
Thiourea QIO LK IZ, B TEWHERIIIETH O T, AIAAIZO HE I RicHEFI L
Twaoe HOKE2RTRVED L BlHO 2 v ~F v MEBED LMD, BIEOKREIRZFEL
CNELT ROTHIBEL D3 v, 2w 4 FIRfHERAL, HVEELTRADONIBEETH D
Ty LD bRIL BRI LM ERET 2, =4 > Tl $2 h#HEv, AT <2HZ
BIAEOHMATRD b, ZOkDFREAKROR 8L, EAML R L THBEOAZEBA
LTWw3ETDH 50 LLEOFTRIZ. —ISRAREGETLER L Bbh 5. c ORICHRIEZD D O
icxt3 2 Thiourea OEMAL. ERMOBFECRE SN, BOTHRINTH 2 chhb
5P HIMES ODBERTRIGA EBLBAD bNBEWER. SBREINTVWALDREET
® Y ERSEN, cHHDBEY. # 5 %, # 6 EXhors 3 Mk Lo

Table 5. Effects of thyroxine and thiourea on epithelial cell height of thyroid follicles in chum

salmon larvae.

T Epithelial cell height (u) of thyroid follicle
Experimentm Transversal section Longitudinal section
Range o 3.9-9.0 4.5-9.6
Control Average 6.9 7.2
—seri . Range 3.0-6.9 3.0-9.0
A-series Thyroxine Average 5.0 5.6
S Range 7.5-15.0 6.0-21.0
Thiourea Average 11.0 13.0
Range 4.59.6 3.0-11.4
. Control Average 6.9 7.3
B-series
i Range 2.4-6.0 3.09.0
Thyroxine Average 3.7 5.2




IX, 1955 VI WAORECKHTIF o F v REF Ay L 7o B 89

Table 6. Effects of thyroxine and thiourea on size of thyroid follocles in chum

salmon larvae.

— . ")
l\ Transversal section Longitudinal section
Experimental series . Longer Shorter Longer | Shorter
) ) ~~| diameter !  diameter ~ diameter | diameter
Range 38.1-99.0 22.9-45.7 45.7-95.2 26.7-57.1
Control Average 54-3 32.4 65.5 40.8
A-seri . Range 41.9-83.8 26.7-41.9 41.9-83.8 30.5-57.1
series | Thyroxine | 40 roge 52.3 35.4 | 61.7 4.9
: Range 22.9-49.5 19.0-38.1 22.9-41.9 19.0-34.3
Thiourea Average 33.9 28.2 33.9 26.7
Control Range 45.7-91 .4 22.9-64.0 72.4-144.8 22.9-68.6-
Boseri Average 73.3 41.6 100.9 47.1
-series
. Range 57.1-95.2 30.5-72.4 53.3-87.6 26.7-45.7
Thyroxine | Average 74.9 0.5 67.8 40.0

Fig. 3 Transversal sections through level of the thyroid gland in normal and treated chum -

salmon parr, reared in laboratory.

A. control; B. thyroxine; C. thiourea.

fij, Thiourea ZSHURIRICH LERCME L2FR, RTEASEAM LRI LTI hit2
%, BILRBATE, REoROE ) LeREOK Y B3 241585, HaHRicHF L Tiklg
¥ELTYw2y, WHEATIREEMENERL TS0, BlaEsZ o, Bmbaso
HeF b NRATREBRERL TV 5, _

FOM. KRB ELET 3 level THEBEITOR ¥ LK LBE. Bl & SR IR & 5
Eote, BkE (KucEEB) o/Ea4t, Thyroxine JLEIACH & h k& WESH 5, ¢ O
iz, Thyroxine LT L 2 FEMHHALEDINEAS, SEMORA S icBEABLE b2 b L, i
BEOREHLEERELZLOTHA5, cOENTR 7 = Hilligk¥ A5 &, Thyroxine 4y
BTROD TLRVWENH D, BEAS T = v OERME. * 7= vHllioikd. RERBoE
s pallor ¥ LokHEEREE2 bis,

S& =
ok [

[

Hig&ehsy oo alevin ¥ Thyroxine B L TR AL TH2Ic. EXOLESET
L7fEACRRLTEONAVERE DO 77 = 53k5 L3k, La RocHE & (°52) #sparr
TR SR, Bk 3N T aWRTH 5, dfficBlic pallor ¥ b T8 mh & L T,
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RoserTson (48) 43, @2 7 = “HILODHE FE. WL OBE ; QWBOBKICHEN. Z0MK
EAZT = BWELTHMEEST; LU TV 25555402 ¢ e o, B O 5L
BHIRE L T—BRBREET 5 & \Ww5 La RocHESE (°52) O BRE A fo\no T D HIEL DO L
J212 3. Enophthalmus e {728l ¥ HIB 2 ¥ 50 L7 L% %56 KROCKERT ('36) % GROBSTEIN
and BeLLamy (’39) 73, Lebistes %> Platypoecilus i Exophthalmus ¥ 4 " %z & #® U
Teh. B0 CHEIEI D 5, Hic KRCKERT ('36) 1. EWHEEREME &Lk
Lebistes T, ficlEfOEMENRRCIT Le iR TWwb, La Rocre ('52) 21X, th d
FREHMOATERECH A5 L BELT WD, L b ICfFEDGefER R, RO
BRE, Mo bF L EENE(ROTABTH» 2HIBEREL, cofSofE LK

B3y TR ORHAR KSR HEAE DO TH 5 5, Bl BRI IZ, BRI O & #ERE
OBEICEELSD D, £oT, alevin<fry<parr & w35 RBAEFCHENEZOTH A5 L, XY
NEEWESRINAEDTH A 5, pallor JhFE 2 silvering o 5 1ic owTit, Thyroxine &3 %
Tk oT, SR (ERARHD BEKCEZ Y, ch2iZ 7= oErB vk borBz

BB, YIBROWERERICI T =0 coat CEbILd—F, RNOESI T ICHEED
TYWERWEPBR S N7, FBCHETh. RILERZBLS 2, FMERSERL Eb 2, R
WG EOMULCH T 2 REBLFASTwAVE D, BOEDLRWVWIAEWS, Afc LT 4
e T, MR LE o, c 0OBERER M b av,

—7J Thiourea LA TIL, [RE. FEE. KESHEIRE VWELR LS. icrdpLic
BERBILIRD b Do L LEKEOE MM T ¢ Hoar and BeLL (50) b A&
EEOHZHLCMMN TV S, 1, HEORMEEGOENT LBILE3 N/, Rasquin (49) 1.
E¥# 7% Characin, Astyanax %GR CHOKES. FRIESBIBRT M0, EE @O TE( R
2HiciEE Lico LA LIAZ AT, Thiourea MLt b, AMDOKOKE 2 RERBICMEDOZ
IbE b b7e b THBERAN DR LIRS TWD. FHHOY I OYAIR. HOSYBORB LD
TWaAHIKEAZ B, Hoar & (’50) 1&., ¥ @ alevin ¥ Thiourea ¥ LT % . silvering
OB D bW, REERMC silvering ¥ {2Ed Lo Th. HRARHTEEL
VDI DVFEETEWE LY, 7= 0ERBFRIER LT IC X B EWSFHITHSEREN
TH 3, Wehric, Thiourea MBI AKEER 7 T = v OUFEICMEFEEF, HchoBMTHE
BWANTWBIRICT, 27 =vOBREIMEST 2HL Ao khDrko L LFREEMES S E
(DO bNTWEOT, JOERIIC I OTHRADEILY EEEBITHENHREWOKE LHEREL
7e\ro B2 Roserrson and CraANEY ('53) ;2. Michigan i CEESRIC AR HIRkE R T
rainbow trout ¥4 LC. =~ FEOREBFRETS 3 & L., WICHKaOHMAN T~ FEER
YHANT, NBECRLERICHMNT S EV2 T3, ¥ OPIFALFFRIME CLEL 2
Zan M E NSO 3 — YRS EORcARNZAEI N TIT( DT 2hE 5T
HKRDLHETDH S 5,

FURIR O MR T3 b e AR, SHE A HEERY, ISR % SR 3, Thyroxine 41¥E
fIEEHEML T, Thiourea MINAMIZHEIETHOREXHOLTE D, ROREZFLAKTS 30

£ #

PHLEZR OV > T (Oncorhynchus keta) % . Thyroxine 1/1,000,000 Kr Thiourea
1/3,000 oyEmRick~ 6 BILEL 72 b0 (AR); BHMLElEM O fa% Thyroxine 1/1,000




X, 1955 VA OTRECRFoF 0 E Yy KFFA Y L7 OBE 91

;000 o 7 EIMLE Lz b0 (BR) ORERBEBELL., RO R L 8%,

1. AR¥BR baL#ifs (Thyroxine, Thiourea #ic) oEKEHINICHED TAREZF LM
E2ND, WEEOWPEE b %, Thyroxine EEAOKIL L, TSR ICHET 5 Ii6 F,
I B#MOFE RS TAGHE T, TELOMBEE R AEOXZLE W, chEOBLIE.
ICBRDO B CHHFETD DOfc,

272,

2. ARXb BX b Thyroxine guififiuciz, F L HRBAZ 7 = vH5 L. FIRERERL L
BT pallor &% o7,

Thiourea #LEfaZ. &KHE, RALAIITHITMETEA EBE S A Do
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Résumé

In the A-series, thirty chum salmon alevins were immersed in the solution of 1/1,000,
000 of thyroxine and 1/3,000 of thiourea, respectively, for six weeks immediately after
hatching, and in the B-series, thirty alevins were immersed in the solution of 1/1, 000,000
of thyroxine for seven weeks, one week after hatching, the effects of these treatments
to salmon larvae were observed. The same number of control groups were held in
tapwater under identical conditions.

The following results were obtained :
1. In the both series of treated larvae, a marked inhibition in weight increase namely,
the growth rate and also a delaying of the rate of absorption of yolk sac were observed.
In the body form of the larvae treated by thyroxine, the broadening of the head, such
as protrusions on the top of the head as well as posterior edge of the opercular and
enophthalmos like conditions, was observed. But the developments of the trunks, caudal,

* We could not gain access to the original papers.
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and fins, except elongated pectoral fins, were very poor. These modifications were more
remarkable in the B-series.

The marked changes were not observed in the larvae treated by thiourea, besides
the immature characteristic which were somewhat kept in the body form.
2. In the both series, the colorlation of the larvae treated by thyroxine showed a pallor,
namely, premature silverication, which was produced by the deposition of excessive
guanine. On the other hand, the coloration of the larvae treated by thiourea showed
no change.
3. In the control fish, the histology of the thyroid gland showed a figure of functional
and hyperactivity with cuboidal epithelium and vacuolized colloid.

On the contrary, the thyroid gland of the larvae treated by thyroxine in the both
series appeared in the hypofunctioning figure with flattened epithelium and dense colloid.

While the thyroid of the larvae treated by thiourea revealed pathological hyper-
functioning with obvious hypertrophic columnal epithelium, number increase and size
decrease of follicles, and lack of colloid. Furthermore, hypertrophic cells of pituitary
also observed in the thiourea treated fish.
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