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The interference of a chemical with the thyroidal hormone system, that is the normal function of the hypothal-
amic-pituitary-thyroid (HPT) axis, is considered as an endocrine disrupting effect. The amphibian metamorphosis
assay (AMA), which is an OECD and EPA guideline study, represents a generalized vertebrate model to evaluate
such a chemical action not only on wildlife but also mammals. This review deals with the state-of-the-art of frog
metamorphosis processes and thyroid hormone regulation, and introduces our attempts, especially the histopatho-

logical examination, for more precise evaluation of AMA.
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T BRIRE B 0BG ANE BN RN T L2 b #%
REFLE NS, X612, B Ux < LIdZERE
DR TH AR S AR &S T K OHRE %
Wik, OBE, HREELCH T E LB, 2ol

IR AL E IS K DEI SN THD, B72FCx
< VIFHIRIR AL E BT 202 E IS LT
OTEEZMEEZONS, BEU e LOKREIC
B3N B KON 2 Z 835N TH D, £hE
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(Xenopus. laevis. Fig.1) OEREBFEZMET S04 F

FRAEFE 2012
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HONR LK D I7-F U < LHEHERICFAET 2 HIRMR
F. MR A SR BIZ2H D (Fig. 2) . ZRERAREIZIE
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BEFEM Alarva and a froglet of African clawed
frogs (Xenopus laevis)
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B Arrows indicate thyroid glands in Stage 51
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EVEAEA LA L. BRI L Y ERA DY
AA0E. P ORRIERLE Y LRV ERD X2 5,

@ I I o
HO 0 cmi)ka
NH2
I I
® 1 I o
HO o%ij>ahrJL\0H
NH:2
I

BEFEN Thyroxine: T4 (a), and

3,3’,5- triiodothyronine: T3 (b)
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BEE Overview of the thyroid hormone pathway
and regulation
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Bz U LTI Bia — FMEBEROZEIZ EN
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Stage I
46 ;
Premetamorphosis ’ I
J
53/54
~
Prometamorphosis h
J
57/58
S
Metamorphic
climax
J
66 Froglet

Stage51-66
Head (Brain)

Developmental stages are according to Nieuwkoop and Faber

BGEEEE  The stage of metamorphosis. The premetamorphosis is the period until the appearance of the hind limbs, and
the prometamorphosis is from their appearance to that of the forelimbs. During the period of metamorphic
climax, resorption of the tail and gills and development of lungs occur.
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NI, mile A I Bd % £ CEEREAEI. 2 D%,
F& & MG Uy iAok B> CTlifk & 72 % &
THEERI ATy 2 AL LTINS, ZREOR
FETEENERNSRENEEL, ZRIEOIEE
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IR RERTI I DB S EREY S 4 < v 7 ZUTh
FTEARL, Z0#%BHT 29,

J1 I F5 W TR BCECR V& IRt AL &
v (corticotrophin-releasing hormone : CRH) & i
Wl L E Vi AL E V (gonadotropin- releasing
hormone : GnRH) 23SHIRIRHEE AL E Vi AvE v
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1ELIEN I Protocol of the AMA

Initial larval stage

Nieuwkoop and Faber stage 51

Exposure period

21 days

Larvae selection
criteria

Developmental stage and total length
(optional)

Test concentrations

Minimum of 3 concentrations spanning
approximately one order of magnitude

Exposure regime

Flow-through (preferred) and/
or static-renewal

Test system flow rate

25 mL/min

Larval density

20 larvae/test vessel (5 larvae/L)

Test solution/
test vessel

4-10 L (10-15 cm minimum water)/
glass or stainless steel test vessel
(e.g.,22.5cm x 14 cm x 16.5 cm)

Replication

4 replicate test vessels/
test concentration and control

Acceptable mortality < 10% per replicate test vessel

rate in controls

Water temperature 22+1°C

Lighting 12 h Light : 12 h dark, 600 to 2000 lux
Thyroid fixation Davidson’s fixative

pH 6.5-8.5

Dissolved oxygen
concentration

>3.5mg/L (> 40% air saturation)

1P Observation time points for primary

endpoints in the AMA
Apical Endpoints Observation time points
Mortality Daily
Developmental stage Day 7 and 21, comply with N&F Stage
Hind limb length Day 7 and 21
Snout-vent length Day 7 and 21
Wet body weight Day 7 and 21
Thyroid gland Day 21, comply with guidance for
histology histopathology

Snout-vent length

Hind limb length

Z O A RGBS 12 e - T R & &2
R % ARl MEGE L YT U 7 W B AR O vh o 5 1812

oE A YIREEAR RO T F A A>T % (Fig. 6).
72, Bl U LOLEHRIETIE, KEAT -V
IZK D HIRIRDOIEEER R2e 1, RTZ BRI IER 1T/ &
WA T ® 2 28, ZREREI A SR 4 ICKE< & D,
HRED T4~y o ATk 50, e L
DLEmEmERD, ZDEHIIZ, BFL» LOWH
IR R DG, B OFdli e & Ok
NEE XI5 T En 5, AMATOREATERE:H 5
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18 Diagnostic criteria, severity and grading
for histopathology in AMA

Core criteria (severity graded)

¢ Thyroid gland hypertrophy/atrophy

e Follicular cell hypertrophy

e Follicular cell hyperplasia
Additional criteria (severity graded and/or qualitatively
described)

e Follicular lumen area: reduced or increased

¢ Colloid quality: homogeneous, heterogeneous, lacy or
granular

e Follicular cell height/shape: squamous, cuboidal, low/high
columnar

Grading (For multifocal or diffusely-distributed alteration, the
percentage of tissue area involved should be considered.)

e Grade 0 (not remarkable to minimal, less than 20%)
e Grade 1 (mild, 30-50%)

e Grade 2 (moderate, 60-80%)

e Grade 3 (severe, over 80%)

WEZEIZ DWW TO A &2 25059 AMAKH A F
AV EFE— T B0 OF RO - RS
P2z fEUED: R 2 AV b AS, AR E N —-F 5
O IEEMEMT b I 2L L B ICAKRIN TN ED),

MRFZE AT T IZAMARRER O SFAR H2 R e 7 2 H 112
FEOIRIRAE A E Fs K OWTRVIRIRAE I E % F O 725 A
AMAGRRE: & HESE L . BBMLRR 2 I A & F2hE L 7=
FOIRIR AL E v O T4 K OREW iR E I E
DPropylthiouracil (PTU) IZBE&E L7277 1) HhY A7
TOL ORI S A Fig. 70283, PTUIRHURR
LA F A —YHEORL L TP T — FLHFEA T L
TT4B K OT3ONB B I L, 74— F/vy 2
W& U T FEAA 5 OTSH MW AR X5, HFIR
PR CIE EARL A B OFFGERI A 32 . T4 kB
XNTVWBEDD, FILEVERENE THIEL.

(a) Control (b) PTU 25 ppm
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Fixation by

Davidson’s solution
o e ————
J

Trimming

\

Dehydration

\?
Embedding
by paraffin

J
Slicing serial
sections (5-7pm)
J
Staining
(Hematoxylin & Eosin)
N R
Observation & ;

Picking suitable
specimen up % 4% 0

Embed

Observation &
Evaluation

BGEEME  Histology procedure

KR E U TR AR IE R & < A0, D8l LR
Ha DR - @K AR, Bl FE P & h - mEic
I L Cnbdaua4 FZZOERRENRD TS0
Pt ME T L, AN ABE2295, ). T4H
WIRALEYZDEDOTH O, RNIEEEOF IR
RLEVHPGAETEIEEED, BADT 4 —F)Ny
FEREH B X TSHZ WA X85, fERE U CHIRIB NS
A U, BRI O 26 Fo KON _E Rz i o
FEiia kKT, auA FPETFDIRVEL R KBTI L
75, aa4 Rk s /M4 R$, Fig. 8132 2 71k
U 7 B 2 R AL S SR AR 37, FRIRR L | v B
i3 K OWTIRIR AL E VREER & &, MR I
MR L 72 K5 7R L. BRI L <A 6h T

(c) T4 5.0 ppb

PTU induces thyroid hypertrophy, follicular cell hyperplasia and altered colloid quality. T4 causes follicular atrophy.

Effect on thyroid histopathology

FRIEZE 2012
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257 25

Group
[ G1: Control
[ G2: PTU 2.5ppm
M G3:PTU 25ppm
] G4:T40.5ppb
I G5:T45.0ppb

G1 G2 G3 G4 G5 G1 G2
Thyroid atrophy

Thyroid hypertrophy
2.5 2.5
2
1.5
1
0.5
0 Gl G2 G3 G4 G5 ‘ Gl G2

Follicular cell hyperplasia

The scores show the mean of grade. Grade: 0~3

Result of histopathological examination

WBZ bbb, KEZAT -V LRIEE S £ -41H
R ERE OB L CTEELA LY FEA VM T
BB, REAT — VORI, BREMHZ &2
BHERZIBI NS, INZETTHHRREERO
PRI AE 2132 159, PR I S A 2 DB
Rexhs,

F1 TV DOZEREFE O FR IR O BRI 1 B A 13
WIHMECH S, IEREBEREGEIED Y 74~ v o ARIC
2. FEIKATOTSHAK &3, X 512, HURBRIC X
BTADRIE L3RR L L & 5D FIRIROTEH
avA N &R FEMIREO L ORMIAE T 559,
ZHhOZ, 20X EHIRIHGE 2528 & =86
HPTHINDEE % T L2Z bh. 50k, Hilk
FUx L LOREEKML 728 Db % [T 5 KX
MMPExE LS, AR ML ZRKREINFNZRH L -
TRIFEEIZODWT ORI A1 5 720 1B HIR T T
DOALA YIS ZMEt U7z, Fig. 90 (b) 13 FE g

(a) Control

G3

G3
Follicular cell hypertrophy

(b) Restricted feeding 60%

G4 G5

G4 G5 Gl G2 G3 G4 G5
Reduced lumen area

P LIS, HUZEA60% (12 % CHRIBR U 7= B R
fk2R L T2 28, FEETHIFRIEHIRIRALR O 26 % 5 |
ERIFTZEDBHALLTH 572, ZOEILITHIRIRE
HPERBEEOZL L —Th . EHEOK A
B 5N ATIE. MERERZE ML AT & 5 HR
WREZEED . & BV IR 5B A T L7128 O D
BABEE 55, X512, LAVEREHORBEIZH LT
M AL THa 00, lkERT y FEEKEN
Z AL 7=, Fig. 90 (c) DIFIFPTUICEET L 7-{id
ROHIRIETH 55, Fig. TISR L7=1§ & Hik$ 5 &,
BRI AR Z LT\ 5, TriclosanDifif

Z Uitk Giknk 2 X BHIRE R LT v ~DOIEH
PEDIRM A KHEIZ LT 34092 [fIAEOBIN 25 &
AMAGRER O HIR IR BT R A L 2 {5 2 A IR
WIERWICEET, #4 Fo4 Vicdidfich s &
1. BBEBEX O MBI, EAT -V %

(c) PTU 25ppm

Restricted feeding induced thyroid atrophy (b). There is considerable morphological differences among individuals affected (c).

BN Effect of food intake and individual difference
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