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Thyroid Hormone Action
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The action of a hormone to the organism can be generally considered in two fashions:
the mechanism of its action and its physiological action. The mechanism of the action
should include a primary event caused by the hormone in the target cell, followed by a
series of successive reactions. The physiological action is composed of functions of the
target organ, which are maintained or stimulated by the hormone sercreted or administered.
In the strict sense, the mechanism of thyroid hormone action remains obscure though the
physiological action implicates stimulations of their growths, maturations and basal meta-
bolic rates, which indicate extensive changes in carbohydrate, lipid and protein meta-
bolisms. The characteristic features of thyroid hormone action are as follows: first, the
hormone affects almost all organs except brain, gonads and accessary reproductive organs,
secondly, the hormone needs some length of time (the latent period) to exert the apparent
action after its administration and thirdly, an optimal dose of the hormone is requeird to
maintain the euthyroid state of the organism or to recover it to the normal level. Recently
accumulated observations on the effects of minute amounts of thyroid hormone injected
to hypothyroid animals were surveyed. FEarly and marked stimulations by the hormone
administration are as follows: liver mitochondria respiration (State 4), synthesis of nuclear
and cytoplasmic RNA (mainly r-RNA), RNA polymerase activity, synthesis of membrane
phospholipid, incorporation of amino acid into protein by mitochondria and microsome
and synthesis of respiratory enzymes which resulted in increased oxygen consumption.

In the connection with the first point, thyroid hormone may act on the target organs
directly or indirectly because they affect each other (organ correlation). Among them,
a reciprocal interrelationship (a feed back regulation) exists exceptionally between thyroid
and adenohypophysis whose oxygen consumption was suppressed by thyroid hormone
while stimulated after thyroidectomy. Since 1966, Tonoue and Yamamoto in this labora-
tory, have made a series of experiments to disclose the mechanism and found that thyroid-
ectomy stimulated a-aminoisobutyric acid transport of rat adenohypophysis and 20 xg
T, per 100 g body weight injected to thyroidectomized rats suppressed the augmented amino
acid transport capacity. A similar finding was also made of experiments on *C-alanine
incorporation into the total protein of the adenohypophysis. Change in the C-alanine
incorporation in the thyroid states was distinctly observed in TSH rich granules. The
levels of free amino acids in rat adenohypophysis did not change or decrease with a few
exception, that is, isoleucine, leucine and proline after thyroidectomy. Adenohypophyses

from normal,thyroidectomized and thyroidectomized-and T, injected rats were incubated
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in KRB with *H-Phe and "“C-Arg. Triton x 100 (19,) extracts of the adenohypophyses
were analysed with the use of disc electrophoresis. Thyroidectomy decreased markedly
growth hormone and prolaction contents. While T, injection increased not only growth
hormone and prolaction contents but also stimulated *H-Phe and “C-Arg incorporation
rates into growth hormone and prolaction. The stimulations were clearly observable 12 hr
after T, injection. Proteins separated between top of the gel and growth hormone area
increased after thyroidectomy and T, injection stimulated accumulation of the proteins.
After thyroidectomy, marked changes were observed in carbohydrates metabolism of
adenohypophysis, that is, increased output of *CO, from 1-*C-glucose, decreased formation
of lactic acid from glucose and increased glucose consumption followed by increase of
leucine incorporation into the total protein. While *H-uridine incorporation into adeno-
hypopyseal RNA increasedgradually, suggesting its rather sluggish response to thyroidec-
tomy. In these investigations, we could show the dual responses of adenohypophysis to
thyroid hormone, one is a functional part (TSH production) of the gland which is in the
feedback relation with thyroid gland and another was adenohypophysis whose growth
hormone and prolaction producing cells were stimulated by T,. The former function was
revealed with the use of '*C-Ala and the latter characteristic was showed when *H-Phe and
"C-Arg were used. Discrepancy between the results obtained from employing various
labelled amino acids might be due to difference in amino acid composition of proteins
which were stimulated or suppressed after thyroidecotomy and T, injection. Finally, a
possible participation of growth hormone to thyroid hormone action was discussed from

viewpoints of the organ correlation and the synergitic action by the both hormone to the

target organs. (See pp. 894~898)
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FURER A V& L TDNTN D &, X OFEFIBBIERCIIRIATH b, % OEBIEAIEBRR OME,
BLOTUEFRATH 5. COBERICE, BE, B, Db, 2 U T—EORBEEEREOREE:, It s
WOIREZL 2TV EBDNA. LhL, b OENSEAECEERR 2G5 >T 50T, HiE
N FHCHRER I L QD L 2 iLE B, LSO TR A EREMD b LTk VE L VEH OB LU 6~
65&?6%&,%CTE&?&K@%@,WB#@%%KBwf,EEW%&QQ@%ER&HndEB
V. CCTHREGSVE L OEBERORME ST ERDL 5 TH 5.

D) BERSRENZV. BENBCOWTAS L, HEMAM, MR, B & HBERE SV E L ICMRT
&5”.Z)Eﬂﬁmw%ﬁifw~i®ﬁ%wéé.5beTa%E%bt%,@ﬁﬁ@hﬁuw%ﬁ
u&,BMR@Lﬁw%%ﬁQ&KAGhé.3)*»%y®&5§&,§ﬁ®%ﬁ%b,%ﬂutmxa
&, BERDEOHBIEAH Db aY, DIEOEERHBE UTERIIFIVE A RE X ST, L
TOCL SHRACERT RENH 5 EEALS. 1) EREWORRIFEEDREE, i) Sve . ORE5RE R
SR, i) BRSOV E CEEYE (T, Ty, W3ZOOME) Gl vFEaY (3 —FFo=5)%
BEUEOIEAO K. iv) ABVFRA OB E O, DERPERTS C Ltk >T, AHERLBH%
HBTEDHES.
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EHS > b), FURERER (R 59 b®), X, FREHRE S o MO GEBEIO T, i3 Ts 21
HUIE D) O OUTEMBEEE2H5 L, UTOL 3 BHRMBAEDON S, ATIRIERIL T FFok
V7, L FEZUSABCES LT E/MEE SR TH 5. TR U, B CIME/NEHk DI E
<, EFIBENTEY, T har k) 7@ 0 RABEEL NSV OL 51T, AREEE L b3Fh
CERZELV TS, CTEBIRHL T HME/MIERFEEL TV EY, ZORIIIAIINTEY,  ha
R 7 REEIL, BEARBESERZELTOEY, CDX5785 o fF b, ZRZFH Schneider
& Hodgeboom® D HHILIDT I Fa LR FED %2 HMELTHS &, CTIENBED#IEE, 29257
MOEFEHBEETHS. DT iz, FHEROILVELREEINI 5 o MNFTIRIEEIICE £ { DR
EBBDON, ALEMTRAINEZITONT S BIBERBBETHS L ER2RUTNES, BEAS
DNTO L FRIRFVE AEFOBMRZ U 6~NE 5 T2, BOTE XL E L ERSREDS » F
i, w§@$»fy%&5b,A@Eﬁﬁﬁ«@@EEE%Itbfﬁmimaﬁﬁmiofﬁ%bi5
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Table 1. Early Effects of Thyroid Hormone

Stimulated Activity in Rat Liver Latent Period*
1) Mitochondrial respiration (State 4) 2min. to 3hrs.®
2) Nuclear RNA synthesis (mainly ribosomal) 2-3 hrs.®
3) Mg?*-activated RNA polymerase 10hrs.®
4) Microsomal phospholipids synthesis 15hrs.”
5) r-RNA content 20hrs.®
6) Protein biosynthesis 30hrs.®
7) Activity of respiratory enzyme 30hrs.®

*Time after the hormone administration.

i3, FfES v PCMBORVE L 2EHLTELNT S DTH 5.

RLERBTEMAT 285, 1) (Table 1) OEHTH DT, 52¢g/100g (kEE S5 LED T, B4
B, BTy MFT P a3 FY) 7O (State 4: #HE ATP HEROBENER) 28D 5 & 05 EH
TH3HY. COEMRARTIBANTT P32 FY 7 805 MR OBRERA % iS5 BIER R & U THR
INBEDTHAHD, ZNUFT—HOHRE A VE DS, TAIAVF-EREOBVRIGTHACERPELS
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FRIRZ MRS 2 &, HL ODHMOBEENE L WD T 200, TEEDOAZIFINTHDOTH A>T EHIC
ERU, FHRERAVE L OBEIRIDOTHAT A, DT &3 IR T EAED RIE 6 FISEORAE» ST L
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GH-EEAEMIE 2 &) OFEWZRD, i) BREBHEAROERSEMTH Y, BREsVE HEIZC
NoDOELBERL AT ETD. COISBRHETT, FTF VA4 R2-F425 5 MRUTEE~OD
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mg HIrh) RRETHE, RUSSFHEEGEONIL. BB MC- 735 =L DM ALHEE T RIS 2
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DR RBHIEDEINY, REESHEE, % Lee 5 (fvenf=y, xFt=1, VYO, Yo
V) KAME® (o4 ) wkoTikULdsybhiz, CCTRBEES A0, FREEBRICE O TTEERDY
BT VOBLEADEIDENIETH S, 7 CTHEMST 3 VBN, Hltr 2  BRE2ERL
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ETAT, T DERIINTN S TEEASEAEICOVTOMETH 505, SRINITEHDEM IR
HETES EUTOX > ThHA. Eil, WA®S, Hymer & McShan'® & OHFHIT L DT (HEBORESE
B EGEIE) FEAOERRS 200 % G3A (zhuz TSH ER%241e) b kX BEBRS
N1z, Lee LPRMMENE%1T2OT, T2 vV —2ONEPESZELOELZLDL, EBESH THIC
R TERHUTNAS., SEbIUDLNE, NbDELEF + 2 7 BRKEKICE D TERLUIZ. EBREMG
LT, 9422 —-RFA27 v b ((KE20087IH) AW, HIRIRRGR 2 BR#%, T, 20pg/100g KE%
HEH U, BRETEGRE 1% Tritonx 100 BEWTHE L, EHRCEST, BREKBIZT2oN.. HHI
T, 73RV vy REHOS VERT. LZIER, 23FFE28M%0 0, 313 T, Eat12658E%,

Plate 1. Disc electrophoresis of the pituitary extracts (194 Triton x 100)
from rats.
Normal control (1), 2 weeks after thyroidectomy (2), thyroidec-
tomized, 12 hrs. after T, injection (20pxg T,/100g body weight)
(3), thyroidectomized, T, injected (24hrs.) (4), thyroidectomized,
T, injected (48 hrs.) (5), and thyroidectomized, T, injected (72
hrs.) (6). G : Growth hormone, A : Albumin, p : Prolactin.

41324058, 513481, 6 X72MEFRIBOL DTH S, GRIRESVEL, ARMKICHKET 70T 3
YThHY, PR7e I FURKBINTHRATATH ™. HECLOT Gl BERHIEAT 225, T, &
SHRI2BSRI T CICR L, REBCHINU T OB I LB, JNT, B FERCIT 5 S ROEE 5
Y 2D, W, T, BSHAE 2178 DB Ot FE# %, *H-Phe (7x=—175=1) & HC-
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Arg (F ¥ =) %&le Krebs-Ringer JiC 2 BB L, X ¥iolc#k, Triton M%7 1 22 &
SEKENCE DTHHELIZ.. REZEDOTZT VDG, BIIPOHI% 2mm ODAT 4 Z2EL, 625mp BIEEHR]
£, HO, CHME, Bikv o FLr—var «n94—T H, *C 2HELI.. 7T /BOG, P~
DHAHEE X, BEEHOLU, T EHCIOTHER»TCS OV AV ESH, *H-Phe o TAh %
L, GOEHETGD cpm 2RI & (LiFEH), PR AKSEAZRT, ZOMEE2K1ICRY. T4b

Figure 1. Effect of Thyroxine Injection on the Pituitary Growth Dormone
and Prolaction.
Ordinate snows days after T, injection, and abscissa shows opt-
ical density at 625my and *H-cpm per O.D. 1.0 (*H-Phe specific
activity. O : O O.D. of growth hormone, @ : O D. D. of prola-
ctin, (o) : Specific activity of *H-Phe ingrowth hormone, @ :
specific activity of *H-Phe in prolactin.
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5, G, P& $ic H-Phe OHEMIREICL OTETL, Ty BRCISDTHELOIEET 5. Gt
T E D ABEEOREDOR, ABRPITBEAEHTLENZEPALNTWADT™, T, EHhck>
THAAHE D WEM L ERLTWA T 3, SROBEENELLEEI2TNBELLERTTEDOTHY, H
ik 5 GOMEROBA E, T, BHHOGCOHEERR, ZhZN FWEEDOHEMNEBATE %4 DTS
WZERHALLTH .

U bkbhnbiud, FRERFVE AEAD L HITHE, RETEXKIIOFVE LN U TZEDORIG2ZT
T ERBALPICUETLEELS. T8bb, ZOHE—IIRIRIRL negative feed back BfRILH B —3%Z
5 ¢ TSH pesEfule, 121k TSH BEAMEEDRRY E UTO—BETEME THD, HUZ, GOPAMRKE
BETHOT, MOEMNBE LA IDORVE LTEDT, BHEEVREEINIDOTHS. ZLTEZEDH
L OBOENMIIE, GHISX N Prolatin BEAMTHS 5 EBbNS. FHCHKMN L IIN D3GR
PARODELEICH U T, Ty DO OEAERAEBED BH L D 132 0ICHPDSRIGRRT L LETH
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5., Ty BGOERZRET A LBHALLTHBH, DWCHUTRRATHS. LrUGDT v MFM
faid RNA SROEEERDS, Ts DZENLHEULHINC EDRELD L, COMSNVE > OHEIAIX
WAESRAIVER OTREMYE A 51, WARRNOERMINSIERO—FZRT s DLBbhs. WOWIIRND
HEEHB I ENSREDILR 2 EZET 5 &, EPOLBEBEDH—IC L > TEELRE 2 § D EWRERIN,
LOFRBELTAHDERBBEINIDTH 5.
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