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KAWABE, T. Low T4 hypothyroidism : A possible explanation for an increased secretion of
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In an attempt to study the role of thyroxine (T4) in the control of TSH secretion from the
pituitary, free T1 and free triiodothyronine (T3a) levels in plasma and T contents in the pituitary
were measured in patients with Hashimoto’s thyroiditis and Graves’ disease and in rats treated
with antithyroid drugs and/or Ti. Plasma TSH was elevated in patients and rats with low plasma
T4 levels, although the concentrations of plasma Ts and free Tg stayed in normal range (low T4
hypothyroidism). In rats with low levels of plasma T. and Ta, plasma free T4 and free Ta were
markedly decreased in association with significant elevation of plasma TSH. Pituitary T3 contents
were markedly decreased in these animals. Administration of T4 normalized not only free T4 and
free Tg but also pituitary T3 content and plasma TSH. On the other hand, in rats treated with
propylthiouracil plus T4, plasma T4 was markedly increased with a decrease of plasma Ts. Plasma
TSH levels in these animals were slightly but significantly depressed in association with a slight
elevation of pituitary Tz content. These data suggesi that pituitary concentration of T3 rather
than that of plasma is the determinant for the control of pituitary TSH secretion, and also that

plasma T4 is an important substrate for intrapituitary synthesis of Ts.
(Received for publication ; April 27, 1979)
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Low T4 hypothyroidism
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fe R Ao £ VA ERT S &, TTRANIELAR
BRI XN B HET SHAWDET 5 = L2240
BT B, T, —8 F Aotk idseny i e §URIR
e VHIMETTHE, TSHOWMOMNTSZ &b
WHRT B VD, HRIAA2 vzd  trilodothy-
ronine (Ta) kL thyroxine (Ty) X h 4G5
(o8, Linh, AP LD ® T, A
TTamb Te WERTZZ LMbR T B,
BEBE, Tall Ta R LLOL, XU THER
o E VIER ST B O TR D bV BB LS
BAY W, Lal, Tk Ta@@aTaI &k
nEAFRARTT B Lo H L L HHMND,

FRIITRA - PRBEROWEIZE S Te° Ta D
fesf e S SR A ks, b TaBSIFEHT Ty @
&\~ hypothyroidism (low T4 hypothyroidism) @
BERIUT v bEHVERRE T -7,

I BH#ESTIREE
R RIS

8 ADEEAFREYE, 9B F—EBE L PR
By L, »t F—H#EY 5 ~10mg/day & me-
thimazole (MMI) # IR OB # Cdh 5, euthyroid,
TR RETTHE S & OME TR RIS, 2RI Rlds X
O H R RER A (20RR HR  = — ViR
B, M Te, TaBIUTRHEBERNEDOTSH)
o TRl Ehic, FHBFLVCThOBEIZL
T IR sl S ke AR OBIL O E AR
TR 47 Uy SHERIGO R Bls X O IR
AR AEOTFEC X DB Shk. 6 AOLEHEHE A
ViR T, Ta, TS HANE U S Lice 1
T4 Ta TS HiW-Fh Ao radioimmunoassay
kit T otce M Ta, Ta T S HOE v
FRBNE 5~11. 5 pg/100ml, 90~180 ng/100ml 35
JU0~8pU/ml Tdh B, M free Ty, free
Ta (X Stering I X OF Brenner @513 1= & b e
Lz,

Wil iee

TR 240~360g DMy A A2 —~F » PRV, 43
DI AT o Tme BB 1 CIE200LD 7 » b4 2 TR
W, 13 fE e — P& (Teklad Mill, Madison,
Wisconsin, = — F#§J 30pg/kg 4H), LD 11z
KI (L5 mg/kg) MGz — FREEEHE
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N ABEMERE L, BEE, =7 AT GLEZE
Wk b MR R LA, FRERE X O T HA L YRR
%, WEAVIE L, TEER2ET>—#izL,

1% bovine serum albumin, 150 mM NaCl, 50

mMM M1 % %% 10 mM sodium phosphate buffer

(pH. 7.4) 0.5ml “C homogenize L7z, homogenize
#% Flock & Bollman D Jji:0% Hiv: Ts L,
ML T REROFET CHEERLLDL Ts
free DMIEFTHENLL, FOEES radicimmuno-
assay CTIELJz. M Ty, free Ty, Ts, free Ta
VR D U CINE Lo ik TSH X radioimmu-
noassay CE L7,

YR 2 CII2BLD 5 » FE 3R, MMI %4
Tr (0.05%), Oriental O THABET Li. &
O, YRR EL Ta (L6pg) % 48 B 4T
Lice BEO To @24 iim L, TH#EMAS X
ORI 2 WB Lo, Il T4, free Tir Ts, free
Ts TSHEERLOTRERMED Ts FREHHEOZ
&R Ui,

Sk 3 TIL24PED 5 » b A 3T, propylthio—
uracil (PTU) % %ir (0.05%) Oriental K C
HARMEE Lo 4, - O, AmibetEK i
it T1 10pg HHREYE Ui, BHEO T B4
B ORI cRn L, FR®A& I B &K
EAEkE Lo itk Ty, Ta TSH B L OHERD
Ta &RITECETHEC & ) E L,

S 4 CUFH TR PR Lic 7 v P 24E%
e BARCIKEER 1 6pg © Ta BRI
DS Ui, COlMpE STECH T, 5 2Rk
PTU (5mg) ##45 1L, PTU #4552 Ak 128
HgCIR L, TR X ONTIEY $Ik Ui ik
T Ts MO Ts SRIIVCTRS LT
THIGE L iz ARG HIL Student @ ¢ 72 P
LD fTotca PREAO. 05D & FHIHFTHET
HBE LI,

1 % £
low Ta hypothyroidism Z %4 2G4 &

U P

8 ZOBAFBE TR M T XEHTHS
P, Ta iMEMA S LIEE THAR LI (Table 1),
FRCOBETHPT S ik EFARL, Fio, Mo
cholesterol LEE I EH Ui (EH 197+ 6 mg/100
ml, 3% 2424 6 mg/100ml, p<<0.05), L&A1, \»
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L ERERUI,

ER 2 MMIk X TaDREINH
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T4, Ta BX free Ts RV Th L EBERLE

R 1 {E=— FEREBES » + O low T4 (Table 4), TEMAD Ty SEIPILMETLT
hypothyroidism Wi, FHRB L, T SHIZERL, B
Table 1. Low T4 hypothyroidism in patients with
Hashimoto’s thyroiditis
patient sex ag\e serum Ta serum T4  serum TSH
year ng/100m1 2g/100ml 2U/ml
1 F 30 110 4,0 115
2 F 40 90 0.4 115
3 ¥ 68 120 4.6 14.5
4 T 26 100 2.1 160
5 F 47 95 3.5 93
6 F 46 115 4.5 16.5
7 F 25 120 1.9 80
8 F 59 180 0.2 35
meén + S.E. 11610 2.7£0.6 7919
control (6) 131419 8.5+0.5 2.54+0.7
p value N. S. <Z0. 001 <0. 001
( Y=number of normal subjects
Table 2. Low T4 hypothyroidism during antithyroid drug
therapy in patients with Graves’ disease
Control Patients p value
No. of patients 6 9
Serum T4 #g/100ml 8.5+0. 5* 2.840.4 <0.001
Serum free T4 ng/100ml 2.47+£0.40  0.46:0.09 <Z0. 001
Serum Ts ng/100ml 131+19 113£12 N. S.
Serum free Ts  pg/100ml 158 +£30 142+14 N. S.
Serum TSH (p¢U/ml) before and after TRH
basal 2.5+£0.7 43113 <70. 001
maximal 12.0£1.9 137+29 <0. 001
delta TSH 9.5+2.0 93121 <Z0. 001
*=meanxS. E.
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Low T4 hypothyroidism

Table 3. Low T4 hypothyroidism in rats fed a low iodine diet
Low I+XKI Low I p value
No. of animals 10 10
Body weight g 3554 8* 345413 N. S.
Thyroid weight mg/100g bod wt 6.8£0.3 9.6+0.4 0. 001
Plasma T4 28/100ml 5.440.4 3.7+0.2 <0.005
Plasma free T4 ng/100ml 1.54£0.18 1.05+0.08 <0.025
Plasma Ts ng/100ml 71£3 75+2 N. S.
Plasma free Ts pg/100ml 152+ 17 167 £9 N.S.
Pituitary Ta ng/100g 999 + 44 783165 <{0.025
Plasma TSH #U/ml 71£11 204410 0,001
Pituitary Ts/plasma Ty 14.1 10. 4

bod wt=body weight, *=mean=*S.E,

Table 4.

Effect of T4 administration on plasma T4, free Ty,

Ta, free Tg and TSH in rats fed MMI

Control MMI MMI+Ty
No. of animals 9 8 8
Body weight g 303+ 14% 280 +8 268413
Thyroid weight mg/100g bod wt 7.4£0.5 12.1£0.52 7.5+0.4
Plasma T4 sg/100ml 4.54+0.5 0.8+0.12 5.0£0.5
Plasma free T4 ng/100ml 1.7940.21 0.70£0.200  2.494+0.28
Plasma T3 ng/100ml 92+5 39+32 76 £6¢
Plasma free Ts pg/100ml 296413 76+62 290 £24
Pituitary Ta ng/100g 983 £52 459 £482 935+59
Plasma TSH 2U/ml 81421 818942 77418

MMI=methimazole, *=mean+£S. E., bod wt=body weight

Statistical analysis: a

p<0.001 as compared to the controls

b p<(0.025 as compared to the controls

¢ p< 0.05 as compared to the controls

MEBEE M Lo DR L 6pg o Ty %
HHEYSA4 5 &, P Ta, free Ta, free Ty thuo
ThLEBL L, RCTFRAED T G, P T
S RS & EHEAL L 7o

WSR3 PTURSIO Ty D5y

v MO sl ’1 o Ta, TSHEERIUOTERL

B, B, KIMEHEO Ts &

WAz PTU % 14 ARG % & fih Tu, free
T4, Ty free Ta tX-FhLMA Lz (Table 5),
T, BF B, KIMBCE O Ta Gk A
Ly b T S Hik B8 Lic,  Z ofleliiis Ty
Wpg ZHAKETHE, M Ty EELL EH LA

1 Ts, free Ts KEFE Lichot, TIIE
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o Ts SREMEICHM LA, T, B KMEHE
O Ty FRIIEERMAS LT v, Fh T S HIZERL
Tz A& A& L foo Table 5 @ data 25 tissue/
plasma Tg &R 5 L, KMEEIZEITS ik
1 Te, Ts BELREAFRGS—ETHo7T. ThEl
~, I, Boik P TURSHHE LS L, T
10pg BHIZL DEEFE{E LI, Zhicl~, THE4AD
Wb P T U GHH b A 83" Ty 10pg REFRCE
D B Uiz,

Yh 4 PTURSMOMmMS Ty Ta LU
Tk, Mo Ts 58

PTUREEI-EMpo M Ts PTG T
D Ty 4EX Table 4 OXNBREOME & (FIFR LTH
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Table 5. Plasma T4, Ta and TSH concentrations and tissue content
of Ts in rats fed PTU and injected with T4

I I I

Control PTU PTU+T4 10xg
No. of animals 8 8 8
Body weight g 253 412* 25049 245+11
Plasma T4 2g/100ml 4.5+0.5 0.8+0.1% 19.6+0.8%
Plasma free T+  ng/100ml 1.49+0.09 0.28+0.03P 10.94£0. 720
Plasma Tsg ng/100ml 8647 18+1k 53+1b
Plasma free Ts  pg/100m!} 201+14 26+3b 1204110
Pituitary Ts ng/100g 695108 367622 790 +40
Liver Ts ng/100g 2491108 19+£1b 119+40b
Kidney T3 ng/100g 331+£17 315 185+ 11P
Brain Ts ng/100g 104 48 28 +5b 68+112
TSH 2#U/ml 10747 1117 £78b 65430
T3 : Tissue/plasma ratio
Pituitary 81 20.4 14.9
Liver 2.9 1.1 2.2
Kidney 3.8 1.7 3.5
Brain 1.2 1.6 1.3

PTU=propylthiouracil, ¥*==mean+8. E.

Statistical analysis :a p<{0.05 as compared to the controls
b p<0.001 as compared to the controls

oice PTUREHROHE Ts &8, M Ts Ta
BEREBREOZ & LT#d Lis, Fig. L 2R/ T2
&L PTUREH, b ToxiE: A CbRRX
Tehotce LavL, Iifs Ts ik P TUHY 2 pHcE
HIWAETT Ut RIBRCHF Ts &R d 2 MFEHEPIC2E L
WA Ui, TOBI2NEF CORPEL LTI TH
5, PTURRST 2L, 110, THEED Ts &8
LA L, OO T~ B is
FhTIH otz tissue/plasma Ty A B3 Lk
WA Ui,

Vy ®% =

Ts BEFCL Db bT Ta AMEFL, TSHM
LA LT DHBL D DT OFAEEOR ok
2~ FREHEO € F—REECEET 32 1AW
HhTw B, IR RIBSHEE T O BERA n &
Ehh, ZOBRES Ts euthyroidism & &
BALE®, TR L EE RS = ~ P RTH
Bl v MELFETDC E0HBR T2, L
ML, TEEDOT S HAMIE S #EOPRE AL =
YRBAT S Z L ERTERIRTH B 1w,
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Fig 1. Effect of PTU on T3 concentration
of plasma, pituitary and liver in thy-
roidectomized rats injected with 1.6
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RISEREMIERE D £ 5 2L T S HER I X » T
BERETHHD L IEZNENTH B0, oD
CHESHE, BCRSokiEd® low T4 hypothy-
roidism kBT BRETHA D, TTRRE ST
1B E L0, KRRRIZRTh 8 B0 G AFs
LTOORDEFR A€ F—HBEC D low Ty
hypothyroidism MR iz, = low T4 hypo-
thyroidism (% TSH FWRENCHT05 Ta OHEHE
BERT A LTIHBCRLEFALTHD EE L b
Bo I free T4, free Ts DA T HM: TSH Al
MBI EN S LB 508D, &0 free Ts BE
HSHOBETHEIZ T4 MBELTh, HDHVIREL
THIEBZHFET D LAHbh T 52, Z D
», FHELET low T4 hypothyroidism DfRE s
YO v bR free Ty J XU free Ts HHE
ThIEE LU, IEEhicBY, ZoBiel)
WCik free Tu AT 588, free T IXIEHTH
olze LIchioCh fRIC free Ty BREWTH-TL
free Ty PMEEA, euthyroid 12idde b B iR
THBH, XHIZ hypothyroidism DBFC Ts OH
THIELB G, R T S H % E# b 2icidmeh
T EHULIZ LA SE2LBORBD I MBI
TWH1DW, ehil, P free Ta DL
CABDOT S HEWh i+ 5 & &2 bhiltwTth s
he BUOBAIUE, M T4 bEHCAMOT SHS
W EEA A TS L Bbh a0, Lal, It
BT PETI L, DLATEMSAD Ts&EMN
TSH 4t JlT 24— factor THBETHH
ZLATETH A R0, EDELEEHTH L L,

low T4 hypothyroidism D3 » b TiLlrh free Ts
BREEC L2207, TIRED Ts SRR LT
Uiz, Ebn, fKE— VDT 5 bz E ~ Fa
L. ook To o EEET 2 &, FHk T BEE{LT
Bk, [ Ta, Ta OEGEMIIC Ty 25 27TF
Hfk Te SEAIEF{LT 5 & Mh T S HOERLT 2
LB LTt oTee O —OE R FIE T
<A Bk, TEED Ts &EIT s HIER X
e Ts Bl L OTERAEDOHNT T FRE LTED
N TaBECEoTHREDEE LT hElis bix
WO, L2 DOFZHBE LG &, TR I
DIAEND T4 BB X OTFTHAHNTD Tarb T
DEFGRENRN T RN D Ta SEA Y 5 T HT
EEZITIUER b, BES o MCABICPTU
HEX DL, b T4 AW L DL b
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T, TEAGCHO Ts HENHAD L, tissue/plas-
ma Ts WWOMA LHit, = OWIEILHEM T
5 TabdD T BEFZHBO Ts FEYIHIEE

CKRFTHBZERRLTVS, PTUREELEE

7¢ hypothyroidism % {9 H Uiz &k LEF A
Bl b, pituitary/plasma Tz Hid& WP Licus
EIBd, hroTEREERLL, 2OZEnb, @
B TERECIRAENRD T B, uhs b TEME
CERANhD T+ B, TEART T+ hbEELEIRD
Ts BOTHO 1 DRBEERS - T TESFHN Ts &
Bt 2 L Bbhb. PTURSKCR OIS
pituitary/plasma Ts o RS T 5 hIE 7T
WTHhHR, L0, BERTHE»LORFCIIT
BAISBRICII S hiciedTHBh D L,
WFhIZ LT, FEACETS Tahd Ts DK
BRPTUIRL - THEEShZL L, oL
T B EBbR b,

Vv & B

FEMD T S HOWSRMCkITS T OFEZHE
+%7% low Tu hypothyroidism DBER X UH)
), Ty, Tg HIEIT{EL hypothyroidism OEMpD
free T4, free Ts HPE L, FBCTEME, I
&, KBEEO Ts SELWE L. low T4 hypo-
thyroidism CiLinsk Ts, free Ts ZIEETHBHIC
L2, M T4, free Tq WA LTl
TSHD LHZ RS, K — FRICK T2 DRIE
Il ntcT vy POTHEMA Ts SBIIEF SR HI LR
L, KI #fmts s LicX ok Ta TSH, T
th T B EIEIERL Lice MM IS b M1 T4
free T4, Ts, free Ts, TEfM Ts SEIHL Lic
S FOMP TSHIZELS EF LTS, Ta
it bhEhbokre it EEE L, UL,
PTUREYXRICS » F T Te BE X b firh
T2 LS LA LI, TalEEUTFCHot, =
DRICIRECL TEMA T FRIIIEEM L& e b i
TSHIXETFT LT\ ZO—HOHEENEL, TSH
SWRENLIME Ta X Db, W LATEMSE T: B
FoThEEh B EEL b, Eiifh T4 TFE
RN TEL END T DR E LTEBEKRTFTH D
L3 B, tissue/plasma Ta LA RS T % & PTU
D Ty b Ty ~NOEPRAMES D ERR, TR
BOTHLOMEMEL b BRI EEL b,
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