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R B RV & o R OBEARLEDE ; £ <12
Trihydroxybenzophenone D{EH
- S N R Y i

BIOERFIRBEFISRNER GHE 80 B3R
moo® &=

(REFIS94E 2 FY 7 112 4)

¥4 B %3 (thyroxine AT T, L BS) OFRKMBIERICH T 2ER * RHTENT, Y bvEET7 =
J=NVER, T2 VRBLUS 3V -LVBRERKRE EOMERED T3 — FiEtic 5 2 2 [HES)
RBEBFLL, 2,440 M YN Foxe~r V7 2/ (24,4 trihydroxybenzophenone, BLF THB &
B, 2,23, 4, 4NN FaFv_ry 72 /(22,3 4,4-pentahydroxybenzophenone), 2,23,
I 4 E8NFINAFOFIRIY T2y (2,2,3,3,4,4-hexahydroxybenzophenone), 273 /Ry
Y7 =/~ (2-aminobenzophenone), 3 X F A ~>V 7 x /> (3-methylbenzophenone), 7L+t F >
(quercetin), 2,4 ¥/\A F a4 F v XF NN VT x /(2 4-dihydroxymethylbenzophenone), 3
VAN F7 o (3-benzoylhydratropic acid), 2, 4,6 MU /A Fot+y Fot 7/
(2, 4, 6"-trihydroxypropiophenone), /W7 73 (27007 =/%%) 7x=2—070b4 8 (a [3
(2-chlorophenoxy) phenyl] propionic acid), ¥ 7 = =— k% > b 4 > (diphenylhydantoin), At T
t#' > + 4 > (spirohydantoin) 8L U4 7 ¥ L 3 »# (ophthalmic acid) THE L, ZO&HESE THB &
RYBOISHR % ED, 50%MEE (IDs) 1 10°M Th-7:, THB DBEHRE T,5 I — V%
DIFBERTH2 NADPH BL VBT Y F4 COHEIMIC L > THEELZ I, HE T, L OBSEEL
Ez o, £7:100°M THB & 1077~10"*M OEEBED 7o ¥ L F4 7 5 ¥ (propylthiouracill, B4
T PTU &B8) OHFFICE Y, BERFEEHENCEHESNL, £/ THB (105M) 3 77 PR
fair e T 2L 7208, T b)Y 3— R4 o= (trilodothyronine, I T T, L&) ~DEE{k
FUMGIL 7z, £7 THBIR LT, 5y FIFHRES L e bOETHEZ 07 ) > (T,-binding
globulin) L DA EHAKICHE L2, —H, $1EF v M 2BM 1 ~2mg ® THB # K TFHEL T in
vivo T THB OfEfi % L 67z, 20OMFER, FEHEINES L CFRRBREEORY, BREBAT.BLU T,
HEROBL, mh T#BEDET, O ToBI— VR FFIrar FI7HEOT L7770l &
Bk ZBE$E (a-glycerophosphate dehydrogenase, M F «-GPD &8 BLUBDF MY LY
LETFE ATP 7—+ (Na-K dependent ATPase) ORBHEEMOE TR EBRO 6N, L Lad
S TREREREBICH 7, THB £ PTUSHAB TR AL ORI VEFC L D EENRE R
o, BURIRE BB LR L, ifh TEEE T L7, & SRS K A0 7 v M2 10mg
O THB 28%5 9% &, FREAVE CORER (EHR1~28) —RLT, FIERT v bzl T8
BEOET, FF T,oM 3 — FEE#ES L U o-GPGIEROET %2 &7 L7, LEORK#E» » THB @ BRES» S
O T EET 20 REEHRTE T, EOREHEEICL Y OB I — FEEL2MEIL T, FREEE
THREXR LG0T OOEEZLN S, UL THB 3ERHEBC 5 3 2 BRIE L E > EREF O
CHENRFRE 2B 0TRENL D S,

Key words Thyroxine, Trihydroxybenzophenone, T4 5'-deiodinase,
Competitive Inhibitor
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ELRIGHSEETTEEOREA & L CiERE VERS R
T 3 FIERRERE 12 FRBR R v & » SRBEEAT
Hovy, BHREKRLE Y OFRBIERCKRT 3 REESE
MBEETIHRRD B, LA oFy Yy

(thyroxine, I T, L ) R B HEWEH
BHah 3z o, BRERS VT OVERBFOREN,
S REREAOECENLSFRELZDTHS .
HRELD AN EERET 2WESEI — FRICK
LBAHEERRERT I LBELNTLEY, £2T,
TSI — FEREEREE L L THEL OEEERM
BEEETAMEOEEHEEERA 2RI L. <K
ZOMBOFELHEL 2,4, P UL FrFyrry
7z ./ v (24,4 trihydroxybenzophenone, LT
THB L#) 2 BwT, T.OH MW, FEASHCRZTE
% in vitro 8 & U in vivo THE L 7.

HE B LUFE

I. EREHORR (K1)

1. 7x/—=0VE8, 7x=—VBBIU7 VB
aEeHLLT

1) 7x/—NVEB2 sy b vETHESLLBED
2,4, VA Faxy~ryY 72/ (THB), 2,2,
4,4y INLFaFyRyY 72/ (2,2,3,4,
4-pentahydroxybenzophenone), 2,2',3,3,4, 4~ %
P, FoFeyRyY 72/ v (2,2,33,4,4-
hexahydroxybenzophenone) ¥ & ' 7 V& ¥ ~

(quercetin) 2)7 =/ —NBE7 2 =—VBHBT b
VETHEELREBED 2,4 YNA PO F T AF ARy
V' 7 x./ v (2, 4-dihydroxymethylbenzophenone)
3) 7x=—AB2 ey b VERETIHEED 3N
Y4 vke FZ hor Y@ (3-benzoylhydratropic
acid), 2 73 /R vV 7=/ v (2-
aminobenzophenone) B kL 3 A F N>V 7z /v

(3-methylbenzophenone) 4) 7 x=—NER2 7
rrvErgELREEO 7 V7 73 (22707
¥ Y) Zz=—nN 7o v Fd B (al3(2-chlor-
ophenoxy)phenyl] propionic acid) 5) 7 =/ — VB
1rer b rBEEETE2,4,6 MU P Fy T
a4 7=/ (2,4, 6 trihydroxypropiophenone)

2. 7x/—NVBEA STV -NBET bEEER
TEEEDY 7z =— Nt ¥+ 4> (diphenylhyd-
antoin) B L UA 0k F > b A > (spirohydantoin)

3. BT VI F4 >~ (reduced glutathione, AT
GSH :#8) ORBEMD E LT, EHEHEED-CO-NH &
#E T 247558 (ophthalmic acid)

4. FERBRH LT O EVFE Y S VL

(propylthiouracil, AT PTU &B8) #HWw/z, &

#13 0.01%NaOH T 10 *M BB L, &5120.1M
) UEIEENR (pH74) THEDBE 2 THRL TRAL
7.

BlLEOEENL T~ T Aldrich # CKE) 8ERBwis,

n.& %9

in vivoiQiEv 4 A —REF v b X O HELF
Sy hEAL, REYA— T, FHRERKS L
Fripassse 213 200~250g 7 4 ¥ —R#EZ v F 2 H
Wiz, FRBHEE I T S FRBRE RV,

I. in vitro RE%

1. FT.583— FEEORE

Sy MR —FURBTCREL, Eb5H%
o 5mM EDTA #&%0.25M ¥ a3 mM + Y R
HERMEER (PHTAHTREY +A4 XL, Bohn
20%HF xR E Y3 — % 2000 rpm, 4°C, 10 FRHELL
72, % v T Chopra ® FEEIC > T T.5
I—RFEEEHIEL Y, BB 20%F REY2—1
200 1, 10 pg/ml @ L-T 5041, BREAIFFERD 50
2112200 21 ® 5mM EDTA 28 0.1M Y VB
& (pH7.4) £z £&% 0.5ml & L, 37C, 604
B A rFax—bE 1mlD g /—L% 0L 2000
rpm, 5 AEGEO L. EEEBV TER Tk 2 5k
SYFA43a/TEA RFTVT7F v ) ETHE
L, TOFRBEMNZTIRES L REY 2 — MFOR
Rk TIREELWEL 2%, EH1mg X0, 1EHO
T4 E (ng/hr/mg-protein) THEHHE L, EHEER
1 Lowry E™MIic & D EIFE L7,

2. T3 — FECRIZTHEA, HERRMD
&

Bib o THE2— FEHBERCH S5 Lo 107
~10"¢M IZFHIR U 7o R HI 0 50 pl A 7z, R
IHIREFIOMR D 12 ) ~EREEE (pH7.4) 2 EEMA
7o, BIEFD T B2 — FIEMEEER I RIS 5
K T, OESETEDbL, S0%IMEIE% 1D, TR L
7o, UEDOBBREHR O > LHEBENT D 23BN
7z DIz 2w T NADPH 8 & UF GSH O &N & 2
EHIHESIROMBEOB/ERT L2, Freyr—
b 200 11, 10 g ® L-T,50%1 1 10-2M HARIEH 50 ]
Pz b028 4 R FOAEL, £RFNC0.1M
Y UEREEE (pH7.4), GSH (B & 5mM),
NADPH (B#i#EF 0.5 mM) 8 X ' GSH+NADPH

(&x FERHRBE) 2Nz, 0.1M V VEBEERT
8% 0.5ml & L7 RO 4 RFL i HREFION
DY VESBER L, HBROFEC L D ERK To ¥
FIEL 2. SEHIO T3 — FIEEEESRE, BE
FEFRMLUZ OHBOER T, 3 BHETCHE
L7z,
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3. T3 — FiEEICNT 3 T,, THB OREKIG
R
20%FFREY A — 200 k!, L-T,50 g1, THB 50 ul
0.1M Y EREEYE (pH74) 2MAT2E%X0.5
m L7, LT.BREE1.3M, 6.5uM, 13uM,
THB ORKEE % 10-°M, 3 X107°M, 10—*M, 3 X
10-M ICHBLL 72, 37°C, 60 3fH4 ¥ F ax— &,
R T 2RO FETHE L, £ T 8%, L-T,
BESLIUVUTHBEEC L 2AERICHEARES 1~ —
g zN—, N=7 70y PRI DRETL .
4. T3 — FiEtcxs % THB & PTU OffA
IES
THB 10-°M, 10-°M & PTU 10-*~10~M QO#@E T
BEt L7, Ao EERFR W THB & PTU nz, 0.1
MU vEREEIR (pHT7.4) # Mz £E% 0.5ml & L7z,
R ERER ORI VEEEREMZ, AR
FEC LD ER T 2HELR, T FEEERSE
MEEPMBAER T WNTA2EARTEE L.
5. FRIRBRMRAEEE SR
ERFNCTE & vz 7 2 BURER % 5570 % A V> THEYD
n L7z, HEYID U7 BURARIE phosphate buffer saline
(Dulbbecco PBS(—), HABIZE, HEl) TH&ELL
%, 0.02%EDTA %2i0%720.05% bV 7+ > (Difco
Labo, %[E) # (pH7.4) T38C, 20 S3HRE LER
¥kl FfovAbyFry 7 TRBL, BEE
50Xg, 3 4MMEEEG L T RRIRMERE 2 HEE L 72,
Bk b Y8y T—THREL viability 2EH UL 8
#t Ham F 12 (A8, HER) AV, 10%7>
BEIRIMEE (Fetal calf serum, BLF FCS, Gibco Labo,
KE), 10 ug/ml B F 24 ¥, 100U/ ml =y ) -
B U 10 £U/ml 7 & TSH (Armour Thyrotropin)
PMATERL, 77 o radBiiBE®R7 522
(No.3013) #Fiv, 37°C, 5 %CO,, 5% Air THE
L, BoRmE 2 5 1EfT- 2.
6. EREMZEMEICRIZT THB ORE
BES5 BEHO RRBREBEEEHE L 1mM EDTA
2E10.05% b Y 7y ik (pH7.4) THED, 50Xg, 5
AEERELL CTHRRIRMRE BEEL, 7V 7R Y
vFNVERBEEER (pH7.4) T5 X10%/ml OffEE
BEAEBL7-. 77 rayFa—7 (No.2073) i
200 g1 O FRRASHEREIERENE &, 50 1] © THB (B
E 10°M) i3 PTU (BAKEE 10°M) 240z, 37°C,
5%C0O,, B5%Air FTA > Fa~x—1t+L7, 6, 12,
UB LV ABEFRE, Fa—72FELLMRE EEE
SEELY. EBO T, T2 20794432/ 7x
4 (EFT, T,V 7 Fv b)) THELL. BFR
WIEE/E (Tomy-Seiko Handy sonic, 3®) #%&, #

FER T, Ts2RARCEEL 2.
7. KRR
WERICEEL 7y V2B EAWTHETD L
fo. MREID U7BFRR G N> 7 AR (B ARE, R
THiE®E, 0.05% 354+ —+ (Sigma, Type 1) &
(pH7.4) T 10 &R\ UEKEHEAE LR, 740 v R
by FrZTRBLTELNEERRE V7 A
T50Xg, 5 FEMESELL, MUY T L—THREL
viability % & H L 7z, #2113 10%FCS B X 1F292
mg/lDL-Z VI viEafA - iz vy
v ¥ v Vg (Eagle Minimal Essential Medium, A
T MEM & B8, HAKBEE, HR) 2Fw, 7rrar
HEGEREE 7 9 X 32 (No. 3013) 2B, 37C, 5%
CO,, 5% Air TTHEELL.
8. HEFHERO THI—-TFEERRIZT THB
DHE
#E 3 AEHOFMIg: 3mM EDTA 28 0.2%
b Py (pHT4) THED, 50Xg, 5 AEHERRED
L7et, MEM 200z Al 2R Lz, 0.25
4M L-T, 8 & U&%E (10-°~10-M) @ THB %10
z27: MEM 8% 7 7 va v F a2 —7 (No.2073) &
BEL, HF 2— 712 1 X 1O A L&
%5ml kL7, 37°C, 5 %C0O,, 95%Air TTA ¥ a
~—t+1, 3, 6,128 & U024 Rtk EEHo £ 100
ul BED &R T, 28RO FETREL 2.
9. FFBRLEE T.REG NS 5 THB ORE
S v PR ERASE Emmelet B2 L o7z, &
SUFTHARAME & 0.1 M 'SLT, (1200 xci/ug, New
England Nuclear Corp., %E) ®&ts 300 u1 @ 20
mM Tris-HCl-2 mM EDTA-1 mM MgCl-10 mM
NaCl-0.2 M sucrose-1 mM dithiothreitol (pH7.4)% 3k
KRB TF LA v Fax—bLJ, 1EE% THBQ0
~10~*M) Xi2FEEE L-T, (10-"~10°M) Mz T£
B%1ml L7, THB XEIEEHL- T2 ML Ty
& 54, 10 4, 30 812 10000xg, 2°C, 5 5HFERED
L, LBEEZRTHECOKEERET ot — A=
Aty baA—F—THv > Ui, FERE T X5
e LT EAEESR T, THB B8 & UFEEE L-T,
EIATOE R O BEIEE N T 25 4ETHREL
7z,
10. TJSE& 27 u7Y >~ (T,-binding globulin, AT
TBG £8) @ T &R S5 25 THB OR#
HPFF 2 — 712 50 pl OFEHE TBG M (2 xg/ml,
EFTBGY 7Fv b) 50l THB (BRBE
10-3~10-SM), 100 x1 @ LT, (1200 gci/ug, New
England Nuclear Corp., EE) %®ix, 0.1M )~
ESIEETIR (DH7.4) TE£E % 250 ]l £ L7:. A— THB
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BEOF2—73RF%EDLD, £4120, 5, 50nM
DOFEATR L-T,50 ] 2 EBRT IBFRKEL /-1,
4 X5, TBG HiMiE % 200 ¢l 0z, 1EHERCK
BLZ.HLYH ¥ 1gG bV ymiFE% 100 ul M2 FRIC
30 @, 3000 rpm, 4°C, 30 AR LL, LE#
BUUBOMBEREZA— P Y AR PO A
F— (Fubtt, BX) THY Y LRk, &I
D 2T, & TBG D#E&ke%®, THB B & UFEES T,
EMA R VRBIENT 2 REEEOESECHEL
7z,

IV. in vivo B

1. &>y b3 THBRED T REAH
~DEE

1) 3EEBOV 4+ AT —%T v 2 ABTST,
wEEEE, THBHS#, PTURSE, THBEB LU
PTU#AR L Lz, THBRETHS L, £ 181k
lmg 2 7HMEH, 1H1E, F2:HE2mg® 7H
FREH 1H 1R®E L, PTU X 0.01%BER 25
BREEAR PV CHBRK S, HEHCREREK
TRELLEBREISEICS Yy MR —FAVEHBEET T
LRSI & 2%, EbICH « BH L URRER2
WL, mE3mEIEL, T, TEBEZEROR®%
THIEL 7.

BRI EEER O 0.1 M Y VEREFHE (pH7.4)
PMATKREYFA XL, =7/ —THELLER
BN T B LU T, 2080 FETHEL 2. BHFs
FUBREBRKEY T4 XL, TSI — FENE, 7
N7 770 enl) R KFERER (a- glycerophos-
phate dehydrogenase, AT «-GPD L ) ¥EMEH
FUNaKI®KERT7F /> SV BEE (NakK
dependent Adenosine Triphosphatase, 2AF Na-K
ATP 7 —¥ L #8) EHEOREICH W,

2) 3BEHABOV 4 AFZ—FKZ v b 30 0.05%
PTU 254K R b T 12 HEIBEBERA ST, B
REEEET S v ~ 2B L 72, BB 13 HiC PTU
W SR 6 L2 BEEETHEEL LTRL, BYO
4 ORI L-T, 20 ug 2 1 ERS L. 85 14 B
WED 24 ME% 4 BT, T RFAERE (THB IR
58) 2 3BICEAFN0.2mg, 2mg, 10mg D
THB % 1 H 1[H, 4 BMERE THE L7, iRl
BERPETHRE L. THB BRESORA, v b
- 7UREBET COMERNIC X 2 RMEBE 5 A,
AL, MWREME2HHL, T.B8LU T BES
HIRDBETHEL 2, WEFs L UBRES K
YF+4 AL, THHI— FEMH, «-GPD B LU Na-K
ATP 7 —¥EEOBE R 72,

2. FFs ba v PV 75E «-GPD EEOHEIE

BFs by FY7HEORRE Lee BT LD, 4.
GPD {EHEIE X Lee DEEIC L 72, 15uM D7
V7727 0 ual »# (a-glycerophosphate,
Sigma), 12.5 M K,PO:8 L U7 0.3 M KCN 0
&Y (pH7.5) D 100 £l 12 50 1 DEFE Fa > FY 74
EFESE 2L, 30°C, 10 71 > F a— kL1,
300 ul DFEFE KR EMZ 2%, 200 x]1 O PMSINT %

(2.5mg phenezine methosulfate ¥ & U 4dmgn
2-p-iodophenyl-3-p-nitrophenyl-5- phenylmonotetra -
zolium chloride # 1ml @ 0.5 MV > E» V) EBEWE
WEERR) BINZ 72, 15 SAHEBICHE 100 41 D 10%
bV 2 ualEfE (trichloroacetic acid) #/0z, &5
1295% %/ —n2.5ml #MARLL, LErka
JEEET (HMARZ bOA—%—, 24 8 W)LY
HITE U7z, «-GPD #&HiE M/ min/ mg-protein T & H
L, EHEE X Lowry 51 k- 7.

3. B Na-K ATP 7 — €& O #lE

THREOFER S L U Na-K ATP 7—E@EHOH
SE & Chu-Shek D HEM¥NZ & - 7z, 50 ] OHMMFIIETS
iz, 400 1 @ 0.1 M NaCl, 0.02M KCl, 0.003M
MgCl,, 0.001M EDTA 2% b ) A —HEEER

(pH7.4) #1liZz, 30 mM ATP % 50 xl 0L, 37°C,
5[4 v Fa—F L7, 100uld30% MY 70
OFEER R DA, B EIE 200 x] POEREEREY >

(Pi) % Fiske T2 X DHIEL, R ATP 7 —¥iEH
L7 E#IC LT NaCl KCl 2 & & 72 WiBEE & H
WTR TR T h—HNLY Y AMEEHEATP 7—¥

(Mg-Ca dependent ATPase) EMEZFIEL, HWED
#=% Na-K ATP 7— ¥ & Uiz, EHEE mM-Pi/
min/mg-protein TEH L, EHE & X Lowry 12
PR AN

4. BEBIUFERT Y b RIZT THB OEE

IR LEDY 4+ A5 —RWES v b 4B, 1
B HEBICH 2 28M10mgd THB % 1 H
1 EEAMEYERRS L, TEREEER LD 2,86,
MEFHERS8HL D 14 5T LEMRAROLE
TV, WEEC G HENRO 2R E R * ERERL
L7 (7 v M 3 EHBC -7 VRRERFTOL
PEe AR IR 5 I I 2 M U Je, I3 g B
T.B XU Ty 2R AETHEL, RMEFT T
I— RFEEB LU «-GPDIEMEEHIEL 72,

154 &

L. T3 — FEREECRET CEMS L UH
BROBY |
BRI L2 B A Dylc B 5 3B AU 510
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Nit, ¢ 0

benzophenone . E - Bso
770\, ™)
3 2 2 3
Substituents
2 3 4 2 3 |4
2, 4, 4 (OH)s benzophenone OH| H |OH| H | H |OH| 10
2, 2, 3, 4, 4 (OH)s benzophenone OH|OH|OH|OH| H | OH| >107
2,2, 3,3, 4, 4(OH)s benzophenone OH|OH |OH|OH | OH| OH| >10
2, 4(OH)24'(CH3) benzophenone OH| H |OH| H H |CH; 1074
2(NH3) benzophenone NH:| H H H H H N.I
3(CH3;) benzophenone H |CHs| H H H H N.I
0
Ll
Quercetin m]@( 1072
0 o
OH
0
]}
3-benzoylhydratropic acid Qrcocﬂcuou 10
1
CHy
O
af3(2-chlorophenoxy)phenyl]-propionic acid 1073
Gl ?HCOUH
CHs
OH
2', 4, 6'(OH); propiophenone Hﬂ{Z%?ﬁ-GHchS N.I
H 0
ION /N“‘f“
Diphenylhydantoin c\ 1073
O N
0
F
Spirchydantoin 8"!‘-941 1073
E—HH
0
o CoHy
Ophthalmic acid HOOC-CH-CH,CH,CNHCHCNHCH,CO0H | N. T

Fig. 1.

includes phenolic or phenylic compounds containing ketone group or ether bridge.

N. I: No inhibition

Chemical structure and 50 per cent inhibition dose (IDs,) of the compounds tested. Group 1
Group 2

consists of imidazol-ring compounds and group 3 has linear structure with functional ketone groups

and -NH- bridges.
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200;

-
Q
Q

T3z Formation { % of control )

g

il

THB DHB

Control
Restoration of T,5-deiodinase inhibition with the addition of

Fig. 2.

NADPH and/or reduced glutathione (GSH).

Q SPH OA

Hepatic T,5-deiodinase

activity was assayed in the presence of 10~*M inhibitor with 0.5 mM
NADPH ([3J), 5 mM GSH (&), 0.5 mM NADPH+5 mM GSH (=

without the cofactors (i)

Each value represents mean of duplicate

samples and is expressed as a per cent activity for control samples without

inhibitor.

THB, trihydroxybenzophenone ; DHB, dihydroxy-methylben-

zophenone ; Q, quercetin; SPH, spirohydantoin ; OA, ophthalmic acid.

Jz. % THB 8 10~°M CTRHEZIR SR <, UT
M D24 9N RO FYRFARYS T2 /)y
BIUIRYYANLERS PO EVE, 1M D7
vFy, TVZ77—83 2-7unurz/FyY) 7xz=
—V7ubF v, VYUV —LEeF U4y, RY
oS YA CDIETDHY, 2,2,3,4,4RUINALR
O YRy T2/, 2,2,3,34,4~FHNS Fuo
FRVVT 20, 2,484,680 U, RaFyFar
72/ V2TV T2 )0 3R F AR
T2/ YBEUFTINE ORISR L BEER
T3 TOE I — FEEIFZIR 2R e d o0, Bk
M E LU THWR PTU @ IDsi 100°M TH o7z
(B 1).
2,A4INAFOAFYRAFARYY 72/ v BEUA
voes v 4 vyOBEESRIENADPH 8 & U
GSH DMz & Y EE L7228, THB B X U7 L&+
YCIREEDROBHZED R o7z (K2).

2. T.Biz—FiEkeNs 2 T,, THB ORAERIS
E3EES

THBO TS - FEEEENRIEE T BE
WERETIA Y e T o=, N—2 TFaw MR L
D, zOEEFRREE T, L OBEHEELEZ 5N
(B4 3).

L. A
> o ® 5 b <I=

(ng-Ta/h/mg pProtein)”!

[

1 .
74(10" M)

Fig. 3. Line-Weaver Burk plots of the dose-
response relationship between THB and gene-
rated T;. The relation was examined in the
presence of 0 M (X), 10-°M (@), 3x10-*M (O),
10-*M (4), 3X10~*M (A) of THB. Each value
represents mean of duplicate samples and the
regression lines were obtained by the least square
method. '
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A B

100

80
[~
2
5 6o THB
- -8
Jé ¢ 10M
= 40 S
(=] 10M
c

20

o 10" 107 16° 10°M o 16° 10 16° 16°M
PTU PTU
Fig. 4. Combined effect of THB and PTU on T,5-deiodinase activity in fresh (panel

A) and stocked (panel B) liver homogenates.

T,5-deiodinase activity was assayed

with the addition of 10-*M (O), 10-*M (@) or without THB (@) to varied doses (0

~-10~M) of PTU.
were added as the cofactors.
samples without inhibitors.

3. T3 — FiEHIEHYT 5 THB & PTU OBt
R

RIBEE (1078, 10"M) @ PTU (IDs, =10"°M) & 10-°
M THB O#tF TH & » % T,50 2 — FiE s 48
FEMRLFEDL (R4),

4. FHRBREEMATIC RIZT THB 0f

it A O T, 534 10-5M THB ORI TRHE (24
TR 189%6) &, W To2hih L 558 24 REFHILIRE &
M (48 BEREE 59%) ahe (H5). —H, FIRE
HERIPY T,l3 5558 24~48 BRI IEHIP O To il FATL,
BB D 50% Wiy L, BURBRIMAE A T I8 i3t
BrEpiripol (K6),

5. HEIC RIZYT THB g%

BHIFMBIC BT 5 LT o To~0EE(kid 1005M
THB OFMMC & D, FFREY 72— F OBEE L ERIC
M (24 BERE%L 61%) aniz (7).

6. FFmiafs T, 2aM%icnd 2 THB 04

FHEBAR T, 2 ARICHES L BT, 107'~10-°
M THB o & b BEREHCHR s (38).

7. TBG @ T fEARICHN T2 THB Of#

131.T, & TBG D&, 107*~10-°M THB 2 X »
BEfEHCEEs N, 10°M THB OEEDR I
50 nM D IEIEE L-T, OWIMCRB L (K9).

8. $hEZw MIBIF 3 THBRED T,RB~0D
2

1) EEME (K10)

In stocked liver homogenate, 0.5 mM NADPH and 5 mM GSH
Values are expressed as a per cent activity of control
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Fig.5. Effect of THB or PTU on secretion of T,
(upper panel) and T, (lower panel) into medium
from cultured thyroid cells. THB (4) or PTU
(*) was added at 10°M concentration and
release of T3 and T, during 48 hrs of incubation
period was compaired with control (®). Each
value represents mean of triplicate samples.
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Fig.6. Effect of THB or PTU on intracellular
concentration of Ts (upper panel) and T, (lower
panel) in cultured thyroid cells. THB (&) or
PTU (*) was added at 10°M concentration.
After 0, 6, 12, 24 and 48 hrs of incubation, thyroid
cells were separated by centrifugation, washed,
sonificated and T; and T, concentrations were
assayed. Control values are expressed with (@).
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Fig. 7. Effect of graded doses of THB on con-
version of T, to T, in cultured liver cells. T,
was added to medium at 0.25uM concentration
with 10-¢M (X), 10-M (&), 10~*M (*) or without
THB (®). After 3, 6, 12, and 24 hrs of incub-
ation, T; concentration in the medium was
measured. Each value represents mean of tri-
plicate samples.
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Fig.8. Displacement of '**I-T, bound to plasma
membrane from liver by THB (upper panel) and
by cold T,. After 60 min of equilibrium, 10~*M
(@), 10°M (X), 10-*M (A) THB or 10-'M (@),
10-°M (X), 10-°M (&) T, were added. After 5,10
and 30 min, radioactivity of membrane pellet was
measured, and count was expressed as a per cent
of control samples without THB nor T,. On
molar basis, displacing potency of THB is one
tenth of T,.
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(% of controt)
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Fig.9. Competitive inhibition of graded doses of
THB with T, in '*].T, binding to thyroglobulin-
binding protein (TBG). Mixture of TBG (2ug/
ml), graded dose of THB (10--10-*M), '*I-T, and
unlabelled T, (0, % ; 5 nM, @ ; 50 nM, A) was
incubated for 3 hrs. TBG was precipitated by
the addition of anti-TBG antiserum and radi-
oacivity of the pellet was measured. Value is
expressed as a per cent of control samples
without THB nor cold T. Dose-dependent
inhibition of labelled T,-binding to TBG by THB
is attenuated with the addition of cold T..
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THB #5 & U PTU Bk BN INE 13 o188
WHUTEEERTLTW 2, SEEREEERED
shzdroiz, LinL THR+PTU BRI 13 18
BIHLERBICETL L (p < 0.01). 4B S

150

Body welight

50

3 4 5 W
age In weeks

Fig. 10. Body weight gain. Body weight gain of
young rats administered THB (&), PTU (O), and
THB+PTU (A) in comparison with control (@).
Vertical bar indicates mean=SD. *p<0005, **
p<0.01 vs control group.

—RREORE, FHEERIED Sz d o7,

2) FRIREE: T, T, 28 (k1)

FUIRBRE B R RE 13.5+ 1.3 mg Wkt L, THB &
3 7.122.1mg L FHEIZEA (p < 0.001) L, T, B &
U To & & b NIREED 649+ 172 ng/Bf, 42+ 10 ng/BRic
U, 285£79ng/BR, 25+ 13 ng/BEERBIHEAI LT
Wiz (&2p < 0.01,p < 0.05), —F, PTU BETIZE
RBROEA (43.6+13.0mg, p < 0.001) 8% T,
BLUTEHEEOETHHED s iz (£48.1£0.3ng/
BR,2.5+1.1ng/B%, p < 0.001), THB+PTU i1,
BEOBBRIZMATRLVE > SBIEICESL, TE
BAEBREUTTH 1.

3) MET,, THELHF THia—-FEE (£2)

PTU#B I U THB+PTU B Clx M TBE X
SEFED 4.5+0.5 ug/Al LV EECET (1.0£0.2
ug/dl, 0.8£0.1 gg/dl, p < 0.001) L7z#%, THB B
1% 4.8£1.0 pug/dl EIEEBIRINT Wiz, —F,
B TREZOCTLOEBREICE LT L NEHCHLL
BERETL Tz, I T.50 3 — REEFEEN b M
Tofll & F4TL, XtHE9.1+2.1 (ng/h/mg-protein) iz
L THB#:5.8+1.0, PTUS2.1+0.3, THB+
PTU# 1.8£0.3 Lt ERDETHIRED 51T,

4) FF a-GPD & - B ATP 7—¥igEH (£3)

A «-GPD¥E M 13 ST BB 5.8+0.7 (gmoles/min/

Table 1. Weight of the thyroid gland and its T4 and T3 contents after chronic administration

of THB and/or PTU.

Experimental No. of Thyroid weight T4 T3
group rats (mg) (ng/gland) (ng/gland)
Control 5 13.5+1.3 6491172 42110
THB 5 7.1%£2.1™ 285£79* 25£13*
PTU 5 43.6£13.0™* 3.1£0.3* 2.5%£1.1*
THB+PTU 5 35.510.0** UD 2.0%£0.8*

*p<0.05 **p<0.01, **p<0.001 vs control. UD; undetectable.

Values are expressed in mean=®SD.

Table 2. Serum T4 and T3 concentration and hepatic T4 5'-deiodinase activity after 2 weeks
of THB and/or PTU administration (mean+SD.)

Experimental No. of Serum T4 Serum T3 T4 5-deiodinase
group rats (ug/100ml) (g /100ml) (ng/ T3/h/mg-protein)
Control 5 4.5%0.5 10015 9.1%£2.1
THB 5 4.8%1.0 67+ 10" 5.8£1.0"
PTU 5 1.0£0.2* 30E11™ 2.1+£0.3*
THB+PTU 5 0.8+0.1* 204 % 1.8%£0.3*

’ *p<0.01, *p<0.001 vs control value.
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mg-protein) i L, THB #3.3+0.6, PTU # 2.3+
0.5, THB+PTU#2.0£0.3 t FEQCET2ETZDH S
ni (p<000l), BATP7—¥EMD, B ATP
T—YERTERBCHEREOETHRED s Lk

(p < 0.02~0.01)2%, 2-GPDEHZEHSNIZIFE
DEELRETRE» o7, UL» L THB+PTU #F
ZED, BWThOBEEEICNL T LS » 2 HEEY
RERDL.

9. T HRAMRCNT 5 THB 0%

AiaR> THB O%hE s T,ORBIER I L THRE

HnE» 2RNT 2 BRT, PTURSW X-TER
BREEREET 2 v r 2{ERRL, ZThic T, 2@RES5L,

THB B8 TOEREBEET 2 » 25 Lk,

PTURBO® S -7+ T,0.3+0.05 xg/dl,
T,40+11 ng/dl EEAS R BEEETREICZY, 2h
5D Iy izWugd Tk 1ERET 2 LM
T.4.7+0.6 gg/dl, T82+15ng/dl & EAETE# by
Hohi: (R5). ZOBET0.2mg, 2mg, 10mg 0
THB # 4 HRMEFRES LS, 10mg BE5# TR
REIEINE S S i iE X Atz (p < 0.01 vs T8

Table 3. Hepatic GPD and renal ATPase activities after 2 weeks of THB and/or PTU

administration (mean+SD).

. ATPase
Experimental ~ No. of GPD K- R
group rats (¢moles/min/mg-prot) a?}l?)llg/aminyn%)g-Pﬁgtaeiln{))

Control 5 5.8+0.7 3.0£0.3 1.0%0.2
THB 5 3.3%0.6™ 2.5%£0.2* 0.8£0.3
PTU 5 2.3%0.5" 2.5%0.2" 0.7%0.1*
THB+PTU 5 2.0£0.3" 2.4%0.3* 0.6x0.2"

*p<0.02, *p<0.01, **p<0.001 vs control value.

Table 4. Body weight on 12th day of PTU administration and on 5th day of T4 and/or

THB treatment (mean=SD).

Experimental Number of Body weight (g)
group rats 12th day of PTU 5th day of T4/THB
PTU 6 115£8 128+10
T4 6 119+6 1507 §
T4+0.2mg THB 6 120=£5 1467
T4+2mg THB 6 120+4 149%5
T4+4+10mg THB 6 1178 134+ 8*
*p<0.01 vs T4 group, §p<0.001 vs PTU group.
Table 5. Serum T4 and T3 concentration (mean=SD).
Experimental Serum T4 Serum T3
group No. of rats (ug/100m) (ng/100ml)
PTU 6 0.3%0.05 40x11
T4 6 4.7£0.6 § 8215 §
T4+0.2mg THB 6 4.1£0.7 112£22*
T4+2mg THB 6 6.4%£1.3* 78£8
T4+10mg THB 6 3.7%1.1 63£20

§ p<0.001 vs PTU group, *p<0.02 vs T4 group.
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B (£4), —A, MPTEEZ 2mgkE5#T
6.4+1.3pg/dl tBEDOGEME (p < 0.02) %, T,EE
130.2mg & 58 T112+22ng/dl E H{EE2 R L 2

(p < 0.02) (£5). FF T,5M 2 — FEERIEM L ME
o T 4HFEE4.910.5 (ng-Ts/h/mg-protein) 2L,
0.2mg BE5HT6.3+0.8 L HEWLERL, 2ng, 10
ng HEBHTIE2.8+20.7, 2.8+1.5 L FEEDOE TR
pohn, ZHEEORRERL. IF «-GPD D T,
BEICL B FRAMRIZ 10meg REHETHE I

(p < 0.02) ¥h, B Na-KATP 7— €M S 2 mg,
0mg BEHTHEOMAR 2ZEDH 72 (p < 0.001,
p <001 vs T HFEE) (£6).

0. BREBLIUHEREZ v MIZEZ 3

(F&T7)

EaiL7: THB OEALHERENEHICL 2 b DOH»
T, ELRRBERLE CERERRACHT 2285
HBDHIZ, BREBIUZy MBI 3 BRIERL
TR (BB 1~2:8) #25ATTHB 25
L, 2ORBEEBRE L, £TRHAEINEES 4+

THB 0%&

iy

IR AN B 3 2 55 285

0.3g, I18£5.9+0.3¢g, II#5.3+0.3g, MEES5.2+
0.3g b WTFhoBIZLERRL, BREOES
LT THB & s Rigsed o7,

mH TREZTNETRRET (p < 001 vs MW
BT AMIE, NEBEEERRO ok, M T
B THBRSHSBETEHZET (I8 < 0.01,
I p < 0.001, LIEp < 0.001 vs xEE) L, T.5
Bia— FIEHEDET (28 p < 0.001 vs NEH B
LU a-GPDEMDOET (I Bp<005 I8
p < 0.001, IE#¥ p < 0.01 vs XEREE) MWD S L,

* =

RIERRK B & UERIICHER & 1 Tw 2 HEFREA
D%, FRBARN T SRR ERN G T
BZETHREEL, ZOBRMAPFREKINLE H
ETL, TZE2SORRBHE SV E Y (thyroid-
stimulating hormome, BLF TSH & B8) HBOFIE
5L, HRIRE%E¥T 3 2 goitrogen & b
N Twa, —58, MFEET 2 T,04 80%iik

Table 6. Hepatic T4 5'-deiodinase, GPD and renal Na-K ATPase activities.

Experimental No. of rats T4 deiodinase GPD Na-K ATPase
group : (ng T3/h/mg-prot) (umoles/min/mg-protein)

PTU 6 0.9%0.1 1.9£0.2 0.59%0.04

T4 6 4.9%0.6 § 2.9%0.3 § 0.74£0.03 §
T4+0.2mg THB 6 6.3£0.8" 2.7%0.3 0.70£0.07
T442mg THB 6 2.8%0.7 2.6%0.5 0.65%0.02**
T4+10mg THB 6 2.8+1.5* 2.4%0.3* 0.60%0.05™

§ p<0.001 vs PTU group, * p<0.02, *p<0.01, **p<0.001 vs T4 group.

Values are expressed in mean=+SD.

Table 7. Effects of THB administration on serum T4 and T3 concentrations, hepatic T4
5'-deiodinase and a-glycerophosphate dehydrogenase (a-GPD) activity during

fetal and nenatal period.

Experimental groups Control I I I
Number of samples 6 6 6 6
serum T4 (ug/100ml) 2.7£0.3 2.7%0.2 2.7%0.3 2.0%£0.4%
serum T3 (ng/100ml) 9618 65+8* 46£6™* 4148"
Pl LO7£0.17  0.52£0.11%  0.66£0.12%  0.540.08"
aGPD 38.6%£6.2 31.5%2.9¢# 25.5£3.4* 28.6+3.1*

(M /min/mg-protein)

Group [;

THB (10 mg) was injected in mother rats for 2 w pre- and postpartum.

Group H THB (10 mg) was injected in mother rats for 2 w postpartum.
Group III THB (10 mg) was injected in lactating mother rats in the 2nd week after birth.
Values are expressed in mean=SD. # p<0.05,

*p<0.01, **p<0.001 vs control.
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HELT QP Led2BO7z/—1EBE @
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F9NE ¢-GPD H TG RINCRIG L KB T T/
R ERABEL Lc#Buc Kk 3 LIRELS, %
7o Lo EMIEREA LTV B Na-K ATP 77—+
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o0 T, HHBFIZOVWTLSBOMENLETH
5. LoLads, THBD2=— 7 2 BiRRERLE
RMFHEERIE, SHFREALE Y OERKE
DR S & VERRIGR DA TEN R FB LR 25,

&

1. Ao EEsET 2LEWED T,5-5 3 —
FIEMEEESR 2R3 L, THB 8 T,08&HEL T
HHILERHLI,

2. THB® T,5-Bi 3 — N 35 M 400 % 20 8 13,
NADPH 5 & U GSH O WBEFZOHEIMC & 0 B L
s,

3. THB iZHWRBRAT T, & ToDEEL % 11141
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B, FRXOEEX, 2nd Asia & Oceania Thyroid
Association Meeting (Tokyo, 1982) # & UF 7th Asia &

Oceania Congress of Endocrinology (Tokyo, 1982) &%
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Abstract

In an attempt to find out the specific inhibitor of thyroxine (T4), inhibitory effect on hepatic
T4 5'-deiodination was studied with phenolic, phenylic and imidazole ring compounds containing
functional keton group; 2, 4, 4'-trihydroxybenzophenone (THB), 2, 2, 3, 4, 4'-pentahydr-
oxybenzophenone, 2, 2', 3, 3', 4, 4'-hexahydroxybenzophenone, 2-aminobenzophenone, 3-
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methylbenzophenone, quercetin, 2, 4-dihydroxy-methylbenzophenone, 3-benzoylhydratropic
acid, 2', 4', 6’-trihydroxypropiophenone, @[3(2-chlorophenoxy)phenyl] propionic acid, dip-
henylhydantoin, spirohydantoin and ophthalmic acid. Among these compounds, THB showed
the strongest inhibitory effect and its fifty per cent inhibition dose (IDso) was 10°M. The
inhibition of T4 5'-deiodinase by THB was competitive with the substrate T4, and was not
affected by the supplementation of NADPH and/or reduced glutathione, cofactors of T4 5'-
deiodinase. Combined use of 10°°M THB with 1077-10"® M propylthiouracil (PTU) exhibited a
marked additive effect on T4 5'-deiodination. In cultured porcin thyroid cells, 10°°M THB
stimulated T4 release into medium, but intrathyroidal conversion of T4 to T3 was reduced. THB
inhibited also the binding of ' *°I-T4 to hepatic plasma membranes and to T4-binding globulin in
vitro. The subcutaneous administration of 1-2 mg THB for 2 weeks to growing rats produced
decrease in body weight gain, thyroid weight, intrathyroidal hormone contents, serum triiodo-
thyronine (T3) level, hepatic T4 5'-deiodinase, a-glycerophosphate dehydrogenase (a-GPD), and
renal Na-K dependent ATPase activities. Despite these changes, serum T4 level remained within
normal range. Combined use of PTU with THB exaggerated these changes in addition to goiter
formation and depression of serum T4 level. The administration of 10 mg of THB to pregnant or
lactating rats revealed again reduction of serum T3 level, hepatic T4 5'-deiodinase and a-GPD
activities in the neonates in accordance with the critical period of thyroid hormone actions in the
rats (1-2 weeks after birth). These results indicate that THB stimulates T4 release from the
thyroid gland, but competitively inhibits T4 S'-deiodination and T4 binding to receptor in
peripheral tissues, producing a unique form of hypothyroid state. THB may be a potent tool for
the study of thyroid hormone actions in the target organ.




