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Effect of Thyroid Hormone on Rat-Heart Monoamine Oxidase Activity

Kazuo ICHIKAWA
Department of Medicine, Institute of Adaptation Medicine,
Shinshu University School of Medicine
(Director : Prof. Takashi YAMADA)

In an attempt to study the mechanism by which iz vive administration of thyroxine (T,) influ-
ences monoamine oxidase (MAOQ) activity, rats underwent thyroidectomy and/or daily administration of
100 or 200 pg/kg of T, for 7-14 days, MAO activity in rat-heart outer mitochondrial membranes
was not altered by the i vivo administration of T,, and T, did not alter MAO activity directly in
vitro. But normal rat heart 105,000x g supernatant fraction markedly inhibited MAO activity in
normal rat-heart outer mitochondrial membranes.

Analysis of hypothyroid rat-heart 105,000 x g supernatant by Sephacryl $-200 column chroma-
tography gave a few fractions that showed slight inhibition of MAQ activity in normal rat heart
outer mitochondrial membranes. In the hyperthyroid state, three fractions containing MAO inhibi-
tory activities were obtained, Their approximate molecular weights were 35,000, 17,000, and 8,500,
respectively, The smallest one was heat-stable, but the others were not. The findings that neither
bovine serum albumin, rat serum, and human serum, nor such ions as Ca**, Mg*", Na*, and K*
in low concentrations inhibited MAOQ activity in rat heart outer mitochondrial membrans ruled out
the possibility that either serum, contaminating rat heart 105,000xg supernatant, or changes in
ionic strength during T, administration inhibited MAOQ activity in the outer mitochondrial membra-
nes., Fraction B obtained by Sephacryl 8-200 column chromatography inhibited MAO activity when
the outer mitochondrial membranes were used as an enzyme source, but did not inhibit the MAO
activity of solubulized MAO fraction, suggesting that the inhibitory fractions exert their function
by affecting outer mitochondrial membranes,

These data suggest that T, administration in vive stimulates the synthesis of certain proteins
which affect outer mitochondrial membranes, resulting in inhibition of MAOQ activity, Shinshu Med,
J., 80:597—608, 1982

: (Received for publication August 10, 1982)
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Localization of MAQO activity in normal rat heart

[“Cltryptamine oxidized
(nmoles/0, 25ug protein per 20min)

Treatment MAO activity
A unheated B heated (A-Bj
Quter mitochondrial membrane exp. 1 22.40 0.07 22.33
exp. 2 21.06 0.07 20.99
Inner mitochondrial membrane exp. 1 175 0.06 1.69
exp, 2 1,65 0,05 1.60
Microsome exp, 1 1,50 0,07 1.43
exp. 2 1,46 0.06 1,40
105,000 x g supernatant exp. 1 2.45 0.07 2.38
. exp, 2 1,28 0.06 1.22

Fractions prepared from normal rat hearts were preincubated at 0°C (A unheated) or
at 96°C (B heated) for 10 min before measuring MAO activity, Data are the mean of

triplicate determinations,
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Fig. 1 MAQ activity in outer mitochondrial membranes obtained from normal rat hearts. Fig.
1.A shows the relation between MAQ activity and the amount of outer membranes.
The time course of MAQ activity of the outer membranes is shown in Fig. 1-B. Assay for
MAO activity was done at 34°C (—-—) or at 0°C (—o—), Points are the mean of duplicate
determinations,

Table 2. Effect of the cytosolic and microsomal fractions on MAO activity in outer
mitochondrial membranes

MAO activity

Number of Fraction added A :
Grou " ; oles/0. 25 itochondrial alue
P determinations {50p1) (,Iﬁrenmbra{ne pﬁﬁcerig per 20r1;1in), PV
5 buffer 22,4--0,18
microsomal fraction
B 5 (40ug protein) 18,040, 67 A vs B p<{0, 005
c 5 cytosolic fraction 10,240, 64 A vs C p<0, 005

(40p2g protein)

Outer mitochondrial membranes, microsomal and cytosolic fractions were prepared from
untreated rat hearts. Data are the mean + SEM.

V—bLyE RS Exifa4T > CTHI0E B X » 7 A 2002g/kg/H O T,
Table 2 LRT X351, Fv bOS P2V FY RS LIS v MiToTilA Ty PERIEL T2
THHEI T B MAO BT L, 3/8mY—asy 5&, Th¥h0.480.054g/100m], 28.8+1,8ug/
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Table 3. Effect of T,-administration on MAO activity in outer mitochondrial
membranes and the cytosolic fraction

T, concentration MAO activity (nmoles0. 25/ug protein per 20min)

Treatment : 3 z
in serum (ug/100ml) Outer mitochondrial : :
membranes Cytosolic fraction
Thyroidectomy* 0.48+0, 05 28,7+1.4 0.72+0,01
Thyroidectomy** + T, 28,80-£1,18 27.6+1.2 0.68+0,02

*5 rats were thyroidectomized and used 10 days after operation.

#*T, (200 pg/kg) was administered to 5 rats subcutaneously once a day for 7 days beginning
10 days after thyroidectomy. Data are the mean+SEM, There is no significant difference
in MAO activity between the two groups.
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Fig, 2 Changes in gel filtration profile of MAO inhibitory activity during T, treatment in rats,
Rats (5 animals) were thyroidectomized. 105,000 x g supernatant of heart homogenate was
prepared 10 days after operation. Cytosolic fraction (480 mg of protein) was applied to a
Sephacryl $-200 column (2,0x60cm) which had been equilibrated with 10mM potassium
phosphate buffer (pH 7.4). The activity of MAO in the outer membranes was assayed in the
presence or absense of each fraction (Fig.2-A). The gel filtration profile of inhibitory activities
in cytosol derived from T, (100ug/kg daily)-treated thyroidectomized rats is shown in Fig. 2-B
(Ts administered for 7 days) and in Fig. 2-C (T, administered for 14 days). 480 mg of protein
was applied in each case. Fig. 2-D shows a gel filtration profile of inhibitory activities in
heart cytosol prepared from T, (200 ug/kg daily for 10 days)-treated rats which had previ-
ously undergone a sham operation. In this case, 320 mg protein of cytosol was applied to
the column, The MAO activity in each fraction was found to be in the same position as in
Fig. 2-D. Total activity indicates enzyme activity in the absence of cytosol. ‘
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EMIIHE R R T OB bR,

HIWD T » MIZEWT, M Ty TelithTh
11,532, 23 #g/100ml, 3.6620.44ng/ml T -7,
Fig. 2-C /T &<, B, CTRLIc MAO iEi

Effect of serum and bovine serum al-
bumin on MAQ activity in outer mito-
chondrial membranes

Table 4.

Added substances 9% inhibition

Buffer 0.0
Fraction B 56.9
Fraction C 41.6
BSA 0.6
Normal human serum 0.4
Normal rat serum 1.2

Fractions B and C were obtaind by Sephacryl
S-200 gel filtration of T, (100ug/kg daily for 14
days)-treated thyroidectomized rat-heart cytosol
(Fig. 2-C). Added substances were diluted in 10
mM potassium phosphate buffer (pH 7.4) and
adjusted to 30 pg/ml in final concentration in
the incubation medium. Data indicate the mean
of duplicate determinations,

MEEIh B A TR AME R & BRI » 7o,

HAPDF » VBT, M Ty, Tetkthth
55.3--10.8 #g/100ml, 17.842.4ng/ml THH, &
B 7 RIS T R AR R 7R L C e Fig. 2-D 12
BT o E K, XhI MAO FEMMEIEIEN B &7
D, ATCHRUCIHERLRTES, B, COEM
EhAMITREH IR, CoORTBWTH LR
51z, 105,000% g LESEIIRSG EHD MAO EMHT,
MAO FFEHEMGIRRE2 R34 Lok 2 © 2 (vold
volume OHZE) WiFH Shiz,

D Sy bEIarFUTHEO MAO Eik

CRLFTMFERSOE
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R REET B ST X B TR H 5. LiL,

Table 5. Effects of Ca?t, Mg®*, Na*, K*, and EGTA on MAO activity

Added ions 2 of MAOQO activity
Concentration (mM) 0.02 0.04 007 014 028 057 114 227
CaCl, 98.9 103.6 97.1 90,7 91.8 92,8 92.7 90.6
MgCl, 104, 4 99,1 98,0 100.4 105.8 99,8 100,4 89.4
NaCl, — — — 9.8 — — — 98,6
KC1 — —_ —  102,8 — — — 99,6
EGTA 95.2 93.8 92.3 99,0 95,1 84,5 L — —

QOuter mitochondrial membranes obtained from normal rat heart were used as enzyme source.
Data indicate the mean of duplicate determinations.
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Fig. 3 Effect of inhibitory fraction B on MAO activity.

Hearts of T, (100 ug/kg daily)-treated thyroidectomized rats were used as the source
of inhibitory fraction B (inhibitor) which was obtained by gel filtration. Actions of inhibitor
on outer-membrane-associated MAQ activity (Fig. 3-A) and on solublized MAOQ activity
prepared from the outer mitochondrial membranes (Fig. 3-B)are shown. The MAQ activities
in outer membranes and in solublized fraction were 23,8 nmoles oxidized tryptamine/0, 25
pg protein per 20 min and 147 nmoles oxidized tryptamine/0, 25 ug protein per 20 min,

respectively.

Table 6. Effect of Ty on MAO activity in in
vitro

Added Ty (ng/ml) % of MAO activity

0 100,0
0.05 98. 4
0,10 98.2
0,50 98,2
1,00 98.2
5.0 98.6
10,0 91.4
50,0 98.6

Outer mitochondrial membranes obtaind from
normal rar heart were used. Before the meas-
urement of MAO activity, membrane fraction
was preincubated with various concentrations
of Ty for 30 min, at 34°C. Data indicate the
mean of duplicate determinations,

BSA, TEffe biftiE, EWZ» FEOTEES v b
D r v P Y 7N R B e L - 5,
Zh bk 30 pg/ml OWEICRVTE MAO ik
B 7th -7 (Table 4),
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Table 7. Effect of heating on the activity of
MAQO inhibitory fractions
protein o
ﬁ'icletcilon coacg;.glz)ttion Treatment a/%t?fri%Ao
Buffer 0 100,0
Fraction A 62 unheated 72,2
Fraction A 62 heated 97.8
Fraction B 48 unheated 57.2
Fraction B 48 heated 98,1
Fraction C 22 unheated 63.8
Fraction C 22 heated 60.4

Fractions A, B, and C were obtained by Se-
phacryl S-200 gel filtration of hyperthyroid rat-
heart cytosol (Fig. 2-D). Each fraction was in-
cubated at 96°C (heated) or at 0°C (unheated)
for 10 min, MAO activity in outer mitochondrial
membrane was measured in the presence of these
inhibitory fractions. Data indicate the mean of
duplicate determinations,

E Sy MBI MIYFYTIMED MAO 5B
CHLFTEMREORL

Ca®, Mg®, Na*, K*, EGTA OILEJ» by
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Fig. 4 Calibration of the molecular weights of
inhibitors,

Hearts of T, (200 pg/kg daily)-treated
rats were used as the source of the inhi-
bitors. Bovine serum alubumin (BSA; mol.
wt, 68,000), ovalbumin (mol. wt, 46,000),
and cytochrome ¢ (cyt ¢; mol. wt, 12, 300)
were used as markers,

s bav Y 7D MAO fEikesd % B
LD, SR GEMET 2.27mM DREEZ kT
LTS EEY R XIE a7z (Table 5),

F Sy MBI b FUTIMED MAO 3EM

[CdL(FT in vitro To Ty OFE

FORI A LB VASEHAOLEE $ = v B Y 7 AR
LT MAO 1% P 5 WTREE A HRE 4 5 e,
in vitro WB\T, Ty & 50hg/ml Mz 7ch’, EF
Sy b PV P Y 7AMED MAO &ML % »
Fo S By 5t leh o e (Table 6).
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MAO EH 3 L T i IR R AR e o
(Fig. 3-B). [OFERE, HEA, CERAVIHE
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H S MOE105,000x g F75 & UiB bz MA-

O SEMMENE (C o LT OMET
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Sephacryl 5-200 7 5 A2 m< 757 4 —&
Ty WMOHB RO EO KR L toN TR
HEET B &, 35,000 (AYEIA), 17,000 (4EIB),
8,500 (SEC) TH-7 (Fig. 4,
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Lo Th MAO GBI FLRD B hic (Table
7o

I\ %=
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EEEERT B RN ERIORV I LD, ALB
o subtype 40 HAID-D), Zh ik BRI RE
RRBI X 0 Bin - 8y 20T 5, FRIRIBBHEITHER
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Z2C, EHET v MOFT b= v VY 7 AHBEIIER
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i 2 D FRIGEGERIBIC 31T B, § v D 105,000
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Fig. 2-B, C R LizZ &<, 220 MAO #EEN
HAEAEB LI, XBERED Ti¥RE LIt h,
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size Tibb, ZOWHWMEEERE MAO Eits
EFSEB0 TR, § Fav Py 74 EY
bk 2WHNC MAO EERIIMTA b0 L E2D
iz

A, B, CoEHEICE s MAO HEMHWE
OHTEEMETHE, AIXBD, F/BRCo 24
THY, AlXBD, Fiz, Bl Co dimer ¢ % ke
W r SR, ¥k, Crisnmsic b HK4AR MAO
G R B4 5805, Cik MAO #EHHEHIH
WBEORANEME LT by TEE LY HT5
LDEFELZ LRI, TF—2EFLTWinwd, 2lB
YT I XD D MAO RAIIR)RE
9&97&0

ORI AL v D, $ hav Py 7RSE
DA A VBRENELTEZ ELMBbITVWBID,

A F VEIEDOTE LN MAO Ik Es 5 2
BEREE R ST B 72 ¥, Ca?, Mg®, Na*, K%,
EGTA &R~ Mol ibhih-
Toa WRIC, T v MOWE105,000% g RIENEIICEAET
BMEOBELEBRL 2, MHE MAO Eiki
HlLicwborELBRL, BB Ty X3 ta2vF
) 7 A E R &, i vitro CHROERRHE Lz
P 1ZEAEEELh 2T,

BRI A L& oS fFR L, ERERRE
LT 5 EELBRTWBIDDN, = OlEcHk
LRI A L' VIR X BRI RIGTR E OBIOE
BRI SRR SR TV I b, AR MAO 7%
PR O &R0 LiF TR+ v O EHEAY
PERC W TSI LTIV 7o 2%, BRI A2 v
TS & D MAO TN E > &R0 % Tt %
ALl abi, FREHRA2 VI ) ARERY
BN MAO Bl EOLDITRS, $hav iy
S EBERL, P2y PV 7 oiEs e EE
B E B IEFE LTV AR GRS ek Y,
Rk L £ VMR & o T T B AR
T BEDOHELIT > T B AREESRE e, 47,
ZhBOFRE AL vEFEEI N AWHORER, B
IO ERLDMONMB~OE L E2 T &
PRETHA Y EELDND,
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Zy PO PV P PAHE s 5 MAO iE
PEDS, BRI AR vlBE X D X0k 5 i R
3 0E RN,

9, PRESECEMICLD Ty bOFI b v
KU 7AHER o MAO Stk R o &,
Fiz in vitro ITRWT T (XEEES » PO - =
YY) 7HHED MAO SR (LERm & & A3
L,

FZTTw ML 105,000% g FER T v MO 3
Fa v FY 7AECERE & 5 & MAO FEREZEH
A Uy 1S DI E OFFED HER & h e,
BSA, 7 v b, e bInKE, Ca®f, Mg?*, Na',
K*, EGTA #Butahbhd MAO BEHIYT S
MBI EEE, 105,000% g FRFIC RT3 MAO
EEIHIZIEL, BEL T MB350 THh -
oh, ERRAALE v SR LB I P v P 7R
DA F VRIROBIEORBERCHAHTHESE X FE S h
oo & TR A DOFIRIFHAEIRABD 5 v FiIZBWT,
L7105, 000 X g EFFIZIst; 5 MAO Gz R4
Sephacryl $-200 h 54 s m< } 257 4 —& AT
EDIFELL AT &, FRBR+AAE L, 9D
T 17,000 (4MEB) & 4>F@&H 8,500 (43E C)
D MAO JESEIHIGE LR ELEL, I KEDHIR
e vh e 5 &, S FER35,000 (HEA)
O MAO iFHMIE L EET D 2 LIt X » T MAO
EEETIETW 3 2 LR HEIE hie,

SOMEE, §hav Y 7iHES MAO ik
T3 525 TS MAO Eihic LT BB L
WEWAIEEND, b v P TAEEH L TR
BEYRBIFL, OUVTE MAO EERETIET
Wi EEZ BRI,

SHEA, BICEAL IR, BBk h R
fHeEhan, S Cre bhailimErrEbs
nisWiEERETA b0 LELBRI,

RO EEIIPFMS6E10 7, HE547E A Ak (b4,
PEFIBT4E 6 [, HI55(8] A RPINISEARS, IBIS7E
8 A, 7th Asia and Oceania Congress of Endo-
crinology THE L1,

BEE L MR W -7, BET UMM HES
I NEEB TR RERL £,
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