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Effect of y-ray lrradiation on the Activities of Monoamine Oxidase
in Rat Brain and Liver

Joo Young Kim, M.D.", Myung Sun Choi, M.D.Y and Myung Un Choi, Ph.D.?

'Department of Radiation Oncology, College of Medicine, Korea University, Seoul, Korea
2Department of Chemistry, College of Natural Sciences, Seoul National University, Seoul, Korea

In order to evalute the effects of radiation on mammalian neuronal system, we have examined
the effect of gamma-ray radiation on the monoamine oxidase (MAQ) activity in monoaminergic
neurons. Following the whole body irradiation, MAQ activity in the rat brain was measured as well
as in the liver for the comparative studies between the neuronal and nonneuronal system. The
effects of some radiation protectors and sensitizers were also examined in addition to the O,
effect.

The results can be summarized as follows.

1) The MAO activity of rat brain was minimaily affected by the radiation dose up to 1,700 cGy.
Radiation dose above 2,500 cGy inhibited the brain MAO activity by no less than 10%. MAO-A
form was found to be particularly sensitive to radiation. The liver MAO was somewhat inhibited
(by about 5%) but hardly dependent on the dose of radiation.

2) The inhibitory effect on the brain was initiated immediately by the radiation dose of 2,500
cQy. On the contrary, for the liver, the inhibitory effect became apparent only 2 days after
irradiation.

3) Two days after a dose of 2,500 cGy, Vmax and Km of the brain mitochondrial MAO
decreased. For liver, Vmax decreased while Km increased, which indicates the kinetic patterns
for the neuronal and nonneruronal systems are not affected similarly by radiation.

4) The effect of several known radiation protectors and sensitizers on MAQO activity was tested
but no definite results were obtained. The level of -SH group increased in some degree upon
radiation but not by the compounds.

5) MAO activity was not affected by O, concentration, while an elevated level of lipid
peroxidase was found under the same condition.

The results described here indicate that characteristics of MAO, one of the most important
central nervous system enzymes, are liable to radiation, which is partially differentiated from the
liver MAQ. Also indicated are that the -SH groups are hardly related to the effect of radiation but
the production of the lipid peroxide seems to be somewhat correlated to the effect of radiation.
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2. Al o

Kynuramine 3} 4-hydroxyquinoline, 1,1,3,3,-te-
traethoxypropane (TEP), 5,5'-dithiobis 2-nitro-
benzoic acid (DTNB), cystein & Sigma Chemical
Co. (St. Louis, U.S.A)ell A U 3lgl.e, 2-thiobar-
bituric acid (TBA)«= Hayashi Pure Chemical In-
dustries, Ltd. (Osaka, Japan)e] A& A&£39ic)h
Radiation 3ol 41 2] “chemical effect”& #3317 9
g Aol A3 AekE diamide, buthionine sul-
foximine - (BSO), 2-oxo-triazolidine-4-carboxylate
(OTZ), diethylmalate (DEM), N-ethylmaleimide



(NEM), clorgyline2 Sigma chemical 3]} A& o]
=], L-ascorbic acide shinyo Pure Chemicals Co.,
Ltd. (Osaka, Japan)e] #-%, =223 misonidazol&
YL 2(ara) F4siAe) F 100%42] o8
88 A1°F(Lot No. T81195)& A}-&3tdet, 7|et o

Al 25 AFE T ALE ek
3. WA =}

WA A nedidta o) eeke] ZHE-60
AAAB7]E o]-&3le] SSD 60 cm AzlollA &A}3}
Ak, Invivosl 734 AolglE Wistar 3 (4F) & ol=
HE gL E Foll ol FAo)x] Z3A &F WAkl
ZAEE #H 9 4ol whal 10 emx 10 om, 26 cm X 26
cmell A £5 =g 266 cGy, 303 cGyE A8k
on, Al AL glsle] Aal] THEo A4F
A AFL WAt 24§ 48417k0] At Holl sl
Ak In vitrog] 7$-o= 2 ¢ g tissue homogenate
Z A ¥l 247 15~20 miAd P93 ALe Ae H)
o Aol Fro} wALd ZALokE 10 cmX10 cme.E sod
25 Gy =& 50Gy ZAHg 5| AGARZ §7A 247} o
Woll A st el

Hyperbaric ®+= anaerobic Z73tol| 419 AH L
S8 el91=- el hyperoxygen (0,) 3 nitrogen
(N2) gas flushing Aol &= samplee] ©7 Ad P&
rubber cape.E =2 F 10 cm 7}8kE = FAlulES

Lo} AL2-3lgicy,
4. F 2 5LE| Assay Source?| 2|

AF oF 475 Wistar & Adle] 2 H9} 74
+ %A Aol assay source® AE3lgich HER
B S48 H2]8k 92 Choigl Suzukig] uly2e
o Wk}, &, whole braing 0.32 M sucrose (10%
w/v) &Aule| A Elvehjem homogenizerg AH&3}ed
overhead motorE. 53] strokested homogenationy)
t}, Homogenates Sorvaill RC5CE AlE-z] 7o)
$5-34 rotorg A3k 900X goll Al 154 412 2] 3}
2, 2 4F4E HsA vh] 11,000x goll A 208 %
Al 82 3l o} Q& crude mitochondria pellet (P,
fraction)S A& H#-3]¢] 1/3ukZ-9] sucrose £lo =
suspension3te] (0.8~1.0 mg protein/100 pl) A&
slde, 712 sottocasa 5¢) #he) ulz} AA ot
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A4 5u0¢] 0.25 M sucrose Llulol| 4] ultra-turrax
homogenizer & 3024 33 7o} A ¥ s homoge-
nates i}, olF ciA] 2v)¢] sucrose &oi-& tidl
of 3024 23} 2o} Al FAe 15ve ¥z
homogenationdt 7 (0.6~0.8 mg protein/100 xl) &
FAado 2 At HEde Fel 28 4°C

o] 315 =5t o},
5. Monoamine Oxidase?| #ZE& &3

Monoamine oxidase (MAO)¢] & X+ Mayanil
T W% wgtony, 713 kynuramine®| FE9}
Fglef pH, 22l 9 A7 58 AES F 4
2% A4 sk oF 1 mg proteino] el
& %L 0.05 M Tris-HCI buffer (pH 8.5)¢} 0.08

M MgCl,, 8] 0.11 mM kynuramine-& 23, &
FH9E 30 miz %FE o5 37°CellA 1417E Fab db
SAA we EFE-& AA AldlS 0.5 M Tris-HC
buffer (pH 8.5)2} 0.08 mM MgCl,, 28|32 0.11 mM
kynuramines ¥3, HEHIE 3.0 mE 2F o
37°Coll M 1412} Fab d-3-A A et ube EFEE A
24]El5 0.5 M NaOH 0.2 mig} 10% ZnSO, 0.4 miE
ol ub-g-% FAAI A, A-2olA 308 o4k whA A
7IAd, EBx v 250 5 AR Fof 3 HAAFo|
A7 table top H¥AlE] 7] (Hanil Centrifuge Co.,
Ltd., HA-1000-3) & A}-&3}ed 3,000 rpmel| 4] 1027}
HARested 1 AEAE A Fshe 330 nmoll4 §3
E3e dgdth uvak &AlelE Shimadzu spectro-
photometer UV-120-02% AH-&-3}gict. 34 opti-
cal density (0.D.)+ 4-hydroxyquinolineg- A}-8-3}o]
Q-2 standard curves} v]arsted A= productE n
mole/mg/ protein/mine. 2 Yellict, MAO %%
£ duplicate® Z4stHon, 3 o] Aol o
el A 5% o9 eXE HeFlrh Kinetic
parameterZ 73517] &4 kynuramine 552 v}y
7t MAOS 5% % 73k, MAOe] tidt 7+
F getEe dE AR AN EEE 4] 7
FFEY A2 2 & 02mME g s
Misonidasol®] 7%+ 0.1 mM),
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& o]&35lgdt}, 200 w9} assay source (¢F 2 mg
protein)ol] 8.1% SDS & < 200 p 19 20% acetic
acid-NaOH buffer (pH 3.5) 1.5 ml, = & 1= 0.57%
TBA (thiobarbituric acid) &8 2.1 mI& do| L
95 4.0 mie]] ¥& vh 95Col|A 1417k &<l 7H2 s
of LA 24" Eei& 43 F n-butanol:
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HojFgit), o] Egrg-all-g Zhekgl fAlEe]r]elA 4,
000 rpme.2 1587k d4ldedt & F715% #
532 nmollAl¢] £3% #E ¢k TEP (1,1,33,-
tetraethoxypropane)& A-&3led IFFAE 5HEo
o, o]z xE A= malondialdehyde (MDA)S] n
mole¥ lipid peroxided] gro 2 AL 4 o),
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o} 3}gt 7 45 ethanolz AE F 37] FolA A
ZA Ak o|2A A 1ol DTNB dipotassium
salt® cysteinyl group &4l A&}, -SHE
AeFsly] 98 <k 300 pg proteino] 0.05 M Tris-HC!
buffer (pH 8.4)2+ 0.5 mM EDTA, 0.2% SDS, 8|1
05 mM DTNBE ¥, % F97H1.0 miz =A%

& 22 412nmellA AAR 5-thio-2-nitroben-
zoate aniong| xztA oo FF=E ¢lch A
9l cysteing k& 0.D./100 xg proteine. 2 e}
Yoo, 7% m2}Al cysteing ol&3ted 27l XF
242 ulelo 2 100 pg protein & &1 3l+& oys-
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Fig. 1. Dose-response effect of y-ray radiation on the
MAO activity in rat brain. A, the activities of
brain homogenate without clorgyline; B, the
activities with 5 mM clorgyline.
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Wistar #& 283 4z o¥]) A 23 MAO
FEx 23 A7|E YA 2AF 4841700 7HE A Y
3 Ao Aekedeh 22la MAOCS FEEE i3
ol whel F)H o2 Walni sheahat 2 A
o] YL FA3Ach A 2AAR %E MAO
gExo] WgE sy 8 PAAAZE 2t
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Fig. 2. Dose-response effect of y-ray radiation on the
MAO activity in mitochondrial fraction of rat
brain.-A, the activities of brain mitochondria
without clorgyline; B, the activities of brain
mitochondria with 5 mM clorgyline.

Al A& 3 MAO 7] & kynuramine & MAO-A s}
MAO-B2) % Hejs] MAOS] o3 c} kel Hick,
ek Fig. 1A MAO-As} BY] 355 34 e}
v FH, 1,700 cGy7Hl & F7ke) Aalatg-o] B3s

2} 2,500 cGyFHE o AFHA FE27t Fof 5,
000 cGysll = 15% olAe] BEw7t 743lgdch
Fig. 1IBE MAO-A?] 522 Heidoz wk: clor-
gyline EAR3elA Agsldod, 2 47 MAO-BY
FFEE 2,500 cGy ol4e] FFAZAXE 2 FF
=7t # £9J59h 3 MAOE 2 mitochondria
o} whg Mz el EAldcty dEiA glomz ¥ A
s}kl o o 2 ¥-¥] mitochondria (P, fraction)& £-2]&}
of MAO #E=% S48 rh(Fig. 2). o] A¥=A
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Fig. 3. Dose-response effect of y-ray radiation on the
MAQ activity in rat liver. A, the activities of
whole liver homogenate; B, the activities with 5
mM clorgyline.

M vl 22 MADS ZExrl A= o,
Fig. 2A ZA 3= Fig. 1A%} vl=sh 1,700 cGydll A=
MAC 3 =7} 3 Fol& AXAE Lyl MAO-A A
A clorgylines 42 Fig. 2B A ¢} 55 & 54
Al Hlof vizkela] ol MAO-B 3557} yhAbAl
Aol ® of gkg W AAE Byt o Aie A4
st & o} A3k Fig. 1B9} WA 8kA] ebghed,

WAL &AL 2% AAF W] Al A 2R A
Al FFAFg] FE 14 FEEE 24
Aupd o 8 MAO &55 % oF 5% Welrt
v AL 2ol whelAl 3 HoedEa] ek LEHFI
3). Clorgyline &3l A= 22 478 HojFm g
o] 7k2] MAO-A9t B WhAtAlol oidl 3k w5t
Ak e Ao 2 7 =k (Fig. 3B).
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Fig. 4. Alteration of MAO activities in brain after a
dose of 2,500 cGy. A, the activities of whole
brain homogenate; B, the activities of brain
homogenate with 5 mM clorgyline.
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Fig. 5. Alteration of MAO activities in liver after a dose
of 2,500 cGy. A, the activities of whole liver
homogenate; B, the activities of liver
homogenate with 5 mM clorgyline.
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Fig. 6. Kynuramine dependence of brain MAO activity.
The enzyme kinetics of A was carried out 2
days after a dose of 2500 cGy. B is the
Lineweaver-Burk plot of A.m, control kinetics
of brain homogenate; #*, control kinetics of
brain mitochondria fraction; +, irradiated
kinetics of brain homogenate; T, irradiated
kinetics of brain mitochondria fraction.

2} Vmax 3+-& Al4bsei o (Fig. 6B), 8A Al =
o AL wlwatyd A4 shale] 749 W T4
zpo] ub-& o F9 o} P, Bl A& WAMA Z\-*F‘F—
Km k2 0.023 mMeoll4] 0.017 mME £ 5%

Vmax k2 4.52 nmot/mg protein/min of 4
nmol/mg protem/mmy_i ulA A}, o)EEAbA =
A& mitochondria®) MAQS &AEA o)A

HE A o] ol BE FUHEA Y BFE
Hoz ZraHRTS Rl e MAOY At
Vmaxoll & ekzke] 7‘}_/;7} HaE} Km ghe 734
AA g lel A whald 24 0.073 mMellA 0.
086 mMz. F7} 3{‘1 =] mitochondria ¥-&9] 7% 0.

ﬂ
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Fig. 7. Kynuramine dependence of liver MAO activity.
The enzyme kinetics of A was carried out 2
days after a dose of 2,500 cGy. B is the
Lineweaver-Burk plot of A. B, control kinetics
of liver homogenate; *, control kinetics of
liver mitochondria fraction; +, irradiated
kinetics of liver homogenate; G, irradiated
kinetics of liver mitochondria fraction.

Table 1. Effect of y-ray Ilrradiation on Kinetic Par-
ameters of MAO Activity in Mitochondria Frac-
tion of Rat Brain

Irradiation Km Vmax .
(cGy) (mM) (nmol/mg protein/min)
control 0.030 5.9
1,000 0.028 5.3
2,500 0.025 48

037 mMoll4l 0.047 mME Z=713-&S el Eo
(Fig. 7). webd 7ke] MAO+E 9t 24 7]Hd
ek #AsFAde] ) A4S BoFo] o] kinetic
parameter A4] 9} 7k8] MAOZ Z2F £l A 34
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Fig. 8. Effect of y-ray radiation on the kinetics of brain
mitochondria MAO. The enzyme assay of A
was carried out 2 days after irradiation. B is the
Lineweaver-Burk plot of A. W, control
kinetics; +, a dose of 1,000 cGy kinetics; %, a
dose of 2,500 ¢cGy kinetics.

A 3 Wi 98 Bl 9ok

¥ MAO Z4¢) Whg4s 2 W3 p4e & o
A5 ghel7] H8 BA ZAM ol wHE MAO &
Sxo WaE DAY (Fig. 8). o] A7 Fig. 6o
Ao} o] ZApAT] Zbekol ahet Km 3kah Vmax
zro] 7 20153 Ylc}(Table 1).
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= F7HA 3HHe-E F913te cysteinyl groups AlA
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Fig. 9. Effect of some chemicals on the MAO activities
of rat tissues after the irradiation of 2,500 cGy.
A, the activities of brain mitochondria fraction;
B, the activities of liver homogenate. O, control
activities before irradiation; g3, activities after
irradiation. a. no chemical; b, diamide; ¢, buth-
ionine sulfoxiamine (BSO); d, 2-oxo-
triazolidine (OTZ); e, ascorbic acid; f, N-
ethylmaleimide (NEM); g, diethylmalate (DEM);
h, misonidasol.

imine (BSO), 2-oxo-triazolidine (OTZ), ascorbic
acid, N-ethylmaleimide (NEM), diethylmalate
(DEM), misonidazol o|=], WAL &A} AZe] o]
B3HEE9 MAO gt 4 3E invitroZ ®la =
(Fig.9). AR o2 53 J3F BAHA dke
1}, BSOu} ascorbic acide] 7 7kl 4] wi-¢ =|=]&
23 277 gle AAYE 2Ad=k H AF N-
ethylmalemide (NEM)7} MAOE 258 AAY el
wou}l 355 Aoigte] yobd Wgntdt Aoz et
7] o} 2} &=, 712 7% buthionine sulfoximine



0.6
A
0.5 -[ I I
< - i
©
g_ 0.4 % ;[ 5 I _
o /, / z =
3 2 . 2| Ix 7
8 O.SW 4 ; 2R
Q 4 2 y
a &
o: 0.24 { 4 / ’
: -
g ot / ny
2 %5 2 “
c <. rI;EA:' /;ﬁ 7 :?:l ”
a b ¢ d e f g h
0.6
s os [V - Y
<t /| . L, |
2 S
o 0.44 4 A el | B
3 7 / .
% 0.3 ’7?
a : N ;
o g 11H | E ;:’
£ 0.21 : e E ;
& 4 “ 11 F 7
o . 2 2R o
0 . i i ‘ 4 & . 3

a b ¢ d e f g h

Fig. 10. Effect of some chemicals on the levels of
cysteinyl group in tissues of brain and liver
after the irradiation of 2500 cGy. A, the activ-
ities of brain mitochondria fraction; B, the
activities of liver homogenate. 1, control activ-
ities before the irradiation; [, activities after
the irradiation. a, no chemical; b, diamide; ¢,
buth ionine sulfoxiamine (BSO); d, 2-oxo0-
triazolidine (OTZ); e, ascorbic acid; f, N-
ethylmaleimide (NEM); g, diethyimalate (DEM);
h, misonidasol

(BSO)e] ofzbe] RIA2A A& A ek &
cystenyl groupel g shliAo] Fzel rlgo F
g 98-S gk dEA glo] YA ZAFS) -SHY)
&) wistekas SyH o2 AR (Fig. 10). o] 4
YoM = HEd 325l 93 & 93k s
23 o1} (diamide} NEME -SH71E AAZ), &4
B AL HolAE AN 2AS SHAT 7 223
7k A9 7 Fokshe Aoz vehge,
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Fig. 11. Effect of oxygen on the activities of MAQ in rat
tissues after irradiation. A, mitochondria frac-
tion of brain; B, whole homogenate of liver.
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Fig. 12014 243k Aubd AL 0|3 2713}
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Fig. 12. Effect of oxygen on the levels of lipid peroxide
in rat tissues after the irradiation. A, mitochon-
dria fraction of brain; B, whole homogenate of
liver,
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Monoamine oxidase+ histamines-& thalel]
ofslod o] 5] QA & 2RI H o] Ta &
5 W3 AAe e Al g g =R
oy, B Ao s MAOY HHALA o 3-g BAE7)
A8 AE A 2AE = MAOSY] B4 W3HE wj4l
7AAQ 7k A3} vlamateeh o37]A e WARA
2 9Co Ao B thE A4 2 ouiA AAAAFAE

2E o) 2P, MAOY 7| 2= Ag T} By o} =}
231 kynuramine$ AHglom, 7Pl wel AY
MAOel A" o 2 2231 inhibitor& clorgyline®
A7bslgich, Fig. 1ollA AEG A F5A 7ol o
& MAO 255+ 2,500 cGy ol 4] Aol A £-214
et JehFoen, ez o 15%=2 -
neutronell &k 30% o|Ate] Zhaw ohe A el
o, MAOE AlZWo4 FZ mitochondriao &4
Steg o] Y& w2 A 4y A (Fig. 2) = ¥]
satAY g7t o] FEEot e Aoz vEhgh
MAO-A2] A#A clorgylines] 93 MAO-BY 2%
ZE AvEeR pAlo | d3pie oz vehd,
MAO-AZ} Azt olxdx o dggekes AMist o
Ay, w|AAA 249 7] MAQO gk A3
(Fig. 3) ¥9 MAORTI 1 B5Ert & FolElle
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Fog FAF Ao itE MAO 55 W3s B3
SicHFig. 49} 5), AYL 397k Ao (ZAA
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), AAE FuEAE A 222 MAO7} A7kl o
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