Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/21/11

For personal use only.

Free Rad. Res., Vol. 32, pp. 213-221
Reprints available directly from the publisher
Photocopying permitted by license only

4% 2000 OPA (Overseas Publishers Association} N.V.
Published by license under

the Harwood Academic Publishers imprint,

part of The Gordon and Breach Publishing Group.
Printed in Malaysia.

Inhibitory Effects of Post Low Dose
v-Ray Irradiation on Ferric-Nitrilotriacetate-

Induced Mice Liver Damage

KIYONORI YAMAOKA?*, SHUJI KOJIMA? and TAKAHARU NOMURA ©

AChair of Medical Radioscience, Okayama University Medical School, 2-5-1 Shikata-cho, Okayama 700-8558, Japan;
bResearch Institute for Biological Sciences, Science University of Tokyo, 2669 Yamazaki, Noda, Chiba 278-0022, Japan;
¢Bio-Science Department Komae Branch, Abiko Research Laboratory, Central Research Institute of Electric Power Industry,

2-11-1 Twado-kita, Komae, Tokyo 201-8511, Japan
Accepted by Prof. E. Niki
(Received 15 February 1999; In revised form 7 July 1999)

We studied the effects of a single post whole-body low-
dose irradiation (50 cGy of v-ray) on mice with ferric
nitrilotriacetate (Fe>"-NTA)-induced transient hepato-
pathy. As a result, low-dose irradiation accelerated the
rate of recovery. Based on the changes in glutamic
oxaloacetic transaminase (GOT) activities, glutamic
pyruvic transaminase (GPT) activities and lipid per-
oxide levels, it was shown that hepatopathy was
improved by low-dose irradiation 3h after Fe>"-NTA
administration. This may be because of the enhance-
ment of antioxidant agents such as total glutathione
(GSH + GSSG), glutathione peroxidase (GPX), glutath-
ione reductase (GR) and y-glutamylcysteine synthetase
(y-GCS) by low-dose irradiation. These findings sug-
gest that low-dose irradiation relieved functional dis-
orders at least in the livers of mice with active oxygen
species related diseases.

Keywords: Fe**-NTA, hepatopathy, low-dose ~y-irradiation,
lipid peroxide, antioxidant

Abbreviations: Fe3*-NTA, ferric nitrilotriacetate; GOT,
glutamic oxaloacetic transaminase; GPT, glutamic pyruvic
transaminase; GSH, reduced form glutathione; GSSG,

oxidized form glutathione; GPX, glutathione peroxidase;
GR, glutathione reductase; v-GCS, y-glutamylcysteine
synthetase; MDA, malondialdehyde

INTRODUCTION

It was recently shown that low-dose ionizing
irradiation induced various stimulating effects
on living organs,'?! such as a radio-adaptive
response,[3‘7] and increased life span.[S] With
respect to the efficacy of low-dose ionizing irradi-
ation on its in vivo antioxidant potential, we pre-
viously reported that low-dose irradiation with
radon or X-ray increased superoxide dismutase
activity in various organs of the rat, mouse and
rabbit.”"? It was also reported that the levels
of metallothionein,'"® catalase!’ and of non-
enzymatic antioxidants including reduced form
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glutathione (GSH)''® and thioredoxin!'*'”! were
increased by low-dose irradiation, suggesting
that this irradiation activates the antioxidative
defense mechanism. It was also shown that pre-
treatment with low-dose irradiation inhibited
drug-related functional disorders of the liver
and brain in mice treated with active oxygen
species-inducing agents such as carbon tetra-
chloride (CC1)"® and 1-methyl-4-phenyl-1,2,3,
6-tetrahydropyridine."”) Moreover, it was re-
ported that 50 cGy y-ray irradiation (from *'Co)
before alloxan administration suppressed the
development of alloxan-induced diabetes in
rats,'?” and that inhalation of radon suppressed
the development of diabetes or hypertension in
rabbits.?!! It was also found that when the iron-
complex, Fe>*-NTA was administered to rats,
transient hepatopathy occurred, a response re-
sembling excessive iron disease in humans.?>**!
Oxidative stress due to Fe>*-NTA administration
was considered to have induced this condition.
Therefore, we previously investigated whether
or not X-ray irradiation at a dose of 50 cGy before
Fe’"-NTA administration suppresses transient
hepatopathy in rats.* It is of interest whether
50 cGy +-ray irradiation after Fe’"-NTA adminis-
tration affects the oxidative mouse liver dam-
age. In this study, to investigate whether active
oxygen related diseases can be treated with low-
dose irradiation, 50 cGy of v-ray was irradiated to
mice with Fe>*-NTA-induced transient hepato-
pathy. Moreover, to elucidate the mechanism,
we examined changes in antioxidant agents
such as total glutathione (GSH +GSSG), GPX,
GR and ~-GCS.

MATERIALS AND METHODS

Animal Model

Female C57BL/6 mice, 8-week-old, were obtained
from CLEA Co., Ltd. (Tokyo, Japan). They were
housed in standard polycarbonate cages with
sterilized wood chip bedding and were accli-

mated to the animal facility environment for one
week in a light (lights on 08.00 h and off 20.00 h;
12h light/12 h dark) and temperature controlled
(22£2°C). Mice were allowed free access to
water and sterilized normal diet (CE-2, CLEA
Co., Ltd., Tokyo, Japan). At these experiments,
the whole body of mice were irradiated with ~-
rays from a 137Cs source (Gammacell 40, Nordin
International Inc., Canada) at a single dose of
50¢Gy (117 ¢Gy/min). A sham procedure with-
out v-ray irradiation (sham irradiation) was per-
formed on control mice. Three hours before y-ray
irradiation, a single dose of Fe’*-NTA (7.5 mg
Fe/kg body weight) was administered intraperi-
toneally to mice. One milligram per milliliter
of Fe>* was used to prepare Fe’"-NTA with the
ratio between Fe*" and NTA of 3 to 1.°! Mice
were cut off from food for 18 h before Fe>*-NTA
administration, and then allowed to eat adli-
bitum after administration. The animals were
killed by exsanguination from the abdominal
aorta under anesthesia 6, 24 or 48 h after irradia-
tion when a hepatectomy was performed to pro-
vide liver tissues for study described below.

Assay

(1) GOT and GPT Activities

Blood was collected from above treatments, and
plasma was obtained by centrifugation at 1500x ¢
for 10 min under 4°C. The activities of GOT and
GPT were measured by UV-rate method?®! using
GOT and GPT-test kits Wako (Wako Pure Chemi-
cal Industries, Co., Ltd., Osaka, Japan).

(2) Lipid Peroxide Level

Lipid peroxide, malondialdehyde (MDA), was
assessed by thiobarbituric acid (TBA)-reactive
substances according to the method of Uchiyama
and Mihara” Liver was homogenized in
154mM KCI on ice and reflexed for 60 min at
95°C in the presence of 0.3% (w/v) TBA and 7.5%
(v/v) acetic acid at pH 3.5. The optical density
of colored product was read at 532nm. 1,1,3,3-
tetraethoxypropane was used as the standard
curve and the results were expressed as nmol of
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MDA per milligram of protein. The protein
content was measured according to method of
Lowry et al.®®!

(3) Glutathione Assay

Total glutathione content in the liver were mea-
sured using a modified spectrophotometric tech-
nique.® Briefly, tissues were suspended in
10mM phosphate buffer (pH 7.4), mixed with
ice-cold 10% trichloroacetic acid (TCA) solution
and then homogenized in a teflon-glass homo-
genizer. The homogenates were centrifuged at
14,000x g for 15min. Subsequently 0.5ml of
the supernatant was treated with 3ml of ice-
cooled diethylether and the diethylether layer
was removed with a pipette. This procedure was
repeated 5 times to remove excess TCA. The
final supernatant was assayed for GSH content.
5,5'-Dithiobis (2-nitrobenzoic acid) (DTNB)
was obtained from Wako Pure Chemical Indus-
tries, Co., Ltd. (Osaka, Japan). GSH and GR
(from yeast) were from Boehringer Mannheim
(Germany). (-Reduced nicotinamide adenine
dinucleotide phosphate (6-NADPH) (Type II)
was purchased from Oriental Yeast Co., Ltd.
(Tokyo, Japan).

The sample solution (25ml) was mixed with
1mM DTNB, 733ml of 0.3mM S-NADPH and
10ml of GR 2U/ml). The rate of change in
absorbance was measured at 412nm. GSH stan-
dards (1-20 mg/ml) were analyzed in the same
manner. Glutathione concentrations of the sam-
ple were calculated as mmol/mg protein.

(4) Activities of GPX, v-GCS, and GR

Each liver was homogenized in chilled 10 mM
Tris-HCl buffer (pH 7.4) containing 0.32M su-
crose and 1 mM EDTA using a teflon-glass potter
homogenizer. The homogenate was centrifuged
at 36,000 g for 30 min at 4°C and the superna-
tant was used for enzyme assays. The activity
of GPX was assayed by coupling the reduction
of tert-butyl hydroperoxide to the oxidation of
B-NADPH by GRP% The assay mixture con-
sisted of 100 ul of 1M Tris-HCl (pH 8.0) contain-
ing 5mM EDTA, 20l of 0.1M GSH, 100ul of

GSH reductase solution (10U/ml), 100pl of
2mM NADPH, 650 ul of distilled water, 10 pl of
7mM tert-butyl hydroperoxide, and 10 pl of the
brain supernatant. Oxidation of NADPH at 37°C
was followed spectrophotometrically at 340 nm.
One unit of activity is defined as the amount
of GPX required to oxidize 1pmol of NADPH
per min.

The activity of v-GCS, the rate-limiting enzyme
for de novo GSH biosynthesis was measured by
means of a coupled enzyme assay that evaluates
nicotinamide adenine dinucleotide phosphate
(NADH) oxidation.™ The reaction mixture con-
sisted of 600 pl of pre-mixture solution containing
100 mM Tris-HCI (pH 8.2), 150 mM KCl, 20 mM
MgCl,, 50 mM EDTA, and 0.2 mM NADH, 100 pl
of 0.1M ATP, 100 ul of 0.1 M phosphoenol pyru-
vate, 50 pl of 0.1 M L-glutamate, 5 pl of pyruvate
kinase solution (5U), 5 pl of lactate dehydrogen-
ase solution (10U), 50 pul of 0.1 M L-a-aminobu-
tyric acid, and 90 pl of the liver supernatant. The
NADH oxidation at 37°C was followed by mea-
suring the absorbance at 340 nm. Activity was
calculated using a molar extinction coefficient of
6.22x 10°M ™ em™" and expressed as pmol of
NADH oxidized /min/mg protein.

The activity of GR was measured spectropho-
tometrically at 340 nm in terms of 3-NADPH oxi-
dation at 30°C.*?! Briefly, the reaction mixture
consisted of 840ul of 50mM phosphate buffer
(pH 7.6), 10 ul of 1 mM GSSG, 10 pl of 0.1% (w/v)
bovine serum albumin, and 20l of the liver
supernatant. The activity was expressed as nmol
of /-NADPH oxidized /min/mg protein.

Statistical Analysis

Data were presented as mean + SEM. Significance
was used to determine the significance of the
difference between Students’ f-test, each Fe*-
NTA administrated group value and control
group value, or between each group value at
various intervals after irradiation and the values
at the same intervals after sham-irradiation. Each
experimental group consisted of 4-6 mice.
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RESULTS

Transaminase Activities in Serum

Three hours after Fe®*-NTA administration, the
serum GOT and GPT activities in the sham-
irradiated and 50 cGy irradiated groups reached
a peak of about 3—4 fold that before administra-
tion. In the irradiated groups, increases in the
activities were significantly suppressed between
24 and 48h after irradiation and returned to
normal values earlier than those in the sham-
irradiated groups (Figure 1).

Lipid Peroxide Level in the Liver

The MDA level was expressed as the lipid per-
oxide level. Within 48h after irradiation, the
lipid peroxide levels in the livers of the sham-
irradiated groups significantly increased to about
4-7 fold that before Fe>*-NTA administration.
Thereafter, it decreased, but did not reach the
level before administration. In the irradiated
groups, the relative increase in the lipid peroxide
levels was smaller than those in the sham-
irradiated groups, but both groups showed a
similar time course. The increases in the lipid
peroxide levels were significantly suppressed
between 6 and 48h after irradiation and each
point value was significantly lower than the
sham-irradiated group (Figure 2).

Total GSH Content in the Liver

Within 48 h after irradiation, the total glutathione
content in the livers of the sham-irradiated groups
significantly decreased compared with that be-
fore Fe™-NTA administration. In the irradiated
group, the relative decrease in the glutathione
content was smaller than that in the sham-
irradiated group, both groups showed a similar
time course. The decrease in the glutathione
content was significantly suppressed between 6
and 48 h after irradiation (Figure 3).
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FIGURE 1 Time dependent changes in GOT and GPT
activities in mice serum treated with Fe®*-NTA after 50 cGy
y-ray irradiation. Each value indicates the mean+SEM.
The number of mice per experimental point is 4-6. *P <
0.05, **P < 0.01, ***P < 0.001 by t-test, each sham-irradiated
or irradiated group value vs the control group value (3h
after Fe’"-NTA administration). *P < 0.05, #P <0.01, *¥P <
0.001 by t-test, each group value at various intervals after
irradiation vs the values at the same intervals after sham-
irradiation.

GPX Activity in the Liver

Within 6 h after irradiation, the GPX activities in
the livers of the sham-irradiated groups signifi-
cantly decreased compared with those before
Fe’*-NTA administration. In the irradiated
groups, the relative decrease in the GPX activities
was smaller than that in the sham-irradiated
groups. Both groups showed a similar time
course. The decrease in the GPX activities was
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FIGURE 2 Time dependent changes in lipid peroxide
levels in mice livers treated with Fe>+-NTA after 50cGy 7-
ray irradiation. The data, numbers of mice and significance
are as described in Figure 1.

14 r Irradiation @ Sham-irradiation
A Irradiation ”
~
EE 12 %
- Q) Y,
g% 1
SE 10! Normal
= oo ‘. ok
\,
SE 4|1 i
—
S g
=
=— 67 *okk
Fokok
4 1 s N " 1

30 24 48
Ef;}ﬁiﬁaﬁm T Time after irradiation (hr)

FIGURE 3 Time dependent changes in total glutathione
content in mice livers treated with Fe>"-NTA after 50 cGy
~-ray irradiation. The data, numbers of mice and signifi-
cance are as described in Figure 1.

significantly suppressed 24h after irradiation
(Figure 4).

GR Activity in the Liver

Within 24 h after irradiation, the GR activities
in the livers of the sham-irradiated groups
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FIGURE 4 Time dependent changes in GPX activities in
mice livers treated with Fe*"-NTA after 50 Gy ~y-ray irra-
diation. The data, numbers of mice and significance are as
described in Figure 1.
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FIGURE 5 Time dependent changes in GR activities in
mice livers treated with Fe>*-NTA after 50 cGy 7-ray irra-
diation. The data, numbers of mice and significance are as
described in Figure 1.

significantly decreased compared with those
before Fe®*-NTA administration. In the irradiated
groups, the relative decrease in the GR activity
was smaller than that in the sham-irradiated
group. The decrease in the GR activities was
significantly suppressed between 6 and 24 h after
irradiation (Figure 5).
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FIGURE 6 Time dependent changes in y-GCS activities in
mice livers treated with Fe>*-NTA after 50cGy ~v-ray irra-
diation. The data, numbers of mice and significance are as
described in Figure 1.

y-GCS Activity in the Liver

Within 48 h after irradiation, the v-GCS activities
in the livers of the sham-irradiated groups sig-
nificantly decreased compared with those before
irradiation. In the irradiated group, the relative
decrease in the v-GCS activities was smaller than
that in the sham-irradiated group, both groups
showed a similar time course. The decrease in the
7-GCS activities was significantly suppressed
between 6 and 48 h after irradiation (Figure 6).

DISCUSSION

Transient liver cells disorder after Fe’*-NTA
administration is considered to be induced by
free radicals produced by iron-complexes. Awai
et al. reported that free radicals were produced 1
and 3h after Fe**-NTA administration, but had
almost disappeared after 6h.%31 They proposed
that iron-complexes induced an adverse reaction
by forming free radicals after its administration in
the early stage between intracellular uptake and
transformation into storage types. For example,
many biological substances such as membrane

lipids, proteins and nucleic acids are injured by
*OH produced by catalytic reaction of iron inclu-
ding Haber-Weiss reaction or Fenton reaction.”*!
As clarified in this study, changes in liver lipid
peroxide levels suggested a free radical reaction
induced by iron-complexes. Moreover, Awai et al.
suggested that peroxidation of membranes in-
duced by free radical reaction gradually destroys
the localization of GPT or GOT. Although it was
interesting that there was a shift in the peak of
enzyme release into the blood depending on the
kind of enzymes, the details of the mechanism
should be clarified in future investigations.

In this study, we clarified that both the increase
in liver lipid peroxide level and the release of
enzymes derived from liver cells such as GPT
reached their peaks 3 h after Fe>*-NTA adminis-
tration. On the other hand, the increase in the lipid
peroxide level of the liver was suppressed and
significantly decreased by 50cGy irradiation.
Release of GPT and GOT from liver cells into the
blood was also suppressed by 50 cGy irradiation.
Furthermore, the decrease in the GPX, GR and -
GCS activities and total glutathione content in the
liver was significantly suppressed by irradiation.
The 50 cGy irradiation accelerated the rate of re-
covery more than the sham-irradiation.

We previously reported that pre-irradiation
with 50 cGy of y-ray inhibited the toxicity of sub-
sequent CCl, administration."”® In addition, our
experiment involving irradiation with 50 cGy of
y-ray in normal mice demonstrated that irradia-
tion promoted production of a small volume of
active oxygen in vivo, producing antioxidant
substances such as catalase and GPX in various
organs and decreasing lipid peroxide levels.1+17!

On the other hand, the function of glutathione
includes various roles in metabolism, transport,
catalysis as coenzymes, maintenance of the thiol
moieties and reduced form of other molecules
such as cysteine, coenzyme A. The role in the
detoxification of electrophilic metabolites of xe-
nobiotics and active oxygen species has also been
well documented. Glutathione protects cells from
the toxicity of these compounds, serving as a
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substrate for glutathione transferase, and is uti-
lized as a reducing agent. Of these, the protection
against oxidative damage caused by active oxy-
gen species is the most important function. GSH
directly reacts with active oxygen species, and
GPX catalyzes the destruction of hydrogen perox-
ide and hydroperoxide.”> Our previous studies
showed that antioxidant potency of various
tissues such as the liver, pancreas and brain in
mice, was elevated by irradiation with low doses
of v-rays, and that a higher total glutathione
content was observed in parallel with the po-
tency of these tissues."*! The effect of low dose
~-ray pre-irradiation after Fe*™-NTA administra-
tion was already examined in mice. Elevations of
serum transaminase activity and lipid peroxides
induced by Fe’*-NTA were significantly sup-
pressed by low dose pre-irradiation.*” Low-dose
irradiation induces intracellular antioxidants,
leading to scavenge active oxygen species gener-
ated in liver cells at early time after treatment
with Fe*>*-NTA. In addition to the roles described
above, another important function of glutathione
in the regulation of DNA synthesis, cell division/
proliferation was recently suggested.***) The
detailed mechanism that regulates the onset of
cell proliferation remains unclear. Terradez
et al"*! suggested that glutathione is involved in
the control of protein kinase C (PKC) activity, one
of the major signal-transducing factors for cell
proliferation in various cells. PKC is a cysteine-
rich enzyme, and modification of the thiol redox
status of these residues may affect its activity.
Furthermore, Ibuki et al./”) examined the adaptive
response in Chinese hamster V79 cells using the
cell survival (colony formation assay) and DINA
synthesis ([°H]-thymidine incorporation) as end-
points. They found that when V79 cells were pre-
irradiated with an adapting dose (5cGy), their
survival after irradiation with the challenging
dose (400cGy) was about 120% of the control
without such pre-irradiation. Moreover, follow-
ing irradiation with the challenging dose, the
DNA synthesis of pre-irradiated cells was less
reduced than that of controls. They suggested that

the adaptive responses were associated with the
signal transduction via PKC based on the results
that this response was not observed when the cells
were pre-irradiated with the adapting dose in the
presence of the PKC inhibitor, H-7. Glutathione
causes a more reduced redox state, resulting in
increased proliferative activity.">**) Based on this
point of view, the post-treatment with low dose
irradiation likely causes some beneficial effects on
the recovering processes from the tissue damage
as well. Thus, the effect of post-irradiation with
low dose vy-ray on acute hepatopathy induced by
Fe’"-NTA was examined. This acute damage is
considered to be induced by active oxygen species
generated by iron-complexes. It was found that
active oxygen species are produced 1-3h after
Fe’'-NTA administration, and almost disap-
peared after 6 h. As shown in the results section,
low dose y-ray irradiation at 3h after treatment
with Fe’*-NTA clearly accelerated the rate of
the recovery from this transient hepatopathy.
The low dose irradiation increased intracellular
glutathione contents, leading to control of the on-
set of liver cell proliferation. Furthermore, the
contributions of irradiation-induced antioxidants
such as glutathione should be considered in scav-
enging the remaining active oxygen species 3h
after post-treatment with Fe>*-NTA.

Asaresult, low-dose irradiation accelerated the
rate of recovery. The decrease in the transaminase
activities and lipid peroxide levels showed that
hepatopathy was recoverd at 24—48h after irra-
diation. This may be because of the enhancement
of antioxidant agents such as glutathione by low-
doseirradiation. These findings suggest that post-
treatment with low dose of y-ray is useful for
clinical prevention and/or therapy of various
active oxygen species related diseases.
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