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ABSTRACT

The effect of antioxidants on the myocardial cellular damage which occurs during reoxygenation
of hypoxic myocardium was examined in isolated rat hearts. The roles of oxygen free radical and
lipid peroxidation in reoxygenation injury of myocardium were also investigated. In Langenorff
preparation of isolated rat heart, which was made hypoxic by perfusion with the substrate free,
hypoxic cardioplegic solution (37°C, 90 min), the release of cytosolic enzymes (creatine phospho-
kinase, lactic dehydrogenase) and a lipid peroxidation product, malondialdehyde into the coronary
effluent were abruptly increased by reoxygenation. The release of enzymes was closely parallel to that
of MDA. These increases of enzymes and lipid peroxidation product were suppressed to various
degrees in the presence of scavengers of superoxide anion (superoxide dismutase, 10,000 U),
hydrogen peroxide (catalase, 25,000 U) and hydroxyl radical (dimethyl sulfoxide, 10%).

A natural antioxidant, @-tocopherol(4.5 uM) and a synthetic one, butylated hydroxytoluene (2
uM) suppressed the release of cytosolic enzymes with the concomittent reduction of lipid peroxida-
tion as measured by malondialdehyde release into the coronary effluent. These effects of antioxidants
were dose dependent, and were more pronounced when the antioxidants were administered through-
out hypoxic and reoxygenation periods than given during reoxygenation period only.

These results suggest that cytotoxic oxygen free radicals produced in the myocardium during
reoxygenation may be responsible for the myocardial cellular injury by enhancing the lipid peroxi-
dation of cellular membranes. Furthermore, the antioxidants may exert protective effect against
reoxygenation damage of hypoxic myocardium through the inhibition of lipid peroxidation reaction.
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INTRODUCTION

The myocardial cellular damage which occurs
during reoxygenation in isolated hypoxic heart
(“Oxygen Paradox™) shares simliar biochemical
and structural changes with the reperusion injury
of ischemic myocardium in vivo(Hearse et al. 1973,
1977; Hess and Manson 1984). One mechanism by
which reoxygenation of hypoxic myocardial tissue
causes a irreversible cellular damage may be as

*Author for correspordence.

cribed to the production of reactive oxygen free
radicals(superoxide anion, O3; hydrogen peroxide,
H,O,; hydroxyl radical, OH-; singlet oxygen, O,)
and lipid peroxidation of cellular membranes.
This has been supported by the observations that
exogenous scavengers of oxygen free radicals
prevent functional and biochemical alterations as
well as lipid peroxidation reaction in hypoxic and
reoxygenated animal tissues(Gaudel and Duveller-
oy 1984; Guarnieri et al. 1980; Kim and Akera
1987; Meerson et al. 1982). The oxidative insult on
membrane lipid and the resultant damage may
cause alterations in activities and functions of
membrane-bound enzymes, ion channels and also



membrane permeability leading to severe distur-
bance in cellular functions(Freeman and Crapo
1982).

If oxygen free radicals are produced in
hypoxic-reoxygenated myocardium indeed, and if
they cause membrane damage by inducing lipid
peroxidation, then not only the oxygen radical
scavengers but also the appropriate preventive
measures for the lipid peroxidation should have a
protective effect on the myocardial cellular damage
during the process of oxygen paradox. In the
present study, we examined the protective effects of
a natural antioxidant, @-tocopherol and a synthe-
tic one, butylated hydroxytoluene in isolated hypo-
xic rat heart, and also tried to reinvestigate the role
of oxygen free radical and lipid peroxidation in the
genesis of reoxygeneation injury of myocardial
tissue.

MATERIALS AND METHODS

Adenosine diphosphate (ADP), adenosine
monophosphate (AMP), butylated hydroxytolu-
ene (BHT), catalase, creatine phosphate (CP),
glucose-6-phosphate dehydrogenase (G-6-PDH),
hexokinase, nicotinamide adenine dinucleotide
phosphate (NADP), reduced nicotinamide
adenine dinucleotide (NADH), sodium pyruvate,
superoxide dismutase (SOD), thiobarbituric acid,
dl-a-tocopherol acetate were purchased from
Sigma Chemical Co. (St. Louis, Mo., U.S.A)).
Dimethylsulfoxide (DMSO) was obtained from E.
Merck (Darmstadt, West Germany) and other
chemicals were reagent grade.

Induction of oxygen paradox

Sprague-Dawley rats of either sex, weighing
150-200g were heparizined intraperitoneally.
Forty-five minutes after the heparinization, rat was
stunned by a blow to the head. The heart was
quickly removed and perfused retrogradly through
the aorta cannulated with a stainless steel cannula
connected to a Langendorff perfusion apparatus.
The perfusion solution was Krebs-Henseleit bicar-
bonate buffer solution(K-H solution, NaCl 118
mM, NaHCO;, 27.2mM, KCl 48mM, MgSO,,
TH,0 1.2mM, KH,PO, 1 mM, CaCl, 1.25mM
and glucose 11.1 mM) saturated with a 95% O,-5
% CO, gas mixture yielding a pH value of 7.4 at
37°C. The perfusion pressure was constantly
maintained at 100 cmH,O throughout the whole

perfusion period. The heart was kept in a
humidified chamber maintained at 37°C during the
perfusion. The pulmonary artery was opened at
where it leaves the right ventricule to allow free
drainage of the coronary effluent. After 15 min of
control perfusion for washing-out the residual
blood and equilibration, the heart was subjected to
90 min of hypoxic perfusion and then followed by
20 min of reoxygenated perfusion. The hypoxic
and reoxygenated perfusion solution was a cardio-
plegic solution in which potassium concentration
had been increased to 15 mM with a corresponding
decrease in sodium concentration. The hypoxic
solution was a glucose-free (substituted with equ-
imolar mannitol) solution equilibrtated with a 95
% N,-5% CO, gas mixture. The reoxygenated
solution was saturated with a 95% 0,-5% CO, gas
mixture. Control heart was continuously perfused
for 2hrs with oxygenated normal K-H solution.
Coronary effluents were collected at indicated time
intervals during hypoxic and reoxygenation period
for further assay. After completion of the perfus-
ion, the heart was removed from Langendorff
apparatus and was weighed after having blotted
surface fluid.

The antioxidants studied were a-tocopherol
and butylated hydroxytoluene (BHT). They were
added to the perfusion solution at a final con-
centration of 4.5 uM for @-tocopherol and 2 uM
for BHT throughout the hypoxic and reoxygena-
tion period. Oxygen radical scavengers used were
superoxide dismutase (SOD) which dismutates
superoxide anion enzymatically, catalse which
degrades hydrogen peroxide, and a hydroxyl radi-
cal scavenger, dimethyl sulfoxide (DMSO).
Among these, SOD and catalase were administered
through the aortic cannula by using an infusion
pump. The infusion was continued at a rate of 0.5
ml/min for 50 min starting from 30 min before the
end of hypoxic perfusion and thoughout 20 min of
the reoxygenation period. Total amounts adminis-
tered were 10,000 U for SOD and 25,000 U for
catalase. DMSO was dissolved in pérfusion solu-
tion at a concentration of 10% and administered
for 25 min from 5 min before oxygen repletion to
the end of reoxygenation.

Enzyme assay

Intracellular enzyme, creatine phosphokinase
(CPK) and lactic dehydrogenase (LDH) released
into the coronary effluent were measured as index
of myocardial cellular damage. CPK activity was



assayed spectrophotometrically (Forster et al.
1974). A 0.05 ml aliquot of coronary effluent was
added into 2.95 ml of the reaction mixture contain-
ing imidazole 100 mM (pH 6.9), glucose 20 mM,
MgCl, 10 mM, ADP 1 mM, AMP 10mM, CP 20
mM, NADP 0.7 mM, cysteine HCl 10 mM, hexo-
kinase 0.94 U/ml, G-6-PDH 0.48 U/ml. The rate
of change of opitcal density was measured at 25C
and 340 nm with a UV-spectrophotometer (Perkin-
Elmer, Model 139). LDH activity was assayed by
spectrophotometric method (Bergmeyer and Bernt
1974). The reaction was started by adding 0.5 ml of
the coronary effluent into 2.5ml of the reaction
mixture containing 48 mM phosphate buffer (pH 7.
5), 0.6 mM pyruvate and 0.18 mM NADH. The
rate of change of optical density was recorded at
25°C and 340 nm with UV-spectrophotometer.

Measurement of lipid peroxidation

The degree of lipid peroxidation in myocardial
tissue was estimated from malondialdehyde
(MDA) released into the coronary effluent. The
concentration of MDA was determined by thiobar-
bituric acid method (Yagi 1982). A 2.4 ml aliquot
of the coronary effluent was transfered to a screw-
cap Pyrex tube and mixed with 0.6m! of 1:1
mixture of 0.67% thiobarbituric acid and glacial
acetic acid. The tube was placed on boiling water
bath for 60 min and then cooled to room temperat-
ure. The absorbance of the reaction mixture was
measured at 532 nm with UV-VIS spectrophoto-
meter (Perkin-Elmer, Model 139). The amount of
MDA released was expressed as n mole/min/g wet
wt using the molar extinction coefficient of 1.56 X
10°/M/cm(Placer et al. 1966).

RESULTS

Effects of oxygen radical scavengers

Either in control hearts which were perfused

with oxygenated K-H solution for 2 hrs or in
hypoxic hearts which were perfused with nitrogen
saturated cardioplegic solution for 90 min, there
was no significant release of CPK or LDH.
However, reoxygenation following hypoxic per-
fusion caused a massive release of intracellular
enzymes. This increased enzyme release was
significantly prevented by oxygen radical scaven-
gers. Selected concentrations of SOD, catalase and
DMSO reduced the amont of CPK and LDH
released during 20 min period of reoxygenation to
less than half of those released in untreated
hypoxic-reoxygenated hearts. For lipid peroxida-
tion, there was no release of MDA even after
oxygenated perfusion of isolated rat heart for 2 hrs.

r = 0.72

MDA production(n sole/min/g wet wt )

1 2 3 4
LDH release (U/min/g)

Fig. 1. Relationship between lactic dehydrogenase re-
lease and malondialdehyde formation in hypo-
xic-reoxygenated heart. The plotted points re-
present MDA and LDH release estimated at
2 min after reoxygenation.

Table 1. Effect of oxygen radical scavengers on CPK, LDH and MDA release in hypoxic-reoxygenated rat hearts

i No. of CPK LDH MDA
Conditions animal (U/g wet. wt) (U/g wet wt) {nmole/g wet wt)
Untreated 12 29.11 £3.04 15.17£1.51 36.29 £3.23
SOD (10,000 i.u.) 6 19.16 £ 2.98* 5.44 £0.60%* 17.14 £3.20%*
Catalase (25,000 i.u.) 7 7.42 £ 1,87%* 6.16 £ 1,20** 12.88 £2,99%*
DMSO (10%) 6 9.6 *1,971** 6.43.£2,19%* 8.80 £ 4.0**

Values are total amounts of enzymes and MDA released into the coronary effluent during 20 min of reoxygenation

period. ¥ P < 0,05, ** P <0.01
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Ninety minutes perfusion with hypoxic, cardio-
plegic solution caused any significant release of
MDA neither. Upon reoxygenation of the hypoxic
heart, however, the concentraion of MDA in the
coronary effluent was markedly increased. This
increase of MDA was also significantly prevented
by SOD, catalase and DMSO. Among these
oxygen radical scavengers, a hydroxyl radical
scavenger, DMSO was most effective in reduction
of both enzyme release and MDA production
(Table 1). A good correlation between the amount
of MDA and that of LDH released during reox-
ygenation was also observed (Fig. 1). The adminis-
tration of oxygen free radical scavengers neither
iduced nor decreased enzyme release or MDA
production in the control hearts, and also did not
interfere with the analytical methods of enzymes
and MDA.

Effects of antioxidant

Coronary flow: In the control heart perfused
continuously with oxygenated K-H solution at
37C and 100 cmH,O of perfusion pressure, cor-
onary flow rate was constantly maintatined at
about 11 ml/min/g wet wt throughout 120 min
perfusion period. Administration of a-tocopherol
(4.5 uM) or BHT (2 uM) did not cause a change in
control coronary flow rate. After 90 min of hypo-
xic perfusion, the flow decreased to 60% of the
prehypoxic value. Twenty minute reoxygenation
following the hypoxia further decreased the flow to
about half of prehypoxic value. This decrease in
coronary flow was prevented to various degrees by
a-tocopherol and BHT. In the hearts treated with
these antioxidants, the coronary flows during both
hypoxic and reoxygenated periods were consider-
ably greater than those of untreated hearts. After

20 min of reoxygenated perfusion with the antiox-
idants, the flow was increased 10-50% (Table 2).

Enzyme release and lipid peroxidation: The
rate of release of CPK and LDH was abruptly
increased in the early minutes of reoxygenation
and was maintained high levels thereafter. This
increased rate of enzyme was suppressed by a-

2K release (U/min/g wet wt )

20 100 105 10

Time (min)

Fig. 2. Effect of antioxidants on CPK release in hypo-
xic-reoxygenated rat hearts. Rates of CPK re-
lease into the coronary effluent from isolated
rat hearts subjected to 90 min of hypoxic,
substrate-free perfusion foilowed by 20 min of
reoxygenated perfusion were estimated at in-
dicated time. atocopherol acetate (4.5 uM, —0—)
and butylated hydroxytoluene (2 uM, —A—) di-
ssolved in perfusion medium were administered
throughout entire hypoxic and reoxygenation
period. Control hypoxic-reoxygenation perfu-
sion (—0~),

Table 2. Effect of antioxidants on coronary flow during hypoxia and reoxygenation in isolated rat hearts

Coronary flow (ml/min/g wet wt)

L. f
Conditions ;?r?ihoal Control Hypoxia (min) Reoxygenation {min)
perfusion 2 30 60 .90 2 5 10 20
Untreated 12 11.4 14.4 10.6 8.8 7.2 6.4 5.7 5.6 5.8
* 0.6 * 06 0.5 0.5 +03 0.2 02 02 0.2
ttocopherol, 4.5 uM 6 12.9 17.2 12.8% 8.9 6.6 6.4 6.2 6.2% 6.4
+ 0.6 14 +05 103 03 02 02 02 £04
BHT, 2 uM 8 11.4 14.9 13.3%% 11,6 9.6%* 9.3%* g kx g 3wk g gEkx
1.9 1.0 08 05 %03 *05 *05 £0.5 =03

* P <0.05, ** P < 0.01



tocopherol and BHT in a dose-dependent manner
(Fig. 2 and 3, Tabl 3). Concentration of MDA in
the coronary effluent was massively increased in
the first three minutes of reoxygenation and
showed elevated levels throughout reoxygenation
period. Both a-tocopherol and BHT also signi-
ficantly prevented this increase in MDA dose
dependently(Fig. 4, Table 3). The preventive ef-
fects of the antioxidants on LDH release were
more pronounced when the agents were adminis-
tered during both hypoxic and reoxygenated per-

LDE release{U/min/g wet wt )

90 95 100 105 110
Time {min)

Fig. 3. Effect of antioxidants on LDH release in hypo-
xic-reoxygenated rat hearts, Perfusion condi-
tions and administration methods of anti-
oxidants are the same as in Fig, 2. Symbols are ;
—O~—, control hypoxic-reoxygenation perfusion,
—0—, 4.5 uM otocopherol ;—A~, 2 uM buty-
lated hydroxytoluene,

fusion period than given during either hypoxic or
reoxygenation period only (Fig. 5).

DISUCSSION

In the present study, ninety minutes of hypoxia

MDA production({n mole/min/g wet wt )

14
92
Vv
T T T L
90 95 100 105 110
Time (min)
Fig. 4. Effect of antioxidants on MDA formation in

hypoxic-reoxygenated rat hearts, Rates of MDA
release into the coronary effluent, as estimation
of lipid peroxidation, were determined at the
indicated time. Perfusion conditions and methods
of administration of antioxidant are the same as
in Fig. 2. Symbols are ; —O—, control hypoxia-
reoxygenation ; —{—, 4.5 uM @tocopherol ;
—A—, 2 uM butylated hydroxytolune,

Table 3. Effect of antioxidants on CPK, LDH and MDA release induced by reoxygenation in isolated hypoxic rat hearts

Conditions No. of _CPK _LDH MDA
animal (U/min/g wet wt) (U/min/g wet wt) {nmole/min/g wet wt)

Untreated 12 4.63%0.56 2.14 £0.21 2.7010.27
otocopherol

1 um 6 2.83 £0.26% 1.02 £0,15%* 2.99 £ 0.40

4.5 um 6 1.37 £ 0.46%* 0.68 £ 0,21 0.99 £ 0.33**
BHT

0.5 um 1.61£0.3%* 0.65 £ 0.09%* 1.46 £ 0.30%

2 um 1.04 £0,12%* 0.55£0.08%* 0.99 *0.20%*

The values were estimated in coronary effluent collected at 2 min after reoxygenation, * P < 0,05, ** P < 0.01
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Fig. 5. Effect of antioxidants administered during either
hypoxic or reoxygenation periods on LDH re-
lease. The antioxidants were administered du-
ring either hypoxia (H) or reoxygenation (R) and
during both hypoxic and reoxygenation periods
(H/R). Concentrations of antioxidants admini-
stered are the same as in Fig. 3. Values are total
amount of LDH released during reoxygenation
(20 min).

followed by twenty minutes of reoxygenation in
isolated Langendorff preparations of rat heart
caused a marked release of CPK and LDH with a
concomittent increase in lipid peroxidation as
estimated from the MDA release. This observation
of oxygen related toxicity in hypoxic myocardium
confirms the original work of Hearse et al. (1973)
who has firstly termed the oxygen paradox.

The exact mechanism by which reoxygenation
causes cellular damage in hypoxic myocardium
has been a subject to controversy. It has been
considered that the ability of heart to survive or
recover from periods of inadequate oxygenation
depends on high energy phosphate reserve availa-
ble for maintaining cellular functions and mem-
brane integrity. Relatively rapid depletion of cel-
lular high-energy phosphate pool was observed in
hypoxic myocardium and this has been suggested
to be a main factor in myocardial cellular death
(Jennings and Reimer 1981). The cellular depletion
of high-energy phosphate, however, can not ex-

plain the increase in lipid peroxidation observed in
the present study. Moreover, reperfusion of is-
chemic myocardium with oxygenated soultion
restored a tissue ATP pool(Guarnieri et al 1978;
Jennings et al 1985) but produced the well-known
reperfusion injury in in vivo or isolated animal
hearts (Hearse 1977).

Alternatively, changes in cellular calcium meta-
bolism was also thought to play an important role
in the genesis of myocardial cellular damage
caused by hypoxia and reoxygenation. An exces-
sive intracellular calcium overload was observed
in damaged cells of severly ischemic myocardium
(Katz and Reuter 1979; Nyler 1981). The intracel-
lular overload of calcium, however, is thought not
to be an initial cause for cellular death, but to be
a secondary consequence of altered cellular func-
tions or increased membrane permeability due to
oxygen deprivation.

Recently, possible involvement of reactive
oxygen free radicals has been suggested to play a
crucial role in the development of myocardial
injury that occurs during reoxygenation of hypoxic
myocardium(Gaudel and Duvelleroy 1984; Guar-
nieri et al. 1980; Kim and Akera 1987). Oxygen
free radicals can be produced normally during
electron transport in mitochondria(Boveris 1977,
Nohl and Hegner 1978). In normal conditions,
these oxygen free radicals do not exert any
significantly harmful effect, because they are detox-
ified by endogenously presented quenchers, such a
SOD, catalase and glutathione peroxidase. How-
ever, in certain pathologic conditions, the produ-
ction of oxygen free radicals is thought to be
increased above the neutralizing capacity of nor-
mally existing defensive systems and to contribute
to genesis of tissue injuries(Freeman and Crapo
1982). It has been reported that during ischemia or
hypoxic condition, there are intracellular accumu-
lations of reducing equivalents (Fridovich 1979), a
disturbance of intramitochondrial electron tran-
sport (Loschen and AZZI 1976), the conversion of
xanthine dehydrogenase to xanthine oxidase
(McCord and Roy 1982), and an accumulation of
hypoxanthine and xanthine (Jennings and Reimer
1981) which can be used as substrates for oxygen
radical production through the action of xanthine
oxidase. It is, therefore, likely that all of the above
provides favorable conditions for a burst of
oxygen radical production upon reoxygenation of
hypoxic tissues. The present observations that
various scavengers of oxygen radical prevent the
release of intracellular enzyme in hypoxic-



reoxygenated rat heart also support the invol-
vement of oxygen radical in the reoxygenation
injury of hypoxic myocardium.

Oxygen free radicals are so reactive that can
alter most types of cellular macromolecules. The
unsaturated fatty acid of membrane lipid is par-
ticularly susceptible to oxygen free radical attack.
The peroxidation of lipid alters biochemical and
physical properties of cellular components, and
also the products of lipid peroxidation, such as
MDA, interact with proteins to cause cross-linking
and polymerization of membrane components.
Consequently, the lipid peroxidation induces
severe cellular damage including the increase in
membrane permeability (Freeman and Crapo
1982; Meerson et al 1982). The ocurrence of lipid
peroxidation by oxygen free radical has been
documented in liposomes(Pederson and Aust
1973), erythrocytes(Kellog and Fridovich 1977)
and cardiac sarcolemmal and microsomal prepara-
tions (Kim et al 1985; Kramer et al 1984). In the
present study, the increased release of MDA in
reoxygenated hypoxic rat heart was significantly
reduced by oxygen radical scavengers. This finding
agrees with the previous study(Kim and Akera
1987) that has demonstrated the prevention of
MDA accumulation by various kinds of oxygen
radical quenchers in ischemic-reperfused myocar-
dial tissue. A close correlation observed between
MDA production and intracellular enzyme release
also confirms the lipid peroxidation-linked cel-
lular damage in isolated, hypoxic-reoxygenated
myocardium.

In general, when oxygen radicals react with
stable compounds, they generate other radicals
leading to chain reactions in which many of stable
molecules are oxidized subsequently. Such chain
reaction can be terminated by antioxidants which
react preferentially with chain propagating
radicals to yield nonpropagating products (Aust
and Svingen 1982). Therefore, if oxygen free
radical initiates an oxidative reaction in myocar-
dial cellular components, antioxidant should limit
also the lipid peroxidation and the resultant
impairment of myocardial cellular functions. In
the previous studies, several investigators (Guar-
nieri et al. 1978; Kim and Akera 1987) demon-
strated that the addition of @-tocopherol to hypox-
ic and reoxygenated hearts prevented cellular
damages. In agreement with this, a natural (a-
tocopherol) and a synthetic (BHT) antioxidant
examined in this study significantly prevented
MDA as well as CPK and LDH release during

reoxygenation of isolated hypoxic myocardium of
rat. This cardioprotective effect of antioxidant was
expressed more markedly when the agent was
administered starting from hypoxia and throught-
out reoxygenation than given during either hypox-
ic or reoxygenation period only. It has been
demonstrated that myocardial cellular damages
caused by reoxygenation is proportional to the
preceeding period of hypoxia (Hearse et al. 1973),
and also found that a period of hypoxia results in
a decrease in defensive enzymes against oxygen
radical-induced toxicity (Guarnieri et al. 1980).
Thus, considering these facts and existence of
oxygen radical production even in the ischemic or
hypoxic tissues (Hess and Manson 1984), this
differential effect of antioxidant being dependent
on time of administration could be explained from
the vulnerability of myocardial cells in hypoxic
state.

In the present study, the lipid peroxidation was
estimated from MDA released into the coronary
effluent instead of tissue concentration. The
results, therefore, do not show the degree of lipid
peroxidation in a specific cellular component. If
should be pointed out, however, that sarcolemmal
membrane is highly vulnerable to free radical
attack, perhaps due to its higher content of choles-
terol and unsturated fatty acid in comparison to
other cellular mrmbrane systems (Kramer et al.
1984). Thus, a large part of MDA determined in
the coronary effluent might be originated from
sarcolemma and this would appear to be an
estimation of degree of sarcolemmal lipid perox-
idation.
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2. AtE AFFA A2 a4 §%3 MDA AAL & A4AAAE 2ot

3. Superoxide anion(Q,)¢] A7 &4l superoxide dismutase (10,000 U), H,0, A &49l
catalase (25,000 U) 22} 2 hydroxyl radical (OH) A7 &4 9] dimethylsufoxide(10%)+ AZA &
&9 %% F71¢k MDA A4 F715 dA 3] A

A 311352 Q] g-tocopherol (4.5 uM) 7+ 34 3HALELA] Q1 butylated hydroxytoluene (2
uM)& A& FFol GE MDA 44 F7h9h A2Y 549 §% 3718 §32HAoz o

5. FAFATY AT 25 EAE AL ALTFA FAE ducs A4L BFAYH F
@ Aol H% AAssc
o4 Al d AL AT Ak ATFE 54 As

AT AL i) A4S
F7HA7I, 2ol WE ARARY FAst AT A4S dovled AT AeE oA
o, Asdz—as AFF AS 4L ALAAS 13- AT FAsA st ¢AY

Aoz AEdgie,



