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The effect of ozone exposure on the activities of reactive oxygen scavenging enzymes (SODf, catalase,
GSH-Px) in RBC of Japanese charr (Salvelinus leucomaenis) was examined. Ozone (0, 0.4 and 0.7 ppm
as initial concentrations) was exposed to Japanese charr for 30 min, which definitely caused serious
membrane damage to RBC of fish. Ozone exposure at 0.4 and 0.7 ppm decreased activities of both catalase
and GSH-Px by 80 to 57% of the control. On the other hand, the activities of SOD remained unaffected
even by 0.7 ppm ozone exposure. A hypothesis on the RBC membrane damage and participation of SOD
and heme-iron was proposed.

KEY WORDS: Ozone, Japanese charr, reactive oxygen scavenge enzymes, SOD, erythrocyte,
membrane damage.

INTRODUCTION

Because of its potent oxidation potential ozone has been used for bleaching,
disinfection, waste treatment, aquaculture water treatment and so on. In aquaculture
intensive use of ozone is widely used for disinfection of pathogen. However, improper
use of ozone sometimes causes serious damage to fishes. Wedemeyer et al. studied
the acute toxicity of ozone on rainbow trout. They carried out extensive physiological
experiments to elucidate the cause of death due to ozone exposure and to determine
the maximum safety level on the basis of the extent of biological damage by the
chronic ozone exposure. They reported that ozone acute toxicity is initiated by the
imbalance of hydrominerals which leads to massive destruction of gill lamellar
epithelial cells. Similar detailed studies were reported by Paller and Heidinger? with
bluegill, by Richardson et al.? with adult white perch, and also by Lohr and Gratzck.*

* Please address reprint requests to Dr. Suzuki at Department of Food Science & Technology, Faculty
of Fisheries, Hokkaido University, Hakodate 041, Japan.

t Abbreviations: SOD, superoxide dismutase; GSH-Px, glutathione peroxidase; RBC, erythrocytes;
GSSG, oxidized form of glutathione; LOOH, lipid hydroperoxide ; Hb, hemoglobin.
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They all indicated the participation of reactive oxygen species in exhibiting lethal
effect on the lamellar epithelial cells of gill. However, detailed data on the damage
of biomembrane lipids and proteins reactive oxygen scavenging enzymes were not
reported.

In the previous studies, we described the acute toxicity of ozone from the
symptomatic aspect, and from viewpoints of lipid and protein chemistry.>:¢7-8 Short
term exposure of ozone at 0.4 and 0.7 ppm to Japanese charr (Salvelinus leucomaenis)
definitely caused lethal damage to the fish. Our earlier studies showed that the ozone
exposure severely damaged lipids and proteins of erythrocytes membrane, but not
so serious on gill tissue. On the other hand, it was supposed that the ozone damage
must have had something to do with the reactive oxygen scavenging systems; that
is, ozone or reactive oxygen species derived from ozone that are extessively formed
or accumulated are supposed to affect reactive oxygen scavenging biological system
of Japanese charr. We formerly found severe and selective losses of erythrocytes
membranes phospholipid and protein of Japanese charr.®” Following up on our
previous studies, we describe in this paper how ozone exposure affects the reactive
oxygen scavenging enzymes, SOD, catalase, and GSH-Px.

MATERIALS AND METHODS

Fish

Fish used in the present study were disease free one-year-old Japanese charr
(Salvelinus leucomaenis) hatched in the fali of 1988 at the Nanae Fish Culture
Experimental Station, Faculty of Fisheries, Hokkaido University. They were reared
at 15°C by being fed on artificial fish food (Kyowa Hakkou Industry Ltd., Tokyo).
Feeding was stopped for 24 hr before using them for the experiment. The average
fish body weight was 94.7 g, and average body size was 21.0 cm. This experiment
was carried out in January 1990.

Design of Acute Ozone Toxicity Experiment

Fish were taken out from the aquaculture tank at the start of the experiment. Acute
ozone exposure to fish was carried out three times at 0.4 ppm as initial concentration
using 2 fish per experiment. In other words, ozone exposure experiment was repeated
three times; i.e., 6 fish were used in each experiment. The same was repeated for
0.7 ppm and 0 ppm (as control). Ozone was supplied continuously by silent arc
discharge type ozonizer (Nihon Ozone Co. Ltd., Tokyo) from dried air. Nitrogen
oxides (NO, ) formed together with ozone was removed by filtering through a column
packed with KOH. The ozone concentration was measured by Indigo-Blue method®
and the procedure of Saltzman using neutral buffered iodine.!® Water temperature
was kept at 7°C. The pH of water used ranged between 7.2 to 7.4.

After putting two fish into each ozonated water tank, their behavior was carefully
observed for 30 min. Fish were also put into fresh water without ozonation, then
taken out after 30 min, and used for analyses of lipid and protein profiles of RBC
and gill tissue to serve as the control.
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Fish exposed to ozonated water at 0.4 ppm and 0.7 ppm were taken out immediately
after reaching moribund condition, and used for analyses as mentioned above. Sample
collection procedure was similar to that described by Richardson et al.?

Determination of RBC Superoxide Dismutase

Erythrocytes SOD activity was determined by a modified method of Oyanagi'!-!?

based on the so-called indirect assay method. Superoxide anion (O, - ) was generated
by a mixture of xanthine oxidase and its substrate xanthine, and was allowed to
reduce hydroxylamine. Reagents in the reaction mixture were as follows: 0.1 mM
xanthine, 1 mM hydroxylamine-HCl, 0.8 mM hydroxylamine-O-sulfonate,
6 ~ 10 x 10~ * units/ml xanthine oxidase (Sigma Chemical Co., St. Louis, MO),
20 uM N-naphthylene diamine-HCI, 2 mM sulfanilic acid, 16.7% acetic acid in
13 mM phosphate~7 mM borate buffer (pH 8.2) as the final concentration. Assay
was run for 30 min at 37°C. To the incubated reaction mixture diazo dye forming
reagent (N-naphthylene diamine- HCl) was added, and the absorption of generated
pink color by the reaction with the diazo-dye and nitrite during the enzyme reaction
was read at 550 nm. The enzyme activity was expressed in a unit of one unit defined
as the amount of enzyme that inhibited hydroxylamine reduction by 50 per cent
under the assay conditions. It was expressed in NU/mg hemoglobin.

RBC Catalase Activity

RBC catalase activity was assayed by the methods of Aebi!? and Cohen et al.'* with
slight modification by using hydrogen peroxide (final concentration, 10 mM) as the
substrate. Enzyme units were defined as nmoles of H,0O, decomposed per minute
per mg hemoglobin. The decomposition of H,O, was directly followed by a decrease
of absorbance at 240 nm using extinction coefficient of 0.00394/mmol/mm.

RBC Glutathione Peroxidase Activity

RBC glutathione peroxidase (GSH-Px) activity was assayed by methods of Paglia
et al.'® and Little et al.'® with slight modification. This enzyme reaction is coupled
to NADPH via GSSG reductase, and the rate of NADPH oxidation was measured
spectrophotometrically at 340 nm. Enzyme reaction was started by addition of 0.1 ml
of 5mM H,0,. Incubation was carried out at 37°C. Enzyme unit was defined as
umoles of NADPH oxidized per minute per mg of Hb by using 6.22 x 10" %as A340um-

Determination of Hemoglobin (Hb) Content

Total hemoglobin was determined after hemolysis in hypotonic buffer solution (1:10,
by vol.), followed by the addition of a mixture of buffered sodium cyanide- potassium
ferricyanide. The absorbance of the resulting cyanomethemoglobin was determined
at 540 nm. An extinction coefficient of 11.0 was used throughout this study. The
absorption spectra were measured by Hitachi spectrophotometer, type U-2000.

Statistic Analysis

Statistic evaluation of data were carried out by student’s t-test for the 6 fish.
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RESULTS AND DISCUSSION

Changes in the Activities of SOD, Catalase, and GSH-Px from RBC

In Figures 1 to 3 activities of SOD, catalase and GSH-Px in RBC from ozone exposed
fish are shown in comparison with those of control fish. All the data are expressed
on the basis of hemoglobin from 6 fish for each group.

It is quite obvious that activities of both catalase and GSH-Px in RBC dropped
with increasing ozone concentration ; i.e., by 0.4 ppm ozone exposure catalase activity
decreased to 67.3% of that of the control RBC, and to 57.1% by 0.7 ppm ozone
exposure. The decrease ratio of GSH-Px was not so much as that of catalase, however,
its activity was decreased by ozone exposure ; down to 80.4% and 66.7% by 0.4 ppm
and 0.7 ppm ozone exposure, respectively. In contrast to those two enzyme activities
those of SOD did not show any significant changes.

Under ideal condition reactive oxygen species scavenging enzymes work in good
harmony not to give rise to O,-, H,0,, LOOH, highly reactive hydroxy radical
(-OH) and so on. However, once the harmony is disturbed by whatever some reason,
harmful reactive oxygens are formed and consequently cause damages on biological
functions.

The fact that SOD activity remained unchanged even under acute ozone exposure
but there was a decrease in catalase and GSH-Px suggests possible accumulation of
H,O, or formation of reactive oxygen derived from H,O, such as - OH by Fenton’s
reaction,!” Harber and Weiss reaction'® and/or hypochlorite ion (OCl1™) by
myeloperoxidase in the presence of Cl~ ion'® in vivo. Since we have not directly
identified the formation of - OH radical and CIO ™ by an appropriate technique such
as electron spin resonance using spin trapping technique nor analyzed antioxidative
substances, we should not give any conclusive remarks on the mechanism of ozone
damage to Japanese charr that was used in the series of our study. However, it is
conceivable that reactive oxygen species played a key role in causing damage to
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SOD Activities of RBC under Ozone Exposure

FIGURE 1 Change in SOD activities of Japanese charr RBC by ozone exposure. Japanese charrs were
kept in fresh water containing 0, 0.4 and 0.7 ppm ozone as the initial concentrations for 30 min, then
SOD activities were measured. No difference in SOD activity was observed among RBC with or without
ozone exposure. Bars are SOD activities represented by NU/mg Hb of RBC as means + S.E.M. for 6
fish. Experimental details are in the text.
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Catalase Activities of RBC under Ozone Exposure

FIGURE 2 Effect of ozone exposure on catalase activities of RBC. Catalase activity drop was noticed
under ozone exposure to fish for 30 min. It is obvious that decrease of catalase activity was ozone
concentration dependent. Bars are catalase activities represented by upmol H,0O,/min/mg Hb as
mean =+ S.E.M. for 6 fish. (a) Significant difference with p < 0.001. Experimental details are in the text.
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GSH-Px Activities of RBC under Ozone Exposure

FIGURE 3 Effect of ozone exposure on GSH-Px activities of RBC. GSH-Px activity of RBC decreased
by ozone exposure to Japanese charr at 0.4 and 0.7 ppm for 30 min. Bars are GSH-Px activities represented
by rate of NADPH oxidation in nmol/min/mg HB as mean + S.E.M. for 6 fish. (b) Significant difference
with p < 0.05. Experimental details are in the text.

blood components especially to RBC membrane components. Although the detailed
mechanism has not yet been made clear, both catalase and GSH-Px may have been
attacked by reactive oxygen at a very early stage of ozone exposure. In such a case
participation of iron involving Fenton’s reaction is highly likely. The reason why
SOD remained unchanged even under considerably high ozone concentration could
be due to its highly resistant three dimensional protein conformation.

It is reasonable to assume that ozone damage started from the gill where gas
exchange process goes on. However, the damage by ozone and/or by reactive oxygen
derived from ozone would start with blood components rather than gill tissue.
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Concerning the mechanism of ozone damage on Japanese charr, we would like to
put forward our hypothesis as follows. Firstly, some reactive oxygen species derived
from ozone reacts with hemoglobin to cause conformational change, then the
degenerated hemoglobin gives rise to O,-.2° The O,- thus generated initiates the
chain reaction to give hydrogen peroxide mediated by SOD. Another possibility is
that Hb-O, complex generates O, from O, that penetrated gill lamellar cells.
However, the pathway and mechanism of the generation of O,- from ozone still
remains unrevealed.

With respect to the cause of death by choking, it is considered not to be due to
imbalance of electrolyte as the primary cause but rather injury to blood component,
i.e., hemolysis and subsequent reduction of oxygen carrier capacity, lipid peroxidation
also caused by hemolysis, blood coagulation mediated by prostaglandins depleted
from thrombocytes which leads to congestion of RBC and thrombocytes in blood
veins and arteries especially in giil and peripheral blood vessels.

Activities of reactive oxygen scavenging enzymes in the gill under ozone exposure
is now under investigation. Fluctuations of reactive oxygen scavenging substances
in the gill and blood by ozone exposure are also being investigated.
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