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Effect of Hemoglobion and Iron on Rainbow Trout (Oncorhynchus mykiss) RBC

Damage Induced by Ozone Exposure.

Kenji FUKUNAGA, Tetsuya Suzukl and Kozo TAKAMA

Department of Marine Biovesources Chemistry, Faculty of Fisheries, Hokkaido University

During the course of the study on the oxidative damage in fishes, we previously revealed that the
primary target organ of ozone toxicity to fish was not gill to cause gill injury but rather red blood cells
(RBC). However, the mechanism of ozone toxicity to RBC at the molecular level has remained unrevealed.
In the present study, we examined whether hemoglobin (Hb) or hemoglobin-derived iron (HbFe) could
participate in oxidative damage of rainbow trout (Oncorhynchus mykiss) RBC induced by ozone exposure.
Carbon monoxide (CO) was used to convert the Hb to a stable derivative prior to ozone exposure and
the effect of f;ee ferrous irons from Hb as a result of ozone oxposure was examined by the addition of
diethylene triamine pentaacetic acid (DTPA) in the medium. Ozone oxposure induced hemolysis, mem-
brane lipid peroxidation, decrease of antioxidative substances and activity of acetylchoinesterase
(AChE). Those damages were not suppressed by the addition of DTPA but were effectively supressed by
incubating RBC with CO. Ozone or ozone derived species should penetrate through the membrane without
direct membrane damage and react with the iron of Hb to genarate hydroxyl radical or other reactive
species inside RBC. No inhibition of DTPA addition suggests that ozone exposure did not release iron
from Hb. These results indicate that Hb itself performs an important role in the oxidative damage of RBC
membrane; i.e., oxidative damage was caused by the reactive oxygen species generated inside RBC rather

than by direct attack of extracellular direct ozone attack to RBC outer membrane.
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Fig. 1 Apparatus used for in vitro ozone exposure to rainbow trout RBC.


labo
長方形


(MEEXRERMAR HF125% 1995]

tiEEH, EEOANEIOE Y EYa, ENEFOUVEEDEL, XADPLEHN L, NEFTOE
VEBEYT VA MEZFOEUEDICE S THIE L
BmE (%) =100xa /b

ARIMERIERE =R OWE
FEFNI) T AT T —PIEEOWIEE, Elman 52 OFEICL - THlE L7

P bR B & O E BB LE Ol e

V. ClE, 5F A4 XPEREMERMI HPLC £, V. E i, NEASEIRI HPLC 150, #ei 7 ¥
FA ¥ (GSH) 1%, MAHRZ b IVl HPLC 'Y, v Vg Fu~u 4+ F (PLOOH)
i, EAR 2 b T OB R HPLC Y, ~u v Y7 A Fe B (MDA) i3, dAHEOBKRM
TBA-HPLC 12X 5 CER L7

COMLE B X O° DTPA DFRIN

FRIMERDBEE T 5 Hb DB MRET 5 BTV YIBERNIC CO # R %Rl BRBHEIER L,
Hb %# %% 7% COHb ICZ M L7z, F72, HMSkORBEMHTH40IIT 5Ly MY 7 3 v HEERR
(DTPA) 5mM % ARMIKBEB B IZAM L 720

BRHIUEE
RSB XT3V BREORE
VMR % AR LT HE L, ARIMEROBEE D AEAT 2 RE Lo ZORRE Fig. 2 1R, MAETERIEE
TOREMIEA YV VIBEISHRICHR SN, ZORGAICRNFE LR L, 05#Hd0 5588k LA
HROHNI12053H TIF0% U EOBME L & o7z, —J, MEERIMEETIE, 1550% TEmiEH 2T,

100
80

60

(%)

40

20

o

0 15 30 45 60 75 980 105120
Time ( min )

Fig. 2 Effect of ozone exposure on hemolysis with or without plasma.
—@— with plasma —H— without plasma
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Fig. 3 Effect of ozone exposure on RBC AChE activity with or without plasma. Initial
activity is defined as 100%
—@— with plasma — [~ without plasma
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Table 1. Effect of ozone exposure on hemolysis and acetylcholinesterase (AChE) activity.

Ozone exposed (120 min)

Control
Non-treatment CO treatment DTPA addition
AChE?® (%) 100 o> 6.3+£1.7° o°
(60 min)
Hemolysis (%) 0 95.2:+4.3 4.240.9° 96.74+5.4

a . Control value is defined as 100%.
b : Significantly different from control. p <0.01.
Values are expressed as mean + SD. n = 4.

Table 2. Effect of CO and DTPA on change of rainbow trout RBC antioxidative substances.

Ozone exposed (120 min)

Control
Non-treatment CO treatment DTPA addition
GSH? A (%) 100 10.6+1.4° 83.2+3.1° 8.74+2.7°
Vitamin C* (%) 100 trace® 74.6+3.6 trace®
Vitamin E* (%) 100 25.34+3.9° 93.1+6.4° 27.84+4.3°

a . Control activity is defined as 100%.

b . Significantly different from control. p <0.01.

¢ . Significantly different from CO non-treatment group. p <0.01.
Values are expressed as mean & S.D. n = 4.

Table 3. Effect of CO and DTPA on rainbow trout RBC lipid peroxidation.

Ozone exposed (120 min)

Control
Non-treatment CO treatment DTPA addition
PLOOH (nmol/ml) 0.32£0.04 4,37+0.53° 1.07£0.12% 4.19+1.34*
PCOOH (nmol/ml) 0.174+0.02 1.36+£0.65% 0.3240.14% 1.29+0.91*
PEOOH (nmol/ml) 0.11%£0.05 2.82%0.29* 0.63+0.09* 2.67+0.52°
MDA (nmol/ml) 1.514+0.45 9.81+1.74% 3.96+0.64% 8.93+1.26%

a . Significantly different from control. p <0.01.
b : Significantly different from CO non-treatment group. p <0.01.
Values are expressed as mean = SD. n = 4.
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