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Protective effect of dietary Vitamin C and Vitamin E against ozone induced damage

of rainbow trout (Oncorhynchus mykiss).

Kenji FUKUNAGA, Tetsuya Suzuki and Kozo TAKAMA

Depertment of Food Science and Technology, Faculty of Fisheries, Hokkaido University, Hakodate 041 Japan.

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). Then decrease of blood antioxidative substances were observed. However, the effect of Vitamin C
and Vitamin E against ozone-induced damage has remained unrevealed. In this study,we examined the
protective effect of Vitamin C and Vitamin E against ozone induced damage of rainbow trout. The fish,
weighing about 65g average, were fed experimental diets containing Vitamin C (V. C ; 100mg / 100g
diets), Vitamin E (V. E; 50mg / 100g diets) and V. E-V. C mixture (V. C/E; V. C 100mg and V. E
50mg / 100g diets) for 10 days. Level of V. C and V. E in plasma and RBC were directly reflected to
diets. Fish in ozone exposure group were intermittently exposed to high concentration ozonated water
(1.5ppm) for 45min. Control group turned moribund condition by ozone exposure, but V. C, V. E and V.
C/E dietary group were little affected by ozon exposure. Then V. C, V. E and V. C / E suppressed RBC
hemolysis, membrane lipid peroxidation and decline of Nat /K' ATPase activity by ozone exposure.
These results indicate that dietary supplementation of V. C and V. E can be effective protection against

oxidative ozone damage.
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Fig. 1. Apparatus used for the ozone exposure.

The apparatus is composed of spécially designed aqua culture tank invented by Mr. Shizuo
Kimra which enables high density culture, and ozone generator (Nihon Ozone, Tokyo) with
generation capacity of 5g/hr.
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Table 1. Eifect of dietary Vitamin C and Vitamin E on hematological indicator of rainbow trout.

Control Control V.C+ VE+ V.C/E+
Oszexposed Ogsexposed Ozexposed ‘Ozexposed
Ht (%) 31.5£1.7 43.5+2.9% 34.6+0.9 33.4%£2.8 34.2+1.6
Hb (g 100m1) 7.2+0.4 7.1+0.4 7.1£0.5 7.2+1.1 7.0+0.4
Hemolysis (%) 0 23.6+4.1% 4.2+1.5 2.3+1.1 2.7%£0.8
metHb (%) 1.4+0.6 82.6+3.5% 5.7+1.4 4.3+0.3 2.7£1.1

Values are mean®=S.D. n=5
% Significantly different from control. p<0.01

Table 2. Effect of dietary Vitamin C and Vitamin E on antioxidative substance contents in rainbow trout RBC
and plasma.
RBC

Contor]l Control V.C+ vV.C+ V.E+ VE+ VC/E+  V.C/E+
Ogexp'osed Ozexposed Osexposed Osexposed

Vitamin C 100%  17.6+0.4™ 354+87.9% 178.8421.2°b 96.4+4.9 16.4+1.3°b 521.8+53.1" 102.6+4.4%b

Vitamin E 100%  83.2%6.5" 96.2+2.6 93.1£11.3 368.9%43.1° 226.4+9.9°b 244.2+45.5" 152.1+£24.9%

GSH 100%  90.3411.4* 106.3+7.2  99.2+2.4 96.6+1.5 90.3+2.3° 103.2+5.4 97.2%£7.7
Plasma
_ Control Control V.C+ V.C+ V.E+ VE+ V.C/E+ V.C/E+
Osexposed Osexposed " Ogsexposed Osexposed

Vitamin C 100% 5.140.4% 534.1433.9° 78.8£21.2°b  96.4+£4.9 6.4+£1.3°b 521.8453.1*° 82.6%4.4%b
Vitamin E 100%  84.2+0.5° 96.2+3.7 -83.1+£11.3 468.9£23.1° 226.4%:9.9°b 486.2423.5° 452.1424.9°b

Control values are expressed as 100%
Values are means =S.D. n=5
a ! Significantly different from control. p < 0.01
b : Significantly different from ozone unexposed group. p < 0.01

V. C/EETIE, WTFhoRIZBWTH metHb DAERAIIH & LTz,

V.C, V.EBXIUV.C/EBREERIEHGIHEZDO I N O OMEE, HRIMIRANDHE & A+ BRERO
V.C, V.E B, FRIMEKICD T GSHRIZD W T b il L7z, SIBBEOME100% & LT Z DR
Table. 217K L72o V.C, V.EB L U'V. C/E BREEHBIR O M, RiMmEK L b IZEmBEICL,
FRFNV.C, V.ERDWA L, TOHE, V.C HRESAHHAHICL S V. ERE~DPEDB L
U, V.EBESAHEREICLD V. CRENOFEEBICTIIRDOON LD 572, AV VBEIZL 5
T, B TV.C, V.EBOWMPIRRS bsz, M4, FRiEkE 412 V. EBiRESHEROMETIE, o+
VYBBEICED V. COBDEIHT ST LIIARTRETD » 720 FAHIZ V. C Bk E A EPE OGS,
I YBEILLDV.EDRPICHELY TG 2 b ol V.C/EIZBWTIZV.C, V.EEBEZhREND
AR L B OBAPEINE R Lz 72, WTNOFREMEOWRE b ARILEK GSH #2138 %
29, AV BBEBOGHEIRV.C, V.ERKELTHTLTH 7

FVUVBREIC L) IMES L ORMERP BRSO IRO SN Lhs, s OEBIRE
B O BRI TSN DT, IREBRRILEED KD REY CdH 5 MDA &% IE L7z, xfRED
E%100% & LCZ DR % Table. 3R Lz, 4V VBEIC L Y MAE, RimBkE $12F L MDA B
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Table 3. Effect of dietary Vifamin C and Vitamin E on malomdialdehyde formation of rainbow trout RBC and
plasma.

Control Control V.C+ VE+ V.C/E+
Osexposed Osexposed Ogsexposed Ogexposed
RBC 100 458+23.7* 99.1+7.2 121.1+11.5 88.7+9.3
Plasma 100 642+14.3* 113.1+13.1 96.3+9.5 103.1£11.9

Control values are expressed as 100%
Values are means =S.D. n=5

% Siginificantly different from control exposed group. p < 0.01

Table 4. Effect of dietary Vitamin C and Vitamin E on Nat /K+ ATRase activity of rainbow trout RBC
membrane.

Contorl Control V.C+ VE+ V.C/E
Osexposed Osexposed Osexposed Ogexposed
100% 48.6+3.6™ 98.2+4.9 102.5+3.2 96.7+5.7

Control values are expressed as 100%
Valie means £S.D. n=5
% Siginificantly different from control. p <0.01

Ak L, RIS E OBBIATE S 5 Cb 2 EFHENICE o7 —F, V.C, V.EBLUV.C/B
wfﬂ@ﬁuﬁwf%NmA@E&@Wﬁ%%%LtOVQ@ﬁ@%%#%MﬁT@ﬁEE@WWH
FFE R IR0 6N, FRILEKIC BV CIEET 2 0BRSS N P EHEIKRE CAETRED 572

KIS A Y BBEAAMER R ~B X 1T B % JRMEREE Na* / K* ATPase 123 B LISHEOZ(LE
FRAZICHES L7zo Table 4 17R L7k 31, &V VBB L OB CRFEESES T ICE TRTL
tﬁ,vc,VEﬁiwvc@ﬁ@wfﬂmgwf%ﬂﬁﬁtﬁﬁm%u&<,ﬁ%&ﬁﬁﬁ?ﬂﬂ
RS Tz,

VEIML, Hb 0 metHb ~OEALI, ARMIKOMERMAEL V) K00 EHAIBIEETR) TR
b 2 & R 7 OB LREBTRI BV CRERORE % SR EMERREIRT 2 2 L0E XL 6N 5,
bbb, AV VEEEEIHT S0 V.C, BEUV.E OFMHERERE, hORIFOBAL
HHELE 2 IEIS D O 1T L D BRT O N AREE R MR L, AMIEN OB, 2L ol
FRIMERMEHEGE & HEFF C E 7R TDH 2o

KFFED L, KEREMAT TV Y 2HET 2RO ERETH SO TRV, L2L, &
Wiged BB 5 N R, FBE KD D IGEEER 2B LT MEY, FAERE SR>
B TR HER T 5 72 I RERA W b T b o 7oA A v Y R FRAEA ISR LS 2 et %
BT LDOTH Y, KEMBESE TOSEOFHIIRESNSL b D LHITT 5o
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