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Changes in Hematological Responses and Antioxidative Enzyme
Activities of Japanese Eel Anguilla japonica Exposed to Elevated
Ambient Nitrite

Su-Hyun Jo and Heung-Yun Kim*

Department of Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea

The study was performed to investigate changes in hematological responses and antioxidative enzyme activities
(superoxide dismutase, SOD; catalase, CAT) of Japanese eel Anguilla japonica following exposure to 0 (control),
2.33, 4.60, 6,64 and 8.78 mM nitrite-N in fresh water for 48 h. Hematological parameters such as plasma nitrite,
electrolytes, cortisol, glucose, glutamate oxaloacetate transaminase (GOT), glutamate pyruvate transaminase (GPT),
hemoglobin (Hb), methemoglobin (metHb) and NADH-methemoglobin reductase (NMR) were measured. Plasma
nitrite, cortisol, metHb and NMR increased directly with increasing ambient nitrite concentration, while Hb content
showed a progressive decline. Levels of plasma potassium, GOT and GPT of the eel exposed to 6.64 mM ambient
nitrite were significantly higher than the control fish. The activity of SOD and CAT in plasma, gill and liver of the eel
following exposure to nitrite were augmented by increasing ambient nitrite. Levels of plasma nitrite, metHb, NMR,
cortisol, glucose and antioxidative enzyme activities of the eel exposed to 2.33 mM ambient nitrite were significantly
higher than the control fish. This study suggested that the eel acutely exposed to elevated ambient nitrite causes
nitrite-induced stress responses, changes in antioxidative enzyme activities and hematological parameters.
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A 44 9 oto]aA] WRro] GFAIR O A = o] 7o whE 4]
2k AE SHE el a2t = ARG R oA T
O] AtE7}F FFE o] ARl Aoy dAMES Z3sE
A7Ee dY o] Faligo] Hlw A wof. gapol 79| opit S
< 759 YRYoRE oFEAHNO,)ZH BAHNO,)) S & AFo}st
= AE I AR Y &5 B, a2 7R Sl o
S A9 AopAE Bt ol 9fsf vrEbH (Kroupova et al.,
2005), A2}2-g-0] S WA Ao ARge] ot s
1 mM~3.57 mM¢]| 0] 27| &= stk (Kamstra et al., 1996; Krou-
povaetal, 2005). AstA|ato] o3t AotaE-2 2, pH, &5

Akar, A3HAEe] = 2 5 e EA (@ EE )9 EA4 o
Fof gk k=t (Russo and Thurston, 1991; Jensen, 2003).
AR ARl f71E0] AR Aol oAl v
25 U 4 Qe Y Yok, obEAl B Aot
&2 m Y=o thArEe] Hol A/ Eltk(Das et al., 2004). ©]
efat AR A0IH 2= off] AEd AL FAHOR o5
of AL, WelolAl, 2 L HALE §ureteh(Sniesz-
ko, 1974; Lewis and Morris 1986). F=o57of tjgt op2Ak
S/ A e kol el A= Wol AEglon, obEal
32 olFol wet W& 2] 7} lrk(Lewis and Morris 1986;
Haung and Chen, 2002; Jensen, 2003; Tomasso and Grosell,
2005).
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5 ol7hv) 2 o) Holol $olE obEARE AT ol Shat
%]o] hemoglobin (Hb)& Ak Z 3t 58 0] ¢l methemoglo-
bin (mettb) ©.% A1hA|7 4 Folo] Ahurselo] g
T}(Jensen and Hansen, 2011). o}5% A &L= metHbE 7|54
HbZ A4 2s}= NADH-methemoglobin reductase (NMR)
£ &okal 12 ™(Huey and Beitinger, 1982; Avilez et al.,
2004), W Ed| 2 Z 2 RT3 9] 0] 7-E nitrite-free watero]] 74|
SHH Hb B]&-2 A4 © & g]E =l ch(Huey et al., 1980; Knud-
sen and Jensen, 1997). oF&Ate]| iz ¥ o] 7<) Hb2l metHb
Fle= opEAte] 9fsf A/ metHb 2 NMRo| metHb-2- Hb
© 2 A1 71 A 2|28 Aufolti(Lewis and Morris, 1986).
whepA] oAk IS E o] 7l W7o} o NMR 242 ~5-2] of
AL o] whef 2fo| 7} Qle A o2 AT

oo doieta]-Hel4] parameter= WA E= <A
2 gt sto] w2 A2l A AE A RO A2 o]-§-E
(Santos and Pacheco, 1996; Alexander et al., 2012), £E3| &5
cortisol} glucose F = AEH A WES-0] AubA ol 2| g2 W
o] g-g-Hr}(Iwama et al., 1997; Tsuzuki et al., 2001). 74 2
AU 1B SANZ S AH 0] AP £AS ST
H,0,, 0, ¥ OH ¢} -2 e/ Aka7} F71RIek(Livingstone et
al., 1990; Livingstone, 2001; Martinez-Alvarez et al., 2005).
Superoxide dismutase (SOD)+= O, & H,0,& A&s}= a4
B A2 AR o] m, A a2 W €] of] A 5= SOD gHg2 &
Ak O] AFohA AE g Lof osf WA E = A o] Sa
3lth(Malstrom et al., 1975). Catalase (CAT )= &.7]4 Al 3o
A5k A=A HO, siell #ofstal, SODL} CAT
O FA = L ARES] THAEH A0 i3 biomarker®Z ©]
S5 31 QJtH(Martinez-Alvarez et al., 2005; Alexander et al.,
2012).

oAt leEH ofF= e E+tF 0] LEfal(Jensen,
2003), oPAAE F AT ol = AT A9 K A4l 9
ol K3 d o] wet o] g d5o| of7]d 4 Qltk(Jensen
et al., 1987; Jensen, 2003). W3}, W|7|F(Clarias lazera)2}
HAblAol(Anguilla anguillay= N2 F-0H o} FAto]
AAFoILU 7+ 2219 HAE 25l &4 glutamate oxalo-
acetate transaminase (GOT)%} glutamate pyruvate transami-
nase (GPT)7} 57131 th(Michael et al., 1987; Peakall, 1992;
Huang and Chen, 2002).

A, Amano et al. (1981 oA 2.14 mMof| 17047t Ak
S WA= LE A oflA 15-68%2] HESRIFZRIE S
< sttt ey obAl g o] Rl A F ofdato] X
ol =dst= 7|7k 24-48A7ko|w(Eddy et al., 1983; Ag-
gergaard and Jensen, 2001; Huang and Chen, 2002), BF=%]
AR E(LC, )= 24417k O] F ol QAshARt 1 gage
7] Wzl thE =4 e H ¥t o] opE bl et w4 YAl
O] A3t e EAITE 24-964 70| 2kal s3It Lewis and

o4oh4] whgat ke B 861

Moirris, 1986).

= A = Wi FAR ] FAFE el (Anguilla
Jjaponica)©l T3lo] 422 28.3T oA = oFEAK0, 2.33,
4.60, 6.64 % 8.78 mM)°l| 48417t =Z Fof| B3 o} AL 5,
sl W-3-(A a4, Hb, metHb, NMR, GOT, GPT, cortisol
4 glucose)} BHAF3FE 2(CAT, SOD)2] 24 31 2A81.

ERTETE

Aziof

Aol AR WAole ol ATl ARATE,

oo

181207 gy& AAARE 24t the A3 42(500 L)l =&
alo] AF2ElAT) AR 01 4200 28+ (05CE SA5A T,
Hol= A WA RS B2 YiSsto] 2dnttt Al5<] oF 5%
£ Tt AR 237t A AR BE AE o
= AEINAl Aol 297 A AA H e

A

NHEr= e A Aol 2911 3525t aeration}
SHA| o5 xR 2L AAME7](P392, Samjee-tech, Korea)E
TN S Aol ARSSFAITE AlE 8- A2 HAA]E(Sar-
torius BP 2218)2 NaNO, 2272 go} A|5840] 3] 45}0]
oVEAR 4 4G AZBIIch 2 AoA] A g3 ol ks
= Amano et al. (1981)0] W0 & ofAAtef] 17047t &
AlZl & = iAol A W Ed I 2RI F(15-68%)0] ¥z
2,14 mME HASER Aokon, A A Alo] oba
T AgeR(AE oA AEe oAl HE= 0 (2R,
2.33,4.60, 6.64 4 8.78 mM©o| %I t](Table 1).

2(20 L, 38 %25 %22 em)ell 37187 A1 A5,
£78 B S AT R 0R TAH g =2
He A8 10 L2 Aol A T AHolE 47 10h
2% Sg5to] 48417 FO i E| R E 5901, Aol o] &%
2 Ak ARG TS Fol] S ABT FAL
Y3 A st
SIE

ART9] oA ST APHA (1995)2] NEDH O 2, -2
pH % DOL S2H47|(YSI 6920, USA)Z Z75}5ict. 4]

-84=2] A3 22 ICP/MS (PerkinElmer Nexion 300X)Z A,
A Ca¥ i} Mg 555 ICPMS2A] £45to] CaCO, &
72 Shlsl= T (APHA, 1995)°] A8k 3itt.

MY, =% ME 2 HEXEQ Mz

— = —

oFA AL 48A17F =EA7] T AlFo] ulF= Chiba et al.
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Table 1. Levels of actual ambient nitrite and water quality of experimental chambers. Values are mean+S.E. (n=6). Hardness and electrolytes

were measured for dilution water (fresh water) of nitrite

Nitrite-N Temp. oH DO Hardness Electrolytes (mg/L)

(mM) () (%) (mg/L) Na* K* Cr
0 (Control) 28.3 7.44 291

2.33+0.003 28.4 7.41 290

4.60+0.006 28.3 7.38 291 7.92+0.06 3.38+0.05 2.65+0.02 6.21+0.03
6.64+0.009 28.4 7.38 289

8.78+0.010 28.3 7.34 287

“as mg equivalent CaCO,/L.

(2006)0] gtolell 2§35 17|0k21E Fgalgict vhe A
AT FE BY AHEH &0 240V/AC Y HF77t 2= 4
=& 247t 92 F 30% B¢t 17|54 vhF] 5 heparinized sy-
ringe (23G)= "5 oA A oF 1.5 mL AHFI5F e
AN 1.0 mL2 4ColA 5,000 rpmo.2 5E7F 45
3 ohg Y3 A7 HETE 247 7Aelo] 80T deep
freezer (DF-8510, Ilshin, Korea)of| 11 @7} A 5}s1-4] HA4 1l
NMR & HAA R 2 ARSI, L A] @42 PCR tube
ol el 3 WaRps HolRAo] Mg sieich o] £
o A1 0] 74 £(Sartorius BP 31008)2 AR 53-8 27
3 % ofAg sfitato] ofrbujet 1hg MBalglr). M 24
< SR ol & AU @S AASH | As SA1 ¥R
PBS £-9(pH 7.4)2.2 3t & chilled conical tube (15 mL)o||
ol 70 Bstgict. CATS] H-400E 23] g 50 mM
phosphate buffer (1 mM EDTA, pH 7.0) W& 5 mLE, SOD
B Aol %4 gt 20 mM HEPES buffer (1 mM EDTA, 210
mM mannitol 2 70 mM sucrose, pH 7.2) W4 5 mLE ¢
3t & homogenizer (Sonopuls HD 2200, Germany)2 23}
sttt AR AL 4T oA 1,500 g2 108-7F LA R 2|5 5 A
HE =7 5to] CATSL} SOD 9| gy A ol ARg-5}3iTt.

b

Drabkin's reagent 5 mLol| A& 20 LS FYsko] £5st 5
-2-0f| 2027 AR v 3 = A = 540 nmof|A] H|A
St A2 BAs,

MetHb

€Ol 5 Lol Z54 | mLS Wold HE7E S8 of
< 0.1 M phosphate buffer (pH 6.8)E 0.5 mL ¢33t} &
Hole 450 goll ] AT T A3 600 uLA Hlo]
Matsuoka (1997)2] Wl o 2 BA35}¢i Tt
NMR

AN 1.0 mLoA A AE5 P A2l A 94 10 mLo
FHAIA 1,000 goll A 1087F Hrlite|sto] WE-1E A A5}
= AR TS 33] HEESto] AAISHTH A2 H A d A= A e

o

of\

T

Al arof] A1 T A E A F5-98 0.2 mLof| mercaptoeth-
anol EDTA £ 1.8 mL-& Y3t th2 nitrogen vesself] 2o
e FAA F Aol olxl ST 2L NMR 244
22 AMSlSTH NMRE &4 £42 0.12 M ZnClz, 6 mM
NADH 4 2.4 mM 2,6-dichlorophenolindophenol (DCPIP)
2 3H5-51= 0.2 M Tris-HCI (pH=8.5) 8- o] 7 4~(diaporase)
S|l AL 28N 0.1 mLS 22 $981e] 600 nmo]|
A 457 FAE HAAS 2451590 NMR SHEE 25T
of| A 14 &<t DCPIP 1 uM& SHIAI7] A4 25 YEhditt
(Worthington Biochemical, 1993).
23 oba

Griess reagent (Promega G2930) ¥ 21 manual®] w2} 540
nmol ] SHES 24st0] Ao e WA obA S
£ Az,
GOT, GPT, glucose % Z3HZ!

F% GOT, GPT, glucose & 3| & (Na', K, Cl)2 &35}
L4 7] (FUGI- Drichem 3500s)= =731 $it}.

Ll

Cortisol

% cortisol-> cortisol ELISA kit (IBL RE52061, Germany)
= B,

CAT

@A, 29 oprin| 249 CAT 242 CAT assay kit (Cay-
man chemical, catalog No. 707002)2 £435}¢it}. 1 unit CAT
= 25TCoA 127 @A 1 mge] BEg-51o 1.0 nmol 2] form-
aldehydeZ A4 5H= G awkS vehdt)

SOD

SOD &2 SOD assay kit (Cayman chemical, No. 706002)
24 274519k 1 unit SODE= 25T oA Thilld mgd 0,9
50% dismutationo]] Q%]+ T A4S LERHATEH

CHEH X

o

ool

gt A= 22 o] Tl 2] gk Bradford protein assay kit



(Bio-Rad, No. 500-0202)= =25} ct.

Y ER

7+ B4 A3 = one-way ANOVA S m] sho] Pat7kol 2}
o] = ARG} o] ZHE] 95% -0l A 1 2fo] 7} ¢1A
% 22 2]+= SPSS (version 19.0) EZ]]JH?]X] = 6]4-5}4 Dun-
cun’s multiple range testS A A5} CH P<0.05).

z o
S OpEAL

422 283Col|A oFEAK0, 2.33, 4.60, 6.64 2 8.78 mM)°]|
Yol 5 48AIT leE A7l 5 4 obdAl B =5 SA5IGITh
(Fig. 1A). 8% opAAR g 2o A 4t 15.5+1.38 uMo| 3}
o, oA 2.336.64 mMof| leEF AFo]o] A o} A ARS
23.1-62.3 UMZA] 29| o} F vt w35 A &
Al opsto] gttt obd Al 8.78 mMol| 48417t g S AY
AR ] 7 opAAL == 370.7 uMo| Stk

Hb % metHb

o} A 4.60 mMo] =2 E A% o)) Hb ke o 219} 1]
off 2 gk HoFqlaL, 59 ofdAk 357} =25 Hb
= frashs A4S UERY SItk(Fig. 1B). wa"ﬂ*i metHb ¥
E2 2o A Bt 3.7%E S on, 4252 oA 5
T} =252 A F7}«>}<;iu}(1f><0.05). 0}%3“5} 6.64 mM
of] £=-8-= Wi Ato] O] metHb2- 56%, 8.78 mMof| 484|171 n & &
A ZNA 2] metHb-2 90% = 2= 9l thFig. 10).

NMR

opEitel eEE WAoo NMR &44E& 5%
Fig. 29} 2t} g2 NMR 242 0.019+0.0014 U/mg
Hbo| 3L, oF&A} 233~6.64 mMo| =% xow% Bt
0.084~0.188 U/mg HbE A] o}A Al w7} =94
THP<0.05). oF&4E 8.78 mMof| 48417t & $-2] E7AI=
0.272 U/mg Hb2| E-4Jo] T2HE| it

S Haf

r PN

rsi'
N
i
r lr

522 2834 S ol WAte] 48417k % T HA N,
K 9 CI'E 243519 tk(Table 2). @4 N9} Cl= 34452

otZAt 5ol w2 2foli= gt oAl 6.64 mMe] =EH
7hA ] B4 K i ti 2ol vlate] fofahA| =& gho]
2= JITH(P<0.05).
Cortisol} glucose

obgbel| 48417t & A7l WAole] ¥4 cortisol} glu-
coseS EA%H Aut= Table 22} 2t} CortisolS 445
o] oAt FETL S7IEEE RolatA| 52 4k HolEel

NS W33 FABHEL: B 863

(P<0.05). Glucose= =1 oA Abe] leZF A= thx719
Blsto] @fo] =RAAIRHP<0.05), oA} eEgteol| whE 2|
ol YHE]A] AFotTh

GOT2t GPT

o4t <4.60 mMo|| l=2H iAol o A= @4 GOT<F GPT
o] 3H4 }o]= §19].©. M (Fig. 3), 6.64 mMol| ‘= Z5 74| += tf
Zo] vlEke] =8 TS eI QT P<0.05). o} 24 8.78
mMo|| l=Z& E AyE7WA ] GOTL GPTE] 2442 dAeH &=
TS HoEQlrt.
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Fig. 1. Levels of plasma nitrite, hemoglobin (Hb) and methemo-
globin (metHb) of Anguilla japonica exposed to elevated ambi-
ent nitrite for 48 h at 28.37C. Data expressed as mean+S.E. (n=6).
Different letters indicate significant differences (P<0.05) between
nitrite-N concentrations. Asterisks represent that the measurement
of one survived fish following 48 h exposure.
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Table 2. Levels of plasma electrolyte, cortisol and glucose of Anguilla japonica exposed to elevated ambient nitrite for 48 h at 28.3C. Data
expressed as mean+S.E. (n=6). Different letters indicate significant differences (P<0.05) between nitrite-N concentrations. Asterisks repre-
sent that the measurement of one survived fish following 48 h exposure

Nitrite-N Electrolyte (mEq/L) Cortisol Glucose
(mM) Na* K* Cr (ng/mL) (mg/100 mL)
0 (Control) 141.8+3.27° 3.91+0.20° 145.7+3.37° 3.52+0.58¢ 64.8+5.63°
2.33 142.3+2.36° 3.4740.26° 144.2+2 552 20.28+2.01¢ 90.0+8.022
4.60 142.5+2.05° 3.65£0.34° 144.5+2.812 26.10+1.74° 98.8+7.172
6.64 146.5+2.742 4.47+0.21° 148.0+2.70° 65.58+3.89° 95.5+13.182
8.78 140° 45 142 195.5° 64
03 mMoj| 96417t 12 Fof| Pk oAl = 2.1 mM (Avilez
§ et al., 2004), A oY(Cyprinus carpioy= ©F&AAF 2 mMo]| 484
E a 7 =% 5 g4 opEAl 5= 3 mM (Knudsen and Jensen,
S o2t 1997), Y& g ets] ol Oreochromis niloticus)= 0.1 mMe]| 48
£5 - oy
ST A7F =2 B 0.89~0.95 mMo|StHYildiz et al., 2006). o] &
eS| b 01%-2 BASF ob AL Fizo] Hlste] o] WEER &
£ 0 | : Aokt £ wolw gl ol walol SABMLel(An
T
2 280
3 d
0 0 1 1 1 1 1 1 1 1 B *
" 0 (Control) 2.33 4.60 6.64 8.78 240
Ambient nitrite-N (mM) = 200
=) - a
Fig. 2. The activity of NADH-methemoglobin reductase (NMR) in > 160 '|'
the blood of Anguilla japonica exposed to elevated ambient nitrite % 120 i
for 48 h at 28.3C. Data expressed as mean+S.E. (n=6). Different |(_u L
letters indicate significant differences (P<0.05) between nitrite-N 8 80
concentrations. Asterisk represents that the measurement of one 40 | b b b
survived fish following 48 h exposure. L ’L‘ ’L‘
0 L Il L Il L Il L Il L
%Q&zmmMﬂi%%é%ﬂJCMRWODgﬁimz 10 -
Fol Hlstel folakA okow], BHSF o B E
| -
S22 271819 tHP<0.05). CAT— GA} of7bu] A o) A, s °
SOD:= oF7}a]oflA] 42 B4S LrERy e, g et
8
o F B4
RE W55 obaato] A5l JRAE ] I &4 al
16l Q7 oA G912 o} 5lo] Aol ofltiel 5 0 -
0( Control) 2. 33 4. 60 6. 64 8.78

Q= th(Jensen, 2003). wheha] o} &AL A2 A Q] CI S
oA AR 2-g-5kaL, o] wiol] 5 Oﬂ CI7t %_'Zé?l 5
=2 EASH 2L o] 58] oA o W ob AN B4
o] sleE ch(Williams and Eddy, 1986; Madison and Wang,
2006).

ZBEolFe] @5 oA F21E Frolofl thsto] gol ¢+t
ek FAt o159 9%2 Brycon cephalus= oFE4 0.4

o
p

Ambient nitrite-N (mM)

Fig. 3. Activities of glutamate oxaloacetate transaminase (GOT)
and glutamate pyruvate transaminase (GPT) of Anguilla japonica
exposed to ambient nitrite for 48 h at 28.3C. Data expressed as
mean+S.E. (n=6). Different letters indicate significant differences
(P<0.05) between nitrite-N concentrations. Asterisk represents that
the measurement of one survived fish following 48 h exposure.
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Table 3. Antioxidative enzyme activity of Anguilla japonica exposed to elevated ambient nitrite for 48 h at 28.3C. Data expressed as
mean+S.E. (n=06). Different letters indicate significant differences (P<0.05) between nitrite-N concentrations. Asterisks represent that the

measurement of one survived fish following 48 h exposure

Nitrite-N Catalase (CAT)' Superoxide dismutase (SOD)?
(mM) Plasma Gil Plasma Gil Liver
0(Control) ~ 2.10£0.21° 1.4120.12° 0.470.10° 0.26+0.03° 0.86:0.15¢  0.10£0.03°
2.33 2.83:0.33 2.20£0.14° 0.710.14° 0.35:0.01° 3.12:0.23°  0.4740.06°
4.60 3.66+0.37% 2.62+0.36% 0.910.12° 0.52+0.07 470£0.32°  0.61£0.09°
6.64 3.7940.58° 3.1740.412 1.58+0.342 0.48+0.08° 6.15+0.64° 1.40+0.28°
8.78 1.70 3.01* 1.31* 0.43* 6.30* 0.51*
'nmol/min/mg protein at 25C.

2U/mg protein at 25C.

guilla anguilla)y= oF&AL 0.142-1.549 mMo| 24417t =& &
GA oA = 14-52 WMEA] A4S0 vl o v S
2215} cH(Huang and Chen, 2002). =& 28.3C ol 4] o} &4t
2.33-8.78 mMo]| 48A] 7t L5 HiRlo] o] F A} o} A AR 15.3-
370.7 uMo|§laL, o] e EHps % obdat BTt 5
7FSFRAANE AR ol ol K of o] o] okl B
of wsto] Al sz Z4 = AtkFig. 1A). o] gt A4S o7}
1S Fo CI F&o] W2 o R(HAol, E54, Yo7 5)
= HF9| opFAF A Eo] WL, CF S48&0] &2 ol f(H
o], Fol, Zpdin||7] F)= obEAF F24 o] WARE o Ake] Thgt

AL =th= B 3(Williams and Eddy, 1986; Tomasso and
Grosell, 2005)0] F-glsl= Al o2 AZE )

o Folom $oIH ol AAke HBe] uehu A S 7 g}
o] M@ 7-450f) 42150} Hb& metHb 2 A15}A] ek (Jensen,
2003). MetHb& AH225 S 2lo] g7 tje] 33402 @
oo] AL29utk o] 7hau|m, 0|2 Clslo] ZefE Al
L2 oA o] 2EH A @107 2§38 4= ¢Ith(Kroupova
et al,, 2005). o157 Adbiol Thg S WAl BhgL &
Wapgo] ofgh HB4 F7holn, ol ol £ Abk
2 Ay 202 95| Sl5tel L Aol x/ukPe-
terson, 1990), 1] o] Fo A= APkElE At HiEo] 9]
THHilmy et al, 1987; Tucker et al., 1989; Avilez et al., 2004).
2 Aol opdAtel kmEE Wil o] Hb TS S %
o] opit FL7t HoaE AasSithFig. 1B). 2459
oFEAt F =71 >4.60 mMSl 2704 Hb afo] ash= &
Are wBEoFe) BT AP 271 9 487 $3fo] ]2
(Jensen, 1990a; Knudsen and Jensen, 1997)=| A1} AW A A
o] Rzt of 0] 287)% A1) o3k A(Gill etal, 1991)
o= A7k,

opgAte] =¥ 070 54ZQ WS- Hbo| AkalE o]
metHbo| Z7}5l= dAFo|H, nitrite-free waterol| A= o] F+=
Hbo] Ap7Hikste] ofsff Z7go] 7Ha3t %o] metHbs 3H-gt
THLewis and Morris, 1986; Kroupova et al., 2005). ¥7}-o]

L Hb2) 3.7%% metHb vl 5= 2 3H5-5191 11, o} &4k 2.33-
6.64 mMoj| 4] 48X 7t F-of|= 9.5-56.0%, 8.78 mMo] =% =
AE WA= 90% = e thFig. 10). 42 25.2ColA 4
Ahizto] o] metHb BFY 5=+ 8.4%, ©F44H0.356-1.549 mM
of] 24417k e S+ 16.6-45.6% (Haung and Chen, 2002),
Z12]31 Amano et al. (1981)2 oF&A4t 2.14 mM} 2.86 mM
of 17§17t k&% wWiAol o] metHb B-&- 217 15-68% (F
T, 38%)2t 15-65%(B 4, 40%)= ¥ 13Tt Kiese (1974)
L Hbo] A7HAERE-S pH 7Y o] B} pH 5.704 E& =0
™, Hb2 50%7}F BAkA Bz W2 Abai QoA Z{dfjof o] &
t}al shict Huey et al. (1984)2 FA1% ARS<=9] pH= 4
o]0 TFI % 274 rldE o] BijEsh= CO,of o8y wt
27 43} =] A5t ASIA|oE, Nitrobacter®] 2|4 A3}41-g-o]
Q5= pH H Q&= 7.5-8.62 R}t o] 2igh 7L 7ets)
W Ao A AYUER ARSE= W] o] A9 AR J
1A Q1 A 3tel 714 = A eh7] ko] A 4bkas $h o] 22
B AR o A= obaARe] =/ Fkol THeE = e A
S = oAt

H7go] AE9] NMR €4& 5743t v, ti 2ol A= Hb
mg% 0.019 U, o}&A}F 233-8.78 mMo] =25 712 0.084-
0272 URA 2Hg459] obdit 557t 575 NMR 24
o] elobA Z7tek WS HAFIITH(Fig 2). ofF H AT
+= metHb-& Hb O 2 &915h= 8491 NMR2- ¢H5-51 (Huey
etal., 1984), op&AAto| 12 ¥ o] {75 nitrite-free waterol] FH
NMRE] gh¢d7]&bof| oJsf| Hb 2 B4 o= 3l5sct
(Huey et al., 1980; Knudsen and Jensen, 1997; Lefevre et al.,
2011). EjAt 40159 Brycon cephaluse= oFAA]| =gt
S NMR &40 571519 Al (Avilez et al., 2004), YA et
O} NMR /4 == oFaAE 5 =9 i EA (ol FoFS Wh=th
11 319 ek(Yildiz et al., 2006).

5o oA} Cl= oP7tmloflA TY S3=E

I =]

i

Ao
o 1o oM

Aeto] upet op it ke Alol= 554 CI & &

e oA g 912 A b th(Jensen, 2003). W
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T S rF LR ChY 54 fE0] AlGE o] CF &4
o ZeE|ojA] o]H Fo| A= A2 Cl & %=7} FaErh(Jen-
sen, 2003). E3h, obdAF A 34 of = E2 Z(Jensen, 1990b;
Stormer et al., 1996; Knudsen and Jensen, 1997)3} 2 &+ A|
E(Jensen, 1990a)2] K A4lo] oJ5to] K* gFAFAl o] metE of
TZ-EFEZ0| of7] % 7] % $tth(Jensen et al., 1987; Alexander
et al,, 2012). o}&AAL 6.64 mMo| =ZF WA o] A K 5
T izl Histo] F-o5HAl 3k (Table 2), Na 2} ClI
= AT oA Fol| W Apol7F TAEA] ghSkth
(P>0.05).

2H, cortisol¥} glucose= OFAA F =7 =25 S7F5HA
Th(Table 2). a4kl =& BiAolof 4] @4 cortisol®] 57+
8= 212 cortisol©] 7Fo]|A] glucose 413/ Z%15k0] NMR
HE =oleE fishe U9 AHed 2Evk(Kiese,
1974) A= HEs| LI 2RI Fof ot o] 7] a4k B
o] w2 AE A REE-o 87 AZHE T

5o Y obEARE of 7o AAathALE wetAld Ent
oyt 71 &S 2efste] GOTSF GPT &/do] 5713ttt
(Michael et al., 1987; Haung and Chen, 2002). ¢|& ©}1]=7]
Ho| 70| Afr 132 S AP A 4] o Elo] Bajo 2
WEE o2 T GOTF GPT 24 SHA|= 7F &4 A3
2 o] 8511 Qltk(Michael et al., 1987). oF&AF 6.64 mMo| -
Z5 WAool = o 2| H|ske] GOTL} GPT &40 %7151
th(Fig. 3). Haung and Chen (2002)2- o}24F0.751 mMoj| 24
A7t = EE ARl GOT 840, 1.547 mMojA &=
GPT &/do] f+oJsHA| S7Fste AaHE Kol it

Al ool EAfsk= CATSF SOD a2 2H/dAalAo] Akt
2 AE g 2o ol T E= A o] 851w (Malstrom
et al,, 1975), AIe}a 48] B == A= QlojA 2
AEH A0 gt biomarker2 o]-8-2 4= Qltkal 3¢ tH(Marti-
nez-Alvarez et al., 2005; Alexander et al., 2012). o}214F2.33
mMef 48417 leZE WA o] = CATS} SOD &4jo| f-2J8t
Al =%, BE 55 obAhl T =245 o5 B4
S7F5F3tH(Table 3). CAT= 7ol B|ske] @743t of7hu|of|A],
SOD+= o7 ol Al =2 & UrEtli SiTt.

2 A9 A3}, -2 28.3CoflA] F= ol ito] 48417t =
S Wol= 84 opdA FET =545 % okl
metHb H]-&, NMR, CAT ¥ SOD2] 842 271519111, Hb §F
T2 skt 2 49 opEAl 5 =7 >2.33 mMSl 2719
WAL/} R OR ek u Aleld AEeA BHE T v Rol
HoY51] parameters} G481 0] Mol W37 st
Ao] =t

o

e et
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