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Effects of hematological parameters and plasma components
of olive flounder, Paralichthys olivaceus by acute nitrite
exposure according to water temperature

Su-Min Hong', A-Hyun Jo', Da-Eun Kim', Yeon-Sook Park', Hye-Sung Lee',
Yu-Hyeon Jeon’, Seok-Ryel Kim’, Dae-Hee Kim’, Yue Jai Kang'’ and Jun-Hwan Kim'’

'Sun Moon University, Department of Aquatic Life and Medical Science, Asan, Korea
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Olive flounder (Paralichthys olivaceus) (Weight 110.9£17.1 g, length 22.3£1.2 cm) were exposed
to waterborne nitrite at 0, 30, 60, 120, 240, 480 and 960 mg NO,/L according to water temperature
at 20°C and 25°C for 96 hours. The lethal concentration 50 (LCsy) of olive flounder, P. olivaceus
exposed to waterborne nitrite was 513.87 mg NO,7/L at 20°C and 208.35 mg NO,/L at 25°C, which
means a significant difference in LCsy by the water temperature. Hemoglobin and hematocrit were
significantly decreased by waterborne nitrite exposure. The inorganic component, plasma calcium,
was significantly decreased, and the organic components such as plasma glucose and cholesterol were
significantly decreased showing a similar tendency with calcium. In enzymatic components, the AST
and ALP were also significantly decreased by nitrite exposure. The results of this study indicate that
exposure to nitrite can affect the survival and hematological physiology of P. olivaceus, and the effect
of exposure to nitrite had a significant effect on nitrite toxicity depending on the water temperature.
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2 2T F don, ol o7 A-Erlx
A, 7k 1 o] 9 kHE HlE Y A
27155 AdthJia et al, 2016). o F A<
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et al, 2005). oAl = Zof] WE o {Fo] SAHFF
& pH7F ROl Z7ksHat, ol % pHolA

F o7tele] Na'9b Cls=7h H43sH Na'K'
ATPase &7d o] Astd o w2 A o]th(Sohn et al.,
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Table 1. The chemical components of seawater and ex- 20°C 2 25°CE AA AMS-F2 HY =2 dA35)
perimental condition used in the experiments. Fom 20°CH A BT 1°C% &7 25°C7HA] &X]
Ttem Value Value stHoH, £ :|17]'°] o] Fo u =24
@0 @50 & AR AR F santel(obA BE
Temperature (°C) 20.0£021  24.50.10 I xAEFL T 613}111 x T T3 27 E ol
pH 8.29+0.01  8.31+0.01 83t =28 AYstgon, A8 77t F 32
Salinity (%o) 32.24+0.03 32.17+0.03 A ) . B
. LIRS WA Y “r‘ H & = '1_'__—)\‘]
Dissolved Oxygen (mg/L)  7.10£0.04  6.26+0.02 (&, 8% 4 S TrEH%ET i; o
Ammonia (mg/L) 0.20£0.05  0.21+0.13 7] (YSI_-Professnal plus, YSI Inc., USA)E ©]-&3&}c]
Nitrite (mg/L) 0.1240.02  0.09+0.01 e FAeR o, dro} opEL 9 ALk
Nitrate (mg/L) 0.24+0.03  0.15+0.03 B8 J)EMerck & Co., Inc., USA)E ©] &3}

=43 th(Table 1). 2 AFolA o}At =&
A Q9] Ag 249 2000 & 25°ce] Wojs  CHIAHEFENaNO)S ]85t EEU 20,000
AAS¥[TH B Ade EHLe £ 20°C9/]' 25°C mg NO,/LE THESlor 7} x| FXof 9HA

A4 AL B A WA, go  =EE ANHA, oA FEFL W YA

A @ G QB Wale BAsy 0}%1/‘\_]. v o}ZA 4 F 5= Table 29 2ot =& 96AIXF & A

Zol @ SHGFL S8 Prlst gz OFUE 2E AAGTE G evtehe] FNE sam-
2 Qos ofds SHAEE A4 plingdtel 43I

Hh X AHSE(LCso)
G ol o] OB WEA NS 2

=

Q1sl7] Sl okl =& F 0, 1, 3, 6, 12, 24, 48,

ABl0] U AlISEHA 72 D 96X £ E HAF -5 Rl om,
B Agof o] gd FX(FA 1109+17.1 g, A% HAF A= #F SA AAMFA 96413 F
22.3+1.2 cm)E EjQF Q129 FRAY A Bk T opbd o WE HF HA AAE v
Hkol ALS kA S AAE o) &3P AFHLe A go 2 FAXZZI(SPSS Inc, Chicago, IL, USA,
P A 37 AP 20A EHE AAEIA L probit model)= ©]-8-3l REFAALE =S 4HE3}
o, Ag52E 1000 98 28 olgste, 7] R
& E=71H0, 30, 60, 120, 240, 480 2 960 mg NO,7/
Lo 2 =F& 9641 AAStA T B Aol A Rk
£ T IRkl FARY ofdit BE A A stA FAL T opit =& 96AIRE F
(1 mg/L ©]3hR T} w]$ =& Fx]o 3 33}A Tk, dotd= MAE ol st AMES AT A
}o] 1 3o 3a 7|HI 2L Hy & -2 3] 9} 3 (Sigma Chemical, St. Louis, MO, USA)
A ="M= L FAE EAT F Yo Agd FAIE AHESIA o, AE A F dEeE
o, Jdx9o A WAEATAZS &2slr] sh onl Rl (hemoglobin)¥} 2 &+ &2 (hematocrit)S =
AH S vlEro 222 A YT). o ke A4t Hemoglobin =X YAH& kit (Asan

Table 2. Analyzed waterborne nitrite concentration (mg/L) from each source

Nitrite concentration (mg/L)
Nitrite concentrations Control 30 60 120 240 480 960

Measured nitrite concentrations (20°C) 0.76 29.19 64.68 126.83  238.21 468.92  981.51
Measured nitrite concentrations (25°C) 0.56 29.98 67.08 125.31 246.94  483.75 97243
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Pharm. Co., Ltd)E ©]-83}] Cyan-methemoglobin
Ho 7 =43}t Hematocrite= BAH W Z &
H-5 @0, Microhematocrit centrifuge (VS-12000,
Korea)°ll 4 12,000 rpm, 103+ ¥4 &2 T Micro-
hematocrit readerg ©]-&3t A3t

= |

T2 oA e WE A HRe W)
AF T HHE 4°Col A 3000 x

AR & g4 25t €%

=431t 24 OCPCH, Pl 1vl45-2 Xylidyl
w2} ) AF-8 kit (Asan Pharm. Co., Ltd)
£ ol &3t SA3AT B AR E Y
(glucose), =& 2~H E(cholesterol) & F THA
(total protein)= ZA 3t -2 GOD/PODM,
ZH 2EHE2 ¥, T OE -2 Biuret' of] 9
8 Al TE I = Y/d-E kit(Asan Pharm. Co., Ltd)
2 o] &3yt 8% 48 A O F AST (aspartate
aminotransferase), ALT (alanine aminotransminase)
2 ALP (alkaline phosphatase)E =743} Th AST
¢} ALT+= 505 nmol| 4] Reitman-Frankel®, ALP=
King-KingH 2.2 500 nmoll A 478 kit (Asan
Pharm. Co., Ltd)E ©] &3t &4 st

4 4 SRl A 72
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At F943-2 SPSS A ZZ T (SPSS Inc.)
S o] 83} ANOVA testE 2 A3+ Tukey’s mul-
tiple range testE F3) P<0.05 & W o] A=
Ao Z F3ATE L& 25°C9] 240 myL FEoNA
AENAE 102 22U 2 BAE 93 8
o] FXE A ol BAEA A= ALt

2 1

MEg Y BeX|AHS E(LCso)

T2 obAA & E {9 AEEL
Fig. 191 YERHATE 20°C9] G20 = o4k
240 mg NO,/L7HA 2E 100% A &3 .01, 480
mg NO,/L9] o}d A =Eo A =& 96AZtel 2m}
2] H A 66.7% A EF T 960 mg NO, /L] ©}
A mE2oE =F 6A7 B33NYE T, =F
12X A& F AR 25°C9] oM = oA
2+ 120 mg NO,/L7HA] B 100% A E=3 o™, 240
mg NO,/Le] o}d4t =FoA =& 72417k 10}
2] #HAFSt 83.3% AE F, =F 9647t 4ntE
7} F7F #ASEA 16.7% A E3FATE ol = 4E 480
2 960 mg NO,/LE] o}A 4t :=Zo| = ATF HAF
3t TH

T2 opdA mEd e JA Y v ALE
S(LCso)x= Table 30 YEFH AT} 20°Ce] 429
Al oA mEol] WE PJ A9 R AR S (LCso)
£ 513.87 mg NOy/L & 25°C9] 4=l A= 208.35
mg NO,/LO.Z, F20] Zold 55 MFEAAls S
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Fig. 1. Survival rate of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according to water temper-

ature for 96 hours (Left: 20°C, Right: 25°C).
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Table 3. Lethal concentration (LCso) of olive flounder,
Paralichthys olivaceus exposed to waterborne nitrite
according to water temperature for 96 hours

95% Confidence Limits

Estimate (mg/L)  Estimate (mg/L)

Probability at 20°C at 25°C
0.01 324.69 135.71
0.10 409.65 168.34
0.20 445.43 182.07
0.30 471.23 191.97
0.40 493.27 200.44
0.50 513.87 208.35
0.60 534.47 216.26
0.70 556.51 224.72
0.80 582.31 234.63
0.90 618.08 248.37
0.99 703.04 280.98

T2 opzst mE B2 JX|o] sy A
‘&2 Fig. 2¢] YEFA AT Hemoglobing 20°C9]
S04 240 mg NO,/L ©]4¢] oA #93
ZH2=2 YER ATHP<0.05). 25°Coll A= T Z=7-0
A 120 mg NO,/L7HAl 27 WHal= YehxA] ¢
ST} Hematocrit= 20°C2] 4=l 4 120 mg NO,/
L o9 sxo4 F97 45 vedilon,
25°CA A= o 4F 120 mg NO,/LS] F=A

14 4 . Control
3 30mglL a
12 1 == 60 mg/L agal a a
- C—3 120 mg/L a
T 1o | === 240mglL
> B 480 mg/L
~ 960 mg/L by
£ 89
Xs)
o 61
£
s 4
u
2 4
0 ND NDND
20 25
£ C

Water temperature

w4 =gl wE A W 205

o) 742 UER)RTHP<0.05).

T oFA mEo mE YXo ¥ F714
< Fig. 391 Jel Atk 3 calciumS 20°C2)
204 120 mg NO,/L °]42] F=oA #2934
A5 Bon, 25°CY F4 60 mg NO,/
O])‘c}'vo/] lﬁmﬂ/\i o8 Zas BATHP<0.05).
4 magnesium -2 oA 4E ol o}
o)Al Wshe= YERHA edskth

Ge ohdat mEol hE WAe] 2% #7]
A=1e)
R

A Fig. 49 YeF St A glucose= 20°C
o] &4 120 mg NO,/L °]49] FxolA f2
2 ZaE JeERglen, 25°Ce] FLollA 60 mg

NO,/L ©]’¢9] s&=olA F22 Z4as e
tH(P<0.05). A cholesterol> 20°C & 25°C 2
o4 60 mg NO,/L ©]4e] F=olA o7 74
£ YUEH ATh(P<0.05). 4 total protein T
H ool =& WE FoHQ HslE HolX
U

T2 obEA kEo WE dXo €4 as
< Fig. 59 UrEhH ATh 3 ASTE 20°C<]
o A 460 mg NO,/Le] F=oA Fo& i
el e, 25°C4 T2oll A =Tl A
120 mg NO,/L7HA 9] s =olA = F92 Hsle
e ?%%H:‘r(P<0.05). Y4 ALTE 24 of
AL w20 O Fol Al Wit JEhA] 9kgk

S

98
Se
.E.

50 1 Emm Control
3 30mg/L
EEE 60 mg/L
40 { C 120 mg/L

- . 240 mg/L a
S . 480 mg/L a
st | 960 mg/L
= 30
o= b
5}
o
©
c 20 A
[0}
I

10 A

0 NDND

Water femperatu re

Fig. 2. Hematological parameters of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P<0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).
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Fig. 3. Inorganic plasma components of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P<0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).

80 1 mmm Control 250 1 wmm Control 16 1 mmm Control
= 30mglL = 30mglL == 30mgL I3, fa,
= 60mgl @ a . = 60 mglL 14 { mmm 60 mg/lL aaa 2
. = 120mgl |, Ta 7200 | = 120mgL 4 a - [ 120 mglL
Z1 60 { mmmm 240 mg/L e 240 mg/L T 12 { = 240 mglL
o . 480 mg/L [s)) = 480 mg/L o) [ 480 mg/L
[=)) — 960 mg/L I — 960 mg/L b =~ 10 { === 960 mg/L
£ b < 150 c
£ = c £
9] 1
3 40 bby b g g 8
S B 100 S 64
3 2 o g,
O] e 5 1
O 5 ~
2 ]
ND NDND ND
0 0 NDND 0 NDND
20 % 0, % 2 %
Water temperature Water temperature Water temperature

Fig. 4. Organic plasma components of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P < 0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).

160 | wmm control a 120 | wmm control 12 ¢ mmmm Control
— 30mgL 2 8 = 30mglL = 30 mglL
140 | mmm 60 mg/L a 100 | == somaL a 10 | == s0mor .
= 1 120 mg/L = 1 120mgl  za3ad EE 1 120 mg/lL
‘C 120 { = 240 mg/L c B 240 mgll T a 240 mg/L
=] = 480 mg/L S go | E=m4s0mglL . g | mmmasomgL b
C 100 { w==—- 960 mg/L c — 960 mg/L < — 960 mg/L b
o o D
X
E 8o £ 60 < 6
5 T o
= o0 < T 4]
}CTJ 40 ':
< < 20 2
20 |
0 NDND 0 ND [linoND 0 INDND
20 c 25 c 20 c 25 c ‘ 25 c
Water temperature Water temperature Water temperature

Fig. 5. Enzymatic plasma components of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P < 0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).

ok ¥4 ALPE 20°CE] =14 120 mg NO,7/L T2 A4 60 mg NO,/L ]2 F=olA F%
ool FrollA FolH AaE BHoH, 25°CH Zas HATHP<0.05).



EEBIC SRR

(o3
v
>
N
%l
(3

W =gk A 2~
TEE EZAY 5 3

o, £ T59 ofH4ke ofFellA YA
< ¢ TH(Zhang
Aol ob At 5
St RS 2T 5 o, MR s
(e o1fl o UHBAE Aesn =
d& Brlstes ARE o] &2 5 AUtk(Bita et al,
2021). Kroupova et al. (2008)= o} 4t =Zof wh
2 FAAMEA, Oncorhynchus mykiss2] =& 964
ZF ¥R A] AR5 S(LCs)= 11.2 mg NO,/Lekal Bl
1T}, Lin et al. (2018)-2 bighead carp, Aristichthys
nobilisoﬂ A obHAE mEol]l W& 96413 REFA| AL
E(LCso) == 121.6 mg NO,/L&ti Rt
Huertas et al. (2002) < A] Siberian sturgeon, Aci-
penser baeriol Al WA SHA ©]’F2] old4l =Z
e HAES Buglon, & 2AI7 HEEX AR
E(LCsp)= 130 mg NO,-N/L2+2 B3t} Wuertz
et al. (2013)= juvenile pike-perch, Sander lucio-
percall Al o}E A E o WE 96A|ZF HEFX|ALE
S(LCsp)= 7.5 mg NO,-N/L&tx Hyugh B ¢
TolA T2 o}t =Fo WE YX|(110.92)°
TR AHEE(LCsp)= 20°Col Al 513.87 mg NO, /L
Ao, 25°Co 4 208.35 mg NO,/LZE YESTH
oFAAt o E}E WA= ofFel wet b=
A HEREE, WA A E(LC)E ol F ] wje
o] & EO:’U]- Kim et al. (2019b)> =& 22°C9ll
A obdal =EH HA A o](2.4g)9] 96413t Wk
X AbE E(LCso)= 768.1 mg NO,/LO.2 B3t}
ofo} MW Hyte w, P2 7] wE opHAt
WA L] Aol & HAom, & ATl 2
g obdt WARAZE A Aot e AS

gl
T2 7Y TF 9 UAE AR T8
3 @4olH, =& F2oA oLl wE W
\3 =2 AAFH o] UEE 4 UTHKroupova et
. 2008). & ATollA F29] ztolof] W ofA
Kl ‘41”3]'74] B3I ApolE HUoH, 25°CY]
ol A= obAAE mEol wE WA RHA 7} 20°C

<o wE A it 207

o] 2Kt} 2468 SA UEFSTE o] H 3 2
g WA S Aol & F2oA o B
AL S 7, 35F STt o3 SAxE
N7 Fobglo] o3 Z o2 AdETh Lemus
and Chung (1999) 9A £ F2°] S &FY F
7Ve st 4ol g S =Y Ao
I FRGg o, FE =Fof o yellow mojarra,
Petenia kraussii®] HFX| A E2] 2}o](LCs at 22
°C: 485 ppm, LCx at 30°C: 284 ppm) S HI3 E}
o b4 &2 ofF oprr] A E
ESH g o7 {259, hemoglobing methemo-
globin®. 2 g3 3, o] Fo| =8A A 2Hlo|
AHAA Y-S v A 4 Ah(Zhang et al., 2020).
o} F oA EF methemoglobin®] FF°] 50%H|
oAM= #HARSE A AFS fleH, 70~80%
o] &% methemoglobine o 72| 3 &38ta Zo&
el = 9 th(Roques et al., 2015). o] F2]
A = hemoglobm 2 hematocrit= o1 /F2] A7
T2 HrlsleE 83 X FolH, 3HH AEH 20
g Ay FFS F7 & F e 8ot
(Kim et al., 2020a; Yu et al., 2021). & <3310l A]
T2 WE ofd4l =& 2 olive flounder, Paral-
ichthys olivaceus®] hemoglobin % hematocrit®]
oA a5 YERNSITE Zhang et al. (2020)2 o}
Aibol =& % yellow catfish, Pelteobagrus fulvi-
dracol A 2] & 22 7+4F hemoglobin % %
hematocrit X & Rug o, o= AgFE g
2+ o}l F Ak o] hemoglobine AFSFAl A meth-
emoglobin®. 2 Al 4FAHEFH Y Ao
o3k Ao F AR da Costa et al. (2004) S A
ob& 4t wZFof wE Amazonian fish, Colossoma
macropomum«] hemoglobin & hematocrit®] 2|4
dAE Buglon, o] ol &2 g ¥
20 4, AT 5 9 80 o3 At
- J%E}. Das et al. (2004)= ©o}&A4F =Fol 2%
fingerlings of mrigal, Cirrhinus mrigala®] 3%
methemoglobin®] F7Hg &<Rlglem, o= <l
2 hemoglobin®] F2& ZAE Rt
T2 A7 A FFE FE
T3 SAA aglolH, o] 2 <)
W2 o7 H4 Aol AHAR] FFE VA=

oL
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9] heme 4+3} 58 B AFAZISA

A2 F&S v)d 4 2™, methemoglo-
bin A Y& = 4 U TH(Madison and Wang,
2006). Lim et al. (2021)< olive flounder, P. oliva-
ceusO| A 22 WgtE= o /o AaaFHEFI B
FEFS SV B AoE AHAR I
FA o3 B33} Kroupova et al. (2006)= <
o] o}t =Fo] WE FAES AW obEA
Ao Fee dFS VA Aty =

=

= =
M, B 5olA
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ox [0 = rlo dlo o

1 AR AL, AR, 44
2 FReF FIFR Qla ofH A kZo
mon carp, Cyprinus carpio L.2] T &2 AU o}&
S Rt} Abdel-Tawwab and Wafeek
T8 7l=Fo =29 Nile tilapia, Ore-
ochromis niloticus2] @ WA A4 (hemoglobin 2!
hematocrit)®] 92 Z4AE Yelyglon, 2
2 7tEF =2 e st gt Wt
FEFE FE 842 48P0 Ryt B o
T-oll A olive flounder, P. olivaceus®] o}&AF ==
of ME FAGH4e Hihe YEIHARE F29
zpolof] w2 T JERA LU
o7 A FIREL o 7Y o]2x4d 2
A0 o] glon, =& w59 ofA4 =&
2 o7 o] A FdEFE F
v 4 JtH(Gao et al, 2020). Woo and Chiu
(1997)& oA 4t =Z9] sea bass, Lates calcarifer2)
MEEE TVsHANE et dF TR
H3E Bt} Sathya et al. (2012)= ol7l0 &
B3 SAEHY S obbv MRS &
et 5% 9 ARG =4S weldty 3
©.1, David et al. (2004)= cypermethrin®| =&
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g 2 78RS FAE Ruglon, ol
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Fof, AW & FrIA R ¥FE = + v+
(Metz et al., 2003). Lek et al. (2020)= o}&3F =&
of o] 7o P& o] T ATl AEYFAHo=
28-S o, T2 FoA ofdA =& 2
O £2 ol2uws oz F vt FAn
2 ATl E opE 4t mEo
cum®] HaE Fed wet 9FS e s g
glom, ol F9] Aolof I
of o3 o} AL =Eo Wk o3 Ao R A
=ES

4 glucoses SHEZ =& 2 7w
WE ool 2EHAE Wrlee 2 2
H, dutd o2 ~Ef X~ AJ3oA gluconeogen-
esisoll 23l S717F A FTHKim et al., 2021). Gao
et al. (2020)2 o}&A4F =Fof 2% tiger puffer,
Takifugu rubripes®] 87 glucosed] 24 75
Hiuglom, o]le ofdit =Zo| ©E ~E#H
ol gkl f8l grstE Ak S8 f =
=< UYebdTh AT, B Aol A obE4 =
of W& g9 A glucose= 793 TFaE
YEFH A TE Park et al. (2007) S A o} 24 =20
w2 dark-banded rockfish, Sebastes inermise] &%+
glucose?] f-21F ZAE Higlon, ojs 2ED
220l WE glucosed ZVIHRTE MEAE
B B2 glucose®] AR&ol o3 Zo g FAgnt
Cho et al. (2020)2 Y& F=2| o}b& 4t ol A
+ hybrid grouper (Epinephelus fuscoguttatus 9% E.

lanceolatus 3)2] glucose F=7F S7H oy, =2

|

o
)
o
8

e ¥ [

old4t FEo| A= glucosed] AT A4S B
Bow, o)t Fe FEo ofdst mE % &
7o 7 Q3

#4239 9 BeaEe] BEd
Aolek F3a0k.

EA cholesterol> & A ZT 72 9 XHE
ol ZEEY AFAR T3 EdoH, 54
EEo 93 M AEg s WA O F hyper-
cholesterolemia®s &% 4 ) Th(Ibrahim, 2020).
E AT A X 4 cholesterol S o &4 =&
o o) fro] o2 7+t Zhang et al. (2020)
2 oldA4E =F o 2$ yellow catfish, Pelteobagrus
fulvidraco®] @7 cholesterol®] 2% ZHAE B
1o, ol grstE9 o] &A% Aol AUe
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% 9ltha 43tk Kim et al. (2018) A Bho] 2
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vaceus| Al o} &AL =Zo) uhE A cholesterol 2]
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74 total protein> o172 A< hAE ¢
& AUAE T, SAEE =Eo BE &
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A S Hrlele 523 240 Th(Lee et al., 2019).
AFANA FAHEE &2 =2 YA 8 7FE
He 7 3y, o] @ o|g g = <l
sl A total protein®] TAE LT £ AT
(Park et al,, 2007). 3FAIRE, B Aol o}&AF =
= 2 gXx| A total protein®] 24 He}=
UERA] 4SkTE. Jia et al. (2016) HA] oF @A =
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WAE A S S GOl AT, o st =

[*]

<% juvenile turbot, Scophthalmus maximus| < &
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AR = AST, ALT 9 ALPS} & &
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A =22 oJF 2EF A D 7F 27 &S
Y g len, ¥4 a8 AST 3 ALP
of MstE veld 5 ATH(dos Santos et al., 2018).

w0 HywFo] g 2he] EHOE 9

N
Q) th(Malarvizhi et al., 2012). @& ALP= o]
oA QAR E Ao, F z
7l g FFS HUsh] ¢
ek A X Z o] EFTH(Wan et al, 2014). £ A+
A oldat =&S WA "4 AST 2 ALPY|

oX

ol we A Hs 209

o Has FEdlen, o= AR o)
opEAt ol o7k 22 o] AR 7

B AToIA obAA FAwES AP0l WA
ST RER R C LR IR
5 Aede SHo= Agarh ¥ ATAR

960 mg/L(20°C) & 240 mg/L(25°C) ©]/d2] o}z 4t
=5 gF HAE U S Jdor, dukx o
2 120 mg/L(20°C) & 60 mg/L(25°C) °]4<] o}d
b EEe A8 44 9 magnesium, total pro-
tein ¥ ALTE A EFAHEY] F94 vt
Po7E AES AT & AFZAF oA =

=
met ofeh £ obdat Sy A
= =

A AL

e rlo
S
et
T
Hl
i)
4
2
A
J_?{J
rio
=
o
O
il
1

References

Abdel-Tawwab, M. and Wafeek, M.: Fluctuations in
water temperature affected waterborne cadmium tox-
icity: hematology, anaerobic glucose pathway, and
oxidative stress status of Nile tilapia, Oreochromis
niloticus (L.). Aquaculture 477: 106-111, 2017.

Bita, S., Balouch, A. and Mohammadian, T.: Determi-
nation of lethal concentration (LCsg) of silver nano-
particles produced by biological and chemical meth-
ods in Asian seabass fish. International Journal of
Aquatic Research 1: 7-12, 2021.

Cho, J.H., Kim, S.R., Hur, Y.B., Lee, KM. and Kim,



. zo}d

e

rlo

210 el

J.H.: Tolerance limit of nitrite exposure to hybrid
grouper (Epinephelus fuscoguttatus?x E. lanceola-
tus): hematological parameters and plasma com-
ponents. Korean Journal of Environmental Biology
38: 93-100, 2020.

da Costa, O.T.F., dos Santos Ferreira, D.J., Mendonga,
F.L.P. and Fernandes, M.N.: Susceptibility of the
Amazonian fish, Colossoma macropomum (Serra-
salminae), to short-term exposure to nitrite. Aqua-
culture 232: 627-636, 2004.

Das, P.C., Ayyappan, S., Jena, JK. and Das, B.K.:
Nitrite toxicity in Cirrhinus mrigala (Ham.): acute
toxicity and sub-lethal effect on selected haemato-
logical parameters. Aquaculture 235: 633-644, 2004.

David, M., Mushigeri, S.B., Shivakumar, R. and Philip,
G.H.: Response of Cyprinus carpio (Linn) to sub-
lethal concentration of cypermethrin: alterations in
protein metabolic profiles. Chemosphere 56: 347-
352, 2004.

de Oliveira, P.R., Bechara, G.H., Denardi, S.E., Pizano,
M.A. and Mathias, M.I.C.: Toxicity effect of the
acaricide fipronil in semi-engorged females of the
tick Rhipicephalus sanguineus (Latreille, 1806)(Acari:
Ixodidae): Preliminary determination of the mini-
mum lethal concentration and LC50. Experimental
Parasitology 127: 418-422, 2011.

dos Santos Silva, MJ., da Costa, F.F.B., Leme, F.P.,
Takata, R., Costa, D.C., Mattioli, C.C. and Miran-
da-Filho, K.C.: Biological responses of Neotropical
freshwater fish Lophiosilurus alexandri exposed to
ammonia and nitrite. Science of The Total Environ-
ment 616: 1566-1575, 2018.

Gao, X.Q., Fei, F., Huo, H.H., Huang, B., Meng, X.S.,
Zhang, T. and Liu, B.L.: Effect of acute exposure to
nitrite on physiological parameters, oxidative stress,
and apoptosis in Takifugu rubripes. Ecotoxicology
and Environmental Safety 188: 109878, 2020.

Huertas, M., Gisbert, E., Rodriguez, A., Cardona, L.,
Williot, P. and Castello-Orvay, F.: Acute exposure
of Siberian sturgeon (Acipenser baeri, Brandt) year-
lings to nitrite: median-lethal concentration (LC50)
determination, haematological changes and nitrite
accumulation in selected tissues. Aquatic Toxicol-
ogy 57: 257-266. 2002

Ibrahim, A.T.A.: Toxicological impact of green synthe-
sized silver nanoparticles and protective role of dif-
ferent selenium type on Oreochromis niloticus:
hematological and biochemical response. Journal of
Trace Elements in Medicine and Biology 61: 126
507, 2020.

kg - o)4]

- AEw

Jensen, F.B.: Nitrite disrupts multiple physiological fun-
ctions in aquatic animals. Comparative Biochemis-
try and Physiology Part A: Molecular & Integrative
Physiology 135: 9-24, 2003.

Jia, R., Liu, B.L., Han, C., Huang, B. and Lei, J.L.: The
physiological performance and immune response of
juvenile turbot (Scophthalmus maximus) to nitrite
exposure. Comparative Biochemistry and Physiology
Part C: Toxicology & Pharmacology 181: 40-46,
2016.

Kim, J.H., Kim, J.Y., Lim, L.J., Kim, S.K., Choi, H.S.
and Hur, Y.B.: Effects of waterborne nitrite on
hematological parameters and stress indicators in
olive flounders, Paralichthys olivaceus, raised in
bio-floc and seawater. Chemosphere 209: 28-34,
2018.

Kim, J.H., Kim, S.K. and Hur, Y.B.: Temperature-medi-
ated changes in stress responses, acetylcholinester-
ase, and immune responses of juvenile olive flound-
er Paralichthys olivaceus in a bio-floc environment.
Aquaculture 506: 453-458, 2019a.

Kim, J.H., Kang, Y.J., Kim, K.I., Kim, S.K. and Kim,
J.H.: Toxic effects of nitrogenous compounds (am-
monia, nitrite, and nitrate) on acute toxicity and an-
tioxidant responses of juvenile olive flounder, Par-
alichthys olivaceus. Environmental Toxicology and
Pharmacology 67: 73-78, 2019b.

Kim, J.H., Kim, S.K. and Hur, Y.B.: Hematological pa-
rameters and antioxidant responses in olive flounder
Paralichthys olivaceus in biofloc depend on water
temperature. Journal of Thermal Biology 82: 206-
212, 2019c.

Kim, J.H., Kim, S.K. and Hur, Y.B.: Toxic effects of
waterborne nitrite exposure on antioxidant respons-
es, acetylcholinesterase inhibition, and immune re-
sponses in olive flounders, Paralichthys olivaceus,
reared in bio-floc and seawater. Fish & Shellfish
Immunology 97: 581-586, 2020a.

Kim, J.H., Sohn, S., Kim, S.K. and Hur, Y.B.: Effects
on hematological parameters, antioxidant and im-
mune responses, AChE, and stress indicators of
olive flounders, Paralichthys olivaceus, raised in
bio-floc and seawater challenged by Edwardsiella
tarda. Fish & shellfish immunology 97: 194-203,
2020b.

Kim, J.H., Kim, S.R.,, Kim, S.K. and Kang, HW.:
Effects of pH changes on blood physiology, anti-
oxidant responses and Ig M of juvenile olive
flounder, Paralichthys olivaceus. Aquaculture Reports
21: 100790, 2021.



gxe] obit 4

Korwin-Kossakowski, M. and Ostaszewska, T.: Histo-
pathological changes in juvenile carp Cyprinus car-
pio L. continuously exposed to high nitrite levels
from hatching. Fisheries & Aquatic Life 11: 57-67,
2003.

Kroupova, H., Machova, J. and Svobodova, Z.: Nitrite
influence on fish: a review. Veterinarni medici-
na-praha-, 50: 461-471, 2005.

Kroupova, H., Machova, J., Piackova, V., Flajshans,
M., Svobodova, Z. and Poleszczuk, G.: Nitrite in-
toxication of common carp (Cyprinus carpio L.) at
different water temperatures. Acta Veterinaria Brno
75: 561-569, 2006.

Kroupova, H., Machova, J., Piackova, V., Blahova, J.,
Dobsikova, R., Novotny, L. and Svobodova, Z.
Effects of subchronic nitrite exposure on rainbow
trout (Oncorhynchus mykiss). Ecotoxicology and
Environmental Safety 71: 813-820, 2008.

Kumar, N., Gupta, S.K., Bhushan, S. and Singh, N.P.:
Impacts of acute toxicity of arsenic (III) alone and
with high temperature on stress biomarkers, im-
munological status and cellular metabolism in fish.
Aquatic Toxicology 214: 105233, 2019.

Lee, J.W., Choi, H., Hwang, UK., Kang, J.C., Kang,
Y.J., Kim, K.I. and Kim, J.H.: Toxic effects of lead
exposure on bioaccumulation, oxidative stress, neu-
rotoxicity, and immune responses in fish: A review.
Environmental Toxicology and Pharmacology 68:
101-108, 2019.

Lefevre, S., Jensen, F.B., Huong, D.T., Wang, T., Phuong,
N.T. and Bayley, M.: Haematological and ion regu-
latory effects of nitrite in the air-breathing snake-
head fish Channa striata. Aquatic Toxicology 118:
48-53, 2012.

Lek, S., Ut, V.N. and Phuong, N.T.: Effects of nitrite
at different temperatures on physiological parame-
ters and growth in clown knifefish (Chitala ornata,
Gray 1831). Aquaculture 521: 735060, 2020.

Lemus, M.J. and Chung, K.S.: Effect of Temperature
on Copper Toxicity, Accumulation, and Purification
in Tropical Fish Juveniles Petenia kraussii (Pisces:
Cichlidae). Caribbean Journal of Science 35: 64-69,
1999.

Lin, Y., Miao, L.H., Pan, W.J., Huang, X., Dengu, J.M.,
Zhang, W.X. and Xi, B.W.: Effect of nitrite ex-
posure on the antioxidant enzymes and glutathione
system in the liver of bighead carp, Aristichthys
nobilis. Fish & Shellfish Immunology 76: 126-132,
2018.

Lim, HK., Han, H.S. and Hur, J.W.: Effects of water

<o wE A it 211

temperature changes on oxygen consumption and
hematological factors in olive flounder Paralichthys
olivaceus. Fisheries and Aquatic Sciences 24: 99-
107, 2021.

Malarvizhi, A., Kavitha, C., Saravanan, M. and Ramesh,
M.: Carbamazepine (CBZ) induced enzymatic stress
in gill, liver and muscle of a common carp, Cypri-
nus carpio. Journal of King Saud University-Science
24: 179-186, 2012.

Madison, B.N. and Wang, Y.S.: Haematological re-
sponses of acute nitrite exposure in walleye (Sander
vitreus). Aquatic Toxicology 79: 16-23, 2006.

Metz, J.R., Van Den Burg, E.H., Bonga, S.E.-W. and
Flik, G.: Regulation of branchial Na"/K'-ATPase in
common carp Cyprinus carpio L. acclimated to dif-
ferent temperatures. Journal of Experimental Biology
206: 2273-2280, 2003.

Park, I.S., Lee, J., Hur, J.W., Song, Y.C., Na, H.C. and
Noh, C.H.: Acute toxicity and sublethal effects of
nitrite on selected hematological parameters and tis-
sues in dark-banded rockfish, Sebastes inermis.
Journal of the World Aquaculture Society 38: 188-
199, 2007.

Qu, J, Yang, H., Liu, Y., Qi, H., Wang, Y. and Zhang,
Q.: The study of natural biofilm formation and mi-
crobial community structure for recirculating aqua-
culture system. In IOP Conference Series: Earth and
Environmental Science (Vol. 742, No. 1, p. 012018).
IOP Publishing, 2021.

Ramesh, M., Anitha, S., Poopal, R.K. and Shobana, C.:
Evaluation of acute and sublethal effects of chlor-
oquine (C;sH»6CIN3) on certain enzymological and
histopathological biomarker responses of a fresh-
water fish Cyprinus carpio. Toxicology Reports 5:
18-27, 2018.

Roques, J.A., Schram, E., Spanings, T., van Schaik, T.,
Abbink, W., Boerrigter, J. and Flik, G.: The impact
of elevated water nitrite concentration on physiol-
ogy, growth and feed intake of African catfish
Clarias gariepinus (Burchell 1822). Aquaculture
Research 46: 1384-1395, 2015.

Sathya, V., Ramesh, M., Poopal, R.K. and Dinesh, B.:
Acute and sublethal effects in an Indian major carp
Cirrhinus mrigala exposed to silver nitrate: Gill
Na+/K+-ATPase, plasma electrolytes and biochem-
ical alterations. Fish & shellfish immunology, 32:
862-868, 2012.

Sohn, S.G., Lee, Y.S., Kim, K.S., Lee, HNN., Lee, J.Y.
and Back, S.J.: Acute toxicity of nitrite on juvenile
banded catfish(Pseudobagurus fulvidraco). JFMSE



212 F5R - 2Ol - ATHe - w4 - o3

27: 41-48, 2015.

Wan, J., Ge, X,, Liu, B., Xie, J., Cui, S., Zhou, M., Xia,
S. and Chen, R.: Effect of dietary vitamin C on
non-specific immunity and mRNA expression of
three heat shock proteins (HSPs) in juvenile Mega-
lobrama amblycephala under pH stress. Aquacul-
ture 434: 325-333, 2014.

Woo, N.Y.S. and Chiu, S.F.: Metabolic and osmoregu-
latory responses of the sea bass Lates calcarifer to
nitrite exposure. Environmental Toxicology and Water
Quality: An International Journal 12: 257-264, 1997.

Wuertz, S., Schulze, S.G.E., Eberhardt, U., Schulz, C.
and Schroeder, J.P.: Acute and chronic nitrite tox-
icity in juvenile pike-perch (Sander lucioperca) and
its compensation by chloride. Comparative Bio-
chemistry and Physiology Part C: Toxicology &
Pharmacology 157: 352-360. 2013.

Yildiz, H.Y., Koksal, G., Borazan, G. and Benli, C.K.:
Nitrite-induced methemoglobinemia in Nile tilapia,
Oreochromis niloticus. Journal of Applied Ichthyol-
ogy 22: 427-426, 2006.

Yu, J., Xiao, Y., Wang, Y., Xu, S., Zhou, L., Li, J. and

B ARE - A4 - P - QRS

tote

Li, X.: Chronic nitrate exposure cause alteration of
blood physiological parameters, redox status and
apoptosis of juvenile turbot (Scophthalmus max-
imus). Environmental Pollution 283: 117103, 2021.

Yunus, K., Jaafar, AM. and Akbar, J.: Acute-lethal tox-
icity (LCso) Effect of Terminalia Catappa Linn.
leaves extract on Oreochromis Niloticus (Red Nile
Tilapia) juveniles under static toxicity exposure.
Oriental Journal of Chemistry 35: 270-274, 2019.

Zhang, M., Yin, X., Li, M., Wang, R., Qian, Y. and
Hong, M.: Effect of nitrite exposure on haemato-
logical status, oxidative stress, immune response
and apoptosis in yellow catfish (Pelteobagrus fulvi-
draco). Comparative Biochemistry and Physiology
Part C: Toxicology & Pharmacology 238: 108867,
2020.

Zhang, Y., Liang, X.F., He, S. and Li, L.: Effects of
long-term low-concentration nitrite exposure and
detoxification on growth performance, antioxidant
capacities, and immune responses in Chinese perch
(Siniperca chuatsi). Aquaculture 533: 736123, 2021.

Manuscript Received : Aug 31, 2021
Revised : Sep 25, 2021
Accepted : Oct 19, 2021



