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Toxic Effects of Microplastic on Hematological Parameters, Plasma
Components, and Antioxidant Responses in the Korean Rockfish Se-
bastes schlegelii

Jung-Hoon Kang, Ji Yeon Ko, Young-Bin Yu, Jae-Ho Choi, Ju-Hyeong Lee and Ju-Chan Kang*
Department of Aquatic Life Medicine, Pukyong National University, Busan 48513, Republic of Korea

This study aimed to evaluate the effects of polyethylene microplastic (PE-MPs) via measuring the growth perfor-
mance, hematological parameters, and antioxidant responses in Korean rockfish Sebastes schlegelii exposed to wa-
terborne polyethylene microplastic with dimensions of 22—71 um. S. schlegelii (mean weight, 34.55+5.82 g; mean
length, 12.59+0.79 cm) were exposed to PE-MPs at concentrations of 0, 400, 800, 1,600 and 3,200 pg/L for 10 and
20 days. PE-MPs significantly affected growth performance, hematological parameters, plasma components, and
antioxidant responses in a concentration-dependent manner. At a concentration >1,600 pg/L, PE-MPs significantly
decreased body weight gain and specific growth rate, and significantly increased the hepatosomatic index. Hemato-
logical parameters showed a significant decrease in total red blood cell count and hemoglobin levels. Plasma compo-
nents showed a significant increase in glucose, aspartate aminotransferase, and alanine transaminase levels, whereas
total protein, calcium, and magnesium levels significantly decreased. Exposure to >1,600 pg/L PE-MPs also induced
reactive oxygen species generation in the gill and liver, significantly increasing superoxide dismutase and catalase ac-
tivity. These findings suggest that exposure to >1,600 pg/L PE-MPs could significantly change growth performance,
hematological parameters, plasma components, and antioxidant responses, resulting in physiological toxicity.
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7}3ich(Xiang et al., 2022). 7 A|A| 2 0.2 ZepAE o] itk
2 2018d0f| oF 39 63WHES]| D30, 2050 7HA] oF 11¢]
Eog ZUVe Ao & oAETHYu et al., 2023). SetAE 9
AYAEo] S7Het i W& o EetiY H7lEo] A
O 2 FAEAUL, o]= AL, mhE Y 4] 5 =24 aQlat
el W el -2 3kt a9l ofsf] 22 A= FafEct
(Barboza et al., 2020; Dai et al., 2022). HFH o2 12} 7]

floz Qe EetiEo] ®#afEof ThEoAl= 27} w4l &2t
AH O 2 U t(Jiang et al., 2022). 2] of & @l(polyethylene)
= A AA A A= EetAE S oF 38%E AAlsHE T
8 SR O R, FofEe SRt AT oR wef A
oA HAE = vAISetRE Y RS oF 90%E ARt
(Kim et al., 2021a).

TR oA IF O] HA| ST = ofFof| Al B4
FFe v 4 ek vASERAEE S 9k H E (poly-
chlorinated biphenyls), TheH&FEErsl4=2(polycyclic aro-
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matic hydrocarbons), SAE2 ZALo]E 28 XK hexachloro-
cyclohexane)?} 22 %7/ 7712 9= (persistent organic
pollutants)& 2 4= = B FHAS 7L 9lor
(Anderson et al., 2016; Conesa, 2022), 452} A|A7} o8] ¢]
A ol A 717 2HR-dke 7397t Wth(Lee et al., 2023).
RN E N EE S SECENEE ST
B Ol A A 5 As AlARo] B2 A4S Yo
4= ItHMa et al., 2020). E3t 237415 ol S8 F FU
A F A, A7 As), A Aoll, kel ask, W 7]E A
ot 5= 2 4= UKKim et al., 2021b). whepA] o} 77} 1]
AlEetgo] A&A o7 =S o] Ao J3E H|A|
I, A TS A7, AR A A T ARE-E W eshe] 4
A A O] 2t PSS AE S 4= Ath(Wang et al., 2020).

O Al ETEAEE o] o A AU A2 E Foll < VAR =
o)z 4= Lo, AlsZukS &4 A ThefRl A Aol 9
w2 3L 212 2Heksh, AR ol W S RS =5t @
a2 440l 219490 Qe v 4 Slef(ovanovi‘c et al.,
2018). Al EEAE 2 RHH 2 A, A7), 4 AR A
A1 3l0] ol 487 sof 328 4= 9o, olof w2} HET
o] &3 A E Wy Az F2Eo= o]od 4= gtk (Chambers
and Mitragotri, 2004; Barshtein et al., 2016). T] A&t E 0]
A uo) atElo] gl Bald Ti set o £4)
A At EFo| WAYste] ofgakE v 4= dtk(Yuet al,,
2023). E3H 574 7|30 S5 o] 28 229 E5-2 A5t
of §84 HIES 2oy|T AR a4l o] e o
%2 ]2 4+ 9Iek(Choi and Kim, 2023). wheb4) Bolstal 4
A& vAlEAE o] ool nA= 54 BYE B7ksh=
Q381 HI7eE A 1 9S4~ Qlti(Hamed et al., 2019).

2 A=A o] 7T AUollA olEAR 1AEo] i}
4F8hE 5o]2(superoxide anion, O,), 3Fo| =541 2ht]|Z(hy-
doxyl radical, OH-) ¥ ¥}4F3}4=4x(hydrogen peroxide, H,0,)
9} 7+ SR A4 (reactive oxygen species, ROS)2] #}=35t
AAE FrEstti(Madeira et al., 2013; Kim et al., 2021b). o] 7
o] Aol A ZAsk ROS =58 FAIR= A2 W vES, Al
2 7] 9 o] tiatel JAE 4 AT Y HRY Vs
of 7]oJgkcH(Lee et al., 2023). T L} T =5 ROS S| AJA]-2- &
AFBHERS-O] A5 G 1R, ROS AT AHAKS} 52 Ao o
o] FUAH ARtAEH AT fHEE O] AR S-S 27
gFcH(Solomando et al., 2021). A ES}AE &2 QS ALS
AE A HAY S-S obF] ©gekstA] ¢hA|HE, o]=ROS ¥
AT 72 Bl Ak 54 0f jslel e Aket AE A0k
H A=8h4 g5 -2 3tk(Jeong et al., 2017). 157+ SOD
(superoxide dismutase) W CAT (catalase)2} 2= 45 323}
g apbel A AR 243 glom, kS Ase] B i o)
£ B7Ioks A oY nAEekA Y EE QIR =4
2 Brbshe makAl Seto] B 2 SIck(Yu etal, 2023).
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o= &7 W L=l mj- viztsto] 48 2o A&
PR B3] AR A X o8 B 4 Uei(Yue
2019). 1| =2H(Sebastes schlegelii)& | o] AJAro] g-ola}al
Sl s 1ol A Bol AR AAHeR Fad

& 5 Shufolm, Aj4of ZFsto] WS 2ol A = wEA A
Astrt(Jee et al., 2015). N A ZF OS2 M S. schlegelii®] %
@43} 2 Belae ALgae] S712 Qg Al vl
SehaEof g A A S0l Etstal o 7o nlAlE
28 /0] tigt At SE0HA] QT o ol gt v A&t
2 54 BUE A AH X252 Tl A= A
FE B7Fote o] 525, ol= TAIE S oA 2EH A~
of| gk A e A W32 7|Rko. = A5 4= Qi th(Fabrello et al.,
2022; Pagano et al., 2022). u}2}A] B ¢17Lof| 4= S. schlegelii
O nA|ETtAE o] AAHE, FAlehA] A ke kg
of Bl A= GRS Hjelo] vlA S ekt g H ofze &
A £ RS B I WS el AL B
= skqich

Iz H A

,_,
IS
=

2|02 OjMStAE

& Aol A A3 u] A&k E -2 Sigma-Aldrich (St. Lou-
is, MO, USA)°ll A 7412t & 2] o 2 =l(CAS number, 9002-88-
4y% AT, A} e ol we A Eeaee] ol
714 34-50 umo A5k, AT F7] BAS 98] JEsA
7](Mastersizer 3000; Malvern Panalytical Ltd., Malvern, UK)
S AR A, 22-71 um7} A 1] €] 94.5%0 1= AHAI R
ChFig. 1). vlAl Sk dAF 21| FEiS 24511 fi8 A
AFALE FAPAAE T (MIRA 3 LMH In-Beam Detector;
TESCAN, Brno, Czech Republic)& AME-8F AT} tha-4d 2] &
2} -2 BhI T (Fig. 2).

NAE Adsto] Agof o] a5t A a2 Esk(v|
AlZa}2E] 0, 400, 800, 1,600, 3,200 ug/L)2} 1=27]7H102,
20)e] wkek 107H2] 200 L Y=ol 6ute]¥ 48351t
Nunes et al. (2023)°] w2H 2} Lo A s U njA=
FhAE] Ew) 4o Bl 7202 0-809,0007H/m?, 22 B
A 71#&0 2= 21.3-1,650,000,0007]/km22] t}ofst HYE B
ok B =Gt eyt Al EetAE = E A B o]
SHAIR Q18] AR =AY A ol B ZEch LAl T
W njA|Eetago] 2 A0 R o4 tH(Browne et al.,
2008; Lindeque et al., 2020; Nunes et al., 2023). & L9
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Size distribution of PE-MPs
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Fig. 1. Size distribution of polyethylene microplastic using a par-

ticle size analyzer.

Fig. 2. The particle shape and size of polyethylene microplastic
using a field emission scanning electron microscope (A, scale bar
=200 pum, magnification = 400 x; B, scale bar =20 pum, magnifica-
tion = 2.50 kx).

A AR = wEe A ﬂ s 2ol EAsk= rAlEet
2E O] FETH AN EAT, o] = nNESAEH| kEH S
schelegeliiol Hi3t = é oé‘ l S AN S QU 2 At
A okt mlAlE s AFY Ao} o] AdS
Sho] B A% o] - & = 5 A5 ch(Lu et al., 2016; Kim et
al., 2021a; Sahabuddin et al., 2023). Z+ 2= 443 &5
=9 7|71 whel 42214 igg Z3Yste om, HhR|4=A] Sl
2 24417tk S U B 100% B3t A9 717 ot
SIS BT A2 268 BT, Ao
ARG, pH, B, SR Fohg 8 H47](Cyber-
Scan Series 600; Eutech Instruments Pte Ltd., Vernon Hills,
IL, USA)Z o]&3lo] 24519 o, AALsE(¢tm o}, oAl

Ab AAFE) L 248 7] E(Merck & Co., Inc., Kenilworth, NJ,
USA)g ol galo] 245}t Table 1). A7 =3 102 o}

209 o 6ut2]E 50 mg/L tricaine methanesulfonate solu-
tion (MS-222; Sigma-Aldrich)A8-5}o] nF AT BE A

e 38 k2 Astglon, Rt e SRR
3] AT L £908 FRAH S slol sl
CHPKNUIACUC-2022-54).

01'—

d4EE
U ERRAE e 10937209 &, Aol o] ATt 7 5
& 27517 T} 22 5418 o] 8510 BWG (body weight
gain), SGR (specific growth rate), HSI (hepatosomatic index)
£ Axrstee
BWG (%) = 100 X (Final body weight-Initial body weight)
/(Initial body weight)

SGR (%) = 100 X (Ln Final weight-Ln Initial weight)
/(Days)

HSI (%) = 100 x (Liver weight)/(Final body weight)

goska AAS B4517] 9J3) heparin (Sigma-Aldrich,
St. Louis, MO, USA) A 2|d FA7|S o] &3lo] Zg] A

ofl A EHE A5kt AF T FHE A total red blood
cell counts (RBC counts)?} hemoglobing- =435}%ith. RBC
counts+= hayem’s diluting solutiong ©]-&3}o] 4008 3|4
3t & hemocytometer (Improved Neubauer; Paul Marienfeld
GMbH & Co. KG, Lauda-Ko6nigshofen, Germany)E A5}
o] 22314tk Hemoglobin2 YA kit (Asan Pharm. Co.,
Ltd., Seoul, Korea)yZ o]-8-5F% o1, A 2Ake] ool whef
B3,

A G AT A 4ol 3000 62 103
2 e4ne T R4S pelsch B4 5718802 glose
1} total prote1 2 =731} Glucose= glucose oxidase-
peroxidase®-, total protein Biuret#-2 o]-&3F AAE- kit
(Asan Pharm. Co., Ltd., Seoul, Korea)& AME-5}%0H, H5F=
A 2A}] ol elol ket HA skl WA R71 4RO 2 calci-

um} magnesium=- =745} th. Calcium- o-cresolphthalein

Table 1. The chemical components of seawater and experimental

conditions

Item Value
Photoperiod (light:dark cycle) 12h:12h
Temperature (°C) 19.1+0.6
pH 8.0+0.2
Salinity (psu) 32.95+0.40
Dissolved oxygen (mg/L) 7.61+0.47
Ammonia (mg/L) 0.13+0.01
Nitrite (mg/L) 0.08+0.05
Nitrate (mg/L) 0.2140.09
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complexoneH-S, magnesium-= Xylidyl blue-I5]-& ©]-83t ¢
AF8- kit (Asan Pharm. Co., Ltd., Seoul, Korea)E A8-5}%2
v, B 2410 vilir o] uje HASIgich B HATA O
2 AST (aspartate aminotransferase)@} ALT (alanine amino-
transferase) 5 4359 th AST2} ALT X+ Reitman-Frankel
WL o]-8-3F YA kit (Asan Pharm. Co., Ltd., Seoul, Korea)

2 Abgalglom, B A2AL] ot elo] utel B4 stgict,
BHAtst BHS

A3} HHg AL 91 obhuls} 719) SOD 9 CATS £
s}t ob7bu] @) 7F 228 0.1 M phosphate buffered solu-
tion (PBS; pH 7.4) o|-8-3}¢] 1041} 3|43t & Gene Ready
standard homogenizer (BSH-2; BIOFACT CO., Ltd., Dae-
jeon, Korea) o|-§-sto] &35t} #ASHE 22]1& 4°Coll
A 10,000 g2 3027 QAR efstal 45 welske] SOD
o} CATE B4t} SOD U CAT 48 717+ SOD Assay Kit
(Dojindo Molecular Technologies, Inc., Rockville, MD, USA)
2 CAT Assay Kit (Cell Biolabs, Inc., San Diego, CA, USA)
2 A gaiRon], mE Azt vjirelo] tet RAsc 2
2 ] vkl 2] gheko v A8 7|4k o 2 3} Total Protein Assay
Kit (Bio-Rad Laboratories, Inc., Seoul, Korea)& AM8-5}0] £
Heieirt,

o

FA) 42 SPSS Statistics version 27 (SPSS Inc., Chicago,
IL, USA)& ARE-sFSITh 15 7t #4128 o eEAHE4] (one-
way ANOVA)#} Tukey’s multiple range testE AR5} P 4F
o] 0.05 Tkl v} §-oJu|at xjo| 2 7Sk, BE ghe B
+ ¥ H A (standard deviation, S.D)Z E & = T}

2
gEE

n| A&k E ol 10Y 2 2047 =&5 S. schlegelii®l BWG,
SGR, HSI*= Fig. 30| UeliTt. S. schlegelii®] BWG: 1] A|
Zapa w2 1023} 3,200 ug/L, 2022}l 1,600 ug/Lo]
AFol et ol A 8-9]81 A 74 FTHP<0.05). SGRE 1] A=t
AE =2 102k} 2092} HE 1,600 pg/L 0]4+e] 5ol A]
8-218HA| ZHAFTHP<0.05). HSI= |4 ZefAE w2 104}
o] 3,200 pg/L, 2042} 1,600 ug/L o]4+e] ol 4] §-o]3}
Al S7F3EHP<0.05).

S{OHSHA AAL
=111 ©0o

oAl ZekAgol 109 9 2047t =2 H S. schlegelii®] 8
1A AR Fig. 40f YERT). S. schlegelii®] RBC counts 2
hemoglobing mA|ZetAE =% 10Q2}] 3,200 ug/L, 20
Aof] 1,600 ug/L o)/d2] ol A 28k 23 th(P<0.05).
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Fig. 3. (A) Body weight gain, (B) specific growth rate, and (C)
hepatosomatic index of black rockfish Sebastes schlegelii exposed
to polyethylene microplastic after 10 and 20 days. Values were
expressed as mean+S.D. Results were compared using one-way
ANOVA followed by Tukey multiple range test. The superscript
indicates the significant differences between groups (P<0.05) at 10
and 20 days.
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Fig. 4. (A) RBC counts and (B) hemoglobin of black rockfish Se-
bastes schlegelii exposed to polyethylene microplastic after 10 and
20 days. Values were expressed as mean+S.D. Results were com-
pared using one-way ANOVA followed by Tukey multiple range
test. The superscript indicates the significant differences between
groups (P<0.05) at 10 and 20 days. RBC, Total red blood cell.
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ul A ZetAEo 109 W 20U7F &4 S. schlegelii®] E%F
G714 5L Fig. 5ol et S. schlegelii®] glucose S+4]=
Ak AE =2 1023} 3,200 ug/L, 202 3}k9] 1,600 ug/
Lo|Ate] sof| A 32314 57FATth(P<0.05). Total protein
A= vAESAE kE 109210 3,200 ug/L, 2042t
1,600 pg/Lol/de] Frofl A f-2la1A| 1HAFch(P<0.05).

ul A ZetAEo 109 W 20U7 &4 S. schlegelii®] E%F
71 AAE-2 Fig. 6] UEFTE. S. schlegelii®] calcium 42| =
HAEEAE l=E 1093k 3,200 ug/L, 2043} 1,600 g/
Lo|Are] oA F-2l5HA ZAUTH(P<0.05). S. schlegelii]
magnesium 53] A E2RAE 1o 1023} 2 20203} 5

Ml
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Fig. 5. (A) Glucose and (B) total protein of black rockfish Sebastes
schlegelii exposed to polyethylene microplastic after 10 and 20
days. Values were expressed as meantS.D. Results were com-
pared using one-way ANOVA followed by Tukey multiple range
test. The superscript indicates the significant differences between
groups (P<0.05) at 10 and 20 days.

1,600 ug/Lolge] 550l A f-2J817) ZFATh(P<0.05).

oA EetAg o] 109 9 2087 wE 5 S. schlegelii®] 8%
FAAEL Fig. 70 Ueith. S. schlegelii®] AST 42|+ 1
AZet2E e 109719 3,200 ug/L, 2094 1,600 ng/L
o Ako] ol A {0514 Z7FTHP<0.05). S. schlegelii]
ALT 522 v|H|ZetAg ed 1092} D 2094} 25 1,600
ug/Lol gl FIoll A ol kAl T 7HAEHP<0.05).

SArg HHS

olAEetAg o] 109 9 2087 =& H S. schlegelii®] oF7}
1] 2} 7k} SOD 242 Fig. 8] UEtRlth. o}7fm] e} 712 SOD
L HMETAE =E 109310 3,200 ug/L, 2042t
1,600 pg/Lol/do] ol A 251 57 Feh(P<0.05).
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Fig. 6. (A) Calcium and (B) magnesium of black rockfish Sebastes
schlegelii exposed to polyethylene microplastic after 10 and 20
days. Values were expressed as meantS.D. Results were com-
pared using one-way ANOVA followed by Tukey multiple range
test. The superscript indicates the significant differences between
groups (P<0.05) at 10 and 20 days.

ul A ZetAgo) 109 U 20U7F w&5 S. schlegelii®] o7}
]9}7]’4 CAT 2/J-& Fig. 9f| Yetiitt. of7im] o] CAT 24
2 vA|EetAE ig 1027}e] 3,200 pg/L, 202 2¢] 1,600
ug/Lol 9] oA 25 S7F3ItHP<0.05). 7+2] SOD
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Fig. 7. (A) AST and (B) ALT of black rockfish Sebastes schlegelii
exposed to polyethylene microplastic after 10 and 20 days. Val-
ues were expressed as mean+S.D. Results were compared using
one-way ANOVA followed by Tukey multiple range test. The
superscript indicates the significant differences between groups
(P<0.05) at 10 and 20 days. AST, Aspartate aminotransferase;
ALT, Alanine aminotransferase.
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e SIS e ot i G2
H 1o 2K o] 79 &S AsHAIZItH(Wu et al., 2023). Lee
023)0] T2l 71 -2 | M| B eaE SHao] whl
A2 golu], A2l vAS AT A2 ool %
ST 7L Sk wheha, olRe] BB WA &
Fof A AT 4= 9l o] 2 717} W oJoF x| &
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Fig. 8. SOD activity in the gill and liver of black rockfish Sebastes
schlegelii exposed to polyethylene microplastic after 10 and 20
days. Values were expressed as meantS.D. Results were com-
pared using one-way ANOVA followed by Tukey multiple range
test. The superscript indicates the significant differences between
groups (P<0.05) at 10 and 20 days. SOD, Superoxide dismutase.

(Mustafa et al., 2011). & Lol A n]HSefAElof 25 S,

schlegeliifl] BWGS} SGRS §-2]2] 0 & 7F24FTh o= u]A|
SAE o] o] 7o ashto] MFsle] ZURE FEslal, of

EREEDZE EIEE-

Nair and Perumal (2024)

7 A E 7] o= H el

oAl EetAE mad YA

1] oK Oreochromis niloticus)°| | BWG2} SGR2] &-0]8F 7H4
£ Baglon, o= offrt £t 3ol th-3-5t7] S1al At

o
o]
M

H L= o > o o

L L2 lom
D e N

S B o

/\Es-}o §M1 /HXI—oﬂ 0116]:—0— =
AJAFEHE. Naidoo and Glassom (2019)= vA| &2t
S A4 (Ambassis dussumier)ol 5] BWG2)
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Fig. 9. CAT activity in the gill and liver of black rockfish Sebastes
schlegelii exposed to polyethylene microplastic after 10 and 20
days. Values were expressed as meantS.D. Results were com-
pared using one-way ANOVA followed by Tukey multiple range
test. The superscript indicates the significant differences between
groups (P<0.05) at 10 and 20 days. CAT, Catalase.

HSI= 849 987 & 218 2 217] MaE westo] o)
559 EE 7 &S e off Ae] R0 A % 8

Lo TH(Tan et al., 2010). = Aol A Al EfAE o =&

L3l
S. schlegelii®] HSI7} 5-918 0 & Z7}519] on, o]i= AlstA
Ed2z QI 7 &3 G thare] Aoz Qlgh Ao = Hel

ok HAIERAE Y leE & ABIAEY A0 Y-S Y
sto] ZF A& thAbe] Aol & Qo 4= Qlom, o] & el 7HA| =

SR B S4E 25kl HSUF S7F <= Qlet
(Lai etal., 2021; Del Piano et al., 2024). Yin et al. (2018)>
N Zetagol &5 S. schelegeliiol| A 7+ AN} B A AFA

o]
2l
A7 AR QI3 SIS §01% 3718 B st ol Aol
=A% u] ] a]—/\E] o7 o] OH A} 3 _4]}\141_]- HX]— LHD]—_J N
Zefstol gopae] 43k % Fa Hohot MspAE 2R Qg
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7F 71559 Aotz 1t 7l o2 Argd Tt Wang et al. (2016b)2
TiO, U= Y Aol 12 B 5(Scophthalmus maximus)©] 7+o]|
A&, A58 Al o ' E 9l om, 7] ATl Aol ¢
& 1A HSIZF 9] 4 o &2 Z713ickal B argict

TS W 2 L HEEE o 7o DHsHA Aol BlaA
w2 HILE U or|m, o|eigt Mok e A E | Ao Tk of
Fo] A& Wkg-o & 7FEEItH(Maurya et al., 2019). ATk,
AR U EH A SR 2 R SEY Y AR
of FaFZ mlA 4= Q7] el o] 7o @HZ EA = A
o] AR 9l A% AHE Brbeked Sas AEvtE 4= 9l
th(Fazio, 2019; Scanes et al., 2019). RBC+= A| 29} 22|02
Ao} A 7 AE ALl ol F W 7HE SR 22 A, T
e 87 A A o] of 50| A7 A bl
=83k 2322 Z-8-Er(Shen et al., 2018). Hemoglobin (Hb)
= Ad+ Yol 2Aet= A =, A ookt 22 of 25t
ShiL oj4tsheko} 2R hAMEES obful oA A9
Z Wj&3h= 22 F=th(Lemos et al, 2023). 2 AFLo]A]
M EetaE ol eZH S. schlegelii®] RBC counts2} Hb 2] =
$elapl Zaatoch. ol 2 ATl A ALSF 2271 um 2
719) ulijZetago] R $lElo] HBT g} 4o
2 Qe 88 W o= Wtk w, kA w9 A 24 viE
3} e o] WaAR) TEo] AL 012 - LSS AAT
£} 5-150 um =719 n] B E L Y § 1S B 23R
A= Agtute] AgHor So)4 &4 7 £ &
= AEZHES d o7 4= Qltk(Jovanovié et al., 2018; Shahriar
et al., 2024). Sahabuddin et al. (2023)]] W2 H v| A ZctAE
2 Qe Ao 848 9wk 7} Ed s ol (Lates calcal-
ifer)?] RBC counts®?} HbE 2|51 A A ekl B agict,
B3} Das et al. (2023) n]A|E2tAEo) =23 O. niloticusol| A
ZZ] &4 9l RBC §3of w2 doll54 o2 RBC counts®}
Hb 427} G-oslA ZaFeta Huglon t Yozl ol
34, 98 9 go] 47179 vl BetAE ZAo] et A
A3 42 T 4 e AESHITE Yu et al. (2023) 1]A]|
ZAEH| leF Yy 5-0(Carassius carassius)©l| 4] RBC counts
o} Hbe] ol 78 Huslgon, oS Ba) nlHZes
go] o] F Yo A 54 4= A8 5= 2 Yot

W R B SEAR AT ol el A AT L 24
&S Wrleled] -85 A Fo|th(Yu et al., 2023). 3+ A
|2~0] 12 o]F ol A total proteinS ZZHA] Q] oL 2| Y
EE ], AU A 741, W 75 739 2 ofrt
SRR of 2] 223} 7|0 YA 75 skl F
&S Fetsith(Ko et al., 2019). 7] A|ZatAE F
Fot 3b o 2482
Aol Aol 2o7) 1 B o) Tl 532 sk
o2 total protein $HF 2 Fof| Tt A A 22 &
9JtHLee et al., 2023). & &1 Lo A m|A|Ze}AEof
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%l S. schlegelii®] total protein -F-2] 4 0.2 7443
= PAIETRAE 540l AlE 7)5-S Wefiske] ©
Al AL 1t /-2 ko] T g4 3l tha
ek = 1 S2 AlARRITE. 3 NSt a2 o] FollA|
AEHAS GuE 4= 9] 0 v(Kim et al., 2021b), Lol w2 of
A& 913k 571412 total protein®] Z-g-o] A|LETHH o Fof
Al et e EAIE RS A SR o /dEr). Banace et
al. (2019)2- v K& glo] 12 oJo}(Cyprinus carpio)el
A| total protein®] -0|3F 7HAE K a18}G] O W, o]= n|A| &}
2Ejo] W5 ofuliAte] B2 Waet 4 9SS AT,
Haghi and Banaee (2017)2 n|A&etA8 o) =25 C. carpio
ofl A WlEEA ¢l ofu] At Frof W total protein®] TS
1§ 0 total protein®] 7= Tl A AYSHAg o) Ul 7F 2
2] &2 o7 4= Qlokar AR Rk, 7 HA) &, Yedier et all.
(2023)2 v ZetAHo| EH C. carpio®| A total protein
O] Folgt AaE Huglon, o5 23] 7|5 Aol W ARSF &
EfAE FE| 93k oA AR F7He] AatE wigich

Glucose= THgt S e A=29] ke W2 o729 A
7 g W AEY A WSS WhYske A AR o] 8H T
(Haghi and Banaee, 2017). Glucose+= 0155 2§35t tj &
o] Eof| 7 of|uf 2] FFHOEA a3 AT 5, A9
glucose =2 glucose AJAH} glycogen A 72| A F-A &
ol 2t o 77t o e P ofsf AEH A 527
715 Zoll7H A 2w o 2 of Aoli7F A AU glucose 0]
el 4= Qltk(Polakof et al., 2012; Nair and Perumal, 2024).
H ALo)| A m N ZetaElo] kEF S, schlegelii®] glucose=
oo F7H ol nAIERRAE o] offFol AEY A
TS AU 4= 9o, AE AR QIFh &2 o v x| =87}
gluconeogenesisZ 7+4:3}510] E4 U glucosed] 22 7}
A7l 7 © & shehElth Hamed et al. (2019)= u]A|SatAE o
=25 O. niloticus| 4| glucose?] F-2J3t =715 Hilgi o,
o|& nAZetAE EAof 93k 7F &40 & 2lgt glycogen £
aff B glucose S A|5te] o3t 2 0.2 AJAFGICE E3F Das et
al. (2023)2 O. niloticus®l| A glucose®] F-2J3t 5715 Hals}
o, ol wAlEekLE o osf e AEH 20 g5t
7] 913 glucose] AYTS X RN oA A5 5
ZA)7)8+= Al =2 A gitt. Theanacho and Odo (2020)-2 oF
2|7} W=E| 7] ( Clarias gariepinus)©| A m] A &2t g 2o
w2 glucose®] I3t 57H5 Halglow, o]« nA|EetAE
O = Qe 'S AE A Ao A A | A 875 5
ZA1717] 913l glucose E-g-0] S7H 22 LERHT

ASTS} ALTE= 7F B2 A, Tl gl ofn] il tjabe] F
Q3 A o, e e A=A o3t 7 22 & H 7S
Zof|7} WAk g2ko g2 wEHTH(Atli et al., 2015). wh2fA],
ALTQFASTE= 7 24 9] @ &40l o3t &4 B7ksh7] 9
g AlEd Yle AAIA & T Kim et al., 2021b). 2 ¢
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T A ulHZetAE Y eEH S. schlegelii®] AST Y ALT+=
$olgom Zrhgov, ol Ak vAEkago] o
Ay E ROSE Q1% o) 72] I Al 3L o] Akt &40 = Qlalf E%
U 422]7} 275+ 2 © & K eIt} Sahabuddin etal. (20232 1]
NZetago] 229 [, calcalifero]| A AST 2 ALT2] 5-2]5+
S7HE Haglom, o] = 7k A2 &4 Y n|E 2 E ool A Z
ko] 7145 Aofjof] 93t o & HWUT) Banaei et al. (2022)
L oy Eetago] & H C carpiodl Al AST U ALT2] -2
gt 571 Haglon, o]z uA|ERtA g O = QI Al E 54
o] Mlzafe]] 448 £0] ASTRFALTV ER/2E FE5< a4
2 25k Ao 2 wukgic), updrbA] &, Umamaheswariet al.
(2021) A5 H A2 4o oigh Ho] Bhg-0 = njA|lEeks
€lo] =25 A| B e}u4)(Danio rerio)°] 4] AST 2 ALTS] 32|
3 %718 .

A Y 7144 2] calcium™} magnesium-2 ©]- 34, Al
T A, A tAE Al APE, AAIE 2R, s, TEE R
H|S Zokeh theft Ae] ] 7)ol wolst= 271 oFolelth
(Zhou et al., 2020). Alt}7}, calcium®} magnesium®] &AM
2 ROSeF A o] glom, AU ROS =29] Hat= &
Zh 27| S SAFAA A E U calcium} magnesium @) &
w 3= 2 4= At Misra et al., 2012). 2 Aol A v]AlE
Ao iz 5 S. schlegelii®] calcium¥} magnesium+= 32|
Aoz fagion, of= uA|ETkAE 0] ROS £Fa Al
Ao 2H o] F2] B4 calcium} magnesium®| g ol ¥z}
2 furslo] off 7o) B AL v 5 Y Ao
2 KAt} Lee et al. (2023)2 A SetA o] 2 A
(Pseudobagrus fulvidraco)ol| A <=2 2 F- ¥ v A S2kAE
o] E4of w2 o] & G| $32 18] caleium3 magne-
sium®] §-9]51A4) Aadt AL Rugct Lei et al. (2018)2 1]
N Eet2Elo] =ZH D, reriodl| Al calcium®] 3-2]3H 45 B
D508, o] v BeAY BAOR Qe 27 4 9 o
F Afo] oJst Zle g Argdgict. Banaee et al. (2021)2 T]A|
Sehagof 2FH 11 AXAS(Emys orbicularis)©l A 7
e v EeAE S0 Q15 A} ok B4 Aol}
magnesium®| 50| n|3t FaE ekl Hugich shA|vt
o] 4| ZefaE =47} calcium Y magnesium #3} Alo] 9] |
AUSE o 43] Erg 3t o] 7] wiizoll T A2 Z
o] o @ asi},

kel aao] EAL o SAEAR 1T 229 AkgkAs
EfAE Briets A2 ARH 54
of apite A28 e THEFHROS AL S ¥
A ] O] B T A 2F 2| %2191 ROS A O 2 Qlal] af4bs} Al
2djo] EAFE|o] AupA 0 2 ASIAE Y ATF S WA R
e ti(Zirong and Shijun, 2007). 3}4Hs} & 4221 SOD2} CAT
= A Al "] A A Bof Wi AU S o2 28]tk SOD
+ ROSSI #itehs Fol & IMlelea R, CATE IMbels

48 B3} a2 Fofsle] ETHROS A4S HAHE o3t
S 3hth(Lee et al., 2019). & ¢1Lol| A oA SefAE o]
S. schlegelii®] o}71u] 2} 7+2] SODL} CAT 42 7214
713t o] 2|3t Ait= mA|EekAE =Eo] ROSO] A
S7HA AR B AE e 4= 9low, ofof ti-3517] 9]
off HAksE a0 F/o] F7IRE ACRE Kl & Aol #
AFSHA|, B2 Aol A mAlEERAE Y] =22 ROSE S7HA
7 o] 7] itel A 4x0] o] FrhRtthal B w Qleh Wen
etal. (018)] k23, 0] | Z ek glof w2 ] AA A (Sym-
physodon aequifasciatus)®] 7tof| A SOD2} CAT &g o] -2
SHA| 715l e, o= HAlEEAE eE R QIR ASFAET
2of gt Aks) alof whe- o & okt 3k Solomando et
al. (2021)& w|A|EeFAE eFo] Thof 4 ROSO| A4ke 571
Al S 23 F| = |(Sparus aurata)2] SOD} CAT &4-S +
ou]a}A| Z7HA71TkE B gT}. Choi and Kim (2023)= u]
M| Eet2 o] &y 5-o|(Carassius carassius)®] o}7}v| <} 7F
of| Al SOD&} CAT &3 9 23t 57H3llom, o]«= mlAl&ets
glof &Jgt 1}&=gk ROS Aol 71915k A S 2, AR E | A
ofstr] fIgh g0 = A ek

2 ARl Al 1,600 3,200 ng/Lo] wAlEeFAE ] S
S. schelegelii®] AAAFE(BWG, SGR, HSI), stz AJA)
(RBC counts, hemoglobin)2] 2431 Z4AE el OH,
A H (glucose, total protein, calcium, magnesium, AST,
ALT)9] G014l ks et E3t 1,6002 3,200 ng/L
o] u| A EAE 9 22 S. schelegelii®] gH413F G 4(SOD,
CAT) & o3 er F7HZIH o]t At 1,600}
3,200 ug/Le] nA|Z2tAE Q] 1nZ9o| S. schelegelii®] /34 4
ofstx] 2| ol 1449 S v]H Wk of |2} ROSAA

o1V =2 T

ox |o myv 12
tlo KU it pot

2 gEslo] gAISH A Aglol WSHE 2eREoRH Alelsy
A GU S S AT B AelA L nl e
sEle a17), mep, A8 ket Belatoby E4o] Ty o
ol et nlAlEetAE S O offo] nlX: S4Y
& ek 477k Basit, Ea ] BekaE wFo] of
0] W] yhgo] m A B4 ekl BAAE F7b40l A

7} ool Aok & Zloftt. 53], ulA|Z kg o] of w1 7]
A& A=t A5/ Aol E7EI Y AARE ST A7 A ol
& HlAUSS 9s]aL, olof Tofshe HARIANeE 22 BAY
=t Aol digt 771 Rsirt EIH FUAA] H A=A
A A2} A G| 27 ol E ek E ol = EE e ] L
Lz Al B AR 2] W2 7P eke At 2o e Al
o2 ArHL).
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