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acetamide & FAI0f| [E EHX[2| X}HASHM L
(Natural killer cell) 2 ZA}

Natural Kkiller cell activity of olive flounder Paralichthys olivaceus
following intramuscular injection of toltrazuril derivative
N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide
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This study assessed the impact of the toltrazuril derivative N-(4-(4-Fluorophenoxy)-3-methylphenyl)
acetamide on natural cytotoxic cell (NCC) activity of olive flounder, Paralichthys olivaceus spleen.
Five groups of fifteen olive flounder, comprising non-treatment and vehicle control groups, were ran-
domly assigned. N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide was injected intramuscularly at
doses of 120, 150 and 200 mg/kg body weight; a total of ten injections were given over the course
of 30 days. The NK activity of flounder splenic cells was evaluated against YAC-1, mouse lymphoma
cells or HINAE cells with a choice of co-cultivation times of 4 or 18 hrs. In case of YAC-1 co-culture
we observed a significant increase in cytotoxicity at a dose of 200 mg/kg, up to 3.06 times more
than that of the control group. Only the trial with the 4 hrs co-culture produced a significant difference
in the HINAE cell experiment; the experimental group at the 200 mg/kg dose exhibited the maximum
cytotoxicity, demonstrating 2.3 times more cytotoxicity than the control group. Furthermore, the ex-
pression level of IL-12b was markedly induced in the group with 200 mg/kg, which was 6.62 times
greater than that of the control group. In terms of the altered NK cell activity, the repeated high
doses of N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide can cause changes in the normal perform-
ance of immune function.
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Y X|(Paralichthys olivaceus)= =, Y& 2 3
=3 2 =7kl de] Ak, & AA A 7t
Aok ME Mo 2lske] FopAof ko] A
Aol 712 7] U, AL F2T olF
o] ThH(Alam et al., 2000; Kang et al., 2008; Li et al.,
2019). =UlollA &= 1990 AT B A 2 Q1 d %) 2
FA Aol EAstE ghom, ) |A e Azt
&2 AR 1990 ol 1,037 tonell A 2023 oF
40,000 ton o 2 7132 A F 73 THKOSIS, 2023).
HA 80 S7HE |A Fadel mEA &3t
5]1:;];\_] o)A RT} B2 =2 o] akalz) 34 o)
ZAE o] thekg HAA S HA o] Frtet o,
ol A Ale] A=E o] HTHKim and Seung,
2020; Persson et al., 2022; Oh and Lee, 2024; Singh
et al,, 2024). A} 02 Y A Y= @y o
2 7 HAPE wAEH, O A= wid & F2
A AkaFe] 25~30 %E 2FA| $HTH(Cho and Baik,
2023).

HAA7FA] FZ0}4(Genus Kudoa) H B EZAF2
95%°] BIHAIL, o7 =4, HE Lt
Ao mE ZZof 7]A$Th(Sandeep et al., 1986;
Mansour et al., 2013; Eiras et al., 2014). ]2+ A}
EAFL Yelly fish’, ‘&5 &3 JEHE R &
Z_/] 20 ZJQH'§]_.§. Q) 07]_]‘—_[_ UPEHE‘]- 732—]]7!—] &=
S 23 H(Giulietti et al., 2022). A E A3 01]
/\‘]_-_ Kudoa septempunctata®l| 28] 7728 U <
| A7 dEOE &8 T BN AFES

7= Jo]oi gl Rom, Al 24 A
S Yeh = Ao E B 375t (Matsu-
kane et al., 2010; Kawai et al., 2012).

EEE}Z;QO -rL =0 577] 1:_‘4_ 71.0 E’HHH‘/]

FEAA A FAHEST ABAZ AR
o] gkom, AAE TtEES *—/\]ﬂ%zwl Az 4

duroll dg] A2 a1 Q Th(Haberkom et al., 1983;
Balicka-Ramisz, 1999; Maes et al., 2007; Mundt et
al, 2007). EE&TE-2 HAYxAZ0] A Z Y9
7148k AL DAlo] AHEet] A8 aRE B
olH, o] &3EA-LS K septempunctatas XT3
TheFe A xAFo] E3E Hol= Zog Bl

S - Zolet - o]

gul

Z] 31 )tH(Mehlhorn et al., 1984; Haberkorn, 1987;
Mehlhorn et al., 1988; Athanassopoulou et al., 2004).
Aol g8 SEGTES ME S22 S o
ARALEQl EEFFY A ZE Ao =(toltrazuril sulf-
oxide)Z 4tsld & EEZSFE  AHE(toltrazuril
sulfone) 2.2 7 &% th(Furr and Kennedy, 2000). 3
U (ponazuril)ol 2t E EE= o] EEGFE
HEL AFOIN nEREL 0l 33 0 22
Aol F7HE FE3tH(Mehlhorn et al., 1984).
7hsol A E&AR] FAUES ABAR =E}
& E7V A A7) (Gasterosteus aculeatus)$t 22
M= 78S ABA=ZHA E34HR Zoe=w
Ha EAE]-(Schmahl and Mehlhorn, 1989). S}3|
Z Tv(Sparus aurata)E D402 EEZF
AT TR AF 3 24| AL Al 4
H3} 9 AR B To| 22 wist
HE oL, EESFEO] 7SR ofyg =
i 7% 545 YERY 2 TH(Athanas-
sopoulou et al., 2004). o] A A= S AE
A HAE o st SESTEY A4S F
A7) RIS ABAE ASS F Ae &
FAR1 At A fFEAE AMdste Zlo] st
o BEeld L, BESFY B4 HEAY VG-
(4-Fluorophenoxy)-3-methylphenyl) acetamideS %
233 Al = A tH(Korea. Patent No. 10-2234530, 2021).
o] % o] 215 =& K septempunctata®l * 2|3}
of HAxAF AsA=ZH L a3E HESAIL,
T AR AL AEES 2T e W
31.2~46.9%°] FAE B HA2AF A8 =2
Aol 7Hs A& R F ] tH(Korea. Patent No. 10-22
34530, 2021).
TE Az g oz TdE AEE
A= AHA A3 A E(Natural killer cell; NK ce 11)
I B ol R/ AlEFol tiste] 1 &Ado] B
1= 9 tH(Meazza et al., 2011; Wang et al., 2015;
Fang et al., 2017). NK cellQ g v Eolq kg
doA HA AA Y Fa3 4TS o, Ao R
RE RE3}7) HOPoﬂ 2 Ao s o ”Joi
HAYES FE=3cH(Wendel et al., 2021). 2
© 2 NK cell2 major histocompatibility complex
(MHC) &2t} aglo] 2 Al2o]| 54& vet
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Y5 ole Ay HZ 72 A A JtH(Thielens et
al., 2012; Uzhachenko and Shanker, 2019). =3+ NK
cell2 ¢ A} AAK(tumor necrosis factor; TNF)
9 first apoptosis signal (FAS) pathway 5 & %3}
CD56 % CDl16 @A o] BdS FEFo2H &
2 M|EZE A7 H(Cretney et al., 2002; Screpanti
et al., 2005; Grudzien and Rapak, 2018). ©]# g+ 2}-&
= NK cell& FA4 ME D T celld Ao
43t YRS YR 7| = ok (Moretta, 2002;
Brandstadter and Yang, 2011; Waggoner et al., 2012;
Jost and Altfeld, 2013; Cerwenka and Lanier, 2016).
Bk ofy g} theke A A whe-S A3k <lH
H & Zrul(interferon y; IFN - y)& £H]$FCHSchroder
et al., 2004). IFN - y= NK cellol] 2]l &5 = A}
o|EFIRIS R BH]H ©o]F IFN-y& Al NK cell
o] &4z 9 Ax 545 ZXIANE 98 s
feedback loopE % 4d gh(Lehmann et al., 2001;
Konjevi¢ et al., 2019; Lin et al., 2021).

TS TEEYUETY FAANFAAANE
e TELYYGFE T Ax W FEHVMIA F
o] BERo=m HAAHE HHAZ HIME A% 54
2l AAFHol AAIE ]
T olgAd e Wd=E
! W3- o] o] YA ALY F4HE
T8 Fo] AA HolA FHo = 28 F
UE AT AHAl mA = IS A oF &b,
o] & sttt He=AAFolth(F4HE =89

A @A, 2021). ©]H vhg-2~E

o2 NEA NEE EEZFE A=A N-@4-
(4-Fluorophenoxy)-3-methylphenyl) acetamide®] =
ANEE AN A 548 U= o2 B
1.5 A tHunpublished data). ¥ AFE= N-(4-(4-
Fluorophenoxy)-3-methylphenyl) acetamide] g %]
of g 54-& Wrista, ke ZAE vhdst
7] A% HHoE APHJTh EEHFE A
ol thek Fx) o] A=A oHA e
SZAA F vlEolH MEuAE HIAE
gYat7] fAaf 30€3 Aol 103] 9] FAF Fo
NK cell®] 4T AAE AR Y. =3
TEE FF FAANY AIA A ostH

= chromium-51 C'CHE ®A & AZ &

i
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a A HEHE FAAEFES S48t NK celld]
A4S HAALSHE ICr - release assayS A A @bl
HAE O] JAARE A= A FHHAEE o] &
F AIEE A Aefe] EHFALHE T=&
o kES FAAFAZ, 2021). o5 A 5 9
= o AlxE HollA AxZ7F AU ARt
o] EHH A A HIeE FEHe ETA

T T
Z>(lactate dehydrogenase; LDH)E 43t Wi
X813l T LDH - release assay= W=7} =

Ak o] 7)ol FE3] *'Cr - release assayS
U PHO R FEEI JloH, ofFE

'&%rlomlolco{r
i
Mg

O 7 e MEFA TR AFREE A
3 B o] Th(Broussas et al., 2013; Figueiredo et al.,
2021; Mataczewska et al., 2021).

E A= N-(4-(4-Fluorophenoxy)-3-methylphe-
nyl) acetamide& HFE-F 3l Y| o] v|3 o 2 HH
23 Azt H o AuF celldl YAC-] cell 2
YA HINAE cell# 3u] st A= o-& f2 9
FAA Lol T NK cell®] Z4 D 2ol & 223}
R, FAFES] AIEG4AE BATHES A

shazk sk

e

VR

= ke JHQl ARl A TR
2)(78.53£4.6 g, 21.63+£0.5 cm)= ZEAF
gFAstuFHdoE EAX F52 $Z(7.5 ton)
o ¢ 273t ASAAT. A gol B HAE F
2070 9] =240 Lyoll 22 70ty AR e 4
Poll= F 1407k 9] FA7F A= ATk A g ol
AP 5 FE 20.6+1.2°C, §F Aot
8.1+£03 mgLA I AR E AlFHE X & Als
(Suhyup, Korea)E sh7oll 1H oA 52 1%E &+
sttt & Ade AsdFdsy sELI &
2] ¥ 3] (Institutional Animal Care and Use Commit-
tee)2] < 3t AA S tHApproval No. GWNU-
2023-10).
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phenyl) acetamide ¥ & %2 N-(4-(4-Fluorophen-
oxy)-3-methylphenyl) acetamide®] 34354 A& (un-
published data; @ X & tl’d 2.2 N-(4-(4-Fluorophe-
noxy)-3- methylphenyl) acetamideE <SFAFF 2
7}, lethal dose LDjp=112.565 mg/kg, LDso=216.114
mg/kg) L Park et al. (2023)¢] AFLH-S FA38
o], FDA 7tolEgtele] Faho] 14 whgo A%
B2 LDy #toll =3 /M vz 2 A3+ S
AASFAAHFAAT, & =, Fo AAT
(120, 150, 200 mg/kg)]. N-(4-(4-Fluorophenoxy)-3-
methylphenyl) acetamides= dimethyl sulfoxide (DMSO)
(Sigma-Aldrich, USA)oll o AHE3S om, &uj
zwe APTH TF DMSOE FAHF 8}
a8 iz 2 A¥7e 77 DMSO #
N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide 100
wlE 1 ml A7) (Kovax, Korea)Z &7 ¥ &5
230 el BEFA Felgth T4 Fol A
o {7t We £ e 2EHY2E HAasE] 98
o 100 ul/L &%9] 2-phenoxyethanol (JUNSEI,
Japan)< ©| &3t A ARl & P

N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide
Fo T JA 9 NK cell 40| A& TS H
7¥8t7] $l8ked 40 L =2 2070 ol ¥-2H91 & 7oig]
A ol ARE JPeA L, 3ol 13], 309 &
gk F 103] 8] FAE FASAH. Fo FE 244
7t T YX &= 100 pl/L & 52| 2-phenoxyethanol &
o]-g&to] MHAAL FHH O HZS A5}
Gt A &3k v A2 Roswell Park Memorial Insti-
tute 1640 (RPMI 1640) (Gibco, USA), 0.1% Fetal
Bovine Serum (FBS) (Gibco, USA), 0.1% antibiotic-
antimycotic (Gibco, USA)E E&3t v x| o] Yol &
A A7EA 4ecel] B AT

Real-time PCR £4 & #{sto] WZ& &3 &
A MARTE FA 23S AEEAL, B4

] -80°Col A H A3} .

BEA M HH

1) ZAAHE

E ATl ZHAMEZZ YAC-1 cell © HINAE
cell 27X & AFE3I9 1, ZF celle St A TF &
3 (Korea Cell line Bank, Korea)®} = ¢ 4~4+3}81-¢

2) HjA)

YAC-1 cell> AAH 4 B0 B F AFS
283t7] 59 Aol HigS AlZsA HiA =
RPMI 1640l 1% FBS$} 0.1% Penicillin-Streptomy-
cin (Gibco, USA)E &3t3le] A8l 2™ CO, Hl
% 7] (Panasonic Healthcare Co., Japan)llA 5%2]
COE &H3ko] 37°Col vl sttt Wi dd YAC-
1 cell> H % phosphate buffer saline (PBS) (Gibco,
USA)E AH T F Al w2 33T HINAE
cell Leibovitz’s L-15 (Gibco, USA)%} 10% FBS
18] 3L 1% antibiotic-antimycotic (Gibco)E &3}k
H| A& AF-8-3Fe] A2 Hl 7] (Sanyo, Osaka, Japan)
o Al 20°Col ittt Ml gd A EES Myco
Alert Mycoplasma Detection kit (Takara, Japan)E A}
&3t cell®] 2 AFE AT

HIEMZS| 22| & Hi

N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide
FAF Bl TE 5 24A3 HE AFHAA FUT
T2 = 3ntElE AdWEste nRS &Sk
H] %2 Cell Strainer 40 pm (SPL, Korea)= ©]-8-3}
of #A&3s}slAth ool AP TE A A 28l
1 x RBC Lysis buffer (Invitrogen, USA)E 3 7}5}<]
2o 5% F¢ Weg & HE PBSE A FH s}
St} ¥ M 3= phenol red-free RPMI 164091 0.1
% FBS<} 0.1% antibiotic-antimycotic®] X3Hg Bl %]
o AESFAL 0.4% Trypan blue solution (Gibco,
USA)E Al A& AT E 813 & 2x10° cell/
mlZ A EAT. 3HHE B HEZSL 96 well
cell culture plate (SPL, Korea)ol|] 100 w® &3
T IAZE B2k CO, vl %] (Panasonic)oll A 5%l
COE Fw3t™ 22 °Cell i 4= At HINAE cell
I g v AlExes Ao 59 2ddA 72
8= o] Leibovitz’s L-15° 2% FBS<} 1% antibiotic-
antimycotics g3k vi Aol 3]A3ska A2 wjF7]
(Sanyo, Japan)ll 20°Cell A 1A1%F &<F v &= AT

Hx|Q NK cell MEZEM
NK cell®] MEZA ARE &5H7] 98] NK
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cello] GAE] AZFQA YAC-I cellS &4 3+ 3}
FE YAC-1 cell2FH fre]¥ LDHE A5t
W (modified lactate dehydrogenase [LDH] release
assay)E ©|&3tATH FHAEZE AEE YAC-]
cellZ} HINAE cell& Al Z 7} 4x10* cellml B =
5 243t FHI g BIA 2o} o] Hl kst SiTh
FHFTZHOZ effector-to-target A|EZ H|E©] 50:1°]
HES AT v A g 2 AR
TESYE SAHAAYE P 2 EF(Sandra et al,
2000; Heichler and Wolf, 2022)& <A 3ked 247+ 4
AZE D 18AIZE, 20~22°Coll Al ZI g3ttt HIZA|
Z9} YAC- 1 cell 3H] 2 22°C, 5%2] CO,7} X3
H CO, W% 7](Thermo Scientific, USA)ll, HINAE
cell& A& FHl ok A2 ulj F7] el A 20°Cell A
w3l H T ko] 25 H 3 LDH release assay™
Cyto Tox 96® Non-Radioactive Cytotoxicity Assay
(Promega, USA)E Ar&3ld X138)3}31 2™ Epoch
Microplate Spectrophotometer (BioTek, USA)A8-3}
o] 490 nmoll A FFEE SHAT 49 FF
S5 Oad 2E F2AE AMgSte] MEEAe W

EEE YA

% Cytotoxicity

_ Experimental — Effector Spontaneous — Target Spontaneous

- x 100
Target Maximum - Target Spontaneous

Real—time PCR analysis

E AT A= N-(4-(4-Fluorophenoxy)-3-methyl-
phenyl) acetamide® T3 & HX o] T4l 22
A NK cell 45 S7HA71 Al E7HRL, Inter-
leukin-12b (IL-12b) #& & B 7}317] 913+ real -
time PCRS AAISHATH g2 F2ldA4] total
RNAS F%3}7] 93l RNAiso Plus (Takara, Japan)
S AL8-31% 32, Nanodrop ND-2000 (Thermo Scien-
tific, USA)2.Z total RNAS A &3lo], g A=
2 ug total RNAZR-E] PrimeScript™ RT reagent Kit
with gDNA Eraser (Takara, Japan)= AF&-3}] cDNA
= Q@A

Real-time PCR-2 TB Green qPCR Premix (Takara,
Japan)¥} Thermal Cycler Dice real-time System II
(Takara, Japan)E AH&-3te] FAlA 9] 24}
AFS AR, 53 22 Zeho|HE AR

3t IL-12b FW, 5'-CCATTTCACAGACGTTTG
CC-3%; IL-12b RV, 5-GTCAAATGTTTGGATCCT
CG-3'; EFla FW, 5'-CGTGAGCGTGGTATCACCAT-
3", EFla RV, 5'-AGCCGATCTTCTTGATGTAG-3".
Real-time PCR 712 %7] WA S22 95°C 30x3t
leycle, 95°C 5%, 60°C 302 40 cyclesZ 213} 5}
ATH 2 FAAS Ct @2 Livak and Schmittgen
(2001)°] A& 224 HhH o 7 B o]
o reference gene< clongation factor la (EFlo)S
g3 o,

SHEHN

B Ao A BAEA]-LS SPSS 25.0 software (SPSS
Inc., USA)E AR&3te] A&t BE A3
o] Bl = mean + standard error® YEM AL, thZE
T R AHT Abolo] frojm|gh Afol& AR BAS
£ gF one-way ANOVA test 2 Tukey's HSD= A&
sted A A3 THp<0.05).

Hj ok 4A 7 & A A ZQ] YAC-1 cellol A
4 A2 NK cell A ESA
58 FAATFAAM 11.1%, SrithzTolA 27.8
%, 120 mg/kg AF TN A= 14.6%, 150 mg/kgoll Al
6.3%2] AIEEAS BRATHFig 1-A). 181 714
Eo &8 AP 200 mgkg £F AP TN =
29.9%=% F-X X2 v a8tS uf oF 278 H2
A 545 Yet At BIZAZ 2 YAC-T cell
< 18AIZE BF Fuf Rt A 4AIRE v Aot
frabet AaFe etk 7HE &2 &%< 200
mg/kg AT 75.4%2 FH XT3 Bl 23t
3.068) & Al2Z2=4dS RN UTHFig. 1-B). HINAE
cell S target cellZ AF83}] 4417 B9k Fa)je 3
FAA T 27.1%, i =3 27 9] A+
37.5% 2 39.6% TXE WEFHA LM 200 mg/kg
AP FAAE 625%C 2 TAX T vl st
238 =& NEEAHS RYY(Fig. 1-C). HINAE
cell& AHE-3te] 18417 Ful st A= BE O
z2 D AATAA Fo] Al Aol E Kol sk

Th(Fig. 1-D).
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Fig. 1. The percentage of splenic NK cells with cytotoxic activity in flounder showed that the values are dependent
on the N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide injection dose. Olive flounder was treated with N-(4-(4-
Fluorophenoxy)-3-methylphenyl) acetamide or DMSO once every three days for 30 days. Spleens were isolated after
24 h from the last injection and cocultured with YAC-1 or HINAE target cells to assess NK cell cytotoxicity using
LDH release assay. A bar graph was used to demonstrate the differences in cytotoxicity level when splenic NK
cells were cocultured with YAC-1 or HINAE target cells in a ratio of 50:1. Data represent mean + standard error
(n=3); means with the same or different letter are not significantly (p > 0.05) or are significantly (p < 0.05) different,

respectively.

2 A= vk FAE Tl 5 2443 AR
ol| 41 N-(4-(4-Fluorophenoxy)-3-methylphenyl) acet-
amide®] LDsy A a4 200 mg/kg &% A d T o]
v AR BA jlol 7 =2 AE 545 U
BRI A TE. © 23 ok (Orechromis niloticus)ell & B}
n)Zo] ¥rid AFE(50, 100, 300 mgke)E 12€3t
wolstal, 11 o|Fod= YRk ARE Folg A
100 2 300 mgkg Tl A H] dakF A xQl
L-1210¢] thdk NK cell®] &-do] 1297t Fo]
TE T S SUFSEA AL, ol 8FAMAAIE 4]
H S th(Park et al., 2012). °‘°1(Cyprinus carpio)©l
Z 242 MnCLE 40, 80, 120 pg/gel &Fo 2 &

Z W &3] FoJatls wl, 80 2 120 pg/g Foi ol
A YAC-1 cellell tH& NK cell®] &/do] f2]&}H]
<7159 TH(Ghanmi et al., 1990). AZ Z=V|(S. aur-
ata)E 322 3] 10° TCIDsyml2] viral hemor-
rhagic septicemia virus (VHSV)E &7 Ul Y
% NK cell?] &4S Fristda, o1 23 gz
3} Blaste] npole] 2~7h = H 4841%teo] A AE
A A FH el dutks Al L-12100] e =&
NK cell &4o] R 1 F S thEsteban et al., 2008).

e 2E gl oZ Fh=Fol g NK cell2] &4
< Wrter] flete] 2<pol 7EEHS 10 ppm %
2 A5t 3Ezr AAANAH L, EHAEEE
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YAC-1 cell, 9] HLF AEA 3LL cell, ] =
AZ A ZRD B16-F10 cell, o] ti7get A=<l
CT26 cell& AHE3IAT. A3 7t=ES AT 2
HTo A YAC-1 cellS E3Fale] Aol ALLH
EE B3 MEo) U NK cell®] E4o] #2]31A
7kt s Fledtt ol2j A= JteH
l JAK3/STATS 413 AE& S7HAIA NK cell &
B33} tH(Zhang et al., 2023).
Wol71 el a3 FEs AHA
1ol o3k A7) el #oAst= T
HAA o 7= AE
& AR o A= AEFAS Y &
A2 S Fefsted MAE REshs 9d2 A
LHF NK cell& F4 2E# 20 9Jste] 1 84
, 22of osfj A= L FAo]
Qo] 2 7+ A 3hoh(Kiecolt-Glaser et al., 1992; White-
side and Friberg, 1998; Sato et al., 2002). & A2}
o] AT AFoM e oJFolA 54 2 T 2E
g2l i3l NK celle] &4d0] SVl AS 89
& 4 I TH(Ghanmi et al., 1990; Esteban et al.,
2008; Park et al., 2012). EEZFE A F=A2
N-(4-(4-Fluorophenoxy)-3-methylphenyl) acetamide
o] B Z I A o] F NK cell& 33 27] A
A AGAA T} ol B3It AS HoF
= AoE FdHE
IL-12F o AFER BAFERE T H e olF
o] ZF A (heterodimer) AFo] EFIRI O 2 F2 A
A M| 3 (antigen presenting cell)oll o]3] A HT
(Wang et al., 2014). IL-12b= YWHH OS2 T AL}
NK cell& A=31 IFNyE A4ksl= g2 &
HA o], NK cellZd & ST s= A% F 3t
U2 A& tHKim et al., 2013; Parihar et al., 2002;
Norouzinia et al., 2018; Shemesh et al., 2022). =3k
IL-12€ o7 A "HAe] T83 748401,
A Wh-g-o W RS 2dste 8% 9FS
$+T}(Vignali and Kuchroo, 2012).
2 ATl FA FA 24 el IL-12b A
L FS vl E4 AT 150 mgkg B 200 mg/
kg Aol e 2 AP Hlalste] {9
7+ YER e (Fig. 2). 3], 200 mg/
o A iz Blast s o 6.6240

2
i r
n°"

w
0o

o~ ro
o of\

Fold change of IL-12b mRNA
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Fig. 2. Real-time PCR analysis of cytokine (IL-12b) mRNA
expression in the head kidney of control and N-(4-(4-
Fluorophenoxy)-3-methylphenyl) acetamide-treated (120,
150, 200 mg/kg) olive flounder (Paralichthys oliva-
ceus). Gene expression levels are presented relative to
EFla mRNA expression. Data represent mean + stand-
ard error (n=3); means with the same or different letter
are not significantly (p > 0.05) or are significantly (p <
0.05) different, respectively.
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