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Attenuating Effects of N-acetylcysteine (NAC) against Fish
Parasiticide-induced Toxicity in Carp Cyprinus carpio

Kwan Ha Park

Department of Aquatic Life Medicine, College of Ocean Science & Technology,
Kunsan National University, Gunsan 573-701, Korea

This study examined whether N-acetylcysteine (NAC), a glutathione precursor, could attenuate toxic effects of
three fish anti-parasitic agents, trichlorfon, hydrogen peroxide (H,O,) and formalin, all of which are known to exert
side effects through free radical production. Common carp Cyprinus carpio were fed with NAC (approx. 50 mg/kg/
day) for 3 consecutive days prior to anti-parasite bathing for a 24 hr period. Mortality rates were examined during this
24 hr bathing period, and selected hematological and biochemical parameters were also assessed at the termination
of anti-parasite exposure. The mortality rates and plasma glucose elevations caused by all three anti-parasitics were
significantly reduced by NAC pretreatment. Trichlorfon, but not H,O, or formalin, elevated plasma levels of aspartate-
transaminase (AST) and alanine-transaminase (ALT), and these elevations were attenuated by NAC. There was no
change in hematocrit values in any treatment. The results provide evidence for the attenuating effects of NAC against
toxicity caused by anti-parasite agents that act through free radical-producing properties. The results found in this
study also suggest that NAC may be administered to fish to minimize toxicity in fish parasiticide use.
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o, ofo] thgt thM ez A FA FWollA= 10 F F=9 5
A7} 37 =) o] AFg-E a1 )t} Trichlorfon(2,2,2-trichloro-1-
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Trichlorfon-2 choline-esterase2] 48 *|3}A| 7| = §7]
QA BHARZA &5, 25, A, 55 & acetylcholineS 4l
ARG EAR ol 8K 714 ARolA oFE S BT 4 At
(Schiiperclaus, 1992). o] §-7]QlA|= Zo)| A A A 3] 7}pE
3] E]¢] dichlorvos(DDVP)® Z2tE|n DDVP= Y 521
t} o 7ZFEst kg & w3 stc(Treves-Brown, 2000). E5F T
AP A DDVP= oFa 7| At M2 oA ol A thAtE =
ol A 78] 7] (free radical)E A4 (Bagchi et al., 1995)3+0
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B4 2ol 3 AR AE A 5o R AESke o] Yol
|70l A ZarEl vp Qlek(Hai et al., 1997). #Hitel=4x(H,0,)
L g ok A4 BEAElA nj%k A4 E A, ¢
570 2L THFS AT BHOE g Relshy wa
A B3k iz Bolel] wel BA4AEH S4g RO )
A& 31 Qlek(Kiemer, 1997). MAFet471 7| A =5 A4St
7] Q1A= AFsHAd AFA~F(hydroxy free radical, OH)S 34
s, AY/J ¥ free radical o] A0 24 AHE0] Thl, RNA,
DNAUY A2 £9] biomolecule 52 <=AMA| 7] A Elth(Sanabria
et al., 2009; Roque et al., 2010). gFH o] 72| 7|5 1A
U a5 Baom MR 71 el $85D gl
formalin(formaldehyde &9, t)2F 35%, w/v)e HE-3-AJo] 7J3t
E2 2 AWEA Y £ 5= amino”|, carboxyl”] E+= hydroxyl
719} ARAE BeromA Tl A DNA 58 £4A1A A
Faakel Ao sEdEo] =48 ISRtk (Denyer, 1995;
Denyer and Stewart, 1998). wa}A o2 7153k LA|A| 9] oFa
71 F, 2 AFolA AESALA 8 3 T AR Al
B A 7ZE A 0 2 free radical?] AJAJ oL AFSHA] AEH A

alE
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=
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N-acetylcysteine(NAC)2 -3 373l FARSHEA 2 A4
K9] 2AFl 4|9} 3]o] 7] odBFeh(Atkuri et al., 2007). NAC
= AIFEU ol A cysteine 0.2 ¥ 3} o] glutathione(GSH) A $H3
o] AT AR 430 2 GSH| AL w8 B oz}, 7
HA o 2= GSHY| Ay (42Fe GSSGol|A 23 GSHE 9]
WHhol & Qs 491 glutathione reductase®] A3 E &2
slck(Banaclocha, 2001). wfebA o] F= 712 7]AL &3] NAC
o o & ZHFEAZHE] 2HHY GSHE=F S7HI7IA
Fth(ssels et al., 1988; Phelps et al., 1992).

NAC7} o] Fof A trichlorfon?] A t)AA] DDVP(Pena-
Llopis et al., 2003)¢} & 2 §7]2A A »2F2l fenthion
(Sevgiler et al., 2007; Sevgiler and Uner, 2010)%] 542 7
BA7)= Aol Has vprt ok E3t gz 5490
microcystin®] o] Fo]| 4] 9] 7HAHEA = NACE S| 2 7 ZH(Puerto
et al., 2010)=] o] 2 E Hlo]Zhg-0] NACY] free radical 47
S0 gy oR Flelgn 241 9
H AL A= NAC7} H-8-3) free radical 2] 2A 7| 5& o]
5o, free radical ;A E= G-AFSH 28-S =3} biomolecule
R s LCEEE TRl
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A% 40-80 g A oI(Cyprinus carpio)s w-Atdjshul oFo]
ol A woF ol AR A A 2557 SAAX] & AR o] ARE-
st 30(W) x 80(L) x 60(H) cm2] §-a]4=29] 100 L] &
= AL 22 £ 2T = [FASHHA, air pumpE ©]-8-5to] %7
Sto] AbaE S8 3aohHA SES AT B 10 nfEd 4
85131 3 HHE 0 2 A ¥}t N-acetyleysteine(NAC, Sigma,
St. Louis, MO, USA)x= ©Jo]-& AGALR(BIAE, HE 1139
0.05%= F2tsto] 54| & 3YAEE A5 2%E oF
(9:00 AM)#} #14(6:00 PM) 2 3| = o] F3t3iTh L34
o8-8 AJhgh AIHRENE AR NACE B et of
Aol Al NACS] 3% Fofif2 50 mg/kg/H o) sidsh= &5
o[tk ofH|AIof|A] o] Hr} =2 871 150 mgrkg/U ol o
sto] ol & AEstel oLt NACTE 714l e svjo s 74
Bt A Alolae] HaaAo] e,
AEE AEHL =&

Formalin(37.0% 48NS 100% = 7}A45to] AF-&) 9
hydrogen peroxide(35% <8N 100% = 7} 5Fo] ALE)
< Sigma(St. Louis, MO, USA)oA] £Y3}o] ARE3FS Tt
Trichlorfon- Hlo] 51 2|ok(80% =AM A&, 77| %= =HAl)
o4 FIshirh o] SIS WE BAd FEE 5450} 24
AlZE &et oF &S Jstqlch A AN S AIE A, 5, 2L
o] doj= AATE 3 7HA] weo| vt AA RIS UK &, A

FE(H 50% ]gre] XARRE H)o] EAof tidfA=
hematocritz| @} Py AYstela AJHE O] Wglof u|x|= JgFe
7¥atich

5 =0l %2 ¥ 24

257 A2) 24 A7 A3 T o]5E 0}F(MS-222, 50 my/
L. Sigmayste] v]@zko 238 A8l§3A]E olgsto] |
mLe] @olg R|3/5}i 9% hematocritX| o] HAo] A3}
SItt. Hematocrit2]+= microhematocrit-8- capillary tubeof &
ol-& Y37 hematocrit-g Q48] 7](Hanil)o 4] 12,000 rpm 2.
2 SE7 QAR S $ TREo) ueg S5 ol
A G2 AF2oa SAZ] % 3,800 x goA] 307 ¥4
w23T) & A5 esto] E4of AHE-shith. Aspartate-
transaminse(AST), alanine-transferase(ALT)2] 42 95t
kit(Reitman/Frankel ¥)2} glucose £-4]-8-(hexokinase ¥) kit
52 oAl )0 TAste] AZALS] ARg o] ufel A}
o9t} o] AP Ao Whe P34 oks o] At 5
Patoirt,

SAXzE

& orir

T 9] Bluo)| A= unpaired t-testZ, 3 04t
ne-way analysis of varianceZ #4]3F 5 §-0]A4o]
o] ltkal B = 749 Newman-Keul's t-tests
of® ofl SAISHA kol 7} Q= A A s B -9
& - 3 Ieh7) 29| povalue= 0.055 7|20 & 51¢ich

W + FZEHERH(mean+S.D.)Z FAsIP o O
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Fig. 12 Al 714 754171 o2 45 A, 5 9 119 3 7)
SE(Fig 19] S5 F2)2 JoI 8 A5 2R 1)
LR AL 7o} ofo] ogk NACS] Wolah8-2 1ol 9)
t}. Trichlorfon, I}AFsI=4 @ formaline A &gt = o] A
AEE AR e HE AlQstale A, &, 3L BE FEo
A NAC7} A A TS fraAl 3t & d4kel42 2] 300 mg/L
21 73 $-oll5k NACS] 2|4} a7} SHA1sHA] ghsjet.

Table 10415 A AFaT} Algo] ALE T o8 % ABER
E3F FH(NAC H|Fo] oA Hat 15-45% AAF AAHFE &
L)ol A AESE o] 72 NS A F Skl hematocritz] B 3 7}
A BRASEA A5E 24T ATE BolRT 9ok AST
9 ALTO] &% = =27} trichlorfon] =2 213 24 9
A F715E 0 NACH} o] 5748 g4 aaks w3
sk3th T3 @4 5 glucose w7t ARRE e A =
2 Q3] fol4 U $7HE Holm 9lom NACTL Foldl 2
of| Ai= trichlorfono|u} ¥4tk Zof fefjgt o] 71 &
&& AAS] A zith 2y formalind]] 7]Q1%E S7kof| o
A NACTE 9014 Qe Aae-S Bajsin) Eatant.
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Table 1. Effects of N-acetylcysteine (NAC) on hematological
and serum biochemistry in carp C. carpio exposed to fish
parasiticidal agents

Groups

Parameters  Parasitocides Un-exposed Parasitocide-  NAC-
exposed  pretreated

Trichlorfon 35.0+6.0°  33.8+5.2%

He"(‘;:)oc”t H,0, 368:62°  39.8:6.6°  34.6:6.0°
Formalin 41.2+7.0°  36.0+4.3°

Trichlorfon 122.9:259° 76.7+13.9°

(ﬁjs/[) H,0, 69.3:85°  78.3:92° 66.3+16.3°
Formalin 65.2:86° 56.6£12.2°

Trichlorfon 87.8:28.2° 48.0+11.1°

@'7[) H,0, 204547 193:53  21.4482°
Formalin 27.3:12.3° 27.3:102°
Trichlorfon 204.3+25.8° 152.0+20.5°
%“&‘C’JSL‘)* H,0, 1395:22.4° 186.3+20.8° 156.2+11.4°
Formalin 173.2+16.4° 164.2+:8.6°

Exposures were performed to trichlorfon, hydrogen peroxide
and formalin respectively at 40, 100 and 150 mg/L for 24 hrs.
Seven fish in each determination. Statistical comparisons were
made only for groups of linked treatments (e.g., of the same
drug). Data with different superscripts denote statistically
different values at p < 0.05 with Newman-Keul's t-test.

Hematocrit2]= 3 F-579] 34| B0l A NAC A 2|+-e} v] &
2]t Afolof 3o WSFE HolA] dth FHH S W Als ke
O tE Aol &g YR FoAf= 24X7t F AE SESTL
Zw51A] ¢Fo} hematocrit Y @A 3}sH4] H7h= A5
Al sl ARt =35kt

X}

Ll =

o] A= NACE 12| FoA%t & F5Ao ZmdAl7I™,

SAE] 287171 0] bl 5] FUBHA] ot ZAEH Y] ool ot
& Rl = AEE 3 $5ef FEAR Qv AEE =
F ARt 5o 9la& Hlstgltt. o] uf NACT} fshe=
Aol free radical®] A74%eS 13 o], 3 Zof )3t £A4
A A= BT free radical 2] AL A eksls 2g E= gRAL

sh2kgat H o] 9l& 7HsAd ol wi$- ok 58] & ‘ﬂ%bl A1}
= NAC7} SR =AY Bolo| A 583 FSA|2A S85+=

*AE—ﬂM%ﬂﬂ°m6%%$ﬂ%ﬂﬁ4%ﬁééi

>

A7) o] 9L of Rl A e ZHe ATEA 9
u]7} Ak AzhE)

drbdo g XAHg fkebA] gFa QbHEHAl AMEEE ol E
359 15A HE+ trichlorfono] 0.2-0.4 mg/L, IHAFS}=A
1-10 mg/L, formalin 50-400 mg/L H$](Schiperclaus, 1992;
Treves-Brown, 2000; Guide Book for Aquacultural Drug Use,
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Fig. 1. Effects of N-acetylcysteine (NAC) on fish parasiticide-
induced mortality in carp C. carpio.

Mean=£S.D of triplicate tests. Thirty fish in each test group (10
fish/tank, triplicate) were bathed to parasiticides for 24 hrs.

* Statistically significant at p < 0.05 with unpaired t-test
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2010)0]9 o] Aol A B7FeH FEE ol AL XAE
ot o oo ST WAl JA o] Aak(Fig.
DE 2H, 5 Ik H9E Al9stale Al &2
£ 5504 NAC7F AAREIFE 244 Fich THESR:2-2] 300
mg/L3l 9ol A AT E LT} Bl ekt ol of
ol AR A S40] Zelskol NACS] oAl aae 7tets
ol 7ol wiZo] dojzl At Ao 2Tt

AT FAAEC] sk st 9 AslehA] 54 vt
5ol thall NAC7} of = F =0 B 285 7FA|aL Ql=A] 7t
517] Qe AR B7EE % 5 7P e Y v
(Bt 15-45%9] A4} HH = =EH Jofof| s NACS] Azt
£ B7Felick(Table 1). o] =% FEofA AJFg 3 7FA] 9] oF
Al & §-24 Sl hematocritz] o] #ISHE fbshA] ¢hokal
NACH E=3t o} 73 J&FS vz #] ¢hoft}. B35 Hematocrit
Ao 57} B Ak 287150 o), 8o ol A%
¢ 2859 Aol & AAFgItH(Adhijkari et al., 2004; Carvallo
and Fernandes, 2006; Nussey et al., 1995; van Vuren, 1986).
whepA] of7]o| A ARGRE LF Aol F717E e EEH AR 2
A5 AR QIZE hematocrit2] o] F747} o€ h A& &
W formaling 1Fe® =EstH Aofuf FX|7)E oo A
hematocrit®] Z7h} el Zlo] B 1% o] QJth(Nieminen,
1983). et @A O] AR A Y] 1994 Sl W37t LA
U2 e B, o] =E2(EE H AlZhoA = hematocrit®] 5
7He A Qe Ao 't 54 - obde O mfRit

Ao gt o 3224 =A4J %] %2l €4 transaminase, = AST
2 ALT®] #7}7} trichlorfon o] & =91 71 2717}
NACE FoI3t oo Al A2 = ¢ltt. Trichlorfon®] tf ARA|
DDVP7} o 7o)l 4| @7 & transaminase?] -5 =5 w0 A
L2 = I3EAE B 13k v (Verma et al., 1981; Demael, 1990)
7t glos) @Aje] ATk U veolA sj4lo] 71T Aol
Tk ZHAHA| 32 £ARS transaminase A5 -3 A]7]7] Wl&of &
3 o] o] AAEY] FL7t F71eHA Hrth(Wroblewski
and Ladue, 1955). wea] o] 7ol 4] o] a4:0] S71/4k2 3)sh
=4 Yot 1ol &4 7hehe Aletd R 71859 49
A F 2 &-gx]o] grek(Bucher and Hofer, 1990). 121} 3}AF
3}4A) formaling o] F 40| HIE Z#s}A] gofo=
= ek} formalinge A O] Aso A 1M S4E
eHA] b ©fm|ghtt. Jung et al. (2003)2 31 ppm ©]4}9]
formalino] g 2] ol A ASTE| w5 S7FAXIchaL Harskgict
FolollA= Ald s =l 150 ppmol| A= HSp7F YrepubA] b2
A& B Yo7t J2] o)A formaline]] oJ3F Th/te] A 7}/do]
e Aoz 24T,

ohefet stress= |72 WslpA- AR WEHASE A=
sto] FAaAZT5 2= 9 catecholamine?] F-2]& 4%
o 23 A4 glucose =5 F7HAIZITH FADAA=Z
220t} catecholamineo] ®]3] Sl &olstil A=
of thafAl ovlstA wH-E-sl7] wfZol, @ glucosed] 5=

S7HE SpekE Ao o3t &40 A x2 g ARgskaL 9l
(Wedemeyer and Tyasutake, 1977). Glucose?] @4 = =
7} o] dtoll A AR ®E FAA O] o8] F7tsk. o] A
I} trichlorfon(Verma et al., 1983), ¥H4Fst=4x(Roque et al.,
2010) ¥ formalin(Niemen et al., 1983)0] &l == glucose?] &
EE F7HXIt= Bael dA|gtet o] F7Fe o] NACY] &+
ofo] ofsff FiEA o= Zraxgto] i Ao A watE e} T
L} formalin®]| 2J3} glucose S718AR NACTF ZaAl 7] A] 5
sk, o] W ok 7 5o oFAel Bls) F7HEo] Wekd A
o] o] A3 o]47} o7} T,

NAC= 5=l &5 5 acetyl7] 7} 47 A1 7 = o] L-cysteine
o] A=W, MY L-cysteine %= = free radical 24 7]%
o] U= AEAL FAFSHE A ¢l glutathione o] A3 ofl A A
3} ¢l 2H(limiting factor)® 22322 NACY| FH3& &=
2 0 & glutathione %9 Z7}= ZZI3tcl(Phelps et al.,
1992). o]&H o]§2 NAC”} free radical S AJAsl= =22
acetoaminophen(Prescott et al., 1977; Bakker et al., 1994),
paraquat(Hoffer et al., 1996), endotoxin(Victor et al., 2003)
o] 54 ARAES Aol FHEHAY. B3 a5 =4
(Kelly, 1998), *=3}3AH(Banaclocha, 2001), ¥r¢H(Chatterjee
and Deb, 1999) % free radical®] AJAJ o] Toist= WA
T oAgto] & A Qe ofFollAl NACT}F R/7]Q1A FoFdl
fenthiono]} trichlorfon?] A A4 DDVPo| 8451 =
ol sl Aart elso] Hirg vh }lok(Pena-Llopis et
al., 2003; Sevgiler et al., 2007). L&} NAC7} IpAksk=4
1 formalin®] =/J3} #&Asto] o] FE EZFsto] oH in vivo
systemo| A= F7HE A2 gltt o] Ao ANE HH
NAC-<= trichlorfon, formalin & I}AFs}<=47} A A 3= HES-A]
AFF(ROS)0 O3l e = &4 Wold o A3 AAKSE
t}. 0] in vitro A| @A o A Z+2l = NACS] free radical A7 2t
2 (Aruoma et al., 1989)0] T2 2] in vivo A| G A2l A ofof| A=
g5 AL Sl S A0l

2 Aol HAEI #ARE FFA
formalin H| 5ol o & 7| Y Y =S Ao}
Hol7] wjZof vpolgiA, Alit 9 YFF{E E3sto] FH
g =S A fIRE AR a
A o] QorEE2 FAAIL} T2 HUNE-STE Alo]2 A}
3} H 542H80] glojA R FEollA= Ay a Tt v|ek
Skl fFAF oA SFolFolE At BR8-S FUsHA

g

2 R oY Yalop st A gUek. of ] Tk ehit
Ao T NACE v]2] Bolg F 7342 okg i)
W olole] Hatg-e AT EAE TAANE 7 4 o)
g Ao 24, w3 2 Aol FET 754 ol2lo|E
Z}otd AANFEH(NaOCl), chloramine-T, ¢4+ 4:(Cl0O,),
povidone-iodine 5 H|E0|2] © & biomolecule®] &4} 2H-3-2
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3l 718AES FAIskE 71 7H GFAI7E 2 220)aL Q)
oJAf ol Aol thet F2H8 A EIE HES = 7HA17F A
< Zlojth

TUHOR & AN Fe FEE AL SRl o
2t Aetehz] wsto= #pol7p 9lal, ot doljsha gl AYotst
2 Wsks AT Al see 9 aEololA WS el |
SRS wtofshe A2 7SIt AAkee] Aol Fetst
H NACS| A Aol gt F/d oAl b= 23] e A=
e duba oz QPdsHA AR 4=
of g=Fol A= et 2= 71452 Ul4dol HAsh | =

i

>
j;
oo
4
X
é‘

3k of| 7} Wol o fol] £t EAdo] Yelue f£E02 13
A& Fosh= 797t HIHst7] ool (Burridge et al., 2010;
Thompson, 2001) #A¢] Aat= 43k sHEA 0 7 o]u]7} 9l
ot @A 0 2= NACTE =4H8-0 2 5]8-4 ookgo] ofyn
2 QJoR AgT s glong, A 7S AX T8
WS mAethE dAje] AT AT Al ARSAl g o
2 283 = QLS Aol
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