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Effects of N-acetylcysteine (NAC) on chemiluminescence
response as a non-specific immune parameter in
Far Eastern catfish Silurus asotus
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Chan Young Yang and Sang-Hoon Choi
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It has been reported that various anti-oxidant substances stimulate non-specific immune responses
in fishes. In this study it was examined whether N-acetylcysteine (NAC), a precusor for anti-oxidant
glutathione (GSH) synthesis, can modulate non-specific immune function in Far Eastern catfish Silurus
asotus. Immune functions were assessed using the respiratory burst activity monitored by chem-
iluminescence (CL) responses in isolated leucocyte. NAC stimulated CL responses with doses of 10
or 100 mg/kg, but not with 1 mg/kg after 48 hr injection. It was observed with 10 mg/kg NAC that
CL activity continued to elevate from 24 hr through 96 hr post-dosing, and returned to the near pre-
injection level by 10 days. To understand whether NAC can also activate CL activity in vitro, NAC
was directly added to isolated catfish leucocytes. It was observed, however, that NAC can not stimulate
CL at reasonable concentration ranges in vitro. As NAC is a precursor for the strong anti-oxidant
glutathione (GSH), a putative immune stimulator, it was assessed whether GSH can also stimulate
CL responses. Observed results show that GSH activated CL both in vivo and in vitro. The data
obtained collectively support the proposition that NAC indirectly stimulates non-specific immune func-
tions in catfish by enhancing GSH biosynthesis, but not by direct action of NAC. Such effects may
have beneficial significance in aquaculture for practical utilization.

Key words: N-acetylcysteine (NAC), Non-specific immune functions, Chemiluminescence (CL) re-
sponse, Far Eastern catfish
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2 Bpghst - olaht - b9 - u Al

ZE po71 e shuEA WA 44T (reactive
oxygen species, ROS)= A4ttt o] & A Z o
= oA o2 AA Y Al EYell= A
A7) 1EE2 EAEA Y (Coquette et al.,
1986).

2as FAYROE IEE ROSO FEA
W a3 HHAF-L s SHAA I
2 9tk (Knight, 2000). 1 E 4 &F 7 T4
MEE EFZ T (respiratory burst) I AN A 2kAa
£ ©]83}4 hydrochloroust} hydroxy raidical (OH)
2o AYs Adze-g w3t EAEEE A
gty =gk g2 A ol A A A =)= nitric oxide
£ superoxide®} WFH-3-3}4 peroxinitrite®} 2 A
&8-S 33 BAE LS dva o
A At} olgE MR g ~EH 2 (oxidative
stress) 7 AA = W75 FA o AT cy-
tokine, chemokine == A XZ F2HA £} (cell ad-
hesion molecule) 52 FAA FHE AAFOZ
A A7) FAA FgFs vA

o

}= o] vitamin E (Kiron et al., 2004; Ortuno et
al., 2000), vitamin C (Ai et al., 2004; Eo and Lee,
2008), # <A F4+stE A (Thawonsuwan, 2010; Enis
Yonar et al., 2011) 5= o] &3 AFNA F27
%o, 94 F (gilthead seabream), 5] 52| o
FolA FHE b7 Aok

T A BEAEZQ] N-acetyleysteine (NAC)S Al
ZU A cysteine> 2 7FFESE Z glutathione
(GSH) Ao AFELAZ Z8Fo=ZH GSH
o) e =& ¥ oy, I H 2= GSH
A Y (AretE GSSGollA €& GSHE ] Rl
Q83 &A<l glutathione reductased] GASIE =
213t} (Banaclocha, 2001). WetA] o] F 71A] 7]
A& NACY Fo 3 AxU9 #93 GSHE =

=2 Z7MA71A B0 (ssels et al., 1988; Phelps et
al., 1992). o] WA H GSHE= 13t EHZA
ROSE X3t o 74 4bsiuted 54 =4
gk Yol EA 24 283t} (Bakker ef al., 1994;
Hoffer et al., 1996; Palevsky et al., 2006; Prescott
et al., 1977).

GSHE 3% 9] ofn| =4k y-glutamate, cysteine 2
glycine©. 2 T3 % tripeptideZA], 5& Al X<l
A FE3HA A3 o-glutamate?} glycineS &
g3t AL F Ae ¥ YA sl
AR cysteine =7} BEFES7] wl&Eo GSH
o] 3ol lojA A gk7] A (rate-limiting factor) =
283t} (Kerksick and Willoughby, 2005). N-ace-
tyl8 B 9] cysteine TZEZQ NACE UM =
A73AFoRE S8 Aot
O3 T/ drtstE o] o Fo HYrle
= | AR FHE UL ¥ oY
3 o

23 A¥ 5 E I (Ferrandez et al., 1999; Puerto et
al., 2002; Victor et al., 2003)2} AZF(Arranz et al.,
2008; Venketaraman et al., 2008)° A& H.I1E| o]
ATt o] FollAe NACE o] &3 dF24F3= A
9] glou Xie 5 (2016)> "elujole] AHA @
g0l THAES Byttt =5 E AFHL2
T oA ¥AF 8 T o FolA A EA
2l NACZ} ¥l E-0]8d W3] lysozyme} CLRF
= B3 v (FAD 5, 2012)7F
TollAE = w7l A TFE Fo
AC7} oj® &7FollA Bl o] HAA %
chemiluminescence (CL) WH3-& Z7}A|
g T a3 AEAE A HE
etk #7138 082 NACS axr) A
3l Eajol ofgk AR ohw 19
glutathione (GSH)< ¥ TS EZXA e =
A= HESST
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FAeHEE N-acetyleysteine (NAC)o] m|7]of| 4] H]50]2] WAl spshg wh-g-of w]A]

Aol A wW7] A oA FF kol AR
BFATHAI = 1050-1500 g, A& 23-33 cm). H 7=
AFAANA 173 EAAZ = B3 AW F
A7F §le 73 AARES AFESEATH o F e
S 221+1.0CE YAFA FASALH =43
o7 Z7ste 4AE FHESFATE N-acetyleys-
teine (NAC)-> Sigma (St. Louis, MO, USA)ol| Al T+
A3+4 2.1, phosphate-buffered saline (PBS, pH 7.4)
of T AREEATE o] Al o] AT
A A7 &F (D T, 2012) ZAZ AF
< FYPSA T NACE B4 vlE)g 0.1ml 4
Fostdon, iz ofFole L4 PBS
£ FAsIAT. In vitro Aol AHERE M=

] oJit} salines wWl7|oll= FoJstA] ¢,

7bsted Wbg& SAHBIAS In vivo Aol AFE-
3 T2 £ AFARE AAT T ZNA, in vi-

3 kg W72 RE WEFLE 2
kel ga F AP Asstach

7| Al UHST20| chemiluminescence (CL) HF2

MS-222 2 wpF el A w71 o] FAIE Ft Ao
2 Fystdoh 23 424l heparin (10 U/ml,
Sigma), streptomycin (100 U/ml, Sigma)®} penicillin
G (100 pg/ml, Sigma)E 3713+ Dulbecco's Modifi-
ed Eagle‘s Medium (DMEM)®ll ¥ 3L 7}= nylon™
o] &3t AExES Eestth AEA] £
sl FA MEE 34-51% Percoll HETH|
(Sigma) &l FF3kaL 4TCollA] 400xg= 304-7F
AA 2R T 34%9} 51% Abele] AESS &
23t th. DMEM 2.2 400xgoll A 583+ 4] &
HAH L 2 HHEFO N MS222 5 EeE
AstAth Az YEE BAH2 0.5% trypan blue
(Sigma) & & o] &3t oH, e AFTAAN £
gH HEZEY AEEL 98.0%C1F oItk CL
W39 Aol AL WMET dE Yo N2TE
HFHOZ 0.5%10° celymlZ ZH At £t
BT A= EFE 92 1e9] 96-well platel]
200 pl 2 ¥ F 243 T 25CollA w2l b
35 AlFT HEA S F3F luminol2 10 mM

i o

)

ttlo

A

%1‘81: 23

[¢]

rr

o =& ZA|(BAre 8313 & NaOH=E pH =
A, AR 5, 2004)5te] 250l S WE T FE o]
= plateo] 71331 1083F 25 Col A w3 T},
CLEHE-S] oF7]& 93] F4d3tE 10 mg/mle]
zymosan (Sigma) 25 < W T HIlgk A3
automatic photoluminometer (MPL2 model, Berthold
Detection Systems, Hamburg, Germany)S A}-&3}<]
4027 AE5H 02 CLEHES S 313 th(Stolarek,
2002). CL ¥F-§-2] = 7]+ relative luminescence unit
(RLU)/secd] @92 4FE3tH T W EZ zymosan
9] opsoninZHE el wlE] Aol AHEH FF}
TYS 7t o Fo 2 RE AHES EE3HAL zymo-
sans 10 mg/ml°] HEF T3] 4CollA 30&
2 REEAAT o] A S Fall w4AHSE zymo-
sans YA E Y-S F3l PBSE 33 Al (600x
g 5%) ¥ THAl 10 mg/ml H =5 A 3|4 st A}
23519 o (Rodriguez et al., 2008).

SAXZ|

Datat mean+S.D.E X 3A3lH o1, ANOVA
A A AP F Ael7t = Aol 8l
- Al R #oEd, METHe 2ol = Newman-
Keuls t-test (Primer v. 7, Primer-e, Plymouth, UK,
2015)F o] &3t HAsAS o] W P<0.05%] 7
T ARl Apol7t kol AAH AT

I A

Z4 J_ll'

In vivoOllM NAC2| 2ol [E o|7|2| stshatd
HtZ(chemiluminescence)?| 37|

Fig. 1= 87 U2 1, 10 2 100 mgkge] NACE
W7o 57 Foid & s 9@ ol Yeh
= CL¥H3-9 A7|& A% A5 BAFa Q)
ot 1 mgkgoll A= thxTF 2pol7h YA &
A 10 mgkget 100 mg/kgoll A= o) 2ol H] 3|
frold Al dAs S4E EhEg vhegg B
T} o] AlFel A= 17} 10 mgkg Arol 2] &3]
1} 10-100 mgkg Akele] F3t &&ol diafi A= Al
AatA] ol HEEA = LA 10 mgkg Fol

A Arhel E37h et e 2si,
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Fig. 1. Effects of different N-acetylcysteine (NAC)
doses on chemiluminesence (CL) responses in isolated
catfish leucocytes after intraperitoneal injection. CL ac-
tivity was examined 48 hr after NAC injections. CL
was expressed as peak responses obtained from 40 min
continuous monitoring. Mean + S.D. of 6 fish for each
group. *Significantly different from control at p <0.05
with Newman-Keuls t-test.
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Sk Th Fig. 2 oA 1 A3}E HO#‘]‘J— ATt ]
Aol 23l Foj= NAC Fof 2442t o] o
oA e S7PF HREHAT 1 STHEEE
96 A ZH4L)ol Ol EZ VA HAH o= FHU1E A
RH 10 Fol SIS Well= e NAC
Fol oo FHZ HEHE Zlo] BEHUT

In vitroO| ] NAC7} o| 7| BHE M|z 2| ittt
30| o|xl= g

oA HoE AAEL w7]o] NACE F
I Aol A Z-go] dold AT Fo] Wt
B7Te in vivooll A9 Aot o 7)o A9 A
of 1= NAC7}F Aol A 2Hg-5he] ofnt 55k
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Fig. 2. Effects of different treatment period of N-ace-
tylcysteine (NAC) on chemiluminesence (CL) responses
in isolated catfish leucocytes after intraperitoneal in-
jection. CL activity was examined 48 hr after NAC in-
jections. CL was expressed as peak responses obtained
from 40 min continuous monitoring. Mean + S.D. of
6 fish for each group. *Significantly different from con-
trol at p<0.05 with Newman-Keuls t-test.
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Fig. 3. In vitro effects of N-acetylcysteine (NAC) on
chemiluminesence (CL) responses in isolated catfish
leucocytes. CL was expressed as peak responses ob-
tained from 40 min continuous monitoring. Mean + S.D.
of N=10 replicates. *Significantly different from con-
trol at p<0.05 with Newman-Keuls t-test.



FAeHEE N-acetyleysteine (NAC)o] m|7]of| 4] H]50]2] WAl spshg wh-g-of w]A]

SAtsHE 2! glutathione (GSH)O| | 7|2 W7
sjshetat HIZ0f D)X= Y8t

ol AP EoNH e NACE oA (in vivo)E
Folstd W] MY SEuPnkES FHA
1A R A3 EEg W A zol] =EAT= A
H(in vitro)dl A <FElgtz el WMo FRolAE=
W3S SAAIIE A §la 238 Astste
Zh-g-RF 3] ST whEkA] tha ©hAl o] ATl A
T NACZF AWlA A3 A= 7HAsa
A= glutathione (GSH)S £35S wol= o
aaE A3 e=AE FrrskA

Fig. 4= GSHE W7o 2 Fo% & £
w7 WA S}EHEFREE (in vivo BT,
Fig. 4a) ¥ &g WP+ A x| GSHE 7}t
BIMs ANBZA (in viro B3, Fig. 4b)E 242 B
o] F31 Q). o] A= GSHZ} in vivo & in vitro
G A F3] FERIS B
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% &= (respiratory burst) -3 o] FollA] H
Eo]Z& WY F(innate immunity)e] HE=ZA] A&
H o] YrkBols ef al., 2001). THFZWRFSS BFA
A| 3 (ganulcytes, monocytes % macrophages)”} 4F
2EAH0,)E Y3t superoxide radical(-0,)S

& ARee, & ATl AL CL W

sk vk

3o A7E A8t 1 FFE HUkskdt o
HE-&-2 A Zule £A]3F= HADPH oxidaseol| 2]
8 FdEH w3 A3 A4 H superoxides= A+
Ao g = FIHAQ &) 93| FAikstea

(H,0,), hydrochlorous acid (HOCI), hydoxy radical
(-OH) ¥ singlet oxygen (‘0y) 5 53 ¥H-3-4] 4k4
Z(reactive oxygen species, ROS)E A A gt} ROS
+ A EA et A vhgA wZe ofF WA
ABAEE ol AR o EH lysoryme

I 2o} v EoFQl g AEZE ALEHT
(Bablor 1999). ROS¢} luminolS YA A A E

T 3 =4 &F& A= CL ¥ Wt
E7} - =3 A& g

E£x o2 ZAT F As A
o] 7] wjiol HlEo]F HYF HIto] gol
2853 9t} (Roszell and Anderson, 1994).
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Fig. 4. In vivo (a) and in vitro (b) effects of glutathione
(GSH) on chemiluminesence (CL) responses in isolated
catfish leucocytes. GSH was injected intraperitoneally
48 hr before CL response assessment for in vivo experi-
ment (a), while GSH was added directly into isolated
leucocyles for in vitro tests (b). CL was expressed as
peak responses obtained from 40 min continuous mon-
itoring. Mean + S.D. of 6 fish for in vivo and 10 repli-
cates for in vitro. *Significantly different from control
at p<0.05 with Newman-Keuls t-test.

ROSE Al ZU oAl ol 28-S 93l &3] 3
A= on o] 3k ROSS| Ao s Z& 4k
3pzkg-& 7] siA AlZ Yol A= ROS E4 Al
A AN2"HT Al 2533 ot Thiol”](-SH)
£ §she GSHE &9 9-S 7HA 1 2loIA4] ROS
o) AAE ATIFoEH ROSE AATTH (Win-
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carotene 2! uric acids 2 GSHS} A Z oA A&
Belsle 285 W3R Qg 3 E-o] &4
= O =49 252 E BA 3= Z-E(reserve ef-
fect)= U T} (Ghiselli et al., 2000).

2 AT EHTF A& NAC FA=Z w7
MY CLEFE o] &5 oEX 0w ZIHE S
StATh =3 O g2 vy o= 7t 3t
A (>4 o] HEH 109 o] Fo = F33] NSC F
o o]x 9] ol THEA AdE o] THA R o AP
EAAOCZ = ET BTt 94 JA A3 F
of ol #FEHIUT T2k NACE Hl7]ol &
ostA ¢, WHTE WA FET F NACE

7hel9 & Wl S 9 07 E2S NAC (10,000 uM)=

i+ CL §Ego] EHolAY 23] )]
“‘—8 J’ | AT o] A uj kAl Z ol NAC
7V in vitroo| A+ 238 CL W8-S
C—’ixﬂﬂv— A3 AL (Stolarek et al., 2002).
GSH7} Zhadhe 2ot AF3hA stress7} 3 OFA]
= Wy A A% 8 ROSY SV #Ed Ags
o 37} 9l5°] BREAY (Ferrari et al., 1995;
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