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IHFLIEENY) . — % (LA (nitric oxide; NO) &k
FECRHIAIRENZIE (L-argining) 1E—% (LA & B
% (nitric oxide synthase; NOS) (L T » 4% L-argi-
nine 4 fi#fk L-JIUERE (L-citrulling) 1 NO [20] - &
A Z R FEAGRIGH - L-arginine ~ O, S JFREHA
i e e B N — AZ EF RS (nicotinamide adenine
dinucleatide phosphate; NADPH) 5 NO & Bk @fe
HEEEhEE - MMEYE (heme) MY & EHENS (tet-

[l

rahydrobiopterin;BH,) RIS & ploiie oy Bh Al 1
[20] - Marletta 55 [20] f5H L-arginine (LY L-
citrulline {1 NO - ffij#& NO A5 s 3 E Bl
THEREE (NO, ") FIAHEREE (NOs™) » 5541 » #E NO [y
EpksEFEd - NY- hydroxy-L-arginine k- E 7 g i
MEY) [20] - (AR SEE B L-arginine fY[E]#E
F i P 40 © N-amino-L-arginine » N-hydroxy-L-argi-
nine + L-methyl-ester 5z N-monomethyl-L-arginine (L-
NMA) [16,35] - Stuehr £ [33] HI[F§H L-arginine 1
[ St Py Bl L-arginine A AL 55 5+ LAY NO HY
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TR A Bz /71 - NORY = Z2(F Ry ik
[MAE SR RS EN R TRE [25] - ER R EE
PRI M SR Db I DRE [24] - 2 HH i
FERA ST » NOZ 1 Z(F F B (R AL B 2
BER  E S HMASEHEREE « NN
HIFEE ~ HERAIRSDIRERYIE | KECIERIIZ R [23] -
NOTEEEZiHAE R A HZER » E 2 2R ET S
MESERE - FIREARHENER - BEE SRAE
JEIERITIRE - ACELE IGAIEE) - BEERIE ALY
P R Py A R [37] - IEAN - IREIH SR
fEH - NOMRIREEEE R » PSR RIH(LER
BRI E R [31] o FEA e R A SR - R 7
[HZ/EAH - NO 2.2 Thae Ry st fe I FIAH AR 1
LAY [19] - HUEFEH - HELEEENY) < CD4
T cell Frs3 iy IFN-y » AT 0 I e s [ )
HUGEREST - FIRER]EEEAEA NO » SETEE R E
ThRe [4] - BLTEA R A 2 HH] - E252 NO BilfE
A DNA e - FRE—H40%] DNA 5
BHIER  SURERER FE K LS IRS S
SE TN HIE A AH AR R B3 0k £ - (mitochondr-
ial respiration) ~ FE {\/ HY {H % &z DNA & JF I 5
[18] » DUER LIS KB H Y « £7 & Bl Z it Feas
5 A NOTEIRFF M ey M ohaE b
—EIFHE E A A [32] -

BRI - E HE N E AR 21T NO B 75 A iR
ISR GE o SERAY NO BSR4 5t - T]
REEE H RS ARIIEA R [3]  [FIRF S5 HAtb
s faH - NO fil O, P A miiH A=
it~ (peroxynitrite; ONOO™) » H-n]AEELHHIY.Z ap-
optosis 1 necrosis 3 [3,14,15] - [Al[tL - ZIREERL
U] NO yZeE - HilTE Eaifsg 4= apoptosis [y
EEBHIA B P A -

B OH W0 ZE AR S R 0 IL-1 L2
IL-3~IL-4 -+ IL-6 + CSF-M & G/M-CSF S5k
FAIFN-yE B A [EE R - RN B
B hngeZ SER I EVRAAZ NO Z SN - 280
Hauschildt % [13] AlF5H A% lipopolysaccharide
(LPS) n]HillEs B mtAH Iz 2E NO » [FIFFAS IFN-y 3%
HprE WA - 21FEL LPS~ IL-1B ~ 1L-2 5L
TNF-a FY1ER » BIA] i {50 ik e s 42 B8 K = 1Y
NO[7] = AiTLA » A [ElAH A ik 32 S5 B A A 2 2 NO
s B e LA NFRIEA - KL - fHAEEEFT LPS
HEIEMIEAESE NO HI5%4: apoptosis HyHEH] | -
MEEHEEEN AT -

iy LA FEAE R - 385 NO » LPS R ififiiei
R AR ALE Y G e ThRE - DL > R
Wt H FAER BRI IS ETE NO ~ LPS Riftsik
B LR 0 T B A 2 T A i 00 2 T R E R e
il

MFETTE

EERENY)  AEASEL 600 = 700 vui SR El A (ti-
lapia) (Oreochromis Niloticus < Oreochromis Mossa-
mbicus) Bl g7k E 6 MEZ b - sk 25 £
2°C » pH{ESy 8.2 24 /NRFFFIETT SR » /K fiess
HMEENRIE 75 /KRR EIE » /KT E Ry
20 L/min - 45 H 826 2 iR Fl oK ER (i
Foat o8) REELAEREN1%-

SHE Bz 2 EtEsi{E LL1: 3,000.2be
nzocaine (Sigma, Louis, MO, USA) j& 5.5 fa i e

AR B Rl R LA I B Y RPMI-1640
medium ( &7 100 U/mL penicillin + 100 pg/mL
streptomycin 5z 10 U/mL heparin) (Sigma) HF55E -

A BB PERE R AR E L 708 » K E3ETRINAA
[ElVE R (30%-40%-50%) HY Percoll (Sigma) ff A
R Y 4CHEL 30 538 (800X Q) o FHRFALIY
40%-50%; 1 i H 2 A - DLRPMI-1640 me-
diumETTIEPE - MR AN 10% 5417 (fetal
bovine serum; FBS) i) RPMI1-1640 medium ( 57F 5
mM sodium pyruvate - 2 mM L-glutamine + 50 U/
mL penicillin ~ 50 ug/mL streptomycin sz 50 uM 2-
mercaptoethanol (2-ME)) fit 25 CE5 = AR T E B
ZIER -

NO donors+ LPS R #EE 3 3-morpholinos-
ydnonimine HCI (SIN-1) F[I S-nitroso-N-acetyl-peni-
cillamine (SNAP) ( i H Cayman Chemical, MI,
USA) ; LPS (Escherichia coli serotype 026:B6) - re-
combinant mouse IFN-y » recombinant murine TNF-
a ~ recombinant murine 1L-13 ~ recombinant mouse
IL-2 » recombinant mouse [|FN-o/f + recombinant
mouse | L-4 Kz recombinant mouse IL-10 ( £i#H Sig-
ma) o

RERIZYE AT B AN EE 2 apoptosis 2
& AW ERZE Stolen % [34] il Stadler
% [33] 2T AN Rz fE T » 43 5112A 100 U/
mL IFN-y ~ 10 ug/mL LPS » 25 ng/mL TNF-azk 100
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U/mL IFN-y + 10 pg/mL LPS BEEE EnGAiE (1x
10° cellg/mL) HE[ElESE 24 /N4 - FELL 50 uL (5 g/
mL) FITC-Annexin-V #15 pL (5 pg/mL) propidium
iodide (PI) EfTEEE OB ALE - R DA
(FACS Calibar flow cytometer, Becton Dicknson) #1
CellQuest HEETTRHIFI AT « 55— » Jel
25 ng/mL TNF-a 8 10 pg/mL LPS+ 100 U/mL IFN-
y BHEEE BEHHAN I E RS 24 /NRHR - A B
FHRE (1< 10° cells/mL) 43 Bl B (50 ~ 100

150 -+ 200 ~ 250 K 300 puM) FIEEREE (200 ~ 400 -

600 » 800 Kz 1,000 uM) 2 NO donors (SIN-1 ]
SNAP) {ER] 24 /N - (it AT Bl AH AL 3
0~ bl S s i 20 B o Ak » DL 10 pg/mb LPS
+ 100 U/mL IFN-y 8§, 25 ng/mL TNF-o 3588,
Fr I AEL < #2NA0 SIN-1FT SNAPRIECR, ¥
i (Fig. 2) » Het ~ hanifl s 3 b 5 5 R a0 ] bl -

#HBEEZRFN LPS HSEEE MMM NO E4RY
FE AWMRZEGER2EMEMMER S
dler %% [33] I Cenci % [5] 2 F7ik% - KFEEE EGHH
fftl (1< 10° cells/mL) 43 BRI SE & 2 ANF R Y
LPSaAHIEE » 1A 25°C L[R2 24 /NI » FLL
NO #H[7E# (Duo - 18 » World Precision) JHI & il
Z NOEAS - SH—J7H » FF5EE BB 3
o AR R R AN E B 2 SR - S SR R B
Mg (1< 10° cells/mL) 4Bl IFN-y @l IFN-y + IL-4 &§
IFN-y +1L-10 A 25°C £%%% 20 /NI 5 B 5 G oEE
R (1% 10° cells/mL) 28 IFN-y A 25°C 522
18 /NI 14 P EL IL-4 BF IL-10 5% 4 /\i% 5 C ik
RFSHE B (1 10° cellgmL) SGEL IFN-y fiA
25°CH: 4 /NI R IL-4 5 1L-10 K75 18 /)
ff o DHEFENGEHIIE NO 24 s il 5 ikan =
it o 53—E ER R UEE BTG (1< 10° cells/mL)
SIS AR IFN-y (1 ~ 10 B 100 U/mL) H113#
24 /NI 1% P I L-4 /8% IL-10 A 25°C $L[a]h2% 24
INEF 2 R IR EG A NO FE AR & - B DA
AN[ERRE |FN-y IS EEE B e % e 42 19 NO
R AE 2 IR

HEtDtr  ERrhATREE DL Student’ st-test ST
ST 0 & P<0.05 BIRFEEE AR -

m R

LPS Fifif R RPAEEE MRS
apoptosis ZS& W7 ?—Emﬁﬂffﬁﬁﬁﬁé ap-

optosis s ERE R A - BN/ BB 100 U/
mL IFN-y k2 10 pg/mL LPS -~ 25 ng/mL TNF-o J
100 U/mL IFN-y EFH 24 /N % - BTG #E 4= ap-
optosis Y LL G545 B4 PR M BE I - TS DATR] By B
IFN-y 1 LPS {EHEf 5 (45.6%) » TNF-o X2
(42.8%) » IFN-y FEK.2 (19.8%) - #XiM » £ BLIETR
0 LPS S - Eng#2/E apoptosis .~ EL{HIIEL ¥
AHAHEL T - RSB g A BE LR (Fig.
1) - S E B AR BRI IFN-y M TNF-o & 55
Bt ES 4 apoptosis » 11f H & IFN-y B LPS[H]
RrEEEIEHLZ T - HEAE Bl gs8E apoptosis
HANHAAE -

SMEME NO HERE ERHMBRIRE HERE
AIANIETE NO ¥#8 TNF-o £ IFN-y K LPS 53555
ot 2 UHE B i 2 RS SR 7k 50~ 100
150 + 200 J 250 uM NO donors (SIN-1 F1SNAP) £
F[FEAS TNF-a A1 IFN-y & LPS 353858 2
itz 2 apoptosis .2 Lhf < LA 250 uM SNAP ]I
Tt 2k apoptosis . Wi (E: (Fig. 2A-B) - Al
72 » FeffZ2EE 300 M NO donors 5[ & 35 A
ff1#8 2k apoptosis FIELHY (Fig. 2A-B) < BRI » Fed
HE BRI - (KRNI NO donorsfERE{EASH
MEEEERT LPS 353868 2 7RIt il % 4= apoptosis #Y
Eefl o AHEOHE » e 2 NO donors HIf S i 5 B
fHtIEE4: apoptosis AL H

R R YMNETE NO #58 IFN-y & LPS 35
W 2 TH T B0 A A 2 2 S SR U 0 400
600 800 & 1000 uM NO donors (SIN-1 1 SNAP)
P EANAE IFN-y+ LPS F5E:HE 1 E R 28 4
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Fig. 1 The percentage of apoptosis of tilapia head kid-
ney-derived macrophage (1% 10° cells/mL) treated with
10 pg/mL LPS, 100 U/mL IFN-y, and 25 ng/mL TNF-a at
25°C for 24 h.

*Significant difference between the stimulated group and
the control group (P < 0.05).
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Fig. 2 The percentage of apoptosis of tilapia head kidney-derived macrophage (1 X 10° cells/mL) treated with NO donors
(SNAP and SIN-1). (A) Tilapia head kidney-derived macrophages were pretreated with 10 pg/mL LPS and 100 U/mL IFN-
y followed by treatment with 50-300 uM SNAP and SIN-1. (B) Tilapia head kidney-derived macrophages were pretreated
with 25 ng/mL TNF-a followed by treatment with 50-300 uM SNAP and SIN-1. (C) Tilapia head kidney-derived macroph-
ages were pretreated with 25 ng/mL TNF-a followed by treatment with 200-1,000 uM SNAP and SIN-1.
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apoptosis > LA 1,000 uM NO donors g it g 4=
apoptosisiy Lt Bilfx e (Fig. 2C) « T ERRER -
"2 P rmn i Y NO donors ANH M5 25t il
IR 5% 4 apoptosis » i ey i fifuaE 4 apoptosis
FIEEBISE T -

#HAEEZRF0 LPS HSEE ERMMEESL NO Y
= & il ¥ # (IFN-y » IFN-0/B » TNF-a »
IL-1B ~ 1L-2 ~ 1L-4 K7 IL-10) FI LPS 43518 E w4
fE (1x10° cells/mL) FE4: NO YRS e
IFN-y » TNF-o. ~ IL-1B ~ IL-2 7 IFN-o/p ¥8E2 1%
R EGATA NO ZE & » JELA TNF-o iy 5 (Fig.
3) » i H# IFN-y H1 LPS [EFEFH T » #Hllg.Z NO
FE AR S H A |FN-y {F FH/E 835 1 i i (Table
1) - EH I AT HERT IFN-y B2 LPS & Of (50 B SEREE T
iz NO FER - [FF » FoMFEHH N 10 U/mL
IFN-y BIal{fifHis NO ZE4: & B M N
(Table 1) - fHfHY » H5FH IL-4 « LPS K% IL-10 -
HEE RIS I E AR ZE 4= NO (Fig. 3) » fr A E b
FEER o FRAM#EER IFN-y » TNF-o » IL-1B ~ IL-2 R
IFN-o/ B RHE 14 30 5 0 52 20 £ BB E e .
NO &k & -

IL-4%01L-10 HMHISRE B NOESL

IFN-y ~ IL-4 J 1L-10 ¥ S50 B E g2 NO
FEL R ZERER TR IFN-y 7350 IL-4

14

NO (uM/ml)
[

FIIL-10 SR PEFHTR » +5 TR B e (R Y
gz NOzEE & (Fig. 4) - [FAIFF - 3 JeLUIFN-y 5
fras B e 18 /NEF & - F93 51 IL-4 A1 IL-10
TEF 4/ Ntk - EIRHHARA NO A4 A B 1
(R (Fig. 4) - {BARF EWEHHAESELUIEN-y(E FH 4
/NEFER - P BILA IL-4 AT IL-10 {EH] 18 /]NRf % -
R AN EAAH(E (Fig. 4) « AL > HAfHtERm 1L-4 Al
IL-10 & IS IFN-y Areh 2y B NO 11y
GRS R AR [ (E I NO
4z o 54N - B IL-4 1 L-10 {5l 7E R Fe st S
A SR BT E R IFN-y ~ IL-4 JTIL-10 {E
FI#R - HNO Iz R B AR (F A AL i i

Table 1. The amount of NO produced from tilapia head
kidney-derived macrophages (1x10° cells/mL) stimu-
lated with IFN-y and/or LPS.

Stimulants NO (uM/mL)
I FN-y LPS

— — 0.52+0.02
10 U/mL — 3.11+0.29*
100 U/mL — 10.29 + 0.35*
1,000 U/mL — 17.46 + 0.41*

— 10 pg/mL 0.75+0.12
100 U/mL 10 pg/mL 15.23 + 0.35*

*Significant difference between the stimulated group and the con-
trol group (P < 0.05).
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Fig. 3 The amount of NO of tilapia head kidney-derived macrophages (1 X 10° cells/mL) treated with LPS or cytokines.

(*)P < 0.05.



174 wWigE

18 OIFN-
16 OIFN- ¢ +IL-4
_ 14 - T B IFN- ¢ +IL-10
E
s 12 T T
=
< 10
=
g5 8 r
2
£ 6
z
4T * 0 ox *
. B T
0 : ! '
A B C

Fig.4 The effects of IFN-y, IL-4, and/or IL-10 on NO production in tilapia head kidney-derived macrophages (1 X 10° cells/
mL). A group was treated with IFN-y, IFN-y+IL-4 or IFN-y+IL-10 for 20 h. B group was pretreated with IFN-y for 18 h and
followed incubation with IL-4 or IL-10 for 4 h. C group was pretreated with IFN-y for 4 h and followed incubation of IL-4 or
IL-10 for 18 h. (*)P < 0.05.
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Fig. 5 The amount of NO of the IFN-y-pretreated head kidney-derived macrophages (1 x 108 cells/mL) treated with IL-4
and/or IL-10.

*Significant difference between 10 U/mL or 100 U/mL IFN-y-stimulated groups and the 1 U/mL IFN-y-stimulated group (P
< 0.05).
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TEFH 20 /N fR - I NO AYFE L R
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Table 2. The amount of NO produced from tilapia head
kidney-derived macrophages (1x10° cells/mL) stimu-
lated with LPS, IFN-o/@, and/or IFN-y.

Stimulants NO
IFN-y IFN-a/B LPS (LM/mL)

— - - 0.52 +0.02

- - 10 pg/mL 1.54+0.12
100 U/mL — — 12.29 + 0.41*
100 U/mL — 10pg/mL  15.13 + 0.42*

— 100 U/mL — 252 +0.02
100 U/mL 100 U/mL 10 pg/mL 254+0.12

* Significant difference between the stimulated group and the con-
trol group (P < 0.05).

Mt (Table2) -

IL-4~IL10 & IFN-o/f HIFISHE EMEAEREEE
4 apoptosis AT AFSEAE AR - BRI
JcLA 100 U/mL IFN-y 55381 20 /NRf % - SR
AT 2% 4k apoptosis (50.2%) #l necrosis (19.2%)
Lepl B VEE AN (Fig. 6A) » ZRi0 > Fo5 il B
IFN-y +1L-4 + IFN-y +L-10 % IFN-y + IL-4+1L-10
TEF 20 /Nf#& - A5 SR 28 37 Bt i #8 4= apoptosis
1 necrosis i LL 1] {2 B DL TFN-y {F FIAH B4 5
FNEHIREAR - JGLL IL-4 + IL-10 [ EE 4 ap-
optosis 1 necrosis i EL i % (Fig. 6A) = H1534h
FHIAE Bl SR 288 » |FN-o/B JRHERE K BRI RS
4 apoptosis H1 necrosis Y ELA - Il H H A5 R B
IL-4 F[] IL10 FE%E/ (Fig. 6B) o

f W

I RS ER e Se% R A TR
oy - EEHBR I - (E6 28R
IL-2[10] » IFN-y-like 437 [11] ~ IL-1[36] Kz TNF-
like/> T [12] WEREEFAE - FTlA » fOEEHE BT
FeE S R R e L HIEGE 2 R - k1o
— B A R R S SR BE T B A ey S
A B AW E R A EARIREY IFN-y »
IFN-0/f + TNF-a.~ IL-4 ~ IL-10 + IL-1B &7 IL-2 <540
BRI TRER 5% - BAMNBEEER » BEAIFS
HHRELE S ] e e P A B 21 e e oy i 2 ot
g‘% °

FHA KA BY) B sz i SRR~
Pl - i Chilmonczyk 1 Monge[6] & &7t LR =

HHlitRE (flow cytometer) 2 7Ard fEH IR S04
MR (F AT~ MRS - SLBEFH
(oxidative burst) 5 H2R#% Tl (natural killer cell)
R EA - AR FE =N e — R P ~ 75
(X RISERY AT S D R SR MR B T 5 -
It > AFFERIE RS percoll #EfTRITFHIEE R
AR AR L BER - PSS TR R s B BE
B EWRAHRRA R L - AR LT RRE AR
AL SR 2 BEE G - S H AR A e
87.30% = [Al[HL - Feff 2t a sl A i =X e 5 0 e DA
HAAHIPREEAYEEE - WEE n] DI A
E B A A < R

Sarih %5 [30] #5 Hi=2 B IR IS A Y B A AR AS
b LPS flgE bR - &rafas A4 NO HEMEHRE
Wi iti5% “F apoptosis - Messmer 55 [22] 14 2L RAW
264.7 il (2B EvRAiek ) Bd LPS #1 IFN-y /F
Fit% - #EAE S 4 K &R NO TS Rk % 4E
apoptosis - Bergmann % [2] JREHE T NO donor
TG T RERINO » &G RE Bl B 5 4
apoptosis » ilfi H HAET-=Eid NO donor HREEREE
Ik - XieZ [38] 2537 murine L929 transformed fibro-
blast #&FH IFN-y {ERI% » EUWRAH A & A K&
NO S (11 S Z s % 4= apoptosis - [F]FEH - AHf5E
i S 2% P B 21 £ 2 BEE LA R 43 T L TEN-y
TNF-o 5z LPS{E] 24 /NFf % - SRR TN E
I A% 4 apoptosis BYLLA - 3l H. » & IFN-y Ed
LPSEGHEREY - mEA MBS - HAEHI e
JE#5H NO 5 |3 apoptosis -

Ikebe % [14] G F5HIEAI S peroxynitrite B
HHETHEADEE IR (glutathione; GSH) (ZfERT - AT
DISIHIAH A 28 4= apoptosis » A1 [E] R A AR &
1 LPS F1 IFN-y 8 n] DU Bl E At
4 apoptosis - {HJ2 » ANVl & #Y NO donor
iF - AR E T M cGMP (cGMP-indepen-
dent) SCRERSTE - HENM (2 {EAHAfEE L apoptosis
It - #fEEEA: NO #y&EELFE4: apoptosis HYLLHTHE
YL AHRANE [8,17,29] « AMHFEAEFAEE - (RIRE
(1) SNAPHI SIN-1 & [R5 32 35 % SR B0 BEE
BVt iE#E4: apoptosis FYLLHG 5 2RI - SRR
SNAP A1 SIN-1 i & #5028 4= apoptosis fij
FELC » NO B e 3 5320 4 DE B it e 228 2F
apoptosis 1Y B B Al NO R & A 2 % Ui 1% -
Kuzushima %5 [17] $8H - flilEEE (TNF-o, IL-1p
Je IFN-y) m]Eh# 2 B E fE Rk (mouse osteobl-
astic cells) # /4= apoptosis - H. = 22 £ il /5 #&
p38M A P-kinase-dependent iNOS system R 17 R



176 wWigE

A
100 p O apoptosis
M necrosis
80 F
60 P *
e
40 F
*
20
Oll—' .’_‘L.’_Y_L.’_‘L.FL.ILL_,
(& 2 4 2 2 2 2
.00( &\}k C\Y {\/ ‘}k ‘}k .,
(b/ * (4 «»XQ "x, )
¥ C‘Jo {‘7,(
“.
]
B
100 O apoptosis
M necrosis
80 *
*
60 F
9
T a0} *
* %k
20 F %
0 _|:I—_|_|:L 1 L I_-L 1 L
C < 4% 27 < <,
OQ/ &(P &)'(l' /k ﬁx A&X
‘o 72 %,
“o T
Z
)
Q:/d>

Fig. 6 The apotosis and necrosis effects of the IL-4, IL-10 and/or IFN-o/B on the IFN-y-stimulated tilapia head kidney ma-
crophages. (A) The IFN-y-stimulated tilapia head kidney macrophages were treated with IL-4 and/or IL-10. (B) The IFN-y-
stimulated tilapia head kidney macrophages were treated with IFN-a/f and/or LPS.

*Significant difference between the stimulated group and the control group (P < 0.05).
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Yo A - AEERZ apoptosis FE R HIFE 2
K EEE— 2 Z IS RIERET -
Stadler 55 [33] &4 DU KH .2 BRETCE HHE 551

BLLPSHIIL-1{FH » #5555 LPSHIIL-1 &35
gl ES NO - Cox 5 [7] fEH B B Ay B
ffE IFN-y fEFR » RE A KER NO - J1F e
HAbMIEEER (L-18 - IL-2 & TNF-o) &HF6EE A
B - Bl (At ZE AR BE K &Y NO » 22 - Cenci
% [4] $5HT IL-2 8] IFN-y A {e s Bt e o s
& - #Rif] - Rojas % [26] #3H IL-4 » IL-10 + mono-
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ABSTRACT The aims of this investigation were to study the effects of nitric oxide donors, cy-
tokines, and lipopolysaccharide (LPS) on the non-specific immune responses of the tilapia (Oreochro-
mis hybrids) head kidney-derived macrophages by using flow cytometry. Our results showed that ti-
lapia head kidney-derived macrophages treated with IFN-y, TNF-o, and IFN-y plus LPS for 24 h ex-
hibited a very high percentage of apoptotic cells. At the same time, IFN-y also induced apoptosis in
tilapia head kidney-derived macrophages. However, low doses of nitric oxide donors were able to in-
hibit apoptosis in the cells. The percentage of apoptosis of the tilapia macrophages decreased with
addition of IL-4 and IL-10. On the other hand, tilapia head kidney-derived macrophages treated with
high doses of nitric oxide donors for 24 h expressed a very high percentage of apoptosis. Simu-
ltaneously, the effect seemed to be dose-dependent. [Cheng CF, Hung SW, Lin YH, Liu PC, Chen MH,
Tu CY, Chang CH, Chiou SH, * Wang WS. The effects of nitric oxide donors, cytokines, and lipopolysacha-
ride on apoptosis of the tilapia head kidney-derived macrophages. Taiwan Vet J37 (3): 169-179, 2011. * Cor-
responding author TEL : 886-4-22840894-508, FAX: 04-22862073, E-mail: wswang@dragon.nchu.edu.tw]

Key words: apoptosis, cytokine, head kidney-derived macrophages, lipopolysacharide, nitric oxide



