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Abstract—The liver expresses a considerable amount of nitric oxide (NO) upon induction with cy-
tokines or/and endotoxin. The NO synthesized by inducible NO synthase (NOS) of the liver seems to
play a role in various hepatic physiological processes. Here we investigate the effects of NO on a-
cetaminophen (AA)-induced liver injury. The treatment of S-nitroso-N-acetyl-penicillamine (SNAP, ex-
ogenous NO donor) at the dose of 0.1 mM decreased AA-induced hepatotoxicity suggesting the pos—
sibility of NO to play a role in protection from the hepatotoxicity induced by AA. On the other hand,
the excessive NO produced by NO donor (SNAP: 0.5, 2.5, 6.25 mM) has been shown to cause a con-
centration dependent hepatotoxicity, and such damage was decreased by superoxide and incresaed
by superoxide dismutase, indicating that the hepatotoxicity induced by excessive NO depends on
balancing between NO and superoxide. Taken together, the results indicate that NO has biphasic ef-

fects on hepatotoxicity.
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oA vkl 8O Z heat-killed 3} ZF35}] A}
231}

ZHMIES| 2|

A= SDA 4 8F & ARS8t Ealstgion,
ud e $ R JEHEE A, AR 9Fd
(HBSS 9.52 g/I, HEPES 2.4 g/I. EGTA 0.19 g/1,
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Hk-8 &3H5(0.14 M KH,PO,(pH 7.5) 400 pI, 12.5
mM NADPH 8 pl, distilled water 325 ul, sample
250 pDE 37°CollA 5837 preincubation® 3.5 U/
ml nitrate reductase 17 WE 718k 2083t in-
cubation ¥ ¥ 0.5 M NaOH¢l $l+= 0.42 M zinc
sulfate 250 W& 71t 935 FT4A713 11,000
goll Al 108 Bt A EeEtd guide AAAD +
A5HE dAH Aot TFY Griess A A& 713t
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dAHFHE HI F 50 mM Tris &590.1 mM
EDTA, 0.1 mM EGTA, 0.1% 2-mercaptoethanol,
1 mM PMSF, 2 M leupeptin, 1 M pepstatin : pH
7.4) 4 volume & 7} ¥ @SSy, 7423 ol &
A8k 9+ arginine& AA37] A3 Dowex su-
spension I (Dowex-50W, Na* form : 50 mM Tris
buffer, pH 7.4=1: 1(v/v)) 1/4 volume& 7}3}5it}.
Axd 285 2yl A8l Contron T-2000 ul-
tracentrifuge® AHE-319 105,000x g= 1A17H5<H 9
A F FEAE F3ld NOSY 84 =E A3}
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1(v/v)) 1 ml& 748 w88 FZ2AHT. 11,000 % gol
A 5R7E AR F 2 459 300 WE A scin-
tillation vial®l ¥ i Bray's &% 5 mIE 7% ¥ Ji-
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NO donor$! S-nitroso-N-acetyl-penicillamine
(SNAP)YE o]83o] AFdeA NOE A1
NO scavenger?! Carboxy-PTIOE o]-8-3te] NO<] 2t
£-2 AH319-2 W acetaminophen(AA)S) ZHHE =
Ao vl = FFE BAEATH NO| A4do] SNAP+
AAHE XX 9, AA T AR vl of i
A=(22.0 ME F7HERen, o]2]g 23}l FAA)
EQ w2 WEE LDH S4EE 038 AA ©
= XXl w3l o 23% AT ol wiglE
NO scavengerd! Carboxy-PTIOE F7} A&
o} ohA] WX U2 WEE LDHS] 84=7} S/

FUhE 7HEEAGY] B AEES S dy, o
2ol AELSE 10007 #sla 7F AXFE vlws}
9 m, AA 9= HA TS 59.3%, AAS SNAP HE
HAPE 71.4%, AA, SNAPS} Carboxy-PTIO £
HARFE 65.3%2 BESS AT & YA ojHE
A%z wiAUE BEd LDH A AX 4&Ee &
A ZAztel o] NO donorZ 37K AA AA|e] AA
5 XXl v]s] FA4do] Ugtrh(Table ).

=3+ HFo) NO7ZE 540] & A& B3] 913
o SNAPZ 6.25, 25, 0.5, 0.1 mM9] FE= ZHAX
g 23 u|get plated] 718 ¥, WE2E NO9 %L
Griess A9 o2 £A319E ul, NO2| 24 o] s <
F20]9l 2 (data not shown), FAlo} SNAP X%
of 9% XY HELE EHF] Hs HAF
MTT assay: 0.1 mM SNAPE 23 FllA= o
27 FAE AEL0] FlHd o, 0.5 2.5 %
6.25 mM SNAPZE A8 ol HE A F 1A17HE
B A& &o| 73] A= rHTable ID).

SNAPY v=& 54-43<¢ 0.5 mME F7MA
AA°l 3 SA4E A 5 g AE BFE B

Table I— Effects of NO produced from 0.1 mM SNAP on AA-induced hepatotoxicity

Hepatocyte
Group NO production Cell viability
(Nitrite, uM) LDH (U/L) (% of control)
Control 5.39+£0.82 90.5+17.8 100.0£15.5
AA 3.85+0.81 133.4+£22.9* 59.3+£13.7*
AA+SNAP 22.0+1.80" 102.8£15.5 71.4+20.9
AA+SNAP+ Carboxy PTIO 22.9+1.65" 152.8+30.5* 65.3+£17.0

Isolated rat hepatocytes were co-treated with acetaminophen (AA, 4 mM), S-nitroso-N-acetyl-penicillamine
(SNAP, 0.1 mM). Carboxy-PTIO (5 pM) for 24 hr at 37°C in 95% 0/5% CO,. NO. and LDH released into medi-
um were assayed in conditioned medium (see Methods). Values represent means+SD.

Significantly different from control group (*p<0.05).

Table II— The change of hepatocyte viability by the treatment with various concentration of SNAP

Conc. (mM) Cell viability (% of control)
Time (hr) 6.25 0.5 0.1
1 28.7+5.01* 42.6+17.6" 29.7+3.94* 89.6+14.33
7 30.6+2.00* 74.7+£31.3 44.0+7.33* 127.3+30.66
23 35.1+0.39* 47.9+10.8" 50.0+17.6* 105.4+16.89
28 35.3+0.02* 40.0+6.84* 73.2+28.4 102.1£23.68
30 43.8+1.17" 45.6+7.02" 57.9+16.37* 101.8+10.00

Isolated rat hepatocytes in primary culture were incubated with SNAP (0.1, 0.5, 2.5 and 6.25 mM) for indicated
time at 37°C in 95% 0+5% CO.. MTT dye solution (BM 1465007) was added to the each plate with the final con-
centration 5 mg/ml and cultured further 4 hr. Solubilization solution was added to each plate and left overnight
in the incubator to dissolve insoluble purple crystal. The optical density was read plate on ELISA reader using a

test wavelength of 595 nm. Values represent means+SD.

Significantly different from control group (*p{0.05).
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Table Il — Effects of NO produced from 0.5 mM
SNAP on AA-induced hepatotoxicity

Table IV — Effects of oxygen radical scavenger on NO-
induced hepatotoxicity (SNAP 0.5 mM)

Cell viability

Group LDH (U/L) (95 of control)
Control 147.7£18.0 100.0+23.0
2 mM- AA 185.7+£41.0 68.2+7.3*
2 mM AA+0.5 mM SNAP 324.7+48.2* 229+4.2*
4 mM AA 212.2+23.0* 53.7+6.8"
4 mM AA+0.5 mM SNAP 433.3+50.0* 20.3+0.5*

Isolated rat hepatocytes in primary culture were in-
cubated with increasing concentration of a-
cetaminophen (AA, 2 and 4 mM), SNAP (0.5 mM)
for 24 hr for LDH assay or for 7 hours for MTT assay.
LDH was assayed in conditioned medium. MTT dye
was added to the each plate with the final con-
centration 5 mg/ml and cultured further 4 hr. Acid-
isopropanol (0.04 N HCI in isopropanol) was added
to each plate and mixed thoroughly to dissolve in-
soluble blue formazan crystal. The optical density
was read plate on ELISA reader using a test
wavelength of 570 nm. Values represent means=*SD.
Significantly different from control group (*p<0.05).

A, AAY Fxd d#Agle] AA B AxFHT}
SNAP ¥4 HX|F BFoA 7HAE9] AEFo| Wk
o, 0.1 mMe SNAPoIA H&E AAd 9|3 H5A
o S4747EIE JAATHTable I1D).

ole] A:E 0.1 mM2] SNAPd 23] A==
NOZF AAS] EAE A o, 0.5 mM SNAPS
55, & 54 §4o2 XXeu AAY FEE 2 mM
7} 4 mME X8 Foll = NO7F AAd 93] fr ==
= B4 AR Eoln 238 AAY @5 X
9 54L& Z7NAY 2322 NO9 5571 AAY
=40 B3 9L £33 A= NO9 Fxd o9&
3t Ao 7 AR

NO9Q| ZH5M0]| 0JX|= Oxygen Radical 221
NO7} superoxide®} A3l 1H5/dol ojwj &t J&F

Group LDH (U/L)
Control 170.9£23.0
SNAP 203.3+25.0
SNAP+S8GS 153.8+20.0
SNAP+SGS+S0D 175.9+£22.0

Isolated rat hepatocytes in primary culture were in-
cubated with SNAP (0.5 mM), superoxide dismutase
(SOD 5 U/mi media) and superoxide generating sys-
tem (SGS : hypoxanthine 0.5 mM-+xanthine oxidase
0.08 U/ml media) at 37°C in 95% 05% CO.. LDH
was measured as described in Table 1. Values repre-
sent means£SD.

Significantly different from control group (*p<0.05).

£ 9= A& BEAS] 98 NO donor24 SNAPE
AHg3lgTh. 8 superoxideE AAAIF)7] 98] &
AZ 538 2193 <l ¥ (superoxide generating sys-
tem, SGS)& AH-EIALE

Superoxide= 0.5 mM¢] hypoxanthine & xan-
thine oxidase 0.08 U/miE 83l A0,
X3 superoxide scavenger$l superoxide dismu-
tase(SOD) & F7MF3t 54 43t 0.5
mM$] SNAP @5 X7 =T H|3] 1H5A4 o]
A5 vk, SNAPY SGSE H4 XA TolA=
SNAP @5 A28t F4 A LDHF 24319
t}. o]#1g SGS H4 Folol &3t 718 F = su-
peroxide scavenger$! SODE} H-&xx|ol| olsf 72
3l HTable IV).
, ol AFAZ NO donorZ ©] €3 9JU4 NO%
SGSell 9Jate] Ao =Z superoxideE AAAA
NO$¢} superoxideZ}t 7H5/d9l AWt FFE vzl
AE #F819S 9 0.5 mM SNAP Ao 2}5 NO
9] AL superoxidesh 2# ZA3drth uwabA
NO$g EA4 &3 = superoxide’} NO2 =43¢

Table V— The changes of endogenous NO production and hepatotoxicity induced by AA and/or NNA in heat-kill-

ed P. acnes+LPS model

Nitrite (pM)

NOS Activity Serum Cytosol ALT (U/L) AST (U/L)
Control 11.2+1.68 5.4+0.34 1.0+0.11 40.5%6.36 74.0+5.65
P. acnes+1PS 37.8+12.9* 75.3+£5.30" 62.4+£24.65 361.0478.24"  2820.0+£561.7*
P. acnes+LPS+NNA 26.2+8.85" 67.7£10.10* 46.0+6.78" 475.0+25.45%  3375.02:500.0

Heat-killed Propionibacterium acnes given 1.V. at 25 mg/kg. lipopolysaccharide (LPS, 4 mg/kg, .V.) and N-nitro-L-
arginine (NNA, 30.69 mg/kg, 1.V.) were injected 5 days following treatment with heat-killed P. acnes. Blood and
liver tissue were obtained 3 hours after LPS and NNA injection. Each value represents the means+SD (n=5).

Significantly different from control group (*p<0.05).

J. Pharm. Soc. Korea
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B A A& NO donor$l SNAPE o]&s}e] 0.1
mM¢] SNAPd| j3] 45 NOY 488 2=
E o] 8% AP zhy Ayl sasie] £ 43, AAY
E44%20 4 mMolA 0.1 mM SNAPS] #4312
AA o7 FA4o] Zhastd Tt E3 NO scavengers]
Carboxy-PTIOE A x]8l5iS Wl H5Ado] 238 5
7¥eted NO7F AA9] 254 ZaAzie dAYUE 5
Aol F13H Tt

a8} superoxide(O, )& NO2 2§te = A=
+ peroxynitrite o[22 A& pHelA NO;”
2 waA AR A EANA @A) gyl-
fhydryl71 & AR o 24 el & fdsicta ofv)
2oET ™ 7 bt NOE 8o HEolM A¥
EA (cytotoxic)ol A, ® FFe] NO AL sep-
tic shock®} #&HE 2AANE F= & 5 g0l B3
0] ¥ NO9 SAFUEAZA 9 2o gt AF
T oA gtk

oleidt Hye (g HES A7) E AXEAA NO
7t BA] A - AR B Rug YEER
£ A¥AAMZ NO9 543H oulo tisixs FA|
of st WA Bl NOE SNAPE o] €3t
F5d(0.1, 0.5. 2.5, 6.25 mM)E X3l 7HE5AS
B7Hek A3, NOZF AAY 7H5A B3 YE 2H4-&
#= %59 0.1 mM¢] SNAPE A|$jsta 1 o4k
FroME BE 93 HNESAo] YNtk EF
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0.5 mM®] SNAPE AH8-319 AAS] Ao BEahg
o] JEAY AFE B3] 913l AAd 9% Hx
A& FAse] B Zx), AEa Agols AR
LDHS®] o] AAS] F=of 4aglo) AA BT ES ¢
2 Aoz #|BHAYUL ol24 SNAPY %7} 05
mMolA &= A A o2 =4 & ek vxY Aol
FAHA o, NOg =71 AAS 49 »§ J8E
F3h= A NO9 X0 I Aeew 338 &
AR}

mzh NO7F EASHcgx: Byl g8 B4
o ERlslg.on, olzjg 4 AXUA BAE=
oxygen radical?} o= A= BAAe) Y& HoZ A}
k=221

NO7} oxygen radical® #dE4o] 5 Wi a1
ol 213hA Volk5*"& ANNHEE o] &3t in vi-
troo| A reactive oxygen¥} nitrogen species$}+9] 43
BAE B2 43}, superoxided NOE FA)9) A
3= 3-morpholinosydnonimine-N-ethylcarbami-
de(SIN-1)¢8) 542 H,0,8 AA3k= catalased] 3]
2 ZaHRen, B3 HO,= SNAP(1 mM), sodi-
um nitroprusside(5 mM)oll 93 54-& F7HA71H,
ol21gt 54L& catalase”} 1A E W) AAHEAT. 0]
ejztol HO, BA& AeAFHE W NO2) E4o] A
3= AEE NOS H0.0 Haxg02 Q18pe] vhgA]
o] ¥ hydroxyl radicalo]i} singlet oxygen©] ‘%4
HAY L nitrosonium Fol=(NOY)°) HO.2 W
$-3led peroxynitrite”} 2443t B o=k 12}
o2 Bl o5t Algke] H¥FE o] 8-dte] HA)S
AFAA NO= o8 711 29 YAEZQ supe-
roxide anion9 scavenger2A AEEAo] QU= free
radicaloll ™ chemical barrier24] 283 ¥4} o}
2,*® NO+ superoxidedt ¥H8-3-9 24 superoxide?)
42 AR $E ks Bk glewz ® No7t
oxygen radical®] £4& 28k scavenger=9] 9
8= e F4E 4 AN

471 A&g vkek 2ol NOS 5482 SwolA
e B vt QIS E A EE £48 - radical®
& Aisiie 2 AXY Reoz FPHo NOS%
oxygen radical?}2] #3498 B 43 dolr 1z}
89t 2 23 NO donor?! 54832 0.5 mM
SNAP$} superoxide generating system(SGS)E
HE 2§ TollAE SNAP ©5 AXTHL} E40]
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243kt i SNAP+SGS+SODE -8 #A1%
FolM = SNAP+SGS ¥E HX|FRo A F7h8t
= AFE 2ath wgA NO9| 54 &34 supe-
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