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Abstract—The present study was undertaken to indicate the major source of NO by liver cells in vitro. Even
at early stages of induction or low LPS concentrations, NO was produced at high rates by LPS(Lipopolysaccha-
ride) on the isolated rat kupffer cells. PMA(phorbol 12-myristate 13-acetate) induced NO formation at low
rates in the same cells. IFN-y (Interferon-y) alone had not induced NO formation but it stimulated the effects
of LPS. Calcium ionophore A23187 caused no stimulatory effect. It suggests that LPS has especially strong
NO inducer on the kupffer cells and its mechanism is related to those on macrophage in other organs, In
other nonparenchymal liver cells, sinusoidal endothelial cells were not stimulated to produce NO either by
inducers of aortic endothelium(A23187, ATP and ADP) or by effectors of macrophages(LPS, IFN-y). This results
suggest that rat liver kupffer cells appear to be the major source of NO by liver cells in vitro. But in vivo,
liver endothelial cells may still be capable of producing NO. Furthermore, kupffer cells may produce factors
that facilitate NO production by the endothelial cells,
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X 2rhKoller &, 1990). Laju} ujAAR 7hA) Eof 4] 2]
NO+= 7t 19 #A43 87/ 4o FAsles o=
o] Azl NOHA oA A 24 NCE &3] L-arginine
fr=AlE°] NO synthaseo| <& NOYHA A z4-&
ZhRt}kz Boagl o)=j(Hibbs %, 1987), L-NMMA(NS-
monomethyl-L-arginine)® L-NNA(NC-nitro-L-arginine)
ol @zl 39 oAAAEA AR glok

a2 B A= rat kupffer cells, rat sinusoi-
dal microvascular endothelial cells® B2l NOF
A& wlastyen ] 1telr} macrophages(LPS, PMA,
IFN-py) X+ aortic endothelial cells(A23187, ATP, ADP)
A4 NOE sk EAES] -5 5 7 kupffer
cells¥} endothelial cells2 -E&]3td n vitrodl A ¥
Flo] ZHM| Xoll 4] NOS] 3¥A 98 olr ua} shsdc)
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Kupffer®} endothelial cells®] F& 3 njgF HhH
180~220 g A= 2] Wistar =4 I#HE 7}A 3L colla-
genase perfusion® 2 F&8l9dc} (Rymsa %, 1991;
Smedsrod ¢} Pertoft, 1985). 55 etherZ vl A7
pentobarbital(60 mg/kg)& B2 FA}sleich vl3E
% s)E-3le] A4 heparinization(500 IU)3}3L  portal
veinol canpularE AF)5+Z 6 mi/min £ 2% Cat'-free
buffer{NaCl 142 mM, KCl 67 mM, NaCl 6 mM, HEPES
10 mM, pH 75)8 7ke & Folsiqinh 7F £3-8 HEH
st7] ¥4 inferior vena cava® 4] =3 thoracec-
tomyZ 3}ed right atrium vesselS- ¥} AHx Atldle]
cannulatew}‘i‘dl‘-} o|ZA w28 wHET vena cavaZ
FI1 #F F£5E 20mi/minE Z7FAF k. Calt-free
buffer 350 ml-g— F9let & Ca** 7 collagenase &8 buf-
fer(NaCl 68 mM, KCI 67 mM, CaCl: 5mM, NaOH 7
mM, HEPES 100 mM, collagenase B 0.01%, pH 7.6)=
15 mi/min £58 6~787F A5s A, zhe 2
3l 1.5% bovine serum albuming 3718k Ca*-free
buffere} &7 t}g el nylon mesh® ol 3aledc]
o7} Aol Al Faubg g o]85}e]
77+ e] A g FEsldeh. AEE 8ColA 583 50
Xg=2 A¥Eeste] AAsT ¥R X (nonparenchymal)
Z2](endothelial-#+ kupfferd| £)g 73k AA5AT
cell debrisE t©HA] 1087} 300X gE QAR5
Pellet~ RPMI 1640 medium(+2 mM L-glutamine, 100
ug/ml gentamycin, 10 ug/m/ cefotaxine, 5 ug/m/ am-
photericin B)e2 A& 27l & 37C, 5% CO0,/95%
airo| A 307} w)9FA]AA uncoated plastic surfaces))
F2t5)= 72 kupffer cello] . ¥2=#) ¢k endothe-
lial cells 3 FENS 1087 30Xge P
gkl N ES RPMI 1640 medium(+20% fetal calf se-
rum, 2 mM L-glutamine, 100 ug/m/ cefotaxine, 5 ug/ml
amphotericin B, 54M dexamethasone)o] | &=a}sz
vlg] 0.2% collagen RE 2.3 culture flaskel| %71k
37C 24)17F wiok3r %= A £32 3 HBSS(Hanks' Balan-
ced Salt Solution)8-2§ & & ZFslA| A 5te] kupffer cell
£.9¢ ¥R 82 cell debrisol] 41438t culture medium-&-
A&t W oF mediumS 20% fetal calf serum(FCS,
kupffer cell wjetoiol e d2 B85S 43
RPMI 16405} 2 mM L- glutamine AR 5g )8 o]
5% CQ2/95% Air, 37Cell A H3 WZ]*]?&E} Kupffer
cells AE AJzbzx] 48417 EOP v ekstedth. Kupffer
cell v %= positive peroxidase staining®} latex
particles phagocytosis”} 98% o|4<2 A sledn) Si-
nusoidal endothelial cell-2 collagen-coated tissue cul-
ture flaske} tube® 1, 23} wiokg sl e Al A&
Wikl A 2 A immunofluorescencest €& von Wil-
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lebrand factor(Stel 5, 1983)5 =A3}e] BAssleo
= 2 20309 Ax 4R A HE2AA S AR
ARg-shod v}

NO &M £H

NO<l| 23] oxyhemoglobin®] methemoglobin® &
stoichiometrict‘r}ﬂ] &3 71$& spectrophotometrica-
llys}A) ZAsl= 9 (Feelisch®} Noack, 1987) Mur-
phy 5ol 23 WaE sbi(Murphy &, 1990)< A&
stoit}y. & kupffer cells(0.1~4.7X 10° cells/tube), liver
endothelial  cells(2.0~3.0X 10° cells/tube)e] 10 mM
glucose#} 20 mM HEPES(pH 7.4)% -84 Krehs-He-
nseleit Hydrogen Carbonate® *]-& 2W] A& & A
X5 7 uM oxyhemoglobin, 40 ug/m/ catalase, 20 ug/m/
SODE §+3H= 1 m/ bufferol] v eksheic}. oxyhemog-
lobin ZFEHMY(Cassoly, 1981) 2.2 wsqlon =7
9] NOgA &A1|42 hemoglobin (4~8 uM)ol] 2]l
wskE]A] eighe}. 71908 5% C04/95% Aire} 37°C el 4]
21705 il okgh F vl Tola] ohE spectrume A
Z#3l9]ct. L-NNA-inhibitable oxyhemoglobin-methe-
moglobin conversion(NO A #A)2 121 mM~! cm:?
molar absorption coefficientZ A}&-3}od 578 nms} 592
nm absorbance W 3}o| sl FAsleic)

EE AlRFES Krebs-Henseleit buffers] &A1z
A T gty o R LR ALY tryphan blue 2.
BUEHEe AEZPE =Rt cJauregui =, 1981). 2
Ao o] EA ) 2~3H A 3~67] Hald
i oFoll A means+ SEM-S 32 significant differen-
cesE #4lsl7] $J3) Student's t-testo] 93 A FE
A3k )

Az

PMAR H#=% NO¥A-L Larginineo] I o)n)
8-gfo)) ©)&£3lm 1~2mM L-argininee) 4 NO# A 3 0]
Table I. NO-formation in the PMA-activated rat liver kupffer
cells

PMA concentration (nM) NO formation (nmol/hX 108 cells)

0 20+ 14
10 36+18
25 58+ 10

50 7.8+ 2.7*

100 9.0+ 0.6*

250 9.0+ 0.8*
50+L-NNA (1 mM) 42412
50+L-NMMA (1 mM) 53+ 15

PMA was added at 2 min. before the beginning of the experime-
nts. L-arginine concentration was 2 mM. Other incubation para-
meters were described in the methods section. *p<0.05, signifi-
cantly different from controls without PMA. *p<0.05 significantly
different from sample with L-NNA or L-NMMA.
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Table II. Various compounds-induced NO formation in rat
liver kupffer-and endothelial cells (n vitro).

NO formation (nmol/hX10° cells)

Activators
Kupffer cells Endothelial cells
control 21+12 <04
LPS (0.5 ug/ml, 2h) 158+ 0.7* <04
LPS (0.5 ug/ml, 20 h) 272+ 09* <04
IFN-y (500 U/m/, 20 h) 28+08 N.D.
LPS+IFN-u (0.5 pg/ 4241 1.7 <04
m/+ 500 U/ml, 20 h)

PMA (50 nM) 72+ 1.8* <04
A23187 (10 xM) 2.7+ 1.3 <04
ADP, ATP (0.2 mM) N.D. <04

LPS(0.5 ug/ml) induced NO-formations in the absence of SOD
and catalase were 14.9+ 1.2 (2 h), 26.9+ 1.6 (20 h). PMA, A23187,
ADP, ATP were added at the beginning of the experiments. L-
arginine concentration was 2 mM. N.D. Not determined, *p<0.05,
significantly different from controls without activators. "p<0.05,
significantly different from samples with LPS or IFN-y alone.
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Fig. 1. Various agents-induced NO formation in rat liver ku-
pffer- and endothelial cells (as described in Table II). **indi-
cates significantly difference at p<0.05 levels when compared
with LPS groups.

H) 2 & 7]=s}gtHdata not shown). Kupffer A|=oj
A& L-NNA» L-NMMAX} v 7#857) NOHA&
o A 53 cHTable I). Table I1el| 4] B u}e} 7o) 50 nM
PMAR #A181% kupffer celle LPS (0.5 pyg/ml, 20 h)2
S5l Al Eol| A B} of gl AR e w]l-E 2 NO7)
PAslgler] IFN-y= kupffer cellelx] ApAZH ez
NOZE gAslx] gkor) LPSSF T4 %4 LPS &
FolAl B} o 50%A =9 A% NOJAS71Hs 2ok
(Fig. 1). Calcium ionophore4l A23187-2 kupffer celld]]
A NO§HJ-E& AH FFA71A EslgicKTable 1)
LPSE2 #&Astsl A Ee)x] SOD&} catalase F-x)= NO
HA ZAel of3kg v|Xzx] ¢l 20~309 A= #F

717t wl<}& liver sinusoidal endothelial cellsol) A=
3 endothelial cell®) NOIA 2252 E(A23187,
ATP, ADP)¥ macrophage®] NO3A +=&2E(LPS,
IFN-y) 5ol sl NO9| A2 FE 2] okstciTable
.

z &

Macrophage$] NO§HAl-& LPS#} 728 Ba6) Gxi=
Holl= T3l calciumols w]2]&F e (Hibb 3,
1988) o] & A-FZA 74 rat kupffer cellsol| & 4%
9]t} Kupffer cellse] 2% NO&A-& calcium iono-
phore! A23187 <] 2]3 W3 = =] stov} Whzke] NO7}
oju] LPS Fo 7] A} & FXox] A=
LPS¢} IFN-yE 54 $494] NOFA & o& o] d4%
2712 vJepdciFig. 1). Kupffer cells¢l] ¢)3F NO3AIL
PMAF 2% v}eldr),

50~250 nM PMA+x 73 -0, #2118 8417
= 83 2R N0 $83F & A4 grHTable
D. o]7& PMA7} 83 NOZ& frxshx] £3ch=
TN A7 Bu(Wright 5, 1989)9= thEc)
E 7oA PMAZ @438 kupffer cello] ¢ NO
Aol AAAe 242 luminol chemiluminescence?)
A3 A} FASIcWang -5, 1991). Luminol chemi-
luminescence+= L-arginineel 2}s] 2] Fll7} 53 L-
NNA| 93] #x35A] A=z E <8 o|¥ chemilu-
minescencee] NO7} #Jslx gloke 2L vielich
NO%HA oA AE(L-NNA, L-NMMA)e] 2] %5 mac-
rophage | .14 £ A= e]d vehfn e
peritoneal macrophage(Cross -, 1990)¢}= 2] rat li-
ver kupffer cellsellA+= L-NNAZ} v 7424 A5
SdciTable I). o]7-& olgl dAA|2] cellular uptakes}
A Z dato ] ze]F o] o}z RAE A k3w 9]y
&l NOFHI & 49| arginine 23 ¥4 &l g
AE =zolal AeR AF} B A= LPSE
FAEE A XA SOD} catalase -2 NOF A o
d&-& A X3l elTable I). 2R-& ofn} LPS7}
kupffer cellsol| A -O;" 2} H:0, AAE H-E31A) il
Aed AE|rd(Birmelin 5, 1986) ¢)+= aortic endo-
thelial cell] A= #at=lgicMurphy 5, 1991). &}
o] o}= ] o] F7)x] A 49 £4= kupffer cell$ -0,
9] 74E% f=529 PMAR 843 v 3o NOw
2ol " B-rlAscHDecker, 1990).
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signal transduction &% FJ3}A AEW calcium
ionse 71471 A23187% NOFAS ERA)7]A] &



NO HM7IE o)

et

Kupffer celiss] 4] NO¥FHzde macrophage ] 5.8
54 xS gleny o H)9) okejgd E4e NO
T4 ARE /e BE o2 Azed dase] sich
uteba] kupffer cells2 v A= 7izales] NO2| o5t
A B2 o AAh 2=} o) 7S4S sinusoidal
endothelial 0| £7} in vivool| A kupfferd] E1} AHANER
e wgald signaiol o8] NOE #4T 5 Q& 7}
53} kupffer 4|E7} endothelial dl £l 2] NOF A
& 2RI AAEE A4 § ke JFeAE )

AT % Pk
LAl 2

B =58 59 AY DAADDeutsch Akademische
Austausch Dienst, German academic exchange prog-
ramm, No.324 313 010 0) At FHh oz Fe=g]on
2 AFATE Gelsho] T4 59U Kol e} ofel% A
A2 ol HE WY A wAe) A=

FHaEs

Billiar, T.R., Curran, R.D., Ferrari, F. K., Williams, D. Z. and
Simmons, R. L. (1990). Kupffer cell:hepatocyte cocultures
release nitric ‘oxide in response to bacterial endotoxin. J.
Surg. Res. 48, 349-353,

Birmelin, M., Karck, U,, Dieter, P., Freundberg, N. and Dec-
ker, K. (1986). Distribution of endotoxin-stimulated prosta-
noid production in primary cultures of rat kupffer cells.
In: Kirn, A, Knook, D.L., Wisse, E., eds. Cells of the Hepatic
Sinusoid. Voll. Rijswijk: Kupffer Cell Foundation 295-300.

Cassoly, R. (1981). Preparation of hemoglobin hybrids carry-
ing different ligands: valency hybrids and related compou-
nds. Methods Enzymol. 76, 106-113.

Decker, K. (1990). Biologically active products of stimulated
liver macrophages (Kupffer cells). Eur. | Biochem. 192,
245-261.

Feelish, M. and Noack, E. A. (1987). Correlation between nit-
ric oxide formation during degradation of organic nitrates
and activation of guanylate cyclase. Eur. J. Pharmacol. 139,
19-30,

Furchgott, R. F. and Vanhoutte, P. M. (1989). Endotheium-de-
rived relaxing and contracting factors. FASEB [ 3, 2007-
2018,

Gross, S.S., Stuehr, D.J., Aisaka, K, Jaffe, E.A, Levi, R.
and Griffith, O. W, (1990). Macrophage and endothelial cell
nitric oxide synthesis: cell type selective inhibition by

245t oI 191

N€-aminoarginine, NS-nitroarginine and N%methylarginine.
Biochem. Biophys. Res. Commun. 170, 96-103.

Hibbs, J.B., Taintor R.R., Vavrin, Z. and Rachlin, E.M.
(1988). Nitric oxide: a cytotoxic activated macrophage effe-
ctor molecule. Biochem. Biophys. Res. Commun. 157, 87-94.

Hibbs, J. B, Vavrin, Z. and Taintor, R. R. (1987). L-arginine
is required for the expression of the activated macrophage
effector mechanism causing selective metabolic inhibition
in target cells. [ Immunol 138, 550-565.

Jauregui, H. O., Hayner, N.T., Driscoll, J.L. Williams-Hol-
land, R,, Lipskiy, M. N. and Galleti, P. M. (1981). Tryphan
blue uptake and lactate dehydrogenase in adult rat hepato-
cytes: freshly isolated cells, cell suspensions and primary
monolayer cultures. In Vitro 17, 1100-1110.

Koller, A, Wolin, M. S,, Messina, E.]., Cherry, P.D. and Ka-
ley, G. (1990). Endothelium- derived vasodilator factors in
skeletal muscle microcirculation. Endothelium-derived rela-
xing factors. Basel; Karger 309-314.

Murphy, M.E. Piper, H. M., Watanabe, H. and Sies, H.
(1991). Nitric oxide production by cultured aortic endothe-
lial cells in response to thiol depletion and replenishment.
J. Biol. Chem. 266, 19378-19383.

Rymsa, B., Wang, J.F. and de Groot, H. (1991). -O.™ release
by activated kupffer cells upon hypoxia-reoxygenation. Am.
J Physiol. 261, G602-G607.

Saran, M., Michel, C. and Bors, W. (1990). Reaction of NO
with O,”. Implications for the action of endothelial derived
relaxation factor (EDRF). Free Rad. Res. Commun. 10, 22]-
226,

Smedsrgd, B. and Pertoft, H. (1985). Preparation of pure
hepatocytes and reticuloendothelial cells in a high vield
from a single rat liver by means of percoll centrifugation
and selective adherence. J. Leucocyte Biol. 38, 213-230.

Stel, H. B., van der Kwast T. H. and Veerman E.C.]J. (1983)
Detection of factor VIII/coagulant antigen in human liver
tissue. Nature 303, 530.

Stuehr, D. ], Gross, S.S., Sakuma, I, Levi, R. and Nathan,
C.F. (1989). Activated murine macrophages secrete a me-
tabolite of arginine with the bioactivity of endothelium-de-
rived relaxing factor and the chemical reactivity of nitric
oxide. J. Exp. Med. 169, 1011-1020.

Wang, J. F., Komarov, P, Sies, H. and de Groot, H. (1991).
Contribution of nitric oxide synthase to luminol-dependent
chemiluminescence generated by phorbolester-activated
kupffer cells. Biochem. J. 279, 311-314.

Winterbourn, C. C.'(1985). Free-radical production and oxida-
tive reactions of hemoglobin. Envirom. Health Perspect. 64,
321-320.

Wright, C.D., Mulsch, A., Busse, R. and Osswald, H. (1989).
Generation of nitric oxide by human neutrophils. Biochem.
Biophy. Res. Commun. 160, 813-819.



