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Increase in Prostanoid Formation in Rat Liver Macrophages
(Kupffer Cells) by Human Anaphylatoxin C3a

GERHARD P. PUSCHEL,' URSULA HESPELING,! MARTIN OPPERMANN? AND PETER DIETER®

Institut fiir Biochemie und Molekulare Zellbiologie and 2Abteilung Immunologie, Georg-August-Universitit Gottingen,
D-370783 Gottingen, and SInstitut fiir Molekulare Zellbiologie, Albert-Ludwigs-Universitdt Freiburg,
79085 Freiburg, Germany

Human anaphylatoxin C3a increases glycogenolysis
in perfused rat liver. This action is inhibited by
prostanoid synthesis inhibitors and prostanoid antag-
onists. Because prostanoids but not anaphylatoxin C3a
can increase glycogenolysis in hepatocytes, it has been
proposed that prostanoid formation in nonparen-
chymal cells represents an important step in the
C3a-dependent increase in hepatic glycogenolysis. This
study shows that (a) human anaphylatoxin C3a (0.1 to
10 pg/ml) dose-dependently increased prostaglandin
D,, thromboxane B, and prostaglandin F,_ formation
in rat liver macrophages (Kupffer cells); (b) the C3a-
mediated increase in prostanoid formation was
maximal after 2 min and showed tachyphylaxis; and (c)
the C3a-elicited prostanoid formation could be in-
hibited specifically by preincubation of C3a with car-
boxypeptidase B to remove the essential C-terminal
arginine or by preincubation of C3a with Fab frag-
ments of a neutralizing monoclonal antibody. These
data support the hypothesis that the C3a-dependent
activation of hepatic glycogenolysis is mediated by way
of a C3a-induced prostanoid production in Kupffer
cells. (HEPATOLOGY 1993;18:1516-1521.)

The human anaphylatoxin C3a is generated by the
proteolytic cleavage of the third complement component
C3. C3a is under the control of serum carboxypeptidase
N, which cleaves the C-terminal Arg-77 and thereby
inactivates C3a. The classic anaphylatoxic effects of C3a
such as smooth muscle contraction and enhanced
vascular permeability are only in part due to direct
activation of the effector cells by C3a receptors. Other
proinflammatory mediators such as histamine and
prostanoids may be involved in the signal chains. Thus
the C3a-mediated contraction of guinea pig lung paren-
chymal strips were inhibited by indomethacin (1), and
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C3ainduced the release of PGE, and PGF,_ from guinea
pig lung (2).

Serum in which the complement system had been
activated by incubation with zymosan (3, 4), as well as
purified human anaphylatoxin C3a but not Cba (5), has
previously been shown to increase glucose and lactate
output and reduce and redistribute flow in perfused
rabbit (3) and rat (4, 5) liver. Human C3a does not
increase glycogenolysis in isolated rat hepatocytes. Its
effects in perfused liver on metabolism and hemody-
namics are attenuated by inhibitors of prostanoid
synthesis or thromboxane (TXB) receptor antagonists.
They are accompanied by overflow of prostanoids into
the hepatic vein (4). In liver prostanoids can only be
formed by nonparenchymal cells (6, 7). PGs stimulated
glycogen phosphorylase activity in and the glucose
output from parenchymal liver cells (8-10). Therefore it
has been proposed that anaphylatoxins probably me-
diated their effect on hepatic glycogenolysis by way of an
increase in prostanoid production in nonparenchymal
liver cells (4, 5). To corroborate this hypothesis we
investigated the prostanoid production in isolated liver
macrophages (Kupffer cells) in response to purified
human anaphylatoxin C3a. This study shows that C3a,
in a concentration range that can be expected to occur in
vivo, rapidly and specifically increased the release of
PGD,, TXB, and PGF,,.

MATERIALS AND METHODS

Materials. All materials were of analytical grade and were
from commercial sources. PGF,, and TXB, RIAs were pro-
vided by Amersham Buchler (Braunschweig, Germany). The
antibody against PGD, was a generous gift of Dr. Osamu
Hayaishi (Osaka, Japan). Pronase and collagenase were pur-
chased from Merck AG (Darmstadt, Germany) and Boehringer
(Mannheim, Germany), respectively. Tissue-culture dishes
were bought from Greiner (Niirtingen, Germany), Nycodenz
was from Immuno GmbH (Heidelberg, Germany), newborn
calf serum (NCS) was from Sigma Chemical Co. (Deisenhofen,
Germany) and RPMI-1640 was from Serva (Heidelberg,
Germany). Whatman CM52-cellulose was provided by Bender
& Hobein GmbH (Bruchsal, Germany) and Sephadex G-50 was
from Pharmacia (Freiburg, Germany).

Purification of Human Anaphylatoxin C3a. C3a was pu-
rified from blood samples of healthy voluntary donors essen-
tially as described previously (5). The complement system was
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TaBLE 1. C3a- and zymosan-induced prostanoid and superoxide formation in Kupffer cells

Product Control C3a Zymosan
ng X (108 cells)~! X 30 min !
PGD, 0.6 = 0.1 44 + 1.8 57.0 = 10.0°
TXB, 0.8+01 29 = 1.0° 18.0 + 6.9°
PGF,, 0.8 = 0.2 25 = 0.68° 179 + 1.1%
nmol x (10 cells)~! x 30 min~*
0," 11201 2.8 = 0.5 10.4 = 1.5

Kupffer cells were prepared by means of a combined collagenase/pronase perfusion and purified by centrifugal elutriation. They were cultured
on 24-well tissue-culture plates for 72 hr in RPMI-1640 with 30% NCS. The medium was removed by washes with HBSS. The cells were then
preincubated for 10 min at 37° C in HBSS. The experiment was started by addition of C3a or zymosan to final concentrations of 25 pg/ml and
0.5 mg/ml, respectively. After 30 min, supernatants were removed and frozen in liquid nitrogen for the determination of prostanoid
concentrations in specific RIAs. Superoxide formation was determined on the basis of eytochrome ¢ reduction.

“Data expressed as mean = S.E.M. of four experiments.

bStudent’s ¢ test for unpaired samples: significantly different from control (p < 0.05).

activated in human serum by incubation with zymosan in the
presence of e-aminocaproic acid to inhibit serum carboxypep-
tidase N. The bulk of the proteins was removed by means of
acid precipitation (pH 4.5) with 10% (mass/vol) polyethylene
glycol 6000. The supernatant was subjected to chromatog-
raphy on CM52-Cellulose and Sephadex G-50 and a rechro-
matography on CM52-Cellulose (all from Bender and Hubein
Ag, Zurich, Switzerland). The purified C3a was subjected to
dialysis against the HBSS used in the cell experiments (see
below). C3a and Cba were detected with ELISA procedures
using neoepitope-specific monoclonal antibodies (11). The C3a
preparation obtained with this procedure was essentially free
of contamination by other proteins as judged on the basis of
SDS-PAGE results. Contamination with C5a was below the
detection limit (200 pg/ml) of the assay employed.

Kupffer Cell Preparation. Kupffer cells were prepared as
described previously (12, 13) by means of combined pro-
nase/collagenase perfusion. They were purified with Nycodenz
density-gradient centrifugation and subsequent centrifugal
elutriation. Kupffer cells were plated on 24-well plates
(1 x 10° cells/well) or 3.5-cm tissue-culture plates (5 x 106
cells/plate) in RPMI-1640 in the presence of 30% NCS and 1%
penicillin/streptomycin for 72 hr before the experiment.
Medium was changed daily. After 72 hr, 25% of the cells were
attached; 95% of these cells were Kupffer cells, as judged on the
basis of phagocytosis of latex beads at least 1 pm in diameter.
For cocultures with hepatocytes, Kupffer cells were cultured in
the same manner for the first 48 hr, except that collagen-
coated, 3.5-cm tissue-culture plates were used and only
4 x 10° Kupffer cells were seeded. After 48 hr, hepatocytes
(7 x 105 cells/plate) were plated on top of about 1 x 108
Kupffer cells. Cocultures were incubated in M199 with 0.5
nmol/L insulin, 1% penicillin/streptomycin and 30% NCS for
24 hr with one medium change after 4 hr.

Cell Experiments. During the cell-culture experiments cells
were maintained at 37° C. Most experiments were performed
in 24-well plates. After 72 hr of primary culture, Kupffer cells
were counted, washed three times with HBSS (137 mmol/L
NaCl, 5.4 mmol/L KCl, 1.3 mmol/L CaCl,, 0.8 mmol/L: MgCl,,
4.2 mmol/LL NaHCOQO,, 0.3¢ mmol/LL Na,PO,, 0.44 mmol/L
KH,PO,, 20 mmol/L, HEPES and 5 mmol/L glucose [pH 7.4])
to remove all residual serum and medium and then preincu-
bated for 10 min in the same buffer. Then C3a, C3a(desArg),
C3a preincubated with C3a Fab antibody fragments or
zymosan were added to the final concentrations indicated.
Samples of the supernatant were taken at different times and
frozen immediately in liquid nitrogen for later determination

of prostanoid concentrations with RIAs. The experiments for
the dose response curves were performed similarly except that
3.5-cm culture plates were used and that Kupffer cells were
scraped off the dish at the end of the experiment for DNA
determination in a fluorescence assay (14).

Biochemical Assays. Glycogen phosphorylase activity was
determined by means of a standard procedure measuring the
release of inorganic phosphate from glucose-1-phosphate,
which is incorporated in glycogen in the inverse natural
reaction (15). Superoxide production was determined on the
basis of cytochrome c reduction (16). Prostanoids were
determined in the cell supernatants without further purifi-
cation by means of RIA. TXB, and PGF,_ were measured with
commercial test kits (Amersham, Braunschweig, Germany).
The linear ranges of the calibration curves were about 150 to
2,800 pmol/L. PGD, was determined with an RIA based on an
antibody provided by Dr. Hayaishi with a linear range of 700
to 14,000 pmol/L.

RESULTS

Increase in Prostanoid and Superoxide Formation in
Kupffer Cells Caused by C3a. After 72 hr in primary
culture, Kupffer cells were stimulated with zymosan (0.5
mg/ml) or C3a (25 wg/ml). After 30 min, supernatants
were removed for prostanoid and superoxide determi-
nation. C3aincreased the production of PGD,, TXB, and
PGF,, three to eight times basal values. However, the
zymosan-induced increase in prostanoid formation after
30 min of incubation was five to 10 times larger than
that observed with C3a (Table 1). Similarly, we noted a
small increase in superoxide formation by C3a; however,
the zymosan-mediated increase in superoxide formation
was more pronounced (Table 1). The relative amounts of
PGD,, TXB, and PGF,_ released into the medium after
stimulation with C3a or zymosan, as determined on RIA,
were confirmed with HPLC profiles of supernatants of
Kupffer cells that had been prelabeled with [3H]arachi-
donic acid for 24 hr before the experiment (data not
shown).

Time Course of C3a-mediated Prostanoid Formation.
The C3a-mediated increase in prostanoid formation in
Kupffer cells was rapid in onset and not sustained.
Prostanoid concentration was already significantly in-
creased 2 min after addition of C3a; it reached a plateau
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FiG. 1. Kinetics of C3a- and zymosan-induced prostanoid release
from Kupffer cells. Kupffer cells were cultured for 72 hr as described
in Materials and Methods. The medium was removed by three washes
with HBSS. After 10-min preincubation of cells at 37° C in HBSS, the
experiment was started by addition of C3a or zymosan to final
concentrations of 25 ug/ml and 0.5 mg/ml, respectively. At the times
indicated, supernatants were removed and frozen in liquid nitrogen for
determination of prostanoid concentrations. (A) Cumulative C3a-
induced prostanoid formation. Zymosan is not shown because values
are off the scale after 5 min. (B) Rate of zymosan- and C3a-induced
prostanoid formation. Data expressed as mean = S E.M. of four
experiments each. The rate was calculated as difference in the amount
of prostanoids formed between two time points divided by the time
difference.

at 10 min (Fig. 1A). The maximum rate of prostanoid
release was reached at 2 min; the rate returned to zero
at 10 min (Fig. 1B). By contrast, the zymosan-induced
increase in prostanoid formation was sustained; the rate
of prostanoid formation reached a maximum at 10 min
and remained increased at a lower value throughout an
incubation period of 30 min (Fig. 1B).

The C3a-mediated increase in prostanoid formation
showed the phenomenon of tachyphylaxis. If the
medium was replaced 15 min after the first stimulation
of Kupffer cells with C3a and C3a was added a second
time, no increase in prostanoid formation could be seen
in the 15 min after the second stimulation (Table 2).

Specificity of C3a Action. The biological activity of
C3a depends on the presence of its C-terminal arginine.
C3a(desArg) is inactive in other biological systems (17).
C3a, which was converted to its desArg form by
incubation with carboxypeptidase B (1 hr at 37° C), did
not stimulate prostanoid formation in Kupffer cells (Fig.
2). Preincubation (12 hr at 4° C) of C3a with Fab
fragments of a monoclonal antibody that neutralized the
biological activity of C3a (5) almost abolished the
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C3a-mediated increase in prostanoid formation (Fig. 2).
These data—together with the phenomenon of tachy-
phylaxis, which is typical for anaphylatoxins (18)—
indicate that the stimulation by C3a of prostanoid
production in Kupffer cells was specific.

Dose-dependence of C3a-mediated Prostanoid For-
mation. The increase in prostanoid formation in
Kupffer cells by C3a was dose dependent. C3a increased
PGD,, TXB, and PGF,, formation half-maximally at
concentrations between 0.1 and 1 pg/ml (Fig. 3).
Maximal stimulation of prostanocid formation was
evoked by 10 p.g C3a/ml. These concentrations are in the
range that can be expected to occur in vivo.

Increase in Glycogen Phosphorylase Activity by C3a in
Kupffer Cell-hepatocyte Cocultures. C3a did not en-
hance glycogen phosphorylase activity in monocultures
of hepatocytes or Kupffer cells (Table 3). However, in
cocultures of Kupffer cells and hepatocytes C3a in-
creased glycogen phosphorylase activity by about 100%
(Table 3). Supernatants of C3a-treated Kupffer cells did
not augment glycogen phosphorylase activity in hepa-
tocyte cultures (data not shown).

DISCUSSION

Increase by C3a in Hepatic Glycogenolysis by Way of
C3a-mediated Prostanoid Formation in Kupffer Cells.
Peptides of the activated complement system (3, 4), in
particular purified human C3a (5, 19), increased glucose
output from perfused rabbit or rat liver. The anaphyla-
toxin-mediated increase in hepatic glycogenolysis was
inhibited by inhibitors of the prostanoid synthesis and
by TXB receptor antagonists. Human C3a did not
stimulate glycogenolysis in hepatocytes directly.
Therefore C3a must have stimulated hepatic glyco-
genolysis indirectly, probably by increasing the pros-
tanoid synthesis in nonparenchymal cells. Prosta-
glandins in turn could have activated glycogenolysis in
hepatocytes (8-10). Among the nonparenchymal liver
cells the liver macrophages (Kupffer cells) semed to be
the best candidates to take part in this signal chain;
peritoneal macrophages have previously been shown to
respond with enhanced prostanoid formation to stimu-
lation with anaphylatoxin C3a (20). This investigation
showed that C3a indeed increased prostanoid formation
in Kupffer cells. The increase in prostanoid formation
was rapid in onset and reached its maximum after only
2 min. It thus preceded the maximum glucose output
observed in perfused liver 3 to 4 min after infusion of
C3a (5), which would be a prerequisite for being an early
link in a putative signal chain. The concentrations of
C3a that evoked prostanoid formation in Kupffer cells
were in the same range as those that stimulated hepatic
glycogenolysis (5, 19).

The concentrations of PGD, and PGF,, detected in
the culture medium of the Kupffer cells were much
lower (around 1 nmol/L) than those needed to increase
glycogenolysis in hepatocytes (2 to 10 pmol/L; 9, 21, 22).
Yet in situ the Kupffer cells are in close contact with the
hepatocytes and the prostanoids are being released into
the small space of Disse between the Kupffer cells and
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Fic. 2. Specificity of C3a-induced prostanoid formation. Kupffer
cells were cultured as described in Materials and Methods. The
medium was removed by three washes with HBSS. After 10-min
preincubation of cells at 37° C in HBSS, the experiment was started by
addition of C3a, C3a(desArg) or C3a preincubated with Fab fragments
of a monoclonal C3a antibody to a final concentration of 6 ng/ml. After
15 min, supernatants were removed for determination of prostanoid
concentrations. Data expressed as mean = SE.M. of four experi-
ments. Student’s ¢ test for unpaired samples: a, p < 0.05, significantly
different from control; b, p < 0.05, significantly smaller than C3a-
stimulated values. TXB, = TXB,,.

the hepatocytes instead of the large space of medium
under the experimental conditions. Thus, in situ, high
local concentration of prostanoids can be built up. If the
production of PGD, is increased by C3a to 2.5
ng/min X 10° cells (Fig. 1) and this prostaglandin were
evenly (nonvectorially) released into a surrounding
space of 2 pm around a Kupffer cell with an 8-pm
diameter, then the local concentration of PGD, would
amount to about 25 pmol/L after 1 min, sufficient to
stimulate glycogenolysis in hepatocytes (9, 21, 22). If in
Kupffer cells prostanoid release were not evenly dis-
tributed over the entire cell but, as has been shown for
polarized Madin-Darby canine kidney cells (23), oc-
curred vectorially predominantly at the site facing the
space of Disse, local concentrations there would clearly
exceed the calculated value.

The importance of the small space separating hepa-
tocytes and Kupffer cells is further supported by the fact
that C3a increased glycogen phosphorylase activity only
in Kupffer cell-hepatocyte cocultures, whereas super-
natants of C3a-treated Kupffer cells had no influence on
hepatocyte glycogen phosphorylase activity. The volume
of medium overlaying the separate Kupffer cell cultures
and the Kupffer cell-hepatocyte cocultures was the
same. However, in the cocultures prostanoids were
released from Kupffer cells not only into the large space
of medium but also into a much smaller space between
Kupffer cells and hepatocytes. This smaller space was
still less confined and thus larger than the space of Disse
in vivo. Therefore it may have been impossible to reach
maximal efficiency in coculture.

Physiological Significance of the C3a-mediated Pros-
tanoid Formation in Kupffer cells. The concentration
of C3a that elicited half-maximal stimulation of pros-
tanoid formation in Kupffer cells (0.1 to 1 ug/ml) was 10

PUSCHEL ET AL. 1519

90! PG02
30+ 6
3
g: L mBz
%
g ol
2 .
Q
L]
® 30+
B
8 /L
S 0/ —+
7]
o
a 30t PGqu
201
10( l
04

0 0,01 01 1 10 100

C3a concentration (ug x ml'1)

F1G. 3. Dose-dependence of the C3a-induced prostanoid formation in
Kupffer cells. Kupffer cells were cultured on 3.5-cm tissue-culture
plates for 72 hr. The medium was removed by three washes with
HBSS. After 10-min preincubation of cells at 37° C in HBSS, the
experiment was started by addition of C3a to the final concentration
indicated. Supernatants were removed after 10 min for the determi-
nation of prostanoid concentrations. At the end of the experiment, cells
were scraped off the dishes for DNA determination. Data expressed as
mean * S.E.M. of four to 10 experiments per concentration.

to 100 times higher than the normal circulating C3a
concentration in human beings, which is about 10 ng/ml
(24). However, in patients subjected to hemodialysis or
connected to extracorporeal circuits for other reasons,
C3a concentrations of 5 to 10 pg/ml may be found (11,
24). These pathophysiologically increased C3a concen-
trations are 10 times greater that what would suffice to
stimulate prostanoid synthesis in Kupffer cells. It is
interesting to note here that the liver apparently has a
periportally located inactivation system for C3a (19) that
can protect the local intrahepatic regulation of liver
metabolism and hemodynamics from a signal input of
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TAaBLE 2. Tachyphylaxis of the C3a-induced prostanoid formation in Kupffer cells

First stimulation

Second stimulation

Product Control C3a Control C3a

PGD, 22 = 0.8 10.8 + 0.9% 04 =02 0.4 = 0.2
TXB, 14 £ 05 5.0 = 0.9° 0.7 = 0.1 0.7+02
PGF,,, 1.0 = 0.1 41+ 0.7 06 = 0.1 0.7+ 0.2

Kupffer cells were cultured for 72 hr as described in Materials and Methods. The medium was removed by three washes with HBSS. The
cells were then preinculabed for 10 min at 37° C in HBSS. The experiment was started by addition of C3a to a final concentration of 6 pg/ml.
After 15 min, supernatants were frozen in liquid nitrogen, new buffer was added and cells were restimulated with C3a. After another 15 min,
the medium was removed and frozen in liquid nitrogen. Prostancid concentration was determined with specific RIAs.

°Data expressed as mean * S.E.M. of four experiments (ng x 10€ cells~! x 15 min~1).

®Student’s ¢ test for unpaired samples: significantly greater than control value (p < 0.05).

TABLE 3. C3a-mediated increase in glycogen phosphorylase activity in Kupffer cell-hepatocyte cocultures

Glycogen phosphorylase Change in glycogen
Culture condition Additions activity phosphorylase activity

Kupffer cells None (n = 6) 23 + 8 -

C3a, 25 pg/ml (n = 6) 18 + 6 -5+3
Hepatocytes None (n = 6) 26 + 2 —

C3a, 25 pg/ml (n = 7) 35+5 +9+5
Kupffer cells + hepatocytes None (n = 6) 26 = 2 -

C3a, 25 pg/ml (n = 7) 57 + 8 +31 = 8

Kupffer cells (1 x 108), prepared as described in Materials and Methods, were cultured on collagen-coated, 3.5-cm tissue-culture dishes for
48 hr in RPMI-1640 with 30% NCS. Then hepatocytes (7 x 105) were seeded on top of the Kupffer cells, and culture was continued for another
24 hr in M199 with 30% NCS and 0.5 nmol/L insulin. Control Kupffer cells and hepatocytes were cultured accordingly. After 72 hr, medium
was removed by three washes with HBSS. Cells were preincubated for 10 min at 37° C in HBSS; then C3a was added to a final concentration
of 25 pg/ml. After 2 min, supernatants were removed and the plates were frozen in liquid nitrogen for later determination of glycogen

phosphorylase activity.

“Data expressed as mean = S.E.M. (nmol x min~! X gm protein~1).

bStudent’s ¢ test for paired values (p < 0.01).

systemically generated C3a that escaped inactivation by
carboxypeptidase N.

The liver is one of the main sites of complement
protein synthesis. Most serum complement proteins are
produced by parenchymal liver cells. Yet monocytes and
macrophages produce complement proteins in culture,
and it has been discussed that these complement
proteins are used in the direct environment of these cells
(25). Thus, during local hepatic inflammation, C3
synthetized by liver macrophages (Kupffer cells) or
hepatocytes might be cleaved to yield C3b and C3a. C3a
(and possibly other locally released anaphylatoxins) may
cause vasoconstriction (i.e., narrowing of the sinusoids)
and reduce or even stop blood flow in the area of
inflammation. This might facilitate the invasion of
inflammatory cells. At the same time, the infiltrated cells
might stimulate prostanoid production in Kupffer cells
by way of an autocrine mechanism. Prostaglandins in
turn could activate hepatocytes to release glucose that
would be required for the anaerobic energy metabolism
at the poorly perfused site of inflammation.

Acknowledgments: We thank A. Schulze-Specking, E.
Fitzke and K. Hinecke for their excellent technical
assistance at various stages of this work. Helpful
discussions with Professors Jungermann, Decker and
Gotze are gratefully acknowledged.

10.

REFERENCES

. Stimmler NP, Bloor CM, Hugli TE. C3a-induced contraction of

guinea pig lung parenchyma: Role of cyclooxygenase metabolites.
Immunopharmacology 1983;5:251-257.

. Hugli TE. Structure and function of the anaphylatoxins. Springer

Semin Immunopathol 1984;7:193-219.

. Flynn JT. Inhibition of complement-mediated hepatic throm-

boxane production by mepacrine, a phospholipase inhibitor.
Prostaglandins 1987;33:287-99.

. Muschol W, Piischel GP, Hiilsmann M, Jungermann K. Eico-

sanoid-mediated increase in glucose and lactate output as well as
decrease and redistribution of flow by complement activated rat
serum in perfused rat liver. Eur J Biochem 1991;196:525-530.

. Piischel GP, Oppermann M, Muschol W, Gétze O, Jungermann K.

Increase of glucose and lactate output and decrease of flow by
human anaphylatoxin C3a but not C5a in perfused rat liver. FEBS
Lett 1989;243:83-87.

. Decker K. Eicosanoids, signal molecules of liver cells. Semin Liver

Dis 1985;5:175-190.

. Huber M, Keppler D. Eicosanoids and the liver. Prog Liver Dis

1990;9:117-141.

. Kuiper J, Zijlstra FJ, Kamps JA, Van Berkel TJ. Cellular

communication inside the liver: binding, conversion and metabolic
effect of prostaglandin D2 on parenchymal liver cells. Biochem J
1989;262:195-201.

. Athari A, Jungermann K. Direct activation by prostaglandin F2

alpha but not thromboxane A2 of glycogenolysis via an increase in
inositol 1,4,5-trisphosphate in rat hepatocytes. Biochem Biophys
Res Commun 1989;163:1235-1242,

Mine T, Kojima I, Ogata E. Mechanism of prostaglandin E2-
induced glucose production in rat hepatocytes. Endocrinology
1990;126:2831-2836.



HepraToLOGY Vol. 18, No. 6, 1993

11.

12.

13.

14.

15.

16.

17.

18.

Oppermann M, Haubitz M, Quentin E, Gétze O. Complement
activation in patients with renal failure as detected through the
quantitation of fragments of the complement proteins C3, C5, and
factor B. Klin Wochenschr 1988,66:857-864.

Eyhorn S, Schlayer HJ, Henninger HP, Dieter P, Hermann R,
Woort Menker M, Becker H, et al. Rat hepatic sinusoidal
endothelial cells in monolayer culture. Biochemical and ultra-
structural characteristics. J Hepatol 1988;6:23-35.

Brower A, Barelds RJ, Knook DL. Centrifugal separation of
mammalian cells. In: Rickwood D, ed. Centrifugation: a practical
approach. Oxford: IRL Press, 1984:183-218.

Labarca C, Paigen KA. Simple, rapid and sensitive DNA assay
procedure. Anal Biochem 1980;102:344-352.

Hue L, Bontemps F, Hers HG. The effect of glucose and of
potassium ions on the interconversion of two forms of glycogen
phosphorylase and of glycogen synthase in isolated rat liver
preparations. Biochem J 1975;152:105-114.

Dieter P, Schulze-Specking A, Decker K. Differential inhibition of
prostanoid and superoxide production by dexamethasone in
primary cultures of rat Kupffer cells. Eur J Biochem 1986;159:
451-457.

Bitter-Suermann D. The anaphylatoxins. In: Rother K, Till GO,
eds. The complement system. Berlin: Springer, 1988:367-395.
Vogt W. Anaphylatoxins: possible roles in disease. Complement
1986;3:177-188.

19.

20.

21.

22.

23.

24,

25.

PUSCHEL ET AL. 1521

Pischel GP, Oppermann M, Neuschifer-Rube F, Gitze O,
Jungermann K. Differential effects of human anaphylatoxin C3a
on glucose output and flow in rat liver during orthograde and
retrograde perfusion: the periportal scavenger cell hypothesis.
Biochem Biophys Res Commun 1991;176:1218-1226.

Hartung HP, Bitter-Suermann D, Hadding U. Induction of
thromboxane release from macrophages by anaphylatoxic peptide
C3a of complement and synthetic hexapeptide C3a 72-77th.
J Immunol 1983;130:1345-1349.

Piischel GP, Schréder A, Jungermann K. Functional character-
ization of a PGF,_ receptor on rat hepatocytes [Abstract]. Eur J
Cell Biol 1991;54:52.

Iwai M, Gardemann A, Piischel G, Jungermann K. Potential role
for PGF,, E,, D, and thromboxane A, in mediating the metaholic
and hemodynamic actions of sympathetic nerves in perfused rat
liver. Eur J Biochem 1988;175:45-50.

Cortizo AM, Besterman JM, Leitner PP, Chandrabose KA.
Stimulated release of arachidonate and prostaglandins is vectorial
in MDCK epithelial cells. Prostaglandins 1992;44:357-371.
Bitter-Suermann D, Koéhl J. Inflammation-promoting com-
plement fragments. In: Melchers F, ed. Progress in immunology.
Berlin: Springer, 1989:186-193.

Roitt I, Brostoff J, Male D. Complement. In: Immunology. Vol. 6.
London: Gower Medical Publishing, 1987;7:1-7.14.



	Title page
	Increase in prostanoid formation in rat liver macrophages (Kupffer cells) by human anaphylatoxin C3a
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES




