Arct Pharm Res Vol 26, No 1, 47-52, 2003

Arehives of
barmacal Researeh

o http://apr.psk.or.kr

The Roles of Kupffer Cells in Hepatocellular Dysfunction after
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The aim of this study was to investigate the effects of trauma on alterations in cytochrome
P450 (CYP 450)-dependent drug metabolizing function and to determine the role of Kupffer
cells in hepatocellular dysfunction. Rats underwent closed femur fracture (FFx) with associ-
ated soft-tissue injury under anesthesia, while control animals received only anesthesia. To
deplete Kupffer cells in vivo, gadolinium chloride (GdCl,;) was injected intravenously via the tail
vein at 7.5 mg/kg body wt., 1 and 2 days prior to FFx surgery. At 72 h after FFx, serum alanine
aminotransferase (ALT) activity was increased, and this increase was attenuated by GdCl; pre-
treatment. Serum aspartate aminotransferase (AST) and lipid peroxidation levels were not
changed by FFx. Hepatic microsomal CYP 450 content and aniline p-hydroxylase (CYP 2E1)
activity were significantly decreased; decreases that were not prevented by GdCl,. The level of
CYP 2B1 activity was decreased by Kupffer cell inactivation, but not by FFx. There were no
significant differences in the activities of CYP 1A1, CYP 1A2 and NADPH-CYP 450 reductase
among any of the experimental groups. Our findings suggest that FFx trauma causes mild
alterations of hepatic CYP 450-dependent drug metabolism, and that Kupffer cells are not

essential for the initiation of such injury.
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INTRCDUCTION

Altough systemic inflammatory response syndrome
(SIR:3) and multiple organ dysfunction syndrome (MODS)
contiwe to plague critically ill and injured surgical patients
with 3 rortality of 50-80%, the mechanism and available
treatinent of the sequential injury has not been clearly
identfied (Deitch, 1992). SIRS can be seen in many
cond tio1s such as trauma, pancreatitis, burns, infection or
maijo - elactive surgery (Bone et al., 1992). Trauma remains
one of the important sources leading to SIRS and
subs xquent multiple organ failure (MOF), and this remote
organ injury is mainly associated with the immunologic
dissznance of patients themselves (Bone, 1996).

Macrcphages play a crucial role in regulating host
defer se mechanisms after tfrauma and sepsis (Baker and
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Huynh, 1996), and their activation initiates inflammatory
responses to injury (Nielsen et al., 1994). Kupffer cells
constitute 80% of the fixed macrophages and reside at a
strategic position in hepatic sinusoids where they interact
with hepatocytes, other leukocytes, and variable mediators.
Previously, Kupffer cells were shown to mediate responses
to endotoxemia (Brown et al., 1997), burns (Wu et al.,
1995), ischemia/reperfusion (Bradham et al., 1997), and
sepsis (Koo et al., 1999), and to regulate the synthesis of
acute phase proteins by hepatocytes. Furthermore, Kupffer
cells produce important inflammatory mediators, including
tumor necrosis factor (TNF-ct), superoxide, nitric oxide (NO),
prostaglandin E; (PGE,), and other cytokines (Cutrin et
al., 1998). However, few studies have examined the direct
effect of trauma on Kupffer cell function in vivo.

The activity of the liver in metabolizing and eliminating
various drugs often decreases with infectious disease
(Renton, 1986). In rodents suffering from bacterial infection
(Batra et al., 1987) or challenged with interleukin-1 (IL-1)
and other inflammatory cytokines (Shedlofsky et al., 1987),
hepatic levels of heme-containing cytochrome P450 (CYP
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450) and drug-metabolizing activity in microsomes both de-
creased. The liver has high levels of CYP 450 isoforms with
different specificity for various substrates. More recently, it
was reported that CYP 450 isoforms were differentially
modulated by NO in endotoxemic rats after administration of
lipopolysaccharide (LPS) (Takemura et al., 1999). However,
limited information is available about the effect of trauma
on changes in the activities of CYP 450 isozymes.

Therefore, the aim of the present study was to investi-
gate the role of Kupffer cells in altered hepatic drug
metabolism after trauma.

MATERIALS AND METHODS

Chemicals

Ethoxyresorufin, methoxyresorufin, pentoxyresorufin,
aniline, NADPH, HEPES, thiobarbituric acid, alanine amino-
transferase (ALT) kit, and aspartate aminotransferase (AST)
kit were purchased from Sigma Chemicals Co. (St. Louis,
MO, USA). All other chemicals used were of reagent
grades and were locally and commercially available.

Animals

Male Sprague-Dawley rats weighing 240 + 60 g were
supplied by Jeil Animal Breeding Company of Korea and
were acclimatized to laboratory conditions at Sungkyunkwan
University for at least one week, with food and tap water
supplied ad libitum. The animals were kept in a temper-
ature and humidity controlled room (25+ 1°C and 55+
5%, respectively) with a 12 h light-dark cycle.

Femur fracture

Anesthesia was induced by the intraperitoneal injection
of xylazine hydrochloride (20 mg/kg) and ketamine hydro-
chioride (50 mg/kg). While anesthetized, rats were ran-
domized to receive closed femur fracture (FFx) with as-
sociated soft-tissue injury as described by Schirmer ef al.
(1988). Control rats received anesthesia and shaving
only. Shortly, two Kelly clamps were applied at the
proximal and distal ends of the left femur, and sufficient
torsion was given to fracture the femur midshaft. Blunt
fracture was ascertained by palpation. After the procedure,
sterilized physiological saline (10 mi/100 g of body wt.)
was administered subcutaneously in the dorsal wall. Rats
had access to food and water ad libitum during recovery
from anesthesia. At 72 h after FFx, blood was taken from
the abdominal aorta. The whole liver was removed and
used for the experiment.

Pretreatment with GdCl; and experimental groups

To deplete Kupffer cells in vivo, gadolinium chloride
(GdCl;, 7.5 mg/kg/ml, dissolved in sterilized physiological
saline) was injected via the tail vein, 1 and 2 days before
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FFx surgery. In the control rats, physiological saline was
injected in the same volume and manner as for GdCl,.
Four experimental groups were studied: (a) vehicle-treated
control (b) GdCls-treated control, (c) FFx alone, and (d)
GdCl;-treated FFx.

Preparation of liver microsomes

Liver samples were removed and placed in ice-cold
distilled saline solution. They were then weighed, minced
and homngenized with a teflon pestle homogenizer in 4
volumes of homogenizing buffer containing 1.15% (w/v)
KCI and 50 mM Tris-HCI (pH 7.4). The whole homog-
enate was centrifuged at 10,000 x g for 30 min at 4°C and
the resulting supernatant was then centrifuged at 105,000
x g for 60 min at 4°C. The microsomal pellets were re-
suspended with 10 volumes of 1.15% (w/v) KCI solution,
pH 7.6, containing 10 mM HEPES and 1 mM EDTA,
aliquoted and frozen at -70°C until assayed. The content
of microsomal protein was determined using the Bio-Rad
protein assay reagent with bovine serum albumin as a
standard.

Serum ALT and AST

ALT and AST activities were determined by spectro-
photometric procedures by Sigma kits 51-UV and 52-UV,
respectively.

Lipid peroxidation

Lipid peroxidation was estimated by measuring the
levels of malondialdehyde (MDA), an end product of lipid
peroxidation. MDA was determined by the levels of thio-
barbituric acid reactive substances (TBARS) using the
method of Buege and Aust (1978). One volume of micro-
some was mixed with 2 volumes of 0.25 N HCI solution
containing 15% (w/v) trichloroacetic acid and 0.375%
(w/v) thiobarbituric acid. The mixture was heated for 30
min in a boiling water bath. After cooling, the precipitate
was removed by centrifugation at 1,000 xg for 10 min.
The absorbance of the supernatant was measured at 535
nm.

Cytochrome P450 content and NADPH-CYP 450
reductase activity

Total CYP 450 content was measured by the method of
Omura and Sato (1964) and calculated by using a molar
extinction coefficient of 91 mM~'cm™ for the spectral differ-
ence between 450 nm and 490 nm in a differential spectro-
photometer. The activity of NADPH-CYP 450 reductase
was determined by its NADPH-cytochrome ¢ reductase
activity. Briefly, it was measured by the reduction rate of
cytochrome ¢ with an extinction coefficient 21 mM~'em™
at 550 nm following the addition of 0.1 mM NADPH
(Vermillion and Coon, 1978).
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Cyochrome P450 isozyme activities

The hydroxylase activity of CYP 2E1 was measured
with ailine as the substrate according to the procedure of
Sctierkman et al. (1967). The reaction mixture containing
50 mM potassium phosphate buffer, 200 mM aniline and
microsome was initiated by the addition of 10 mM NADPH
anc terminated by the addition of ice-cold 20% trichloro-
acetic acid. After removal of protein by centrifugation at
1,010 x g for 10 min, 1 ml of separated supernatant was
mixed with 100 pl of 20% phenol/NaOH. After 30 min, the
chengad color of p-aminophenol was monitored at 630
nm spactrophotometrically. CYP 1A1, CYP 1A2 and CYP
2B specific activities were determined by ethoxyresorufin
O-ceehylase (EROD), methoxyresorufin O-demethylase
(MROID) and pentoxyresorufin O-dealkylase (PROD) acti-
vitie s, respectively, according to the methods of Poh| and
FoLts (1980) and Burke et al. (1985) with slight modifi-
cations. The reaction mixture contained 100 mM Tris-HCI
bufzr, pH 7.5, 256 mM MgCl,, 5 uM substrate (ethoxyre-
sortifin, methoxyresorufin or pentoxyresorufin) and micro-
some. The reaction was started by the addition of 1 mM
NADP 4 and incubated at 37°C for 10 min. After incuba-
tion tre reaction was stopped by the addition of ice-cold
metanol and the mixture was centrifuged at 2,000 x g for
10 inir. Fluorescence of resorufin in the supernatant was
mezisured at excitation and emission wavelengths of 550
nm and 580 nm, respectively.

Staistical analysis

Al data are presented as means + SEM. One-way ana-
lysis of variance (ANOVA) followed by Dunnett’s t-test
was usied to determine the statistical significance of the
differer ces between experimental groups. A p value < 0.05
was deemed to be significant.

RESULTS

Serim ALT and AST

Tt e serum ALT levels in vehicle-treated control rats and
GdC;-Ireated control rats were 27.5+ 2.0 U/L and 32.0 +
2.9 /L, respectively. However, the serum ALT activity in
FFx -ats significantly increased to 37.5 £ 2.7 U/L; an increase
which vsas significantly suppressed by GdCl; pretreatment
(Fig. 1). No significant differences were observed in
serum AST activity among any of the experimental groups

(Fig. 2)

Lipi 1 peroxidation

As stown in Fig. 3, the liver MDA level was 0.98 + 0.03
nmo /min/mg protein in the control rats. No changes were
observed in MDA levels of FFx rats compared with those
of contol values. GdCl; pretreatment did not affect the
MD#. level after FFx.
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Fig. 1. Effect of GdCl; pretreatment on serum alanine aminotransferase
(ALT) activity after FFx in rats. * = Significantly different (p<0.05) from
controls. * = Significantly different (p<0.05) from FFx alone group.
Values are means + SEM for 9-11 rats per group.
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Fig. 2. Effect of GdCl, pretreatment on serum aspartate aminotransfer-
ase (AST) activity after FFx in rats. Values are means = SEM for 9-11
rats per group.
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Fig. 3. Effect of GdCl; pretreatment on hepatic microsomal lipid

peroxidation after FFx in rats. Values are means + SEM for 9-11 rats
per group.
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Total CYP 450 content and NADPH-CYP 450 reduc-
tase activity
The results of total hepatic microsomal CYP 450 content
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Fig. 4. Effect of GdCl; pretreatment on total hepatic microsomal
cytochrome P450 content after FFx in rats. *,** = Significantly different
(p<0.05 and p<0.01) from controls. Values are means + SEM for 9-11

rats per group.
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Fig. 5. Effect of GdCl, pretreatment on hepatic microsomal NADPH-
cytochrome P450 reductase activity after FFx in rats. Values are
means + SEM for 9-11 rats per group.

Control

are presented in Fig. 4. In the vehicle-treated control rats
and the GdCl;-treated control rats, they were 0.31 £ 0.02
and 0.30 £ 0.02 nmol/mg protein, respectively. Total CYP
450 content was found to significantly decrease in FFx-
operated rats and decrease even further in GdCls-pre-
treated FFx rats.

As shown in Fig. 5, the NADPH-CYP 450 reductase
activity was not significantly different among any of the
experimental groups.
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CYP 450 isozyme activities

The results of the activities of CYP 450 isozymes are
shown in Table I. There were no significant differences in
ethoxyresorufin O-deethylase (CYP 1A1) and methoxy-
resorufin O-demethylase (CYP1A2) activities among any
of the experimental groups. However, aniline hydroxylase
(CYP 2E1) activity was significantly decreased in the FFx
alone group (0.184 £ 0.023 nmol/min/mg protein) compared
with that of the vehicle-treated control group (0.258
0.020 nmol/min/mg protein); a decrease that was not pre-
vented by GdCl; pretreatment. Pentoxyresorufin O-dealkylase
(CYP 2B1) activity was decreased by GdCl; pretreatment,
but not by FFx.

DISCUSSION

Kupffer cells are the first line of defense against external
microorganisms that cross the mucosal barrier of the
gastrointestinal tract and enter portal blood. They remove
these xenobiotics by phagocytosis and the production of
reactive oxygen species (Bautista ef al., 1990). Kupffer
cells also modulate synthesis of acute phase proteins by
hepatocytes and release powerful inflammatory mediators
including tumor necrosis factor (TNF-at), nitric oxide (NO)
and a variety of other cytokines (Cutrin et al., 1998). Brock
et al. (1999) have shown that Kupffer cells contribute to
global hepatocellular injury after trauma, i.e. limb ischemia/
reperfusion. More recently, it was reported that FFx trauma
increased the phagocytosis and superoxide formation by
Kupffer cells, whereas it decreased the release of TNF-o
and NO from Kupffer cells (Huynh ef al., 1997). In addition,
FFx increased the production of PGE,, associated with the
suppression of inflammatory response. Such changes sug-
gest an adaptation of Kupffer cells to a more antimicrobial
and less proinflammatory phenotype after tissue trauma
(Huynh et al., 2000). Despite numerous investigations, a
clear pattern of Kupffer cell alteration after injury remains
to be elucidated. Accordingly, we tested the hypothesis that
blunt femur fracture activates Kupffer cells in vivo, leading
to altered drug metabolism.

Liver failure is one of the hallmarks of multiple organ
failure (MOF) syndrome. To study the effect of trauma on

Table . Effect of GACl, pretreatment on cytochrome P450 isozyme activities after FFx

Ethoxyresorufin Methoxyresorufin Pentoxyresorufin Aniline
Group O-deethylase O-demethylase O-dealkylase p-hydroxylase
(pmol/min/mg protein) (pmol/min/img protein) {pmol/min/mg protein) {nmol/min/mg protein)
Control 450+1.3 187107 13.0+£1.8 0.26 £0.02
GdCl, 46.3+43 199111 7.3+£09 0.23+0.02
FFx 409+55 18715 102+14 0.18£0.02
GdCl; + FFx 38.2+48 16.0+1.1 65+07" 0.13+£0.01"

***=Gignificantly different (p<0.05 and p<0.01) from controis. Values are means + SEM for 9-11 rats per group.
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rem>te organ injury, Schirmer et al. (1988) developed a
femur fracture model and showed that blunt fracture
causec a sustained and pathologic reduction in hepatic
perf ision. When femur fracture was associated with soft-
tisst e frauma, the elevated cardiac output was normalized
at 48 hrs, but the hepatic perfusion defect remained. In
fact. pravious studies have suggested that such perfusion
deficits were an essential first step toward injury to the
liver perenchyma (Chun et al., 1994). In the present study,
FFx increased serum ALT activity and this increase was
attenuated by pretreatment with GdCl;. However, no
signficant changes were seen in serum AST and lipid
perc xication levels among any of the experimental groups,
even though the tendency was similar to ALT activity. A
possiblz explanation for the increases in ALT without
assccic ted increases in AST and microsomal lipid peroxid-
ation is that the FFx-induced hepatocellular damage is
mild and diffuse at 3 days after FFx. Our results also
suggest that Kupffer cell activation is in part related to
hepito sellular damage after FFx. it should be pointed out
that he term hepatocellular dysfunction has been frequently
used td reflect hepatocellular damage (e.g. increased
circt lat ng levels of ALT and AST). Because the elevated
serum liver enzymes do not reflect hepatoceliular dys-
funcion but rather hepatocellular damage, it is encourag-
ing thal some of the subtle alterations in cellular functions
that oceur during trauma are identified, consequently
lead ng to better management of the traumatic patient.

St mulation of the immune system during infection or
inflaimmation results in an impairment of CYP 450 content
(Moigan, 1997). In vivo and in vitro studies have shown
that the cytokines IL-1, IL-6 and TNF-o. can mimic the
dow rregulation of CYP 450 gene product seen during
infectio or inflammation (Chen et al., 1995). The nitric
oxidr: raleased during inflammation has been implicated
as th e inediator of the decreased catalytic activity of CYP
450. In FFx rats, total CYP 450 content was significantly
decrzased; a decrease not inhibited by GdCl; treatment.
Sucl a decrease in the total content of CYP 450 suggests
that -he overall activity of the CYP 450-dependent oxidases
was sirilarly decreased. However, the loss of CYP 450
may nct be mediated by the Kupffer cells. The liver has
high levels of CYP 450 isoforms with different specificity
for various substrates. Our previous study has shown that
the zctivity of aniline p-hydroxylase was increased, whereas
the & ctivity of aminopyrine N-demethylase was decreased
durirg ischemia/reperfusion (Lee et al., 2000). In our
presi:nt study, reduction of CYP 2E1 occurred in parallel
to th:2 reduction in total CYP 450 content. The activities of
CYP 141, 1A2 and 2B1 were unchanged during traumatic
injun. Even though the mechanisms of these inconsistent
alteraticns in drug metabolizing systems have not been
ident fied, the individual CYP 450 isozymes seem to be
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differentially affected by traumatic injury. These resulits are
similar to those of Sewer and Morgan (1998), who found
that endotoxin (LPS) treatment suppressed both total
CYP 450 content and mRNA expression of CYP 2E1. In
contrast, the up-regulation of CYP 2E1 has been reported
in variable experimental pathological conditions, including
CCl,;-induced hepatic fibrosis, alcohol-induced liver disease,
and hepatic ischemia-reperfusion injury, which was impli-
cated with the activation of Kupffer cells (Rivera et al.,
2001; Kono et al., 2000). Our data indicate that the decrease
in CYP 2E1 activity is not due to activation of Kupffer
cells, because GdCl; did not prevent the decrease in CYP
2E1 activity. The possibility should also be considered that
Kupffer cells in vivo could affect the catalytic activity of
CYP 450 isozymes indirectly, by regulating the formation
of some other modulating factor in hepatocytes or non-
parenchymal cells. In the clinical situation, unexpected
alterations in drug metabolism could occur in trauma
patients, thereby necessitating more careful administration
of drugs to patients.

In summary, blunt trauma resulted in abnormalities in
the microsomal drug-metabolizing function in vivo. Our
findings suggest that activation of Kupffer cells is not
required for trauma-induced hepatocellular dysfunction.
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