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Background: Sensitization of Kupffer cells (KC) to lipopolysaccharide (LPS) and overproduction of
tumor necrosis factor (TNF)-� play important roles in the pathogenesis of alcoholic liver damage and
sepsis-associated organ injury. Therefore, suppression of TNF-� should prove useful for treatment of
LPS-induced liver injury. Recently, heparin has been reported to diminish TNF-� production from mac-
rophages in response to LPS. Dalteparin sodium (DS) is a low-molecular-weight heparin with a mean
molecular weight of 5000. DS elicits an antithrombotic effect through a mechanism depending on anti–
factor Xa activity but not on the antithrombin activity. DS is thus suitable for treatment of disseminated
intravascular coagulation because it has a much smaller prohemorrhagic property. In this study, we eval-
uated whether DS could prevent LPS-induced liver injury.

Methods: Female Wistar rats were administered DS (50 IU/kg intraperitoneally) followed by challenge
with LPS (5 mg/kg intravenously) 2 hr later. Livers and sera were collected 24 hr later. KC from rats were
isolated and cultured in RPMI 1640 supplemented with 10% fetal bovine serum. After the addition of LPS
(10 �g/ml) to the culture media, intracellular Ca2� was measured by using a fluorescent indicator, fura-2.

Results: LPS (5 mg/kg intravenously) caused focal necrosis and neutrophil infiltration in the control
liver. The histological changes and increased alanine aminotransferase levels caused by LPS injection were
diminished by treatment with DS. LPS increased intracellular Ca2� of KC in control rats from the basal level (26
� 6 nmol/liter) to 280 � 18 nmol/liter. This increase was blunted by DS (126 � 28 nmol/liter). The DS treatment
decreased the LPS-induced TNF-� production by KC from 911 � 78 pg/ml to 309 � 45 pg/ml (p � 0.05).

Conclusions: These results indicate that DS reduces the LPS-induced liver injury through suppression of
TNF-� production.
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ENDOTOXIN [LIPOPOLYSACCHARIDE (LPS)] is a
component of the outer wall of Gram-negative bacte-

ria that causes many biological effects. Kupffer cells (KC),
resident macrophages in the liver, not only remove gut-
derived endotoxin, but also are activated during the phago-
cytotic process (Nolan, 1981) to produce chemical media-
tors [i.e., eicosanoids, interleukin (IL)-1, IL-6, tumor
necrosis factor (TNF)-�, superoxide, and nitric oxide]. Sen-
sitization of KC to LPS and overproduction of TNF-� play
important roles in the pathogenesis of alcoholic liver dam-
age (Martines et al., 1992; Stahnke et al., 1991) and sepsis-
associated organ injury (Parrillo, 1993). Therefore, sup-

pression of TNF-� should prove useful for treatment of
LPS-induced liver injury.

Recently, heparin has been reported to diminish TNF-�
production from monocytes in response to LPS
(Chelmonska-Soyta et al., 2001). But heparin has a potent
prohemorrhagic property that may exacerbate septic shock
or severe liver injury. Dalteparin sodium (DS) is a low-
molecular-weight heparin with a mean molecular weight of
5000 (de Jouge et al., 1998). DS elicits an antithrombotic
effect through a mechanism depending on anti–factor Xa
activity but not on the antithrombin activity. DS is thus
suitable for treatment of sepsis-induced disseminated intra-
vascular coagulation because it has a much smaller prohe-
morrhagic property. In this study, we evaluated whether DS
could prevent LPS-induced liver injury.

MATERIALS AND METHODS

Animals and Treatments

Female Wistar rats weighing 200 to 250 g were used for this study. All
animals were given humane care in compliance with institutional guide-
lines. Twenty rats were administered DS [50 IU/kg intraperitoneally (ip),
Kissei Pharmaceutical, Tokyo, Japan] followed by challenge with LPS (5
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mg/kg; Escherichia coli serotype O111:B4, Sigma Chemical, St. Louis,
MO) 2 hr later. Liver specimens were taken 24 hr after administration of
LPS (5 mg/kg), fixed in formalin, embedded in paraffin, and stained with
hematoxylin-eosin to assess inflammation and necrosis. Blood samples
were collected before, 90 and 180 min after, and 24 hr after injection of
LPS. Sera were stored at �20°C in microtubes for subsequent assay of
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) by
standardized enzymatic procedures (Bergmeyer, 1988). TNF-� levels were
measured with an enzyme-linked immunosorbent assay (ELISA) kit (Bio-
Source International, Camarillio, CA).

KC Preparation and Culture

KC from rats were isolated by collagenase digestion and differential
centrifugation by using Percoll (Pharmacia, Uppsala, Sweden). Briefly, the
liver was perfused with Hanks’ balanced salt solution containing 0.025%
collagenase IV (Sigma Chemical) at 37°C for 5 min. After the liver was
digested, cell suspension was filtered through nylon gauze, and the filtrate
was centrifuged at 450 � g for 10 min at 4°C. Cell pellets were resus-
pended in buffer, and the nonparenchymal cell fraction was washed twice
with buffer. Cells were centrifuged on a density cushion of Percoll at 1000
� g for 15 min, and the KC fraction was collected. Cells were seeded onto
25-mm glass coverslips and cultured in RPMI 1640 (GIBCO Laboratories/
Life Technologies, Grand Island, NY) supplemented with 10% fetal bo-
vine serum and antibiotics (100 units/ml of penicillin G and 100 �g/ml of
streptomycin sulfate) at 37°C with 5% CO2. Nonadherent cells were
removed after 1 hr by replacing the culture medium. Cells were cultured
for 24 hr before experimentation.

Measurement of Intracellular Ca2� ([Ca2�]i)

The ([Ca2�]i measurement was described in detail elsewhere (Enomoto
et al., 1998). Briefly, after loading with fura-2/AM solution (4 mM) at 37°C
for 30 min, KC on coverslips were installed in a fluorescence microscope
(Diaphot, Nikon, Tokyo, Japan) with a 100-W xenon arc lamp as a light
source. Wavelengths of 340 and 380 nm for excitation and 520 nm for
emission were used. [Ca2�]i was determined by the following equation
(Grynkiewicz et al., 1985):

[Ca2�]i � Kd[(R0 � Rmin)/(Rmax � R0)]B

Kd, the Ca2� dissociation constant for fura-2, was confirmed as 224 nM.
R represents fluorescence intensity at 340 nm excitation divided by that at
380 nm excitation [R0, experimental data; Rmin, R in 2 mM ethylene
glycol-bis (�-aminoethyl ether) N,N,N', N'-tetraacetic acid and 1 mM
ionomycin; Rmax is R in 10 mM Ca2� and 1 mM ionomycin]. B is the ratio
of fluorescence intensity at 380 nm in the absence of Ca2� versus a
saturating concentration of Ca2�.

Measurement of TNF-� Concentration of Culture Media

Isolated KC were cultured in 24-well culture plates at a density of 5 �
105 cells per well for 24 hr before experimentation. The TNF-� concen-
tration in the culture media was determined with an ELISA kit.

For in vivo experiments, KC were isolated 2 hr after DS administration
(50 IU/kg ip), and after 24 hr, LPS (10 ng/ml) was added. After that, KC
were incubated for 4 hr, and TNF-� in culture media was measured. For
in vitro experiments, KC were isolated, and after 24 hr, DS (200 �g/ml)
was added into the culture media. After 2 hr, LPS (10 ng/ml) was added,
KC were incubated for 4 hr, and TNF-� was measured.

Statistical Analysis

All results were expressed as means � SEM. Statistical differences
between means were determined by using ANOVA and Bonferroni’s post
hoc test or Student’s t test as appropriate. p � 0.05 was selected before the
study to reflect significance.

RESULTS

Effect of DS on LPS-Induced Liver Injury

Liver pathology 24 hr after the administration of LPS (5
mg/kg intravenously) is shown in Fig. 1. Histology was
normal in control rats (Fig. 1A). As expected, LPS caused
focal necrosis and neutrophil infiltration in liver from the
LPS-treated, DS-untreated control rats (Fig. 1B). These

Fig. 1. Effect of DS on LPS-induced liver injury. Typical photomicrographs of hematoxylin-eosin sections of livers from rats treated as described in “Materials and
Methods.” Rats were killed 24 hr after the administration of LPS (5 mg/kg intravenously): (A) no treatment, (B) administration of only LPS, and (C) administration of LPS
2 hr after DS (50 IU/kg) treatment. Original magnification (A–C), � 100.
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pathologic parameters were markedly reduced by pretreat-
ment with DS (50 IU/kg ip; Fig. 1C). Whereas mean values
of AST and ALT in untreated control rats were 56 � 2
IU/liter and 22 � 4 IU/liter, values in the group challenged
with LPS (5 mg/kg intravenously) were markedly increased
to 1148 � 77 IU/liter and 736 � 121 IU/liter, respectively.
In the group treated with DS (50 IU/kg ip), AST and ALT
values were significantly reduced to 624 � 133 IU/liter and
365 � 112 IU/liter, respectively (Fig. 2).

Effect of DS on Serum TNF-� Levels After LPS Injection

As depicted in Fig. 3, serum TNF-� was increased mark-
edly from the basal level to 13,242 � 3,262 pg/ml 90 min
after LPS injection, followed by a rapid decrease, returning
to the basal level over 180 min. Conversely, the peak in-
crease of TNF-� was suppressed by 80% to 2713 � 721
pg/ml by DS treatment (Fig. 3).

Effect of DS on LPS-Induced TNF-� Production by
Cultured KC

Four rats were treated with DS (50 IU/kg ip), and 2 hr
later, KC were isolated. After 24 hr of incubation, LPS was
added to the culture media, and KC were cultured for
additional 4 hr. TNF-� produced by isolated KC was 911 �
78 pg/ml in the presence of LPS 10 ng/mL. Pretreatment
with DS markedly reduced the LPS-induced TNF-� pro-
duction to 309 � 45 pg/ml (Fig. 4).

Effect of DS on LPS-Induced Increases in [Ca2�]i in
Isolated KC

To evaluate the effect of DS on KC sensitization to LPS,
we measured the LPS-induced increases in [Ca2�]i of KC.
KC were isolated 2 hr after DS (50 IU/kg ip) administration
and incubated for 24 hr. After the addition of LPS to
culture media, [Ca2�]i levels of KC in control rats increased
quickly, reaching 280 � 18 nmol/liter in 60 sec, followed by

Fig. 2. Effect of DS on serum transaminases after LPS injection. Blood sam-
ples were collected from the aorta 24 hr after LPS injection (5 mg/kg intraven-
ously). Serum AST and ALT levels were measured as described in “Materials and
Methods.” Results are mean � SEM; n � 4; *p � 0.05 versus control; **p � 0.05
versus LPS by ANOVA and Bonferroni’s post hoc test.

Fig. 3. Effect of DS on LPS-induced serum TNF-� concentration. Some rats
were treated with DS (50 IU/kg ip). Blood samples were collected from the tail
vein. Serum TNF-� was measured by ELISA. Results are mean � SEM; n � 4; *p
� 0.05 versus control (Cont) by ANOVA and Bonferroni’s post hoc test.

Fig. 4. Effect of DS on LPS-induced TNF-� production in culture media. KC
were isolated 2 hr after DS (50 IU/kg ip) injection and cultured in 24-well cultured
plates at a density of 5 � 105 cells per well, and after 24 hr, LPS (10 ng/ml) was
added. After that, KC were incubated for 4 hr, and TNF-� in culture media was
measured. The TNF-� level produced by isolated KC was 911 � 78 pg/ml in the
presence of LPS. DS reduced LPS-induced TNF-� production markedly to 309 �
45 pg/ml. Results are mean � SEM; n � 4; p � 0.05 by ANOVA and Bonferroni’s
post hoc test. Cont, control. *p � 0.05 versus control; **p � 0.05 LPS.
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a gradual decline to basal levels within 4 min (Fig. 5A). The
LPS-induced peak increase in [Ca2�]i was blunted by ap-
proximately 50% with DS (Fig. 5).

Effect of DS on LPS-Induced TNF-� in Culture Media

After 24 hr of culture, DS (200 �g/ml) was added to the
culture media of KC. Two hours later, LPS (10 ng/ml) was
added, and incubation continued for 4 hr. Whereas isolated
KC produced large amounts of TNF-� (1291 � 208 pg/ml)
in response to LPS, DS reduced the LPS-induced TNF-�
production by 40% to 740 � 42 pg/ml (Fig. 6).

DISCUSSION

In this study, increased serum transaminase and massive
hepatic necrosis and neutrophil infiltration caused by LPS
were suppressed dramatically by DS, low-molecular-weight
heparin. One possible explanation for this effect of DS
would be the reduced responsiveness of KC to LPS. Previ-
ous studies showed that increases in [Ca2�]i are essential
for the release of inflammatory cytokines in response to
stimuli including LPS (Enomoto et al., 1998). Our data
show that DS markedly blunted TNF-� production and the
increase in [Ca2�]i in KC caused by LPS.

Heparin, produced mainly by activated mast cells present
at the site of inflammation, is one of the potent components
of the extracellular matrix and may play a role in the

modulation of inflammatory response (Wrenshall et al.,
1991, 1995). Heparin probably takes part in the process of
confinement of the inflammatory response due to its ability
to bind IFN-� (Lortat-Jacob et al., 1995), IL-2 (Najjam et
al., 1998), and IL-12 (Hasan et al., 1999). Heparin also
affects functions of macrophages. Mouse peritoneal mac-
rophages, when preincubated with heparin, did not respond
to LPS stimulation for nitric oxide production (Matsuno et
al., 1997). It was also shown that heparin disaccharides
inhibit TNF-� production and delayed-type hypersensitivity
reaction in mice (Cahalon et al., 1997). Similarly, in hu-
mans, cytokine gene expression in LPS- and IFN-�–stimu-
lated mononuclear cells was inhibited by this polysaccha-
ride (Attanasio et al., 1998). Moreover, Chelmonska-Soyta
et al. (2001) reported that heparin reduced TNF-� produc-
tion from monocytes in response to LPS. Our data suggest
that heparin may prevent KC activation in response to LPS
through a mechanism dependent on [Ca2�]i response.

In summary, DS markedly reduced liver injury by LPS.
Although the effect of DS is not entirely understood, it
most likely acts by suppressing activation of KC, thereby
preventing liver injury. Because sensitization of KC to LPS
and the resultant overproduction of TNF-� are critical
factors for the pathogenesis of alcoholic liver damage
(Enomoto et al., 1998, 1999, 2002), DS may hold promise
for the treatment of alcoholic liver disease.
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