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EXPERIMENTAL

Antithrombin ameliorates endotoxin-induced
organ dysfunction more efficiently

when combined with danaparoid sodium
than with unfractionated heparin

Abstract Objective: This study in-
vestigated the potential benefits of
combination therapy using anti-
thrombin (AT) with danaparoid so-
dium (DA) compared with the use of
AT with unfractionated heparin
(UFH) in the treatment of sepsis.
Methods: Rats infused with lipo-
polysaccharide were treated with ei-
ther DA alone, AT alone, AT plus
DA, AT plus UFH, or human serum
albumin as controls. AT (125 U/kg)
was injected into the AT group im-
mediately after lipopolysaccharide
infusion. The AT/DA and AT/UFH
groups received the same dose of AT
in conjunction with either DA

(400 U/kg) or UFH (400 U/kg). The
status of the mesenteric microcircu-
lation was examined by intra-vital
microscopy and the laboratory in-
dices of coagulation, inflammation,
and organ dysfunction were mea-
sured. Results: The coagulation
markers were improved following the

administration of DA or UFH. The
decreases in the WBC counts were
significantly suppressed in the AT/
DA group. The elevation of IL-6 de-
creased in the AT, DA, and AT/DA
groups (all p<0.01) but not in the AT/
UFH group. The prostaglandin I,
levels were significantly elevated
only in the AT/DA group (p<0.05).
The WBC adhesion was significantly
suppressed in the DA, AT/UFH, and
AT/DA groups (p<0.05), and the
RBC velocity was best maintained in
the AT/DA group with no associated
increase in capillary hemorrhage. The
elevation of ALT and BUN signifi-
cantly improved only in the AT/DA
group. Conclusion: Organ dysfunc-
tion can thus be alleviated by even
moderate doses of AT replacement
when co-administered with DA.

Keywords Sepsis -
Microcirculation - Intra-vital
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Introduction

The activation of coagulation and the generation of in-
flammatory mediators by the coagulation system, result-
ing in disturbance of the microcirculation, are both im-
portant factors involved in the pathogenesis of organ
dysfunction during sepsis [1]. It was recently demon-
strated that specific receptors for clotting factors, such as
thrombin and activated Factor X (FXa), are present on the
cell membrane [2]. Subsequent to this finding, the role of
clotting factors as inflammatory mediators began to at-
tract close attention. At the same time, the treatment of

severe sepsis with anticoagulants, which are now known
to not only exert an anticoagulant activity, but also
modulate inflammatory reactions, also became the focus
of considerable interest [3, 4]. Following these findings,
recombinant human activated protein C was approved by
the U.S. Food and Drug Administration as the first drug of
choice for severe sepsis in the wake of a successful
clinical trial [5].

Similar to activated protein C, antithrombin (AT) in-
hibits the inflammatory reactions by binding to glycos-
aminoglycan on the vascular endothelial cell membrane
and suppressing the activation of NF-xB [6]. Antithrom-
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bin has also been reported to suppress the adhesion of
leukocytes to the vascular endothelium, thus resulting in
the amelioration of organ failure and thereby achieving an
increased survival rate [7]; however, a large-scale clinical
trial [8] failed to demonstrate sufficient efficacy. Since a
pre-specified subgroup analysis of antithrombin-treated
patients without concomitant heparin administration re-
vealed a favorable trend in terms of outcome when
compared with the control group, we speculate that a
major reason for the failure of the trial was the concom-
itant use of heparin [9]. One of the aims of this study is
thus to confirm the adverse effects of heparin on AT
action.

A number of studies have shown the antiinflammatory
effects of AT to only be achieved when its activity is
elevated to supranormal levels (>150%) [10, 11]; how-
ever, to obtain such levels of AT in a clinical setting
would be costly while also limiting its utility based on an
unfavorable cost-benefit ratio.

The second aim of this study was to determine whether
or not an adequate response may be observed when AT is
administered at a moderate dosage, to achieve an esti-
mated post-transfusion recovery concentration of 100%,
in combination with danaparoid sodium (DA).

Danaparoid sodium is a low molecular weight hep-
arinoid with a mean molecular weight of approximately
6000 daltons. It consists mainly of heparin sulfate (83%)
and dermatan sulfate (12%). The high-affinity fraction of
heparan sulfate inhibits factor F Xa by catalyzing its
binding to AT. In addition to maximizing the anti-F Xa
effect of AT, DA has been shown to have a lower binding
affinity for AT in comparison with unfractionated heparin
(UFH) [12]; thus, DA is expected not to abolish the anti-
inflammatory effects of AT [13].

Materials and methods

Ten-week-old Wistar rats were used in this study. All experimental
procedures were conducted after obtaining the approval of the
Ethical Committee for Animal Experiments of Juntendo University.
All rats were provided standard rat chow and water ad libitum. The
rats were anesthetized with sodium pentobarbital (40 mg/kg, in-
traperitoneally), and systemic inflammation was induced by ad-
ministering a single injection of LPS (E. coli O55-BS, Difco) via
the caudal vein at a dose of 5.0 mg/kg. The dose of AT (Anti-
thrombin P, Aventis Behring GmbH, now ZLB Behring GmbH,
Marburg, Germany) used throughout the study and administered
immediately after the LPS injection was 125 U/kg. The animals
were divided into four treatment groups (n=15/group): including
the AT group; intravenous (i.v.) administration of AT alone: DA
group; i.v. administration of 400 U/kg of DA (Orgaran, Nippon
Organon Co., Osaka, Japan) alone. The AT/UFH group had con-
current i.v. administration of AT and 400 U/kg of UFH (Heparin,
Mitsubishi Pharma Co., Osaka, Japan): and the AT/DA group had
concurrent i.v. administration of AT and 400 U/kg of DA. A fifth
group of 15 animals was given 5.0% human serum albumin (HSA)
i.v. (Albumin-Behring, ZLB Behring GmbH, Marburg, Germany)
immediately after the injection of LPS at a volume equal to that of

the AT used in the active treatment groups. These animals served as
negative controls.

In 5 animals from each treatment and control group, the me-
senteric microcirculation was examined using intra-vital micros-
copy as previously described [14]. In brief, the abdomen was
opened under anesthesia by a median incision and the mesentery
was displayed and immobilized on a special stand. The microcir-
culation was observed using the Optiphoto microscopic system
(Nikon, Tokyo, Japan). Each field was recorded for 3 min at
30 frames/s using a video system (DXC-950, Sony, Tokyo, Japan).
In each animal, six consecutive fields were randomly selected. The
images obtained were used to document and analyze the number of
adherent WBC, the frequency of capillary bleeding using an image-
analyzing system (Image Tracker PIV, Digimo, Osaka, Japan) to
determine the RBC velocity using an original program (Well Sys-
tem, Tokyo, Japan).

Three hours after the LPS injection, blood samples were ob-
tained under anesthesia from the inferior vena cava of the re-
maining 10 animals not subjected to intra-vital microscopy from
each group. These samples were used for the measurement of
WBC, the platelet counts, and to determine the levels of AT ac-
tivity, FDP, fibrinogen, interleukin (IL) 6, 6-keto-PGF1a (a stable
metabolite of PG 1), alanine aminotransferase (ALT), and blood
urea nitrogen (BUN). IL-6 was measured using an ELISA kit
(ELISA kit for rat IL-6, TFB Co., Tokyo, Japan). In addition, 6-
keto-PGF1la was measured by radioimmunoassay (Mitsubishi BCL,
Tokyo, Japan).

Statistical analysis

All data are expressed as the means+SD. A statistical analysis was
performed using one-way analysis of variance with the Stat View 11
statistical software package for Macintosh. Statistical differences
were deemed significant at p<0.05.

Results

In the control group, AT activity (normal range: 100-
120%) decreased to below 70% of normal at 3 h after the
infusion of LPS. In the AT and AT/UFH groups, however,
AT activity was maintained at approximately 100% of
normal [p<0.01 (AT); p<0.05 (AT/UFH)]. In contrast, in
the AT/DA group, AT activity actually increased sub-
stantially to approximately 50% above normal levels
(p<0.01; Fig. 1, left panel). The activation of coagulation
was monitored by measuring the FDP (normal range
<5 pg/dl) and fibrinogen concentrations (normal range
200-350 mg/dl) at 3 h after LPS infusion. The FDP levels
in the AT group were not statistically different from those
found in the control group; however, this response was
significantly suppressed by concurrent anticoagulation
with either UFH or DA (p<0.01; Fig. 1, middle panel).
The decrease in the fibrinogen level in the controls was
significantly suppressed in the DA and AT/DA groups
(p<0.01, respectively) but not in the AT (p=0.45) and AT/
UFH (p=0.05) groups (Fig. 1, right panel); however, no
significant differences in the FDP and fibrinogen levels
were observed at 3 h between the AT/UFH group and the
AT/DA groups.
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Fig. 1 Comparison of the antithrombin activity, FDP and fibrino-
gen levels. The antithrombin (AT) activity (left panel), fibrin/fi-
brinogen degradation products (FDP; middle panel) and fibrinogen
levels (right panel) at 3 h after lipopolysaccharide (LPS) treatment
are shown for the five groups. The controls received 5.0% albumin
at the same volume as that of the AT given to the remaining group.

IL-6

|:p<0.01 A

p<0.01

p<0.01

(pg/mi)
90000
80000 |

70000 ‘
60000 ]

50000
40000
30000
20000
10000 ]

0

AT D,

Fig. 2 Comparison of the IL-6 and 6-keto-PG Fla levels. The IL-6
(left panel) and 6-keto-PG Fla (right panel) levels at 3 h after LPS
treatment are shown. The controls received 5.0% albumin at the
same volume as that of the AT given to the remaining groups. The
four remaining groups received danaparoid sodium (400 U/kg)
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The serum IL-6 levels, used as an indicator of the
inflammatory response, rose to 56,300+26,800 pg/ml in
the control group at 3 h after LPS infusion. All four
treatment groups demonstrated a decrease in this response
and the differences were significant for the AT, DA, and
AT/DA groups (11,700+£8200 pg/ml; p<0.01) but did not
reach significance in the AT/UFH group (33,200t
32,400 pg/ml; Fig. 2, left panel). The levels of 6-keto-
PGFla increased in all four treatment groups in com-
parison with the control group, but the difference only
reached statistical significance in the AT/DA group
(p<0.05; Fig. 2, right panel).
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The four remaining groups received danaparoid sodium (400 U/kg)
alone (DA group), or antithrombin (125 U/kg) either alone (AT
group) or in combination with unfractionated heparin (400 U/kg;
AT/UFH group) or danaparoid sodium (400 U/kg; AT/DA group)
immediately after the administration of LPS. * p<0.05, ** p<0.01
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alone (DA group), or antithrombin (125 U/kg) either alone (AT
group) or in combination with UFH (400 U/kg) (AT/UFH group) or
danaparoid sodium (400 U/kg; AT/DA group) immediately after
the administration of lipopolysaccharide.

In the control group, the WBC count (normal range
8000—12,000/mm3) markedly decreased to 1900+755/
mm® at 3 h after LPS injection. This decrease was sig-
nificantly suppressed only in the AT/DA group (p<0.05;
Fig. 3, left panel). The platelet count (normal range
>120x10*/mm?) also markedly decreased in the control
group (44.2+21.0x10*/mm?). This decrease was signifi-
cantly suppressed in the DA (p<0.05), AT/UFH (p<0.05),
and AT/DA (p<0.01), but not in the AT group. The
platelet count in the AT/DA group remained more than
double (95.5+32.1x10%/mm?) that of the control group
(Fig. 3, right panel).
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Fig. 3 Comparison of the white blood cell (WBC) and platelet
counts. The WBC (left panel) and platelet counts (right panel) at
3 h after LPS treatment are shown. The controls received 5.0%
albumin at the same volume as that of the AT given to the re-
maining groups. The four remaining groups received danaparoid
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sodium (400 U/kg) alone (DA group), or AT (125 U/kg) either
alone (AT group) or in combination with unfractionated heparin
(400 U/kg; AT/UFH group) or danaparoid sodium (400 U/kg; AT/
DA group) immediately after administration of LPS.
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Fig. 4 Frequency of WBC adhesion and bleeding events. The
levels of leukocyte adhesion and frequency of bleeding at 1, 2, and
3 h after LPS treatment are shown for the five groups. The controls
received 5.0% albumin at the same volume as that of the AT given
to the remaining groups. The DA group received 400 U/kg of
danaparoid sodium alone. The three remaining groups received AT
(125 U/kg) either alone (AT group) or in combination with un-

Observations of the mesenteric microcirculation by
intra-vital microscopy showed the frequency of leukocyte
adhesion in the venules in the control group to be
31.5+8.90/min at 1 h after LPS administration. This level
was significantly less than that (by about two-thirds) in
the control group of each treatment group (p<0.05). The
number of adhesive leukocytes increased over time in the
controls, to reach 54.0+20.9/min at 3 h after the LPS
injection. This number was significantly lower in the DA,
AT/UFH, and AT/DA group (p<0.05, respectively), but
not in the AT alone group at 3 h (Fig. 4, left panel). The
frequency of bleeding tended to increase over time in all
the test and control groups; however, the frequency of

1hr

2hr 3hr

fractionated heparin (400 U/kg; AT/UFH group) or danaparoid
sodium (400 U/kg; AT/DA group) immediately after the adminis-
tration of LPS. Open circles: control group, open squares: AT
group; triangles: DA group; solid circles: AT/UFH group; solid
squares: AT/DA group. Asterisk: p<0.05 compared with the control

group

bleeding at 3 h in the AT/DA group (1.60£2.51/field) was
less than half that observed in the HSA control group
(3.28+2.61/field), but this difference was not statistically
significant. The frequency of bleeding at 3 h was the
highest in the AT/UFH group (3.83+2.48/field; Fig. 4,
right panel).

The RBC velocity (in millimeters per second) in the
arterioles decreased over time in the control group, with
the velocity at 3 h being less than half of that observed at
1 h. The administration of AT alone was associated with a
well maintained flow during the first 2 h and thereafter
the flow decreased. The velocity in the AT/DA group was
significantly greater than the HSA controls at 1 h (p<0.05)
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Fig. 5 The RBC velocity in the arterioles and venules The red
blood cell (RBC) velocity in the arterioles (left panel) and venules
(right panel) at 1, 2, and 3 h after LPS treatment are shown for the
five groups. The controls received 5.0% albumin at the same vol-
ume as that of the AT given to the remaining groups. The DA group
received 400 U/kg of danaparoid sodium alone. The three re-
maining groups received AT (125 U/kg) either alone (AT group) or
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Fig. 6 Comparison of the alanine aminotransferase (ALT) and
blood urea nitrogen (BUN) levels. The ALT and BUN (right panel)
levels at 3 h after lipopolysaccharide treatment are shown. The
controls received 5.0% albumin at the same volume as that of the
AT given to the remaining groups. The four remaining groups re-

and this velocity was maintained throughout the experi-
mental period, and remained at a significantly higher level
at 3 h (p<0.01; Fig. 5, left panel). In contrast, although the
AT/UFH group demonstrated a significantly higher RBC
velocity than the HSA controls for the full 3-h period of
observation (p<0.05), there was a progressive reduction in
the velocity over this period. Very similar trends were
seen regarding the RBC velocity in the venules (Fig. 5,
right panel).

The ALT (normal range <30 IU/1) levels were signif-
icantly elevated in the control animals. AT/UFH (p<0.05)
and AT/DA (p<0.01) modified the ALT response and the
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in combination with unfractionated heparin (400 U/kg; AT/UFH
group) or danaparoid sodium (400 U/kg; AT/DA group) immedi-
ately after the administration of LPS. Open circles: control group;
triangles: DA group; open squares: AT group; solid circles: AT/
UFH group; solid squares: AT/DA group; * p<0.05, ** p<0.01
compared with the control group

BUN

p<0.01

(mg/di)
60

50 ]

40

30 7

20

control AT DA

AT/UFH  AT/DA

ceived danaparoid sodium (400 U/kg) alone (DA group), or AT
(125 U/kg) either alone (AT group) or in combination with un-
fractionated heparin (400 U/kg; AT/UFH group) or danaparoid
sodium (400 U/kg; AT/DA group) immediately after the adminis-
tration of LPS.

change was more prominent in AT/DA group. Similarly,
the controls exhibited a significant rise in the BUN fol-
lowing LPS treatment (normal range <10 mg/dl). All four
treatments showed a tendency to modify this response,
but it only reached significance in the AT/DA group
(p<0.01; Fig. 6, right panel).

Discussion

Disturbances in the microcirculation system are closely
associated with the progression and poor prognosis of
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severe sepsis. Activation in coagulation and enhanced
inflammation play major roles in this mechanism [15].
Enhanced clotting begins with the expression of tissue
factor, which is followed by the activation of the extrinsic
coagulation pathway. In the progress of inflammation,
activated neutrophil plays a central role and the damage to
the vascular endothelium is the main feature in this re-
action [16]. Enhanced coagulation and inflammatory re-
actions are additive and act cooperatively in promoting a
progressive failure of the microcirculation eventually re-
sulting in organ failure and multiple organ dysfunction
syndrome (MODS).

The LPS challenged rat model has been widely used to
examine the effect of AT, and we previously studied the
effects of AT and other anticoagulants [17, 18]. In addi-
tion, intra-vital microscopy is the best modality for ob-
serving various phenomena in the microvasculature such
as leukocyte-endothelial interaction and microbleeding.
This study examined the potential benefits of using
moderate doses of AT plus concurrent anticoagulation
with either UFH or DA. The UFH serves as a cofactor for
AT and increases the anticoagulant activity of AT 1000-
fold or more [19]. It inhibits both thrombin and F Xa at a
molar ratio of 1:1. In contrast, DA acts specifically on
F Xa and this is 20 times more selective for F Xa than
UFH [20]. Following the recent discovery of protease-
activated receptors (PAR) on the cell surface, coagulation
factors, such as thrombin and F Xa have been highlighted
as not only key enzymes in the clotting system, but also as
major mediators of inflammation. PAR-1 has been re-
ported to be activated by thrombin, whereas PAR-2 is
activated by F Xa and tissue factor/F VIla complex [21].
Since the activation of these receptors modulates the
leukocyte—endothelial interaction [2, 22], the shift of the
target from thrombin to F Xa is of interest. We previously
reported the beneficial effects of a synthetic low molec-
ular weight inhibitor of F Xa [17] and DA [23]. In the
present study, F Xa inhibition was achieved using mod-
erate dose of AT and DA.

The difference between UFH and DA depends not only
on their specificities for F Xa, but also on their binding
affinities to AT. The AT bound to heparin cannot bind to
glycosaminoglycans on the vascular endothelium, and this
induces the synthesis of prostaglandin I, (PG 1,) [24, 25].
The PG I, has both anti-inflammatory and anti-platelet
effects, including the inhibition of WBC adhesion and the
suppression of platelet aggregation [26]; thus, it is pos-
sible that the anti-inflammatory activity of AT is partially
attributable to the induction of PG I, synthesis. Using a
similar model, Hoffman et al. [27] also demonstrated that
UFH completely abolishes AT’s effects of preserving
mesenteric microcirculation. Furthermore, in a large-scale
recently completed clinical study of the value of AT in
patients with severe sepsis, no significant survival benefit
was observed [8]. As many of the patients included in that
study received UFH, the possibility that the bioavail-

ability of PG I, may have been compromised has been
suggested as one explanation for the study’s failure [28].
In contrast to UFH, since the binding affinity of DA to AT
is lower because of its structure, it has been suggested that
DA binding to AT may not interfere with the initiation of
PG 1, synthesis [12], and this hypothesis is supported by
the findings of the present study.

The decrease in the WBC count in this model of sepsis
reflects the adhesion and sequestration of WBC to the
vascular endothelium [28]. In this study, as expected, the
WBC in the control group decreased markedly to below
25% of the normal range. This response was suppressed in
the AT/DA group with the WBC being maintained at
twice the level observed in the control group, whereas the
other groups showed no significant differences. Similarly,
a decrease in the platelet count reflects the adhesion of
platelets to the endothelium and intra-vascular aggrega-
tion [29]. The fall in the platelet count in the controls
significantly decreased in the DA, AT/UFH, and AT/DA
groups but not in the animals receiving AT alone. The
overall coagulation and inflammatory responses seen in
this study suggest that the combination with DA appears
to be associated with consistently favorable results. These
conclusions were further confirmed by studies of the
microcirculation and the influence on the hepatic and
renal function that may be expected from a microcircu-
latory dysfunction.

Using intra-vital microscopy, it was found that fol-
lowing LPS administration, the frequency of leukocyte
adhesion in the post capillary venules increased over time.
In previous studies, we demonstrated that, for AT to exert
its anti-inflammatory activity, a dose of 500 U/kg was
required [7]. In the findings reported herein, a much lower
dose of 125 U/kg failed to have a significant anti-in-
flammatory effect when given alone; however, when this
dose was given in combination with either UFH or DA, a
significant suppression of leukocyte adhesion was ob-
served in comparison with the controls and those animals
given AT alone. These results lead us to conclude that the
concurrent use of heparin or heparinoids augments the
adhesion-suppressive effect of AT. In this regard, the
report that heparinoids inhibit P-selectin and may thus
inhibit leukocyte adhesion is an interesting finding [30].
Adherent activated leukocytes or platelets damage the
vascular endothelium, activate coagulation, and signifi-
cantly inhibit the blood flow [28]. In the present study, the
RBC velocity was best maintained in the AT/DA group.

The administration of anticoagulant therapy in patients
with severe sepsis raises concerns that such treatment may
either promote or exacerbate a hemorrhagic tendency.
This possibility was investigated during an examination
of the mesenteric circulation by intra-vital microscopy.
The bleeding observed was not significantly different in
the four treatment groups in comparison with the control
animals; however, although the difference was not sta-
tistically significant, the AT/UFH group had a higher
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frequency of bleeding, namely more than double that seen
in the AT/DA group, and this finding was closer to that
observed in the control group.

The primary objective of this study was to test the
potential benefits of combination AT/anticoagulant ther-
apy in preventing major organ dysfunction. Regarding
organ damage, AT alone at a dose of 125 U/kg was found
to be ineffective in comparison with the treated controls;
however, in combination with both UFH and DA, a sig-
nificant degree of protection of the hepatic function was
observed, and it was significantly greater in the AT/DA
group. Moreover, regarding renal function, a significant
degree of protection was only seen when AT was com-

bined with DA. These results suggest that when AT is
used, even at a moderate dosage, it might be possible to
prevent the occurrence of organ dysfunction in patients
with severe sepsis but only when used in combination
with DA; however, the question whether this treatment
improves the survival was remained to be answered, this
important query should be examined in the next step.

In conclusion, these findings based on an experimental
animal model of severe sepsis suggest that DA, a highly
specific AT-dependent inhibitor of FXa, in combination
with AT, at a moderate and cost-effective dosage, may
have a synergistic effect in protecting major organ func-
tion without increasing the risk of bleeding.
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