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E5564, a structural analog of the lipid A portion of lipopoly-
saccharide (LPS), is a potent antagonist of the biochemical
and physiologic effects of LPS in several in vitro and in vivo
models and is currently under clinical development as a pos-
sible therapeutic for the treatment of sepsis and septic shock.
The objectives of this study were to (1) assess the safety and
tolerability of E5564 following a 30-minute intravenous (IV)
infusion, (2) evaluate the pharmacokinetic profile of E5564,
and (3) measure the ability of E5564 to block LPS stimulation
ex vivo in blood taken from subjects up to 8 hours after ending
the infusion. Healthy male volunteers (n = 7/dose group) were
randomly assigned to each of four dose levels (350, 1000,
2000, or 3500 1g). Within each dose group, 5 subjects received
drug and 2 received placebo. E5564 or matching placebo was
administered by a 30-minute infusion, and blood samples
were collected at predetermined time points. All doses of
E5564 were demonstrated to be safe and well tolerated. E5564
plasma concentrations were determined using a validated

LC/MS/MS method. The C,,,, and AUC of E5564 increased in
a dose-proportional manner. E5564 pharma- cokinetics were
characterized by a slow clearance (0.67-0.95 mL/h/kg), a
small volume of distribution (41-54 mL/kg), and a relatively
long elimination half-life (42-51 h). As measured in the ex
vivo assay, E5564 inhibited LPS-induced tumor necrosis
factor-a. (TNF-0) in a dose-dependent manner, and at the
higher doses (2 and 3.5 mg), antagonistic activity was mea-
surable up to 8 hours postinfusion. E5564 lacked LPS-like ag-
onist activity at doses up to 3.5 mg. Taken together, we believe
that E5564 is a safe, potent antagonist of LPS in blood and
will likely benefit patients in the treatment of LPS-related
diseases.
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An estimated 70,000 to 300,000 cases of sepsis occur
each year."” While the cause of sepsis is not fully
understood, it has been suggested that sepsis syndrome
and its resultant sequelae are the immunologic and/or
inflammatory consequences of a host response to
stress.” Endotoxin, or the lipopolysaccharide (LPS)
component of the cell wall of gram-negative bacteria, is
believed to be associated with septic response.*® LPS
alone can induce inflammatory responses similar to
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that of whole gram-negative bacteria, making it a likely
trigger of host inflammatory response,’® triggering the
release of cytokines and other cellular mediators from
monocytes and macrophages. Too robust a response to
pathogen components (even those from dying patho-
gens) can cause fever, shock, organ failure, and other
life-threatening conditions.*

The lipid A portion of LPS is believed to be the pri-
mary portion responsible for the binding of LPS to re-
ceptors on various target cells and the resultant toxicity
of LPS.” Studies with E5531, a first-generation endotoxin
(lipid A) antagonist, demonstrated that such an antago-
nist is capable of blocking LPS in vitro and in animal
models without LPS-like agonist activities.*'® E5564,
o-D-Glucopyranose, 3-O-decyl-2-deoxy-6-O-[2-deoxy-
3-0-[(3R)-3-methoxydecyl]-6-O-methyl-2-[(11Z2)-1-
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oxo0-11-octadecenyl)amino]-4-O-phosphono-fB-D-
glucopyranosyl]-2-[(1,3-dioxotetradecyl)amino]-,1-
(dihydrogen phosphate), tetrasodium salt (Figure 1), is
a second-generation LPS antagonist and structural ana-
log of the lipid A portion of LPS from the nontoxic bac-
terium Rhodobacter sphaeroides. Like E5531, E5564
inhibits the biochemical and physiologic effects of LPS
in several in vitro and in vivo models but is more potent
than E5531."" In addition, E5564 is more water soluble
than E5531, making it easier to purify and formulate."

Additional experiments demonstrated that E5564
reduced the incidence of mortality in animal models of
antibiotic-treated systemic infection. Furthermore,
since E5564 exerts its beneficial effects by blocking the
first step in the cellular activation initiated by LPS,
E5564 has demonstrated the ability to block all the ef-
fects of endotoxin." This is in contrast to other agents
tested for the treatment of sepsis such as PAF antago-
nists, IL-1o receptor antagonists, and antibodies to tu-
mor necrosis factor—o. (TNF-a), all of which act at single
sites further down the cascade and thus inhibit only a
limited portion of the effects of LPS. In previous in vitro
and in vivo studies, E5531 (as well as E5564) was found
to completely block or ameliorate all the effects of LPS
immediately upon addition to whole blood or admin-
istered in vivo, but its activity was rapidly lost as a
consequence of its binding to certain lipoproteins in
blood or plasma.''* The primary objective of this
study was to assess the safety and tolerability of E5564
in healthy male volunteers following a 30-minute in-
travenous (IV) infusion of E5564 at sequential ascend-
ing strengths. The secondary objectives were to evalu-
ate the pharmacokinetic (PK) profile of E5564 and to
measure the ability of E5564 to block LPS in blood after
a 30-minute IV infusion. Finally, correlations between
dose and plasma concentrations of E5564 and the abil-
ity of LPS to elicit TNF-o. in an ex vivo assay were
examined.

METHODS
Study Population

Eligible subjects were healthy male volunteers be-
tween the ages of 18 and 45 years. Only subjects who
weighed between 65 and 85 kg and were within 20% of
theirideal body weight, as established by the Metropol-
itan Life Insurance Company tables, were eligible for
study participation.” Concomitant medications were
not permitted during the course of the study. The study
protocol was approved by an institutional review
board prior to the enrollment of the study subjects. All
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Figure 1. Chemical structures of E5564 and Escherichia coli lipid A.

volunteers gave written informed consent prior to their
participation in the study.

Study Design

This was a single-center, randomized, double-blind,
placebo-controlled, sequential-group, single-dose
study of E5564 in normal, healthy male volunteers.
Subjects (7 per dose group) were assigned randomly to
one of the four dose panels (350, 1000, 2000, or 3500
ug). Subjects within each dose group were further ran-
domized such that 5 subjects received E5564 and 2 sub-
jects received placebo. Subjects participated only in
one dose group evaluation. Treatment safety and
tolerability were evaluated for each dose group before
dosing was initiated in the next higher dose group.
E5564 (1000 ug per vial) or matching placebo was ad-
ministered through a 30-minute infusion.

Subjects were monitored for safety and tolerability
at regular intervals through 120 hours after administra-
tion of the dose. Safety and tolerability assessments in-
cluded monitoring and questioning of the subjects
about adverse events, physical examinations, clinical
laboratory tests (including hematology, blood chemis-
try, and urinalysis), vital sign measurements (including
supine and standing pulse rate and blood pressure),
and 12-lead electrocardiograms (ECGs). Cytokine con-
centrations were also determined at 0.75, 1, 1.5, 2, 2.5,
3, and 4 hours to check whether E5564 exhibited any
LPS-like agonistic activity.
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Sample Collection and Analysis

E5564 Plasma Concentration
Determination

Blood samples for determining plasma levels of E5564
were collected at predose (—1.0 h) and at 0.5 (immedi-
ately after the end of infusion), 0.6, 0.75, 1, 2, 3, 4, 6, 8,
12,18, 24, 36, 48, 72, 96, and 120 hours. E5564 concen-
trations in plasma were determined using a validated
liquid chromatography/mass spectrometry/mass spec-
trometry (LC/MS/MS) method with a quantifiable limit
of 5 ng/mL. Briefly, plasma (0.5 mL) was mixed with in-
ternal standard (IS, a structural analog of E5564) solu-
tion and then extracted with methanol (MeOH). The
supernatant was collected and evaporated to dryness
in a 50°C bath under a nitrogen stream, then reconsti-
tuted with MeOH. Each sample was analyzed on a
Quattro LC/MS/MS system (Beverly, MA) using
electrospray ionization under the negative-ion mode.
E5564 was monitored at precursor ion m/z at 1312 and
product ion m/z at 158.9, and the IS was monitored at
precursor ion m/z at 1454.70 and product ion m/z at
159.0 in the negative-ion mode. The mobile phase was
a mixture of 100% MeOH, 1% acetic acid, and 0.1%
trifloroacetic acid (TFA). Aliquots were injected onto a
Luna phenyl-hexyl (3 pum, 2 x 100 mm, Phenomenex,
Torrance, CA) column. The retention times for IS and
E5564 were 2.73 and 3.26 minutes, respectively. Stan-
dard curves for E5564 were linear over the concentra-
tion range of 5 to 1000 ng/mL with coefficients of varia-
tion less than 15%.

Analysis of E5564
Activity in Whole Blood

Heparinized blood samples were also collected at
predose and 0.5, 0.75, 1, 2, 3, 4, 6, and 8 hours
postinfusion, and 400 puL was dispensed to a 48-well
cell culture cluster plate (Corning 3548). Then, 50 puL of
100 or 10 ng/mL LPS (final concentration: 10 or 1 ng/
mL) in D5W and 50 pL of PBS were added. Vehicle (50
uL. D5W) and 50 pL. PBS were added to control
nonstimulated samples. After a 3-hour incubation at
37°C/5% CO, with gentle shaking on a Belco plate
shaker, all samples were reduced to plasma by
centrifugation (900 x g) using an ELISA plate centri-
fuge. Aliquots (100 pL) were transferred into wells of
duplicate 96-well microtiter plates and were analyzed
for TNF-a by an R&D Quantikine ELISA assay kit. TNF-
o was chosen as a marker for endotoxin activation be-
cause of its importance as a pro-inflammatory
cytokine," as well as its ability to be reproducibly in-
duced and the ease of measurement by ELISA.

PHARMACOKINETICS AND PHARMACODYNAMICS

Pharmacokinetic Analysis

Pharmacokinetic parameters for E5564 were esti-
mated using noncompartmental methods with the
WinNonlin computer program, version 2.0 (Pharsight
Corporation, Mountain View, CA). For each subject,
the apparent maximum plasma concentrations (C,,,)
of E5564 and the corresponding times (t,,,) were ob-
tained by inspecting the data. The terminal rate con-
stant, A, was determined for each subject by linear re-
gression analysis of the terminal linear portion of the
semi-logarithmic plasma concentration versus time
profiles of E5564. The terminal half-life, t,,,, was calcu-
lated from A as t,,, = 0.693/A.

The area under the plasma concentration versus
time curve (AUG,,) from predose (0 h) until the last
quantifiable concentration occurred (C,,) was calcu-
lated using the linear trapezoidal method. The area un-
der the plasma concentration versus time curve from 0
hour to infinite time (AUGC,..) was calculated as AUC, .. =
AUGC,, + C,/A. The area under the first moment curve
(AUMG,,) from predose (0 h) until the time t, at
which the last quantifiable concentration of E5564 oc-
curred in the plasma, was calculated using the linear
trapezoidal rule. The area under the first moment curve
of the E5564 concentration versus time curve from time
0 to infinity, AUMC,.., was calculated using the equa-
tion AUMG,_.. = [(tjo ® Cio)/A] + (Cli/A?). The volume of
distribution at steady state (Vdss) was calculated using
the equation Vdss = (Dose/AUC,..) ® (AUMGC,../AUC,..).

Statistical Analysis

Analysis of variance (ANOVA) was used to test the
randomization of demographic and baseline charac-
teristics among the four treatment groups. All
pharmacokinetic data are presented by dose group as
mean * standard deviation (SD). A nonparametric
(Kruskal-Wallis test) method with Tukey’s multiple-
range test was used to examine effects of dose on E5564
PK parameters. The correlation between dose and PK
parameters was determined using descriptive and
nonparametric methods (Spearman test). The adverse
events (AE) comparison between treatment groups was
performed using Fisher’s exact test. A p-value of < 0.05
was considered statistically significant.

RESULTS
Subjects

A total of 29 healthy male subjects completed the
study. A subject in the 2000-ug group was inadver-
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tently discontinued 5 minutes prior to receiving his
complete (30-min) dose and was excluded from ex vivo
(PD) and PK analyses. This subject was evaluated for
safety of test drug only. A new subject was enrolled as
his replacement. The average age of participants was
26.8 £ 1.3 years (range: 20-42), and the average weight
was 78.5 £ 1.4 kg (range: 65.8-93.1). There was no statis-
tical difference in body weight among the four treat-
ment groups.

Adverse Events

No serious adverse events occurred, and there were no
statistically significant differences in the incidence of
treatment-emergent signs and symptoms in subjects
who received E5564 compared to placebo. Four sub-
jects treated with E5564 experienced headache: 1 in the
350-ug E5564 group, 2 in the 2000-ug E5564 group, and
1in the 3500-ug E5564 group. One placebo-treated sub-
ject experienced injection site hemorrhage, while 2
E5564-treated subjects (1 in the 350-ug E5564 group
and 1 in the 1000-ug E5564 group) experienced injec-
tion site reactions as well as injection site hemorrhage.
Two subjects experienced pharyngitis: 1 in the 2000-ug
E5564 group and 1 in the 3500-ug E5564 group.

Pharmacokinetics

Mean plasma concentration versus time curves of
E5564 for subjects in each dose group are presented in
Figure 2. Mean (+ SD) of PK parameters are summa-
rized in Table I. Plasma levels of E5564 increased

slightly after the end of the 30-minute infusion, as re-
flected in the median t,,,, which ranged from 0.6 to
0.75 hours. The t,,,, was independent of dose. Both C_,,
and AUG,., increased in a dose-proportional manner
with correlation of coefficients of > 0.96 and p-values
of < 0.0001. The total clearance (CL) values were 0.95,
0.75,0.67, and 0.71 mL/h/kg after 350, 1000, 2000, and
3500 pg, respectively, indicating that E5564 was
cleared slowly from the body. The clearance (L/h/kg)
was negatively correlated to the dose (ug/kg) with a cor-
relation coefficient of —0.56313 and a p-value of 0.0097
(Figure 3). The clearance from the 350-ug group was
significantly higher than that from the 1000-ug (p =
0.0351), 2000-ug (p = 0.0048), and 3500-ug (p = 0.0176)
groups. However, there was no statistical difference
among the 1000-ug, 2000-ug, and 3500-ug groups. The
volume of distribution at steady state (Vdss) from sub-
jects who received 350 pg (0.054 L/kg) of E5564 was
significantly higher than that from subjects who re-
ceived 1000 pg (0.041 L/kg, p = 0.0437). Similar to the
clearance, there was no statistical difference in Vdss
among the 1000-ug (0.041 L/kg), 2000-ug (0.047 L/kg),
and 3500-ug (0.044 L/kg) groups. The small Vdss indi-
cates that E5564 was not extensively distributed into tis-
sues. The elimination half-lives (t,,) were 41.7 (350 ug),
42.4 (1000 pg), 50.5 (2000 pg), and 43.0 (3500 pg) hours
and was independent of dose. The overall mean elimi-
nation t,,, was 44.4 hours and was similar to that ob-
tained from dogs (50.4 h after a single IV of 0.3 mg/kg).

In conclusion, the C,,, and AUG,.. of E5564 in-
creased in a dose-proportional manner from 350 to
3500 pg after a 30-minute infusion of E5564 in male

Table I Mean + SD Pharmacokinetic Parameters of E5564 in Healthy
Male Volunteers following Administration of a Single IV Dose of E5564

Group 1 Group 2 Group 3 Group 4
Dose (ug) 350 1000 2000 3500
Dose (ug/kg) 4.6+0.3 129+1.4 26.3+3.3 48.0£5.0
AUC, 5, (ngeh/mL) 4261.1+561.4 15500.3 £3103.8 31700.3 £2198.3 57236.9 £6894.1
AUC,., (ngeh/mL) 4924.4+635.7 18030.0 £4196.6 39248.2 £3600.7 67870.9 £ 8418.2
tmax (1)? 0.75 (0.6-1) 0.75 (0.6-8) 0.75 (0.6-4) 0.6 (0.6-0.75)
Cinax (ng/mL) 115.8+25.5 365.9+42.3 722.6+£81.9 1214.0£195.3
ty, (h) 41.7+£5.4 42.4+6.3 50.5+12.8 43.0£7.6
CL (L/h) 0.072 +0.0098" 0.059+0.018 0.051 £0.0047 0.052 +0.0066
CL (L/h/kg) 0.00095 + 0.00011"%4 0.00075 £+ 0.00017 0.00067 = 0.000032 0.00071 +£0.00011
Vdss (L) 4.12+0.66 3.23+0.30 3.57+£0.65 3.25+0.52
Vdss (L/kg) 0.054 +0.0082" 0.041 +0.0027 0.047 £0.010 0.044 +0.0054

a. Values represent the median (range).

b. Significantly different from the 1000-ug group.
c. Significantly different from the 2000-ug group.
d. Significantly different from the 3500-ug group.

738 ¢ J Clin Pharmacol 2003;43:735-742



SAFETY, PHARMACOKINETICS, AND PHARMACODYNAMICS OF E5564

10000

—e— 350 pg group

—O0— 1000 pg group
—¥— 2000 pg group
—v— 3500 ug group

1000 4

>
3

Plasma Concentration, ng/mL
>

T T T T T
40 60 80 100 120 140

o
24
S

Time, hr postinfusion

Figure 2. Semi-logarithmic plots of mean = SD E5564 versus time in
healthy male volunteers following a single IV dose of E5564. Blood
samples from 5 volunteers each infused with 350 ug (@), 1000 ug (O),
2000ug(V), or 3500 g (V) E5564 were drawn prior to beginning infu-
sion (-1 h) or at the indicated times after starting infusion and as-
sayed for E5564 as described in the Methods and Materials section.
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Figure 3. Correlation between clearance (L/h/kg) and dose admin-
istered (ng/kg).

healthy volunteers. The intersubject variation in PK
parameters was relatively small, with coefficients of
variation generally less than 20%. E5564 was charac-
terized by a slow clearance (0.67-0.95 mL/h/kg), a
small volume of distribution (41-54 mL/kg), and a rela-
tively long half-life (42-51 h) in humans.

PHARMACOKINETICS AND PHARMACODYNAMICS

Inhibition of LPS-Induced TNF-a Release in
Ex Vivo Blood Samples by IV Infusion of E5564

To obtain baseline values for LPS stimulation, we
treated predose samples with 0, 1, or 10 ng/mL LPS as
agonist. The reasons for choosing 1 and 10 ng/mL LPS
for testing were that 1 ng/mL LPS was described as a
clinically relevant concentration in patients with se-
vere sepsis and septic shock,” and 10 ng/mL is believed
to be an extremely high endotoxin concentration in any
clinical condition. Blood from each subject generated
TNF-a levels between 1204 and 6675 pg/mL (average =
4186 pg/mL) when 1 ng/mL LPS was used and between
1279 and 7393 pg/mL (average = 5050 pg/mL) when 10
ng/mL LPS was used as agonist. As shown in Figure 4,
blood from volunteers who received placebo re-
sponded reproducibly to LPS throughout the analysis
period. Compared to response values at predose (T_, h),
average response over the 8-hour period was 93.9%
£8.5% for 1 ng/mL LPS and 97.1% +7.3% for stimula-
tion by 10 ng/mL LPS. This indicated that response to
LPS was reproducible with no measurable diurnal
variation.

Figure 5A presents the response to 1 ng/mL of LPS-
induced TNF-a release from samples taken from vol-
unteers treated with E5564. Compared to the response
at T_, (before dosing), response was inhibited by 91.4%
or more at the end of infusion of 350 ug. However, less
than 50% of the activity was retained 1.5 hours later.
This loss in activity was dose dependent. After infu-
sion of 1000 ug E5564, approximately 36% inhibition
was detected at 4 hours. The inhibitory activity 4 hours
after the 2000-ug and 3500-ug doses increased to 63%
and 75% inhibition of response, respectively. Subse-
quently, at 6 and 8 hours postinfusion, the lowest
E5564 dose was inactive while the other doses showed
trends, indicating that the activity was dose dependent.
Figure 5B presents the average response to 10 ng/mL of
LPS-induced TNF-o. release from samples taken from
volunteers treated with E5564. E5564 appeared to dem-
onstrate less activity when higher doses of LPS were
used to stimulate response. Compared to the response
at T_;, response at the end of infusion for each dose was
51% (350 ug E5564), 71% (1000 ug E5564), 90% (2000
ug E5564), and 95% (3500 pg E5564). Data suggested
that more than 3500 ug of E5564 was needed to com-
pletely antagonize 10 ng/mL of LPS. Four hours after
beginning the infusion of the lowest dose of E5564 (350
ug), antagonistic activity was below quantitation limit.
In contrast, 45% of the inhibitory activity was retained
for up to 8 hours in the highest (3500-ug) dose group.

739



WONG ET AL

120

100

80 I

60 |-

LPS Response
(% of T, TNF-o. Response)

20 |} Infusion Period

0 N TS A S AT SR BT |
0 2 4 6 8 10
Time After E5564 Administration (hrs)

Figure 4. Induction of tumor necrosis factor-o. (TNF-o) by
lipopolysaccharide (LPS) in blood samples from placebo-treated vol-
unteers for up to 8 hours after beginning infusion. Blood samples
from 8 volunteers each infused with placebo were drawn prior to be-
ginning infusion (-1 h) or at the times after starting infusion, as indi-
cated on the x-axis, and were incubated in triplicate with 1 ng/mL
LPS (M) or 10 ng/mL LPS (@) for 3 hours at 37°C. Plasma was assayed
for release of TNF-o, as described in the Materials and Methods sec-
tion. Percentage of T_, response (y-axis) and standard error were cal-
culated from the TNF-o. release measured in blood taken 1 hour be-
fore drug administration.

DISCUSSION

Endotoxin (LPS) has been associated with sepsis, a dis-
ease with a high mortality rate.”” The administration of
a small amount of LPS to healthy subjects produces a
syndrome similar to that seen in clinical sepsis.'®'*In a
previously described placebo-controlled, double-blind
study, healthy male volunteers received a 30-minute
intravenous infusion of E5531, our first-generation
lipid A antagonist, or placebo, and a bolus of LPS (4 ng/
kg) was given to all subjects at the midpoint of infusion.
The results indicated that in subjects receiving pla-
cebo, LPS caused headache, nausea, chills, and
myalgia, whereas a dose-dependent decrease in these
symptoms was observed in E5531-treated subjects,
with as little as 250 ug completely blocking effects of
LPS.* In addition, TNF-o. and interleukin-6 (IL-6)
blood levels were both lower in those who received
E5531. In conclusion, E5531 blocks the symptoms and
signs and cytokine and cardiovascular response seen in
experimental endotoxemia. E5531 is a potent inhibitor
of endotoxin response in humans, and it may be of ben-
efit in the prevention or treatment of sepsis. In a recent
in vivo model in dogs, infusion of E5564 blocked all
significant changes (fever, vomiting, hypotension,
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Figure 5. Average inhibition of lipopolysaccharide (LPS)-induced
tumor necrosis factor-o. (TNF-0,) release in ex vivo blood samples
from E5564-infused volunteers. Blood samples from 5 volunteers
each infused with 350 ug (@), 1000 ug (O), 2000 ug (V), or 3500 ug (V)
E5564 were drawn prior to beginning the infusion (-1 h) or at the
times after starting the infusion, as indicated on the x-axis, and were
incubated in triplicate with 1 ng/mL LPS (panel A) or 10 ng/mL LPS
(panel B) for 3 hours at 37°C. Plasma was assayed for release of TNF-c.,
as described in the Materials and Methods section. Percentage of T_;
response (y-axis) and standard error were calculated from the TNF-o.
release measured in blood taken 1 hour before drug administration.

tachycardia, neutropenia, elevated liver enzymes, and
increased TNF-o and IL-6) induced by an LPS chal-
lenge,”" indicating that E5564 retains its activity in vivo
and may be effective against LPS-related diseases.
Single doses of E5564 from 0.35 to 3.5 mg given to
normal male volunteers were demonstrated to be safe
and yielded evidence of desired biological activities. A
slow clearance (0.67-0.95 mL/h/kg), a small volume of
distribution (41-54 mL/kg), and a long half-life (41.7-
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50.5 h) were observed after a 30-minute IV infusion in
humans. These parameters were similar to a synthetic
analog of lipid A, ONO-4007,** which was in a clinical
PhaseI trial as an antitumor agent. ONO-4007 has a low
systemic clearance (approximately 1.3 mL/min) and a
small volume of distribution (5-8 liters) with a long
half-life of 74 to 95 hours after a 30-minute IV infusion.

IV infusion of E5564 tested by ex vivo assay of pe-
ripheral blood demonstrates that PD and PK antagonis-
tic activity of E5564 can be measured in normal volun-
teers. Dose dependence was observed for E5564
antagonism of LPS, and inhibition of higher doses of
LPS required higher doses of E5564. This observation
is consistent with our proposed mechanism of compet-
itive antagonism. Inhibitory activity was greatest at the
end of the infusion, with the highest circulating levels
of E5564 in the body, but decreased much more rapidly
than plasma level. The inhibitory activity rapidly de-
creased to immeasurable levels when the dose of E5564
was low (350 pg). At higher doses of E5564, the inhibi-
tory activity was sustained up to 8 hours. In vitro re-
search has suggested that activity in blood (or serum) is
lostin a time-dependent fashion."" Other research done
in vitro indicates that E5564 binds almost immediately
to high-density lipoprotein (HDL) in serum (Wasan
et al, submitted), and this binding results in its time-
dependent inactivation that can be complete at low
concentrations of E5564 (data not shown). However,
association with HDL is not quantitative, with up to
40% associated with low-density lipoprotein (LDL),
very low-density lipoprotein (VLDL), and the protein
fraction of plasma. In this study, it is likely that the ro-
bust activity of E5564 observed at the end of infusion is
due to “completely active” E5564 that may be associ-
ated with a variety of plasma components, and loss in
this activity is due predominantly to loss of the HDL-
bound fraction. E5564 that is also associated with one
or more of the non-HDL subfractions may be responsi-
ble for the lower level of longer lasting activity. Further
analysis of the different plasma fractions may reveal
why a portion of antagonistic activity is retained after
ending the infusion.

In conclusion, E5564 was demonstrated to be safe
in healthy male subjects after receiving a 30-minute IV
infusion of 0.35 to 3.5 mg. The C,,, and AUC of E5564
increased in a dose-proportional manner. The
intersubject variation in PK parameters was relatively
small. PK of E5564 can be characterized by a slow clear-
ance (0.67-0.95 mL/h/kg), a small volume of distribution
(41-54 mL/kg), and arelatively long elimination half-life
(42-51 h). As measured in an ex vivo assay, intrave-
nously administered E5564 inhibited LPS-induced
TNF-o in a dose-dependent manner. The antagonistic
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activity was measurable up to 8 hours postinfusion of
higher doses (2 or 3.5 mg E5564). E5564 lacked LPS-
like agonist activity at doses up to 3.5 mg. The observa-
tion that E5564 is safe and well tolerated indicates that
administration regimens can be adjusted to attain lon-
ger lasting antagonistic activity, leading us to believe
that E5564 can be used for the treatment of LPS-related
diseases.
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