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S UMMARY
The role of serum and serum proteins in lipopolysaccharide (LPS) binding
and detoxification has been studied extensively during the course of the last
decade. It is now well established that lipoproteins are able to react with and
modify LPS functional activity. We have prepared and tested a spectrum of
natural as well as artificial lipoproteins for their ability to modulate LPS-induced tumour necrosis factor (TNF) production in vitro. Our experiments
show that the natural lipoproteins had a pronounced influence on TNF production, decreasing it by as much as 33%. However, these effects were easily
surpassed through the use of artificially constructed lipoproteins. Lipoproteins
prepared by the admixture of apolipoprotein A-I (the major protein component
of high density lipoprotein) and phosphatidylcholine (designated ApoLipo)
were far more efficacious in reducing TNF production in vitro than were the
natural lipoproteins (TNF reductions >85% were achieved). The supplemental
addition of triglycerides or cholesterol to the artificial lipoprotein mixture further diminished TNF production in a dose dependent manner. ApoLipo's influence on TNF production in vitro did not require precomplexation with
LPS, and was observable even after LPS stimulation had begun.
We have also tested ApoLipo (apoA-I: Lipid at a 1:200 molar ratio) in an in
vivo rabbit endotoxin shock model. ApoLipo dose dependently reduced LPSinduced TNF production, and attenuated the metabolic and cellular changes
associated with endotoxin shock.
I NTRODUCTION
The experimental infusion of purified
bacterial lipopolysaccharide (LPS) into
animals in sufficient doses results in the
development of pathophysiological
changes, collectively known as endotoxin shock. Manifestations of endotoxin shock include fever, hypotension,
alterations in cellular adhesiveness and
activation leading to leukopenia and
thrombocytopenia as well as metabolic
disturbances (e.g., acidosis) and dis-
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seminated intravascular coagulation
(DIC). If sufficient in magnitude and
duration,
these pathophysiological
changes may lead to multiple organ failure and ultimately to death. In small
doses, the injection of LPS stimulates
immune and phagocytic system function, resulting in an increased resistance
to subsequent challenge.
Although LPS can interact directly
with host systems, it mediates most of

its toxic and also its beneficial effects by
stimulating the release of mediators,
principally tumour necrosis factor (TNF
or cachectin) from host cells. The kinet
ics of LPS induced TNF in plasma are
virtually identical between species:
Plasma TNF levels peak at 90 - 120
minutes post infusion of LPS, returning
to baseline by 4 to 6 h (Mathison et al.,
1988; Beutler et al., 1985; Hinshaw et
al., 1990; Feuerstein et al., 1990;
Michie et al., 1988). The evidence that
TNF is one of the major mediators in
the pathogenesis of endotoxin shock
comes from two lines of investigation.
The first is that the infusion of recombi
nant human TNF into research animals
produces many of the same sequelae as
seen in endotoxin shock (Tracey et al.,
1986; Lehmann et al., 1987; Natanson
et al., 1979; Remick et al., 1987). Sec
ond, monoclonal antibodies against
TNF are protective in model systems of
endotoxin shock and gram negative
bacterial sepsis (Beutler et al., 1985a;
Tracey et al., 1987; Mathison et al.,
1988; Sanchez-Cantu, 1989; Hinshaw
et al., 1990; Silva et al., 1990). This is
not to say that TNF is the only mediator
in endotoxin shock, but it clearly plays a
central role in the pathogenesis of en
dotoxin and septic shock.
Methods of reducing or neutralising
LPS activity in vivo have long been
sought. When LPS is exposed to
plasma or serum, a number of its bio
logical activities are lost or diminished
(Rall et al., 1957; Ulevitch and John
ston, 1978; Ulevitch et al., 1979;
Freudenberg et al., 1980). LPS has
been shown to interact with a multitude
of plasma proteins [reviewed in: Doran,
1991); however, it is only the interac
tions of LPS's with lipoproteins that
will be discussed in this report. Their
role in LPS binding and detoxification
has been extensively studied in the last
decade. Ulevitch et al. (1979, 1981),
Mathison and Ulevitch
(1979),

Freudenberg et al. (1980), Munford et
al. (1981) and their respective co-work
ers showed that LPS forms complexes
predominantly with high density
lipoprotein (HDL) in normal animals.
Other lipoprotein fractions including
low density lipoprotein (LDL), very low
density lipoproteins (VLDL) and
chylomicrons have all been examined
for their interactions with LPS (Ulevitch
et al, 1979; van Lenten et al., 1986;
Harris et. al., 1990). The binding of
LPS by HDL or other lipoproteins has
been shown to modify the biological
activity of LPS in vitro and in vivo.
Lipoprotein binding decreases LPS in
duced Interleukin 1 (IL-1) (Warren et
al., 1988; Flegel et al., 1989; Cavaillon
et al., 1990), Interleukin 6 (IL-6), and
TNF production by mononuclear cells
(Cavaillon, 1990). LPS-lipoprotein
complexes are also less reactive in vivo:
pyrogenicity, leukopenia and thrombo
cytopenia induced by HDL-LPS com
plexes is reduced in comparison to LPS
alone (Ulevitch and Tobias, 1988). Al
though a protective capacity of lipopro
teins has been demonstrated in vitro and
in vivo, benefits are usually only seen
when the LPS has been precomplexed
with lipoproteins ex vivo (Harris et al.,
1990). The extent and significance of
lipoprotein-mediated LPS detoxification
in the natural setting in vivo is not
known.
We have investigated the ability of an
artificial lipoprotein designated ApoLipo
to modulate cytokine production in
vitro. We further investigated if the
prophylactic infusion of ApoLipo pre
vents TNF production in vivo and the
pathophysiological manifestations of
endotoxin shock in a rabbit endotox
aemia model. One critical difference
between these studies and those found
in the literature is that the in vitro and in
vivo studies were performed without
prior complexation of our artificial
lipoprotein with LPS.
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M ATERIALS AND M ETHODS
Lipoproteins and apoA-I
Chylomicrons and the lipoprotein
fractions VLDL, LDL, and HDL were
prepared from normal human plasma by
ultracentrifugation (Schumaker and
Puppione, 1986). Apolipoprotein A-I
(apoA-I), the major protein component
of HDL was purified from human HDL
by delipidation and size exclusion
chromatography or was purified from
precipitates obtained by cold ethanol
fractionation of human plasma (Lerch et
al., 1989). ApoLipo was prepared by a
method similar to that of Chen and Al
bers (1982). Briefly, apoA-I was mixed
with phosphatidylcholine (PC) (Molar
ratio of apoA-I to PC was 1:200) and
sodium cholate, followed by extensive
dialysis against buffer (1 mM NaHCO3,
10% Saccharose). Additional artificial
lipoproteins were prepared in which
other components (triglycerides and/or
cholesterol were added to the apoA-I:PC
mixture prior to dialysis (see results
section for ratios used). Total protein
(Markwell et al., 1978), phospholipid
(Chen et al., 1956), triglyceride
(Merkotest Triglycerides #14354), and
cholesterol
content
(Boehringer
Mannheim Monotest Cholesterin #
290319) of each of the natural lipopro
tein preparations were also measured.
The apoA-I and ApoLipo preparations
used in these studies were shown to be
sterile and nonpyrogenic.
Tumour Necrosis Factor Production and Assay
The whole blood assay introduced by
Desch and colleagues (1989) was
adapted for use in these studies. Whole
heparinised blood or ACD blood from
single donors (200 Hl) was incubated
with LPS (25 Hl of 100 Hg LPS/ml) in
the presence of various concentrations
of apoA-I, ApoLipo or other synthetic
lipoproteins, natural lipoprotein frac
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tions, saline, or other controls (25 Hl) at
37°C. After 6 h, 750 Hl of pyrogen free
saline was added to the reaction mixture;
TNF containing supernatants were
harvested by centrifugation and tested
for immunoreactive TNF (Medigenix,
Belgium).
Bioassayable TNF was measured in
samples of rabbit serum by the L929
cytotoxicity assay (Ruff and Gif
ford,1981). Care was taken to avoid
any microbial contamination of the
serum samples. It was shown that the
addition of ApoLipo to standard concen
trations of recombinant human TNF
does not influence the L929-cytotoxicity
assay. Recombinant mouse TNF
(Genzyme, Boston, MA, USA) was
used as a standard.
LPS Preparations
A mixture of 13 smooth strain LPS
(all Difco: including E. coli, Salmonella,
Serratia, Klebsiella, and Pseudomonas
variants) was used as the stimulant in all
of the in vitro assays. E. coli O111:B5
(a generous gift of Prof. B. Urbaschek)
was used throughout the in vivo rabbit
studies.
Animals
In these preliminary studies, outbred
rabbits of both sexes with an average
weight of 3.2 ± 0.4 kg (mean ± SD)
were used. These studies were ap
proved by the Animal Protection
Committee of the Canton of Bern, Bern,
Switzerland. In brief, arterial and
venous catheters were implanted in 4
groups of anaesthetised rabbits for mea
surements of physiologic parameters,
blood sampling and infusions. All ani
mals remained under anaesthesia during
the entire course of the experiment.
Animals received either a prophylactic
infusion of ApoLipo [250 mg/kg (n=3)
or 75 mg/kg (n=6)] or control protein

[Physiogel 250 mg/kg, n=4], followed
by a 6 h continuous infusion of E. coli
LPS (4.17 Hg/kg/h). These groups are
designated
as
ApoLipo250-LPS
ApoLipo75-LPS, and Control-LPS
respectively.
The
fourth
group
[ApoLipo75-Control (n=4)] represents
the non-endotoxin treated control. Here
ApoLipo was administered at a dose of
75 mg/kg, the endotoxin infusion was
replaced with pyrogen free saline.
Blood samples were withdrawn at
specified intervals for the measurement
of bioreactive TNF, blood gas and
haematological analyses (leukocyte and
platelet count,
haematocrit, and
haemoglobin determinations), simulta
neous with the recording of physiologic
parameters (e.g., temperature, heart
rate, blood pressure, respiratory pa
rameters). Only the results from the

TNF and blood gas analyses, and from
the leukocyte and platelet determinations
will be presented in this report.
Data Presentation
The in vitro data presented in Figures
1 - 6 are from single experiments but are
representative of multiple experiments.
Spearman rank correlation analysis
was also performed. The in vivo results
presented are as mean ± standard error
of the mean (SEM), unless otherwise
specified. Where appropriate, compari
son with baseline values were made by
Student's t test for paired samples;
comparisons between groups was made
by Student's t test for unpaired samples.
TNF levels were compared with the
Mann-Whitney U test. In all instances,
probabilities less than 0.05 are
considered significant.

R ESULTS
In Vitro Studies
Preliminary studies were performed
which showed that our adaptation of the
whole human blood assay for TNF was
both LPS dose and time dependent
(Doran et al., 1991). In the absence of
exogenously added LPS, immunoreac
tive TNF levels were routinely less than
50 pg/ml. Following LPS stimulation,
TNF production was shown to be time

dependent, demonstrating an almost lin
ear increase over the 6 h test period
(Doran et al., 1991). TNF levels at the
end of 6 h rose to levels between 2.5
and 12.5 ng/ml depending on individual
donor, and LPS concentration used for
stimulation (Doran et al. 1991).
Table I provides the total protein,
triglyceride, phospholipid, and choles
terol contents of plasma, dialysed

Table 1: Protein, triglyceride, phospholipid and cholesterol content of plasma, dialyzed plasma,
lipoprotein free plasma (LFP), HDL, LDL, VLDL, and chylomicrons
———————————————————————————————————————
Protein
Triglyceride
Phospholipid
Cholesterol
g/l
mM
mM
mM
———————————————————————————————————————
Plasma
78.5
1.4
6.2
5.4
Dialysed Plasma 69.3
1.0
4.7
4.1
LFP
124.5
0.0
0.8
0.2
HDL
12.1
1.3
8.0
9.4
LDL
5.3
1.6
8.2
24.9
VLDL
1.0
4.8
2.1
4.8
Chylomicrons
70.0
1.1
2.5
4.1
———————————————————————————————————————
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Figure 1: Inhibition of TNF production by natural and artificial lipoproteins. Whole blood cul
tures were incubated concomitantly with LPS and plasma (J), dialysed plasma (B) lipoprotein free
plasma (LPF plasma; E), natural lipoproteins [HDL (P) , LDL (F)], chylomicrons (H), or
ApoLipo [apoA-I:PC molar ratio 1:200; (G)] for 6 h at 37°C. The supernatants were tested for
TNF activity. The hatched bar represents the mean ± SD of TNF produced by whole blood cultures
in the presence of saline and LPS (n=8).

plasma, lipoprotein free plasma, and
purified HDL, LDL and VLDL and
chylomicron fractions. These prepara
tions as well as our artificial lipoprotein
ApoLipo (apoA-I:PC at a 1:200 molar
ratio) were tested for their ability to
modulate LPS induced TNF production.
All preparations were added to the
culture concomitantly with LPS and in
cubated for 6 h at 37°C. In Figure 1,
TNF measured in the culture super
natants is plotted versus the total protein
added per culture for each of the prepa
rations tested. As seen in this figure,
plasma, dialysed plasma, chylomicrons
and lipoprotein free plasma had virtually
no inhibitory effect on LPS stimulated
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TNF production, whereas LDL, HDL,
and ApoLipo each demonstrated in
hibitory effects. Because of the low
protein content of the VLDL, it could
only be tested at one protein concentra
tion, and was not included in Figure 1.
TNF production in the presence of LPS
and 24 Hg VLDL protein was 3 ng/ml.
Clearly, phospholipid rich (e.g.,
ApoLipo), cholesterol rich (LDL,
HDL), or triglyceride rich preparations
(VLDL) all can decrease LPS-induced
TNF production. Using data from all of
these preparations, correlation analysis
showed a significant negative associa
tion (r = -0.899, p < 0.001, n = 32)
between TNF levels and lipid content.

Figure 2: Influence of apoA-I:lipid ratio on TNF production. Artificial lipoproteins were pre
pared at apoA-I to phosphatidyl choline ratios of 1:20 (J), 1:50 (B), 1:100 (H), 1:200 (P) and
1:250 (F). Each of these preparations were then tested in the whole blood assay at different protein
concentrations in the presence of LPS. TNF was measured in the supernatants collected at 6 h. The
hatched band represents mean ± SD TNF production (n=3) in the presence of saline and LPS.

When the data from the ApoLipo prepa
ration were removed from the analysis,
negative correlations between TNF and
cholesterol and triglyceride content of
the preparations could also be discerned
(r = -0.54, p < 0.01, and r = -0.71, p <
0.001 respectively). Clearly, triglyc
erides and cholesterol are not required
for TNF inhibition, as ApoLipo is in
hibitory in their absence, however they
may still contribute to the inhibitory ac
tivity of the natural lipoproteins.
In order to more clearly show the
importance and influence of lipids,
cholesterol and triglycerides in this
model system, artificial lipoprotein
combinations with various compositions
were prepared. The influence of lipid on
TNF production and release is shown in

Figure 2. A spectrum of apoA-I:PC
ratios between 1:20 and 1:250 were
tested for TNF inhibiting activity in the
whole blood assay. These results clearly
demonstrate a greater TNF inhibiting
effect in preparations having more lipid.
Supernatant TNF is further diminished
by the addition of either triglycerides or
cholesterol to the apoA-I: PC mixtures
(shown in Figures 3 and 4
respectively). Analogous to the situation
found with natural lipoproteins, the
more triglyceride (in this case
trimyristin) that is present (Figure 3), or
the more cholesterol that is present
(Figure 4), the greater the TNF inhibi
tion. The influence of triglycerides is
not triglyceride specific, as similar dose
response curves were obtained when
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Figure 3: Effect of apoA-I:PC:triglyceride preparations on TNF production. Artificial lipopro
teins at apoA-I : PC : trimyristin ratios of 1:100:0 (J), 1:100:10 (B), 1:100:20 (H), 1:100:50 (P)
and 1:100:100 (F) were compared with apoA-I alone (1:0:0) (E) for TNF production inhibition.

triolein was used. It should be noted
that none of these preparations required
precomplexation with LPS to show
TNF modulating effects.
The importance of lipid in these in
teractions must also be carefully consid
ered. The evidence thus far presented
points to a non-specific lipid-LPS inter
action as the cause of the TNF inhibi
tion. However, tests performed with
apoA-I-PC mixtures prepared in the ab
sence of cholate (Figure 5) or by me
chanical means (Microfluidiser; data not
shown) show that these preparations
have markedly reduced TNF inhibiting
activity. It is apparent from these studies
that the configuration of the components
involved may be critical for their
biological activity.
We also wished to determine the
temporal requirements for ApoLipo to
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mediate a beneficial effect. Using the
whole blood assay system, TNF pro
duction inhibition was still evident when
ApoLipo was given up to 1 h after LPS
exposure (Figure 6). The inhibition is
ApoLipo dose dependent (maximal
inhibition shown with 500 Hg added per
culture). ApoLipo is able to diminish
cellular TNF production/release even
after stimulation has occurred. Data
from additional studies suggest that
ApoLipo may also have a direct effect
on cells. Cells pulsed with ApoLipo and
then washed, are refractory to LPS
stimulation as assessed by TNF
production (data not shown). This effect
is clearly not attributable to early LPS
tolerance.
In Vivo Studies
The ApoLipo preparation was also

Figure 4: Effect of apoA-I:PC:cholesterol preparations on TNF production. Artificial lipopro
teins at apoA-I:PC:Cholesterol ratios of 1:200:0 (E), 1:200:2 (B), 1:200:5 (H), 1:200:10 (P),
1:200:15 (F), and 1:200:20 (J) were tested for their ability to reduce TNF production by whole
blood cultures in the presence of LPS.

used prophylactically in an in vivo
rabbit endotoxaemia model system
(described in detail by Hubsch et al.,
1991). Control-LPS rabbits exhibit
many but not all of the manifestations of
endotoxin shock within the 6 h LPS in
fusion period. The Control-LPS group
developed a marked leukopenia within
15 minutes of the beginning of LPS in
fusion (76% baseline). After 1 h of LPS
infusion, leukocyte count continued to
decrease (43% baseline), reaching its
nadir (24% baseline) after 4 h of LPS
infusion. Plasma TNF levels rose sig
nificantly above baseline levels after 1 h
of LPS infusion, reaching their maxi
mum (29.4 ng/ml) at 2 h. Metabolic
acidosis as assessed by arterial base ex
cess was clear-cut and statistically sig

nificant at 2 h (-5.3 ± 0.8), worsening
as LPS continued to be infused.
Thrombocytopenia began to appear at
30 minutes of LPS infusion (92% base
line), and progressed steadily during the
period of LPS infusion.
Doses of ApoLipo approximating
that used in the in vitro studies (75
mg/kg body weight) or above (250
mg/kg) significantly attenuated TNF
production in vivo, and many of the
manifestations of shock. At 2 h, TNF
levels in LPS treated controls were 29.4
± 6.5 ng/ml (n=4), as compared to 1.2
± 0.2 ng/ml (n=6) in ApoLipo75-LPS
treated animals and 0.7 ± 0.3 in
ApoLipo250-LPS
treated
animals
(n=3). Metabolic acidosis was also
significantly attenuated by ApoLipo. At
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Figure 5: Importance of lipoprotein configuration for activity. ApoA-I:PC mixtures with ratios
of 1:100 (squares) and 1:200 (circles) were prepared in the presence (solid symbols, solid line) and
absence (open symbols, dotted line) of cholate. These preparations were incubated concomitantly
with LPS in the whole blood assay. Supernatants were collected at 6 h and TNF determined. The
hatched bar represents the mean ± SD (n=3) of TNF produced in the presence of saline and LPS.

5 h, the base excess levels reached their
nadir (-9.0 ± 2.1) in LPS treated con
trols, whereas nadir levels were -4.1 ±
0.6 and -2.8 ± 0.2 in ApoLipo75-LPS
and ApoLipo250-LPS treated animals
respectively (also at 5 h). These base
excesses correspond to arterial blood
pH values of 7.22 ± 0.05 for LPS con
trol animals and 7.33 ± 0.01 and 7.28 ±
0.01 for ApoLipo75 and ApoLipo250
groups respectively. The complete base
excess and TNF data for the ControlLPS,
ApoLipo75-LPS
and
ApoLipo250-LPS groups are shown in
Figure 7. TNF values in the
ApoLipo75-Control and ApoLipo250
LPS groups never statistically exceeded

114

their background controls. Base excess
for the ApoLipo75-Control group re
mained above -2.2 throughout the ex
perimental course. The ApoLipo250
LPS group maintained their metabolic
acidosis between that of the ApoLipo75
Control group and that of ApoLipo75
LPS. The cellular aberrations associated
with endotoxin shock were also
significantly
attenuated
(platelet
decrease; Figure 8) or delayed
(leukocyte drop; Figure 9) by ApoLipo
infusion. It is only with the high doses
of ApoLipo that these cellular changes
associated with endotoxin shock are
clearly attenuated.

Figure 6: Influence of ApoLipo on TNF production after LPS Stimulation. Whole blood cul
tures were preincubated with LPS for 0, 15, 30, or 60 minutes, before ApoLipo or saline was
added to the cultures. The effects of saline (open) and ApoLipo at three different protein concentra
tions (125, 250, and 500 Hg; hatched, crosshatched and solid, respectively) on TNF production
were assessed.

D ISCUSSION
It is well established that the binding of
LPS by HDL results in al
tered/diminished LPS functional activ
ity. However, LPS's functional activi
ties are not always reduced to the same
extent. Ulevitch and Tobias (1988) re
ported that Re595 LPS complexation
with HDL reduces LPS induced com
plement activation and leukopenia 1000
fold; pyrogenicity and thrombocytope
nia were reduced to a lesser extent (100
and 50 fold respectively). In their
hands, the development of shock and
DIC in rabbits was diminished, but mi
togenicity of murine B cells was virtu
ally unaffected by LPS's complexing
with HDL. It is quite likely that

lipoprotein binding to LPS effects the
systemic manifestations of LPS through
the regulation or modulation of cytokine
production. Lipoprotein binding to LPS
reduces LPS induced IL-1 (Warren et
al., 1988; Flegel et al., 1989; Cavaillon
et al., 1990), IL-6, and TNF production
by mononuclear cells (Cavaillon et al.,
1990; Figure 1).
Other lipoprotein fractions have also
been examined for LPS binding and
modulating activities, including LDL,
VLDL and chylomicrons (Ulevitch et
al., 1979; van Lenten, 1986; Harris et
al., 1990). In contrast to the earlier re
ports that LPS bound only to HDL, van
Lenten et al. (1986) reported that all
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Figure 7: Influence of ApoLipo on rabbit TNF production in vivo and metabolic acidosis (Base
Excess) in a rabbit endotoxin shock model. Bioreactive TNF and base excess are displayed for the 4
rabbit groups. The control-LPS group is shown in black, ApoLipo75-LPS as dotted, and Apo
Lipo250-LPS group as grey. The ApoLipo75-Contol is shown as a dotted line. At 1 and 2 h of
LPS infusion, TNF in the control-LPS treated group was significantly increased over the ApoLipo
treated groups (p<0.05). Statistically significant (p<0.05) differences in Base Excess between con
trol-LPS and one or both ApoLipo-LPS treated groups were demonstrated at 4, 5, and 6 h.

lipoprotein classes were able to bind
LPS; binding was in direct proportion to
their cholesterol concentration. Binding
was also shown to lead to endotoxin
detoxification. Using an ex vivo
incubation system, Harris et al. (1990)
demonstrated that cholesterol rich LDL
and HDL, triglyceride rich VLDL and
chylomicrons, and a commercial lipid
emulsion (Soyacal) were all able to
protect mice against endotoxin induced
lethality, albeit at vastly different
concentrations. Interestingly, protection
required small amounts of lipoprotein
free plasma, and was dependent on the
incubation time and lipoprotein lipid
concentration. These data would
support our observations on the
importance of lipid for ApoLipo
functionality (Figure 2). Although Har
ris and colleagues (1990) demonstrated
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a protective capacity of all tested
lipoprotein fractions, the systems they
used required a 6 h pre-incubation of
LPS with lipoproteins ex vivo for effi
cacy to be demonstrated. Judging by the
requirement for precomplexation in
these systems, one might hypothesise
that the natural lipoprotein system may
only be able to detoxify small amounts
of LPS (e.g. that naturally crossing the
intestine). The significance and extent of
lipoprotein mediated LPS detoxification
in bacteraemia and sepsis remains
unknown.
In previous studies (Doran et al.,
1991), we have demonstrated that
ApoA-I, the major protein component of
HDL does not appear, by itself, to
neutralise or substantially modulate en
dotoxin activity. However, in associa
tion with lipids (as ApoLipo), it clearly

Figure 8: Change in platelet count with LPS administration. The percent change of platelet
count from baseline for each of the LPS treated groups are shown. Control-LPS, ApoLipo75-LPS,
and ApoLipo250-LPS are shown as solid, hatched and crosshatched bars respectively. The platelet
decrease in the Control-LPS group is significantly different (p<0.05) from that of the ApoLipo75
LPS and ApoLipo250-LPS groups only at 4h (data not shown) and at 6 h (last set of bars) .

diminishes TNF production by mono
cytic cells in response to LPS exposure.
The in vitro studies presented in this re
port have focused on TNF, but other
cytokines (IL-1, IL-6) are similarly di
minished (data not shown). In con
tradistinction to what is reported in the
literature for the natural lipoproteins,
precomplexation with LPS is not re
quired for ApoLipo to modulate LPS's
biolological activity. The influence of
lipids, triglycerides, and cholesterol are
clearly shown in Figures 2-4. Caution,
however, must be exercised in the in
terpretation of these results. High con
centrations of artificial lipoproteins at
Apo:PC ratios above 1:200 caused
demonstrable erythrocyte lysis. Lysis
was increased by the addition of triglyc
erides or cholesterol, and was demon

strable at lower lipoprotein concentra
tions as the cholesterol or triglyceride
concentrations increased. The role
which cholate plays in the formation of
efficacious preparations still needs to be
elucidated. Clearly, particle size and/or
protein-lipid conformation is important
for TNF modulating activity to be pre
sent. Experiments are in progress to
better delineate the particle size and
composition necessary for maximal
protective effects.
What is perhaps most important, is
that the effects mediated by ApoLipo in
vitro were also realised in vivo. TNF
production in vivo, as well as some of
the pathophysiological changes associ
ated with endotoxin infusion were at
tenuated in our model system by the
prophylactic administration of ApoLipo
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Figure 9: Change in leukocyte count with LPS administration. The percent change of leukocyte
count from baseline for each of the LPS treated groups are shown. Control-LPS, ApoLipo75-LPS,
and ApoLipo250-LPS are shown as solid, hatched and crosshatched bars respectively. The leuko
cyte drop of the Control-LPS and ApoLipo75-LPS groups are significantly different from that of
the ApoLipo250-LPS group at 60 min (p<0.05).

(Hubsch et al., 1991; Figures 7-9). In
our rabbit model, LPS induces high
levels of TNF 2 h after the start of its
infusion (Figure 7), a severe metabolic
acidosis and significant decreases in
leukocyte and platelet counts (Figures 7
9). Except for the leukopenia, all of
these derangements were significantly
attenuated by the prophylactic infusion
of ApoLipo. The TNF levels observed
in this study are consistent with the
findings by Mathison et al. (1988), who
reported peak TNF levels of 20 to 30
ng/ml, from 45 to 100 min after a bolus
injection of 10 Hg of LPS in rabbits
(comparable to our Control-LPS
group). In this same model system, the
injection of plasma precomplexed LPS
induced only a minimal (< 2.5 ng/ml)
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TNF response, comparable to our
ApoLipo-LPS groups. One can argue
that the TNF produced acts in concert
with other biological mediators to alter
metabolic status and cellular adhesive
ness. Thus, in our system, ApoLipo
most likely modulates metabolic status
(acidosis) as a consequence of its action
on TNF production. The fact that other
sequelae are not affected to the same
extent by ApoLipo (e.g., leukopenia),
suggest that these sequelae are due to
the direct effects of LPS as opposed to a
dependence on TNF. Although high
doses of ApoLipo were able to reduce
and delay leukopenia, it should be noted
that the leukocyte drop occurred very
early in the course of LPS infusion, at a
time when TNF was not measurable in

the circulation. The leukocytes may be
reacting with LPS directly via their LPS
receptors (Wright et al., 1989).
The mechanisms by which ApoLipo
mediates its effects in vivo require fur
ther clarification. At present, we specu
late that ApoLipo may function through
two vastly different mechanisms of ac
tion: the formation of ApoLipo-LPS
complexes and a down regulation of
macrophage and perhaps other cells' re

activity. Our cell pulse experiments and
the lack of requirement for precom
plexation with LPS supports the second
hypothesis. In each case, ApoLipo
treatment is consistent with decreased
TNF production. It is still too early to
speculate on the clinical utility of
ApoLipo. A greater understanding of
the mechanisms of protection are clearly
needed and experiments to this end are
in progress.
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