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Abstract:
High-density lipoprotein (HDL) plays an important role not only in protecting 
against atherosclerosis but also in innate immunity. Several lines of evidence 
has shown that HDL could ameliorate the toxic effects of endotoxin or 
lipopolysaccharide (LPS). In this study, we examined whether HDL could 
inhibit LPS-induced leukocyte adhesion on endothelial cells. Normal HDL and 
acute-phase HDL (AP-HDL) were purified from plasma of hamsters that 
received normal saline and LPS injection, respectively. Wistar rats were given 
LPS injection and the number of leukocytes adhered on endothelial cells of the 
mesenteric venules were determined using intravital fluorescence microscopy. 
Intravenous injection of LPS enhanced leukocyte adhesion to the mesenteric 
venules. However, when LPS was preincubated with normal HDL, leukocyte 
adhesion on endothelial cells in response to LPS was significantly attenuated in 
a dose-dependent manner. AP-HDL was also able to significantly decrease 
LPS-induced leukocyte adhesion on endothelial cells and appeared to be more 
effective than normal HDL since lower concentrations were required. This 
inhibitory effect o f HDL was not due to HDL itself but it requires 
preincubation o f HDL with LPS. When HDL was separated into protein and 
lipid fractions, it was found that lipid-free apoHDL was able to significantly 
inhibit LPS-induced leukocyte adhesion, whereas lipid component o f HDL had 
no effect. In conclusion, our studies suggested that HDL, both normal and 
acute-phase, could inhibit an inflammatory effect of LPS on endothelial cells in 
vivo. AP-HDL was more potent than normal HDL in inhibiting LPS-induced 
leukocyte adhesion, and this effect was attributed to the protein component of 
HDL.
Keywords: High-density lipoproteins (HDL), endotoxin, leukocyte adhesion,

endothelial cells.
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1. Introduction
High-density lipoprotein (HDL) is a group o f lipoprotein particles which 

have the highest density in the circulation. HDL has several antiatherogenic 
effects, including the ability to transport excess cellular cholesterol to the liver 
for excretion, to protect low- density lipoprotein (LDL) against oxidation and 
to inhibit platelet aggregation [1],

Besides its pivotal role in protecting against atherosclerosis, 
accumulating evidence also suggests that HDL possesses anti-inflammatory 
effects and plays an important role in innate immunity. A number of in vitro 
and in vivo studies have demonstrated that HDL could bind endotoxin or 
lipopolysaccharide (LPS) of gram-negative bacteria resulting in detoxification 
of LPS [2-9]. In vitro, LPS bound to lipoprotein was 20- to 1,000-fold less 
active than the unbound form in inducing monocytes and macrophages to 
release cytokines [10]. In vivo, HDL also demonstrates anti-inflammatory 
properties. Intravenous infusion of reconstituted HDL or HDL apoprotein 
protected normal mice from the toxic effects of LPS [7]. When transgenic mice 
with 2-fold elevation of plasma HDL levels were injected with LPS, they had 
more LPS bound to HDL, lower plasma cytokine levels, and improved survival 
rates compared with control mice [7]. Beside the effects on monocytes and 
macrophages, LPS also activates endothelial cells. Infusion of reconstituted 
HDL inhibited infiltration of neutrophils and the expression of adhesion 
molecules on endothelial cells induced by a periarterial collar in rabbits [11]. 
However, whether HDL could inhibit the effects o f LPS on endothelial cells in 
vivo has not been studied.

During bacterial infection, a wide range of alterations in metabolism 
occur. These are part o f the body’s reaction known as the acute-phase response 
(APR), which helps protect the host from further injury and facilitates the repair 
process [12]. The APR also induces a variety o f alterations in lipid and 
lipoprotein metabolism [13]. HDL circulating during the APR, also called acute-
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phase HDL (AP-HDL), has been shown to have different lipid and protein 
composition compared to that of normal HDL, which leads to alterations in 
various functions of HDL [13]. In this study, we determined whether normal and 
AP-HDL could inhibit LPS- induced leukocyte adhesion on endothelial cells in 
vivo and examined the component of HDL responsible for its effect.

2. M aterials and M ethods
2.1. M aterials

Lipopolysaccharide (LPS, Escherichia coli 055:B5) was purchased from 
Sigma (บรA). Centrifugal filter devices (molecular weight cutoff 10,000 
Dalton) and 0.22 pm pore size filter units were from Millipore (Ireland). 
Quick-seal polyallomer tubes were from Beckman Coulter (USA). A modified 
Lowry assay kit was purchased from Pierce (USA). Various chemicals were 
purchased from Asia Pacific Specialty Chemicals (Australia), Merck 
(Germany), or Sigma (USA). Normal saline solution (NSS), and sterile water 
were from General Hospital Product Public (Thailand).
2.2. Isolation of norm al HDL and acute-phase HDL (AP-HDL)

Male Syrian hamsters, 6 - 8  weeks of age, were purchased from the 
National Animal Center, Mahidol University (Thailand). They were maintained 
on standard laboratory chow and tap water ad libitum 5 - 7  days before the 
experiment. Syrian hamsters were used in these experiments because 
lipoprotein metabolism of hamsters closely resembles that of human than other 
rodents [14-16].

Hamsters were divided randomly into two groups ; one group received 
100 pg of LPS/100 g body weight (BW) and the other received normal saline. 
Because LPS can cause anorexia, food was withdrawn after the injection in 
both groups. Sixteen hours after the injection, animals were anesthetized and 
blood samples were collected in a sterile fashion. Normal HDL and AP-HDL
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were isolated by differential ultracentrifugation from pooled sera o f hamsters 
injected with normal saline and LPS, respectively, [17]. Potassium bromide 
(KBr) was used to adjust for the desired density, and ultracentrifugation was 
performed using a Beckman ultracentrifilge. Normal HDL and AP-HDL were 
dialyzed against normal saline, filtered with sterile filters, and used within 2 
weeks. Protein concentrations of HDL were determined by a modified Lowry 
method, special precautions during isolation and handing of HDL were used to 
avoid the contamination [16].
2.3. Extraction of apoHDL and lipid of HDL.

Removal o f lipids from HDL in the process of delipidation results in 
lipid-free protein component of HDL called apoHDL as briefly described 
below. Purified HDL was extracted with 10 volume of 3:1 (vol/vol) cold 
ethanol/diethyl ether and stored overnight at -20°c. Then, the solution was 
centrifuged at -5 °c  and the apoHDL protein pellet, and the lipid phase were 
separated. ApoHDL was washed with cold diethyl ether once. Both apoHDL 
and the lipid phase were dried under N2 gas. ApoHDL was solubilized in 
phosphate buffer solution, filtered with a 0.22 pm sterile filter and its protein 
concentration was measured by a modified Lowry assay. Lipids were dissolved 
in 2:1 (vol/vol) chloroform-methanol [18].
2.4. Leukocyte adhesion on endothelial cells of the the mesentery.

Male Wistar rats (200-300 g) were obtained from the National Animal 
Center, Mahidol University (Thailand). They were maintained on standard 
laboratory chow and tap water ad libitum 5 - 7  days before the experiment.

After an overnight fast, rats were anesthetized with sodium pentobarbital 
(60 mg/kg BW i.p.). The carotid artery and the jugular vein were cannulated for 
measuring mean arterial blood pressure (MAP), and for agent administration, 
respectively. A midline laparotomy was made and a loop o f mesentery was 
exteriorized and spreaded onto a Plexiglass chamber for microscopic
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observation. The mesentery was fixed with a 37°C-Krebs Ringer Solution (pH
7.4)-soaked gauze and superfused continuously with 37°c Krebs Ringer 
Solution (pH 7.4) to avoid dehydration throughout the experiment.

The animal was then placed under a fluorescence microscope. A 
fluorescence videomicroscopic system (Nikon, Tokyo, Japan) were equipped 
with a videocamera (MTI SIT68), a videorecorder (Sony GUM-1411QM) and 
a videotimer (Sony, Japan). An objective lens (X20) was used, and video- 
images were recorded on videocassettes for off-line analysis.

After the rats were stabilized for 20-30 minutes, a 25-45 pm diameter 
postcapillary venule was chosen for observation. Acridine orange at the 
concentration o f 1.8 mg/ml was i.v. injected as a bolus (0.25 ml) through the 
cannulated jugular vein. Twenty minutes after acridine orange injection, 
baseline quantification of leukocyte adhesion was recorded. Then, LPS was 
administered and leukocyte adhesion was recorded at time zero. In some 
studies, LPS was preincubated with normal HDL, AP-HDL, apoHDL, or lipids 
at 37°c  for 3 hours before use [19]. Leukocytes which remain stationary for 30 
seconds on endothelial cells were counted at 1, 3, 5, 10, 15, 30, 45, 60, 75, and 
90 minutes [20-21],
2.5. Data analysis

All data were presented as mean ± standard errors of the mean (mean ± 
SEM). Comparison among groups was performed by ANOVA and differences 
in pairs o f means among groups were defined by Bonferroni test. The p-value 
o f less than 0.05 indicates a significant difference between groups.

3. Results
3.1. Effects of LPS on leukocyte adhesion on endothelial cells of the 
mesentery.
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LPS is known to induce leukocyte adhesion on endothelial cells. Figure 
1 shows the dose response curve of LPS on leukocyte adhesion. Different 
concentrations o f LPS (0.1 pg/100 g BW, 1 pg/100 g BW and 10 pg/100 g 
BW) could significantly induce leukocyte adhesion on endothelial cells of the 
mesentery. Therefore, the lowest dose of LPS (0.1 pg/100 g BW) was chosen 
for the next set o f experiments.
3.2. Effects of norm al HDL on LPS-induced leukocyte adhesion on 
endothelial cells of the mesentery.

Next, we examined whether normal HDL could inhibit LPS-induced 
leukocyte adhesion on endothelial cells. LPS was preincubated with normal 
HDL at 37°c  for 3 hours before administration. As shown in Figure 2, 
preincubation o f LPS with normal HDL could significantly inhibit LPS- 
induced leukocyte adhesion on endothelial cells. We found that 10 pg of 
normal HDL/0.1 pg of LPS/100 g BW was required to completely inhibit LPS- 
induced leukocyte adhesion, whereas lower concentrations had no effect (Fig. 
2).
3.3. Effects of AP-HDL on LPS-induced leukocyte adhesion on endothelial 
cells of the mesentery.

AP-HDL, which occurs during infection and inflammation, has different 
composition and function from normal HDL. We therefore tested whether AP- 
HDL could inhibit LPS-induced leukocyte adhesion in a similar fashion as we 
observed with normal HDL. The result showed that AP-HDL was able to 
inhibit LPS-induced leukocyte adhesion (Fig. 3), but lower concentrations of 
AP-HDL (5 pg of AP-HDL/0.1 pg of LPS/100 g BW) was required to 
completely inhibit LPS-induced leukocyte adhesion (Fig. 3). A comparison 
between different concentrations of normal HDL and AP-HDL that inhibit 
LPS-induced leukocyte adhesion is shown in Fig. 4.
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3.4. Effects of HDL on LPS-induced leukocyte adhesion require incubation 
with LPS.

Since HDL itself might affect the leukocyte adhesion on endothelial 
cells, we therefore administered either normal HDL or AP-HDL without LPS 
into the rats. Fig. 5 shows that either normal HDL or AD-HDL alone did not 
have any effect in leukocyte adhesion on endothelial cells.

In addition, the inhibitory effect of HDL on LPS-induced leukocyte 
adhesion requires incubation with LPS. When HDL was immediately mixed 
with LPS without preincubation and administered, we found that HDL did not 
inhibit LPS-induced leukocyte adhesion as shown in Fig. 6.
3.5. Effects of norm al apoHDL, AP apoHDL, lipid of norm al HDL and 
lipid of AP-HDL on LPS-induced leukocyte adhesion on endothelial cells 
of the mesentery.

In order to investigate whether the effect o f HDL on inhibiting LPS- 
induced leukocyte adhesion was due to lipid or protein component in HDL, we 
isolated lipid-free apoHDL, and lipids from HDL. Fig. 7 shows that after 
preincubation with LPS, both normal apoHDL and AP apoHDL could 
significantly inhibit LPS-induced leukocyte adhesion on endothelial cells. 
However, the lipid component of either normal HDL or AP-HDL did not have 
any effect on LPS-induced leukocyte adhesion on endothelial cells as shown in 
Fig. 8.

4. Discussion
Our study shows that both normal HDL and AP-HDL are able to inhibit 

LPS-induced leukocyte adhesion on endothelial cells in vivo, and that AP-HDL 
is more effective than normal HDL because lower concentrations of AP-HDL 
are required to completely inhibit LPS-induced leukocyte adhesion. This 
inhibitory effect of HDL is not a direct effect on endothelium but it requires
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interaction between HDL and LPS. In addition, we identified that the protein, 
not lipid, component of HDL was responsible for this effect.

LPS is a membrane lipid of Gram-negative bacteria that acts as a potent 
inflammatory stimulus in humans and other mammals. In vitro, LPS can 
stimulate adhesion molecule expression of endothelial cells by stimulating 
cytokine and chemokine release from several cells types, including monocytes, 
macrophages, and endothelial cells [22-29], In vivo, LPS is able to stimulate 
endothelial adhesion molecule expression [30] and leukocyte adhesion on 
endothelial cells [20, 31].

The inhibitory effects of HDL on cytokine-induced endothelial cell 
adhesion molecule expression have been demonstrated in vitro [32-36], In 
addition, elevating HDL in the circulation leads to decreased cytokine-induced 
E-selectin expression by porcine microvascular endothelial cells [35]. Our 
current study further shows that normal HDL can inhibit LPS-induced 
leukocyte adhesion on endothelial cells in vivo. Moreover, AP-HDL is also 
able to inhibit LPS-induced leukocyte adhesion on endothelial cells in vivo and 
appears to be more effective than normal HDL.

However, both normal HDL and AP-HDL had no direct effect on 
leukocyte adhesion. It has previously been reported that HDL could not 
attenuate cellular adhesion molecules (CAMs) expression in arterial 
endothelium by itself [1].

Our study shows that this inhibitory effect of HDL requires 
preincubation of LPS with HDL which suggests the interaction between LPS 
and HDL. HDL preincubated with LPS that forms complex with LPS can 
render LPS less active in stimulating cytokine production from the 
macrophages [10]. Brandenburg K. et al. studied the interaction o f HDL with 
LPS by a variety of physical techniques and biological assays and found that 
the functional groups o f LPS interacting with HDL were the phosphates and the
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diglucosamine backbone [37], Our study suggests that it may be the protein 
component o f HDL, not lipid, that interacts with LPS.

AP-HDL, which circulates during the APR, has different protein and 
lipid components from normal HDL, which leads to alterations of its function 
[13]. This study demonstrates that AP-HDL is more effective than normal HDL 
in inhibiting LPS-induced leukocyte adhesion on endothelial cells. Although it 
is known that there are changes in many HDL-associated proteins during the 
APR, at this point, we cannot determine which protein(s) of HDL exhibits this 
inhibitory effect. One of the protein candidates is lipopolysaccharide binding 
protein (LBP) [13]. LBP is one of the HDL-associated protein which can bind 
LPS and its level increases during the APR. Normally, LBP can bind and 
transfer LPS not only to the receptor on the surface o f macrophages and 
monocytes but also to lipoproteins [38]. In vitro, addition of low concentrations 
of LBP to macrophages enhanced LPS-induced TNF-a synthesis, but acute- 
phase concentrations o f LBP were found to block this effect. In addition, high 
levels o f LBP inhibited LPS-mediated cytokine release and reduced mortality 
rate in vivo [39]. High levels of LBP during the APR may increase LPS transfer 
into AP-HDL, protecting against the toxic effect of LPS.

In conclusion, both normal HDL and AP-HDL can inhibit LPS-induced 
leukocyte adhesion on endothelial cells but AP-HDL appears to be more 
effective. Investigations into the active protein components of HDL that 
interact with LPS and inhibit its effect may provide further insights and leads to 
new protein target(s) to ameliorate the toxic effect of LPS.
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— NSS (ท=6)
—O - LPS 0.1 ng/100 g BW (ท=6) 
- T -  LPS 1 Jig/100 g BW (ท=6) 
—̂ -  LPS 10 pg/100 g BW (ท=6)

Fig. 1. Effects of various concentrations of LPS on leukocyte adhesion on endothelial cells. For 
NSS-treated group, NSS was preincubated at 37°c for 3 hours. LPS was prcincubatcd with NSS 
for LPS-treated group at 37°c for 3 hours. After i.v. administration, leukocyte adhesion on 
endothelial cells of the mesenteric venules was counted as described in materials and methods. " 
p<0.05, VS. NSS group.



1 0 6

NSS (ท=6)
LPS 0.1 pg/100 g BW (ท=6)
LPS 0.1 pg + 1 pg protein of normal HDL/100 g BW (n=6) 
LPS 0.1 pg + 5 pg protein of normal HDL/100 g BW (n=7) 
LPS 0.1 pg + 10 pg protein of normal HDL/100 g BW (n=6) 
LPS 0.1 pg + 20 pg protein of normal HDL/100 g BW (n=6)

Fig. 2. Effects of normal HDL on LPS-induced leukocyte adhesion on endothelial cells. For NSS- 
treated group, NSS was preineubated at 37°c for 3 hours. LPS was preincubated with NSS for 
LPS-treated group or different concentrations of normal HDL for LPS+normal HDL-treated 
group at 37°c for 3 hours. After i.v. administration, leukocyte adhesion on endothelial cells of 
the mesenteric venules was counted as described in materials and methods. *p<0.05, VS. NSS 
group; #p<0.05, vs. LPS group; sp<0.05, vs. LPS+1 pg protein of normal HDL group; "p<0.05, 
VS. LPS+5 pg protein of normal HDL group.
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- • — NSS (ท=6)
- O -  LPS 0.1 pg/100 g BW (ท=6)
—■— LPS 0.1 pg + 1 pg protein of AP-HDL/100 g BW (ท=6) 
—B— LPS 0.1 pg + 5 pg protein of AP-HDL/100 g BW (n=7) 
—O— LPS 0.1 pg + 10 pg protein of AP-HDL/100 g BW (ท=7)

Fig. 3. Effects of AP-HDL on LPS-induced leukocyte adhesion on endothelial cells. For NSS- 
treated group, NSS was preincubated at 37°c for 3 hours. LPS was preincubated with NSS for 
LPS-treated group or different concentrations of AP-HDL for LPS+AP-HDL-treated group at 
37°c for 3 hours. After i.v. administration, leukocyte adhesion on endothelial cells of the 
mesenteric venules was counted as described in materials and methods. "p<0.05, vs. NSS group; 
*p<0.05, VS. LPS group.
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• — normal HDL
AP-HDL

HDL concentrations (pg protein/0.1 pg of LPS/100 g BW)

Fig. 4. Effects of various concentrations of HDL on LPS-induced leukocyte adhesion on 
endothelial cells. LPS was preincubated with NSS or normal HDL or AP-HDL with increasing 
concentrations of HDL as indicated in the abscissa at 37°c for 3 hours. After i.v. administration, 
leukocyte adhesion on endothelial cells of the mesenteric venules at 45 minutes was counted as 
described in materials and methods. Numbers of leukocyte adhesion were presented as percent of 
LPS-treated group. They were calculated from (y/z)100. y represented numbers of leukocyte 
adhesion of LPS+normal HDL or LPS+AP-HDL group, z  represented numbers of leukocyte 
adhesion of LPS-treated group. *p<0.05, vs. normal IIDL group.
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- • — NSS (ท=6)

- O -  LPS 0.1 ng/100 g BW (ท=6)
—w— 10 |ig protein of normal HDL/100 g BW (ท=5) 
—* — 10 pg protein of AP-HDL/100 g BW (n=6)

Fig. ร. Effects of LPS and HDL on LPS-induced leukocyte adhesion on endothelial cells. NSS, 
LPS or HDL was preincubated at 37°c for 3 hours. After i.v. administration, leukocyte adhesion 
on endothelial cells of the mesenteric venules was counted as described in materials and methods. 
*P<0.05, VS. NSS group; "p<0.05, vs. LPS group.
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NSS (ท=6)
LPS 0.1 pg/100 g BW (ท=6)
LPS 0.1 Jig + 10 pg protein of normal HDL/100 g BW with incubation (ท=6) 
LPS 0.1 pg + 10 |ig protein of normal HDL/100 g BW without incubation (ท=5)

Fig. 6. Effects of incubation between LPS and normal HDL on LPS-induced leukocyte adhesion 
on endothelial cells. NSS was preincubated for NSS-treated group and LPS was preincubated 
with NSS for LPS-treated group at 37°c for 3 hours. LPS was or was not preincubated with 
normal HDL at 37°c for 3 hours. After i.v. administration, leukocyte adhesion on endothelial 
cells of the mesenteric venules was counted as described in materials and methods. "p<0.05, VS. 
NSS group; *p<0.05, vs. LPS group; Jp<0.05, vs. LPS+normal HDL with incubation group.



I l l

NSS (ท=6)
LPS 0.1 pg/100 g BW (ท=6)
LPS 0.1 jjg + normal apo HDL 10 pg/100 g BW (ท=6) 
LPS 0.1 pg + AP-apo HDL 10 pg/100 g BW (ท=6)
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Time (mins)

Fig. 7. Effects of apoHDL on LPS-induced leukocyte adhesion on endothelial cells. For NSS- 
treated group, NSS was preincubated at 37°c for 3 hours. LPS was preincubated with NSS for 
LPS-treated group or apoHDL for LPS+apoHDL-treated group at 37°c for 3 hours. After i.v. 
administration, leukocyte adhesion on endothelial cells of the mesenteric venules was counted as 
described in materials and methods. p<0.05, vs. NSS group; #p<0.05, vs. LPS group.
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Lipid solvent (ท=5)
LPS 0.1 pg/100gBW (ท=6)
LPS 0.1 pg + normal lipid /too g BW (ท=6) 
LPS 0.1 pg + AP lipid /too g BW (n=6)

Time (mins)

Fig. 8. Effects of lipids of HDL on LPS-induced leukocyte adhesion on endothelial cells. For lipid 
solvent-treated group, lipid solvent was preincubated with NSS at 37°c for 3 hours. LPS was 
preincubated with NSS for LPS-treated group or lipids of HDL for LPS+lipids of HDL-treated 
group at 37°c for 3 hours. After i.v. administration, leukocyte adhesion on endothelial cells of 
the mesenteric venules was counted as described in materials and methods. *p<0.05, vs. lipid 
solvent group.



113

APPENDIX II

R A W  DATA

Table 6 Effects of HDL on the growth of K coli.
Incubation

time

Percentage of control (no HDL)

No HDL Normal HDL AP-HDL

MEAN SEM MEAN SEM MEAN SEM

0 100.00 0.00 100.00 0.0000 100.00 0.00

0.5 100.00 0.00 136.93 25.37 191.92 63.70

1 100.00 0.00 111.23 14.59 183.89 61.27

2 100.00 0.00 124.32 26.10 245.90 75.29

4 100.00 0.00 179.83 30.89 123.27 23.99

6 100.00 0.00 260.59 64.50 227.24 97.18

24 100.00 0.00 145.71 27.53 127.48 13.06

Table 7 Effects o f various concentrations of HDL on the growth of E. coli at 
6 hours.

Concentrations of 
HDL

Percentage of control (no HDL)

No HDL Normal HDL AP-HDL

MEAN SEM MEAN SEM MEAN SEM

50 100.00 0.00 180.49 83.80 225.84 123.26

100 100.00 0.00 98.09 14.84 237.40 65.52

200 100.00 0.00 260.59 64.49 227.24 97.18

400 100.00 0.00 378.33 274.48 286.76 133.58

800 100.00 0.00 241.13 112.09 325.95 182.83

1670 100.00 0.00 176.41 81.44 131.03 48.78
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T a b le  8 E ffe c ts  o f  H D L  on  th e  g ro w th  o f  ร .  e p i d e r m i d i s .

Incubation
time

Percentage of control (no HDL)

No HDL Normal HDL AP-HDL

MEAN SEM MEAN SEM MEAN SEM

0 100.00 0.00 100.00 0.00 100.00 0.00

0.5 100.00 0.00 112.47 4.71 103.85 3.82

1 100.00 0.00 116.20 5.67 122.00 13.58

2 100.00 0.00 102.05 18.53 264.59 74.08

4 100.00 0.00 160.78 68.15 595.92 256.43

6 100.00 0.00 1290.38 1126.52 1835.54 1048.83

24 100.00 0.00 84.64 6.56 119.67 9.65

Table 9 Effects of various concentrations of HDL on the growth of ร.
epidermidis at 6 hours.

Concentrations of 
HDL

Percentage of control (no HDL)

No HDL Normal HDL AP-HDL

MEAN SEM MEAN SEM MEAN SEM

50 100.00 0.00 102.04 40.17 909.42 806.76

100 100.00 0.00 87.95 40.51 213.45 105.04

200 100.00 0.00 319.09 288.53 907.14 751.38

400 100.00 0.00 447.09 242.99 10452.62 8881.46

800 100.00 0.00 25659.47 11744.49 69471.19 36588.37

1670 100.00 0.00 4431.39 2418.99 35034.60 18592.14

Table 10 Effects of NSS on leukocyte adhesion on endothelial cells.
Rat No

Leukocyte adhesion (cells/100 |im)
0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min

1 2 3 4 4 4 4 4 4 4 4 4
2 2.5 2.5 2.5 2.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
3 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
4 2 2 2 2.5 2.5 .5 4 4 4 4 4
5 2 2 2 2 3 3.5 3.5 3.5 3.5 3.5 3.5
6 2 2 2.5 2.5 2.5 2.5 2.5 3 3 3 3

MEAN 1.75 1.92 2.17 2.33 2.67 2.92 3.00 3.08 3.08 3.08 3.08
SEM 0.36 0.42 0.53 0.46 0.49 0.52 0.55 0.54 0.54 0.54 0.54
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T a b le  11 E ffe c ts  o f  10 [ig /1 0 0  g B W  o f  L P S  o n  le u k o c y te  a d h e s io n  o n
endothelial cells.

Rat No
Leukocyte adhesion (cells/100 |jm)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 5 6 6 6 6 7 7 7 7 7
2 2 2 3 4 5 5 5 8 8 8 8
3 1 3 4 4 4 4 7 7 9 9 9
4 0 0 0 0 1 1 5 9 9 9 9
5 0 0 0 2 2 2 2 2 5 5 5
6 1 2 2 2 4 4 6 6 7 7 7

MEAN 1.00 2.00 2.50 3.00 3.67 3.67 5.33 6.50 7.50 7.50 7.50
SEM 0.37 0.77 0.96 0.86 0.76 0.76 0.76 0.99 0.62 0.62 0.62

Table 12 Effects of 1 (ig/100 g BW of LPS on leukocyte adhesion on 
endothelial cells.

Rat No
Leukocyte adhesion (cells/100 |im)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 1 2 3 3 4 4 6 6 6 6 6
2 0 2 2 3 4 5 5 6 6 6 6
3 1 2 3 4 5 5 7 7 7 7 7
4 1 1 2 3 5 6 7 7 7 7 7
5 2 3 4 6 6 7 7 7 7 7 7
6 1 2 4 4 4 4 5 5 5 5 5

MEAN 1.00 2.00 3.00 3.83 4.67 5.17 6.17 6.33 6.33 6.33 6.33
SEM 0.26 0.26 0.37 0.48 0.33 0.48 0.40 0.33 0.33 0.33 0.33

Table 13 Effects of 0.1 |ig/100 g BW of LPS on leukocyte adhesion on
endothelial cells

Rat No
Leukocyte adhesion (cells/100 |um)

0 min 1 min 3 min 5 min 10 min 15 min 30 min45 min 60 min 75 min 90 min
1 1 1 3 3 3 4 6 8 8 8 8
2 2 2 2 3 3 3 4 6 6 6 6
3 2 3 5 5 5 6 7 7 7 7 7
4 2 3 3 4 4 4 5 6 6 6 6
5 0 0 1 2 2 4 4 4 4 4 4
6 2 4 5 5 5 7 7 7 7 7 7

MEAN 1.50 2.17 3.17 3.67 3.67 4.67 5.50 6.33 6.33 6.33 6.33
SEM 0.34 0.60 0.65 0.49 0.49 0.61 0.56 0.56 0.56 0.56 0.56
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T a b le  14 E ffe c ts  o f  2 0  p g  p ro te in  o f  n o rm a l H D L  o n  0.1 p g  /1 00  g  B W  o f
LPS-induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |um)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 3 3 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
2 0 0 0.5 0.5 0.5 0.5 0.5 1.5 1.5 1.5 1.5
3 3 3 3 3 3 3 3 3 3 3 3
4 0.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 2
5 0 0 0 0 0 0 0 0 0 0 0
6 2 2.5 2.5 2.5 2.5 3 3 3 3 3 3

MEAN 1.42 1.67 2.00 2.00 2.00 2.08 2.08 2.25 2.25 2.25 2.33
SEM 0.58 0.57 0.68 0.68 0.68 0.70 0.70 0.64 0.64 0.64 0.63

Table 15 Effects of 10 pg protein of normal HDL on 0.1 pg /100 g BW of
LPS-induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 jam)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 3 4 4 4 4 4 4 4 4 4
2 0 0 0 1 1 1 1 1 2 2 2
3 1 2 2 2 2 2 3 3 3 3 3
4 2 3 3 4 4 4 4 4 4 4 4
5 2 2 2 2 2 3 4 4 4 4 4
6 2 2 2 3 3 3 3 4 4 4 4

MEAN 1.50 2.00 2.17 2.67 2.67 2.83 3.17 3.33 3.50 3.50 3.50
SEM 0.34 0.45 0.54 0.49 0.49 0.48 0.48 0.49 0.34 0.34 0.34

Table 16 Effects of 5 pg protein of normal HDL on 0.1 pg /100 g BW of LPS- 
induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 (am)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 3 4.5 4.5 6 7 7 7.5 8 8 8 8
2 2 2 3 3 3.5 3.5 3.5 4 4 4 4
3 3 4 5 5.5 5.5 5.5 6.5 6.5 7 7 7
4 2 4.5 5 5.5 6.5 6.5 6.5 7.5 7.5 7.5 7.5
5 3 5 5.5 6 6 6 6 7 7.5 7.5 7.5
6 3 4.5 4.5 4.5 4.5 5 5.5 6.5 6.5 6.5 6.5
7 2 2 2.5 3.5 4.5 5 5.5 6 6 6 6

MEAN 2.57 3.79 4.29 4.86 5.36 5.50 5.86 6.50 6.64 6.64 6.64
SEM 0.20 0.47 0.42 0.46 0.47 0.44 0.47 0.49 0.51 0.51 0.51
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T a b le  17 E ffe c ts  o f  1 p g  p ro te in  o f  n o rm a l H D L  o n  0 .1 p g  /1 0 0  g  B W  o f  L P S -
________ in d u c e d  le u k o c y te  a d h e s io n  o n  e n d o th e lia l c e lls_______________________
Rat No

Leukocyte adhesion (cells/100 |um)
0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min

1 2 4 4 5 5 5 5 5 5 5 5
2 2 3 4 4 5 6 9 9 9 9 10
3 3 3 4 5 6 6 6 6 7 7 7
4 2 2 2 3 3 4 5 5 5 5 5
5 0 2 3 3 4 4 4 4 6 6 6
6 2 4 4 5 5 5 7 7 7 7 7

MEAN 1.83 3.00 3.50 4.17 4.67 5.00 6.00 6.00 6.50 6.50 6.67
SEM 0.40 0.37 0.34 0.40 0.42 0.37 0.73 0.73 0.62 0.62 0.76

Table 18 Effects of 10 pg protein of AP-HDL on 0.1 pg /100 g BW of LPS-
induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |am)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min90 min
1 3 3 4.5 4.5 4.5 4.5 6 6 6 6 6
2 2 2 2 2.5 2.5 3 3 3.5 4 4 4
3 1.5 1.5 1.5 1.5 2 2 2.5 2.5 2.5 2.5 2.5
4 1 1 1.5 2 2 2 2.5 2.5 2.5 2.5 2.5
5 3 4 4 4 4 4 4 4 4 4 4
6 2 2 2.5 2.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
7 2 2 2 3 3 3 3.5 3.5 3.5 3.5 3.5

MEAN 2.07 2.21 2.57 2.86 3.07 3.14 3.57 3.64 3.71 3.71 3.71
SEM 0.28 0.38 0.46 0.40 0.37 0.36 0.46 0.45 0.45 0.45 0.45

Table 19 Effects of 5 pg protein of AP-HDL on 0.1 pg /100 g BW of LPS-
induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |im)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 2.5 2.5 2.5 3 3 3 3 3 3 3
2 3 3 3 3 3 3 3.5 4.5 4.5 4.5 4.5
3 1 1 1 1 1 1 1 2.5 4 4 4
4 1 1 1 1.5 1.5 2 2.5 3 3 3 3
5 3 4 4.5 5 5 5 5 5 5 5 5
6 1 1 1 2 2.5 3.5 3.5 3.5 3.5 3.5 3.5
7 2 2 2 2 2.5 3.5 4.5 5 5 5 5

MEAN 1.86 2.07 2.14 2.43 2.64 3.00 3.29 3.79 4.00 4.00 4.00
SEM 0.37 0.48 0.54 0.53 0.52 0.51 0.54 0.42 0.35 0.35 0.35
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T a b le  20  E ffe c ts  o f  1 p g  p ro te in  o f  A P -H D L  o n  0.1 p g  /1 00  g  B W  o f  L P S -
induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 (im)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 2.5 3.5 3.5 4 5 6 6.5 7 7 7
2 1 1.5 1.5 2 2 2 2.5 3 3.5 3.5 3.5
3 1 3 3 3.5 3.5 4 4.5 4.5 5 5 5
4 3 3.5 4.5 5.5 6 6 6.5 7.5 7.5 7.5 7.5
5 2 2 2.5 2.5 3 3.5 4.5 6 6.5 6.5 6.5
6 2 3.5 3.5 4.5 5 5 5 5 5 5 5

MEAN 1.83 2.67 3.08 3.58 3.92 4.25 4.83 5.42 5.75 5.75 5.75
SEM 0.31 0.33 0.42 0.52 0.58 0.57 0.57 0.65 0.62 0.62 0.62

Table 21 Effects of 10 pg protein of normal HDL/100 g BW on leukocyte 
adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |im)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 1 1.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2 2 2 2.5 3 4 4 4 4 4 4 4
3 1 1 1 1 1.5 1.5 1.5 2 2 2 2
4 0 0 0.5 0.5 1 1 2 2 2 2 2
5 2 2 3 3 3 3.5 4.5 4.5 4.5 4.5 4.5

MEAN 1.2 1.3 1.9 2 2.4 2.5 2.9 3 3 3 3
SEM 0.37 0.37 0.48 0.52 0.53 0.57 0.58 0.52 0.52 0.52 0.52

Table 22 Effects of 10 pg protein of AP-HDL/100 g BW on leukocyte 
adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |im)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 2 2.5 3 4 4.5 4.5 4.5 4.5 4.5 4.5
2 1 1 1.5 2 2 2 2 2 2 2 2
3 2 2.5 2.5 2.5 2.5 3 3 3 3 3 3
4 0 0 0.5 1 1.5 2 2.5 2.5 2.5 2.5 2.5
5 0 0 1 1 2 2 2 2 2 2 2
6 1 1 1 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

MEAN 1.00 1.08 1.50 1.83 2.25 2.50 2.58 2.58 2.58 2.58 2.58
SEM 0.37 0.42 0.34 0.33 0.38 0.45 0.44 0.44 0.44 0.44 0.44
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Table 23 Effects of incubation between 0.1 (J.g/100 g BW of LPS and 10 pg 
protein o f AP-HDL/100 g BW on leukocyte adhesion on endothelial 
cells

Rat No
Leukocyte adhesion (cells/100 (am)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 4 4.5 6.5 7.5 8.5 9 9.5 10 10 10
2 1 2 2.5 2.5 3.5 3.5 5 5 5 5 5
3 2 2.5 3.5 5 5 5 6 6.5 6.5 6.5 7
4 2 2.5 3.5 4.5 5 6 6 6 6 6 6
5 2 4 4.5 4.5 5 6 6 7 7.5 8 8

MEAN 1.8 3 3.7 4.6 5.2 5.8 6.4 6.8 7 7.1 7.2
SEM 0.20 0.42 0.37 0.64 0.64 0.82 0.68 0.75 0.85 0.87 0.86

Table 24 Effects of 10 pg normal apoHDL on 0.1 pg/100 g BW of LPS
induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |um)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 mir
1 1 1.5 2.5 3 3 3 3.5 4 4 4 4
2 0.5 1 1 1.5 2 2 2.5 2.5 2.5 2.5 2.5
3 1.5 1.5 2 2 2 2 2 2.5 2.5 3 3
4 0.5 0.5 0.5 1 1 1.5 1.5 2 2 2 2
5 1.5 1.5 2.5 2.5 2.5 3.5 4 4.5 4.5 4.5 4.5
6 1.5 2 2.5 2.5 3 3.5 3.5 4.5 4.5 4.5 4.5

MEAN 1.08 1.33 1.83 2.08 2.25 2.58 2.83 3.33 3.33 3.42 3.42
SEM 0.20 0.21 0.36 0.30 0.31 0.35 0.40 0.46 0.46 0.44 0.44

Table 25 Effects of 10 pg AP-apoHDL on 0.1 pg/100 g BW of LPS-induced
leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |um)

0 min 1 min 3 min 5 min 10 min 15 min 30 min45 min 60 min 75 min 90 min
1 1.5 2 2 2 2.5 3.5 3.5 3.5 3.5 3.5 3.5
2 1.5 2.5 3 3 3 3 3 3 3 3.5 4
3 1 1.5 2 2 2.5 3 3 3 3 3 3
4 2 3 4 4 5 5 6 6 6 6 6
5 1 1 2 2 2.5 2.5 3 3 3 3 3
6 1 1.5 2 2.5 3 3 3 3 3 3 3

MEAN 1.33 1.92 2.50 2.58 3.08 3.33 3.58 3.58 3.58 3.67 3.75
SEM 0.17 0.30 0.34 0.33 0.40 0.36 0.49 0.49 0.49 0.48 0.48
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T a b le  26  E ffe c ts  o f  l ip id s  o f  n o rm a l H D L  on  0.1 p g /1 0 0  g  B W  o f  L P S -
induced leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/ใ00 (urn)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 3 3.5 4.5 5 5.5 6 6.5 6.5 6.5 6.5
2 3 3.5 4.5 5.5 5.5 6.5 7 8 8 8.5 8.5
3 2.5 3.5 4 4 5 5 5 5.5 5.5 5.5 5.5
4 1.5 2 4 5 5.5 5.5 6 6 6 6 6
5 1.5 3 3.5 5 5 6 6.5 7.5 7.5 7.5 7.5
6 1 2 2 3.5 5.5 5.5 7 7 7.5 8.5 8.5

MEAN 1.92 2.83 3.58 4.58 5.25 5.67 6.25 6.75 6.83 7.08 7.08
SEM 0.30 0.28 0.35 0.30 0.11 0.21 0.31 0.38 0.40 0.52 0.52

Table 27 Effects of lipids of AP-HDL on 0.1 pg/100 g BW of LPS-induced
leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |am)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 1.5 3 3.5 4 4 4 4 4 4 4 4
2 2.5 4.5 5 6.5 6.5 7.5 8 8.5 8.5 8.5 8.5
3 0.5 0.5 1 2.5 4 4 4 4 5 5 5
4 2.5 4 4.5 6 6 6 6 6.5 6.5 6.5 6.5
5 1.5 2 2.5 3.5 3.5 3.5 3.5 4.5 4.5 4.5 4.5
6 1.5 2.5 5 6 6.5 6.5 6.5 6.5 6.5 6.5 6.5

MEAN 1.67 2.75 3.58 4.75 5.08 5.25 5.33 5.67 5.83 5.83 5.83
SEM 0.31 0.59 0.65 0.67 0.57 0.67 0.73 0.74 0.68 0.68 0.68

Table 28 Effects of lipid solvent on leukocyte adhesion on endothelial cells
Rat No

Leukocyte adhesion (cells/100 |um)
0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min

1 1 1 1.5 2 2 2 2.5 2.5 2.5 2.5 2.5
2 1.5 2 2.5 3 4 4 4 4 4 4 4
3 1 1 1 1.5 2 2.5 2.5 3 3 3 3
4 0.5 0.5 0.5 0.5 1.5 2 2 2 2 2 2
5 1.5 1.5 2.5 2.5 2.5 2.5 3.5 3.5 3.5 4 4

MEAN 1.10 1.20 1.60 1.90 2.40 2.60 2.90 3.00 3.00 3.10 3.10
SEM 0.19 0.25 0.40 0.43 0.43 0.37 0.37 0.35 0.35 0.40 0.40
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T a b le  29  E ffe c ts  o f  10 p g  ap o  A -I on  0.1 |ug /l 00  g  B W  o f  L P S -in d u c e d
leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 |im)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 2 2 2.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
2 1 1 1 1 1.5 2 2 2 2.5 2.5 2.5
3 2 2 2 2 2 2 2 2 2 2 2
4 1 1 1 1 1 1 1 1 1.5 1.5 1.5
5 2 2 2 2 3 3 4 4 4 4 4
6 1 1 1 1 1.5 1.5 2.5 2.5 2.5 2.5 2.5

MEAN 1.50 1.50 1.50 1.58 2.08 2.17 2.50 2.50 2.67 2.67 2.67
SEM 0.22 0.22 0.22 0.27 0.40 0.38 0.45 0.45 0.38 0.38 0.38

Table 30 Effects of 5 pg apo A-I on 0.1 pg/100 g BW of LPS-induced
leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 urn)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 2 2 2 2.5 3 4 4 4.5 4.5 4.5
2 2 3 3 3 3 3.5 4 4 4 4 4
3 3 3.5 4 4 4 4 4 4 4 4 4
4 2 2 2 2 2 2 2.5 3.5 3.5 3.5 3.5
5 1 1 2 2.5 2.5 3 3 3.5 4 4 4

MEAN 2.00 2.30 2.60 2.70 2.80 3.10 3.50 3.80 4.00 4.00 4.00
SEM 0.32 0.44 0.40 0.37 0.34 0.33 0.32 0.12 0.16 0.16 0.16

Table 31 Effects of 2.5 pg apo A-I on 0.1 pg/100 g BW of LPS-induced
leukocyte adhesion on endothelial cells

Rat No
Leukocyte adhesion (cells/100 ftm)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 2 2 2 2 3 3.5 3.5 4 4 5
2 2 3.5 4.5 5.5 5.5 6.5 6.5 6.5 6.5 6.5 8
3 1 1.5 1.5 2 3 3.5 4 4 4.5 4.5 4.5
4 2 4.5 5.5 5.5 5.5 5.5 5.5 6 6 6 6
5 1 3.5 4 4.5 4.5 4.5 5 5 5 5 5
6 2 3 4 5 5 5 5.5 6 6 6 6

MEAN 1.67 3.00 3.58 4.08 4.25 4.67 5.00 5.17 5.33 5.33 5.75
SEM 0.21 0.45 0.62 0.68 0.59 0.53 0.45 0.49 0.40 0.40 0.51
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T a b le  32  E ffe c ts  o f  5 |ig  /1 00  g  B W  o f  ap o  A -I  o n  le u k o c y te  a d h e s io n  on
endothelial cells

Rat No
Leukocyte adhesion (cells/100 |im)

0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min
1 2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2 1.5 1.5 2 2 2 2.5 2.5 2.5 2.5 2.5 2.5
3 1.5 2 2 2.5 3 3.5 4 4.5 4.5 4.5 4.5
4 1 1.5 2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
5 3 3 4 4.5 4.5 5 5 5 5 5 5
6 2 3 3.5 4 4 4 4 4 4 4 4

MEAN 1.83 2.25 2.67 3.00 3.08 3.33 3.42 3.50 3.50 3.50 3.50
SEM 0.28 0.28 0.36 0.41 0.40 0.42 0.44 0.47 0.47 0.47 0.47

Table 33 Effects of incubation between 0.1 pg/100 g BW of LPS and 5 pg/100 
______  g BW of apo A-I on leukocyte adhesion on endothelial cells________
Rat No

Leukocyte adhesion (cells/100 |im)
0 min 1 min 3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min 90 min

1 3 3 3 4 5 5 5 5.5 6 6 6.5
2 2.5 3.5 4.5 5.5 5.5 6 7.5 8.5 8.5 9 9
3 2 4 5.5 5.5 6 6.5 6.5 6.5 6.5 6.5 6.5
4 2 2.5 3.5 3.5 3.5 4 4.5 4.5 4.5 4.5 4.5
5 3 4.5 6 6 6.5 7 8 8 8.5 8.5 8.5
6 2 3 4.5 6 6.5 6.5 7 7 7 7 7

MEAN 2.42 3.42 4.50 5.08 5.50 5.83 6.42 6.67 6.83 6.92 7.00
SEM 0 . 2 0 0.30 0.47 0.44 0.47 0.46 0.57 0.61 0.63 0 .6 8 0 .6 6
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