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The Role of Endogenous Histamine on the Pathogenesis
of the Lipopolysaccharide (LPS)-Induced, Acute

Lung Injury: A Pilot Study

Tae-Hyung Kim,' Ho Joo Yoon,! Chae Man Lim,”> Eun-Kyung Kim,?

Mi Jung Kim,* and Younsuck Koh*®

Abstract—Histamine is widely distributed in the lungs and increases capillary permeability and P-
selectin expression. To observe the role of histamine in acute lung injury (ALI), we measured the
histamine and protein concentrations and cell numbers in the bronchoalveolar lavage (BAL) of LPS-
induced ALI in rats. We instilled LPS (3 mg/kg) intratracheally, in conjunction with the intravenous
histamine receptor antagonists (mepyramine, a H1-receptor antagonist, or ranitidine, a H2-receptor
antagonist). LPS increased protein concentration and neutrophil numbers in the BAL as well as
myeloperoxidase (MPO) activity in lungs after 6 h. LPS also increased histamine concentration in
BAL after 2 h. Mepyramine and ranitidine attenuated the increased histamine concentrations. Total
cell number in the BAL and MPO activity in the lungs were significantly decreased and neutrophil
numbers and protein concentration in the BAL seemed to decrease with the administration of ranit-
idine at 6 h. In conclusion, endogenous histamine might be involved in the recruitment of neutrophils
and protein leaks in LPS-induced ALI via the H2 receptors.
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INTRODUCTION

Acute lung injury (ALI) is characterized by increased
alveolar-capillary permeability with acute, bilateral
pulmonary edema and severe hypoxia [1]. Sepsis,
arising as a consequence of exposure to bacterial
lipopolysaccharide (LPS), is one of the main contribut-
ing factors to the development of ALI [2]. Activated
neutrophils may play a central role in its pathogenesis
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by releasing several inflammatory mediators in sepsis-
induced ALI [3-6].

Histamine is widely distributed on the mast cells
surrounding pulmonary vasculatures. It has been con-
sidered to be an important mediator in many immuno-
logic and inflammatory responses. Histamine can
constrict or dilate pulmonary vasculatures and increase
capillary permeability [7]. It is involved in endothelial
cell injury and the migration of neutrophils to tissues
[8—12]. Histamine reacts on its receptors on vascular
endothelial cells [13] and increases the expression of P-
selectin, which influences the migration of neutrophils
to the tissues or endothelial cell surfaces [14, 15]. In
addition, histamine induces interleukin (IL)-8, a potent
neutrophil chemoattractant secreted by endothelial cells
[16], and increases the chemokinesis of neutrophils [9].
Moreover, the release of endogenous histamine from
the mast cells around pulmonary vasculature is in-
creased by IL-1, a main proinflammatory cytokine in
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the pathophysiology of sepsis [17, 18]. We previously
reported that, in Sprague—Dawley rats, histamine,
administered in conjunction with TNF-o or IL-1,
augmented the TNF-o- or IL-1-induced infiltration of
neutrophils into the lung tissues and increased neutro-
phil numbers in the BAL fluid after 5 h. There was,
however, no additional increase in the leakage of the
pulmonary vasculature [19]. It can be assumed, there-
fore, that endogenous histamine may be involved in
sepsis-induced ALIL. However, the role of histamines on
the pathogenesis of ALI has not been thoroughly
addressed.

At least three different types of histamine receptors
are distributed on several cells in the lung tissues. The H1
receptors are involved in bronchoconstriction and pul-
monary vascular constriction, and the H2 receptors
mediate mild bronchodilation, mucus release, and pul-
monary vascular relaxation [20]. H1 receptors are known
to be the main receptors involved in the increased
permeability of the alveolar capillary endothelial cells
[21], meanwhile, H2 receptors also seem to be involved
in the increased permeability of alveolar epithelial cells
[22]. We hypothesized that histamine could be involved
in the mechanism of LPS-induced neutrophil infiltration
in lung tissues leading to an increase in capillary per-
meability in rats. To address this hypothesis, this study
aimed to 1) examine whether LPS increases endogenous
histamine production, 2) observe the effect of co-treat-
ment of histamine receptor antagonists on neutrophil
infiltration into the lung tissue, and 3) determine their
effect on capillary permeability in LPS-induced ALI In
this study, we evaluated the degree of neutrophil infil-
tration by measuring the number of neutrophils in the
BAL fluid and myeloperoxidase (MPO) activity in the
lung tissue. Measurement of the protein and histamine
concentrations in the BAL fluid assessed the capillary
permeability in the lung tissue and the degree of
endogenous histamine production.

MATERIALS AND METHODS

Experimental Animals

Species pathogen-free(SPF) male Sprague—Dawley
rats (Section of Laboratory Animals, Asan Institute for
Life Science, Seoul, Korea) weighing 270-370 g were
used for this investigation. Rats were fed a controlled
diet (Sam-yang Feed Company, Seoul, Korea) and were
housed in cages before the experiment. The Animal

Care Committee of the Asan Institute for Life Science
approved the experimental protocol. The rats were
cared for and handled according to the guidelines of
the National Health Institute.

Experimental Design

Rats were divided into six groups with eight
animals in each group: 1) a saline (control) group of
rats, administered 0.5 ml saline intratracheally, 2) a
lipopolysaccharide (LPS) group, administered 3 mg/kg
body weight of LPS (Escherichia coli lipopolysaccha-
ride, 055;B5, Sigma Chemical Co., St. Louis, MO,
USA) in 0.5 ml saline intratracheally, 3) the two his-
tamine receptor antagonist treatment groups, treated
intravenously with either the H1 receptor antagonist
mepyramine (pyrilamine, Sigma Chemical, St. Louis,
MO, USA) at a dose of 10 mg/kg of body weight
(H1RA/saline group) [8] or with the H2 receptor
antagonist ranitidine (Zantac®:Glaxo Smith Kleine,
USA) at a dose of 10 mg/kg of body weight (H2RA/
saline group) [8] with intratracheal saline infusion, and
4) the two histamine receptor antagonist/LPS co-
treatment groups, treated by mepyramine (LPS/HIRA
group) or by the H2 receptor antagonist ranitidine (LPS/
H2RA group) just before LPS instillation. The doses of
histamine receptor antagonists were chosen based on
several reports used histamine as the mediators of
inflammation [8, 9]. Recent evidence indicates that a
sufficient inflammatory response can be induced in the
lung 6 h after LPS treatment, demonstrable as neutro-
phil accumulation in the lung and neutrophil oxidant
burst in the lung [23]. Therefore, we examined the rats
6 h after LPS treatment.

Experimental Process

Rats underwent intraperitoneal instillation of ke-
tamine (45 mg/kg, Boerhinger Ingelheim, St. Joseph,
MO, USA) and xylazine (3 mg/kg, Haver, NY, USA)
while enflurane was administered by inhalation. Subse-
quently, normal saline or LPS with or without histamine
receptor antagonists via trachea or vein was adminis-
tered. Air was infused with a 3-ml syringe two times to
ensure delivery of the drugs into the lung tissues after
intratracheal instillation of normal saline or LPS. Rats
were kept awake so that they would be active until the
next experiment. Five hours and 50 min after the
treatment, anesthesia was induced again by intraperito-
neal administration of ketamine (90 mg/kg) and
xylazine (7 mg/kg). A 16-gauge stub adaptor tube was
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then inserted into the trachea and connected with a
ventilator. Then, 200 U of heparin were injected via the
right ventricle after an open thoracotomy and laparot-
omy. The venous blood from the right ventricle was
obtained and centrifuged at 3,000 rpm for 10 min and
stored as plasma. Heart and lungs were extracted during
the perfusion of phosphate-buffered saline (PBS) by an
infusion pump (masterflex pump, Cole-Parmer Instru-
ment Co. Barrington, IL, USA). The extracted lung
tissues were stored immediately at —70°C until myelo-
peroxidase (MPO) activity could be measured. Control
rats received identical anesthesia and surgery. To
minimize experimental bias, we treated six rats simul-
taneously, one from each of the separate six groups
throughout the whole experiment.

Acquisition of the BAL Samples for Measurement
of Histamine Concentrations and Cell Numbers

At 1, 2, and 6 h after LPS administration, we
inserted a 16-gauge stub adaptor tube into the trachea of
the rats after the induction of anesthesia. BAL samples
were recovered from the airway lumen by flushing the
airways with 6 ml of saline delivered through the tracheal
cannula and retrieved. This collection procedure was
repeated three times. The BAL samples from each group
were then centrifuged at 1,400 rpm for 10 min, and then
aliquots from the supernatants were frozen at —60°C and
used for the measurements. Centrifuged BAL cell pellets
were resuspended in 1 ml of supernatant. The total cell
number was measured by hemocytometer and the
percentage of neutrophils was counted after cytospin
and Wright stain.

Measurement of Histamine Concentrations in Plasma
and BAL Samples

We obtained the plasma and BAL samples from
each group at 1, 2, and 6 h and measured the histamine
concentration by automatic photometry using the Astoria
Analyzer Series 300 (Clackamas, OR, USA) [24].

Measurement of the Activity of Myeloperoxidase (MPO)
in Lung Tissues

The lung tissues were homogenized by Vertishear
tissue homogenizer (Virtis, Gardiner, NY, USA) using
4 ml of phosphate buffer. The samples were then cen-
trifuged using the Sorvall RC-5B refrigerated centrifuge
(Dupont Instruments, Irving, TX, U.S.A.) at 4°C with
30,000 g for 30 min. After the acquisition of pellets,
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4 ml of phosphate buffer and 0.5% hexadecyl—trimethyl
ammonium bromide were added to the pellets, which
were then sonicated with Kontes micro-ultrasonic cell
disrupter (Vineland, NJ, USA). The broken samples were
heated for 2 h at 60°C to inactivate the tissue MPO
inhibitors. The activity of MPO was measured by spec-
trometry using O-dianisidine [25].

Measurement of the Indices of Lung Inflammation
and Injury

The protein concentrations of plasma and BAL
were measured by the bicinchoninic acid (BCA) method
[26].

Statistical Analysis

Data are presented as mean + standard error of
the means. The comparison between groups was per-
formed with the nonparametric Kruskal-Wallis test and
Mann—Whitney U test using SPSS 11.0 (SPSS Inc.,
Chicago, IL, USA). A p value of <0.05 was considered
significant.

RESULTS

The Effects of LPS on Histamine Concentration
in BAL Fluid

Figure 1A shows the histamine concentration in the
BAL fluids from rats sacrificed after 1, 2 and 6 h of saline
or LPS intratracheal instillation. The histamine concen-
trations were similar in all time periods for the saline
control group. In the LPS group, histamine concentration
in the BAL fluid was significantly higher at 2 h than in
the control group (p = 0.016), and returned to baseline at
6 h. In the HIRA/saline group and H2RA/saline groups,
histamine concentrations were also similar in all the
time periods, showing no significant difference when
compared to control group. In the HIRA/LPS group, the
histamine concentration at 6 h was significantly higher
than in the control group (p = 0.002). When compared
to the HIRA/saline group, the histamine concentration
seemed to be higher in the HIRA/LPS group (at 1 h: p =
0.028, at 6 h: p = 0.05) without any significant dif-
ference compared to the LPS group. At 2 h after the
treatment, the histamine concentration in the HIRA/
LPS group was significantly lower than in the LPS
group (p = 0.015). The histamine concentrations in the
H2RA/LPS group showed no significant difference in



Endogenous Histamine Role on the Pathogenesis of the LPS-Induced, ALI 75

180

I I Saline group

[ LPS group

[ H1RA/saline group
1 H1RA/LPS group
I H2RA/saline group
[ H2RA/LPS group

2 hour 6 hour

~ 160 A

£

>

£ 140 -

c

Ke]

S 120 A

<

3 100 -

c

8

o 80

£

g 60 4

k]

<

W 40 A

|

<

o 20 +
0 .

1 hour
500

400 -

300 -

200 -

100 +

Plasm histamine concentration(ng/ml)

1 hour

I Saline group

[ LPS group

[ H1RA/saline group
1 H1RA/LPS group
I H2RA/saline group
[ H2RA/LPS group

2 hour 6 hour

Fig. 1. Histamine concentrations in BAL fluids (BALF) (A) and plasma
(B) at 1, 2, and 6 h after the intratracheal dose of saline or lipopolysaccha-
ride (LPS) in different groups. % or # represents that p values were less
than 0.05 as compared to the saline control group (%) or LPS group (#).

any of the time periods compared with the control group
or the H2RA/saline group. Two hours after the treat-
ment, the histamine concentration in the H2RA/LPS
group was significantly lower than that in the LPS
group (p = 0.005). The decrease of the histamine con-
centration compared to the LPS group was more pro-
minent in the H2RA/LPS group than in the HIRA/LPS

group.

The Effects of LPS on Histamine Concentration
in Plasma

Figure 1B shows the histamine concentration in the
plasma. The histamine concentrations in the plasma were
similar in all time periods for the saline control group. In
the LPS group: histamine concentration showed no

significant difference compared with the control group.
The histamine concentration in the HIRA/saline group
was higher than in the control group at 6 h after the
treatment (p = 0.001). In the H2RA/saline group,
histamine concentrations in the plasma were signifi-
cantly higher at all the time periods (p = 0.006, p =
0.028, and p = 0.001 in each). In the HIRA/LPS group,
the histamine concentration at 6 h was significantly
higher than in the control group (p = 0.001) without
showing any significant difference with the HIRA/
saline group. When compared to the LPS group, the
histamine concentration in the HIRA/LPS group
showed no significant difference. The histamine con-
centration in the H2RA/LPS group showed no signifi-
cant difference compared to the H2RA/saline control
group or the LPS group for all measured time periods.
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Total Cell Numbers in BAL Fluid

Figure 2A shows the total cell numbers in the BAL
fluid in all six groups of animals. In the saline control
group, the total cell number showed no significant change
according to the time process. In the LPS group, the total
cell number was significantly higher than in the control
groups at 6 h (p = 0.001). In the HIRA/saline group and
the H2RA/saline group, the total cell numbers showed no
significant difference when compared to the control group
at any time. In the HIRA/LPS group, the total cell number
was significantly higher than in the HIRA/saline group at
6 h (p < 0.000). But, when compared with the LPS group,
there was no difference in total cell number at 6 h. In the
H2RA/LPS group, the total cell number was significantly
higher than in the H2RA/saline group at 6 h (p = 0.004).
When compared with LPS group, however, the total cell
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number in the H2RA/LPS group was significantly lower
than that in the LPS group (p = 0.038).

Neutrophil Numbers in BAL Fluid

Figure 2B shows the neutrophil numbers in the BAL
fluid in all six groups of animals. In the saline control
group, the neutrophil numbers showed no significant
change according to the time process. In the LPS group,
the neutrophil number was significantly higher than in the
control groups at 6 h (p = 0.001). In the HIRA/saline
group and the H2RA/saline group, the neutrophil number
showed no significant difference from the control group at
any time. In the HIRA/LPS group, neutrophil number
was significantly higher than in the HIRA/saline group at
2 and 6 h (p = 0.001, p < 0.000 each). When compared
with the LPS group, there was no difference in neutrophil
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Fig. 2. Total cell number (A) and Neutrophil number (B) in BAL fluids
(BALF) at 1, 2 and 6 h after the intratracheal dose of saline or lipopolysac-
charide (LPS) in different groups. % or # represents that p values were less
than 0.05 as compared to the saline control group (%) or LPS group (#). +
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control group.
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number at any time. In the H2RA/LPS group, the
neutrophil number was significantly higher than that of
the H2RA/saline group at 2 and 6 h (p = 0.021, p = 0.000
each). When compared with the LPS group, the neutrophil
number showed a tendency to decrease (p = 0.053).

Total Protein Concentrations in BAL Fluid

Total protein concentrations in the BAL fluids at the
same time periods are shown in Fig. 3. In the saline

control group, the total protein concentration showed no
interval change during the entire time process. In the LPS
group, total protein concentration was significantly higher
at 6 h compared to the control group (p = 0.000). In the
H1RA/saline and H2RA/saline groups, the total protein
concentrations showed no significant differences with the
control group at any time. In the HIRA/LPS group, the
total protein concentration was significantly higher than
that of the HIRA/saline group (p = 0.000). The HIRA/
LPS group also showed no significant difference com-
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Fig. 4. Levels of MPO activity in lung tissues at 6 h after intratracheal
LPS instillation in different groups. Lines within the box indicate median
(dashed) and mean (solid) values; Whiskers indicate the minimum and
maximum values. % or # represent that p values were less than 0.05 as
compared to the saline control group (%) or LPS group (#).
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pared with the LPS group. In the H2RA/LPS group, the
total protein concentration showed no significant differ-
ence compared to the control and H2RA/saline groups.
The H2RA/LPS group did, however, tend to be lower
than the LPS group at 6 h (p = 0.05).

MPO Activities in the Lung Tissues

The MPO activities of all six groups, examined as
an indicator of neutrophil infiltration and activity in
lung tissues, are shown in Fig. 4. MPO activity in the
saline control group, expressed as the median and
range, was 5.6 (3.82-7.96) U/g. In the LPS group, the
MPO activity [25.10 (15.33—42.09)] was higher than in
the control group (p = 0.000). The MPO activity in rats
treated with histamine receptor antagonists were 4.18
(3.24-10.80) U/g in the HIRA/saline group and 5.22
(3.16-10.31) U/g in the H2RA/saline group, respective-
ly, showing no significant difference compared to the
control group. In the HIRA/LPS group, the MPO
activity [23.13, (16.28-45.01)] was significantly higher
than in the control group but not significantly different
compared with the LPS group. The MPO activity [13.99
(4.88-20.89)] in the H2RA/LPS group, however, was
significantly lower than the LPS group (p < 0.01).

DISCUSSION

It is known that neutrophils accumulate in the lungs of
ARDS patients and play a central role in experimental
models of ALI [27]. Because neutrophils should initially
be recruited before participating in ALI, chemotactic
factors that elicit neutrophil migration are important.
Histamine is abundantly distributed in lung and increases
the expression of P-selectin [13], which is involved in
neutrophil migration to tissues at the surface of the
vascular endothelial cells [14, 15]. Furthermore, histamine
has been reported to increase the release of IL-8 [16] and
the chemokinesis of neutrophils via other pathways like
phospholipase C and nitric oxide synthase isozymes [10].
Therefore, it can be assumed that endogenous histamine
may be involved in neutrophil accumulation in ALIL The
role of histamine in ALI, however, has not been well
elucidated. We used a LPS-induced ALI model to observe
the effect of endogenous histamines on ALI because
activated neutrophils seem to be essential in the patho-
genesis of sepsis-induced ALI [3-6].

As a first step, to estimate the effect of LPS on
endogenous histamine production, we measured the
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histamine concentrations in BAL fluid and plasma.
Histamine concentration in BAL fluid was significantly
elevated 2 h after LPS instillation compared to that of
the control group in our study, suggesting that LPS may
augment endogenous production of histamine. This is
supported by results showing that the co-treatment of
histamine receptor antagonists attenuated the increased
histamine production in BAL fluids by LPS instillation.
In the case of plasma histamine concentration in the
LPS group, there was no significant difference com-
pared with the control.

When we measured histamine concentration in BAL
fluids after administration of histamine receptor antago-
nists without LPS, no definite effect of histamine blockade
was found. This might reflect the local production of
histamine in the lung did not affected by use of receptor
antagonists in usual condition. On the other hand,
histamine concentration in plasma was elevated with
H2RA treatment from 1 h after LPS or saline instillation
and onward. The plasma histamine concentration was
higher in the H2RA/saline group than in the control group
from 1 h onward, and significantly higher at 6 h in the
HIRA/saline group. However, when comparing the
histamine receptor antagonist/LPS co-treatment group to
the LPS group, we found no significant difference. One
possible explanation for the higher plasma histamine
concentration in the H2RA/saline group might be that
histamine degradation might be lowered by H2 receptor
antagonist. Histamine methyl transferase (HMT), one of
the two important enzymes involved in histamine metab-
olism, is possibly inhibited by typical H1 and H2
histamine receptor antagonists [20]. HMT is also widely
distributed in the lung tissue. Therefore, the action of
HMT could partly explain the changes in the plasma
histamine concentrations.

The mechanism by which LPS increases the
endogenous histamine concentration is not certain. It
has been reported that LPS increases production of
many pro-inflammatory cytokines like TNF-a or IL-1p.
Histamine release from basophils or mast cells is
increased with cytokines like IL-1pB, IL-3 or GM-CSF
[12, 28]. The pro-inflammatory cytokines released by
LPS, therefore, might play an important role in the
release of histamines.

We compared the neutrophil numbers in BAL fluids
and MPO activities in the lung tissues of rats treated
by LPS with or without histamine receptor antagonists
to find the relationship between the increased endog-
enous histamine production and the neutrophil accu-
mulation in the lungs of our model. We found that
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ranitidine, a kind of H2 receptor antagonist, tends to
decrease the elevated neutrophil numbers in BAL fluid.
We also found that ranitidine significantly decreased the
elevated MPO activity in lung tissue by LPS in this
model. These results suggest that endogenous histamine
may be involved in the neutrophil infiltration in lung
tissues via the H2 receptor, which is distributed most
widely in the endothelial cells [13]. In the literature, the
augmentation of neutrophil infiltration by histamine in
the lung tissues, along with IL-8 administration, were
blocked only by mepyramine, an H1 receptor antagonist
[8], and the increased neutrophil activity by histamines
was via the activation of the H2 receptor [10]. The in-
crease in the production of IL-8 by histamine, however,
was blocked by H1 and H2 receptor antagonists in the
endothelial cells [16]. According to these results (includ-
ing ours), the involved histamine receptors would be dif-
ferent depending on the experimental models. It is well
known that the importance of inflammatory mediators
responding to LPS varies with the design of the studies,
the origin of LPS production, the method of LPS delivery
(e.g., intravenous, intratracheal, or intraperitoneal admin-
istrations) and even with the strain of animals studied [27].
We thought that the increases in neutrophil
numbers 2 h after in LPS + HIRA, LPS + H2RA group
compared with their matched control (saline + HIRA,
saline + H2RA in each) might be mainly due to LPS
effect because there were no significant differences in
the comparison of either between saline only and saline
with the histamine receptor antagonists groups or
between LPS group and LPS with the histamine
receptor antagonists groups. The possibility of an
additional effect of the two histamine receptor antago-
nists in the recruitment of neutrophils at 2 h after LPS
treatment seems to be remote, because there were no
significant differences in between LPS group and LPS
with the histamine receptor antagonists groups.
Because neutrophils were known to perform their
main action on the acute vascular and lung epithelial
permeability induced by LPS, and because H2 receptor
was involved in the histamine induced acute lung leak
[22], we expected that the H2 receptor antagonist would
attenuate the acute leak in our model by decreasing the
neutrophil infiltration in the lung tissues. If so, the H2
receptor antagonist can have a very important clinical
implication. Patients with ALI often receive preventive
measures for stress ulcers during ventilatory support. In
clinical practice, surface coating agents such as sucral-
fate or an H2 histamine receptor antagonist such as
ranitidine have been administered for this purpose. If an

H2 histamine receptor antagonist can attenuate the ALI
via modulation of neutrophilic inflammation, it could be
more strongly and primarily considered for the preven-
tion of stress ulcers in patients with ALIL. In our model,
the H2 receptor antagonist tends to attenuate acute
protein leaks by LPS. It did not, however, reach
statistical significance (p = 0.05). The H2 receptor
antagonist, therefore, did not definitely attenuate the
acute protein leak in our model. This result suggests
that the dose of histamine receptor antagonist adminis-
tered in our study could not definitively modulate the
recruited neutrophils’ toxic action or, alternatively, that
endogenous histamine may not have important role in
the pathogenesis of LPS-induced ALI.

In our data, the histamine concentration in the BAL
fluid increased at 2 h. The total cell and neutrophil
number and the protein concentration in BAL fluid
showed peak levels at 6 h after LPS instillation. Pro-
inflammatory cytokines like TNF-o, IL-1B and some
chemokines, like CINC-1 and MIP-2, are increased
2~4 h after aerosol delivery or intratracheal instillation
of moderate doses of LPS [27, 29]. It is suggested that the
histamine could increase the cytokines or chemokines
along with the stimulation of LPS by an uncertain
mechanism or vice versa, with resultant neutrophil
recruitment. Because we did not measure the levels of
pro-inflammatory cytokines or chemokines, we could not
prove the relationship of histamine and cytokines or
chemokines in our model. Alternatively, histamines could
recruit neutrophils by increased P-selectin expression.

The increase of endogenous histamine in BAL fluid
was not sustained in our model, which might suggest that
the effect of intratracheal LPS on endogenous histamine
production is temporary. The preventive effect of
histamine receptor antagonists for recruitment of neu-
trophils could be limited to only around 2 h. These
results, then, suggest that histamine may be sufficient but
not necessary for the recruitment of inflammatory cells
into the lung following the LPS challenge.

In conclusion, endogenous histamines might be
involved in the recruitment of neutrophils in LPS-induced
ALI via the H2 receptor. Its role in ALI, however, would
not be important in this model.

ACKNOWLEDGMENTS

This work was supported by the Korea Research
Foundation (2001-F00158) and research fund of Hanyang
University (2003).



80

REFERENCES

oo

10.

12.

13.

14.

. Bernard, G. R., A. Artigas, K. L. Brigham, J. Carlet, K. Falke, L.

Hudson, M. Lamy, J. R. LeGall, A. Morris, and R. Spragg. 1994.
Report of the American—-European consensus conference on
ARDS: definitions, mechanisms, relevant outcomes and clinical
trial coordination. Am. J. Respir. Crit. Care Med. 149:818-824.

. Brigham K. L., and B. Meyrick. 1986. LPS and lung injury. Am.

Rev. Respir. Dis. 133:913-927.

. Pugin J., B. Ricou, K. P. Steinberg, P. M. Suter, and T. R. Martin.

1996. Proinflammatory activity in bronchoalveolar lavage fluids
from patients with ARDS, a prominent role for interleukin-1. Am.
J. Respir. Crit. Care Med. 153:1850-1856.

. Jorens, P. G., J. Van Damme, W. De Backer, L. Bossaert, R. F. De

Jongh, A. G. Herman, and M. Rampart. 1992. Interleukin-8 (IL-8)
in the bronchoalveolar lavage fluid from patients with the adult
respiratory distress syndrome (ARDS) and patients at risk for
ARDS. Cytokine 4:592-597.

. Armstrong, L., and A. B. Millar. 1997. Relative production of

tumor necrosis factor alpha and interleukin 10 in adult respiratory
distress syndrome. Thorax. 52:442—446.

. Parsons, P. E., M. Moss, J. L. Vannice, E. E. Moore, F. A. Moore,

and J. E. Repine. 1997. Circulating IL-1f and IL-10 concentrations
are increased but do not predict the development of acute
respiratory distress syndrome in at-risk patients. Am. J. Respir.
Crit. Care Med. 155:1469—-1473.

. Ahmed, T., K. B. Mirbahar, J. W. Oliver, P. Eyre, and A. Wanner.

1982. Characterization of H1 and H2 receptor function in
pulmonary and systemic circulations of sheep. J. Appl. Physiol.
53:1765-1784.

. Perretti, M., T. G. Harris, and R. J. Flower. 1994. A role for

endogenous histamine in interleukin-8-induced neutrophil infiltra-

tion into mouse air-pouch: investigation of the modulatory action
of systemic and local dexamethasone. Br. J. Phamacol.
112:801-808.

. Yamaki, K., H. Thorlacius, X. Xie, L. Lindbom, P. Hedqvist, and

J. Raud. 1998. Characteristics of histamine-induced leukocyte
rolling in the undisturbed microcirculation of the rat mesentery.
Br. J. Pharmacol. 123:390—399.

Schaefer, U., A. Schneider, D. Rixen, and E. Neugbauer. 1998.
Neutrophil adhesion to histamine stimulated cultured endothelial
cells is primarily mediated via activation of phospholipase C and
nitric oxide synthase isozymes. Inflamm. Res. 47:256—264.

. Anderson, R., A. Glover, and A. R. Rabson. 1977. The in vitro

effects of histamine and metiamide on neutrophil motility and
their relationship to intracellular cyclic nucleotide concentrations.
J. Immunol. 118:1690—-1697.

Alam, R, J. B. Welter, P. A. Forsythe, M. A. Lett-Brown, and J. A.
Grant 1989. Comparative effect of recombinant IL-1, -2, -3, -4 and
6, IFN-y, GM-CSF, TNF and histamine-releasing factors on the
secretion of histamine from basophils. J. Immunol. 142:3431-3435.
Simionescu, N, C. Heltianu, F. Antohe, and M. Simionescu. 1982.
Endothelial cell receptors for histamine. Ann. NY Acad. Sci.
401:132-149.

Jones, D. A., O. Abbassi, L. V. Mclntire, R. P. McEver, and C. W.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kim, Yoon, Lim, Kim, Kim, and Koh

Smith. 1993. P-selectin mediates neutrophil rolling on histamine-
stimulated endothelial cells. Biophys. J. 65:1560—1569.

. Kubes, P., and S. Kanwar. 1994. Histamine induces leukocyte

rolling in post-capillary venules. A P-selectin-mediated event. J.
Immunol. 152:3570-3577.

. Jeannin, P., Y. Delneste, P. Gosset, and A. B. Tonnel. 1994.

Histamine induces Interleukin-8 secretion by endothelial cells.
Blood 84:2229-2233.

. Subramanian, N., and M. A. Bray 1987. Interleukin-1 releases

histamine from human basophils and mast cells in vitro. J.
Immunol. 138:271-275.

. Liu, M. C., D. Proud, L. M. Lichtenstein, D. W. MacGlashan Jr., R.

P. Schleimer, N. F. Adkinson Jr., A. Kagey-Sobotka, E. S.
Schulman, and M. Plaut. 1986. Human lung macrophage-derived
histamine-releasing activity is due to IgE-dependent factors.
J. Immunol. 136:2588-2595.

. Koh, Y. S., B. M. Hybertson, E. K. Jepson, M. J. Kim, C. M. Lim, S.

D. Lee, W. S. Kim, D. S. Kim, and W. D. Kim. 1996. The study for
the roles of intratracheally administered histamine in the neutro-
phil-mediated acute lung injury in rats. Tuberculosis and Lung
Diseases 43:308-322.

Rangachari, P. K. 1992. Histamine: mercurial messenger in the
gut(editorial). Am. J. Physiol. 2621(1 Pt 1):G1-G13.

Barnes, P. J. 1991. Histamine receptors in the lung. Agents Actions
33:103-122.

Braude, S., D. Royston, C. Coe, and P. J. Barnes. 1984. Histamine
increases lung permeability by an H2-receptor mechanism. Lancet.
2:372-374.

Bloomfield, G. L., S. Holloway, P. C. Ridings, B. J. Fisher, C. R.
Blocher, M. Sholley, T. Bunch, H. J. Sugerman, and A. A. Fowler.
1997. Pretreatment with inhaled nitric oxide inhibits neutrophil
migration and oxidative activity resulting in attenuated sepsis-
induced acute lung injury. Crit. Care Med. 25:584-593.
Siraganian, R. P. 1974. An automated continuous flow system for
the extraction and fluorometric analysis of histamine. Anal. Biochem.
57:383-394.

Krawisz, H. E., P. Sharon, and W. F. Stenson. 1984. Quantitative
assay for acute intestinal inflammation based on myeloperoxidase
activity. Gastroenterology 87:1344—-1350.

Smith, P. K., R. I. Krohn, G. T. Hermanson, A. K. Mallia, F. H.
Gartner, M. D. Provenzano, E. K. Fujimoto, N. M. Goeke, B. J.
Olson, and D. C. Klenk. 1985. Measurement of protein using
bicinchoninic acid. Anal. Biochem. 150:76—85.

Jasson, A. H., C. Eriksson, and X. Wang. 2004. Lung inflamma-
tory responses and hyperinflation induced by an intratracheal
exposure to lipopolysaccharide in rats. Lung 182:163—171.
Subramanian, N., and M. A. Bray. 1987. Interleukin 1 releases
histamine from human basophils and mast cells in vitro. J.
Immunol. 138:271-275.

Haddad, E. B., K. McCluskie, M. A. Birrell, D. Dabrowski, M.
Pecoraro, S. Underwood, B. Chen, G. T. De Sanctis, S. E.
Webber, M. L. Foster, and M. G. Belvisi. 2002. Differential
effects of Ebselen on neutrophil recruitment, chemokine, and
inflammatory mediator expression in a rat model of lipopolysac-
charide-induced pulmonary inflammation. J. Immunol. 169:
974-982.



	The...
	Abstract
	Introduction
	Materials and Methods
	Experimental Animals
	Experimental Design
	Experimental Process
	Acquisition of the BAL Samples for Measurement �of Histamine Concentrations and Cell Numbers
	Measurement of Histamine Concentrations in Plasma and BAL Samples
	Measurement of the Activity of Myeloperoxidase (MPO) in Lung Tissues
	Measurement of the Indices of Lung Inflammation �and Injury

	Statistical Analysis

	Results
	The Effects of LPS on Histamine Concentration �in BAL Fluid
	The Effects of LPS on Histamine Concentration �in Plasma
	Total Cell Numbers in BAL Fluid
	Neutrophil Numbers in BAL Fluid
	Total Protein Concentrations in BAL Fluid
	MPO Activities in the Lung Tissues

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


