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Abstract:

Clinical trials with partial liquid ventilation demonstrate improvement in oxygenation, as well as some adverse side effects linked to

the application of liquid perfluorocarbons (PFCs) during liquid ventilation. Thus, we examined the effects of systemic administra-

tion of PFC on acute lung injury (ALI) induced by lipopolysaccharide (LPS) and its effects on heme oxygenase-1 (HO-1), a com-

pound that provides potent cytoprotection against lung injury.

Rats were assigned to one of six groups (n = 8). Thirty minutes after they were challenged with LPS aerosol inhalation,

perfluorohexane was given intraperitoneally every two hours. Ten hours after LPS inhalation, bronchoalveolar lavage fluid (BALF)

and lung tissue were obtained for enzyme linked immunosorbent assay, histologic, and Western-blot analyses. The results showed

that perfluorohexane significantly decreased the wet to dry weight ratio, malondialdehyde (MDA) production, and myeloperoxidase

(MPO) activity in the lung tissue. Also, perfluorohexane reduced the total protein content and levels of tumor necrosis factor-�

(TNF-�) but increased the levels of the anti-inflammatory cytokine interleukin-10 (IL-10) in the BALF, resulting in decreased pul-

monary edema and the infiltration of neutrophils into the lung tissues of LPS-treated rats. Furthermore, perfluorohexane increased

HO-1 protein production and stimulated HO-1 activity in the lung tissue. Pre-treatment with Zinc protoporphyrin IX, an inhibitor of

HO-1, decreased the protective effects of perfluorohexane in rats.

In summary, systemic perfluorohexane alleviates LPS-induced lung injury in rats, and HO-1 may be involved in the mechanism of

this reduction.
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Introduction

The administration of perfluorocarbons (PFCs), which

were generally applied into the alveolar space of in-

jured lungs as a liquid during total or partial liquid

ventilation, has been associated with improved gas

exchange, respiratory mechanics, and lung structure

in various models of acute lung injury [2, 12, 14].

However, because of poor ventilation/perfusion match,

the access of PFCs to the site of the injury may be

limited due to regional alveolar collapse. Thus, the

uneven distribution of PFCs in the lung during liquid

ventilation is a theoretical concern [14]. Despite seg-

mental hypoperfusion in atelectatic areas, some level

of blood flow is maintained in the collapsed alveoli.
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Therefore, the administration of systemic PFCs may

be advantageous in delivering PFCs to injured areas

of the lung.

Of the many possible mediators of acute lung in-

jury (ALI), reactive oxygen species and inflammatory

cytokines have been implicated in the pathogenesis of

sepsis-associated lung injury [19, 22]. In response to

these challenges, several stress proteins and anti-

oxidant enzymes are upregulated as a cytoprotective

response to limit cellular damage. Heme oxygenase-1

(HO-1) is an inducible protein whose expression is in-

creased several fold in response to a variety of cellular

stresses and stimuli, including hypoxia, oxidative

stress, and inflammatory cytokines [3, 17], suggesting

an important role for this enzyme in tissue protection.

The expression of HO-1 has been shown to increase

in lipopolysaccharide (LPS)-induced ALI, and this

up-regulation of pulmonary HO-1 expression is now

considered an important part of the host anti-injury ef-

fect on ALI [3, 17].

Thus, we hypothesized that systemic PFC admini-

stration may alleviate LPS-induced lung injury and

that HO-1 may be involved in its mechanism. To test

this hypothesis, we used a model of LPS-induced ALI

and studied the lung’s response to perfluorohexane

administration. Additionally, to gain a better under-

standing of the mechanisms of action of perfluorohex-

ane, we investigated its effects on the levels of intrapul-

monary HO-1, malondialdehyde (MDA), myeloperoxi-

dase (MPO), pro-inflammatory cytokine tumor necrosis

factor-� (TNF-�), and anti-inflammatory cytokine inter-

leukin-10 (IL-10). Finally, we investigated whether zinc

protoporphyrin IX, an inhibitor of HO-1, could attenuate

the effects of perfluorohexane.

Materials and Methods

The experimental protocols used in this study were

approved by the Institutional Animal Care Committee

of the Yixing People’s Hospital based on National In-

stitutes of Health guidelines. Experiments were con-

ducted on male Sprague-Dawley rats (4–6 months old

and weighing 250–300 g) that were housed individu-

ally in a temperature-controlled 23 ± 0.5°C room with

a 12-h light-dark cycle and given free access to food

and water. Each animal was used in only one experi-

ment.

Drugs and chemicals

Lipopolysaccharide (LPS, Escherichia coli serotype

O111:B4), perfluorohexane solution and zinc proto-

porphyrin IX (ZnPP IX) were purchased from Sigma-

Aldrich, St. Louis, MO. LPS was dissolved in normal

saline (NS, 300 µg/ml) and prepared fresh on the day

of the experiment. Stock solutions of ZnPP IX were

prepared and kept in the dark. ZnPP IX was dissolved

in 0.2 M sodium hydroxide and diluted with NS. The

pH of ZnPP IX solution was adjusted to 7.4 using

0.2 M HCl.

Model of ALI

The induction of ALI in a rat model by LPS instilla-

tion was established in a previous study [18]. Rats

were exposed to aerosolized LPS in a custom-built

cylindrical chamber (20 × 9 cm) connected to an air

nebulizer (MicroAir, Omron Healthcare, Vernon Hills,

IL). The outlet of the chamber was connected to a vac-

uum pump, and a constant flow rate of 15 ml/min was

ensured by a flow meter (Shanghai Yinuo Instrument

Co., Ltd.). Rats were allowed to inhale aerosolized

LPS for 30 min. Control rats were exposed to NS

aerosol.

Experimental protocol

Rats were assigned to one of six groups (n = 8 per

group). In the sham-NS group, 30 min after they were

challenged with NS aerosol, NS was injected intrape-

ritoneally every two hours. The sham-PFC group was

identical to the sham-NS group, except that 10 ml/kg

perfluorohexane was given instead of NS, and the

sham-ZnPP group was identical to the sham-NS group

except that ZnPP IX (50 mg/kg, Chemical Co. St.

Louis, MO, USA), an inhibitor of HO-1, was administered

intraperitoneally. The dose of ZnPP was determined

according to a previous study [15]. In the LPS-NS

group, rats were treated with NS 30 min after they

were challenged with LPS aerosol inhalation. The

LPS-PFC group was identical to the LPS-NS group,

but they received perfluorohexane. The ZnPP-PFC-

LPS group was identical to the LPS-PFC group, but

ZnPP was administered intraperitoneally 30 min be-

fore PFC. Ten hours after LPS aerosol inhalation ani-

mals were killed under isoflurane anesthesia, and lung

samples were taken for analysis.
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ALI evaluation

The left lower pulmonary lobe was harvested and

flushed with NS and was then fixed with 10% forma-

lin for 24 h. Embedded in paraffin, sections of 6 µm

were stained with hematoxylin and eosin (HE stain-

ing) for light microscope observation. The injury was

scored with a semi-quantitative grading system based

on structural changes, including edema, alveolar and

interstitial hemorrhage, and inflammatory cell seques-

tration [10]. A semi-quantitative grading system that

employed a 0- to 4-point scale system was used: 0 = no

injury; 1 = 25% injury in a light microscope field; 2 =

50% injury in a light microscope field; 3 = 75% injury

in a light microscope field; and 4 = almost 100% in-

jury in a light microscope field. Ten light microscope

fields were analyzed per pathological section, and 12

sections were calculated for a specific specimen to de-

termine rat ALI score. A percentage of tissue area [%

tissue area = (cellular area/total area) × 100] was used

to express the degree of ALI.

Lung wet weight to dry weight ratio (W/D ratio)

To quantify the magnitude of pulmonary edema, we

evaluated the wet weight to dry weight (W/D) ratio of

the lung. The left main bronchi were clamped, and the

wet left upper lung lobe was harvested. They were

then placed in an oven for 24 h at 80°C, weighed, and

when dried. The W/D ratio was then calculated.

Bronchoalveolar lavage fluid (BALF) collection

BALF collection was performed on the right lung

lobe six times with 5 ml of Ca- and Mg-free phos-

phate-buffered saline. The BALF was centrifuged at

14,000 rpm for 30 min at 4°C, and the supernatant

from the first two washes was pooled and analyzed

for total protein. BALF cells were quantified by he-

mocytometer counting, and cell viability was deter-

mined by exclusion of trypan blue dye. Cell differen-

tials were performed on cytocentrifuge preparations

that were fixed in methanol and stained with Diff-

Quik (Sigma, St. Louis, MO, USA). The rest of the

BALF was passed through a 0.22-µm pore-size filter

and stored at –80°C for measurement of myeloperoxi-

dase concentrations.

Measurement of MPO

MPO activity, an indicator of neutrophil activation,

was determined as described previously [11]. The assay

mixture, in a cuvette with a path length of 1 cm, con-

tained 0.3 ml 0.1 M phosphate buffer, 0.3 ml 0.01 M

H2O2, 0.5 ml 0.02 M o-dianisidine (freshly prepared)

in distilled water, and 10 µl sample for a final volume

of 3 ml. The sample was added last, and the change in

absorbance at 460 nm was observed for 10 min. One

unit of MPO is defined as that giving an increase in

absorbance of 0.001 per min, and specific activity is

given as U/mg protein.

Preparation of tissue homogenates

After BALF collection, right lung tissues of the rats

were rapidly removed and immediately excised, snap

frozen in liquid nitrogen, and stored at –80°C until

subsequent analysis. Before the experiment, the lung

tissue was homogenized in NS, using a homogenizer.

Biochemical assays were performed on the super-

natant preparation in a Sorvall RC-2B centrifugation

(du Pont Instruments, Newton, Conn., USA) of the

homogenate at 14,000 rpm for 30 min at 4°C. The to-

tal protein concentration was determined by using the

BCA protein assay kit (Jingmei Biochemistry Co.,

Shanghai, China).

Determination of MDA activity

Lipid peroxidation level in the tissue samples was ex-

pressed in MDA. Measurement was based on the

method of Kurutas et al. [13]. The reaction mixture

contained 0.1 ml of sample, 0.2 ml of 8.1% sodium

dodecyl sulfate, 1.5 ml of 20% acetic acid, and 1.5 ml

of 0.8% aqueous solution of thio-barbituric acid. The

mixture pH was adjusted to 3.5, and the final volume

was made up to 4.0 ml with distilled water; 5.0 ml of

the mixture of n-butanol and pyridine (15:1, v/v) was

then added. The mixture was shaken vigorously. After

centrifugation at 4,000 rpm for 10 min, the absor-

bance of the organic layer was measured at 532 nm.

MDA was expressed as nmol/mg protein.

Cytokine measurements

The concentrations of TNF-� and IL-10 in the super-

natant were measured by enzyme linked immuno-

sorbent assay (ELISA) according to the manufactur-
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er’s instructions (Jingmei Biochemistry Co., Shang-

hai, China). The total protein concentration in the

BALF was determined by using the BCA Protein As-

say Kit (Jingmei Biochemistry Co., Shanghai, China).

Results were corrected for microgram of protein.

HO-1 protein extraction and western blotting

For Western blot analysis, the frozen lung tissues

were homogenized in a 200 µl lysis buffer solution

containing 20 mM Tris, pH 7.5, 150 mM NaCl, 1%

Nonidet P-40, 0.5% sodium deoxycholate, 1 mM

EDTA, 0.1% SDS, 2 ml protease inhibitor cocktail

from Sigma, and 4 ml phophatase inhibitor cocktail

from Sigma. This mixture was then centrifuged at

10,000 rpm for 30 min at 4°C. The supernatant was

used for Western blot analyses. The total proteins

were prepared as previously described [13]. Samples

(20 µg protein) were mixed with sample buffer, sepa-

rated by 10% SDS-PAGE and electroblotted to a ni-

trocellulose membrane. The membrane was blocked

for 1 h at room temperature with blocking solution

[5% nonfat milk in Tris buffered saline with Tween 20

(TBST)]. Blots were then incubated overnight at 4°C

with primary anti-HO-1 antibody (1:100 dilution;

Santa Cruz Biotechnology, Santa Cruz, CA). Then,

the membrane was washed in 5% nonfat milk in

TBST and was incubated with a horseradish peroxi-

dase conjugated secondary antibody for 1 h at room

temperature.

HO-1 activity assay

Pulmonary HO-1 activity was determined as de-

scribed previously [11]. The reaction mixture con-

sisted of 200 µl of lung supernatant, 50 µl of lung cyto-

sol, 20 µl of 1 mM heme solution, 200 µl of 2.75 mM

� -NADPH solution, and 530 µl of 2 mM MgCl2 in

100 mM phosphate buffer (pH 7.4). The samples were

incubated in a 37°C water bath in the dark for 1 h. The

reaction was stopped by placement on ice. An

NADPH-free reaction mixture provided a baseline

against which the measured concentrations were com-

pared. The absorbance of the sample was measured

by spectrophotometer at 530 nm. The amount of bili-

rubin formed was calculated from the difference in

absorbance at 530 nm. The values are expressed as pi-

comoles of bilirubin formed per milligram of protein

per hour.

Statistical analysis

Results are presented as the mean ± SD and all data

analyzed with Prism 4 software (GraphPad Software,

San Diego, CA). Differences were assessed with one

way analysis of variance (ANOVA) followed by the
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Fig. 1. Effects of systemic perfluorocarbon (PFC) on the morphology
of the lung in rats. (A) Sham-NS group: No histologic change was ob-
served. (B) Lipopolysaccharide (LPS)-NS group: Note the inflamma-
tory process with marked infiltration of leukocytes into the interstitial
and alveolar spaces, edema, and alveolar distortion. (C) LPS-PFC
group: Lung pathology was attenuated to a great extent. (D) LPS-
ZnPP-PFC group: Pretreatment with zinc protoporphyrin IX (ZnPP)
before PFC significantly blocked the effect of the PFC. Original mag-
nification: 100�

Fig. 2. Effects of systemic perfluorocarbon (PFC) on the injury score
in the lung tissue of rats with acute lung injury induced by lipopoly-
saccharide (LPS). PFC significantly reduced the LPS-induced in-
crease in the injury score. Intraperitoneal administration of zinc proto-
porphyrin IX (ZnPP), an inhibitor of HO-1, before PFC blocked the ef-
fects of PFC. Data are expressed as the mean ± SD of eight rats for
each group. ** p < 0.01 and * p < 0.05 vs. sham-NS group; � p < 0.05
vs. LPS-NS group; �p < 0.05 vs. LPS-PFC group. NS = normal saline



LSD test. Statistical significance was accepted at

p < 0.05.

Results

Effects of perfluorohexane on LPS-induced ALI

score, pulmonary edema, and microvascular

permeability

The sham group had normal pulmonary histology

(Fig. 1A). In contrast, the lung tissues from the LPS

group were significantly damaged, as evidenced by an

increase in ALI injury score (Fig. 2), alveolar disarray,

severe inflammatory cell infiltration (Fig. 1B), W/D ra-

tio, and BALF total protein concentration (Fig. 3).

These changes were less pronounced in the LPS-PFC

group (Figs. 1C, 2 and 3). Coadministration of ZnPP

significantly blocked the effect of perfluorohexane

(p < 0.05, Figs. 1, 2, and 3).

Effects of perfluorohexane on neutrophil

infiltration in the lungs

Perfluorohexane or ZnPP treatment alone did not

cause significant changes in total leukocytes and neu-

trophil counts or MPO activity in the BALF from the

sham-treated rats. Inhalation of LPS increased these

variables in BALF. This increase in total leukocytes,

neutrophil counts, and MPO activity was significantly

reduced in the LPS-PFC group (p < 0.05, Figs. 4A–4C).

However, the inhibitory effects of perfluorohexane

were reduced by ZnPP (p < 0.05, Figs. 4A–4C).

Perfluorohexane decreased TNF-� and MDA, but

increased IL-10 production in the injured lung

Compared with the sham-NS group, there were sig-

nificant increases in the levels of lung tissue TNF-�

and MDA levels, but a decrease in IL-10 production

in the LPS-NS group (Tab. 1). Treatment with per-

fluorohexane after LPS reversed these variables sig-
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Fig. 3. (A) Wet/dry weight ratio of the left upper lung lobe. (B) BALF
protein concentration. Rats were treated with perfluorocarbon (PFC)
30 min after they were challenged with lipopolysaccharide (LPS).
Zinc protoporphyrin IX (ZnPP) was administered intraperitoneally be-
fore PFC blocked the effects of PFC. Data are expressed as the mean
± SD of eight rats for each group. ** p < 0.01 and * p < 0.05 vs. sham-
NS group; �p < 0.05 vs. LPS-NS group; � p < 0.05 vs. LPS-PFC group

Tab. 1. Effects of systemic perfluorocarbon (PFC) on TNF-� , IL-10,
and maleic dialdehyde (MDA) concentrations in the bronchoalveolar
lavage fluid (BALF) of rats with acute lung injury induced by lipopoly-
saccharide (LPS)

Groups MDA
(nmol/mg)

TNF-�
(pg/mg protein)

IL-10
(pg/mg protein)

Sham-NS 1.6 ± 0.3 0.45 ± 0.06 0.53 ± 0.10

Sham-ZnPP 2.1 ± 0.6 0.42 ± 0.09 0.55 ± 0.09

Sham-PFC 1.9 ± 0.5 0.48 ± 0.18 0.59 ± 0.08

LPS-NS 7.7 ± 1.1* 1.65 ± 0.13* 0.13 ± 0.03**

LPS-PFC 3.9 ± 0.6*� 0.59 ± 0.15*� 0.41 ± 0.07*�

LPS-ZnPP-PFC 5.9 ± 1.1*# 0.99 ± 0.18*# 0.21 ± 0.05**#

Rats were post-treated with intraperitoneal perfluorocarbon (PFC)
30 min after they were challenged with LPS aerosol inhalation. Zinc
protoporphyrin IX (ZnPP, 50 mg/kg) was administered intraperito-
neally 30 min before PFC. Data are presented as the mean ± SD of
the eight rats for each group. ** p < 0.01 and * p < 0.05 vs. sham-NS
group; � p < 0.05 vs. LPS-NS group; �p < 0.05 vs. LPS-PFC group. NS –
normal saline



nificantly (p < 0.05). However, the inhibitory effects

of perfluorohexane were reduced by ZnPP (Tab. 1).

Effects of perfluorohexane on LPS-Induced

pulmonary HO-1 activity

In the sham-NS and sham-ZnPP groups, the lung ac-

tivity of HO-1 was lower. Injection of PFC signifi-

cantly increased the activity of HO-1 protein when

a comparison was made between the sham-NS and

sham-PFC groups. The activity of HO-1 was found to

be markedly enhanced in the LPS-NS group. Com-

pared with the LPS-NS group, HO-1 activity showed

a further increase in the LPS-PFC group. ZnPP treat-

ment significantly decreased lung HO-1 activity (Fig. 5).

Treatment effect of perfluorohexane on

LPS-Induced acute lung injury

Furthermore, we investigated the in vivo effects of

perfluorohexane on survival rate after LPS challenge.

Thirty rats were randomized into either the LPS-NS

group (n = 15) or the LPS-PFC group (n = 15). The

survival rate of rats in each group was monitored for

72 h. The survival rate in the perfluorohexane treat-

ment group was markedly increased when compared

with that of rats in the LPS-NS group (80% vs. 13%

survival; p < 0.001).

�����������	��� 
������ ����� ��� ������� 175

Treatment of lung injury with systemic perfluorohexane
������� �	 	
 ��

0

2

4

6

8

10

12

Sham
-N

S

Sham
-Z

nPP

Sham
-P

FC

LPS-N
S

LPS-P
FC

LPS-Z
nPP-P

FC

F
o

ld
s

o
f

c
h

a
n

g
e
s

o
f

H
O

-1

**

HO-1
A

**

* *

0

40

80

120

160

200

Sham
-N

S

Sham
-Z

nPP

Sham
-P

F
C

L
PS-N

S

L
P
S-P

FC

L
PS-Z

nP
P-P

F
C

H
O

-1
a

c
ti

v
it

y

(P
m

o
l/

m
g

P
r
o

te
in

/h
)

B

**

**
**

Fig. 5. (A) Expression of HO-1 as measured by Western blotting
analysis, (B) activity of HO-1 in the lungs of LPS-treated rats. PFC in-
duced HO-1 protein expression and stimulated HO-1 activity in the
lung tissues. Pre-treatment with zinc protoporphyrin IX, an inhibitor of
HO-1, before PFC blocked the effects of PFC. Data are expressed as
the mean ± SD of eight rats for each group. ** p < 0.01 and * p < 0.05
vs. sham-NS group; � p < 0.05 vs. LPS-NS group; � p < 0.05 vs.

LPS-PFC group

Fig. 4. (A) Bronchoalveolar lavage fluid (BALF) leukocyte counts,
(B) neutrophil counts, and (C) lung myeloperoxidase (MPO) activity.
Perfluorocarbon (PFC) significantly reduced lipopolysaccharide
(LPS)- induced increases in BALF leukocytes, neutrophil counts, and
MPO activity. Zinc protoporphyrin IX (ZnPP) blocked the effects of
PFC. Data are expressed as the mean ± SD of eight rats for each
group. ** p < 0.01 and * p < 0.05 vs. sham-NS group; � p < 0.05 vs.

LPS-NS group; � p < 0.05 vs. LPS-PFC group



Discussion

Clinical trials with PFC during liquid ventilation have

shown an improvement in oxygenation, as well as

some adverse side effects, such as transient hypoxic

events, pneumothoraces, and PFC leakage into the

pleural cavity [9, 4]. Therefore, alternative PFC appli-

cation techniques should be developed to take advan-

tage of the positive effects of PFC and avoid the risks

involved in liquid application. In the current study, we

demonstrated that systemic administration of per-

fluorohexane attenuated LPS-induced ALI as evalu-

ated by pulmonary edema, the infiltration of neutro-

phils in lung tissues, protein leakage in the airway,

ALI score, and survival rate. Our findings suggest that

systemic perfluorohexane could be a useful alterna-

tive to liquid ventilation in ALI. Further studies are

necessary to confirm this claim.

LPS administration is a common methodology

used in experimental studies of ALI. Activation of

neutrophils and their sequestration within the lung is

a primary mechanism implicated in the pathogenesis

of ALI [1]. In the current study, perfluorohexane at-

tenuated the LPS-induced increase of neutrophil

counts in BALF. Similar results have shown that PFC

inhibits recruitment of neutrophils and protect against

neutrophil-mediated tissue injury by attenuating neu-

trophil chemotaxis [21], adhesion, and transmigration

across alveolar cells [20]. Of note, activated neutro-

phils secrete MPO enzyme, the activity of which is

known to be an indicator of neutrophil accumulation

in tissue [11]. In the present study, BALF MPO activ-

ity was reduced markedly by an injection of per-

fluorohexane, suggesting that the protective effect of

perfluorohexane on LPS-induced lung injury may be

related to its suppressive action on neutrophil accu-

mulation.

LPS stimulates macrophages, neutrophils, and

other immune cells to produce different mediators,

TNF- in particular, a cytokine that indirectly recruits

polymorphonuclear neutrophils into the injured site

[21]. However, LPS-activated mononuclear phago-

cytes also produce IL-10, an anti-inflammatory cyto-

kine [21]. In the study, perfluorohexane markedly at-

tenuated the LPS-induced increase in pulmonary

TNF-�, while simultaneously enhancing the produc-

tion of the cytokine IL-10. These data, therefore,

demonstrate that systemic perfluorohexane can modu-

late the inflammatory response and suppress patho-

physiological changes in the lung, thus, it may have

therapeutic applications for inflammatory disease

states of the lung.

In addition, after adhering to lung endothelium,

neutrophils transmigrated across endothelial surfaces

and into the tissues, where they exerted their toxic ef-

fects through the release of reactive oxygen metabo-

lites, such as superoxide, hydrogen peroxide, and hy-

droxyl radicals, resulting in microvascular dysfunc-

tion and local inflammatory response, including

alveolar capillary barrier leakage, interstitial and al-

veolar edema, lipid peroxidation, and eventual cell

death [7]. MDA is one of the final products of lipid

peroxidation, and its concentration is directly propor-

tional to the cell damage caused by reactive oxygen

metabolites [8]. In the present study, the increase in

pulmonary MDA production following LPS aerosol

inhalation was reduced by perfluorohexane, suggest-

ing an involvement of the anti-oxidative effects of

perfluorohexane. These results lend support to the use

of perfluorohexane as an anti-oxidative adjunctive

therapy under conditions of systemic inflammation.

The present study clearly supports the conclusion

that LPS induces ALI, as manifested by the altera-

tions in the biochemical indicators of oxidative stress

and inflammatory stimulation in BALF [11, 16]. The

cytoprotective properties of anti-oxidative and anti-

inflammatory agents have been partially ascribed to

their abilities to induce cytoprotective enzymes.

Among the various cytoprotective enzymes, HO-1 ex-

pression has been considered to be an adaptive and

beneficial response to ALI [16]. To evaluate whether

the protective roles of perfluorohexane on ALI were

related to HO-1, we examined the changes of HO-1

under the influence of perfluorohexane. We demon-

strated that the overall protective effect of perfluoro-

hexane was accompanied by an induction of HO-1 at

all levels, including HO-1 protein and HO-1 enzy-

matic activity. Blockade of the HO-1 enzyme by ad-

ministration of ZnPP reduced the protection in per-

fluorohexane-treated animals, implicating a direct

involvement of HO-1. To our best knowledge, such

a phenomenon has not been reported.

Several previous studies reported that HO-1 could

be up-regulated by oxidative stress, inflammatory cy-

tokines and LPS [6]. In addition to these effects in the

ALI model, the present studies on the unchallenged

rats’ lung following administration of perfluorohex-

ane showed a significant increase in HO-1 protein

level, as well as in HO-1 enzyme activity. Such direct
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actions of perfluorohexane on the lung heme oxyge-

nase in the absence of invading inflammatory cells

and detectible tissue injury suggest another class of

inducers in addition to the known range of com-

pounds. However, the underlying mechanisms of the

processes by which such an induction of HO-1 is

brought about are not known.

In summary, this study demonstrates that treatment

with perfluorohexane attenuates ALI induced by LPS

in rats. In addition, perfluorohexane induces HO-1,

and the HO-1 inhibitor, ZnPP, counteracts the protec-

tive effect of perfluorohexane. Thus, the mechanism

of the protective effects of perfluorohexane is depend-

ent on HO-1. The up-regulation of HO-1, in turn, re-

sults in a reduction of the production of MDA, MPO,

TNF-�, and neutrophil infiltration, as well as an in-

crease in IL-10 in the lung. However, the mechanism

of perfluorohexane mediated up-regulation of HO-1

requires further research.
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