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ABSTRACT

Background and Objectives: Exogenous lung surfactant (ELS) oblained from
extraction of bronchoalveolar lavage fluid, is prescribed in some respiratory disorders,
which could affect production of lung-related cytokines. Interleukin-§ (IL-8) is a major
cytokine that could affect severity of lung diseases. In this study, we investigate the possible
impact of ELS on IL-8 expression, hematological parameters and IgG and IgM levels in
rabbits.

Methods: ELS solution obtained from fresh cali’s lung bronchoalveolar lavage was
infused into the lungs of five rabbits via tracheal tube. Blood samples were collected before
and after ELS treatment for 30 days.

Results: Serum IL-8 levels decreased over time following ELS administration. IL-8
expression also decreased after exposure to ELS, but leukocyles count increased significantly
24, 48 and 72 hours after ELS therapy compared to baseline values (P<<0.05). IgM level
increased significantly 72 hours after the ELS therapy and returned to normal range at the
end of study.

Conclusion: Our findings suggest that ELS could down-regulate I1-8 expression in
mononuclear cells while increasing leukocytes population and total immunoglobulins level,
which can trigger immune responses without lung damage. However, further studies should
be performed to confirm the regulatory effects of ELS on inflammatory responses in lung
diseases.
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INTRODUCTION

The  mammalian  lung  surfactant
components include phospholipids, neutral
lipids and four proteins that prevent atelectasis
by reducing surface tension at the alveolar (1,
2). In addition, surfactant proteins can be
stimulated to produce pro-inflammatory
cytokines such as TNF-o, interleukin 1 beta,
interleukin -6 and interleukin-8 (IL-8) by
pneumocytes (type-Il cells) or monocytes (3,
4). Natural surfactant is synthesized by
alveolar type Il cells and stored in intracellular
lamellar inclusion bodies before release into
the alveolar space (5). Inflammation plays a
major role in lung dysfunction (6). Among
pro-inflammatory cytokines, a great deal of
attention has been focused on chemokines that
are mainly involved in controlling the
leukocytes migration to inflammation sites (7).
It has been suggested that IL-8 play a key role
in some lung disorders, including respiratory
infections and fibrotic lung diseases (8-10).
Immune cells such as neutrophils and
monocytes are involved in pathogenesis of
several inflammatory lung diseases, including
acute respiratory distress syndrome, chronic
obstructive pulmonary disease and asthma. IL-
8 is a powerful neutrophil-recruiting
chemokine. Previous studies have shown that
presence of IL-8 in clinical samples is
associated with lung disease. Therefore, it is
proposed that controlling IL-8 level may be a
feasible therapeutic strategy for management
of lung disease (11, 12).
Exogenous lung surfactant (ELS) obtained
from natural sources is a valuable drug
candidate in neonatal respiratory distress
syndrome and other respiratory disorders (13).
However, the effect of ELS on IL-8 is still
unknown. The present study was designed to
evaluate effects of ELS on IL-8 level and gene
expression in peripheral blood mononuclear
cells (PBMC) cells, leukocytes population and
total serum IgG and IgM levels of healthy
rabbits.

MATERIALS AND METHODS

Five healthy male New Zealand White
Rabbits (Oryctolagus cuniculus) weighing 2.5-
3 kg were purchased from the Animal
Sciences Laboratory of Pasteur Institute of
Iran. All experimental procedures involving
animals were approved by the Ethics
Committee of Faculty of Veterinary Medicine,
University of Tehran, Iran. The health of
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selected rabbits was approved by clinical
examinations and hematology evaluation. The
animals were kept under adaptation period for
48 hours prior to commencement of the
procedure.

ELS was obtained by  extracting
bronchoalveolar lavage fluid of freshly
slaughtered calf’s lungs without macroscopic
lesions. Lavage fluids from several calves
were combined, cells and debris were removed
and cell-free bronchoalveolar lavage fluid
supernatants were centrifuged at 20,000 g for
60 min at 4 °C to separate crude surfactant
pellets (CSP)(4). Crude calf lung surfactant
was obtained by extraction of CSP by a
modified Bligh and Dyer method (14).
Afterwards, lower phase was concentrated
using rotary evaporator (120 rpm, at 20 °C)
(4). Then, an active pharmaceutical ingredient
was formulated by adding
dipalmitoylphosphatidylcholine(Sigma, USA)
and palmitic acid (Merck Millipore, USA).
Finally, a suspension was made by adding
0.9% NaCl.

The rabbits  were  anesthetized by
intramuscular injection of 5 mg/kg Xylazine
2% (Holland Interchemic Co., Germany) and
35 mg/kg Ketamin (Trittau Co., Germany) (4).
After placing the tracheal tube, positioning
was confirmed by end-tidal CO, monitoring.
Bronchoalveolar lavage catheter was inserted
via the tracheal tube and the ELS solution (4
ml/ kg BW) was infused into the lungs (4, 7).
Blood samples were collected into 10 ml
sterile heparinized tubes before and after
administration of ELS for 30 days (4).

Two ml of peripheral blood were collected for
hematological assessment (15). Leukocytes
count was determined by Neubauer chamber
and leukocytes differential count was
determined by the blood smear method (15,
16).

The collected blood samples diluted with
sterile phosphate buffer saline (Sigma,
Germany) were added gently to 5 ml of Ficoll
Histopaque (Biowest Co., Germany). The
PBMCs formed in the inter-phase between
Histopaque and the medium were aspirated
and resuspended in Roswell Park Memorial
Institute 1640 medium  (Gibco®, UK)
containing 20% fetal bovine serum (Gibco®,
UK) and antibiotic (Penicillin/Streptomycin
0.01%, Sigma, Germany). Then, 0.5 ml of cell
suspension (10° cell/ml) was added to each
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well of a 24-well plate (NEST®, China) (4).
PBMCs supernatant was harvested and
analyzed for IL-8 by enzyme-linked
immunosorbent  assay  (ELISA)  using
commercially available kits (MyBioSource
Inc., USA). Serum levels of total IgM and 1gG
were also evaluated using ELISA Kits
(MyBioSource Inc., USA). Total RNA was
extracted from the isolated cells using the
RNX-plus kit (CinnaGen Inc., Iran) according
to the manufacturer’s protocol. Quantity of the
extracted RNA was evaluated by a Nanodrop
2000  spectrophotometer.  The  reverse
transcription process was carried out using
CinnaGen First Strand cDNA synthesis and
random hexamer primers (4, 17). The primers
were designed using the AllelelD software and
then verified by BLAST (NCBI databases).
Table 1 shows the sequence of the primers
used in the study. Finally, real-time PCR was
performed for gene expression analysis and
cytokine quantification. Real-time PCR was
performed using Light Cycler Fast Start DNA
Master Syber Green Kit and cDNA dilution in
diethyl pyrocarbonate water (Table 2). Details
of the cycling conditions are presented in table
3. Fluorescence of SYBR green dye bound to
double-stranded DNA was measured at 530
nm (Light Cycler fluorescence channel F1). A
melting curve analysis was performed to
evaluate the possibility of non-specific
amplification or primer-dimer formation (4)
(Figure 1). B-actin was used as the house
keeping gene in the real-time PCR experiment.
The obtained data were analyzed with repeated
measures ANOVA, paired t-test and LSD post
hoc test. Moreover, analysis of data was
performed on the basis of Delta-Delta ¢T from
the device and the REST2009 software. All
statistical analyses were performed at
significance level of 0.05.

RESULTS

As shown in table 4, lymphocytes
count increased significantly 24, 48 and 72
hours after the ELS treatment compared to
therapy). baseline (P =0.04), but at days 7 and
30, it returned to normal range. Monocyte
count also increased significantly during the
study period (P=0.04).
The number of monocytes differed
significantly between the baseline value and
24, 48 and 72 hours post-ELS administration
(P=0.035).
Compared to baseline, the number of
leukocytes was significantly higher 24 and 48
hours after the ELS administration (P =0.045).
Nonetheless, the eosinophil and basophil
counts did not change notably in response to
ELS therapy (Table 4).
During the study, the level of 1gG increased
and this increase was statistically significant at
day 30 post-ELS therapy (15.31+0.93 mg/ml)
compared to baseline (10.62+0.2 mg/ml). IgM
level increased following ELS therapy,
reaching its maximum level after 7 days
(876+23.79 pg/ml) but returning to normal
range at the end of study (384+41.04 pg/ml).
IL-8 level changed significantly following
ELS therapy (P=0.035).
The content of IL-8 at days 2 and 3
decreased significantly. The IL-8
concentration was lowest at day 2 (Figure 2).
The melting curves of IL-8 gene
expression were plotted by target gene
amplification using real-time PCR (Figure
1).
The results showed that the expression of
IL-8 gene decreased 24 hours after the ELS
therapy (0.084+0.04 in beginning of study
and 0.085+0.034 24 hours  after the
treatment) until reaching its minimum value
48 hours post-treatment (0.064+0.12 at
baseline and 0.053+0.04 48 hours after ELS

Table 1- Sequence of the primers used in the study

Gene

Sequence of Primer

B — actin( References gene)

F: CCTCGCTCTCCACCTTCC
R: TGCCAATCTCGTCTCGTTTC

IL-8 F: ACCTTCCTGCTGTCTCTG
R: GTCCACTCTCAATCACTCTC
Table 2- Real-time PCR components UNG (uracil-glycosylase)
Component Volume/reaction Final concentration
SG gpcr master mix (2x) 12.5 7L 1X 2.5 mM MgCI
Forward primer Variable 0.3-0.5
Reverse primer Variable 0.3-0.5
Template DNA Variable <500 ng
Optional: 0.3-0.5 1M1 300-500 nm
Rox solution,25 U/ul 0.3-0.5 .10 x diluted 30-50 nm
Optional: UNG 0.25 ul 0.25 p/reaction
Water, nuclease free To 25 nLL -
Total volume 25 uL
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Figure 1- Melting curve of IL-8 48 hours after the injection of ELS
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Figure 2- IL-8 level in PBMC supernatant at baseline and after ELS treatment.
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Table 3- Real-time PCR cvclina conditions

Cycle Time Temperature Step
1 2 min 50°C Optional:
UNG pretreatment
1 10 min 95°C Initial denaturation
34-35 15s 94°C Denaturation
30s 50-60 °C Annealing
30s 72°C Extension
15s X°C Optional data acquisition
1 Indefinite 4°C Cooling

Table 4- Changes in hematological parameters during the study period

Cells Mean £SD Mean £SD Mean £SD Mean £SD Mean £SD Mean £SD
Baseline) (24 hours) (48 hours) (72 hours) (7 days) (30 days)
Eosinophils (cell/pL) 114+ 0.1 142+ 7.5 128.4+ 4.88 118.8+ 3.81 115.6+ 2.31 116+ 4.0
Basophils (cell/uL) 97.3+ 1.2 101.8+ 4.52 100.4+ 5.73 97.2+17.17 96.8+7.3 99.4 +3.57
Monocytes (cell/pL) 76.2 +£1.02 203.4+5.32 400+ 17.2 193.4 +£5.87 99.2 +3.68 78.8 +£3.032
Lymphocytes (cell/uL) 3840+16.46 6612+15.2 5435.1+12.53 5228.4+17 4336+25.5 3921.4+1.7
Leukocytes (cell/uL) 5020+102.1 7180+£106.77 6640+510.48 6120+86.02 5060+107.70 4840+196.46

SD: Standard Deviation
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DISCUSSION

Stimulation of monocytes and alveolar
macrophages as well as cytokine release in the
presence of an infectious pathogen in the
respiratory tract or inflammation can alter the
phospholipid content of surfactant (9). It can
therefore be assumed that the monocytes
activated production of lymphocytes and some
cytokines such as IL-8 to help the
inflammation process (3). In the presence
study, we demonstrated that ELS can decrease
IL-8 expression and release from PBMC. In
addition, hematological findings indicated that
ELS therapy increased the total leukocytes and
monocytes populations. Based on the obtained
results, although monocyte and lymphocyte
contents increased expectedly, one of the
main inflammatory cytokines (IL-8) decreased
following the ELS therapy. Similar to our
findings, previous investigations reported that
exogenous surfactant therapy could inhibit
inflammatory responses and induce monocyte
and cytokines production (18, 19). ELS could
be used as a transport medium for anti-1L-8
antibodies in order to block chemotactic and
inflammatory effects of this cytokine (20).
Based on previous studies, ELS prevent
leukocytes infiltration into the lungs, but our
findings indicated an increase in total
leukocytes in peripheral blood (20). But in
some cases the expression of the IL-8 gene
seems to be prevented by certain components
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CONCLUSION

Our results revealed that ELS therapy
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