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The Effects of air-borne particulate matters on the Alveolar Macr-
ophages for the iNOS Expression and Nitric Oxide with Nitrotyrosi-

lated-proteins Formation

Feng Ji Cui', Tian Zhu Li', Soo-Jin Lee', Se-Jong Park', Young Lim?, Kyung-A Kim?, Byung-Joon Chang’,

Jong-Hwan Lee', Myoung-Heon Lee®, Nong-Hoon Choe'

'College of Veterinary Medicine, Konkuk university, Seoul. 2Catholic University College of Medicine, Seoul.

National Veterinary Research and Quarantine Service

Background : Particulate matters (PM) when inhaled is known to induce pulmonary diseases including asthma and
chronic bronchitis when inhaled. Despite the epidemiological proofevidence, the pathogenesis of PM-related pulmonary

diseases is unclearremain poorly understood.

Methods : Primary alveolar macrophages were harvested from the SPF and inflammatory rats by bronchioalveolar
lavage (BAL). The cultured primary alveolar macrophages were treated with the medium only, PM only (5~40ug/cm),
LPS (bng/ml) only, and PM with LPS for 24 and 48 hours. The level of secreted nitric oxide (NO) was assayed from
the cultured medium by using the Griess reaction. The cultured cells were utilized for the western blotting against the
inducible nitric oxide synthase (iNOS) proteins. Immunocyto- chemical staining against the iNOS and NT-proteins were
performed in cells that cultured in the Lab-Tek”® chamber slide after treatments.

Results : The PM that utilizein this experiments induced NO formation with iNOS expression in the cultured SPF
and inflammatory rats alveolar macrophages, by itself. When the cells were co-treated with PM and LIPS, there was
a statistically significant synergistic effect on NO formation and iNOS expression over the LPS effect. The cells from
the sham control showed minimal immunoreactivity for the NT-proteins. Significantly higher quantities of NT-proteins
were detected in the PM and PM with LPS co-treated cells than from the sham control.

Conclusion : Increased iNOS expression and NO formation with increased NT-proteins formation might be involved

in the pathogenesis of PM-induced lung injury.
(Tuberc Respir Dis 2006; 60: 426-436)

Key words : Particulate matter (PM), Rat lung alveolar macrophages, Nitric oxide (NO), Inducible nitric oxide synthase

(iNOS), Nitrotyrosilated-protein.
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Figure 1. Composition and morphology of BAL cells (x400). Diff-Quick stained alveolar macrophages from the

SPF rat (a) and from the inflammatory rat (b).

Table 1. Composition from the SPF rat and Inflammatory rat in the BAL cells (%)

Macrophage Neutrophil Lymphocyte

SPF Rat (n=6)

Inflammatory Rat (n=6)

99.4+£0.7 0608 0.0=+0.0
875+19 128+ 1.7 0405
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Figure 2A. Treatment-response relation for NO2- formation in cultured SPF rat alveolar macrophages at 24
hours. Cells were cultured with medium only (sham control), LPS (5ng/ml), various concentrations of PM (5, 10,

20/18/0'”2) and various concentrations of PM with LPS.

*P<0.05 versus LPS; T P<0.01 versus control. Mean * SEM of four independent experiments per category (each

experiment’s n=3).

Figure 2B. Treatment-response relation for NO; formation in cultured SPF rat alveolar macrophages at 48 hours.
Cells were cultured with medium only (sham control), LPS (5ng/ml), various concentrations of PM (5, 10, 208/

om’) and various concentrations of PM with LPS.

**P<0.01 versus LPS; T P<0.01 versus control. Mean = SEM of four independent experiments per category (each

experiment’s n=3).
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Figure 3. Time-response relation for NO2  forma-
tion in cultured SPF rat alveolar macrophages. Cells
were cultured with medium only (control), LPS only,
PM only and PM with LPS for 12-48 hours.
*P<0.05, **P<0.01 versus LPS; t P<0.01 versus
control. Mean = SEM of four independent experimen-
ts per category.
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Figure 4. Treatment-response relation for NO2 for-
mation in cultured inflammatory BAL cells. Cells were
cultured with medium only, LPS (10ng/ml) only and
various concentrations of PM (5~204&/c") for 24 ho-
urs and 48 hours.

*P<0.05, **P<0.01 versus control. Mean = SEM of four
independent experiments per category.
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Table 2. Proportion(%) of iNOS and nitrotyrosilated-protein (NP) in cultured alveolar macrophages after
treatment with medium only, LPS (5ng/ml) only, PM (20ug/cii) only and PM with LPS for 48 hours.

Control LPS PM LPS+PM
0.3+0.6 34.0£2.7 5.7+2.1 = 70.0+2.0%*
3.0+1.0 bb.7+2.4 5.7¢1.5 85.3t2.2** T

*P<0.05 versus control; **P<0.01 versus control.
+ P<0.01 versus LPS. (each experiment’s n=3, Mean * SEM).
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Figure 5. Immunocytochemical stain for iINOS in the cultured rat alveolar macrophages (x400).

Cells were

cultured with (a) medium only, (b) LPS (5ng/ml) only, (c) PM(201&/cm) only and (d) LPS with PM for 48 hours.
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Figure 6. Immunocytochemical stain for nitrotyrosiliated-| protein (NP) in cultured rat alveolar macrophages

(x400). Cells were cultured with (a) medium, (b) LPS (bng/ml),

for 48 hours.
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tested samples.
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