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[Abstract] Inhaled fine particulates are thought to cause chronic pulmonary inflammation through the
deposition of particulates into the lungs. To investigate the effect of fine particulates on the lungs,
instillation of suspension of particulates into the lungs is required. This protocol describes direct
injection of suspensions of fine particulates into the airway. We also show examples of typical lung
immune responses after particulate administration.
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[Background] Recently, many studies have demonstrated that particulate pollutants such as diesel
exhaust particles, sand dusts and particulate matter 2.5 (PM 2.5), are involved in chronic pulmonary
inflammation leading to lung cancer or allergic asthma. Epidemiological analysis revealed that
increased particulate air pollution is related to increased asthma hospitalization. In general, upon
inhalation, fine particles, such as PM 2.5, are known to reach deep into the lungs. Instillation of
suspensions of particulates into the lungs has been widely used for understanding pulmonary
inflammation induced by deposited particulates (Morimoto et al., 2016).
Materials and Reagents
1. Pipet tip for gel loading (Vertex-GL 200 μl gel-loading tip) (SSIbio, catalog number: 4837-S0S)
2. Parafilm
3. 1 ml sterile syringe (without needle) (TERUMO, catalog number: SS-01T)
4. Mice (C57BL/6, BALB/c etc.)
Note: For training, bigger mice (aged male mice) are better.
5. Alhydrogel (InvivoGen, catalog number: vac-alu-250) as particulate for instillation
Note: Alhydrogel (alum) is suspended in dH2O. For instillation of alum into the lungs, buffer
exchange is required. Centrifuge a suspension of alum in a microtube at 2,000 x g for 2 min.
Discard supernatant (H2O) and add an equal volume of saline or PBS. Mix well and centrifuge
again. Repeat this procedure five times to exchange H2O to saline or PBS. Finally, adjust the
concentration of alum to 2 mg/ml in saline and use for instillation.
6. Anesthetic (ketamine/xylazine mixture)
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Note: 10 ml of Ketalar (Ketamine, 50 mg/ml, Daiichi Sankyo Co. Ltd., Tokyo, Japan) is mixed
with 2.2 ml of Selactar (Xylazine, 20 mg/ml, Bayer HealthCare Ltd., Tokyo, Japan). Anesthetize
mice with 50 to 75 μl of ketamine/xylazine mixture by s.c. injection into the back.
Equipment
1. Ear pick earwax remover with light (Japan Smile Kids)
Note: Before use, silicone rubber at the tip of ear pick will be removed (Figure 1).
2. Stainless steel micro spatula (Figure 1) (ASONE, catalog number: 9-891-02)
Note: This is used as a tongue depressor, so small size is better.

Figure 1. Ear puck with light and spatula
3. Platform for instillation into the lungs. As shown in Figure 2, stretch a string across the wooden
(cork) board (approximate size: 20 x 30 cm)

Figure 2. Platform for instillation into the lungs
4. Injector for instillation (Figure 3)
5. FACS analyzer
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Figure 3. Injector for instillation. A. Fix a thin pipet tip to the ear pick by Parafilm. B. Attach a
syringe to the pipet tip. C. If needed, cut the top of pipet tip to adjust for syringe insertion. D.
Cut the edge of the pipet tip (arrow) for injection.
Procedure
1. As shown in Figure 4A, stand up the platform for instillation on the bench.
2. Anesthetize mice with 50 to 75 μl of ketamine/xylazine mixture by s.c. injection into the back.
3. As shown in Figure 4B, hang anesthetized mice on the platform by their incisors.
4. Take 50 μl of prepared alum suspension into an injector for instillation. In general, 50 μl of
suspension (containing 50-100 μg of alum or 50-500 μg other particulates you want to inject,
such as silica or nickel oxide) is the maximum volume for injection into the lungs.
5. As shown in Figure 4C, use a spatula as a tongue depressor and insert injector into the throat,
check the trachea (in order to find the trachea easily, put out mouse’s tongue using spatula and
injector, first). It is difficult to check the trachea when young mice are used for the experiment.
Because aged male mice are bigger, they are easier to find the trachea especially for training.
Then, slowly drop suspensions of alum toward trachea. Dropped suspensions are aspirated
into the lungs by breathing (aspiration method).
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Figure 4. Administration into the lungs
6. Intranasal administration (i.n.) is also effective for administration into the lung. As shown in
Figure 5, hold anesthetized mice and drop 30 μl (15 μl in each nostril) of suspensions of
particulates into the nose. Dropped suspensions are also aspirated by breathing. In general, it
is known that i.n. administration of 30 μl of solution reaches the lung.

Figure 5. Intranasal administration
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Data analysis
1. As shown in Figure 6, we examined the efficacy of administration into the lungs between i.n.
administration and the aspiration method, using black ink. Lungs were only partially stained by
i.n. administration. On the other hand, lungs were more diffusely stained by the aspiration
method, indicating that this method is more effective for administration into the lung.

Figure 6. Comparison of efficacy of intranasal administration and aspiration method.
Upper two samples are lungs from mice administered black ink by aspiration. Lower samples
are those administrated by intranasal administration.
2. A change in the number of alveolar macrophages 3 days after administration of alum into the
lungs were observed. Alum is known to induce cell death by phagocytosis in macrophages. As
shown in Figure 7, the percentage of alveolar macrophages (CD11c+ and siglec F+ cells) in
bronchoalveolar-lavage fluid (BALF) were significantly decreased after the direct administration
of alum into the lungs.

Figure 7. FACS analysis of BAL cells from saline- or alum-administered mice. BAL cells
were collected and stained by anti-CD11c and anti-Siglec F antibodies (Leukocytes in BAL cells
were gated as CD45+ cells). A. BAL cells from saline-administered mice. B. BAL cells from
alum-administered mice. This data is representative of at least two independent experiments (n
= 4-5).
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Notes
1. Similar experiments can be performed for other particulates such as crystalline silica and nickel
oxide nanoparticles (Kuroda et al., 2016).
2. Suspensions more than 50 μl volumes sometimes choke mice to death. If mice often die by
suffocation after administration of 50 μl of suspensions, administration of 30 μl of solution
would be safer than administration of 50 μl. However we recommend 50 μl volumes for
administration of solutions into the lungs, because of less variation among samples.
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