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Particle Size Selectivity of the Respiratory System: 
Implications for the Testing Strategy
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Reasonable Particle Doses for in vitro Test with Alveolar 
Macrophages

Typically, lung burden values after inhalation exposure are below 2 mg (rat lung)!

Calculation:

• A rat lung has approximately 20 Mio alveolar macrophages which will engulf the 
majority of particles. 

• Considering an even tissue distribution, a lung burden of 2 mg then calculates to 
75 pg/cell (–> routinely in AMA: 15-120 pg/cell)
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Alveolar Macrophage Assay (AMA)

Control

Quartz DQ12

⮚ Rat Alveolar Macrophages (NR8383) are exposed to 
respirable/inhalable particles (and fibres) under serum-
free conditions (Performance Standards: corundum, 
quartz DQ12)

⮚ Dosimetry aims to approximate the in vivo situation

⮚ As a low tier method, the assay distinguishes “active” 
from “passive” particles (prediction model, Wiemann et 
al. 2016, J Nanobiotechnol.)

⮚ Four parameters are evaluated in the supernatant of 
treated cellsWiemann et al 2016

doi: 10.1186/s12951-016-0164-2
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Alveolar Macrophage Assay (AMA) – Set up
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Specificity of 91 %

Sensitivity of 100 %

Accuracy of 95 %

• 20 Nanomaterials  18 inorganic NMs and two nanosized organic pigments

• Original prediction model: if 2 out of 4 parameters are significant below a 
threshold, the material is active!

• Thresholds:
• In vitro LOAEC < 6000 mm2/mL (calculation based on BET surface)
• In vivo NOAEC/LOAEC ≤ 10 mg/m3 (based on short-term inhalation 

studies)

False positive: Pigment Blue

In vitro – 2 positives - Active

In vivo - ≥10 mg/m3 - Passive

Alveolar Macrophage Assay: Prediction model
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How to validate in vitro Tests?
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Adapted from Jacobs et al., 2024 (https://doi.org/10.1007/s00204-024-03736-z)
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Ring 

Trial



Validation of the Alveolar Macrophage Assay
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AdMas?

PSLTP?



Revised Prediction Model – Considering Overload and Particle
Volume
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Prerequisites of AdMas for being used in AMA

• Amount of particles: ≥ 5 mg

• Size: ≤ 10 µm

• Dispersible in cell culture medium. SOPs, e.g. from NM studies may 
be applicable 
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MACRAMÉ Use Cases: AdMas for inhalation models

Advanced Material Use 

Cases 1-5

Materials Respirable Further 

treatment

Dispersion for 

Lung Models

Defined dose?

Graphene oxide-coated 

water filter

Graphene Oxide

Original Material

Yes

No

---

Incineration

Yes

Yes

by weight

by weight

Few Layer Graphene (FLG) 

embedded in an Epoxy 

Resin matrix

Pure FLG dispersion

FLG-Epoxy; Epoxy

Abraded FLG-Epoxy

Abraded Epoxy

No

No

Partially

Partially

---

Incineration

Filtration

Filtration

Yes

Yes

Yes

Yes

by concentration

---

by weight

by weight

Spray with Graphene Spray (graphene-free)

Spray + graphene

Yes

Yes

---

---

Critical

Critical

by weight

by weight

CNTs in Poly-urethane Foil Foils with CNT

Foil w/o CNT

Several CNTs for 

comparison

No

No

Yes

Cryo-milling

Cryo-milling

Aerosol 

(Fluidizer)

Yes

Yes

Material on filter 

inserts

by weight

by weight

by number

Ciprofloxazin-loaded PLGA

spheres

Spheres in suspension Yes ready concentration of Active 

Pharmacological 

Ingredient (API), 

number concentration
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SOP: Incineration of AdMas and Recovery of Soot Particles

Experimental setup to prepare incinerated particles. The combustion
process at >850°C. Soot particles are collected from the stream of
hot air onto polycarbonate filters (pore size 0.2 µm). (Courtesy of S.
Delcour, LNE, France)

Retrieving soot of incinerated FLG-epoxy from a polycarbonate
filter (A). Loaded polycarbonate filters bathed in ethanol in a
before (B) and after (C) ultrasonic treatment. (D) Dry soot is
obtained from ethanol after evaporation of ethanol.
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SOP: Filtration of Particle Suspensions

• Nylon gauze, 5 µm nominal pore size 
(70% ethanol treated) 

• Home-made filter holder (from 50 ml 
tube)

• Ultrasonic probe on top (optional)

• Suited for small amounts of particles

• Filtration in H2O or ethanol allows to 
dry filtrate (–> determine mass) 
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Conclusions
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• The Alveolar Macrophage Assay (AMA) is a reproducible and robust
method, although with technical caveats.

• Considering also the particle volume may improve the prediction model
especially for poorly soluble low toxicity particles (PSLTP).

• AMA proved to be a highly versatile method for testing most AdMas of
the Project and yielded differential results.

• The applicability of established dispersion protocols, the particle uptake
under serum-free conditions, and the low particle quantities needed
allowed studying AdMas “along the life cycle”.
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Frustrated phagocytosis: NR8383 cell with SiC mineral fibers
(by Oliver Graeb, licensed under CC BY-ND 4.0)
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