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The availability of human reconstructed airway tissues (RHuA) presents researchers with a platform that 

more closely resembles airways in vivo. Grown at the air-liquid interface (ALI), these tissues offer apical and 

basal compartments that allow flexibility in modeling physiologically relevant exposures, but also allow 

sampling location-specific quantitation of biological responses. While various commercially available 

instruments can produce smoke and aerosols from tobacco products (including MRTPs such as E-cigarettes) 

and expose tissues at ALI, the quantitation of materials deposited at the exposure site remains a challenge. 

Alternatively, an aqueous solution containing solubilized materials can be applied via pipette to the apical 

surface, but this method may adversely impact the tissue due to the large dispense volume required, and 

certainly is a less physiologically relevant method than direct exposure of smoke/vapors. 

The Tecan D300, similar to an inkjet printer, uses its recently modified technology to dispense an even, 

pattern of exposure material into a defined area, using a defined volume per droplet – down to low pL. The 

pilot work presented will review results of defined-pattern dispensing accuracy in comparison with hand 

pipetting. A DMSO solvent-based titration onto Epithelix MucilAir tissues was evaluated using leakage marker 

(LDH) release and viability as determined using WST-8 conversion into formazan product. A more 

comprehensive evaluation of the chosen pattern dispensed was also conducted whereby tobacco smoke total 

particulate matter was dispensed onto apical surfaces of RHuA tissues and release markers and viability 

assessments were compared to a panel of cytokine markers in both the apical and basolateral compartments 

after 72 hr exposure. The overall performance of the dispenser, and the use of its titrated, patterned 

deposition onto MucilAir tissues, as it relates to cytotoxicity, tissue viability, and aspects such as ciliary beat 

frequency, will be reviewed. 

Although this novel technology is still undergoing testing, it has demonstrated promising results as a method 

by which materials (e.g. tobacco-based extracts) may be exposed into an ALI-based culture format, and onto 

the apical surface of an RHuA tissue. The very low dispense volumes minimize effects on the rheology of 

RHuA apical surfaces. Further testing will explore additional benefits such as the use of physiological, 

surfactant-based vehicles and a wider array of inhaled materials that may impact pulmonary tissue. 

The introduction of the D300 Digital Dispenser offers scientists a method by which to rapidly dispense minute 

quantities of multiple materials into a microwell format. The use of this device allowed a rapid manner by 

which to create elaborate concentration arrays of multiple agents (e.g. pharmaceuticals) that are now more 

often being used in combination, and therefore, also require testing in a preclinical setting in combination for 

efficacy and adverse toxicity. Recently, the technology has been advanced to include a deposition of patterns 

– in a range of volumes down to low pL quantities per spot. While useful to various settings, its potential 

application as a means to expose tissues was identified. The increasing use of RHUA tissues for the testing 

of inhaled materials such as tobacco smoke or e-cigarette vapors (containing harmful, or potentially harmful 

constituents (HPHCs)) has faced challenges in determining the quantities of materials the tissue is exposed 

to. The precise delivery of known tobacco constituent concentrations in minute volumes to the apical surface 

of RHuA tissues may circumvent some of these dosimetry challenges, and offer researchers an alternative 

exposure system that can be useful in appropriate experimental settings. 
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3D RHuA tissues:  Epithelix MucilAir™   Dispenser:   Tecan D300 Digital Dispenser 

• Upon receipt, tissues were refed and acclimated in a humidified incubator at 37°C and >90% humidity 

• Cultures were maintained by refeeding every 2-3 days and rinsing the apical surface once per week using 200 μL 

culture medium 

• Inserts designated as the hand pipette controls received 20 μLof culture medium ± treatment 

• Test patterns for visual evaluation of accuracy were conducted using red food color (15%) in DMSO, dispensed 

onto clear 96-well plates (Falcon clear #353072) covered with a plate seal 

• Fluorescein dispensing linearity was evaluated using 96-well plates (Perkin Elmer black-walled). Readings were 

taken on a MDS Flex station at 520 nm. 

• For the LDH leakage marker, and WST-viability marker assays, the MDS VersaMax plate reader was used. 

  

 

 

 

 

 

 

3D Pulmonary Model: Human Reconstructed Airway (RHuA) Model 

   (e.g. MucilAir™) 

CONCLUSIONS 
1. The D300 Digital Dispenser has demonstrated accuracy in dispense volume delivery when using coordinated Bio 

Pattern patterns 

2. The coordinated delivery of DMSO onto RHuA inserts (MucilAir™) at volumes up to 0.7 μL did not result in loss of 

viability or substantial loss of LDH from the tissue. 

3. Using the optimal Bio Pattern pattern for TPM exposures to the apical surface, TPM was also dispensed successfully 

although some differences in cytokine levels and apical LDH content were noted (vs. hand pipette). 

4. This pilot study suggests digital dispensing may have value as an alternative method to deliver precise amounts of test 

material. The use of a pulmonary surfactant-based aqueous material may further increase the D300’s utility. 

• 3D RHuA tissues offer 3 different 

sampling points that collectively,  could 

reflect marker responses reflective to in 

lavage fluid, the tissue itself, and 

systemic markers that may be found in 

the circulation 

• Pseudostratification results in a 

heterogeneous cell types located in 

different locations 

• Non-invasive time point collections 

(apical rinse, TEER, medium) allow 

monitoring the progression of events 

Benefit of “Compartments” 

In Vitro Platform 

D300 Dispensing Platform 

MucilAir™ 

Tecan D300 Digital Dispenser   Microwell dispensing         Minute volumes  

• 0.5 x 0.5 mm “grid” on 96-well plate lid 

• 3 nL droplets (accurate down to 13 pL) 

Pilot pattern test 

Successful apical delivery 

Linearity verification 

• Accuracy of patterns are comparable to hand pipetting 

• All patterns have similar dispense CVs (tested in quadruplicate) 

 

Creation of patterns in HP Bio Pattern 

Patterned Titration Creation & Coordinates Verification 
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• Rapid, automated, microwell 

dispensing 
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LDH Assay: post exposure AR, M, & L WST-8 assay: AR & M samples 

Cytokines: AR & M (samples were run on a Luminex Magpix) 

AR (150 μL) 

M (350 μL) 

Fluorescein tracer 

• Use of fluorescein to 

verify droplet placement 

• Multiple agents dispensed in an 

easily designed, matrix of 

concentrations 

• Numerous plate formats available 

(e.g. 6-, 12-, 24, 96-well) 

 

• Customizable coordinate system 

to adjust for unique coordinate 

requirements (e.g. Costar inserts 

for MucilAir™) 

Multiwell plate selection 

Performance: Patterned Titration 

Pattern Configuration: Deposition Area: cm² Diam. (mm)

compatibility with target dimesions required MucilAir Millicell insert: 0.33 6.50

Falcon 96-well plate: 0.316 6.35

Corning Costar 3595 96 Well Plate: 0.32 0.64
Rows

Pattern: 0.5D4.5-69
1 0 # Rows: 9
2 o o o o o 5 # Columns: 9
3 o o o o o o o 7 Row Spacing: 0.5 mm
4 o o o o o o o o o 9 Column Spacing: 0.5 mm
5 o o o o o o o o o 9 Total Height: 4.5 mm
6 o o o o o o o o o 9 Total Width: 4.5 mm
7 o o o o o o o o o 9
8 o o o o o o o o o 9 Total Spots: 69
9 o o o o o o o 7
10 o o o o o 5
11 0

Columns 1 2 3 4 5 6 7 8 9 10 11

Rows
1 0 Pattern: 0.5D5-88
2 o o o o o o 6 # Rows: 10
3 o o o o o o o o 8 # Columns: 10
4 o o o o o o o o o o 10 Row Spacing: 0.5 mm
5 o o o o o o o o o o 10 Column Spacing: 0.5 mm
6 o o o o o o o o o o 10 Total Height: 5 mm
7 o o o o o o o o o o 10 Total Width: 5 mm
8 o o o o o o o o o o 10
9 o o o o o o o o o o 10 Total Spots: 88
10 o o o o o o o o 8
11 o o o o o o 6
12 0
13 0

Columns 1 2 3 4 5 6 7 8 9 10 11

Rows
Pattern: 0.5D5.5-52

1 o o o 3 # Rows: 11
2 o o o o 4 # Columns: 11
3 o o o o o 5 Row Spacing: 0.5 mm
4 o o o o o o 6 Column Spacing: 0.5 mm
5 o o o o o 5 Total Height: 5.5 mm
6 o o o o o o 6 Total Width: 5.5 mm
7 o o o o o 5
8 o o o o o o 6 Total Spots: 52
9 o o o o o 5
10 o o o o 4
11 o o o 3

Columns 1 2 3 4 5 6 7 8 9 10 11

• Specific pattern geometries  can be 

created to match the target dimensions 

• Spot number can impact the achievable dilution gradients  

• No spot volume specific variability differences were noted along the range tested 

Column: 1 2 3 4 5 6 7 8 9 10 11 12

 pL/spot: 0 13 20 40 80 160 320 640 1280 2560 5120 10240

% of highest: 0.13 0.20 0.39 0.78 1.56 3.13 6.25 12.5 25 50 100

Pattern Spots

0.5D4.5-69 69 0.9 1.4 2.8 5.5 11.0 22.1 44.2 88.3 176.6 353.3 706.6

0.5D5-88 88 1.1 1.8 3.5 7.0 14.1 28.2 56.3 112.6 225.3 450.6 901.1

0.5D5.5-52 52 0.7 1.0 2.1 4.2 8.3 16.6 33.3 66.6 133.1 266.2 532.5

hand-pipette NA 1.0 2.0 3.9 7.8 15.6 31.3 62.5 125.0 250.0 500.0 1000.0

hand pipette contents were made via 2-fold serial dilutions starting with 1 uL fluorescein/100 uL buffer {highest]

Ave 6389 11740 21629 38660 72635 138497 278140 513211 1131900 2031169 2973703

StDev 386 1154 3144 3846 6236 11494 6391 23483 55550 31921 48643

%CV 6.0 9.8 14.5 9.9 8.6 8.3 2.3 4.6 4.9 1.6 1.6

Actual % Highest 0.2 0.4 0.7 1.3 2.4 4.7 9.4 17.3 38.1 68.3 100.0

Ave 7928 14544 25546 41952 77539 151922 297457 673008 1348956 2365974 3297879
StDev 993 1599 1435 3110 7127 11076 13466 92510 70756 15242 48767
% CV 12.5 11.0 5.6 7.4 9.2 7.3 4.5 13.7 5.2 0.6 1.5

Actual % Highest 0.2 0.4 0.8 1.3 2.4 4.6 9.0 20.4 40.9 71.7 100.0

Ave 5862 9579 15594 24942 43294 87298 177367 360256 843789 1606073 2513422
StDev 215 117 1219 1362 2308 5387 13970 24351 43242 7478 9095

% CV 3.7 1.2 7.8 5.5 5.3 6.2 7.9 6.8 5.1 0.5 0.4

Actual % Highest 0.2 0.4 0.6 1.0 1.7 3.5 7.1 14.3 33.6 63.9 100.0

Ave 5762 12094 25060 51673 108161 218547 405364 943841 1650897 2602953 3713501
StDev 426 550 941 3799 1271 811 847 4724 20555 21668 54201

% CVs 7.4 4.5 3.8 7.4 1.2 0.4 0.2 0.5 1.2 0.8 1.5

Actual % Highest 0.2 0.3 0.7 1.4 2.9 5.9 10.9 25.4 44.5 70.1 100.0
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MucilAir: Toleration of Apical DMSO     TPM extract linearity 

MucilAir: Digital TPM Exposure 

Exposure-based Cytokine Response 

• No substantial difference in viability is noted (apical or medium 

compartments between treatment formats or DMSO control 

• Apical LDH content may be slightly higher with the hand-pipette 

format  

• The profile of cytokine levels is noted to be different between D300 dispensed and 

hand pipetted samples 

• MucilAir™ inserts appear to tolerate direct DMSO titration, without loss of viability (WST-8 assay). However, ciliary beating was 

diminished at 707 nL (data not shown) 


