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Introduction – Formulation development
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→ Making drugs accessible via inhalation
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Interactive blends – Addition of fines
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Operating principles of additional fines
„Active sites-Theory“ „Buffer-Theory“

„Fluidisation-Theory“ „Agglomeration-Theory“
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Operating principles

Fundamentally based on adhesion strength

W𝑎𝑑ℎ
𝑇𝑜𝑡𝑎𝑙 = 𝑊𝑎𝑑ℎ

𝑑 +𝑊𝑎𝑑ℎ
𝑎𝑏 = 2 × 𝛾𝑠1

𝑑 × 𝛾𝑠2
𝑑 + 2 × 𝛾𝑠1

− × 𝛾𝑠2
+ + 𝛾𝑠1

+ × 𝛾𝑠2
−

𝛾𝑠
𝑑 = 𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑣𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝛾𝑠

+ = 𝐿𝑒𝑤𝑖𝑠 − 𝐴𝑐𝑖𝑑 𝛾𝑠
− = 𝐿𝑒𝑤𝑖𝑠 − 𝐵𝑎𝑠𝑒

„Active sites-Theory“ „Agglomeration-Theory“
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Which surface energy works best for fines? 

InhaLac 230 (IH 230)

InhaLac 230 without intrinsic fines (IH 230rf)

Intrinsic fines of IH 230 (IH 230if)

XR Ipratropium bromide (IP)
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InhaLac 400 (IH 400) 

Expired InhaLac 400 (IH 400ex)



Kiel University 

Department of Pharmaceutics and Biopharmaceutics

Particle size distributions

Data displayed as average of three measurements

SD displayed by error bars

IH 230rf IH 230if IH 400 IH 400ex
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Surface energy data

𝜸𝒔
𝑫 [mJ/m2] 𝜸𝒔

𝑨𝑩 [mJ/m2] 𝜸𝒔
𝑻𝒐𝒕𝒂𝒍 [mJ/m2]

Min Max Min Max Min Max

IH 230rf 34.3 43.0 22.6 32.6 56.9 75.6

IH 230if 37.3 44.4 27.0 37.7 63.7 82.1

IH 400 44.1 45.6 33.9 43.1 78.2 88.7

IH 400ex 36.0 44.9 24.9 42.1 60.1 87.0

IP 26.6 42.3 23.4 46.8 50.1 89.1

Data displayed as average of three measurements

IH 230rf IH 230if IH 400 IH 400ex
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Surface energy distributions
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Data displayed as average of three measurements

SD displayed by error bars
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Experimental setup

IH 230rf +1 % IP IH 230rf + 7.5 % IH 230if +1 % IP

IH 230rf + 7.5 % IH 400 +1 % IP IH 230rf + 7.5 % IH 400ex +1 % IP

Blends were prepared using the Picomix high-shear mixer and 

conditioned for one week at 20 °C and 45 % RH



Kiel University 

Department of Pharmaceutics and Biopharmaceutics

Aerodynamic assessment 

Blend FPF < 5 µm FPF < 3 µm FPF < 1 µm

IH 230rf – IP 25.2 % 15.9 % 1.2 %

IH 230rf – IH 230if – IP 30.6 % 18.6 % 1.5 %

IH 230rf – IH 400ex – IP 41.5 % 24.7 % 1.7 %

IH 230rf – IH 400 – IP 45.7 % 31.9 % 2.3 %

Data displayed as average of three measurements using the Novolizer

SD displayed by error bars
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Aerodynamic assessment

Blend FPF < 5 µm FPF < 3 µm FPF < 1 µm

IH 230rf – IP 25.2 % 15.9 % 1.2 %

IH 230rf – IH 230if – IP 30.6 % 18.6 % 1.5 %

IH 230rf – IH 400ex – IP 41.5 % 24.7 % 1.7 %

IH 230rf – IH 400 – IP 45.7 % 31.9 % 2.3 %
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+ 21.6 %
+ 64.9 %

+ 81.7 %

*
***

***

* p-value ≤ 0.05; *** p-value ≤ 0.001 

Data displayed as average of three measurements using the Novolizer

SD displayed by error bars
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Work of adhesion – Saturation of active sites
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Surface coverage

Work of adhesion – Fines binding on the carrier lactose
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All calculations are based on mean values of three measurements



Kiel University 

Department of Pharmaceutics and Biopharmaceutics

Work of adhesion – Formation of agglomerates
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All calculations are based on mean values of three measurements
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Higher surface energies of fines lead to higher FPF of the respective blend

Conclusion

Stronger active site saturation Formation of stronger agglomerates
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Thank you for your attention!

Please do not hesitate to get in touch:

Nicholas Bungert

Kiel University

Department of Pharmaceutics and Biopharmaceutics

e-mail: nbungert@pharmazie.uni-kiel.de


