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7. APPENDICES 
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7.1 APPENDIX A: Size distribution of the nanosuspension 
formulations measured with LD and PCS techniques during 
Follow-up stability studies (Mean ± SD, n=3). 

7.1.1 FORMULATION A 

 Buparvaquone……………………………1.0 % 

 Poloxamer 188…………………………. 1.0 % 

 Glycerol 85 %....................................... 2.5 % 

 Water ……………………………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.566 ± 0.01 0.696 ± 0.00 0.666 ± 0,00 0.725 ± 0,00 
d90% (µm) 1.440 ± 0.00 1.310 ± 0.00 1.356 ± 0.00 1.387 ± 0.00 
d95% (µm) 1.330 ± 0.00 1.487 ± 0.00 1.553 ± 0.00 1.584 ± 0.00 
d99% (µm) 1.647 ± 0.00 1.798 ± 0.00 1.899 ± 0.00 1.919 ± 0.00 
Z Ave (nm) 392.3 ± 22.4 480.3 ± 26.1 480.2 ± 26.2 534.3 ± 16.6 

PI 0.32 ± 0,09 0.38 ± 0,05 0.32 ± 0,05 0.26 ± 0,09 

7.1.2 FORMULATION B 

 Buparvaquone………………………..…1.0 % 

 Poloxamer 188…………………………. 0.5 % 

 Polyvinyl alcohol.................................. 0.5 % 

 Glycerol 85 %...................................... 2.5 % 

 Water …………………..………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.560 ± 0.00 0.571 ± 0.00 0.536 ± 0.00 0.547 ± 0.01 
d90% (µm) 1.199 ± 0.01 1.166 ± 0.00 1.192 ± 0.00 1.211 ± 0.00 
d95% (µm) 1.386 ± 0.02 1.359 ± 0.00 1.462 ± 0.00 1.407 ± 0.00 
d99% (µm) 1.687 ± 0.06 1.674 ± 0.00 1.942 ± 0.00 1.704 ± 0.01 
Z Ave (nm) 403.9 ± 13.8 413.4 ± 18.0 415.1 ± 27.7 425.1 ± 10.5 

PI 0.24 ± 0,09 0.33 ± 0,10 0.35 ± 0,10 0.25 ± 0,08 
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7.1.3 FORMULATION C 

 Buparvaquone……………………………1.0 % 

 Poloxamer 188…………………………. 0.5 % 

 Phospholipon 80................................... 0.5 % 

 Sodium glycocholate…………………… 0.3 % 

 Glycerol 85 %....................................... 2.5 % 

 Water ……………………………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.561 ± 0.04 0.700 ± 0.00 0.714 ± 0.00 0.725 ± 0.00 
d90% (µm) 1.222 ± 0.02 1.269 ± 0.00 1.220 ± 0.00 1.296 ± 0.00 
d95% (µm) 1.399 ± 0.02 1.447 ±0.01 1.362 ± 0.00 1.471 ± 0.00 
d99% (µm) 1.690 ± 0.06 1.760 ± 0.03 1.620 ± 0.00 1.785 ± 0.00 
Z Ave (nm) 420.9 ± 16.8 510.1 ± 11.4 501.5 ± 21.9 535.5 ± 22.0 

PI 0.29 ± 0.06 0.28 ± 0.09 0.26 ± 0.07 0.27 ± 0.07 

7.1.4 FORMULATION D 

 Buparvaquone……………………………1.0 % 

 Tyloxapol………………………………… 0.3 % 

 Glycerol 85 %....................................... 2.5 % 

 Water ……………………………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.547 ± 0.00 0.583 ± 0.00 0.589 ± 0.03 0.690 ± 0.00 
d90% (µm) 1.190 ± 0.00 1.198 ± 0.00 1.244 ± 0.02 1.267 ± 0.00 
d95% (µm) 1.386 ± 0.01 1.360 ± 0.00 1.448 ± 0.05 1.408 ± 0.01 
d99% (µm) 1.727 ± 0.01 1.635 ± 0.01 1.801 ± 0.10 1.639 ± 0.01 
Z Ave (nm) 345.3 ± 9.7 366.8 ± 10.5 359.3 ± 13.9 422.0 ± 19.0 

PI 0.33 ± 0.07 0.32 ±  0.07 0.30 ± 0.06 0.23 ± 0.10 
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7.1.5 FORMULATION E 

 Buparvaquone……………………………1.0 % 

 Poloxamer 188………………………….. 0.5 % 

 Tyloxapol………………………………… 0.15 % 

 Glycerol 85 %....................................... 2.5 % 

 Water ……………………………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.542 ± 0.00 0.562 ± 0.00 0.598 ± 0.01 0.696 ± 0.01 
d90% (µm) 1.208 ± 0.01 1.190 ± 0.00 1.271 ± 0.10 1.294 ± 0.01 
d95% (µm) 1.454 ± 0.00 1.410 ± 0.01 1.479 ± 0.41 1.458 ± 0.01 
d99% (µm) 1.887 ± 0.00 1.789 ± 0.01 1.818 ± 0.25 1.733 ± 0.04 
Z Ave (nm) 350.7± 12.8 352.9 ± 10.4 376.3 ±  38.3 421.2 ± 12.7 

PI 0.30 ± 0.04 0.32 ± 0.07 0.29 ± 0.09 0.30 ± 0.09 

7.1.6 FORMULATION F 

 Buparvaquone……………………………2.0 % 

 Poloxamer 188………………………….. 0.5 % 

 Tyloxapol………………………………… 0.15 % 

 Glycerol 85 %....................................... 2.5 % 

 Water ……………………………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.499 ±  0.00 0.590 ± 0.01 0.506 ± 0.00 0.475 ± 0.00 
d90% (µm) 1.185 ± 0.01 1.263 ± 0.01 1.347 ± 0.00 1.215 ± 0.02 
d95% (µm) 1.466 ± 0.00 1.520 ± 0.00 1.566 ± 0.00 1.433 ± 0.01 
d99% (µm) 1.912 ± 0.01 1.985 ± 0.01 1.913 ± 0.01 1.765 ± 0.00 
Z Ave (nm) 330.7 ± 8.4 358.2 ± 6.7 358.0 ± 10.3 357.5 ± 10.8 

PI 0.24 ± 0.05 0.27 ± 0.06 0.29 ± 0.05 0.33 ± 0.05 
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7.1.7 FORMULATION G 

 Buparvaquone……………………………7.0 % 

 Poloxamer 188………………………….. 0.5 % 

 Tyloxapol………………………………… 0.15 % 

 Glycerol 85 %....................................... 2.5 % 

 Water ……………………………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.492 ± 0.00 0.517 ± 0.00 0.492 ± 0.01 0.539 ± 0.00 
d90% (µm) 1.193 ± 0.00 1.331 ± 0.00 1.284 ± 0.01 1.410 ± 0.00 
d95% (µm) 1.471 ± 0.00 1.599 ± 0.00 1.510 ± 0.01 1.653 ± 0.01 
d99% (µm) 1.909 ± 0.00 2.061 ± 0.00 1.869 ± 0.02 2.044 ± 0.03 
Z Ave (nm) 342.4 ± 8.5 371.2 ± 15.6 382.8 ± 8.0 417.4 ± 10.3 

PI 0.29 ± 0.06 0.27 ± 0.06 0.27 ±  0.09 0.30 ± 0.06 

7.1.8 FORMULATION H 

 Buparvaquone………………………….…1.0 % 

 Phospholipon 90 G……………………… 1.0 % 

 Glycerol 85 %........................................ 2.5 % 

 Water …………………….………ad…….100 % 

7.1.8.1 Room temperature (21 ± 3 °C) 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.511 ± 0.00 0.542 ± 0.00 0.570 ± 0.01 0.708 ± 0.02 
d90% (µm) 1.524 ± 0.00 1.722 ± 0.01 1.878 ± 0.00 2.100 ± 0.21 
d95% (µm) 1.783 ± 0.01 2.049 ± 0.00 2.135 ± 0.01 2.471 ± 0.05 
d99% (µm) 2.183 ± 0.01 2.673 ± 0.02 3.492 ± 0.03 4.085 ± 0.15 
Z Ave (nm) 388.7 ± 13.4 425.4 ± 16.4 471.4 ± 20.3 507.8 ± 34.3 

PI 0.40 ± 0.05 0.35 ± 0.04 0.34 ± 0.10 0.64 ± 0.19 
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7.1.8.2 Refrigeration (5 ± 3 °C) 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.511 ± 0.00 0.475 ± 0.00 0.485 ± 0.02 0.520 ± 0.05
d90% (µm) 1.524 ± 0.00 1.565 ± 0.01 1.569 ± 0.05 1.580 ± 0.02
d95% (µm) 1.783 ± 0.01 1.786 ± 0.01 1.808 ± 0.02 1.850 ± 0.01
d99% (µm) 2.183 ± 0.01 2.127 ± 0.01 2.190 ± 0.00 2.210 ± 0.03
Z Ave (nm) 388.7 ± 13.4 434.2 ± 16.5 417.6 ± 8.3 427.0 ± 7.0

PI 0.40 ± 0.05 0.33 ± 0.07 0.33 ± 0.09 0.33 ± 0.07

7.1.9 FORMULATION I 

 Buparvaquone………………………….…1.0 % 

 Tween 80……. …..……………………… 0.5 % 

 Glycerol 85 %......................................... 2.5 % 

 Water …………………….………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.517 ± 0.00 0.823 ± 0.02 0.853 ± 0.00 0.864 ± 0.00 
d90% (µm) 1.201 ± 0.00 1.510 ± 0.01 1.645 ± 0.00 1.948 ± 0.01 
d95% (µm) 1.468 ± 0.00 1.705 ± 0.04 1.876 ± 0.00 2.387 ± 0.01 
d99% (µm) 1.925 ± 0.01 2.041 ± 0.06 2.269 ± 0.01 5.643 ± 0.14 
Z Ave (nm) 364.2 ± 20.6 558.5 ± 70.6 586.8 ± 76.5 678.0 ± 29.0 

PI 0.26 ± 0.11 0.40 ± 0.09 0.43 ± 0.06 0.30 ± 0.07 
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7.1.10 FORMULATION J 

 Buparvaquone………………………….…1.0 % 

 Tween 80……. …..……………………… 1.0 % 

 Glycerol 85 %......................................... 2.5 % 

 Water …………………….………ad…….100 % 

Size parameter Time (days) 

  0 30 90 180 

d50% (µm) 0.530 ± 0.00 0.807 ± 0.00 0.846 ± 0.00 0.828 ± 0.02 
d90% (µm) 1.202 ± 0.00 1.544 ± 0.01 1.602 ± 0.00 2.502 ± 0.03 
d95% (µm) 1.472 ± 0.00 1.760 ± 0.01 1.811 ± 0.00 4.030 ± 0.08 
d99% (µm) 1.937 ± 0.00 2.129 ± 0.03 2.177 ± 0.01 5.544 ± 0.06 
Z Ave (nm) 365.4 ± 20.8 570.9 ± 48.0 549.9 ± 63.2 665.2 ± 18.6 

PI 0.31 ± 0.02 0.48 ± 0.05 0.42 ± 0.08 0.31 ± 0.09 

7.1.11 FORMULATION K 

 Buparvaquone………………………….…1.0 % 

 Tween 80……. …..……………………… 2.0 % 

 Glycerol 85 %......................................... 2.5 % 

 Water …………………….………ad…….100 % 

Size parameter Time (days) 
  0 30 90 180 

d50% (µm) 0.530 ± 0.00 0.791 ± 0.00 0.794 ± 0.00 0.814 ± 0.01 
d90% (µm) 1.199 ± 0.00 1.338 ± 0.02 1.438 ± 0.00 1.453 ± 0.01 
d95% (µm) 1.469 ± 0.00 1.480 ± 0.03 1.618 ± 0.00 1.611 ± 0.01 
d99% (µm) 1.937 ± 0.01 1.730 ± 0.05 1.933 ± 0.00 1.875 ± 0.07 
Z Ave (nm) 355.1 ± 28.7 421.5 ± 64.3 538.1 ± 53.6 594.8 ± 31.8 

PI 0.38 ± 0.05 0.78 ± 0.07 0.36 ± 0.08 0.21 ± 0.07 
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7.2 APPENDIX B: LD diameters of aerosol droplets (mean ± 
SD; n=5) produced with with jet and ultrasonic 
nebulization of Formulations A, B and references 1, 2 
and 3 (see section 4.1.2.1).

*Measurements D-1, D-2 and D-3 correspond to time 0, 2.5 and 5 min nebulization 

time.

Respi-jet Kendall 

 MMD* Span % <5 m

Formulation A   
Measurement D-1 4.1  0.0 2.0  0.0 60.0  0.6 
Measurement D-2 4.0  0.0 1.9  0.0 63.7  4.5 
Measurement D-3 4.4  0.0 1.6  0.0 59.2  0.8 
Formulation B   
Measurement D-1 4.5  0.1 1.9  0.0 54.7  0.5 
Measurement D-2 4.4  0.1 2.0  0.0 60.7  1.4 
Measurement D-3 4.6  0.1 2.0  0.1 55.7  1.1 
Reference 1    
Measurement D-1 4.4  0.1 2.0  0.0 60.4  2.3 
Measurement D-2 4.3  0.2 0.9  0.6 71.5  6.0 
Measurement D-3 4.4  0.2 2.1  0.0 62.3  2.1 
Reference 2    
Measurement D-1 4.7  0.0 1.9  0.0 53.4  0.3 
Measurement D-2 4.6  0.1 1.9  0.0 53.8  0.9 
Measurement D-3 4.2  0.1 2.1  0.0 58.1  0.9 
Reference 3    
Measurement D-1 4.6  0.1 1.8  0.0 54.1  0.6 
Measurement D-2 4.3  0.2 1.6  0.1 58.4  3.4 
Measurement D-3 3.9  0.1 1.7  0.1 63.2  2.6 
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*Measurements D-1, D-2 and D-3 correspond to time 0, 2.5 and 5 min nebulization 

time.

Pari Turbo Boy 

 MMD* Span % <5 m

Formulation A    
Measurement D-1 4.3  0.1 2.5  0.1 56.0  1.0 
Measurement D-2 4.1  0.2 2.7  0.1 57.9  1.8 
Measurement D-3 4.2  0.1 2.6  0.1 57.1  1.1 
Formulation B    
Measurement D-1 4.6  1.0 2.4  0.6 50.3  2.6 
Measurement D-2 4.3  0.0 2.6  0.0 56.1  0.3 
Measurement D-3 4.1  0.1 2.7  0.1 57.7  1.0 
Reference 1    
Measurement D-1 4.2  0.5 2.4  0.4 54.0  1.0 
Measurement D-2 3.8  0.5 2.6  0.2 58.2  1.4 
Measurement D-3 3.4  0.5 2.6  0.2 62.0  1.0 
Reference 2    
Measurement D-1 4.6  0.2 2.3  0.1 53.3  1.6 
Measurement D-2 4.7  0.2 2.3  0.1 51.9  1.5 
Measurement D-3 4.5  0.2 2.3  0.1 53.2  1.1 
Reference 3    
Measurement D-1 3.9  0.1 2.7  0.0 60.4  0.7 
Measurement D-2 3.8  0.2 2.8  0.1 59.3  1.2 
Measurement D-3 3.7  0.1 2.9  0.0 61.8  1.3 
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*Measurements D-1, D-2 and D-3 correspond to time 0, 2.5 and 5 min nebulization 

time.

Multisonic

 MMD* Span % <5 m

Formulation A   
Measurement D-1 4.5  0.1 1.4  0.1 57.7  1.8 
Measurement D-2 4.7  0.3 1.3  0.1 54.5  4.4 
Measurement D-3 5.0  0.1 1.6  0.1 49.6  1.3 
Formulation B   
Measurement D-1 4.6  0.2 1.3  0.1 58.4  5.9 
Measurement D-2 5.0  0.3 1.6  0.1 51.2  5.0 
Measurement D-3 4.8  0.3 1.4  0.1 53.5  4.6 
Reference 1    
Measurement D-1 5.2  0.1 1.4  0.1 47.7  1.2 
Measurement D-2 4.6  0.3 1.4  0.1 56.6  4.6 
Measurement D-3 4.7  0.1 1.5  0.0 53.8  1.4 
Reference 2    
Measurement D-1 5.5  0.3 1.7  0.1 44.2  3.1 
Measurement D-2 4.9  0.1 1.5  0.0 51.9  1.6 
Measurement D-3 5.0  0.2 1.6  0.2 50.9  3.2 
Reference 3    
Measurement D-1 5.5  0.4 1.7  0.2 44.4  4.1 
Measurement D-2 4.9  0.2 1.5  0.1 51.0  2.2 
Measurement D-3 4.7  0.2 1.4  0.1 55.7  3.5 
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*Measurements D-1, D-2 and D-3 correspond to time 0, 2.5 and 5 min nebulization 

time.

Omron U1 

 MMD Span % <5 m

Formulation A     
Measurement D-1  9.5  1.1 1.3  0.0 27.4  5.7 
Measurement D-2  9.2  0.2 1.3  0.1 21.8  2.3 
Measurement D-3  10.0  0.1 1.3  0.0 17.8  0.6 
Formulation B     
Measurement D-1  9.5  0.2 1.3  0.1 20.1  1.1 
Measurement D-2  9.6  0.4 1.3  0.0 20.0  1.2 
Measurement D-3  9.3  0.5 1.4  0.1 17.7  1.9 
Reference 1     
Measurement D-1  8.9  0.1 1.1  0.0 24.1  1.6 
Measurement D-2  9.4  0.6 1.1  0.0 21.9  1.3 
Measurement D-3  8.9  0.2 1.1  0.0 24.9  1.3 
Reference 2     
Measurement D-1  10.9  0.2 1.2  0.0 17.5  0.8 
Measurement D-2  10.6  0.2 1.2  0.0 19.3  0.7 
Measurement D-3  10.7  0.3 1.2  0.0 18.5  2.3 
Reference 3     
Measurement D-1  10.4  0.4 1.2  0.1 21.3  1.9 
Measurement D-2  10.6  0.3 1.2  0.0 20.8  2.2 
Measurement D-3  10.6  0.4 1.2  0.0 20.7  1.2 
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