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Particle engineering and characterization

for inhalation formulat

Part 2. P

Part 3. Parti

ulmonary drug delivery systems
cle engineering for biological solids





http://www.manufacturingchemist.com/technical/article_page/Improving_inhalers/57725

T »In pulmonary drug delivery system,
N particles with aerodynamic diameter > 5 um

™ : C. .
Lm\j]}w will normally deposit in upper airways due
2> B i to inertial impaction
2
=a)| 4| »>Particles with aerodynamic diameter 1-5
N\ stomed, um will mostly deposit in lower airways

<5 um

o, || > Particles with aerodynamic sizes <1 pum
v may be exhaled




Jet-milling produces cohesive drug particles with
poor aerosol performance

Grind Air or

Liners
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Dry coating cohesive particles with anti-sticking
materials to improve their powder flow

Agglomerates of Traditional
fine particles blending

Coating materials
(e.g. lubricant)

» Mixing: Cannot break agglomerates - coat agglomerates not particles
» Mechanofusion: Break agglomerates and coat individual particles












m Uncoated




* Can wmk all dru gbh n the mwy
by homogenize their surfac hm stry via dry
coating?

solve the problems due to different surface
properties of the particles (quality by design)
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m Uncoated
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Magnesium stearate has been used in DPI products

T siyepharma vy o @
Forad"@ Certihalerm Novartis / Schering-Plough G B I@/ ’ ELLIPTN

® Foradil® Certihaler™ now approved in 24 markets
(Europe, Mid-East, S America...)

® launched in Germany Sep '05 and Switzerland Oct
‘05 but batches withdrawn by Novartis from both
markets Jan ‘06
® a few patients mishandled the device and received an incorrect dose

® SkyePharma working with Novartis to investigate cause and correct

® FDA “approvable” letter Apr ‘06 — device
modifications will be required for final approval

21 Jun 06

83

(fluticasone furoate and vilanterol
inhalation powder)

FOR ORAL INHALATION ONLY

Each blister on one strip contains
100 mcg of fluticasone furoate and
lactose monohydrate. Each blister
on the other strip contains 25 mcg J

100 mcg/25 mcg

deral Law req the di:
of BREO ELLIPTA with the

1 ELLIPTA® |Fn|.;“.u.-
itaining 2 Foil
‘of 30 Blisters each

Lack of fundamental understanding on surface coating
guality and its effects on aerosol performance




Objective

Understand the correlations between surface coating of lubricants and the
aerosol performance of carrier-free dry powder inhaler formulations using a
ultra-surface-sensitive imaging platform

Specific Aims

(1) Develop a cutting-edge imaging platform to evaluate coating quality of the
DPI formulations processed with pharmaceutical lubricants;

(2) Establish the correlations between surface coating quality and aerosol
performance.
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Ciprofloxacin HCI

(MgSt or Leucine)

blending

Jet milling
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Ciprofloxacin Mean 1.0 2.0 4.9 2.0
B sD 0.0 0.0 0.7 0.3
Ciprofloxacin +0.5% MgSt RV[EE 0.9 1.9 4.4 1.9
B sp 00 0.0 0.1 0.1
Ciprofloxacin +1% MgSt Mean 0.9 1.9 4.7 2.0
B sD 0.0 0.0 0.3 0.1
Ciprofloxacin +5% MqgSt Mean 0.9 1.8 3.7 1.6 . -
DR S0 00 | 00 01 oo lable 1. Particle
Ciprofloxacin +10% MqgSt Mean 0.9 1.9 4.3 1.8 Sizes Of the
B sD 0.0 0.0 0.0 0.0 _ _
Ciprofloxacin $0.5% L= [FVNREY: 20 40 1.6 selected jet-milled
D SO 00 0.0 0.0 0.0 ciprofloxacin
Ciprofloxacin +1% L- _
S Mean 1.0 1.9 3.7 14 Samp|es (n_3)_
B sp 00 0.0 0.1 0.0

I 1 (0) -
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leucine 1.5
B sD 0.0 0.0 0.01 0.0

I I 0, -
ClprgfloxaC|n +10% L Mean 0.9 18 35 1.4
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N sD 0.0 0.0 0.1 0.0
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Fine Particle Fraction (% FPF)

651

Ciprofloxacin

Ciprofloxacin + 0.5% MgSt
Ciprofloxacin + 1% MgSt
Ciprofloxacin + 5% MgSt
Ciprofloxacin + 10% MgsSt *

**
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Fine Particle Fraction (% FPF)

801

751

701

65+

60

Ciprofloxacin

Ciprofloxacin + 0.5% L-leucine
Ciprofloxacin +1% L-leucine
Ciprofloxacin + 5% L-leucine
Ciprofloxacin + 10% L-leucine
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60

~==—Ciprofloxacin == Ciprofloxacin + 0.5% MgSt
<+e-Ciprofloxacin + 1% MgSt == Ciprofloxacin + 5% MgSt

55 <> Ciprofloxacin + 10% MgSt
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Jet milled drug Jet milled drug + 5% Jet milled drug + 5%
alone w/w Mg St w/w Leucine






Cohesion (kPa

Jet-milled ciprofloxacin 3.7x0.2

Co-jet-milled ciprofloxacin + 5% MgSt 2.1%+0.3"

Co-jet-milled ciprofloxacin + 5% L-leucine 3.8%0.3
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X-RAY PHOTOELECTRON SPECTROSCOPY (XPS)

. Electron Energy Analyzer (0-1.5kV)

(measures kinetic energy of electrons)

N

Photo-Emitted Electrons (< 1.5 kV)
escape only from the very top surface
(70 - 110A) of the sample

Electron Electron Detector
Coiiection fcounts the electrons) i
) | My Slemmi (1.0%) |
K Lactose UE“[E?TEHCE SDE{.UJI’H)
| MgSt (referance spectrum)
Focused Beam of ; ,;
X-rays(1.6kV) £ & = =02 FAF A
Electron 3
Take-Off-Angle h =
- @
-
=
E
E
ecuires Ul high vecutim (o10° form) %'
o
. . =
° QU antitative measurement of surface com posmon
 Measure upmost surface up to 10 nm
« Unable to provide imaging or mapping in micron level 292 290 288 266 284 282

Binding energy (eV)

Modified from: http://upload.wikimedia.org/wikipedia/commons/f/f2/System2.gif
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TIME OF FLIGHT SECONDARY ION MASS SPECTROSCOPY (NANO TOF-SIMS)

Time of flight secondary ion mass spectrometry (TOF-SIMS)

&
FLENH
& @0 @
&ag} GQ'Q <
N ToF-measurement
N of secondary ion mass spectrum

.+. ) r ..
. r y
w ey -~
+o‘ gy
vacuum *, 4
W, R

o
,J/g{/y Emission of neutrals,
o

- ., .
S positive or negative
,f

Samp [E\‘ *e ,;#’2 secondary ions

Sample holder (e.g. glass, silicon wafer)

« Semi-Quantitative
 Measure upmost surface up to 1 molecular levels (very sensitive)
« Mapping or distribution at resolution up to 200 nm

http://www.geomuseum.uni-goettingen.de/people/vthiel/tof_sims.shtml
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XPS data

Formulations (w/w %)

Ciprofloxacin + 0.5% MqgSt

Ciprofloxacin + 1%
Ciprofloxacin + 5%

Mg St
Mg St

Ciprofloxacin + 10% MqgSt

Ciprofloxacin + 0.5%

Ciprofloxacin + 1%
Ciprofloxacin + 5%

Ciprofloxacin + 10%

L-leucine
L-leucine

L-leucine

L-leucine

% Theoretical

Surface Composition

Ciprofloxacin
99.7
99.3
96.5
92.9
99.5
99.0
94.8
89.7

Lubricant
0.3
0.7
3.5
7.1
0.5
1.0
5.2

10.3
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% Measured
Surface Composition

Ciprofloxacin

87.0%£3.0
86.9%4.0
67.3x4.8
61.7£8.4
89.0x3.4
89.6%x2.2
85.0%4.9
73.4%6.2

Lubricant
13.0%£3.0
13.1%4.0
32.7%4.8
38.318.4
11.0x3.4
10.4%£2.2
15.0%4.9
26.6%6.2



ToF-SIMS images (red signal: coating material; green signal: drug)

0.5% MgSt = 1% Mgst  §5% Mgst . ] 10% Mgst B

0.5% L-leucine :J} 1% L-leucine




of coating material based on XPS data

® L-leucine

-=--Linear (L-leucine)
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« TOBI Podhaler —
tobramycin dry powder
Inhaler

www.tobipodhaler.com

ARIDOL®

(mannitol inhalation powder)
Bronchial Challenge Test Kit

Click here for more information

www.aridol.info










Ciproleu=1:1 wiw | Cipro:leu=9:1 w/w
= CiproLeu 20% RH (Day 1)

D Il CiproLeu 55% RH (Day 10)

% Surface Composition
_ % Surface Composition
(Theoretical)
Measured

Formulations L-leucine Ciprofloxacin L-leucine Ciprofloxacin

CiproLeu 1:1 50 50 70 30




Co-spray drying ciprofloxacin with colistin
iImproved stability up to 60 days

Amide I
FT-IR e /

XRD
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2 Theta (Degree)



> GOLISTIN — A POLYPEPTIDE ANTIBIOTIC
THE LAST-RESORT AGAINST MULTI-DRUG RESISTANT (MDR) GRAM-NEGATIVE INFECTION

35 -
—=—Raw sorption
-£+-Raw desorption
Hﬁuﬁﬁiﬁm 30 - —=— Spray-dried water-sorption
o el -/~ Spray-dried water-desorption

!
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- R s 20 -
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1pm 2 —
| WD= 41mm EHT= 5.00kV 20.70 K X Signal A = SE2 $ SYDNEY

2013. Journal of pharmaceutical sciences 102 (10), 3736-3747
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SURFACE PROTECTIVE COATING BY SPRAY DRYING 10

90 | ®60% RH W 75% RH
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* %k
60 .
*k

50
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30

20

10 4

0 :

PURECOL  1AZI9COL  IAZI4COL  1AZL:ICOL  4AZI:1COL
(10% AZI)  (20% AZD)  (50% AZD)  (80% AZI)

COLISTIN COATED WITH A SYNERGISTIC ANTIBIOTIC, AZITHROMYCINE

ed of Colistin (%)

FPFrecover

Distribution of colistin (blue) and azithromycin 0
(red) on a) Col:Azi 4:1; b) Col:Azi 1:1; c) Col:Azi
1:4 (scale bar = 10 ym).

| 1col4AzI | 1C0l:1AZI N I ' I . i

1.0 % 35%  100.0 %
- PURE AZI 4AZ1:1COL 1AZ1:1COL 1AZ1:4COL 1AZI:9COL
AZI 99 ) O % 96 . 5 % O . O % (100% AZI) (80% AZI) (50% AZI) (20% AZI) (10% AZI)

2014. The AAPS journal 16 (1), 37-47
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Population PK model for inhaled colistin powder formulation

Pulmonary A
administration ”
F =5
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\Y/ — \Y o
Clp, err >
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ELE A ELF 2 w
w
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.+ PK/PD in mouse lung infection model
3 .| AUC, /MIC are the most
~ |predictive PK/PD index for
F pulmonary delivery of colistin

2017. Antimicrobial Agents and Chemotherapy 61 (3), e02025-16
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Air-interfaced culture (AIC - cell I
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PLATFORMS FOR SPRAY DRIED BIOLOGICS

SIRNA Polypeptide Nanoparticles

200 nm ; - e -
— WD=39mm EHT= 200kvV Mag= 20.07 KX SignalA=SE2 'S80 §VBNEv WD= 6.4mm EHT= 500KV Mag= 10.02KX Signal A=SE2 S &iiiEy

2015 . Molecular pharmaceutics 12 (3), 910-921
2016. Journal of pharmaceutical sciences 105 (2), 650-656
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FIRST FDA-APPROVED STERILE SPRAY DRIED PROTEIN I'Illlllllﬂ'l's

Share
Raplixa case study: Enabling an

innovative drug presentation
through aseptic spray drying

FDA approved the Raplixa, the first spray-dried fibrin sealant, in
May 2015 to help control bleeding in adults during surgery.
Jul 02, 2016 By Sam de Costa

Pharmaceutical Technalogy
Volume 40, Issue 7, pg 26

In May 2015, FDA approved Raplixa, the first spray-dried fibrin sealant.
Raplixa is used to help control bleeding in adults during surgery. The
approval was based on a Phase Ill, multicenter clinical trial involving 721
patients who underwent different surgical procedures across four countries.
Clinical supplies of Raplixa were manufactured by Nova Laboratories at its
sterile manufacturing facililies. The product comprised of spray-dried
thrombin and spray-dried fibrinogen, which are blended and filled aseptically.

Raplixa needs no thawing, reconstitution, or mixing, and can be applied
directly from the vial or with a device. The Raplixa spray device, also
approved by FDA, is a low-pressure spray applicalor that can be used fo
apply the fibrin sealant to the bleeding sile where the product then dissolves
in the blood and starts a reaction between the two proteins, leading to clotting
of the blood to help stop bleeding. The approval of Raplixa provides surgeons
with an extra option to control bleeding during surgery when needed.

The spray-drying process used to manufacture Raplixa produces dried
powders that can be combined inlo a single vial, eliminating the need to mix
the fibrinogen and thrombin before use, and allowing the product to be stored
at room temperature. Commercial supplies of Raplixa are now being
manufactured by Nova Laboratories.

Article Details
Pharmaceutical Technology
Vol. 40, No. 7

Pages: 26

Fibrocaps (Fibrin Sealant) Manufacturing

CSL Behring Nova Laboratories
Proprietary Information “Open” Information

Fibrogen raw  Spray-dried
materials Fibrinogen

—
1ori n
” ratien e

Plasma
Fractionation
(US Sites)

Karen Midthun, M.D., director of the FDA’s Center
for Biologics Evaluation and Research “The spray-
drying process used to manufacture Raplixa
produces dried powders that can be combined
iInto a single vial. This eliminates the need to
combine the fibrinogen and thrombin before use
and allows the product to be stored at room
temperature.”



Comparison between lyophilized and spray dried 1gG1 mAb using
solid state hydrogen-deuterium exchange (ssHDX) analysis

Scanning electron micrographs of mannitol formulations. (A)
Spray dried. (B) Lyophilized with uncontrolled ice nucleation (C)
Lyophilized with controlled ice nucleation.

2018 Pharm Res (2018) 35: 12.



Surface enrichment of proteins may compromised excipient
protection and lead to aggregation
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2019 International journal of pharmaceutics 569, 118616



Spray freeze drying for heat sensitive biologics

Spray freezing s Freezedrying

Vacuum

Suspension Air

L

—— —>
Atomisation '

| [ usFD

1001 [ before USFD

Sublimation

\

o
o
1 .

Instant ||
freezing||s * .

S Condensation

N
<
]

i
o

o
<
]

Entrapment efficiency (%)

-

Ciprofloxacin

2019 International journal of pharmaceutics 118915
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Stirring in a beaker

--Ciprofloxacin + 5% MgSt
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Franz diffusion cell
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SURFACE ENERGY — MEASURED BY INFINITE DILUTION OF INVERSE GAS CHROMATOGRAPHY

* Higher of the surface energy, the more sticky of the powder

« Literatures and our data showed surface energy of dry coated powders

increased, which was contradictory to the improved powder flow

« A more reliable surface energy measurement is needed

Dizpersive Energy  Polar Efergy  Total Energy  Work of Cohesion

Sample (mJ/m?) (mJ/p?) (mJ/m?) (mJ/m?)

Untreated lactose 454412 164.04 6.4 209.3+ 7.3 418.7+ 15.1
MgSt 36.2+ 0.2 741415 1104+ 1.7 2208+ 34
Mechanofused lactose 51.44 1.1 135.14 4.0 186.5+ 5.0 373.04+ 102




SURFACE ENERGY — NEW FINITE DILUT EASUREMENTS ARE MORE REPRESENTATIVE OF THE PARTICLE
SURFACES




Qu, Zhou et al., European Journal of Pharmaceutical Sciences 78 (2015) 264-272



TOF-SIMS DATA PROVED FLOW IMPROVEMENT ARE DIFFERENT BETWEEN MGST (FILM FORMING) AND LEUCINE
Coated with MgSt Coated with Leucine

Red signal — ibuprofen Green signal — coating material

Such imaging platform can be used to understand other surface-
related functions, such as lubrication and aerosolization

Qu, Zhou et al., European Journal of Pharmaceutical Sciences 78 (2015) 264—-272






Qu et al., Journal of Pharmaceutical Sciences 106 (2017) 159-167
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C=Cq * exp(—kg = x)

C=0Cq = exp(—kg = x)+ Cq * exp(—kg * X)

C=Cyq * exp(—kg * x) + Cq1 * exp(—Kkg * X)
+ Caz * eXp(—Kaz * X)

where C is the concentration of undissolved drug (%) at time t; C.and C.are the initial concentrations (%) of
dispersed particles and agglomerates, respectively; ksand k.(min:) represent the dissolution rate constants for
dispersed and agglomerated particles, respectively.

Raw MgSt-mechanofused L-leucine-mechanofused
Cq (%) 60.0+£25.8 1073 203 106.8 £ 0.5
Ca (%) 43.0+23.1 - -
kq [rnin‘l) 0.34 + 0.06 0.66 £0.01 0.61 £0.03
k, (min~1) 0.02 +0.01 - -

Qu et al., Journal of Pharmaceutical Sciences 106 (2017) 159-167
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SURFACE PROTECTIVE COATING BY SPRAY DRYING

DISODIUM CROMOGLYCATE (DSCG) COATED WITH AN EXCIPIENT, L-LEUCINE
100 (a) 100DSCG

80 -
60 -
40 -
20 4
0 Ak
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b 8 52 ; L3 2L i
\fp & F P S a0 '\"7‘ 'DQ' > &
g 05‘ s G ,b\"." WO L8 e, x "’d:
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OlIn the dessicator BAt60% RH @At 75% RH

100 (d) 90DSCG10LL
» (d) 90DSCG10LL

\0 & 0‘5”\"’\@@%’\\'\'&\@’1?‘\'\?‘\ &
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=) S 9 9 =) H
European Journal of Pharmaceutics and

OlIn the dessicator @At 60% RH ®@At 75% RH Biopharmaceutics 102 (2016) 132-141.






