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Comprehensive investigations on development, biodistribution, and safety of
nanoparticle-loaded dry powder formulations for inhalation with high
nanoparticle redispersibility and aerosol performance

Okuda, Tomoyuki

3,600,000

(PEG)
PEG

In the present study, effective excipients and powderization techniques were

comprehensively investigated for successful development of nanoparticle-loaded dry powder
formulations for inhalation with high nanoparticle redispersibility and aerosol performance,
demonstrating the superiority of combination of trehalose and leucine through spray-freeze drying.
Moreover, surface modification of nanoparticles with functional groups or polyethylene glycol could
significantly improve their redispersibility, whereas their particle size did not affect it.
Pharmacokinetic studies in vitro and in vivo showed that distribution or membrane association and
permeation of nanoparticles in the lungs after inhalation can be affected by their redispersion and
local, highly concentrated exposure in dry powder formulations besides their surface modification
and particle size, resulting in their different pharmacokinetics between dry powder and dispersion
formulations.
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F1. BRXRVFAOWEBLUVESRL=F/ HFOHFEMRHIE (n =3, Mean = S.D.)

Size distribution of reconstituted NP
Formulation Composition (%) FEG Tre/Leu

derivative é\illzeea?n?g)rticle Pdl

FD#1 50 nm NP (100) - - 1035 = 571 0.682 = 0.090
FD#2 50 nm NP (10)/Tre (45)/Leu (45) - 50/50 470 = 178 0.465 =+ 0.108
FD#3 50 nm COOH-NP (100) - - 514 + 115 0.545 =+ 0.085
FD#4 50 nm COOH-NP (10)/Tre (90) - 100/0 652+ 14 0.128 =+ 0.030
FD#5 50 nm COOH-NP (10)/Leu (90) - 0/100 2073 = 308 0.907 = 0.060
FD#6 50 nm COOH-NP (10)/Tre (67.5)/Leu (22.5) - 75/25 73.8* 0.8 0.230 = 0.015
FD#7 50 nm COOH-NP (50)/Tre (37.5)/Leu (12.5) - 75125 69.5+ 0.3 0.170 % 0.003
FD#8 50 nm PEG-NP (30)/Tre (35)/Leu (35) PEG2-Chol 50/50 108 =1 0.249 =+ 0.003
SFD#1 50 nm NP (10)/Tre (67.5)/Leu (22.5) - 75125 211+ 70 0.465 = 0.079
SFD#2 50 nm NP (10)/Tre (45)/Leu (45) - 50/50 289 = 134 0.689 = 0.112
SFD#3 50 nm COOH-NP (10)/Tre (81)/Leu (9) - 90/10 101+ 3 0.240 = 0.006
SFD#3 (humidified) 50 nm COOH-NP (10)/Tre (81)/Leu (9) - 90/10 509 * 116 0.851 =+ 0.085
SFD#3* 50 nm COOH-NP (10)/Tre (80.1)/Leu (8.9)/FINa (1) 90/10 No data No data
SFD#4 50 nm COOH-NP (10)/Tre (67.5)/Leu (22.5) - 75/25 112 + 1 0.294 + 0.024
SFD#4 (humidified) 50 nm COOH-NP (10)/Tre (67.5)/Leu (22.5) - 75125 406 + 46 0.712 % 0.059
SFD#4* 50 nm COOH-NP (10)/Tre (66.75)/Leu (22.25)/FINa (1) - 75125 No data No data
SFD#5 50 nm COOH-NP (10)/Tre (45)/Leu (45) - 50/50 154 + 1 0.411 = 0.046
SFD#5 (humidified) 50 nm COOH-NP (10)/Tre (45)/Leu (45) - 50/50 329 =50 0.454 = 0.099
SFD#5* 50 nm COOH-NP (10)/Tre (44.5)/Leu (44.5)/FINa (1) - 50/50 No data No data
SFD#6* 50 nm COOH-NP (20)/Tre (59.25)/Leu (19.75)/FINa (1) - 75/25 No data No data
SFD#T* 50 nm COOH-NP (50)/Tre (36.75)/Leu (12.25)/FINa (1) - 75125 No data No data
SFD#8 200 nm COOH-NP (10)/Tre (67.5)/Leu (22.5) - 75/25 216 = 3 0.0620 = 0.0139
SFD#9 750 nm COOH-NP (10)/Tre (67.5)/Leu (22.5) - 75125 850 =+ 36 0.194 + 0.070
SFD#10 50 nm NH,-NP (10)/Tre (67.5)/Leu (22.5) - 75125 121+1 0.223 % 0.010
SFD#11 50 nm PEG-NP (30)/Tre (35)/Leu (35) PEG2-Chol 50/50 109 =1 0.183 + 0.010
SFD#11 (humidified) 50 nm PEG-NP (30)/Tre (35)/Leu (35) PEG2-Chol 50/50 554 & 6 0.506 = 0.028
SFD#12 50 nm PEG-NP (60)/Tre (20)/Leu (20) PEG2-Chol 50/50 933+ 0.8 0.150 =% 0.007
SFD#13 50 nm PEG-NP (30)/Tre (35)/Leu (35) PEG2-DSPE 50/50 104 =1 0.151 % 0.007
SFD#14 50 nm PEG-NP (60)/Tre (20)/Leu (20) PEG5-DSPE  50/50 109+ 1 0.148 = 0.004
SD#1 50 nm NP (10)/Tre (45)/Leu (45) - 50/50 302 + 41 0.711 % 0.073
SD#2 50 nm COOH-NP (10)/Tre (67.5)/Leu (22.5) - 75/25 272 = 20 0.474 = 0.041
SD#3 50 nm PEG-NP (30)/Tre (35)/Leu (35) PEG2-Chol 50/50 229 + 12 0.456 =+ 0.012
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# 2. & SFD HAIDWAEHEIEEME (n = 3, Mean £ S.D.)

Formulation OE (%) FPF (%) UFPF (%)
SFD#3* 747 =134 255+ 47 113=*+19
SFD#4* 73.8 =119 45.0 = 16.5 23494
SFD#5* 879 57 60.9 + 4.1 375+ 49
SFD#6* 85.1+9.9 60.9 =54 157+ 46
. SFD#7* 78.2 = 104 422 6.3 124+ 27
® SFD#3 ® SFD#4 @ SFD#5
= O Tre bulk < Leu bulk RH A
2604 £100 SFD#3 (humidified)
©
Z 50
8 SFD#3
£ 40 > i
s = SFD#4 (humidified)
< 30 g
b E SFD#4
2204 /\
‘;5 0 A SFD#5 (humidified)
g %S . : : __SFD#5_ .
) ) 5 10 15 20 25 30 35
Time (min) 20 (°)

2. % SFD A DMTIC & 5 FE-M-FHEHERS 3. £ SFD ®#H O IniBATER D PXRD /852 — L F 4L

(2) F /KT oMaEE: - MiEERME (in vitro)

T K- O FENEIZ DU T, NP 38 LT COOH-NP It L 7= i FE &6 TR FER O T
DERLNZ2 N> T=DITHR L, NHoNP 38 X OV—E#8D PEG-NP Tl R AFR 2 AR O T
DRONT, EEMZ2H O NH-NP 1 E, AEA 28 O e & o B E/EHR 20 LT,
HIIIE DO R 2 BT ENEZ L 2 EOBRHIC L W st 2 E L=t B2 bb, —J5, PEG-NP
O TENEIL, T/ RiFBEFICHFET DO TIEAR L BV PEG #3352
EMMBABMNE o7, F2, PEGE O TENPRKE L, I HITHREMER Y28 Chol LV % DSPE
M B RK S PEG 358K % A= 5728, PEG-NP ORISRV & &2 R L7,

Stk L U CHIBRBIZTIN L 7=BR 0T/ R F- O F &I D\ T, NP « COOH-NP « PEG-NP TiZ
fii D T 7o T=DIZxt Ly Nl NP TIEZ B DF ki L0 HEEFICE o7 (R 3), [AkE
W2, MRS EIZ OV TS, N NP T BUVMEAR R oz, —F., TR+ OfEEITK
5. Bk XL 0 bERRAIE LTI L= 0N 2 ki oMfEft A & - Bl L bicgn
fER Lo (R Y, INETIENFBLOED LAY THLREBEORRENMGF LN TEY
By AR B 2N AL b CIARRE U7=BRICE U D RFTHI 7T /2 kL7 O i R FE Mg R S a1k - i
HEOTLHEIZH G LTS EHERIND, £, BiRERIFOIREZ T 52 & T, BRBANR
MBEDOF R OHIEESE - BRENAEICHD L2 s, T RO MiafEimsic
TR A =P ABL RN T VAV A b= AN S L TWA Z EDNRBENT, 2B,
COOH-NP {Z2oW T, Tz /L DEMFICEENDI I T T L « =T X7 A EOMHIFE T CThEE
REERT D EE2BERLTRBY ., U X 0 E@EEaHt A 7O EEMEMET L2729
(R AR BA N O A& B B OEIN AR o7 8B 2 B %25, —J, PEG2-Chol %
FHV = PEG-NP D45 Hkiie ks X Oy RELEIS N Co 2 ffamrE IR+ % £ & 2 b b TEER DK
THRED LN (X 3),

&3, B240 PROFT/ HFOMABHEESE - ZTREHSIVUTEERZE (n =3, Mean = S.D.)

Formulation ,(%/%sg ie%tt?ﬁ*ngrtggueg}posure dose) ?’%@fegé%dm%%%u&posure dose) EE I%Jlf?no treatment)
50 nm NP dispersion 570 £ 0.14 0.205 = 0.010 101 =7
SFD#1 375+ 44 0.687 + 0.018 954 + 9.2
50 nm COOH-NP dispersion 3.01 = 0.02 0.204 = 0.036 98.0 + 13.9
SFD#4 207+ 15 0.295 + 0.065 927+ 16
50 nm NH,-NP dispersion 9.96 + 1.42 146+ 28 818+ 84
SFD#10 17.0 £ 2.7 26.8 = 3.4 88.6 = 8.6
50 nm PEG-NP dispersion (PEG2-Chol) 373+ 0.54 0.240 = 0.269 40.6 = 3.6
SFD#11 120+ 14 0.690 += 0.191 52.3 + 6.0
50 nm PEG-NP dispersion (PEG2-DSPE) 434 £ 0.11 0.152 + 0.024 130 £ 13
SFD#13 119+ 20 0.367 £ 0.170 125+ 23
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B4 MREEROF / AFOMASH-EREHER: (@) fi#&, () BALF, (c) AM (n = 3-5, Mean + 8.D.)
[1]1 50 nm NP dispersion, [2] SFD#2, [3] 50 nm PEG-NP dispersion (PEG2-Chol), [4] SFD#11, [5] 50 nm PEG-NP
dispersion (PEG2-DSPE), [6] SFD#13, [7] 50 nm PEG-NP dispersion (PEG5-DSPE), [8] SFD#14
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R 4. WRHRE 24 BRi%O BALF o LDH iR E - ARMEL - ML (n = 3-14, Mean + S.D.)

Treatment LDH elution (U/mL) Eﬁ‘(”f(l)%aégﬂs(se" number é(nijgleggﬁg)cell number
No treatment (negative control) 1.81 +0.54 4.13 = 2.99 1.44 =87
Water (negative control) 3.02 = 1.08 9.55 + 4.26 28.9 + 28.0
SDS (positive control) 106 =15 243+ 4.2 151 + 80
LPS (positive control) 475+ 172 66.1 + 27.4 60.6 + 38.5
50 nm NP dispersion 2.04 £ 045 26.5 + 15.7 28.3 £ 31.9
SFD#2 1.73 £ 0.05 7.49 = 1.89 244 £ 254
50 nm PEG-NP dispersion (PEG2-Chol) 4.05 £ 0.83 68.6 = 88.4 104 £ 103
SFD#11 249 +0.33 20.1 =110 3.52 + 255
50 nm PEG-NP dispersion (PEG2-DSPE) 3.95 + 1.90 112+ 37 64.7 £ 68.5
SFD#13 1.48 = 0.30 13.1+85 0.610 = 0.165
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