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Optimizing Antigen Stability and Delivery Efficiency in the Formulation of

Nasal Vaccine Powders
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Fig. 1 Schematic diagram of the spray drying process
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Table 1 Appearance of the spray-dried powders after storage at 25°C and

60% RH or 25°C and 30% RH under open conditions.

25°C, 60% RH, 2d 25°C,30% RH, 7d

& % vz 1% HPC-L ¥ R No change Not tested
EHEZE A 7 v — 2K Deliquescence Not tested
WE§ 5% Wz M5t R — 2 ¥
AZERLIRA 7 B BR Deliquescence Agglomeration
(27 1¥EZED)
j:t I a2 = — 2 ‘
HE W HPC-L/2 7 & KES Agglomeration No change
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Fig. 2 Scanning electron microphotographs of (a) the spray-dried sucrose
powder ( X 500), (b) the spray-dried HPC-L powder ( X 500), (c) the
spray-dried HPC-L/spray-dried sucrose powder mixture ( X 500), (d) the
spray-dried HPC-L/spray-dried sucrose powder mixture ( X 1000), (e)
the co-spray-dried HPC-L/sucrose powder ( X 500) and (f) the co-spray-

dried HPC-L/sucrose powder ( X 1000) at immediately after preparation.
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Fig. 3 Superposition of Raman mapping of HPC-L (blue) and sucrose (red):

(a) The spray-dried HPC-L/spray-dried sucrose powder mixture, (b) the

co-spray-dried HPC-L/sucrose powder.
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Fig. 4 Water vapor adsorption isotherms of the various powders: (a) The
spray-dried sucrose powder, (b) the spray-dried HPC-L powder, (c) the
spray-dried HPC-L/spray-dried sucrose powder mixture, and (d) the co-

spray-dried HPC-L/sucrose powder.
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Fig. 5 Powder X-ray diffractograms of the powders stored at 25°C and 30%

RH. (a) The initial sample, and (b) after 20 d storage.
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Fig. 6 In vivo antigen activity (Anti-HA IgG titer) of the dry powder

influenza HA vaccine. n = 4 for each group.
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Table 2 Hemagglutination activity of the dry powder WV antigen after 6

months of storage at —80°C or 30°C.

Hemagglutination activity )

—80°C 6 months 30°C, 6 months
[ZREPIE 100 100
[ESEPTE 20 16
L IEFEZ R HPC-L/ R 7 v — 2 K 220 183

(WV LR % & )

1) Each data represents the mean of 2-3 experiments.

Table 3 Hemolytic activity of the dry powder WV antigen after 6 months of

storage at —80°C or 30°C.

. ..b
Hemolytic activity

—80°C, 6 months 30°C, 6 months

[5 1 o R 100 100

e 1 o R 26 26

L FE M HPC-L/ 2 7 v — 2R
(WV LR % & 1)

238 198

1) Each data represents the mean of 2-3 experiments.
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Fig. 7 Anti-HA IgG titer induced in the serum or anti-HA IgA titer
induced in the nasal cavity of mice two weeks after the final intranasal
immunization of dry powder WV. Immunization was repeated twice with a
two-week interval. n = 6 for each group.
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Fig. 8 Synergistic Stabilization of Antigens by Sucrose and HPC-L.
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28 BEMNHMNEZEERLOLOOTNIRABRF LM EDEORE L
BHE.AVYIAZI VYT 7F v Ey—X v Zkic 1HERIR2EZES X
h, w775 vogag, 1ok GEREIEAGDERIIC 22T TE&E
N3, CNEF. AV INZ UV TIIFUvOEET AL AN, V-
2B FALFARL2EHINLAVWI L ZERKT S, Lo T, T4
ZDAAFEFFEETICHELZLRACHWZAZLELRXD S, BHITX->T
T, MAEABEFPEEHRRETT N[ ACEBEREILZEaX PofffuigT
TANAARFEFINTwE, L2L, 2OXIBMKREEET N4 RICK
427708 —F 3. AV IALIVYFTIIZFVICEILET L AV, Rk
b, TNARCF L L 2 RBEEESISLETH Y . FHL 72w BYAEKicxt
TOHREEFREOHEMICFRICHIETE VWL DLTH L, Lo T, Kiff
WM KRFOHEMER A T rickRBE IR, BERICH T L E TN
ALy P T 2T eAN—ZDREEE T N4 ZAEERL 72,

M7 7 F v OENECTH 2 E&RN P RMWIHIZREDRITICAHEL
Tw? (Fig. 9. MAI N LB ITEEZ @ > CHREICEA L, HAZZE
ZCWHSEICE T 2, PUR Z MR I 2h BRI | 2 2o i, JEREM5HE

HeoEMmrR/NBICT 2 EPEETDH B,

: o
v . RN ™
B \.O 1 5 T
Y TP —
FREN
TR

Fig. 9 Image diagram of nose inner structure and powder dispersion.
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TKalx, e b EPEE T (Fig. 10) ZHWT, SE&H T 4 22 0 HH
INETATIERM KON ~EERZHE L., HHEHEICHEEL L X
2MAVEORE L X ERORBENEZITo 7, AETIX, B 2K 4X
— VRO 2MBOREESG T N4 2 (Fig. 11) Z/E8 L | FEf i< v 72,
T BRANE. FURM R Z@EY 2 EERE B 7 ) —) 29EN IR
Blzxx ) T7T_—20a vt 7FEFEHLZ Y, FEHE L HAEDEK
DIFIFEhMlAGDLE LM L. MK DY M2 & BN O Y EB AL
~OHEMROERERICHEZ I ELZAFBNICHFTI L2z, 2. 8F A4S
SHGE 2 WAL & T2 RANICE VT, [ESPH~0oBITREMNEICHES
LW ZBREICEL2 2270 c3 e ll#Aa WL 2RI XIC % 7%
BT 2IVRA7ICENL, zol-o, MEALMHEAMCEZEINS 2L 2K
INRICHZ 22 e LEE L, ZOLXEWHOBIAICE ST, WA F&E
(Fine particle fraction) % im/NRICHI 2 2 By Rk o il 2 BREf L 72, C
NODREREZHMAL, REEG T NS A CRELRAENME L ZEEEHERT
32 LA RO MR 2 E L 72,
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THNAZRDMEZ EE
THEXRE

Fig. 10 Silicone cast model of human nasal cavity and partition of the

nasal cavity.
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Fig. 11 The appearance and schematic structure of the device.
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F18 HEVEOVENRUENIENBUE~ADOEXERICERIEZE

TR bFRATTANLR (T AL ZA) BT TE . IR
~OEERICHELX G2 2MNER ROV EZFML 2, v PR
TACET2ETANIURERR KD M % (Fig. 12) K3, HH 7 L8 T
NARA~DERFER, KEH T LB REER B X CEPRE~oXER, IR
Bh 7 AN T 2R NEE X CERWEL~0XER, HEh 7
LB TREH~DEER %2 $, DP1~DP6 13, WL EFTAPEH R %,
M s XN TFREPBRLZHEERELEEALCERLEZBETH D, HEK
MROVEN OB LM L 7z, ¥72. DP7~DPI15 X, MEls L »
HEORLZETANERRKEZFALCEAR R ST ITRRAL TR
LTE®RLEmBKRTH Y. ETAHEHROVEMFME L HEH RO A
HoEE 2L, DP1I~DPI 04, EFAHEBREKD X50 (A
WD A YT V) A 3-5um OHPFAICH Y (Table 4-1 3 X O Table 4-2).
FToNAZ A WNIZ 30%LA EDEFAPIRMEKLERE L. B EAL~ D %kiE
FITHRAR T 20 ETH 57z, —Ji. DP10~DP15 Tk, X50 A% 10-30
pm DOHEPHICH V., DPI3 2R VT T SA ZANDOPUEH K DK E 13 L
W0 7 &L BEERAL ~ D EER (X DP1~DP9 X v MM ICE 2 - 72,
CZORERPL, ETAIEMKROKNFELT N4 X0 0P ICKE &

B RG22 5 LHEREL T,
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Fig. 12 Distribution of model antigen powder in the nasal cavity of the

human nasal cast model (mean * standard deviation (SD), n=3).
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Table 4-1 Particle size distribution of powder formulation.

Powder
) Lot No. DP1 DP2 DP3 DP4 DP5 DP6
mixture
g Lot No. AP1
V0]
<E —i; Particle size X10 1.4£0.0
g s distribution X50 5.1£0.0
o
= (pm) X90 15.3+0.1
Lot No. CAl CA2 CA3 CA4 CA5 CA6
5 5 Pariclesize  X10  207%02 16611  349%06  352%19  404+27  1538+190
E B
8 Q? distribution X50 56.1£0.1 63.2+0.4 78.4%+0.6 135.6£2.6 149.8+159 361.4%21.0
(Pm) D X90 87.210.2 122.2%+0.3 155.7%£2.5 215.7£t7.3 3483+t544 567.3%x24.6

1) mean = SD,n=3
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Table 4-2 Particle size distribution of powder formulation.

Powder
. Lot No. DP7 DP8 DP9 DP10 DP11 DP12 DP13 DP14 DP15
mixture
& Lot No. AP7 APS8 AP9 AP10 AP11 AP12 AP13 AP14 AP15
)
a 1 ) ) X10 1.1+0.0 1.1£0.0 1.0x0.0 12.1£0.2 12.0*0.1 84*£00 105*0.1 7.7£0.0 6.4£0.0
< "g Particle size
g Q? distribution X50 3.4=%0.0 3.6x0.0 3.5%+0.1 27.4+£0.1 26.2%£0.2 17.9%+0.1 20.7%£0.1 14.8+=0.1 13.0£0.0
S
)
= (pm)1 X90 13.8x04 9.6%=0.2 8.6*0.3 534*x0.6 44510 30.6%x0.3 35.7x0.3 26.1%x0.2 22.9%x0.1
Lot No. CA7 CA7 CA7 CA7 - CA7 - CA7 CA7
_E 3 . . X10 8.8*+0.2 88=*02 88*+0.2 8.8=*0.2 - 8.8+£0.2 - 8.8+0.2 8.8%0.2
O "g Particle size
—
8 Q? distribution  X50 26.1£0.8 26.1+0.8 26.1+£0.8 26.1+0.8 - 26.1%£0.8 - 26.1£0.8 26.1+0.8
1)
() X90 61.9+57 61.9%£57 61.9+57 61.9£57 - 61.9%5.7 - 61957 61.9+57

1) mean = SD,n=3
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K, DP7T~DP15 (#HEME % & 7% DP11 & DPI3 %) &%k
WT, ETANEMROR FRE T ANA X A» 0P EOMHEE % MGE L
7z (Fig. 13), RiF# & PEH R o MHBARE R? (X 0.9727 TH v . RIFLitIE
MBI Z R L7z, gFili L 2R FRROHIFAN T, ET7 AriEmRoRF&FE T
NAZPL OPHEPBEIFICHE T 2 2 e nRmI Nk, ik, KTF&EHR
TAAZLLOHERICEWCTHERERTHLILERBLTWS, —
e, Wi RE 7 7 v T A7 =2 J), BHERX. Kok EDOREICX
DEELPS TV EREINTE Y O R EE2RKE L LMMEEKZ KD
I eT, ETANUEMROBECHER R OBELZIH L. PN
REWET L2208 TELZLELEZLND, R, T4 2o ofHE L
ERHIER AL ~ D & 7 VB R X E R o Bt % FE4f L 72, #5531 Fig. 14
KR LTH Y., MHBBE R?F 0.8437 ©. RIFAMEHBEERL 72, 151
AL ~DXRERIZ, 74 205 OPEIHFE &Pt & 72 82K o BERY &AL~
DFEZER (T A 2P S 2R o TN ICEE S L2 U
MEROEHEG) O 2200EEOETH Y. EVIENTRAL ~ 0K ER L ER T
27201, BOHEHREZERT 2 2 L BHREFETH L L IIHL 2T
Hb, MRDT AL AL, 754 ANOERORN % R T
ik oTtHEBEBINSI L HEINT NS 2T, 22T, 754 X
WO X — v 2ot L. BRI ER S E I N T N4 2 B 2l L
o T, Fr v TR rOEATOBKRELEEL, XVEEI L,
I, A7 eV FERKEOHOEHZIEKRT 270 icioR2BEIEL. &
TN L DR[O ZIEKRT 2D RE—FOBIKROEIE

L7z ZDORER. IR EE I N7 N4 X BogkitI i, 754
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Discharge rate form the device A (%)
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Fig. 13 Correlation between model antigen powder size and device

discharge rate.
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Fig. 14 Correlation between model antigen powder delivery rate to target

site and device discharge rate.
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Eoff HEMKOVEHRBRUENRTNAIADOOHHESELIVENSHLAD
ZERICEZIEE

Wi TrRed 22T ANERKRE, Be 2N TRE2S D5
HHOHEMAHREZMFH L, ZhoZ2RBAL T 10 BEOM KA ZFR L |
K% MEL 7~ (Table5), £/, 754 2 B &M L TEWNE~D
EFAPEM KD EXEREZFML 2, e FEEE T LICE T 37 AHHR
MED D% Fig. 15 1R T, T4 2 A LKL T, 74 2A~DKTF
R (AHT7L) PRBML., T4 22000 Ko ERREINEC
ERREINS, I, EEHMA~DXER GRtah 7 4) bikE S h,
DP17~19, DP21, & X (f DP22 T3, MR ERAL K ER D 40% 2B 2 7= 0

DP16~DP20 1. & F A HUE KK AP11 (X50 13.7 pm) 1< HAE K K CAS
~CAl12 #BA L 7=HAK., DP21~DP25 3. EFAHFEHEK AP12 (X50
28.1 ym) ICHHEH K CA8~CAL2 2 RALEMETH 2, FLEMEKEK
rRALZICD 2000 T ENE A XESR T DP16~DP20 #if & DP21~
DP25 #f CHAZ > T/, ZofRIEF., filEM KOV 4 X HEHMH KD ¥
AXDMICHEBERLAFER»H 0 B ~OXERICZE L LG Z Tw

L HRRBL TS,
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Table 5 Particle size distribution of powder formulation.

= Lot No. AP11 AP12
g . . X10 7.0x0.0 12.1+0.1
< 2 Particle size
2 & distribution X50 13.7£0.0 28.1+0.1
= D)
5 (pm) X90 25.5+0.2 58.4+0.6
[=)
< Fraction under 5 um (%)? 4.6+0.1 0.7%0.0
5 Lot No. CA8 CA10 CA12 CAS8 CA10 CA12
[P}
g . . X10 3.7£0.0 12.2x0.2 39.0x1.8 3.7£0.0 12.2%x0.2 39.0x1.8
2 Particle size
i‘ distribution X50 8.9£0.1 49.3£0.6 135.0+7.0 8.9£0.1 49.3%£0.6 135.0+7.0
k2 D
s (pm) X90 | 17.240.0 92.0%0.5 261.7+6.7 | 17.2£0.0 92.0+0.5 261.7+6.7
2+
O
Fraction under 5 um (%)% | 19.9%£0.1 4.4%0.0 0.8£0.0 19.9+0.1 4.4%+0.0 0.8£0.0
Lot No. DP16 DP18 DP20 DP21 DP23 DP25
X10 3.8x0.0 8.1£0.1 8.8%£0.1 4.1£0.1 12.9+0.1 17.7x0.4
Particle size
distribution X50 11.6%=0.0 20.7%x0.5 25.8+1.4 | 13.3+0.2 39.0%£0.0 73.4%x5.7
- (pm)V
g E X90 23.5%+0.2 70.4+0.7 216.3+8.4 | 46.4£0.5 82.2+0.5 230.5+18.6
B o
o ‘S Fraction under 5 ym (%)? | 14.3%0.1 4.5+0.1 1.4+0.0 | 14.2%0.2 3.1£0.0 1.5+0.0
Model
Fine Antigen 0.17%0.04 0.23+0.06 0.19+0.00 | 0.00%0.00 0.00£0.00 0.00£0.00
particle powder
0/4)3) :
dose (%) Carrier 3.13+0.49 0.53+0.06 0.0740.02 | 4.45+0.03 0.26+0.03 0.20%+0.03
powder

1) mean = SD, n = 3; 2) mean £ SD, n = 3; 3) mean *
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Fig. 15 Distribution of model antigen powder into the nasal cavity of the

human nasal cast model (mean = SD, n=3).

LHEMORRKZH L 2212 T 272010, JUFEM RDOEREAL~ D RER % |
TANAZDPLDOHPHEE T AL 22O SN MK O R AL I
RELEVEMKROEGD 2HRICHME Lz, £/, T ZnoEFITH
T 3HE R L HEM KR OR TR DORE % B %2 19T L 72, Figl6 (a) %
TANAZ2 o OPHFRICH T 2, FilE Ko X50 X HEMAEK KD X50
DB ERL TS, COMFREREAT 2201, BB X VERBEE
GO AR EH W ZIERIEZRIGE S 22iTb ., Figle (a) IC/R3 X 9 i m
Jmihm 2 & 3 X Eq. (1) sEH Ik,

Discharge rate from the device =
0.531 XSOAntigen particle — 0.000859 XSOCarrier particlez +0.211 XSOCarrier Particle
+66.152 — 0.00248 XSOAntigen particle X50¢arrier Particle Eq ( 1 )
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(a)
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Fig. 16 The relationship between the discharge rate from the device, X50 of
antigen particle and X50 of carrier. The grey plots in (a) represent the
measured value, and the anticlastic surface in (a) represents the regression
surface derived by JMP. The grey plots in (b) represent the relationship

between the measured value and the predicted value by the regression surface.
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Lo RRAOZHIEERER/N - FEEEHCTREINZ, T4 R
BT, LMK X501 LTCT—XFKA Vv B 2DLRh0, T2
AZAADHREERT 2 &, JEHE L ENIAM~DXERIT L D ICHEBD
Ko X50 et LCHFIcElTE2enPHEINE, LEN- T, BEEX
EARIIER AL~ DR ER T X50 FUEBKICHN L THRIEBEGRZ b 2 L REL
7o — 75 HEB KD X50 B L Tid, PEH R &AL~ 0% E K 2
KAEICEES 2 FRE DR TR CIEMIBHBE 2R L. HUEH KD X50 125 L T
HEMED X50 ov—27flEAZ T 2L RBIhTnE, TNICE
D, 2 0DEMMICKEHERLD 22 AR IN, FEHKD X50 & ik
MAED X50 02 GTHDBME iz,

Fig. 16 (b) 1. 754 22 b 0 FEHOPHIFK & Eq. (1) I k> TTH
AN OMBEZRL T3, REHRE R*IZ 0.9986 TH Y, R 7
#ER L, RIS, BN ~0%ELR, FUREB KD X50, F X 0K
¥k o X50 & D BEf% I Fig. 17 (a) KR INTH Y., FEHMBE RO IC X

BHIN74 vy 74 v Z7HPEq (2) ELTdiBEhTn3,

Target delivery ef ficiency =
0.00153 XSOAntigen particle — 4.85 X 10_6X50Carrier particlcz +0.00108 X50¢q;rier paticle
+0.489 — 6.17 x 1075 XSOAnrigen particle X50carrier particle Eq . (2)

Fig. 17 (b) 1. F2H ORI E G~ D% iER & Eq. (2) 1 X > C Pl X
NfEE OB %R LT %, JERE RUE 0.9981 TH Y, BIF 74 [

N L7z,
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Fig. 17 The relationship between the target delivery efficiency, X50 of antigen

particle and X50 of carrier. The grey plots in (a) represent the measured value,

and the anticlastic surface in (a) represents the regression surface derived by

JMP. The grey plots in (b) represent the relationship between the measured

value and the predicted value by the regression surface.
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Fig.18 (a) X U (b) 2. 2N F N Eq. (1) 2B HIN/ZT N X
2o DPHKROHEFER 7 vy b & Eq. (2) »oEH S W2 ENEAL~ D
KEROEGM7a vy P EIRLTWw3, Fig. 18 (a) X, =T AHMEBR KD
MY REARKEL RZICONTHERIEMT 22 2RBL T3, I
FEMRO I A XHRBEEINHE. FEERIREOHEH KOV 4 X T
KICEL, VUEHEKEOF A XX 5um 225 40 pm ICHEMFT 21 oN T —

Z A& 120 pm 225 60 pm IC > 7 P B Z L BRI N T W3, Fig. 18

(a) DIKEOEI T, PEHED 80%LL FHER S N 2B Z R L T3,
Fig. 18 (b) %, HERYERAL ~ D 3% EK AL A D FEHIE N T 50% @ X8 T K
ICEL., Z0®RM T OEEBRETER ROV 4 X8 o> b 5
CONTHMAT 2L ERBELT S, Fig. 18 (a) X ¥ (b) DKfad
i EELAOGDE L 2 LICX Y, BEIEA~ D T VIR K O % EE

40%LA - ffEfR X 2 SHIE S K E S 7z (Fig. 19),

35



(a)

TINA ADBDHEHE

160
80%

[y
Y
o

[y
N
o

[y
o
o

90%

60 50

40

Carrier particle X50 (pm)
2]
o

20 Z0%

0 10 20 30 40
Antigen particle X50 (pm)

(b)

ENBADXER (71 AD5HHHE)

50% 45% 40% 35% 30%
160

140 \

120
100
80
60

40

Carrier particle X50 (pm)

20 509
0~
0 10 20 30 40
Antigen particle X50 (pm)

Fig. 18 The contour plots of the discharge rate from the device derived by

Eq. (1) or those of the target delivery efficiency derived by Eq. (2).
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BRI, BReWit R L 72 x KRR EER 215 5 1 2 K7 £ o #i B
EMAEL 72, BEBA Vv IALZ VYT 7 F voRICIE, REEDOEEIS L
HWCThHd, BFFNTLXVERIMET 25ELCAEL~DHMKDEZEIT, &)
IR wEF TR, MBSO RIECH A, B L o fERkE25 ik
THREMEA B 2, —MRIC, BRI FIRL A Spm Rili DK FIZHMELX Y
BWWE P ICEEIND L ARE SN T WD T, Tabled ITREI N5
ko, EFAPEH KD X50 25 13.7pm @ & & R 7812 1% KT
HY, X502 28.lpym D & FRBRHINGE o7, TnF. ETATER
Ko X50 % 13.7um U LIS 2 2 & ©, WA TES 1%KH iciif <
EZ2LERBLTWS, 72, Table 5 iCZHEH KD X50 % 37.7pm
DEchHlfl sz, METE2Z 1%RBCMFlcEszcedbRBLT
Wb, INHLOEREH% Fig. 18 (a) 3 XV (b) DKo fHE & EhLH
B LICIY ., T4 RABTHREZESE L 72 BR D i KEERY &R ALK
40% LA % RAICEZERE R K TR O #PH 2% Fig. 19 oK fEIK L L T
BEEh7, ok, Fig.18 (a) X W (b) 0%FFEMHRTu vy FixEF AN
Fcfohzdbochbh, EBoFIEcHOLNEZTry PeaT LD K
LiaWABEERH 2, 2k, EEOFUEN KO WAL MRS (F : 5
EHEEBR HIAL)PETANIRE IR L2720 TH L, TOE VD,
TANAZLOPH PO KO pEHKERNICHELFELZGZ2LE2D
Nd, Lo T, SHBOMABEEcix, #AloRkEicmy, 754 &
FIOLICHB L, EBOTEMKZHAWEZFESHR 72 vy F OBFBEI Kk
bNb, COMHVMAIEF., X OVBETHRNALSENEKY 7 F v E8Hl 0 E

HEHETb DO TH Y, WAMARICEWTCERE R L s, BRI,
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Fig. 19 Optimal range of powder properties to ensure more than 40%
delivery rate to the target site and less than 1% of the fine particle fraction

of both antigen powder and carrier powder.
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FBIHEiCcl, 754X AZH T, ETAHERROR FERE T NA X
DM ICHFELST e EWHL2IC L, Fic, KNTROKEVWE T AN
R RIE, T4 ZXpoffHEInCT I BRI N, TnICHEDZ,
FNAZBEHEIHL, [ Z — V2 RENT 52 & T, PEHER & %ER
DmEEX -7,

FH2fici, TAABEMH T, BER sz b 2oE T AHERRK
LHERKOMAGDEPEWEAL ~DRERICEH 2 2 E L2 MR
WL 7zo FERIBEIEHTIC & 0 . HUEB K & A K o K728 © 2 B AFH
DEHETHLZ PRI NT, FFio, JUEBM KD X50 2 13.7pm LA E, #
BR o X50 % 37.7pm A RicGf% 3 5 2 & ©, BRI~ Dk EHE H
40%LL LiCET A Ic R K ETCE MR ZRE L 72,

REORP X, BTV I/ FvoORBICEF2H-aMARRMEL. 5%
DEBOVIRMA o RFEIcH T2 EBLE R LB HFBEINL, FERD
ik, EBEoRERREZHCEGR Yy PE2HEMEEL. 5% 25I0H
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L. SofiEEA o m#Eicm Iz EB2ELbDTH S5, Fric, HiH

MROMEST N4 ZADRGFHICE D W - I X, RO L 2R Y
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7FVIERGORRBICHFLGT2HELELRTHY, Zhick VLK oEEHIKC
oL CHE»L OB T 7 F vEMMBARRE RS, 2. AWK THEDL
NEZHARZ, BREVZ7FVICRLT, I AhEHAORG HESLT A
AREHCHIGHAEETCH Y BERSHICET 225z RET 2 b0
Thd, SHROMEICEBTIE, EREOMKAFTZEL T, 25 DHK
FEER T NA RFEI B 20T MRE2EIHEL. BRET 7 F voR e mK

RicglzH 37200 FEMLLEDZ L PEETDH S,
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A7 v —ZFHMBETLERARL I ZEZ AL IV FTHL2 LA
L7ze PLovo— 23 EHRRESE2 S AL 7, HPC-L (140,000 g/mol)
¥ X " HPC-SSL (40,000 g/mol) IHEXSHHAE Z2LBAL 2, K&
Ly F Vit NOF a2 oA LL, av 27— 3KASHEHA
T77 AV IANDLEALLZ, eFAE )Yy AELIZY ST
FV)wFdrbBALE. A Vv IALZ Y+ HAYZF v (HA) BX U4 v
INTVFRETANZAT 7F v (WV)IiZv 42k A/California/07/2009
(X-179A) R L2d o T, LHF =47 7 F v kX ath» o 2k X
n7z, BALB/c w7 & (M. 7 #iim) ZHARF v —2 L - U N4k
POBALL, 7Yy F7A—9 (T AHE) BERFMAMEKTE»SL, 70
AL vF bV LERIT A Y v Fd 5, Respitose SV003
i DEF 7 7 —~<tt2 o, X4 727 F—=XS Ed7v 4 v bEERES D2
5. Pearlitol 200SD 37 v P 7L — gt 6, w27 v 32— )L 4000PS
“FEALR LA S 2 5. Methocel KAM 2 &4 7 I A h vov=—H
5. U vEEEEMANK (PBS) By —F7 4 vy —HF A VT 47
4 v 7 ALz, VVYBRTIKRFEAY VL, Y VYERKFKRT FY T LK
M AT P YV 4 KB F PY YL ALEF A EZALERY v —,
T PP, BIXOZ X =V FADEME T ERLSSE2OBAL 2,
BEE LT MIilli-Q KZfHL 2, hoamARAEETIT~Toisrr—F

DbDOEMHEHL 7=,
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F1E HEEUEZZEICHITTE 2HRDLTTRE
BB BRE

Biichi B-290 I =2 7L — F 7 4 ¥ — (BUCHI Labortechnik AG.#) %
Ho<F8E L7, 7XAviEZmik s A -4 7 4 0.5 mm ZfH L
T2 EBEIREGEMFIZIL T O & B30 TH %, Inletair temperature, 120-130°C;
Outlet temperature, 70-80°C; Gas flow, 400 L/min; Aspiration pressure, -
85 mbar; Flow of spray liquid, 1.5-2.0 mL/min, "% 5z & B HE W 0 8
BEI 7.5~10 w/w%iZ L7z, MMRIIHFT 7 AL T (BB—7 7 2k &4k
) CINE L, N4 T3 % (FUJIGEL SANGYO Ltd. #l) T#EBHL

7’—,
~ o

BREROAGRE (BHR)

W FEZIEM KON BloZ T HEBREIC X o TREli L 2. Yo EHT
13.91.79% 2 7 v — 2 & 821 %PBS i # & O HBWHIHE R 7 u — 2K L,
91.79%HPC-L & 8.21%PBS i % & L E FH 1% HPC-L ¥ oK % W8 75 4 ik
CEXOVER LA, ThboMEKEHFNIATL—PIRIAT, 25CE XV
60%RH % 7213 30%RH O 5fFTFT< 2 HIWMEL 72 (F4 /7 %4 v 2tk
Ao, RoEEBETIE, 1.61%EFAHE (KELvyFv/aLxsn
— N/ F LY Yoy ALY = 41.904/14.581/24.101 (w/w/w)).
90.33% 2 7 @ — X, 8.06%PBS fi* G LHEBU B 70 - MK L,
64.52%HPC-L, 25.81% % 7 u — 2, 1.61% %€ 7 L. 8.06%PBS ¥ % &
GHEFEGEE HPC-L/ A 70 — 2 RE2EHFLRICIVFRHLEZ, b

DM KREHITIATL —FITIET, 25°CB X 10 60% RH % 7213 30% RH @
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FETC2HERZIT7THMKEL 2z, REBBK T, A0 EB 2 HH
TaEffi L. [No change ] (Z1ft 72 L ). [ Agglomeration | (#E& E1t).

[ Deliquescence ] (#ifid) & L CHHEL /-,

BREROARRE (SEM)

100% 27 v -2 % &R 70 —2KHE,100% HPC-L % & & HPC-L ¥
K. 50% HPC-L 5 X U 50% %7 v —R %&b ZEGZE HPC-L/ X

— A REEHFGZBEC X VFERL 2, HEZHE HPC-L R L HEIZEX
sm—2HRzFEBRGL. ®0 5 ®8AKT 30 PHEIEREG L CTHEZE
HPC-L L BEZHER 7 v — 2 RKOYHIBEEY 2 FH L 7z, SEM H{
. JSM-IT200 SEM (HAE P&k, H, HEA) 2#H L. 15kV
DEIETWEL 72, Ak 25°C, 30% RH THEEEZ, &CTa—T4 v 7

B+ FICHIE L 72,

MAFERDONBRE (A A=)

SEM TFHli L 2 KA ML &, £EL T~ v HME LabRAM HR
Evolution (HORIBA, Ltd.®) ZHWw<T, J~v2Ax27 b A ZREL 7=,
kIR 100 ffoRYL v X%2@BLT 532 nm L —F — Tl s, 2.0
pm D A7 v I A4 X EHW, 20 X 20(X,Y) ym OfEEE XA ¥ ¥ v T 5 7%
HIC 10 BoBNRHEFEHL 2, MEKDO I~ v v 72 F 374 VT —
7Y v bEIK (134—3184 cm—1) THUf$ L 7z, LabSpec 6 Y 7 + 7 = 7
EFRAWTAXXZ PLOINE, A7 PLOFILE, 3XU®TF—X %y + D

ME 2T, BONEARZ FPALITHNOHERLIRET 2 72O ICHTULE
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L. 20, Hitpm/h =% (CLS) 7 =) X4z v CTHi 2 4K

L7z,

KE B E R R T

SEM TiFfli L 728y K %#{EAH L. VTI-SA % & (TA Instruments %) % f
WTHIE L 72, 3B (B 10 mg) % 25°CT/RZALRWE 5%F X O 95% RH
DEFETTHROVERLIMEL 7, KISEDR 5 ET 0.03 wtwZft L 7z 2 -

A, ATy TORELS 180 0 BICRDRAT vy IT~HEF ¥ 72,

KR X #REH (PXRD) AIE

SEM Tt L 2 RZ2 i L 2. BB RIZ KV X707 4 1 A

(Chemplex industries, Inc. ) <A, 25°C, 30% RH 0o & T CclEIEE

B (FH 7 A4z 2RASE8) 1 20 HEIRFEL 2, BEZED K
. % B X #EPrEEE Empyrean (Malvern Panalytical Ltd #) % F v,
FRTHMEL 2. 7—&iE. 45kV/40 mA ® Cu-Ka & H v, 0.2-40°

(20) o#iH <., 0.013° AT v 7% 4 XTCINEL 7=,

7 i BRORE &8 S AR

AvIrnzyHeLht7 75y (WV) #&bitEZEg s HPC-L/ X 2
7 — 2K (65.53% HPC-L, 26.17% 227 v — %, 0.10% WV, 8.20% PBS
W) #WBLEREICLVERL 2, 0.10% WV 5 X 8 99.90% PBS i % & &
N I K D EZEEIC L OFR L2, MREZINELZH T AL T

iX. —80°C% 7213 30°C. 60% RHT 6 HM. 4 —77) —%— (AAK

45



7Y =¥ - s XOCERERE (1 4 v ARS8
TR L 72,

T v A, IR R K I X e FURRE (HA #:5) 100-200 p g/mL
L. Tz 0.9%HElIF P v LB CEIEFNRLEbDZE~ A 70T
L= DK o VITiEAL L, JliE, 0.5% S RIMERAER (XA
A4 7 A PHGEHE) 2& 7 cviciEBML, 4°CT 1 KA v F a2 x—}
L7zo 208, RIMRGEEGOEEZBE L, BEICLE 2 RIKERE %2Rk
E L7z, MEMBERINZHRETIE, B ReBBERIEKINE L
AR L, T, BERICE ZVBREOSE, RNk Y = v o KTk
ATWDEZERERL -, RO PUFIEK O RAKRE & MIARER O ¥

(N—k v T =) 2BREORMEREEL S & L7z,

B E R

IRIMBREE LA CRl L 2y R 2 L 72, Bk ZAKICER L. WV
RE (HA#:%5) 100-200 pg/mL &R L L. 0.9%ME L+ b V) v LW T
BMARLAZDDE~A 78 7L -+ DE T 2 VICHEML 2., RIT, 2%
=7 F Y ARMERER RREE AL AT 2 PFEFRE) 287 2 LB
L. 4CT 1 RHEA vFa—tL7z, 20K, &£V i) vIEREHEE
HAeEKEZEML, 37° CTEHR I vFax—FLAz, VAW
DEWZHEOTHEL 72, BIEOWAKE % 540 nm CTHIE L 72, WA
0.1 % L2 RIMBEZ ., BIMEZFERKT 200 RMBE L L THREL 72,
RUH O FUF BN O KR E & MEBRHROHE (X—R v T —) ZRIHE

DRIl & L 72,

46



EBERTRICHIZ2RERETM (RTRE)

HA # 8 0BHBEwE A 70— 2K (91.56% R 27 o —2Z, 0.25% HA,
8.19% PBS #i). HA % & O HE 2% HPC-L ¥k (91.56% HPC-L. 0.25%
HA. 8.19% PBS #i). HA 2# & O HLEFHH HPC-L/ XA 7 v — 2K
(65.40% HPC-L. 26.16% A 7 m— 2, 0.25% HA. 8.19% PBS #5) #% I
FRIRIC X VERIL 72, 0.25% HA 3 X 8 99.75% PBS 3 % &t b2 1 ) I
MRS EECHECLVFRL 2, MREZMKICHERS &, HARE S 100-
200 pg/mL O E L. 300 ng HA KNS T 2 B2~ 7 R I THRE L
2o PG te 3R I, MGt o Hl HA IgG Hifk D ¥ % ELISA i X - THll
E L7, BHENBEICN T 2 HEIREDZED log2 A7 —LT 2 U TOH

a. MR H B EHWL 72,

RERFRICB U2 RERUEFTME (BEKRE)

WV % & & Bzt HPC-L/ % 7 v — 2} K (65.53% HPC-L. 26.17%
27 m—2, 0.10% WV, 8.20% PBS i) #EHZiEic X v ER L 72, ¥
RKEWELH T 24 T A12,30°C,60% RH O 5T T 6 fEi . 25°C,
60% RH o FfFF< 15 i AM. EREREYE (77 34 v 2ot
) CERFLE. HABRBECHEZ 05ug @b MRke 420y b F

y WD, Fy T BAVITINVT VYT E N~y ROEEICEAL 72,

R, Fyv 70kimr, = av 2z N LT 1mLyY)vyyFa— 7l
L. YY) vV Fa—T IRl EINLEER 2Ty TV A2k -

T REZEECRG Lz, COoBER. A—ofifkicxn L <t oD
M7 CHEKRG E LTiTo e, £, [ UCMEMAECH LT 2#EH R
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b < 2 4T o 72, AR 2 8B ©, SPERE® (0.6 mL) O HA IgA
PiRIREE % ELISA i X » THIE L. MiEH o §T HA IgG JURIEE b FBRIC
HE L 7. FRER T, 6 pL OGN R CRLE O WV) %2 SIS T L.
Al U 720 Bt BERE o0t 9 2 URIREE D 2% log2 A7 — AT 2 UMW D

Litr. PURTEME SRR S Tw 3 &ML 7,

F2E ENBUEERALOE-HOT AL IABEHEMEYHEOREL

WE/ES (FE 18-1 : Table 6-1. Table 8)

7Ly F71—904g. FLu—256g HPC-L14.0g % PBS 980
mL IS S & EH BB R LR L -, 2 0B R 2 HBEB RN (SP1)
TCHEZFEZEREL, TETAPERRKE LE, 7 A0EKREK (EEHK 3 #)
LT, B s M XO0OYHERELZ SO 6 BEOHEMEH KD S H D 1
o (EE20%) 2z, BasEAf (MX1) Pc¥—ciEBAL, £ S1i
NI E b oK (DP1-DP6) ZfF® L7z, BonZhRiE. LA
(MiniPax, L7 VEXEKRASHEE) 2REL 27 7 2ARICE L, &
HLT25CCIRFELEZ, A7 HIZ,. e FeFo oL XA F okl
—Z(HPMC) 7 7 nr (7 ) A 72X &HER) ic £ (Lonza Group

Ltd#l) ©23 + 1mg# KWL TIERL =,

MAVESE (% 185-2 : Table 6-2. Table 8)

ZA7mu—R315gx%x0FEfMMHT %2, HPC-L ¥ 721 HPC-SSL ¢&
25 F7- 3 11 ok XK TCRAELTCKRESTS gk Lz, COREYMEY Vi

T 462 g (0.408 mg/mL V vEE—/kFEH V7 4, 2.51 mg/mL Y Vg



KFEF PV T LKMP, 83mg/mLiE{kF I v LaEEL) KTy P T
N—90.282g kBRI L CHEUBRAKRZFEHL -, 20K, FHEDHE
WEJESAE (SP2 £7213 SP3) T CTHFZRIEL. ET ANEMKEZMFERL 72,
5T, 4.9% (w/w) HPC-L 5 X 10 0.1% (w/w) ZA AL+ 4 vEKIC
BIRE ., BHEZERSEME (SP3) TTHEBEZEL CHEMEKEZERL 7,
ETFAGURM AR (BRI 45 8) k. HikmEK (ERE 558) & BAKMN
(MX1) FTlEA& XN, Bk (DP7-DP10, DP12, DP14) #{E#l x h 7=,
T, ETARERER (BRI 30 #) 3 FECEALKE (MX1D) T ok
Bk (BRI 705) LREEI N, Hlokmk (DP15) BER Ik, 5
ic. Bk (DP11 3 XU DP13) BETFAPEMKRDO A &M H L CEH X
Nz, BONTWMRIT, Az ZREL 2407 ARICNEI L, HEH LT
25°CCRFE L 720 A 72 AAEIIZ, HPMC 7 7 Vi R T 10 = 1 mg

L CIER L 7%,

WARER (5 28 : Table 7. Table 8)

Ty F7A—9120g, 2271 —279.8g, HPC-SSL 79.8 g, V Vg
TKFEHYV YL 08g H{LFFY YL 164g, BLUY vEEAEFFY Y
LOKFIY) 4.95 g %K 1946 g £ 7213 527 g TR & &, BHREZEBEBER % E
B 7=, EHEEKEN (SP4 £7213 SP5) TCHEFEKEL., €7 AHUER
K (AP11 £ 7213 AP12) ZfE® L 7z, &K (CA8) 3. HEZERIREEM

(SP6) T T 5% (w/w) HPC-SSL 2&D T % /) — ViIRR % EHE I L
E8LL 7=, AR (CA9) 3, WMHZE LM (SP7T) T T 20% (w/w)

HPC-SSLZ &L T X /) — ViR 2 EHEZE L CTER L 2, 8K K(CAL0)



Z.75um OO Z b 25 2 Wi TE- L 72, #HEHm K (CA11) 17

I

) 1C+

B RS (SP8) FT 20% (w/w) HPC-SSL 2 &b T % /) — VA %

t

WML T, (FRL 2. KR (CA12) 3, 250 pm OB HEZ H 2

SV CTERLZ, EFAHERKR (E&8H 45 #) X, HEBRK
(EEH 55 &) LRASRMT (MX2) TTEA&IN, BK (DP16-DP25)
BE I N, [JFonZHmRIFT. EEAZFTEL 247 ZMICIE S L,
L T2 CTREL 7z, 77 AFlZ, HPMC 7 72 v ic RHEEE T 10

+ Img AL CTFERL 7,
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Table 6-1 Composition of spray-dried powder (w/w%)

Lot No. DP1 DP2 DP3 DP4 DP5 DP6
Lot No. AP1
Acid Blue 9 0.18
Trehalose 2.46
Model
HPC-L 6.14
Antigen
KH,PO, 0.06
Powder
NazHPO4 12H20 034
NaCl 3.87
Spray—-drying condition SP1
Lot No. CA1l CA2 CA3 CA4 CA5 CA6
Respitose SV003 86.96 - - - - -
HPC-L-fine - 86.96 - - - -
Carrier
Dilactose S - - 86.96 - - -
Powder
Pearlitol 200SD - - - 86.96 - -
Methocel K4M - - - - 86.96 -
PEG4000 - - - - - 86.96
Antigen powder/carrier (w/w) 3/20
Mixing condition MI1
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Table 6-2 Composition of spray-dried powder (w/w%)

Lot No. DP7 DPS8 DP9 DP10 DP11 DP12 DP13 DP14 DP15
Lot No. AP2 AP3 AP4 AP5 AP6 AP7 APS8 AP9 AP10
Acid Blue 9 0.3 0.3 0.3 0.3 0.7 0.3 0.7 0.3 0.18
Sucrose 11.22 11.22 19.64 11.22 26.65 11.22 46.68 19.64 12.29
HPC-L 28.05 - - 28.05 - - - - -
Model HPC-SSL - 28.05 19.64 - 66.63 28.05 46.68 19.64 12.29
ode
) KH,PO,4 0.2 0.2 0.2 0.2 0.22 0.2 0.22 0.2 0.19
Antigen
Na,HPO,4-12H,0O 1.22 1.22 1.22 1.22 1.35 1.22 1.35 1.22 1.17
Powder
NaCl 4.02 4.02 4.02 4.02 4.45 4.02 4.45 4.02 3.88
HPC/sucrose
2/5 2/5 1/1 2/5 2/5 2/5 1/1 1/1 1/1
(w/w)
Spray—drying
o SP2 SP2 SP2 SP3 SP3 SP3 SP3 SP3 SP3
condition No.
Lot No. CA7 CA7 CA7 CA7 - CA7 - CA7 CA7
FC 1.1 1.1 1.1 1.1 - 1.1 - 1.1 1.4
Carrier
HPC-L 53.9 53.9 53.9 53.9 - 53.9 - 53.9 68.6
Powder
Spray—drying
- SP3 SP3 SP3 SP3 - SP3 - SP3 SP3
condition No.
Antigen powder/carrier (w/w) 45/55 45/55 45/55 45/55 100/0 45/55 100/0 45/55 30/70
Mixing condition MI1 MI1 MI1 MI1 - MI1 - MI1 MI1
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Table 7 Composition of spray-dried powder (w/w%)

Lot No. DP18 DP19 DP20 DP23 DP24
Lot No. AP11 AP12
Acid blue 9 0.03 0.03
Sucrose 1.996 1.996
HPC-SSL 1.996 1.996
Model
. KH,PO4 0.02 0.02
Antigen
Na;HPOy,-
Powder 0.1237 0.1237
12H,0
NaCl 0.409 0.409
S —dryi
pray-aiying SP4 SP5
condition No.
Lot No. CA1l0 CAll1 CA12 CA10 CA1ll1
HPC-L - - 5.5 - -
Carrier
HPC-SSL 5.5 5.5 - 5.5 5.5
powder S dovi
ray—dryin
pray=eiying : SP8 i : SP8
condition No.
Antigen powder/carrier
45/55 45/55
(w/w)
Mixing condition MI2 MI2
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Table 8 Spray-drying and Mixing conditions

Spray drying condition NO. Condition
SP1 Machine GS-31 (Yamato Scientific Co., Ltd.)
Nozzle Two fluid nozzle, orifice diameter: 0.5 mm
Inlet temperature 130°C
Flow of spray liquid Approx. 2 g/min
SP2 Machine Mini Spray Dryer B-290 (Buchi labortechnik AG)
Nozzle Two fluid nozzle, orifice diameter: 0.5 mm
Gas flow Approx. 400 L/min

Aspiration pressure
Inlet temperature
Flow of spray liquid

-85 mbar
130°C
1.5 - 2.0 mL/min

SP3

Machine

Spray dryer CL-8i (Ohkawara Kakohki Co., Ltd.)

Nozzle Rotary disk, 30000 rpm
Cyclone differential pressure:1 kPa

Inlet temperature 100 - 110°C

Flow of spray liquid 5 - 10 g/min

SP4

Machine
Nozzle

Spray dryer CL-8i (Ohkawara Kakohki Co., Ltd.)
Rotary disk, 35000 rpm

Cyclone differential pressure: 0.92 — 1.00 kPa

Inlet temperature
Flow of spray liquid

100°C
6 g/min

SP5

Machine
Nozzle

Spray dryer CL-8i (Ohkawara Kakohki Co., Ltd.)
Rotary disk, 35000 rpm

Cyclone differential pressure: 0.89 — 0.93 kPa

Inlet temperature
Flow of spray liquid

100°C
12 g/min

SPé6

Machine
Nozzle

Spray dryer CL-8i (Ohkawara Kakohki Co., Ltd.)
Rotary disk, 35000 rpm

Cyclone differential pressure: 0.87 — 0.93 kPa

Inlet temperature
Flow of spray liquid

80°C
40 g/min

SP7

Machine
Nozzle

Spray dryer CL-8i (Ohkawara Kakohki Co., Ltd.)
Rotary disk, 40000 rpm

Cyclone differential pressure: 0.77 — 0.80 kPa

Inlet temperature
Flow of spray liquid

80°C
40 g/min

SP8

Machine
Nozzle

Spray dryer CL-8i (Ohkawara Kakohki Co., Ltd.)
Rotary disk, 20000 rpm

Cyclone differential pressure: 0.81 — 0.96 kPa

Inlet temperature
Flow of spray liquid

80°C
40 g/min

SP9

Machine

Spray dryer CL-8i (Ohkawara Kakohki Co., Ltd.)

Nozzle Rotary disk, 35000 rpm
Cyclone differential pressure: 0.89 — 0.93 kPa
Inlet temperature 100°C
Flow of spray liquid 12 g/min

Mixing condition No. Condition

MI1 Machine Turbula Shaker Mixer (Willy A. Bachofen AG)
Container Glass bottle
Mixing speed 96 rpm
Mixing time 15 min
MI2 Machine V-bl;&nder S-3 (Tsutsui Scientific Instruments Co.,
Ltd.
Container Stainless steel

Mixing speed
Mixing time

55 rpm
15 min
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fFERE
Sympatec HELOS/RODOS (Sympatec GmbH, F A4 Y ) ZHw, KA L
— P = HWEIEIC I VHEL 72, S K% 4.0 bar D0 HUETHHEL. R3

LYy Xz HwT, X10, X50, XU X990 #H[E L 7z,

BRERETNAXB I EEXRFMAE

BERETNA R

TANAZEF, Fr v T, RbL, Ry 7, =, BXUOA TR LTHE
I, Fry 7R baid, —FKEEINEZ=ZAHFDOH ZHA T2,
INOLDOHICIFBERALBLIOCME LD Y, A 7LD %2 Bl X & T2
R EERT 5, COMEICX Y, 2NV T R TEeADD
MRZHEET 2 e 8afEE & B,

F N4 2 A: K v 71 [Erizas® Capsules for Nasal spray | 5 2 7' L —
7 84 X (Twinlizer™, HAFE KA 2HH) 2ol I T 0, P
K—FPEAYVOAYILUZEIY) I VI T H2ZLTHRMACHEHATS X )ICK
HAIN, BRI A AT AL NICEL 200y — 258X . FEH
DO DONFERMEMRL TCVWE, 2Oy —ViF, Fry Teh T,
RhatAh7eroBEoEICy Y a2 v 5 (KATAMARU-KUN,
Castaldo t:#!) #FE L, Wil 2 CERL 72,

FNAZB: T4 ZBIE, T4 2 A A THIH D 2255 0 # N A

VHEFFOR Y T EHA TS, Fy vy TR P LADH T
n, BEEETHoREZHEHL, =2 2R EIC LAk, T4 2 Bid, &

VIZORREREST LIV T (ELPLTI) 2R LTk,
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Xblic, A7eroEAEEoREIICLY, BFDELY 227 ZEBL.

R 72 AN AN A ] R R B DN b A b X &7,

ERETLNEIOCEERAUE

GEETAIE. oo EAET L, RFREIL -, BLXUTVY
-V I LATERINAEWEZEL OB INTWE, TXT 22— (BT
REINE) Fv YV av T fE L, HBEZ2RF T 22D ICEFAET LD
AL T T, b oMEONEICIE, ¥ 3 gD 2%hLvEF
A=A KY=—% 10 N NaOH CH M L =@z a —F 14 v 27 9L,
RiCEFRE T L — b2 ZOo0 002 FMET VORICEA CTH AT,
VHE Z SABHAEE ICE Y fH) 72, PR CcHRIE I N7 HPMC 7 72 A 237
ANA R CEE I, BRPERRETIC A T VT N R oRERE 2 HIE L
oo TRXARD ) ANEZETADOREGEAICHAL, £ 15mL 2R % Hw
ThHRZEEETANICHEH L2, iR, 754 22 8l 5 H Y 4L,
HEEEZHE L2, RET T L ONMICHBE L ZH R, BAiZE. SH
. BHIE, SBHfE. BX 2 oft (574 20 KFE LA 0 I % &
) 2ofBEEHCNELAE, IWEL ZREEE, —ERBOEE (PBS/7
b= bPUAV =1/1v/v) KHEBRIEZE, 25mm GD/X >V v Y7 4L
% — (PVDF, 0.45 pum) (A2 3t#) 2@l CAr@L 7z, ARAERY D
Ty F70r—9 oREIRmEREKn~ 2777 4— (HPLC) % HWw
TEBL, WM ICEIFEZ2T7Y Yy 7L —9 ORIINEZFHEL 72, B
N7y F7r—9 0BoE&IE, 10 mg 7213 23 mg O H K o B

WERICNT 2D THEI N, $XTOET 2L D EINED GG IR
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MEDOFERL LCHEINE, b1, 8F NS L OCEMWEEE 2 5 D
MR O A%, BEMSME~ofERRoXERL L CEHLAEZ, SEA
DY OHHTITMA T, 754 2ANOHEMKROERFRIX, 7L EB
FUOEB»rOFIBOEEEZH T Yy P74 —9 i L. HPLC 4347
ZiToCT Yy FI7A—9 OREEZHEE Lz, 754 22 b O RPEHFE

. 7S AL DRI~ DB EE E GEl L e

kLT 8 R E

MBHIFHT 7 28y YVavFryrryn— (FR:1L) ERLET vy X—+
VART = F AV NI R HERY T2 TPKavitrn—-J5—-%fHL<T

Wy, ARy 72FE L. B5H®E 28.3 L/min THRIIL 225

i
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BEIHH : PBS/ 72 F=F U A (1:1v/v)

& ¢ 0.4 mL/min
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BHIP K © UV 460 nm

i &1 A2 AT

MIEM R ZEHER RO FERLT N4 X0 o HEH 2 HEH L
NDEERICKITTHE % . Microsoft® Excel® for Microsoft 365 ¥ X U8
JMP vV 7 b7 =7 (JMP®, »N— Y 3 v 16.0, SAS Institute Inc.8) % fifi

)EH L(%*ﬁbf:a

58



18 8 af X

1. Mieda S., Inoue K., Ito A., Yada S., Miyajima M., Fukami T., /. Drug
Deliv. Sci. Technol., 69, 103165 (2022).

2. Mieda S., Inoue K., [to A., Yada S., Miyajima M., Fukami T., /. Drug

Deliv. Sci. Technol., 104, 106454 (2025).

59



SEMmX

1.

Pires A., Fortuna A., Alves G., Falcdo A., Intranasal drug delivery: how,
why and what for? /. Pharm. Pharmaceut. Sci., 12, 288-311(2009).
Chavda V. P., Vora L. K., Pandya A. K., Patravale V. B., Intranasal
vaccines for SARS-CoV-2: from challenges to potential in COVID-19
management, Drug Discov. Today., 26, 2619-2636 (2021).

Ambrose C. S., Luke C., Coelingh K., Current status of live attenuated
influenza vaccine in the United States for seasonal and pandemic
influenza, Influenza Other Respir. Viruses, 2, 193-202 (2008).
Giudice E. L., Campbell J. D., Needle-free vaccine delivery, Adv. Drug
Deliv. Rev., 58, 68-89 (2006).

Koprowski H., Mucosal Vaccines. Modern Concepts, Strategies, and
Challenges, Springer, Heidelberg, Dordrecht, London, New York, 2012.
Brokstad K. A., Cox R. J., Eriksson J.-C., Olofsson J., Jonsson R.,
Davidsson A, High prevalence of influenza specific antibody secreting
cells in nasal mucosa, Scand. J. Immunol., 54, 243-247 (2001).

Pavot V., Rochereau N., Genin C., Verrier B., Paul S., New insights in
mucosal vaccine development, Vaccine, 30, 142-154 (2012).

Kasel J. A., Fulk R. V., Togo Y., Hornick R. B., Heiner G. G., Dawkins
A. T., Mann ]. J., Influenza antibody in human respiratory secretions
after subcutaneous or respiratory immunization with inactivated virus,
Nature, 218, 594-595 (1968).

Riese P., Sakthivel P., Trittel S., Guzmidn C. A., Intranasal

60



10.

11.

12.

13.

14.

15.

16.

17.

formulations: promising strategy to deliver vaccines, Expert Opin. Drug
Deliv., 11, 1619-1634 (2014).

Pavot V., Rochereau N., Genin C., Verrier Bernard, Paul Stéphane,
Rational design of nasal vaccines, J. Drug Target., 16, 1-17 (2008).
Mygind N., Dahl R., Anatomy, physiology and function of the nasal
cavities in health and disease, Adv. Drug Deliv. Rev., 29, 3-12 (1998).
Nakahashi-Ouchida K., Fujihashi Y., Kurashima Y., Yuki Y., Kiyono H.,
Nasal vaccines: solutions for respiratory infectious diseases, 7rends
Mol. Med., 29, 124-140 (2023).

Tregoning J. S., Russell R. F., Kinnear E., Adjuvanted influenza
vaccines, Hum. Vaccin. Immunother., 14, 550-564 (2018).

Jabbal-Gill 1., Nasal vaccine innovation, /. Drug Target., 18, 771-786
(2010).

Trenkel M., Scherlief R., Nasal powder formulations: In-vitro
characterization of the impact of powders on nasal residence time and
sensory effects, Pharmaceutics, 13, 385 (2021).

Huckriede A., Bungener L., Stegmann T., Daemen T., Medema ]J.,
Palache A. M., Wilschut J., The virosome concept for influenza vaccines,
Vaccine, 23, 26-38 (2005).

Hamouda T., Sutcliffe J. A., Ciotti S., Baker J. R. Jr., Intranasal
immunization of ferrets with commercial trivalent influenza vaccines

formulated in a nanoemulsion-based adjuvant, Clin. Vaccine Immunol.,

18, 1167-1175 (2011).

61



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Van Braeckel-Budimir N., Haijema B. J., Leenhouts K., Bacterium-like
particles for efficient immune stimulation of existing vaccines and new
subunit vaccines in mucosal applications, Front. Immunol., 4, 282
(2013).

Petersson P., Hedenskog M., Alves D., Brytting M., Schréder U., Linde
A., Lundkvist A., The Eurocine L3 adjuvants with subunit influenza
antigens induce protective immunity in mice after intranasal
vaccination, Vaccine, 28, 6491-6497 (2010).

Akira O., JP3109886B2, 1991.

El-Telbany D. F. A., Tayel S. A., EL-NABARAWI M. A., Tag R,,
Aboelwafa A. A., FORMULATION AND EVALUATION OF
ERGOTAMINE TARTRATE LYOPHILIZED NASAL INSERT, 2014.
Hideki H., JP6247639B2, 2013.

Chang R. C., WO2001/034801, 2001.

Shuichi S., JP2004262847, 2003.

Bartos C., Pallagi E., Szab6-Révész P., Ambrus R., Katona G., Kiss T.,
Rahimi M., Cséka I., Formulation of levodopa containing dry powder
for nasal delivery applying the quality-by-design approach, Eur. J.
Pharm. Sci., 123, 475-483 (2018).

Henriques P., Fortuna A., Doktorovova S., Spray dried powders for
nasal delivery: process and formulation considerations, Eur. /. Pharm.
Biopharm., 176, 1-20 (2022).

Salade L., Wauthoz N., Goole J., Amighi K., How to characterize a nasal

62



28.

29.

30.

31.

32.

33.

product. The state of the art of in vitro and ex vivo specific methods,
Int. J. Pharm., 561, 47-65 (2019).

Torikai Y., Sasaki Y., Sasaki K., Kyuno A., Haruta S., Tanimoto A.,
Evaluation of systemic and mucosal immune responses induced by a
nasal powder delivery system in conjunction with an OVA antigen in
cynomolgus monkeys, /. Pharm. Sci., 110, 2038-2046 (2021).
Djupesland P. G., Nasal drug delivery devices: characteristics and
performance in a clinical perspective—a review, Drug Deliv. Transl.
Res., 3, 42-62 (2013).

Lapidot T., Bouhajib M., Faulknor J., et al., A novel faster-acting, dry
powder-based, naloxone intranasal formulation for opioid overdose,
Pharm. Res., 39, 963-975 (2022).

Fasiolo L. T., Manniello M. D., Tratta E., Buttini F., Rossi A., Sonvico
F., Bortolotti F., Russo P., Colombo G., Opportunity and challenges of
nasal powders: Drug formulation and delivery, Eur. /. Pharm. Sci., 113,
2-17 (2018).

Chu N. N., Huang K., Que L. L., et al., Safety, tolerability, and
pharmacokinetic study of 101BHG-DO01 nasal spray, a novel long-acting
and selective cholinergic M receptor antagonist, in healthy Chinese
volunteers: A randomized, double-blind, placebo-controlled, single-
dose escalation, first-in-human study, FEur. J. Drug Metab.
Pharmacokinet., 47, 509-521 (2022).

Newman S. P., Pitcairn G. R., Dalby R. N., Drug delivery to the nasal

63



34.

35.

36.

37.

38.

39.

cavity: in vitro and in vivo assessment, Crit. Rev. Ther. Drug Carrier
Syst., 21, 21-66 (2004).

Keldmann T., Advanced simplification of nasal delivery technology:
anatomy + innovative device = added value opportunity, in: Nasal Drug
Deliv. Rapid Onset Via Convenient Route, On Drug Delivery, 4-7
(2005).

Sosnowski T. R., Rapiejko P., Sova J., Dobrowolska K., Impact of
physicochemical properties of nasal spray products on drug deposition
and transport in the pediatric nasal cavity model, /n¢. /. Pharm., 574,
118911 (2020).

Hosseini S., Alfaifi A., Esmaeili A. R., Edwards D., Schuman T.,
Longest W., Hindle M., Golshahi L., Effects of nasal anatomical
characteristics and administration parameters on delivery of locally-
acting drugs with suspension nasal sprays in adults, /. Aeroso/ Sci., 167,
106101 (2023).

Chen J. Z., Kiaee M., Martin A. R., Finlay W. H., In vitro assessment of
an idealized nose for nasal spray testing: Comparison with regional
deposition in realistic nasal replicas, /nt. /. Pharm., 582, 119341 (2020).
Chen J. Z., Finlay W. H., Martin A., In vitro regional deposition of nasal
sprays in an idealized nasal inlet: Comparison with in vivo gamma
scintigraphy, Pharm. Res., 39, 3021-3028 (2022).

Pozzoli M., Rogueda P., Zhu B., Smith T., Young P. M., Traini D.,

Sonvico F., Dry powder nasal drug delivery: challenges, opportunities

64



40.

41.

42.

43.

44.

45.

46.

and a study of the commercial Teijin Pulverizer Rhinocort device and
formulation, Drug Dev. Ind. Pharm., 42, 1660-1668 (2016).

Amorij J. P., Huckriede A., Wilschut J., Frijlink H. W., Hinrichs W. L.,
Development of stable influenza vaccine powder formulations:
challenges and possibilities, Pharm. Res., 25, 1256-1273 (2008).

Liu Y., Bhandari B., Zhou W., Glass, Transition and enthalpy relaxation
of amorphous food saccharides: a review, /. Agric. Food Chem., 54,
5701-5717 (2006).

Mensink M. A., Frijlink H. W., van der Voort Maarschalk K., Hinrichs
W. L.]., et al., How sugars protect proteins in the solid state and during
drying (review): mechanisms of stabilization in relation to stress
conditions, Eur. /. Pharm. Biopharm., 114, 288-295 (2017).

Hancock B. C., Shamblin S. L., Water vapour sorption by
pharmaceutical sugars, Pharmaceut. Sci. Technol. Today, 1, 345-351
(1998).

Wang W., Lyophilization and development of solid protein
pharmaceuticals, Int. /. Pharm., 10, 1-60 (2000).

Naini V., Byron P. R., Phillips E. M., Physicochemical stability of
crystalline sugars and their spray-dried forms: dependence upon
relative humidity and suitability for use in powder inhalers, Drug Dev.
Ind. Pharm., 24, 895-909 (1998).

Heljo V.P., Nordberg A., Tenho M. et al., The effect of water

plasticization on the molecular mobility and crystallization tendency of

65



47.

48.

49.

50.

51.

52.

53.

54.

amorphous disaccharides, Pharm. Res., 29, 2684-2697 (2012).
Sebhatu T., Elamin A.A., Ahlneck C., Effect of moisture sorption on
tabletting characteristics of spray-dried (15% amorphous) lactose,
Pharm. Res., 11, 1233-1238 (1994).

Makower B., Dye W. B., Dye W. B., Sugar crystallization, equilibrium
moisture content and crystallization of amorphous sucrose and glucose,
J. Agric. Food Chem., 4, 72-77 (1956).

Palmer K. J., Dye W. B., Black D., Sugar crystallization, x-ray
diffractometer and microscopic investigation of crystallization of
amorphous sucrose, J. Agric. Food Chem., 4, 77-81 (1956).

Kameoka T., Water sorption in water and chemical potential, Nippon
Shokuhin Kagaku Kogaku Kaishi, 42, 140-146 (1995).
Alvarez-Lorenzo C., Interactions between hydroxypropylcelluloses and
vapour/liquid water, Eur. J. Pharm. Biopharm., 50, 307-318 (2000).
Poirier-Brulez F., Roudaut G., Champion D., Tanguy M., Simatos D.,
Influence of sucrose and water content on molecular mobility in starch-
based glasses as assessed through structure and secondary relaxation,
Biopolymers, 81, 63-73 (2006).

Seo M., Kumacheva E., Response of adsorbed layers of hydroxypropyl
cellulose to variations in ambient humidity, Colloid Polym. Sci., 280,
607-615 (2002).

Imamura K., Multiple states of sorbed water molecules in amorphous

sugar matrix and their different impacts on physical properties of the

66



matrix, Nihon Shokuhin Kogakkaishi, 12, 1-9 (2011).

.Sun W. Q., Davidson P., Effect of dextran molecular weight on protein
stabilization during freeze-drying and storage, Cryo Lett., 22, 285-292
(2001).

. Allison S. D., Manning M. C., Randolph T. W., Middleton K., Davis A.,
Carpenter J. F., Optimization of storage stability of lyophilized actin

using combinations of disaccharides and dextran, /. Pharm. Sci., 89,

57

58.

59.

60.

199-214 (2000).

.Haeuser C., Goldbach P., Huwyler J., Friess W., Allmendinger A.,

Impact of dextran on thermal properties, product quality attributes,
and monoclonal antibody stability in freeze-dried formulations, Eur. /.
Pharm. Biopharm., 147, 45-56 (2020).

Mensink M.A., Nethercott M.]., Hinrichs W.L.]. et al., et al., In-line
near infrared spectroscopy during freeze-drying as a tool to measure
efficiency of hydrogen bond formation between protein and sugar,
predictive of protein storage stability, /nt. /. Pharm., 496, 792-800
(2015).

Mensink M.A., Nethercott M.]., Hinrichs W.L.]. et al., Influence of
miscibility of protein-sugar lyophilizates on their storage stability,
AAPS J., 18, 1225-1232 (2016).

Tonnis W. F., Mensink M. A., de Jager A., van der Voort Maarschalk
K., Frijlink H. W., Hinrichs W. L. J., Size and molecular flexibility of

sugars determine the storage stability of freeze-dried proteins, Mol

67



61.

62.

63.

64.

65.

66.

67.

68.

Pharm., 12, 684-694 (2015).

Emami F., Vatanara A., Park E. J., Na D. H., Drying technologies for
the stability and bioavailability of biopharmaceuticals, Pharmaceutics,
10, 131 (2018).

Yingtong C., Huang Y., Zhang X., Lu X., Xue J., Wang G., Hu P., Yue
X., Zhao Z., Pan X., Wu C., A real-time and modular approach for quick
detection and mechanism exploration of DPIs with different carrier
particle sizes, Acta Pharm. Sin. B, 12, 437-450 (2022).

Hamishehkar H., Rahimpour Y., Javadzadeh Y., The role of carrier in
dry powder inhaler, in: Sezer A. D. (Ed.), Recent Advances in Novel
Drug Carrier Systems, /ntechOpen, London, 2012.

Pilcer G., Amighi K., Formulation strategy and use of excipients in
pulmonary drug delivery, Int. J. Pharm., 392, 1-19 (2010).

Kiaee M., Wachtel H., Noga M. L., Martin A. R., Finlay W. H., Regional
deposition of nasal sprays in adults: A wide-ranging computational
study, Int. J. Numer. Method Biomed. Eng., 34, (2018).

Chavda V., Jogi G., et al., Advanced particulate carrier-mediated
technologies for nasal drug delivery, /. Drug Deliv. Sci. Technol., 74,
103569 (2022).

Trows S., Scherlie R., Carrier-based dry powder formulation for nasal
delivery of vaccines utilizing BSA as model drug, Powder Technol., 223,
231 (2016).

Nizi¢ Nodilo L., Ugrina 1., Spoljari¢ D., Amidzi¢ Klari¢ D., Jakobu3i¢

68



69.

70.

71.

72.

73.

74.

75.

Brala C., Perkusi¢ M., Pepi¢ 1., Lovrié J., Sarson V., Safundzi¢ Kucuk
M., Zadravec D., Kalogjera L., Hafner A., A dry powder platform for
nose-to-brain delivery of dexamethasone: formulation development and
nasal deposition studies, Pharmaceutics, 13, 795 (2021).

Hazlett R., Schmidmeier C., O’Mahony J. A., Approaches for improving
the flowability of high-protein dairy powders post spray drying — A
review, Powder Technol., 388, 26-40 (2021).

Karner S., Urbanetz N. A., The impact of electrostatic charge in
pharmaceutical powders with specific focus on inhalation-powders, /.
Aerosol Sci., 42, 428-445 (2011).

Mitani R., Ohsaki S., Nakamura H., Watano S., Numerical study on
particle adhesion in dry powder inhaler device, Chem. Pharm. Bull., 68,
726-736 (2020).

Okuda T., Tang P., Yu J., Finlay W. H., Chan H. K., Powder aerosol
delivery through nasal high-flow system: in vitro feasibility and
influence of process conditions, /nt. /. Pharm., 533, 187-197 (2017).
Benque B., Khinast J. G., Carrier particle emission and dispersion in
transient CFD-DEM simulations of a capsule-based DPI, Eur. J. Pharm.
Sci., 168, 106073 (2022).

Demoly P., Hagedoorn P., de Boer A. H., Frijlink H. W., The clinical
relevance of dry powder inhaler performance for drug delivery, Respir.
Med., 108, 1195-1203 (2014).

Maloney S. E., Mecham J. B., Hickey A. J., Performance testing for dry

69



76.

powder inhaler products: Towards clinical relevance, KONA Powder
Part. J., 40, 172-185 (2023).

Saito S., Ainai A., Suzuki T., Harada N., Ami Y., Yuki Y., Takeyama H.,
Kiyono H., Tsukada H., Hasegawa H., The effect of mucoadhesive
excipient on the nasal retention time of and the antibody responses

induced by an intranasal influenza vaccine, Vaccine, 34, 1201-1207

(2016).

70



S E

KR AFITT2ICHY ., HBY A LHELE, HEEELZH LA,
HR R R 0 FRAIATRE BAKERABRCESEHOBEZRL £ 3,
RENERSEROICER L, HiEE, #fPE2B Y £ LA EEOHIREMNKY
T —#d%, & oW EMHERR., KRREZRICE#ELHRL LT
9,

KEOEEE2LG 2 TnwZE, REROMBEELHEIELZL Y £ L .
- A KEE-ELic L X VEILF L BT ES, 2. 21K
W7 B c oo CHRE LML B Y T LA, o = at L
MEE L Ic X VLR L BT Ed, oI, 2B TE L OMBL
REEZBY ., ZLTLOX Ao Tz wizgE =tk at gk
BB ICEOERB AL L F 5,

K2 EITT2ICH), RECEIMENRZEBEYE L2, H—=
kX2t "WAEMOIEHR TR SEHIEL, TR BRAJ)IEFLICO
KO LETET, S JMPET A LICOWTEHE DI XEE W
vt INEE L3 X CRILEXR, X F =y 7Bz wek
TobiasKeil i L. B4 0 CHIE 2B 0 £ U 7255 — = bk 2 & 4 81 Bl fifF
RATOMFE OERICOH & EHEL 5,

gic, RIFHICO VO RIES 2 X 2. B L T N KKIT L
L OREHHL LTI,

71



