W D BT e O B S i B~ DS FR I T 72

~A 7 u=—R)LVOFNMHIZEET 55

Ty HRbE






G BT T3 ettt 4
=TT 5
FH1E RBRERUEAE L TOMNDOF Y 77X B =3 Ve, 12
LA BRERINAE BB E LT KBRS LA & AR RE MN OBRJE ... 13
E I R =X 7L O 15
1 BRIE R OVIBRAIEE oo 15
2. FEBRIENY (oo 15
3. BRBRBIAI D TR ..o 16
3-1. GST B MNAC DT oo s e 16
3-2. FRARPITESTFH GST AR DT oo 16
B, MN DTEIRIBLZL oottt 17
5. MNAC H1o> GST & &HIE, B5-% 07 ERIE K OB G BOFH .. 17
6. In vivo B SEER (RRE2 5 5-320R . FRARPIAR G- 3250) oo, 18
7. MHET GST BEEEHIE (LC-MSIMS TE) oo, 18
8. FEENREZZIURTM cvoovveeceee e 19
9. BUANZZTEMETRIR ovovooveece et 20
10, R RTTIRAIT ettt 20
BB 2 TH BT DT oo 21
Lo MN DTEARIBIEL oot 21
2. MNAC H1 D GST & &EBG%OBRAFEIE KL OG- EOFEH e, 22
3. Zvhinvivo (28175 MNAC fZJE#: 5% D GST 25 W UL ENREFEAR ................. 23
4, FE 2 BEESAE T CORAIREDDZZTENE oo 25
EE IR =SS 27
B A TE INFE oottt 30
F2E REGERKLELTOMNOX Yy 772 ) — a3 (HUROENE
TE L FURTEZE) oot 31
FLHT REAEEZHRE Liomay HEaY (7 AVHUR) &A%Y MN O
BT ettt ettt ee et ee e e e e e e e 33
BB LI FEBRDT oottt 34
1 BRIE R OVIBRAIEE oo 34
2. FEBRIENMD (oo 34
3. BRBRBIAI D TR ..o 34
3-1. OA G MNAC D FHIEL oo s e 34
3-2. TS OATEHEDTATL oo 35
B, MN DTEIRIBLEL < oot ee et 35



5. MNAC H1 OA & EHIE ., B 5% ORFENTE M ORGEOHE 36

B. IN VIVO TEFZEIERZETEBR .ottt 36
T FUAMITIE oottt en et en s 37
B F R I IT oottt 37
B 2 TH BT ODTD oottt ettt 38
L. MIN DTEIRBBIZR <ottt 38
2. MNAC H D OA & &EH 5% DFRAFERIE K OG- EDOFEH 39
3. N VIVO i i A R oottt ettt e e e e e e e e 40
B BIE FBEL ettt 42
B AT 7T oottt 44
F 28 MNOLOES LAY (BT APUR) ORNEREBALIZ OV TOM
TSP 45
e S 1 SO 46
1 AR R TOVFEBRIT ..ottt 46
2. BRI oottt 46
3.0A &4 3 EME MNAC (B3 JETE MN) DFFEL ..o, 46
A MN DTZARTBLEZ oottt 47
5.3 &1 MN @ OA & &illE, 5% DOFERFENTE N OREBEDOHE ... 47
6.3 M MN J O 2 @1 MN 250 B2 NBURREZEAL O 775 e, 47
6-1. BT A ~vArnAa—FZLD R E R E O] OV OMBIEE e 47
6-2. Rz  OVEREYI T FL-OA 254G R OBNE FE e, 48
7 TN VIVO T i TR oottt ettt ettt ettt e et et 49
8. UM oottt ettt en s 49
0. F R TIIT ettt 49
B 2 TEH BT ODTD oottt ettt 50
L MN DTZIRBIZZ oottt en e 50
2. BEPIC I AP DT EBAL D FTAM ..oveeeee e 52
2-1. MN & 5-%% D R JERLFRTEE G T OBIER oot 52
2-2. FZ @R R A FL-OA 3 AT D FEAM oo, 53
3JEME MN D OA G eG4 DOFAFENE L R G EDOFEH e 54
4. 1IN VIVO SIS FEBRIE T oottt 55
B BIE ZBEL oottt 59
B AT 7T oottt 61
H3E REGERFIE L TOMNDF Yy 7 2 U ¥— g (WBHIRKIC
R 21 1) OO 62
FLHET MN G D G ~OWERR R A K GBI ~5 2 5 B 28IZ >
U T ettt ettt ettt n e er et en s 63



B L TE FEBRODTD oottt ettt 65
1 AR R OVFEBRIT ..ottt 65
2. BRI oottt 65
B MN DTFZURTBIZZ ..ottt en s 65
4, MN D EZ NI BEBEIEO FTA ©.veeeeeeeeeeeeee oottt ettt ettt ee e 66

4-1. =T AT AT RILDFHTL oot 66
A I N BT 37 66
5. F2JE~DOWEREIALE K OGPE I TZER oo 67
5-1. WHERAJALE % DF R BRI (LC) DFFAM oo, 67
5-2. MFAYALIE S OB BRI (ADC) DRFM c.oveveeeeeceeeeeee e, 67
6. 2R HIIA K OB B2 A A5 BEHR DL ..o, 68
7. AR A ZE TR O TAIT oot e e 68
8. INVIVO JZJETZREZZIIMIZR <ot 69
0 F R I oottt 69

B 2 TH BT ODTD oottt ettt 71
L. MIN DTEIRTBLZZ <ot 71
2. IMIN DD B P N B B TR ettt ettt ettt ettt ettt e e e e ane 72
3. WERBGALE I EED B N GRIEIGZE (FERD) o 74

3-1. 500 pm MN ZLEIZ D LC RETURDFEBLZEAL. (oo, 74
3-2. Fl & ALEHD LC RIEHURDFEELEALDELEL oo, 76
3-3. 500 pm MN ZLEIZFED LC FHEHURDREFFAIFEEZEAL (oo, 77

4. MFRAYRLE L ZAED FE NI (BLFZ) oo 78
4-1. 500 pm MN ZLEZ D dDC R HEHURDFEBLZEA oo, 78
4-2. Tz lLE% D dDC RIEHURDFEELZEALDELEL e, 81

B BB TZHEZEITRTAN oottt 82
B BIE ZBEL ettt 83

g L= I O 86
T ettt ettt et e ettt ettt en et en et en et eenens 87
T TR 93
BT SR ©.vceeeeeee ettt sttt ettt ettt et s ettt n ettt 94



W

BA Bioavailability

dDC dermal Dendritic cells

DDS Drug Delivery System

EPO Erythropoietin

FL-OA Fluorescein labeled Ovalbumin

GST Granisetron

hGH human Growth Hormone

HPLC High performance liquid chromatography
v Intravenous

LC Langerhans cells

MFI Mean Fluorescence Intensity

MN Micro Needle

MNAC Dissolving Micro Needle Array Chip
OA Ovalbumin

PBS Phosphate Buffered Saline

RMFI Relative Mean Fluorescence Intensity
SC Subcutaneous

TDDS Transdermal Drug Delivery System
TS Tape Stripping

FL

AUC 1 A5 A SE A e - s T B T T A
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B B 2% TITI, 200~300 &V VD ZHHRT AR 9 4E~17 LD R HIH A 4%
L4 5, S50, FORIMERIT 1/10,000 L FELEDIL TS Y, Drug Delivery
System (DDS) Z& T eAIAIHITIL. BEAFFEMITKIL ., ZDO R KA AR DORT
N EGIEHTZETMEL S0 B A SHIZERICHBR TEHEHMEL T
EFENZEDLED, FrEEAIH N 2 HEL 22> TWD I BIFIFZEIR., FFH IS EZE 2240
FTELUTLEDITHILTNA,

BE, BTSN T EE LD ARSI AR FALEMNERTTFR U IF %
DE 7 FALEWET LI DI, ZNHEFEMIZIBW T, EIZHWHILTWDATEIL
B ORHDNTIEFHTHS D, 8% A AN, FUEMER B2l R & 5720
BB @ L UIEE 53252 1 D FMITITE SR WAITE T D, T4,
EHATTSH TOBOPHL TETWDIT I F U OPRERE L S To A A EIR NI, &
DEFHTHD, BT, mlifbta AT 1T, we T N EE2R S s B E ORI NE 52
LaER DL AR EOERATE LI W, — 5 EERANL, E 002 )
B TELRIE T D, LINUEIRZEIZEITb B A AENBHEHETO cold
chain LB ZE | B GAZERWEFE DM EITRDEV TNV NI T FEOR SEH

FTDUED EBYED VAT B,

ZOXIZRIRPLT L B AFIRERANARDLHIE L LT, B & 5-R-FIHEHEED
TUWD, BEAREGRIANCIE, TRL 1) ~5) IS BL57%88 >V 03b 5,

1) LB RIS IR 2h R DO BHEE LD | A 0D 5y AR FIRE T %
2) EFHI TR A2

3) BKEHIENHHETHD

4) Froei)e BN RN ATRE T D

5) RITEMAZEAERHZIITDHARM T IENE S ThD



722U, oy TR ED BRI T, B RSN ITAFAET 2NV T DT,
JE BB HIFRS VAT | #RE G- 8K~ HIZEE LV, ZOREZ R T 5729
WO R EFEm A A S LT EL T, A = v —E R Lo BRI TR
(2% Transdermal Drug Delivery System (TDDS) O#FZEA b b TE7- >678)
TDDS Hiffio—2>n~Arr=—kK/L (MN) TH5,

MN 1Z., B&% 100 pm OUNr=—R VAR LU TR/ NLERT . K& FEED
BB THLA B AT BRI E WL | fEEICEYFEIR L — NIRRT DR
FREHET SAZATHY, TDDS OHF THHRHIIE R 2D TD, EORUIMEIEIZLD,
MN IR A B B DIAE T DB RIREBIIIE LRV | A A RO, SHIT
FEIF g B VT B ORGEAFTHEET5 MN BAFFESIL TV %, Table 1 &
O Figure 112, MN OFEEHIZ DU NTHFIR Mo OFEY) 25 A I E &0 72, 1970 4EX
%1212, Gerstel 12 X > THIHT MN OBESMEE S V1%, 1990 4ER12IXFE T T

(XD TEAfr O m RISt @RV a— S o T IEA S Rt % A
AELTZ MN DBIFE AN ED HTE T 10, BITERE S TS MN D3RR L L
Tix, MN NOZE RS IRIK A FEA T D28 W MNCS I Za—T 1o 7 LT
2 ZDIED MN T/INMLEBRIT 725 ISRk A 15 2 Befk i 5RO RTHD, 2
SIFAERE MN X, BN OB K QR EZ AL TG, 72720, Z DO 3EY)IRZEAT
=L L (Figure 1 (A)~(C)). 2B ENE MN 13, &G TENEME THLZLER
B AREIR Ry BRSPS T R BB AL TUD, 2000 FERIZADE, 5
fRIEE 2 BRI L, HE e MN ICHESE, MN ORI Y 2 & 535
(Figure 1 (D)) WIEfRIE~ A7 0=—R /L OFZEb b E-T-, WEE MN O EHEL T,
E IR, R H D NIRY 7Y a— Uik% VISl S 0D B Ll
ZhbiE, BE TR AN TR RIS IO I 23N 42957280 &AW H3 A
ERAYIEE
P D, BAA IR CREBTED T DEIEMITL DAL VITF U EDE T4
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Table 1 ~ A7 =—R/L®ORHB55%E

o3 gt ol FA R
&R B 3R % L7~ MN @
a—r FENFRAFY A
SR KRR R KREAERE % L7~ MN @
(R A —RF—h) RIEHEICEN TS RNFRFI A
RIS Rl 01 RKEEFERE B 23FH
I EBEN TS RRIZE5
RUFLEA TEMEIZEN TS RUERE O ]
RY 7 a— LR KEEFERE RN TO S ROIES
G A 3R O FRE o
A LAPEIZEN TS OGRS BB )N 4
HorfRiE BT BRI NS FRME TREEDISFI

el ANGELA

a v RaAF U ilE Na  ZEeVEICERL TV

FE AN BRSO R B NV R
IS a7 Bl TR

el ANGELA

ZDINT AR I2HAT D MNBIWFZESIVTEZ08, WG IEBEHEL CTERMLET

M E N AAYAAAN

TDDS LT MN ZFE LS A7-0121% . MN O AR Bt 2 iE 5220

THRAMEEHOZTHIEDNMETHDH, AFZETIE, IVEV MN OBssE3tic, =
DA FPEDOFHE & O MN O JEARH) 22 B DRI 21T 572, UL FICF O E AR D,

<MN DEEZ%E >

ARG CTIL, WA Oa RasF Uil o L% EFIE L, NI a2 & H S8
TV fiEME MN O BIFE &I T 7=, RBUAIR 5.4% . R N DK 53 TECHNT MN 235EMEL |

A EM T O A Lo TG,
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Figurel ~A 7 v=—RANLOHEYT VY —FIEOFEE

<MN DA MR >

BIRME MN IZOWTIE, A EF L3, A2 AU human Growth Hormone (hGH).
Erythropoietin (EPO) &£\ 72477 1 kDa ~ 35 kDa D 7A/LE M1 25 355 210 F S
BRI I L 72 S RS TG D10, LanL, 2B EVIRSY T kvt



LA, ZNHEDE 5 T OSAFEIRFITOWTI, EEE MN 5 A RO A 1%
(ZRIL T2 RE S TR0y,

B INLZ BT TR Z I L — TR T2 MN ORFHEDND, WD 7RDFEME |
JEZE N AT REIC 7258 B 2 BiLD, — T G ZE ik OIEY O i THE . #H
EYOL T EIEFETHE WEDLNTOAHIEND, IR T OB/ LT,
MN VR BRI T/ SAAE LT, — 5 oy O3 LT, s AL CORE (B
FER . R E) MR T 2N G T SAREL TR REFIE T HZ L0 T4
ED. AIFFETIZ AR FHMDDONNT & FHMZE A ST MN IZOWT, £
ENEHVEER DY OBATH K O fZ IS OWTRHIL . DA FPEA D
Wiz,

<MN D HARFIREE DR >

MN DEAMEAIZ T 88 L TR ARSHARRZREEL L TIE MN OJZIR, BZAFIIA
VREE, 2RI 7D, BRI | 2B MEL N S T A E R RN S | B G- KM O IR BIRE, 340
FEBUT BT DHRpIE, 22, 55 D B G OEIENE . B2 M~ 52BN B3 D e
FTEILNTDTD, AFFETIZINHDOIHEA DB MN OFRIR, RN ARE | #5-
S D RN BYRE B OV NI~ OB IZE H L, MN OX ¥ 77408 —vavk
1To7,

MN %% B2 WU & U CBRFE 3285 6L R G- % OFEM O H I BB ORI
DOVWTHHEL TR ERH D,

Fo MN ZREL R AL U CBR T 285G WY —7 v he&h s B BHR il
& MN LDBIRIZOWNTHIHRL TIRLZEN, EFICEELZLE R D,

PR, TOMEIEIAE LG A BN RED AT TRARGEDHZEL THE R
LTS, REIZITBDRPURRREEEZ A T 577 v Al (Langerhans

cells: LC) 73, HRZICIZAFEY 7 By MG e HZENRAAL (dermal Dendritic cells:
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dDC) M@ I L TV T I IE 2 w5l > T D, T4 200 B2 iRkl a2
8=y RELTRE T 7T OB EL . SHRESh 15 B0, e vsFr oK
PNTEST B2 TR E Tk, NIRRT O 5 238 B 2 Bl TEHLEbh g 2,
B2, U IF % LC R dDC AV RAT LT — gy OFEWER DL LT Re
DHEBERTIELMESNTRY P, U7 F AT G-I OENNTEY, TORIEINE
DA=R LR O FIENDHDEZ Z BN TND, Fiz, G ~OWERAIHIIE S 0%
I BT AL A SN TS 2,

T F ATEGIE IR OB B2 HAARCT L VF — PR BB OSEIRIZ 2 O I5E AME
RLTETND, TDDS DOHFTH, MN (IR ~DENT-HUREERZ A T 5720, #%
RS D4y B CEBRDBRR DS IFRES I TN D,

Lo, T 7F 2~ MN O IR THY | BARRRHEIZ DUV TARBZR
b2, KBS R OYIIZ —7 RSN D KOG RNR RS MN EORIfRIZS
W THIABDNIR S TRV, SHIZ, MN D X572 W BRI 72 R AR AR 2k L TR
FAZ T AIREMED DD E DI BBV TVRYY, Ko T, R sa g
AlELTD MN OFERIFEA JOFEHBICIERE T2 0 ERHHEE 2 D,

mhm

Ll EaEx | BRI K O g (D7 F) BEIEL T MN OEA{KIZH
(F72 MN DA FIPERHT & AR R 2 B SN 52 8% B HIIS ARBFFEEAT 72,
AWFFETIL, 5 1 BT, RRIURRAILLTD MN OF v F772)B—2a0 %179
T2, 31 Bl CEER RSB RIS Y) CTh D KIEMEIR 7y 1L & W% & 8 ST ik
MN ZFHEL  Z ORI PEZ R L7, IRICE 2 BT, RS AL L T MN
DFZ7H) B —azATH720 5 1 HiTiE, B EEEEY ThomEnFbd
W (E7NVHUR) &5 A S ST MN 238U | 2 OfR Zae MEA I L7z, feu
T MN O 5E 5r B COR A RARZ . RIEBMIaEOBDVIZEB L, 5 2 fi
T, @aHLEw (7 NHUR) ORANEEALOREEZTTV, #EE 5 MN IS
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F VT 23 B 72 FEM RFFFHIAL K UM NIETEFBALIC OV TGN LT, SHICH 3T 1
HiClZ. MN GBI B UL ATIRRE &L T D — kA7 MN &2 U,
Z DR B JERIRARN G- 2 25T DUV CRET L 72,

[ARR] HLIR. FDA ORI L JHIZB N T MNIZE DL F a2l — a3 ES T
TWRUN, MN A3 (R e 5-B4540) & L<IZER AN TS DD DWW T,
RFTBBEIC DD, Fo. MN ICEDRSNDBANRRGE (FHO RS R OREARLE), FHlR
F OV ERE 28 DT MN OEFRLIHESIL TR, AlEl AEALEHSCAN T, MN

RG] (RRE R G- 3A) LLTEbA | MFFRA ML TV D,
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%12 BRFINEKELTO MN OF¥572)P—ay

HUE RSN OB ERT, I, R OFDERFIEL THEAS WD, R

HOREEBET DL BB G RANLN R END BRI EEWITZ D, K REES
(CAFAET DM JE DL EERI L7220 | EAUBIZH EVEA TR, fAEEEE T

LG D5y T EIE 500 Da LA TFIZEE 26N T\5 ) iz, fBORER DI, f
BN N 2 VR IR | WA IE K O e TR AR5 M THE P, 2ok (L
BYD PG FEE T HTDIZ1E, W ERNEEMED LETHY | K51 Th - Th KMk
B D R G Z M TARD TIRWZ LBV TWND, MNITE, ERERHEZ RO g 1Tkt
L. A/ N FLA BT TR R 3E ) L — R TE R T 5, Lo CL 1ERD LTI
B RG@AS LIRS L Th L MN 24 35 28 CREC IR 5 AL 15 T
Do

INETIZ, TAET LT A AV hGH KN EPO & o743 F i 1 kDa ~ 35
kDa D7R/VE AR 32 AR E MN i S B 7-BofF AL OWEOx 77218
—arpMrbhTE PO —id, KEBIR % OO EHIEER R~
1T, D5 T EITHKTEL ., 5 kDa L FO4r T mO YL, oIl ~BAT T 58
ShivTg 2, Ffirtk MN BIFE ORTBERE &L TRFTL T 1 ARIE M~ 7m0
AVTH, B HFEY D5y B/ NS DIZE LN KL, Bioavailability (BA) @
BN K OVl 8 L SFE o i FE BRI RS (Tina) O RHUEASHERS LTS 1, FY ¥
TIZHRE DB LHR/NE AR IR T OB OV TE, BE MN 123 A
SELHILT, Y OB IR R T SND, LU, TOH HPER O
DNTRFEAE RS LTV,

ZITARTESR LHICIE, BRI LI L L Too MN O E LI AT | KEEPER S
FALE E AR MN OB FEZATV U PED R e OF v T 7 Z ) B —a

{17,
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B 1E BEBINE B LK ME S LA S AR MN OB %

AREITIE, HER G Zm Y ChOKEEMEIR S F L& E & A ST FE MN %
AL | R BRI B & U T oA IVEREAf M OV PR 21T o 72,

ARETlX, =T AEMEL T TI=br (GST) &R LIz, 7/ I7=Fba L, 4
-5 348.87 Da, n-4 24/ —/VIK5yEARER 0.23 DKIEMIRSy L& Tdhs 2, Bl
£, PUEMEEG SR RO RIEH  (BLOIR) OTRIREEL T, EHAIR 0RO AIT
SN TWD, Lol EHANT, S REH OB MEIERIZITEL TORWY, F2f A
FNZOWTH, RIMES IR TE | DR OIERZ D BE 2L > TEELWAIE
LTV 720, GST 13, ZHETITH R K G- R-ANLORFI D B TET, PR
B8 E, Froe 72 K s B IR C& 25— 07, BIZMPHRIZIZAY 612 BA &Rtk 7
HTEHHELNZERFIENTND, FEER, FrRl/a i a Fv e B # G- 5 <, Bl
INPELHES DD 40% 7D BA LOMEFLN TV R 239, BA 2245725, TDDS Th5
AF VT HL VA BT ) v a Al PNCLBRBL IS TV, BA 135
B0%LIKIREL TRV EETHD, DFED, AIBMELHDA> BA b BAFIR R % 5- 5
T, ZETHESN TR,

UL bz Ex . RIZWED D BA OUEED IR T&ED GST & A e fift: MN Ol 4R
IR ARV MN X, R TEDOa Y RuaAF U Rilg TN o L2 HF L L, K 300 um,
S 500 pm O M EEIROZIRER L TD, HEER MN O EfICEYEZE /L, T
FEW B AL 2 BIEOREEZ FEARE T 5, 20 MN Z | JARIZH 100 ASLR I
7=H D3, Dissolving Micro Needle Array Chip (MNAC) Ti5, £7-. ABLF| 0 HlE )5
BT 7T LR A MR A LB L LN 2805 | AR IR~ DT /D
RNEEZHID,

ARG IV MN i % O GST DR RINMEICOW TR L 72, £7o, jiIE#% O
TR LA > GST DL EMEZFHIE 528 T, GST &AW AFME MN DRIy
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PEDFHES & DX TITo 7,

R G R Y T D GST DEEMRME MN ~Di 2 fead L. SHIC, K Ehes:
HIBEAT I LRI ZA T D 2 & T AKIER Sy AL W E At MN O BRI R Sl
FEL TOIEARBREP LR TEHLEE XD,

KRETTHREONDME L, BRI RIF LT gt MN OB 2175 ET, B

JEREAY I R 7B EE 2 D,
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5 1IH EEROHS
1. AR K OB E

77 =%hkur (Granisetron: GST) (Figure 2) (%, LKT Laboratories f1: (Minnesota,
USA) JhlgALT, 22 RaAF Ui Mo L AF L7 v— TRh= b, V=
FNT—T )V HEiET E=U LK OFERFRIL T HTAT A7 (LHh. AAR) KOIEALT,
ZOMOREIFN L, F X THIR DK b 24 T IV,

NH |

Molecular formula: C1gH24N4O - HCI
Molecular weight: 348.87
n-octanol / water partition coefficient: 0.23

Figure 2 Chemical structure and physical properties of GST

2. FEBREW

Wistar Hannover & #EM:Z (K5 313~351 @) 1d, H A= AT /L —#RASHE (FF
[, AA) JOEEALT, 7236, B OfE K OVEBR T Ui SR R F 8y R B B
BEOAGHE AR 1% . mE R R 8 325k fa FEALUE IZEV T o7,
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3. ABRELA| DT
3-1. GST & MNAC D3l

MN @ _EFIZ GST Z & AL, FENIE AL 2 @t MNAC 2L 7z,

FP, 1 emPHIZDICTESHKI 500 pum, B A BB 300 um o #ERATFLZ RIS
100 A 4 o3 Va— BIERO AR Z W L=, £7=, GST % 1 mg HDHV ML 4 mg,
AF L7 N—05 mg Kk OUKEEOESA M TE Thoa RuAF U hiEg ) R
T 25 mg EY T IVH T IR LT, 100 pl ORRUKEINZ . ZVIRIZIRDET
0 RSP O IEIRA IR T CHEL 72, RIS, AT IE i A V2 — R RO

AZIRNTEAT L BT T (L MBS, B, BA) 2t 5 ki OB
#4000 (AR, A, BA) &M 2,300xg CTHIE AR L 15 43 M ElsSE, 5.0
TEFAL, INE N RIEL -, W%, a2 NaAF o miE7 oA 25 mg 12K 20
ul 2NN TYERC L 7RG AR MR IR R iR 2 AR AT LTz, BERED IO, KPR =ik %
AZIRNZ@ATTHTREE, 2 TREE L. (LR 10 GST & av RaAF U hiig o A
TNDEA, TR 2: A RaAF UmiE T o L7 VO 8AR), A1 TR 2 [2hex, &
Wz AZTU D B\ | AT L 15 3 IR S 0 2R L CONE T TRE K
Rz LTz, 3 WP, SAE 2 AR L CHRE S Ml Z@E T2 Lic Xk, i
MN ZiR 5L KRG E M OmE EO 2 @M MNAC 21572,

3-2. FRRNTEST I GST Ik o7l

FRIRPNTEST H GST ¥R, GST 2 AR B KIZI S CIRLL 7= (50 pg /mL),

16



4. MN DT RB12

3-1. THHBLI= MNAC %, EFF~vArrAa—7 (VH-5500; F—x=i Ak, KR,
HAR) TEIELUMRE L, MN EEMOEBELL, @I ONFAIZE GBI GST fREFT
DY vmmHDRSE R E LT,

5. MNAC 1 GST & &=HIE ., 5% D7 EHIE K & 58D H

FHHIL7- MNAC % 1.0 mL OFRE KB AST=H LTV Ho 7 O CERfiESE, MNAC
oD GST ZhtH LT, Yo7 by 7 &m0 5Bk (9,000%g, 5 47) L., A 100 pl
LY FRBHAIRE LT, IR GST OAEMERR AT T HPLC i (Maxti EfiE) 12
THHTL, MNAC H1 D GST & &4 H L7, HPLC JEDJIE A% Table 2 1Z/RLT-,
Fo, R T HEMFEER THEH L% D MNAC Z[ElIXL ., RO 5L T MNAC 10
GST BfFEAH ML, &5I2, MNAC 10 GST &85 GST EfrEa =LKL

T.GST &5 &2EH LT,

Table 2 HPLC-UV condition for GST in samples

Items Condition
HPLC system LC-10A (Shimadzu Corp., Kyoto, Japan)
Automatic sample injector AS-8010 (Tosoh Corp., Tokyo, Japan)
Column YMC Pack® ODS-A (4.6 mm i.d.x250 mm )
Column temperature 60°C

i 10 mM ammonium acetate buffer
Mobile phase . . -

with 0.5% acetic acid : acetonitrile = 60 : 40 (v/v)

Flow rate 1.0 mL/min
UV ditector SPD-10A (Shimadzu Corp., Kyoto, Japan)
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6. Invivo Eh 2R (REECH G- 520, SR G- 520R)

Wistar Hannover 2P~ (IR E 313~351 @) (2, XU b S ve Z— LA B K
Z 50 mg/kg D FH & TIERENE G- Uiz, BRI T, [EE & T AL E & LT REE CHEBRZAT
olz, RBREYZIKEE MNAC &G/, ma & MNAC £ G8F L ORIk # 51
(IV) D 3BT T, o7 B, A8 4~5 ILE L7, MNAC & 5-ED T v hO g
T, BR Y =—/3— (ESTILL; /Y =vrth, KBk, BAR) TEBREL, RERRAI
5. 5 53 AN AESHF RS 250 ub D MKAERIRL 72, IRIZ, MNAC #&5-FED T v MEES
BRERJEIZH MNAC 28 5 L7, 723 MNAC #5121 3857085 T V3, MNAC
TR 2 RO TR G 21T IO MNAC 2L THZEC, IS L CIHRE
(23D —|Z# 5 L7z, MNAC 1E 3 73 BB ICREAT L, Z 0% AL 72 (FE8R 5. &5
%O R EIHE ), o, BARNEGREICIE, 3-2. THBL RN IES A
GST IR & A7 SHERIRD S 5- LT (50 pgrkg). 45 s BRALAI 5 5% | RRIFAY A2 SHERIR
5 250 pl DI AEREL , 3 0oy BfE (9,000xg, 15 43[H. 4°C) L7=f4. 4% 100 uL

oy BTz, Zr B 72 A%, I E £ C-80°C (2 TR PRI L7,

7. MAEH GST IREMHIE (LC-MS/MS i£)

MmAEREH I35 GST EERIE L, Jiang HD 71k ¥NIHEL T LC-MS/IMS %
IZTHT o7 MEMOIERIZERL . GST FEHEKE K A2 W THEERUE 2 F R L 72
(0.1-1,000 ng/mL), 8% &% OFEAEREE 100 uL 2k, BRZ /7B T/ =R
JL 200 uL ZNZ, SEERL7-% . 2050 (9,000%g, 15 43, 4°C) L7, Fif 260 uL
Z15mL wA//uFa—7IBL, PoFLo—T/L 1.2mL 2Nz 1R E
L7, FONE L BEL Tz, ARIREARE Y TN ST TR L R A% R EST
T2 BE b (70°C) TZEAFEHEL/Z#%, 100 uL @ LC-MS/MS B EMHEATRIZT

FIEMEL, 2D 5 uL % LC-MS/MS > A7 2 (AP13200; Applied Biosystems, California.,
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USA) ([ZiIEALTHIELTZ, GST OV E &MLk (m/z) X, 313.1-138.1 m/z (2T

1T-72, LC-MS/MS 1EDOWIESA % Table 3 (TxLT=,

Table 3 LC-MS/MS condition for GST in samples

Items Condition
Pump LC-10AD (Shimadzu Corp., Kyoto, Japan)
Automatic sample injector AS8020 (Tosoh Corp., Tokyo, Japan)
Column Chemcopak® ODS (2.1 mm i.d. x 100 mm)
Column temperature 25°C

) 10 mM ammonium acetate buffer
Mobile phase . L .

with 0.5% acetic acid : acetonitrile = 60 : 40 (v/v)

Flow rate 0.2 mL/min
lonization ESI-positive ion mode

8. FWEhRE SRR

GST DIMBNREFLH) (T A—2T, Joa = A MENTE ) TRDT=, Coax (5
e M IREE) MO T (F i HLHRE 0 B B R []) 1 SERMELSR D7, T IR
TEE (K) T EHERAE D EFE 3 O AR DRI /N —RiEEZ MW TR L, iE
W B - bR T AE AUC 13 R E TOMEEMIE B TEARUITLYRD T
(AUCpast)o THVLAREDEIZBEIRIFH £ THMFL . T IEIHEL T Cp(last)k Z 1
2T AUCq., (h-ng/mL) ZR&D7z, #ERAHTE R (tn) 13 typ=In2/k L& HL
7o

AW EOR FRE (Bioavailability: BA(%)) ZLA FO XA ERELZ,

BA (%) = (AUC mnac/AUC ) x (Dose 1v/Dose mnac) X 100
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9. Bz EMERABR

K& & MNAC %, -80. 4. 23 & 1M 40°C OS5 T T 3 » HHERGFL ., &% . MNAC
> GST &% HPLC 1k (328 5 2R) [T TROT-, RBRBHIAAIEE GST & iz i

L. BHFIh > GST D2 EMZHER LT,

10. HEEHAENT

T AT RO RS (S.E) TRLT,
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H FEROED
1. MN DI IR E 52

Figure 3 IZFRHIL 7= MNAC ORI (A) X OYEKEE (B) 27, 2EE G L
D 1.0 cmx1.0 cm MU J7 D HEAE 12, 10x10 AD MN 2351 EIZW A TWHI LD ER T
Too FERBEHEID | AE 2 D MN OFEIRS FHHETE 2 L TOD I LN HERS TET,

Figure 3 (B) @ (a). (b) & (c) DHEKREITENZIURT MN OEE, EHFTD
B M ONGST IRFF 4 D RSB 2T IREHIIARS R4 Table 4 (2R §, IRE L UVE
EEO 2 D GST B A EMYE MN O S EIE, ZALE 4L 48445 pum KT 48746 pm
THY, EHEEOELL, 22 292+3 um M (X 299+2 um Th-o7=, £/, GST £+
B4 IE . MN ZE323 5 32241 pm KT 32743 pm Th-o7-, TEIRBIZRORE ., sRHRIL /-

2 FEXED MNAC 1, f% 38D, EEH 500 um, EEEH 300 pm O [ #E EORD MN

[AF
N

%ﬁbfl/ VHZEDHERR TET,

Figure 3 GST loaded dissolving microneedle array chip made of chondroitin sulfate
as the base used in the in vivo rat absorption studies. (A) Overview image of
dissolving microneedle arrays. (B) Enlarged image of a dissolving microneedle
containing GST at its acral portion: (a) entire length, (b) diameter of the basement,
and (c) length of the drug-loaded space.
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Table 4 Physicochemical properties of GST loaded dissolving microneedle array chips

i Diameter of Length of GST
) Total height (a)
Array chip the basement (b) loaded space (c)
(nm)
(pm) (pm)
Low dose type 484+5 29242 322+1
High dose type 487+6 299+2 327+3

The alphabets inside the parentheses represent the corresponding length in Figure 3. Each value shows
the meanzS.E. (n=5-10).

2. MNAC H1D GST & &L 5% O FERIE L O 5 EDE

Table 5 (Z MNAC 10 GST & &, & 5% OFAF &L UG- 'O ER RaRL
T MREBXAT DO GST H i« MEEXAT D GST Gk 1: 412735 507383
7o, LU T-RANCIITD GST &\, A HEXEHEY  IRE X170 GST & & .
B EAAT D GST G'=1: 4 Th-olz, &5#%D MNAC H1ZiE, 2 Fi¥HO MNAC

B2, B RO EED GST DMEFL T, o, 5% D MNAC % BRI TEIEL

\

el A HOAR DK IRIETH -7 (data not shown),

LLEED MNAC #5-T, MN ORI ICHIS S0 TiEZR< MN Ol
H—EDRSETULNEEITRIATEIRNWZENRBS N, F2, & B K OFRTFEND
B EZHRELEER, KEBX A7 D MNAC (2L5 GST #5658 | mEaBIATD
MNAC (255 GST 5 &=1:4 THHZ L &R LT,
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Table 5 GST contents in dissolving microneedle array chips, recovered amounts of GST
and the estimated administered doses

Recovered amount  Administered dose

Array chi GST content
yenip (ue) of GST (ug) (ug/rat)
Low dose type 10.0+0.12 4.73+1.09 4.91+0.85
High dose type 37.612.31 19.2+1.50 18.3+£1.50

Each value represents the meanS.E. (n=4)

3. 7w hinvivo [Z81F%5 MNAC R fE#5-% D GST 45 W EhREREA

Figure 4 1%, GST %, F#IRNH%X 5-F£7212 MNAC (2 TR # 5- L 7= BR oo 1L o GST i 8
DOEFHRHERLZTRL TOD, GO RENRE )\ T A—2% Table 6 (7”7,

HRP B 5-8E KX OV MNAC #5831 BG4 oD GST 134k # IZTHRL TV,
4 eI A4 It SR I P T BRI LA R &Aeo 7, MOV S0 T8 4 22 1370
-7z,

i o i MNAC # 51 K O3 8 MNAC #5383 THIEROR Tmax D3FH AL,
M FEIZ R T D o Tz, ARRERED MNAC #25-% MN 23BN TEARL  GST 23R

W ST Z DRI ST,

Fo, EEE MNAC BEHRED Cha KTV AUCo 1, E1E 4L 14.7+1.6 ng/mL,
7.5+0.7 h-ng/mL TH-7=, — K& B MNAC 5D Crax K N AUCI1E, TNZE
A1 3.9£0.8 ng/mL, 2.1+0.5 h-ng/mL TH -7z, i RA| & GRSV TR G- REIKTFEN
D BIVT,

SHIZ, MNAC #E RN SEER M Y GST #i RN 5-32BREVRD 7= BA 13, ma &
MNAC #5-8E f OMEE & MNAC & 5-HEZ 270, 97.629.7% M OF 93.1+14.9% & B AF
Tholz, Kt RED MNAC 512X M JE 228 L 7= GST 73, I FITREAT
LTeZEDRIBI NI,

23



r_ET 100 +

S O High dose type

= 0 [ Low dose type

c B . .

i) @ Intravenous injection

©

=

c

3 1-

c

o

(&)

|_

(0)]

) 0.1 -

o

=

(7]

<

“ oDy | | | | | |
0 0.5 1 15 2 25 3

Time (h)

Figure 4 Plasma GST concentration vs. time profiles in semilogarithmic scale after
intravenous injection of GST solution and percutaneous administration of GST
dissolving microneedles to the abdominal rat skin. Plasma GST concentrations were
measured using LC-MS/MS. Open squares show that obtained after administration of
dissolving microneedles containing low doses of GST: 10.0+£0.1 pg. Open circles
denote that of high GST content dissolving microneedles: 37.6+2.3 pg. Closed circles
denote that obtained after intravenous injection of GST solution to rats, 50 pg/kg.
Each point represents the meanzS.E. of 4-5 experiments.
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Table 6 Pharmacokinetic parameters of GST after intraveneous injection and
percutaneous administration of dissolving microneedle array chips to rats

Formulation Dose (pg/kg) k (1/h) ty2 (Min)
IV injection
: 50 0.665+0.24 62.5+32.2
solution
Low dose type
_ 14.8+2.60 0.750+0.15 55.4+14.2
microneedle
High dose type
_ 55.6+4.31 0.702+0.10 60.2+6.34
microneedle
) _ AUC(_,»
Formulation Cmax (Ng/ML)  Tpax (Min) BA (%)
(h=ng/mL)
IV injection
i 26.5t£1.74 - 7.25%£0.12 -
solution
Low dose type
_ 3.91+0.81 10.0£0 2.09+0.49 97.6+9.7
microneedle
High dose type
_ 14.7+£1.63 10.0£0 7.50+0.77 93.1+14.9
microneedle

k: terminal elimination rate constant

t12: elimination half-life

Cmax: maximum plasma GST concentration

T max: time when plasma GST concentration reaches to its maximum concentration, Cax
AUC_,.: area under the plasma GST concentration-time curve from time zero to infinity
BA: bioavailability

Each value shows the meanzS.E. (n=4-5)

4. T2 5 ESRAE T TO RGP 022 ENE

MNAC %-80. 4, 23 & X 40°C DL TFTENZEN 3 » AR1E% . MNAC F10 GST
GEAZNTEL., BAIFh O L EVEERIES LT, Table 7[R9 X912, W oS4
T 37 HMITH7=0, 100% D& BA R LT, AfEHRLY, GST I, BRL7=5&MH T

L7aEh 3 7 ARNE MNAC 1 CEEICIFAEL TWDZENHER TXT-,
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Table 7 Stability of GST in dissolving microneedles at 3 months

Temperature (°C) % remaining of GST
-80 100.0+2.1
4 101.2+2.2
23 100.6+1.2
40 101.4+1.2

Each value represents the meanzS.E. (n=6)
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>H
A
3

%3

P2 32538 23 R 72 73D | R R e B BAI LS L O R SR B A & LT KRR Sy
FALE T HID, k% 72 TDDS £k C. ZIHIEY) D B & @ M D SE 3 15
SIVTWDH, fEE T DEVBAZGLNDT A AT D720, 8 BRI L) 21T
MN DBHFE D HIZdHT=0 . MN OF AR & O DR EERIL, AR THY D
HERIEH ThD, REICIE, R ERMERY THDO KBRS LA D GST %
EBTNVEYELT, GST &4 MNAC ZalifdL | B A% D GST DS WINIEIZD
WML 72,

In vivo B 3B CIE, K& B K VR & RO MNAC JHi2, 20 BA 1355 95%L R 47
Tholz, ZHUE MN DNAJEZ L . & A STz GST DN NICHEFRIZ R ETE
TeZEBRLTND, LI2h3> T, MN (3R & 2 it Cdo 2 KRy -1 & )
DGR R ~DORIEE KU HETELEE B,

AHFFETIL, GST DAHEARS TALEMEL TRFTLIZT20 , Hix ek a 9 538
WL HZLITE T BAFR BA DELNLIEMOFEE (5 1 BOIRE MR L)
[ZOWTHEBADNZ TER, Bl ORFFEClE, WfEE MN ICE A/ SE IR0 LA
Y DIEERIEDIEWIZED | RN TORRAFENEALL  IREPEOH NI ELFIL T BA 23
DFBECHREL DTSN TNS ), RBFZETIE, D7 EbKIBEHE RS T A9
72513 MNAC ([ZEDEY ORI EHTEERR~DRBAT R IIFF CEHZEN AL L
o7,

) & 125 388 1% DRI DI B 13, KL OO FE BOs RE | ZE AE 0D 3% 368 ek K OV
TR EMBIRL T HEB BTN D, ZIVETOMIE T, B MN I F S
LEEPNZHOUWT, JRIEME K OV F B OIS B NPLHAE & Y BA DI SHIZ Trax D
EIEAHET2ZER MBS TS B9 B NIEEUE O TSRS B N 3R 7% A7
OIS, LN TOIMK G R EEAERIZRERITED  BADEA T b 0EE 2 HND,
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F7-. GST? log P1%-0.64., pKa (9.4 TH 5B, e N pH MFIEFHETHHZELD,
B RN TESRELTZ GST DO<IIAA VR TIAEL TRV, BAIME OFi 2115
LTWRWNIDIZEZDND, LU EROFER, GST DHRHREHIEER~DRIL )
ROHIIZ, PL XY B MN 2K A 8222 LT3 O 2T B ~DRBATI
T DOEIRAED MR T OYEBA BRI Db DEZ R BT, 7ok, KIEMEEIR A
THESLZGAIT., YO FEMME ~OFEEIL, YOy T+ EICKRLIKTFTDHEE D
VTCUND, GST 1T, TR BT CTNARS T D2 e, BHIGER ~ DN
TICHGB LI DEE 2D,

MN (%, BRI DEIR B T DA T BRI E@ L | W a NIk
ETELDOT AR FAL BRI LTI LRI A IS D, Table 6 [Z7RL72K

T TmaxlE MNAC % 5-4% 10 43 Thh-o7z, 2, MNAC & 5:-4% Al ThHaFo
AFURREET NI 258 END Ky BN E0FECHICIERL & A ST GST 28K
HESNTZZEITNA S A7z GST S0 LI T LTIZ 2 2R L TVD, Ak
RIZED MN 12BN Th | KBRS FALE IR T SRR BN 22 4
FFLTCBFE S FTRE T HEE 2 Divlc, o, HRREE EHIE. MNAC 2 5-FE L # R
P GREL TR D o7, MNAC TR A LIFE O R HEIZH5H D0 | S HIL[F]
Bk, RO BN BLUTITF G- LianeE 2 e (GST 1R PR B 1-2
ng/mL), 52 MN OFAMEZJE KL TOLTZdIiE, 1853 b &8 D BA L UEIZ)
PEIIERD DD MN O ERE B HIAENZ K Rt 072 L S B 2N F B AL 5 35 7 A
ERRFRTH AT TUOKILEI N D HEE 2 D,

F7=. MNAC 2°5:0D GST D B 472 BA IR CTX72b DD & GRFOIEY Du R (HY
B ERAF ) (TRED T, AREITORMENE MN (I, Jedii 5 300 pm ETHY) 2 Rk Ff
LTW5, MN X, ZOEENREICHIZ 20T Tidil,| e —EDHEREETL)
B2 JEIZHIAT HZ LT TERWATREMEA E W 3, KEIC BT 58 GO D r Ry, |
ZOZEITERTHEE ZDND, ZIHENRZNNRL . MN NOFEY O rFHT L2k
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m—/LL, 5% ORF P iRAFEE DR HRAR G N LELLE 2 b,

RIKIh DI 22 EEEFEM L5 R, BIRSMCO GST ORI EMEN G T&
T2o ANERFEYE MN O 1X, F3ar RafF Uil oLk b —H — D
FTHDHIZD | EHEDERMANE O EAEMDOVAZ I InEFEZ 2 b5, £,
EHEL TN THLHI0, BFIFRE TR TO GST D4t Z0iz<\, —J7, MN
DRI L\ T BUFIMPE D22 EPEIC SN TR, ABFZE TIREHRL TWauy,
IEYE MN OTZIRCRE B 13, il Sk T CIIMER TERWVEB X HNDT0, BAJE
AT —VIZRIL T, MN D@ B R S OB EL TOKBERHDHEE 2D,

29



o5 4 TH /R

18 B IR BF L LT MN A BRJE K OFIHIL T BT, i Y o i AT
ED MN OF AV OCBARR 2R 2R T 5 ZLITHEE THD, 4B, GSTEZZ AL
TR MN ZBRJEL . MN 22D D FM DU K TN MN N T O 38 022 & V% 2 F A
LTz, RBFINH0 GST D BIRINIL, FEF IS D BAF (BAKI 95%) THHZ
EMRABDNI IR o T, BEPEIZHOWTS RAF CTh o7z, L LR KEHAR S FLEW
EAEREME MN 1L, YO 2Bt % B & U TR BRI A & TR R 2 J8
HEVOTEMHLNNI 25T,
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F2E BEAERALLTO MNOFYTI72VE—ar (FURORENEEEGARE
)

55 1 TR, KBRS AL A OR BRI 5 MN OF ¥ F 272 ) B —a
ATV DR B H IR ZEITH LT MN 23 I THHZEZGINNI LT, 5 2 T,
D 7 F oy B DFE R Y MN DR B ~D IS & RAE 2 Pl BNz ek

A2 B L, MN O RIFIEL COX v T 72V —Tar&iiolz,

BUE, R CIEL 1 H 472059 4,000 AR3T 7T NZE - CT PG AT e/ YYE 12 LD 3
LTS 3 ZA SN TOAY 7 F o O RETIEFHC LRSS TWBT20 | fiiffT
FENRMELID, FDT-D  FRIT AN AD /ST T RO IR GE S DD T
w EEBWT, U7F O RKIFRLEE 5N IS FE i TE ARV EWI RIS A L TD,
F7, HEBEAR TR BORLITHICED T IRESRLIAEL TS ¥, SBITEFE, U
JF L OFET, BRYEFEROREZB L, DNA, B ORERER T LLE—KERD
S AL TG 1049 = D E5ABURO | 1RSI0 KU 523 AT E T, 220
FOGE R0 7 F 0 DG TFIEDOHESL RS E TN TN,

P2 X, SRS D B DR ANEBESWERH) ST E L COME7215 Tl Bz
ARFIESE U7 ELTHIBK ), MBI TICH DR EE R OB E I, 507
IR PRI TRAER A5 LC LN dDC 28, TRENDAL TG 80 Sz KD
AR D 95%% G2 7F /AN BMORANTH LY AN AL FEDAT 1
—H—%PEAL, BRGIEOFEL ST T8O LIRSS E, HE
XU T AR BIRALE U TR DR D — 7P LB Z DN T 7 F L DR
DR ANTAT I TG 051:52,53,54.55.56)

N (. BB/ LA B CR it — N TR 2720 B Tb A
Pt B2 NIZIEE CTE D ATREMEA BV, Lo T LMD 7 F R R L CHIE RIS
H 2T NAREEE 2 HN5,
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D ITF ARRDOTEEOILK ., S OHEE KR N MN OFEEZERE T 58, 5% MN @
8 B G AN L CO RO ATREMEIFIEFH T e RSN D, ZHVET, V7T
VT RARELT, AR MN 2 F] L7zl 8 St S Cng %8 L, %
DINF I VB LT NICHUR A 15 CETMICE DV TGRS TODE DA HL T
BY | D 7T OYIIE—5 M TS B E RIS MN EDOBIRIEIZE B L
T 1L IZE AL TR, MN 2R R S B L U CRESEL V7 F U HRREITIG L T
T=DIZIE MN LG REDBIDVIZHE B L, ZORMEZAEIREL TOKTENEE
ELEEZD,

INHDOZEZ W ER | AFEH LHiClE, B EE AL Tema Tba (BT v
PUR) & AEE MN OBRIE 21TV A MR & ORI 21T o 72, 55 2 #i Tl
ETNAPURDORN R NT VAN —% LTS LAY MN (2o T, S
JNENE DT AT > 72,
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1 BEAEFBNELEZED T LEY (ETAHUR) S8 BME MN OBI%

U7 F oHURIE HLE DR T D120 | BUE R HE G- EAR > TS, 1E
W HT, EREFEENLETHY, FHCU I F A2 NEEL TWAIER EETOX%
KDWY F 2725 TD, 2078, G- L0 E | a0 >F B8k 55 LD
NEFRSE N TN D,

DIFPURIL, XTI TR, 2oy FEROIRE 72 E DA R D557 1 ThHY,
R MW ThHD, B R AIE LT MN ZE AT 272012, 2913, &0
TALEY (ETAPUR) & MN ~EA S, FURA R NICEESH, EnEiLIh
DME IO E D DD,

AETIE, @O TAEEMOET VEYLL T, A7 77 (ovalbumin; OA, 43
THA 45 kDa™) ZIRINLTZ, OA Z 4 A SH I ifitE MN Z3RRLL | i Pt iA iz
NAF~—H— LU TRIZIEBENEC OV TR L 72, E2piE# ORIRBIZE ATV, |
A7 R R D T o 7,
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5 1IH EBROHE

=

A N O S BAR

OA %, Sigma-Aldrich Corp. (Missouri, USA) JWlE AL, 7V ALy AT 4
V7 F—hr7L1k OA (Fluorescein labeled OA: FL-OA) . Molecular Probes Inc.
(Oregon, USA) Xl AL 7=, OA-specific Ig (G+A+M) KUY IgE HLA{HHE] & H D
ELISA kit /X, Alpha Diagnostic International Inc. (Texas. USA) XA LT=, 72385,
OA-specific Ig (G+A+M) HLAAIHIE F D ELISAKit 1%, OA ¥:5A72 1g G, Ig A T}
Ig M % [RIREIZHIE 3% kit Tohd, OA HIE M ELISAKit 1%, FRok ZERFEIF TR S
2GR, BAR) KA LT, 2 NafFomig N O AT, T hT7A47 27 OLHS.
HA) ZolEALZ, ZUIT b7 —id, RBAR TR (B, HAR) &0
fg A LTz, £ OMOFFH L, T~ TH RO R an 2 b R I,

2. EEREY)

Brown Norway -AHEMEZ b (10-12 ##R) 1L, A AT ATV —RA 40§, B
AR) LOIEALT-, 7ok, B O E L OVEBR T R 3R Ko KR E B R B S D
TREEZAFT1% . AR SR R B ) LB fm BEBLE I e WM T o 72,

3. BB O FH R
3-1. OA & MNAC D5

MN @ EEBIZ OA ZE AL, FEILE A LRV 2 @M MNAC ZFR L7,
2.25 cm*H 7RSI 500 um., B FERELAER) 300 wm o> P SR AHFLA 225 {479

BV a— RO AA A Y L T=, F7=, OA % 2,10 HDHWME 20 mg, 7 VU7 b
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7 —0.1 mg KUOUKEHEOBEARMYER 5 T E CThodar RafF U mg T N 35
mga Y TN Ty TR LT . OASRINEIZA O T, £ 21110, 140 H50 %
170 L OFERIKEINZ . 7RI D E TR KR OIRIEHE % 15°C §F T TR
L7z RIS, AR IR IR A > ) a— U IR R D AR AL, BT Ty 7 (71
LR BAR) 2P, 5 RO BERZ RS 4000 (ZA8F, H, BA) 2T
2,300xg CHRIFEMET L 15 fEEssE, =0 2R AL, INE FREL, Mk,
a2 RaAF R T R 2 15 mg (K 25 ul 2 N2 CHER L 72K R I IR R ik & A
ZRNZ@ATUTz, RRED I AR RIR 2 AR S35 TR 2 TRELE
(T 1: OA G A NaAF U T N U LTV OBAG, TR 2: avrNafF U mig
FRID LT N OEAN), A1 TR 2 1ISheE | MR A AR O RITgt | AR 15 55 fH]
[ElHRSE O 2R AL ONE T CRIEA O LTz, 3 KFH# A2 AR %)
UCHRE S IS F I EEETZ8ICLD, B MN 2855 L, OA & A AR5 3 FIED
2 B MNAC #4537-, 7=, OA & A LW\ ar Raf FURiiE N Y A Bh b s
Placebo MNAC K& OVEARBIZE D FL-OA & H @ 2 etk MNAC Z [RISHEIZ LD FHRL
72o 728, OA:FL-OA & 3:1 LU CGRHRIL=,

3-2. 2 FiEEH A OA ik ot

RS OA HikI%, OA %V Eafrfl/E ¥ 7K (phosphate buffered saline:
PBS) (ZIAfESECIRELLT-, 7235, F2 TS A OA I, 0.05, 0.5 & 85 mg/mL &
3 FREH L 72,

4. MN ORI £2

3-1. THRIL7-FL-OAEH MNAC %, IR S0 T A O BB . BT 4~ 17
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nAza—7 (VH-5500; F—= Ak, KR, AAR) (2 TBIEE LK OiZ Lz, MN JLJEES
DEEL., ES M OE AL TS FL-OA REFER O et b DR SE]IE LT,

5. MNAC H1 OA & ElIE . & 51% O fFENTE K O 5 BEOFHE

FHELL 7= OA & MNAC %, 10 mL @ 0.1 mM PBS (pH 7.4) S A=W vy
ICAVTHfRESHE | MNAC 1D OA L TRUBRAIRE LT, SO Baiik o
OA JRFE% | ELISA IEIZTHIEL . MNAC H10 OA AR LT, £/, %k 5% in
Vivo i IRE KB TR L% D MNAC Z[EIIXL ., [FAEED 7L THE-% D MNAC
H1D OA FEIFELZHIHLIZ, 512, MNAC 10 OA & &L 5% 0D OA FEiF &%
ZLRIKZET, Fvh L IEHT=0D OA B H-BEZFH LT,

6. In vivo T i A R

Brown Norway RKEMZ > (10-12 Hlw) 12, ~U b Le s — LA BRI A 50
ma/kg O & THEPENE G- Lz, FEE T, EE R CHAEELRE CEREZITo7,
OA & ED 727 3FIHD OA G H MNAC, Placebo MNAC M OV F#5-F (10. 100
J TN 1,000 pglrat) @ 7 BT T, o7V BUL, A8 45 ILE LT, BEOT Y ME
iz B =—"— (EST11L;, NS YV=vrft KBk, BA) THRELZ, sBRRH
P55 AN ESHRRARZD 500 pL DIMEZAZERIL 72, KIZ, MNAC &5/ D7 v ME
HBREKLFIZE MNAC Z#t 5 L7z, 723, MNAC # 5-1CFER 7288 B VW37,
MNAC % FIZHibH | 2 KO TR EEHT LI MNAC 2L Y THZET, L ITkS
L CHEEI) O 23 5L, MNAC 1 3 S RBIRJEICAAT L, TDO%EINLT- (5
Br 5. WEHOBRAFERIEIMEH), £, ROT47arbma— L ThH M 5HEC

1%, 3-2. TR TS OA %%, 10, 100 K TF 1,000 pgfrat 72255952 fE5H
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BRER SR TG Uz, £72, IR G-% 2 BEE% I, RRANC CGRINGEE1T-
7o 72, PInlgE 2 KON 4 SIS, ESEFEAR)NS 500 pl Oz EREL , &5y
Bt (9,000%g. 10 431, 4°C) L7-1%. ¥ 200 pL 24y B 7=, sy B 7= M, & &

T-80°C I[Z THE PRIF LT,

7. PUAMmRE

MAEFEFIZEITS OA FREM) Ig (G+A+M) HLIAAM L OV IgE HUAM ORI E I,
ELISA IAIZTIT o7, e g P HUAARIT. OA HUAMIE MR HER KLV KD, 71
— M IE~ A/ a L — T v — (Dia-washer II; Dia latron Co. Ltd, B &L, H
AR) Wz WL, v~ A7a 7L —R ) —& — (MTP-300; =)@ 5katt,
K, AAR) ZfEML. 450 nm ORI TRIE LT, 72k, #lEl6a 2 H[F % O IgE Hi
RO ZEAL3RIE, LR OFHEATRO 7,

IgE level DZ{LFH (%) =

100 x (522 1% IgE level — S5 Hii IgE level) / a7 Hi IGE level

T AL T RN COEY HAE UL (S.E) T L7z, Mg HURM oM 1L, *HiG
DI _FERIOME (Student’s unpaired t-test) & V>, A EAKUEL 1%F7-1F 5%EL

77*4
—o

37



52 I FEROE
1. MN DT IR B2

Figure 5 }2 O} Figure 6 {2, FH8LL 7= FL-OA & A MNAC DR EF St T K& OV G R
IR LTC i 2 7= 7, JERIR LD {4 0 MN OJeiiiic FL-OA 3MRFFCET
WDTEDHER TETZ,

Figure 6 (@), (b) X} () DHIRFITENEIN AT MNDES, FL-OA REFRH 53D
RE R ORI O BRI BT 2R G % Table 8 12737,

AT IETERLTZ FL-OA & A MN O 58 K DR FROEAIL, £ 271 48019
um KON 27548 um THY, FL-OA LREFAR /7 1E. MN JG87 5 15545 pym Th o7z, B
B ORE R, AL 7= FL-OA & MNAC I, &% FHEY ., &S5 500 um, JE K 300
um O EE EOFAREHF L TNDIE LT MN O _EEBIZ FL-OA ZREFL CWD I ED
P CET,

brightfield fluorescence

Figure 5 Microscopical images of the FL-OA dissolving microneedles made of
chondroitin sulfate. Left panel portrays overview images of dissolving
microneedles under normal light. Right panel is fluorescence microscopical
image.
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brightfield fluorescence

I
(a)

(c)

Figure 6 Microscopy of enlarged image of the FL-OA dissolving microneedles.
Left panel portrays overview images of dissolving microneedles under normal
light. Right panel is fluorescence microscopical image. Arrows indicate the
following lengths: (a) whole length, (b) length of the FL-OA space, and (c)
diameter of the basement.

Table 8 Physicochemical properties of FL-OA dissolving microneedles

. . Diameter at
Microneedle Height (a)* Length of FL-OA
basement (c)*
Array (um) space (b)* (um)
(nm)
FL-OA
dissolving 480+9 0~155+5 2758

microneedles

Each value shows the meanzS.E. (n=6)

*The alphabets inside the parentheses represent the corresponding length in Figure 6.

2. MNAC H1 OA & B ¥ 5% ORIFENE M OG- EORE H

Table 9 {Z MNAC 10 OA & &, B 5% OIRAF B X OG- BORHRIGE R 27, &

N RRDIUFHF LT 3FEED OA &H MNAC 1%, 211, 2.2+0.4, 12.6+2.4
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JeTR22.7+1.3 pg ® OA ZRFF CE QDI LN ERE T T2, B G ORI, YlalE
FEO 5%LL FTHY, IZEFRER G TETNWDLIN D)7,

Table 9 OA content in dissolving microneedle array chips, recovered amount of OA
and administered dose

OA Recovered amount of Administered
Formulation content OA dose
(n0) (n0) (ng/rat)
OA dissolving 2.2+0.4 0.1+0.1 2.2+0.1
microneedles 12.6x2.4 0.5+0.2 12.0£0.2
22.7+1.3 0.7+0.2 22.0+0.2
SC injection - - 10*
solution - - 100*
- - 1000*

Placebo
microneedles

Each value shows the meanS.E. (n=4-10), *injected dose

3. In vivo T4 FEBR AL B

OA &4 MNAC # 58 L ORYT 7 arha—/LThoE TR GEIZBITS, ¥l
Sl 2 e OY 4 8 O A P HuAAf A Table 10 127777, A& 52 (9 10 pg/rat) 12
B DERER AT 5L, OA B MNAC BE5-FEI, N EGREEFZ DL Eoif

$E 1g (GHA+M) FUEDREAEDNRD LI, £72. OA &FH MNAC # 58 (9 10
pg/rat) 1T 5-EY 10 O FEGEE (100 pgrat) ERICL L OHIRMIEL
7o

Table 11 (%, placebo MNAC, OA &4 MNAC (# 58 12.0£0.2 %X 22.0¢0.2
ng/rat) K OVFE FiES (%55 1,000 pg/rat) %5 2588 O 4 IgE HLA M O#5 5
7Y, OA G A MNAC 54 4 IgE Hrif i3 SRl bb~A B2 LR-Z2580
IR oTz, ST, placebo MNAC T IgE HLiRflid ERITFRO N2 -T2ZEED K
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FIFNIFE I TV AR =SBRSBI ENER TE T, — 7, B PR GEETIX
IgE FLRME D _EF- 23D B, £ DZAL3#RIT Placebo MNAC #% 5- £ L LR CTHEIZE
(XA By

Table 10 Administered dose of OA and total Ig (G+A+M) antibody

. Total Total
Administered
) Ig (G+A+M) after Ig (G+A+M) after
Formulation dose
(ugirat) 2 weeks 4 weeks
ra
Ho x10* (U/mL) x10* (U/mL)
OA dissolving 2.2+0.1 3.2+0.3 39.8+13.3
microneedles 12.0+0.2 2.5+0.5 145.6+25.8
22.0+0.2 2.8+0.6 70.3+£39.2
SC injection 10* 2.0£0.8 67.1+£23.5
solution 100* 47+1.1 124.0+38.1
1000* 9.7+3.1 164.0+30.0
Placebo
- 0.2+0.1 0.5+0.2

microneedles

Each value shows the meanzS.E. (n=4-10), *injected dose

Table 11 Plasma anti-OA IgE levels and the changing rate of IgE level at 2 weeks after
the start of transcutaneous immunization against the pretreatment level

. Administered dose IgE level (U/mL) Changing rate of
Formulation
(ug/rat) 0 week 2 week IgE level (%)

Placebo

. - 51.9+0.9 50.9+0.5 -1.7+2.3
microneedles
OA dissolving 12.0+0.2 58.9+0.2 56.1+1.2 -4.7+2.0
microneedles 22.0+0.2 57.4+1.9 59.9+0.9 5.8+1.9
SC injection a

) 1000 53.9+1.0 63.1+1.0 17.0+1.6

solution

Changing rate; 100x (IgE level after immunization — IgE level before immunization)/IgE level
before immunization injected dose, p <0.01; significantly different placebo microneedles
preparation. Each value shows the mean=S.E. (n=4-10)
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o5 3IH B

BT T NT TEZOEB EN BB TETND, V7T PR RS E
DEG T THHIZD | LT I TF AZRT DI KORIL, U7 F G OB % T
%, WEME MN ~O 5 73 AL AW O ] e OB 5002 DR R AL | € O Fetz
IR T D213, BRI BEREZ FTREIC 5 MN BAIBHR OIDICEE Th o,

AHEITHWZ MN IZIE, A L72 OA Ot (BAIHIRFE) 1XFEALRDL
e oTz, ZHUE, MN 1D OA OIRFFEIML (el bDRE) ITERT5EE 2D,
951 1 CHBIL- GST &4 MNAC EEfed 5L OA IREFEIAL (JEii~155 pm)
(X, GSTRFHBNL (SEME~327 um) KOEL, LA EXD | AREEEIE MN I, Sedfin D —iE
DEE (160 pm~330 um) ECTOFANAHE THLZ LD REST,

Invivo $af i E SRR IC T, FIEE-8 (10 pg/rat) (2B1F5 OA &H MNAC & 5-REL
BT HEGREZ LT D& MNAC & 5-BEDOHURAL O 5 A m ME NI -T2, Fz,
MNAC B¢ 5-8E (10 pg/rat) & 10 550D OA TULELT- K F# 58 (100 pg/rat) Z Lkt
BT o8 FURMMIC T2 o7, ZNHDHE R, MNAC 128D OA 78 LRI B S
o, ESHIT FEH IV DR & TR A HE TEDIENWLNIRoT, V7T
VO TG EE NG TSR IS E AN =X LN TR L0L NS0
TSGR TE R NS W Z eSS TWAD T 2P| e NICE IR A L TED
MN ([ZE o TR WIRIEIRIE R RGO NI D LB 2 DD,

—7J5. 0A &4 MNAC #5-T Ig (G+A+M) FURPELENGHE TE/=2 L5, MNAC
IZEVRANEES I OA 23 AR TALE W EIT LD | RNITHE £ 5% S B A H
(N TWHZERHERIS LD, OA KB FBOD/NSNA AV (57 F & 6 kDa),
hGH (47 15 22 kDa) M ONEPO (%3 7 & 34 kDa) &V o7z B AEEIEFHIZOWNT
(X, BEYE MN IZ TR G- LZBRD BA 23, £iuEi 97.9+17.3%, 72.8~89.9% K& X}

65.9~69.0% THY . i \WVEIA TEFIEERRICRINENDLZENTESN TS BB %
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7= BSHRME MN ORTEEREE L CRRFTL UV 1 ACRIERME~ A 7 0 T L2 3R %
BT 2 Tl B O R 40 KDa LI EOWIE OB AL, BN R
DI KZ T BA DR T D72 ZO X2 FEMN KT 5B EERBAT MO BB T30
SRV ENHEREN TS 19, DL EEBsEZ 54, OA 4y 7 (45 kDa) UTiIT, 2
MR LR B BATE YT 25 THARDERNDHHIENTAESND, Fo>T, 0A Kb
T TlHU 7 F U HURIE MN IR B NS4, FENICEREL 5 <, DR B
PGB A BT DL EZOND, MAT, VIF LT Van b L T 47 KB LT AR
= LOBED—>ELT, FUREE G EMICIFRES TR ORboLEESLTH
HTEND, FURASEIC E57 &3, S B HERICIE N 5L E 25,

VLR S5 LAY E A TARREE MN 3, D 27 F BRI AT REZ2 B2 PN 26 2R
HELTH AR E O EE 2 BT,
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o5 4 TH /R

OA AWM MN OBEIZED, B FIER LIRS EOPUREA DGR b,
VEfEPE MN 1, B R BB CHOR Y TLAY (BT APUR) O EFEIRIC
A THLHZE, SHIZ, UVIF AZFEIZ)S M FTREZR B N5 @R A & U T R A Fe a4
HEWVHZEBHGLNNI /25T,
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B28 MNDLOBSTFLEY (EFVHUR) ORAREERLIZ OV TOREE

S 500 um OFHEEA T DR MN 13, B854, fAIEE 220, &8
SEFE FEICERET AL MESHTVS B, MEDESIE 10~20 um, KEBOE
&1 50~150 pum THY %) 20 FICE R 8 & O TR e\ Td, A E I
50172 PRSI RAER A 35 LC A, BB ICIT ARy 7 v bt dDC 334 T
WD, DI TF 2=y ReL TELLDEHREELD, DFED, EHHO M
FERLIENDEF G R REIDNICHONTIE, BRAGDPNTND, —#KHIZ LC 135
AR PRSI E LTSI TS A3, LC A A5 040500879889 gD 4 a4k
WEDLHY . FhamlLH TR,

PEHeD TDDS ATl KRG LU A~OHUR DN AR L7257 |

RO B R B R A BT AL IINEETHD D, Lo T RERD
TDDS £y Tl MU 7 F K2 T 5, BNEEENL OB DUV TGRS
NTCIipotz, £z, FEA~OPUREEZ AIHEE T 5 MN #AL | BITEDLZ ARG S
TR, — 5, ARBFZE CRRBLL 7R MRE MN 1, ZERI I OWUR A& A 55
FOF A DENSRD L2 EEEETHIENARETHH, 77005, MN NOFIRD
REFINI A2 HZET, RNE B ~OPUREZEOT L M — LN REIL e DEB 2 T,

ZTARETTIE, BN MN X DHURD N T U AT — K OSSR ROV TS
WTTHZEE BREL ., SeimIChUR AR FFT 2R D 2 g MN (158 B HlR+HHAl,
2 @ H: ZEA) 12z, MN O HREICHURZRFF 45 3 J8ME MN (1 )8 H: LA 2
J&H: PURIEAL 3 B H: LA AL PURRE A BRI SEPUREEIBALIC LD
T INE DIFE MOV TR L 7=,
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5 LI FBROH
1. AR K OB E

55 2 T 1 1T 1 BIER ORI RO T HEL T

2. FEBREW

W21 1 TE 2. FEBREMW) DIEIZHEL 7-, £/~ Wistar Hannover REEMET vk (I

H 265~3050) . FEREMEL THW,

3.0A & A 3 @M MNAC (3 JEtE MN) oFfHL

SRR RIE, B2 BE LHI 1 H 3-1. OA A~ A/R=—K/L-TL AT
7" (MNAC) OFDIHIZHEL T, 72k, 55 2 =55 1 61 1 T 3-1. ToM#L7- 2 gtk
MNAC L3272 AREICIE, FRRLL7- 3 @D MNAC % 3 J8PE MN, 4 2 #2455
1#i11H 3-1. CHHRIL 2 @M MNAC % 2 Bt MN LR5E 15,

3 JEME MN OFHEECIT AEFAMIRIE IR A TV a— U BHIE RO AR @B A 32 T4
3THEEL (TREL: 2 FufF Ui N LS VOB, TH2: OAGHaR
BAF UGN LF L OBA, TR 3: aReAF UnEE T N Y L7 v OEAR),
RO RIS T, 3 AT 3 M MN 2157, 2B, B A RO RS 3 FEkE

3 @M MN Zi#IL 7=, 612, TRBIZE KON T U — ORIl IZ . FL-OA
EAHD 3 @M MN Z R FIEICEVFIRL -, 7235, OA 1 FL-OA % 3: 1 L CHRL
72o ATNICARHEITCRRBL - 3 JE M MN KOV 2 #5575 1 i 1 5 3-1. CalidL7- 2 Jgk
MN DOFEfIZFE T,

<3 &M MN>
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5518 Sehmil: MERKEy  ALA
55208 TPHES: MEEKET OA/FL-OA+ALA
5538 MRITEB: MERKE Y AEA

#5108 JonEh: WS OA/FL-OA+IEFHI
208 hEE~RICHD: WERRSy HA

4. MN DI IRB1 52

%2 B LHET 1 4. MN OJZIRBIER O HIZHEL 72,

5.3 J&M: MN @ OA & &HIE. &5 #HOBRIFENTE N ORESEOHE

%2 B 1 Hi 15 5. MNAC H1d OA & &HIE ., 5% DOERAAENITE K O 580D

FHEOEIZHELC T2,

6. 3 JEE MN J T8 2 J&@ 1 MN 2360 2 N BT R S S A7 00 At 17 15

FL-OA &4 3@ MN L O 2 i TS L7~ FL-OA & A 2 JE M MN [\ T, FL-OA

D RENHUFE NS OV TR L 72,

6-1. BT A~ A/nAI =TI D B AR IR ELE) 7 ORI OVBLERTE

Wistar Hannover S&ZHEMET v MZ, N b e 2 — LA B k% 50 mglkg O &

THEREN T G-, BREE T [ B CHALEE LR CRBRZ T 7o, Ty MERZ |
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Xy =—/3— (ESTILL, TV =v7th, KBk, HAR) THRELZ, FL-OA 54 3 &
PEMN KO 2 @tk MN 22 e 7 MEEIBRBE S I 5 Uiz, #5-30 #. 27 K&

53 H B R 2 4 U7, i U7 B L 2 L RS CL B (Histo Prep®;
Fisher Scientific International, New Jersey, USA) (22l | -80°C @ deep-freezer {ZT
BRPICHAE STz, FEF MO FFHRET S (ESHK) 40 pm) &, v A7h—A
(THK; Kenis Ltd., KFx, BA) ([ZIOERL FIRBRF T A~ A /rRa—7
(VH-5500; #RAZHEF—x A R, BAR) (CTRIERLTZ, S5IC 495 nm SOERRST
T FL BTNV =2 BT Te AR~ A7 23— T BE s e BlggL
7,

6-2. FZ e AT OVERREY) A A FL-OA 4541 SR ORI E %

6-1. LIFEED 71T FL-OA &4 3 @M MN & U 2 JgPE MN 2227y METRER
BREIB G- LT, %55 B G A U7z, 5 0 U 7o B/ ARRZ | SRS EL B0
FIHEL | -80°C @ deep-freezer |2 THCNTHRE S W72, AEHF MO K EHRMET A (F
X 20 um) %, ZJEREHND 400 um OIREF T/ 44 AZ vk (Leica CM 3050 S;
Leica Inc.. Nussloch, Germany) (ZXO/ERLL 7=, Bo /- HRE A%, 0.1 N NaOH #%
% 700 ub ANIZH T NIy ICENENEL, 1 2 HELREL SR 05
FL-OA ZHiH L7=, #iHiE A @ 0558 (9,000xg. 547, 4°C) L7z, A 100 L %
47 HXL . Fluoroskan (Ascent CF; Labsystems. Helsinki, Finland) (2 Cut G50 EE 2] E L
7= (EX 485 nm, EM 538 nm), % MN 5% D7y MR EREEIZI1T D FL-OA 4341 =

1L, LT OFHEATRDT-,

FL-OA 73403 (%)

=100 x % BEUI AR DHOEHRE | ARE YR D R LR
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7. In vivo % A EER

P

952 B 11 1 TH 6. In vivo 70)E G REROTEICHEL -,

8. PLIhHIE

H 7. PUAMIEEDEICHELTZ,

F =2 L, T RCEYL HERERESE (S.E) TRLT-, Mg HFUR RO 21X, K

DI " HEFORE (Student’s unpaired t-test) 2 AV, A EKHEE 1%F721% 5%EL
7o
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2 0 FEROER
1. MN DI IR E 52

Figure 7 & U\ Figure 8 |2, FL-OA &4 2 @M MN & 3 @M MN ORI T
RO TR L322 R T, 2 @M MN OfE 1%, 5 2 7 1 & Figure 5 X O
Figure 6 2551 HILT=, 3 JE@M MN QYL REER LD i 2 > MN OHJEERIZ FL-OA 723
PREFCETWAIEN R TET-, Figure 8 (8). (b) X O* (¢) ODHRFITENL L IR
T MN DOES, FL-OA $REFE O RS K ORI FBO BB TR R4
Table 12 (2R3, AFRELITIETIERL 72 FL-OA & A VAfEME MN O & S K& OV B 0

I, ENZ 4857 um L TN 28143 um THY, FL-OA LREFER/71E. MN JEiinst
175+4~225+5 pm Th o7z, THIRBIEORE R L7 FL-OA & A 3 JEM MN (X

brightfield fluorescence

(A)

(B)

Figure 7 Microscopical images of the (A) two- and (B) three-layered FL-OA
dissolving microneedles made of chondroitin sulfate as the base used in the in
vivo delivery and distribution experiments. Left panels portray overview
images of dissolving microneedles under normal light. Right panels are
fluorescence microscopical images.
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= A

2 EH 1 HICHRLL7- 2 @1t MN ELEEZL . FL-OA SREFEINL O 2 FL L3 B [RAR D
RSB CECWAZ 2R LT,

brightfield fluorescence

I o
@) ml

(c)

(B) ml 0]

e

.'fc}

Figure 8 Microscopy of enlarged images of the (A) two- and (B)
three-layered FL-OA dissolving microneedles. Left panels portray overview
images of dissolving microneedles under normal light. Right panels are
fluorescence microscopical images. Arrows indicate the following lengths: (a)
whole length, (b) length of the FL-OA space, and (c) diameter of the
basement.

Table 12  Physicochemical properties of two- and three- layered dissolving
microneedles

Microneedle Height (a)* Length of FL-OA Diameter at
array (um) space (b)* (um) basement (c)* (um)
Two-layered

480+9 0~155+5 27518

microneedles

Three-layered

. 485+7 175+4~255+5 281+3
microneedles

Each value shows the mean%S.E. (n=6)

*The alphabets inside the parentheses represent the corresponding length in Figure 8.
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2. BRNICIB T DHURGE AL O R

FL-OA &4 2 B MN KOt 3 &M MN 1# 1% D FL-OA D BN REEERALIZ DUV T

ML 75 A DL RO T,
2-1. MIN ¢ 5-%% D 2 [ FH Ak I B 80 Jr DB 22

Figure 912, 2 /@M MN (A) KO3 JEMEMN (B) % 5-% 0 B i T B ) i 479,
FL-OA &4 2 BME MN BHRECOW T, RERIED O 200 um (T38RO
MRS, —J7. FL-OA &4 3 J8tE MN & G5EEC Wi, FEFR 5K 100
um 5 UL FE TITHRVVE DR SV, 2 @PEMNIZEICEREIZ, — 7 3EMEMN (X
B B O ~PUREEEL TWDEB 2 DIV, Fio, ARFIER G 30 B
IR NIZ FL-OA DA FER TEIZE LD | Fe 5L 00 T iR MN 23— fig
L. GAIN TV FL-OA NI IHE VRO T Z L3 R C& T, Flo &5 2 7
KON 5 3 2BV TH RIEBALISIRY VOGRS Uz,
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(A) (B)

fluorescence brightfield fluorescence brightfield

Figure 9 Microscopical images of the skin of rats who received the (A) two- and (B)
three-layered dissolving microneedles containing FL-OA, as visualized through a 50x
objective (scale bar : 200 um). Dissolving microneedles of two types were administered
to the rat abdominal skin. Thereafter, skin tissue samples were obtained at 30 s and 2 min
and 5 min. Left panels are fluorescence microscopical images. Right panels show the
corresponding brightfield microscopical images.

2-2. BRSO 1 FL-OA 43 AT RO

FL-OA &7 2 @M MN JOY 3 JE M MN £ 5:% O BRI J 23517 % FL-OA 47
fi%% Figure 10 |29, 2 JE@ME MN & 5% Cld, FEZREND 120 um OFBALT
FL-OA D3 AT RO e RAEWBUAIS VI, 73RO/ F— A%, RIGRENHEHHES 120
um (ZNF TR & IR L, 2 IR DITHEVMR 2 1T F LT, SHIT, FRE TR
160 pm~260 pm OFNLIZI T D RT3 JE@TE MN IZEEAH BEIZE -7, — .
3 JEM: MN 55 Tl FZFEEES 20 um DO EAL T FL-OA D434 SR D e RAANELHI S
NT=e I3 ATRO/RE— T FFTE > TR L, 260 pm XOEEE CIEIE —EE

Llpotz, RGNS 20 pm O IBIT DA ZRIE, 2 B MN IZEE~EF BEISED



ST, FYMETO R JEIL, M8 DE S5 um, REZJEDIE X4 10~20 um &
WhILTWD BT KRR, TN EIZEB T, 2 B MN X RICE A RIS, —
3 JEM: MN I E R B K OR g ~PUR AL E LT EEREBL TN,

Distribution ratio of FL-OA in the skin (%)
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Figure 10 Distribution profiles of FL-OA in the rat skin after administration by
dissolving microneedles. Dissolving microneedles of two types were administered to the
rat skin. Skin tissue samples were obtained at 1 min. The 20 pum thick slice samples were
obtained and FL-OA contents in each slice were determined spectrofluorometrically. The
distribution ratio of FL-OA in rat skin was calculated using 100xfluorescent intensity of
each section/maximum fluorescent intensity in all sections. The open squares show data
obtained after administration of two-layered dissolving microneedles containing FL-OA.
The open circles represent data for three-layered dissolving microneedles. **p <0.01;
significantly different from two-layered microneedles. *p <0.05; significantly different
from three-layered microneedles. Each value shows the meanzS.E. (n=5).

3.3 @M MN 10D OA & B L 5% O AF BIIE M O G- B O R

Table 13 (Z OA & 3 @ MN H D OA & &, $& 5% D57 & M O 5 B E s
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RAETRT, 7285, OAGH 2 JEMEMN O F B G REDHE R LT 5720 | 55 2 B
1HICHELNT R R, [FIU Table WIZE DR TRT, GTEDERDIOMNFGHEIL- 3
FEED OA &4 3 @M MN X, £ T, 2.240.3, 13.740.5 & TN 21.1+1.6 ug ® OA %
GHLTCW, o, BHHROBFEDSE 2 T 1 i cRLiz 2 B MN RIS C

DI RIERER G TETWDHIENHEGD TSI,

Table 13 OA content in dissolving microneedle array chips, recovered amount of OA
and administered dose

OA Recovered amount of Administered
Formulation content OA dose
(ng) (ng) (ng/rat)
Two-layered 2.210.4 0.1+0.1 2.210.1
microneedles 12.6£2.4 0.5+0.2 12.0+0.2
22.7+1.3 0.7+£0.2 22.0+0.2
Three-layered 2.2+0.3 0.5+0.2 1.8+0.2
microneedles 13.7£0.5 1.0+0.8 12.6x£0.7
21.1+1.6 0.7£0.3 20.4.+0.3
SC injection - - 10*
solution - - 100*
- - 1000*

Placebo
microneedles

Each value shows the meanzS.E. (n=4-10), *injected dose

4. In vivo Fe % i A FEBR G B

OA &A1 3JE M MN # G- BEZ 31T DRl 5 2 f OF 4 1 il % D 1 AE s L il A Table
14 % OVFigure 1112783, 72355, OA &4 2 JEME MN R OV T 5-BEOfE R L4
HI-8, 52 T 1 Hi AL R A FIC Table X O Figure NIZA D TRT,

[ 5-®IZB1T5 2 Jgtt MN KO3 g MN ZHEie§ 2L, OA & A 3 &M MN #
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RN MIET Ig (G+A+M) FLiAliIAEIZE<, 2 B MN & GHEIZHE A~

25~TfEDMiZ R LTZ, £/, 3@ MN Tik, B FREBICHTHBHLICE WPLA

PEAEDHERE TE T, 3 EME MN 5 HEIZI W Th | 2 JEE MN # G- RE[FER ., IgE HLikD

PEAITRBO BN ~T- (Table 15),

Table 14 Administered dose of OA and total Ig (G+A+M) antibody

. Total Total
Administered
i Ig (G+A+M) after Ig (G+A+M) after
Formulation dose
(uglrat) 2 weeks 4 weeks
ra
Hg x10* (U/mL) x10* (U/mL)
Two-layered 2.2+0.1 3.2+0.3 39.8+£13.3
microneedles 12.0+0.2 2.5+0.5 145.6+25.8
22.0+0.2 2.8+0.6 70.3+39.2
Three-layered 1.8+0.2 16.5+1.9° 282.8+78.5°
microneedles 12.6+0.7 13.0+4.3 368.4+42.52
20.4.40.3 14.4+0.62 394.6+45.62
SC injection 10* 2.0£0.8 67.1+23.5
solution 100* 47+1.1 124.0+38.1
1000* 9.7+3.1 164.0+£30.0
Placebo
- 0.2+0.1 0.5+0.2

microneedles

Each value shows the mean+S.E. (n=4-10), *injected dose, *  compared to two-layered

dissolving microneedles group at the corresponding dose (*p <0.01, b p <0.05)
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(A) 500 (B) * -

00

= (UmlL)

300

200

Plasma OA specific

100

total Tg (GAM) antibody

E two-lavered microneedles (22.040.2 pg/rat)
Bl three-layvered microneedles (20.4+0.3 pg/rat)
[ s.c. injection solution (100 pg/rat)

Figure 11 Plasma OA specific total Ig (G+A+M) antibody concentrations at (A) 2
and (B) 4 weeks post first immunization after transcutaneous administration of two-
and three-layered dissolving microneedles containing OA to the abdominal rat skin.
Plasma OA specific total Ig (G+A+M) antibody concentrations were measured using
ELISA. The gray bars denote antibody concentrations obtained after administration of
two-layered OA dissolving microneedles, 22.0+0.2 pg/rat. The black bars denote
those obtained after administration of three-layered OA dissolving microneedles,
20.4+0.3 pg/rat. The white bars denote those obtained after subcutaneous
administration of OA: 100 ug/rat. * p <0.05, * * p <0.01: significantly different from
three-layered microneedles. Each value shows the mean+S.E. (n=4-5).
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Table 15 Plasma anti-OA IgE levels and the changing rate of IgE level at 2 weeks after
the start of transcutaneous immunization against the pretreatment level

. Administered IgE level (U/mL) Changing rate of IgE
Formulation
dose (ug/rat) 0 week 2 week level (%)

placebo

. - 51.9+0.9 50.9+0.5 -1.7+2.3
microneedles
Two-layered 12.0+0.2 58.9+0.2 56.1+1.2 -4.7+2.0
microneedles 22.0+0.2 57.4+1.9 59.9+0.9 5.8+1.9
Three-layered 12.6+0.7 61.7+0.6 58.2+1.9 -5.4+4.0
microneedles 20.4+0.3 60.2+1.1 56.4+0.8 -6.3+2.5
SC injection .

) 1000* 53.9+1.0 63.1+1.0 17.0+1.6

solution

Changing rate; 100x (IgE level after immunization — IgE level before immunization)/IgE level
before immunization, *injected dose, *p <0.01; significantly different placebo microneedles
preparation. Each value shows the meanzS.E. (n=4-10)
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/

BUE, RSO EERY 7 F o OF 5 HIEDOWSL N LB ENTND, V7T
13 EBIE D/ Ty VI I KRB G- NG BT D Z LN A . REAEPEDFHEL
WEIE THLHZ LMD, KVEERICE DR DPGENL KL AT DO IEH
ICHEZEEZBND,

B RE %, ) A2 BRI S8 | Tl LT AL T D SHICR AL RIS M43 E
L7e% s FAEL TO D a1 L 572 5, ABFFETIL, VRN T 7 F o 2 Rats
5128, LC DR ATT 5 R JEH DT, dADC D434 T D HE L B I FE T V") —%
ZeEE R, PURD B NEFEAL O ha—/UZ1E, MN O EA2 T 5 5L 3K
WMORFFENL 2T D ITEN B 2 DIND, WIFTEMN OY6 | £ DR EZ kD728
FHEAE AR THD 500 pm MSELTHIEIFTHEELL 2, Lo TRETCIL, Hk
FRELOFEE 2 T FEARD 2 JEME MN I E Lo T RA ML 7= 3 & MN 23R
7

PUREETAL O b — LT FNRERE 20 8 MN 23 B2 i ISR 45 1
& ¥OUZNBRL , 2 JEME MN XL B, — 5 3 JEME MN 1XREJE L RE i
PR ZEET HIOmEH LT, FL-OA 34 g K& OB N3 A =R DfE R &Y 2 @M MN

3JEME MN &b ~T, BREE T DICHURZ EE T AL MR TET-,

In vivo S A BRIV T, 2 JE M MN, 381 MN K OV TG EZ il 3754,
3 JEME MN #5251 CTlieh @O PR PE AR D HERR S AL72, 2O 28T, MN OFUFIREF L
RS HIET, PURDOR LB ~OEENATREL /2D | TV BTN RT 7T %)
REFECELARMERHLZEERLTND,

UL EORE RIS FURCRFFEAL 2 #2708 MN IZBAI 09 TR 29281280,
PURD RN EE T a—L L, JOBERNRT 7 F Rt i bR sl o
BAFES FIREIC R DB DEHE 2 D,
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IR BARFIETIL, F =L T HUR O RIE L ~ Dl R0V o HiB AT 1t DO HUR
REBZRE TR L TR esh | AR I T 0 A7 Al M OFRIT ATV R LD 7 F

ZBITAHEAIEMIE DOBE ZHLNIL UK ZEBNETHLHEE 2.5,

— 5 REJELE B ORI REEAL, AR Ol TRAD, Hrlifk
FRANLIZOWT D/ 37— D MN ZFFRICEIUE, fEk, BERHEERIZH I
TELEERX D,

LLERD BREED 7T T SAAEUCTHMEME MN 23559588, REEN DI E E
DR ETe D89 MN FIZHURA RS T 528 T, RN R B2 THT N
ARE THHZEMHILNNI oz, ZDLXH78 MN OFHEAENT 28T, IV EOHUR
T BROTIF DR PG S TAN ORI BN HEE 2 D,
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o5 4 TH /R

AREITCTEFE L= 3 &M MN 23, 1EFHIARO A E ORI R A7 B s fHITH D
TEDTRIBI LT, S FHELS G IEAEE MN ORREZ A2 L CTHUR PR RN & 77
L, RNEERA AT " — /LT 5 OB BN LN 2T,
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FIE BEGERAIELTO MNOFXFXT72)¥—ar (MERFIEICET 308
B i)

WD 7F oy B DFEJE Y MN ORGP BF~D s 2 RAEZ . & 2 BT, fuio
BEAEEEHUAREEIZE HL, MN DR GERAILL TOF T 72— a 21T
272 MN &, N2 =—R VAR AL CRE I BRI/ LA BRI, %L — b
ZIGRT Do DED MN ORI BRI MED o B &~ W) BRA RIS Fo %
TSNS DL M SILTEY 2 MN O X572 BRI AS SRR A RIS 6 L
TRELY KT AR HL03, ZIHITE B LT RIZBED L Z AR STV
W, ZZC, 5 3 ETIE MN OFEIZHE M ERHY RIS B L. MN Oiff 5 5% 554

LLTCOXN T IRV —armlTo7-,
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5 1E MN &5 B~ DM ERIRIT S B R ~5- 2 D BT OV T

AR L TE/ LT, BRI fRE A BRI, BiZe DB U7 L LT TRl
SR R T ELTHIE TS P, LC < dDC SV o2 BHRAIKC 755 /3 b
DEE T ARALTEZ BRI LS E IR A Z 5 E T,

FER GO 2 IO BRLS T — 7 AR v 7 ikIC R LC 2N EME(E TS
ZEDHIBIVTWD, TEPE(LLTZ LC 1T, MR EHURE THhD MHC class-11 L3135y
FHEENINT 5, 7T —F AN ZIETIEMALLIZ LC (X, BHE D LC 1T, munie
R RER AT HEMASN TG 2D DL DR LYY | 2 ~O BRIl
TR NBRBEIC R RAT L IE SOSHEECTVREEZED LB 2 H1D, MN D¢
b [RARICE NBREEICE B L KT T B LN, EOFEMITH LTS T
[

BE, V7T VBB ORBEREL T, TV a2\ MO REZDZ MDD TS
TS, 7TV U ME, SIS ERERIE LT DI7F ARSI, DI F 2 RIED
REE DD, TV 2 OMELLTHRBIEEMADRE T OND, £DOT TR Vb
D— DL TRRRMIL O SEANM Sy O RB A MO TD P, £, 2hb Ty
2N MERIZ, VIF v O REBDIDITUALEEZLN TS ), —J5, 7Va
INURDZEMEIZOWTIL, IgE FBEIZLD T L AR — KGR EE1RD . Alum (255D
TR A~DF A= 08 X012 EHUAHEICH BIER IEAE P2yt
T =T 2 B DL ORIWER N BAE SR TN,

LLEOARAZMEL , MN 51200 R ~O W BRI S 2 S /E FH & LTl
DEVERIRNE STV 2N MERI R A B T-HT O TITRWINEE 2 T2, A TMN I
INETORICIV L AVEICHENTODIEBHLNIZEN TS, ZZTARHITIE
MN GRS B G~ O BRRIRIT AN . B PR AN 2 TS L S 57 2 2 U MR
BALT-HTNEINITONWTHRETTHZ LT,
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AREITIL MN OGS P BRARIBIC S B LT272® | BB~ R ATRS A fRAE L
LT, B OIRIFIT I D5 M~ DR EL FHI L7, RIARSOFREDTZ0D | $HED
F72D MN Z WD UENR DL, UL, IBEYE MN O#RZ2 AR THS 500 um
MHFLT 28I, MN DOIBEDOBLENLEELL eV, Lo T Rl O E MM & OME
EVEZEE L AETCIXERR MN 2 W COIRE 24T 7=, PERAHIIS % D50k
R OFEA DV T L, MBRZR GRSy 1 D38 BLEE 5 1AW 0 T 15 TREFT L=,
SO B DOIEREZLRL B ATV MN B 595 O B2 G OISR M 5 R I ONLBE & D
A A FHm LT,
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55 1IH SEBROK

=

A N O S BAR

~A7=—RK)VAZ 71X, CA CELEB BEAUTY (KB, HA) Xvi§ AL7-, FcR
Blocking regent, phycoerythrin (PE)-labeled CD11b. Allophycocyanin (APC)-labeled
MHC class-Il (%, Miltenyi Biotec K.K. (Bergisch Gladbac, Germany) JYi§ AL7z,
APC/Cy7-labelled CD45, Brilliant Violet 511-labelled CD11c, PE/Cy7-labelled CD86,
Brilliant Violet 421-labelled CD80 & T* Fluorescein isothiocyanate (FITC)-labeled CD54
IZ. Biolegend Co. Ltd. (California, USA) XA LTz, 2 RuaAF U ilETNv AL
ZPD AJS (Esbjerg. Denmark) LOlEALTz, Z7UVT R Y —3, FOGHIZE TN
=t (KR, BAR) JOBEALTZ, ZOMORIEIL, T X THIROFrk i 2 iR
WZHW,

2. EERENY)

C57BL/6 RHEME~T A (7 W) 1%, TRV — X (R, HA) JOEEALT,
1 B DNEL#% . e~ 22 EBRIC AW, 728, O E Kk OVFEER TP K
FENY) SRS PR B & OKGEE 1T 1% . W R8I E 5k fm BEELE ITIEW T o T2,

3. MN OB 52

AEICHWZ 2O~ A /n=—R )L A% 7 (15K 500 pm: 500 um MN, #1455 300
um: 300 um MN) DOFERBIZE% | Microscope (VHX-2000: KEYENCE, KBk, HA) %

MWTIT 272, % MN O kR O EEZHIE LT,
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4. MN @ 52 NHILA EREED F M

500 um MN & TF 300 um MN ZLEFEIZIS1TH MN O S NRIABREE (CRIAZREE) A3
i3 B7-D12, ZNZE10D MN Z LU F IR TARIZa—T 427 L, invivo FEBRIZTHER
L7,

4-1. a—T < Ara=—R )LD

952 B 2 HiF TOMAEITIZ, 500 um MN & Y300 um MN O~ A 7 =—R/L|Z
BtE s e a—T 47 L, RNICEGELTC RS E Ca—T U 7 D DN s+ 52—
T wAru=—NVEFRE L, £T N —— AR THLTIIT N — 1
mg K& O\ RaAF U fiilg w2 100 mg 25> 7 By 7 IR &L, 160 pl g5l
KEMA T IVIRIZIRDETHRD ORGP O I IR 2 =i T CRi R U7, KB MR IR
T~ A7a=—R)ZBAML, YIB7 v (BRAET:, WaL. BAR) ADVEHARRIC T
JrsTo, LRSS B L, ISt a—T v 7~ A ra=—R AV EH T,

4-2. Rz NHINEEEED B E

C57BL/6 Rt~ 2 (8 W) 12, ~ b3 e 2 — L AEBL A k% 30 mglkg
O ETHERENE G L, BB TS CTEES CEMBEELIRBTER AT 72, ~
TADEE | BT =—3— (EST11L; P V=vrft Kk, BAR) KREIV—
L (epilat; 77 mAR— T 4 TR S WA, BAR) TRRELL, BERERKE
(Ca—=T = Arn=—RVER % S RANZ R 3 —T 1> TR DR
SEWNTE LT, W5y DR &% B NI BEREE L 7=,
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5. B ~DWBRRYALIE K O i 2 F2 R

C57BL/6 RHEME~T A (8 n) (2, N M e s — VAR /K%E 30 mglkg O
HETIERENE G Lz, ~7 2D EEES 1x2 em® 3o, Bk =—/3— (EST7111;
;Y=o tt KB, BAR) KOBREIZV—2I (epilat; 773 mh—F 40 7RSS
LR, BA) TREL, FLBERHZOX 8 JLLL EO~TATEREIT-T-,

5-1. MHERRGALE L O SBHRHIE (LC) OFHh

FEERENVY) 2 ALE F: 12 5 BRI 010 7o, ALEREIE, 500 pm MN ZLEHE, 300 um MN 4L
B, T — T AN o S ULERE (TS), EH AR FEMALERE (SC) M OMEAL
EHEELTo, 77 AN T ALE IR LC AR T HZENHON TS R
T47 arha— L EUTERIRLT, S ERRLE L, AR ER I T o7, 23
(IRFEDO P —/LELTZ, MN ALE T, B2 FI2RD 10 BREIL Y THZLTIT-
1=y T—F AN v T RLUE 2OV T, adhesive T—7 (kT —7 © =F U kk
A&k, R, HA) T, 3 BIAN Y T AT 5Tz, A AHEK R T AL E R
[ZOWTIE, AEFBALIZEE 3 AT 0.1 mL § A ke &R 5 Uic, BALERIZD
WL, BREBEOAZITV, ARG BLE I3 7D, 3 T7 avba—Lk
UTo, BB X ALE 12 Rtk A O REERIH LT, £7-, LC Mlas it
JRDFEBUZ DN TIRRFFIZ L Z7HIT 35726, 500 pm MN ALEREIZ DOV TIE, Bilig
FERZATV, MLE 3.6, 12 KON 24 WIS/ ORFZRH U7, fb B, =
Br 6. 2 SCHIIG N OVE SCIA 0 HOR OB LT,

5-2. WBERRIALIE L D B ERIRME (dDC) DR

FEEREN M 2 LB LT A RELS A0 7, ALEREIS. 500 pm MN ALE R, 300 pm MN AL

HE, AP RHK R FIESHALERE (SC) K OMBEALERFE LT, TN E I DILE R OFRIE
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(3, 25k 5-1. MEERGALE L DR EBHRMIIE (LC) OFHlICHELT,

6. & BHINE K OVE B 73 iR o 7

FEBR 5. THELN-MH R S % 3,02 Epidermal dissociation kit (Miltenyi Biotec
K.K.. Bergisch Gladbach, Germany) (2T, EEGLEEL 7=, 5°CLL I C 16 FRFffE R AL E
Uizt Bty e HIOER BOERRE B RGERI oBiEL 7=, BN D43 1213 kit P
KAWL, DRz DIRLE Yy T 7 EELT-# . 70 um cell strainer (BD
Biosciences, Le Pont de Claix, France) CiihL . R MMinisminz sl 7=, B M
fik 1% . Hyaluronidase type IV-S (7 ~7 VRV F RS, AR, HA) KO
Collagenase Type Il (7 7=k 4t, B, HA) T37°C, 5%CO, 51 7T 1 IK¢fH]
AL Fa_X—hL TS T, SHIT, SBIRZ#RDIRLE Sy T 4 7 #EL, 70 pm
cell strainer Tligi&E L . B AGH IR AL 7=,

7. RRRAR A ER U O T

3% 2 M OVEL B ARV v D BB RIA 1, TR 80 1x10° cells 127250 FALL
B CHURGL I IV, MR, RILERED~T X 2 ILya B THAL
72 FCRICKDIERF MRS B A BH< T2 | HIRufE#E#RIZ FcR Blocking regent Z#sAiL
K ERFAT (4°C) S T C 10 3 [MALBRL7-%% . PR 21T o7, AIEZR mm TR OfiFf
Mricfwi=e /7a) — L iK% F g2 3 ; APC/Cy7-labelled CD45. PE-labeled
CD11b . Brilliant Violet 511-labelled CD1lc . APC-labeled MHC class-Il
PE/Cy7-labelled CD86. Brilliant Violet 421-labelled CD80 } O* FITC-labeled CD54, |
FLPUAT 7 EY AT o7z, FURG I, K EREFT (4°C) DSRMFT, 30 2T -72,
AR R m PR OMIE 2%, FACScan; MACS Quant Analyzer (Miltenyi Biotec K.K..

Bergisch Gladbach, Germany) # v 7=, JEAIfAZ IR 3 578, MR EIRIZ 1%
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propidium iodide ¥5#% (PI; Miltenyi Biotec K.K., Bergisch Gladbach, Germany) % ¥/
L CHIEL 7=, PE &%, CD45 B, CD1lb Btk U8 CD1lc Bitka s —7 1o 7L,
MR IgZ BRI L7, LC, dDC (ZHH 49 o AMMIutEHC31)% CD86, CD80, CD54
KOV MHC class-1l DR BLEZFFAf L 7= #4%8080 diia sk mfi o B ORI kL
LC. ¥ EOEsRE (Mean Fluorescence Intensity: MFI) Z V7=, SRERICISIT 550
o £ m PR O R B E O M3 A 1TH 7280, FE 3 E¥) 8 iR (Relative Mean

Fluorescence Intensity: RMF1) % LL FOFHE A TRDIZ,

AR LR (RMFI) =
Y ER R ALE A IS T DR A R TR O N w R (A R g /
Yy ER A AL SRS 3T DRI IR i PR O S IR (A2 1S R )

8. Invivo HERESFMBIER

C57BL/6 FlfEtE~m A (8 M) 1, ~S b S Le s — LA B k% 30 mglkg O
HECEENR G L, v~ AOE T EER Y =— 3 — (ESTI1L, /N FYV=v 7tk K
. HA) ROBREZY—2L (epilat; 77> mh—T 40 7RS4, A, BA) T
BREBL 7%, BB JEIZ 500 pm MN, 300 um MN CHLE L 72, ALE E %D HRFEIIC

BN OREAEITIZET, B EHR DL EOREF 2L 7=, K JE#RE(21% Digital
Camera D60 (NIKON, HHl, HA) ZfEHL,

9. HEFHAEHT

=~

T 2LT NCOEY SRR (S.E) TRLTc, 2 BEMICRIT Hfiink m R I Bl

EOFRNTIZIE, RSO720 “FER O E (Student’s unpaired t-test) &V, A 2 K%E
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Z 0.1.1 F720F 5%E L7, F-ZREMICIS T2 M ba 2% m PR I Bl & O M 121X,
ANOVA % V>, Dunnett #EH DT Tukey BEEITV, AEKMEZ 0.1, 1 £720%

5%& L7,
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2 15 FEROE
1. MN OJEIREL 22

Figure 12 %, KEi CHW=~A/0=—RNLRAZ T ORKEL (A) kO=—K/IL
HOIEREB (B) 23, ARANIL, B8 mm MEAEIZ, H#EkoF 2P MN
% 34 AAL TS, MN O & QR EFRO IEAED TR EHARS R4 Table 16 (2R,
500 pm MN & TX 300 pum MN @ 2 Fi¥ED MN O S, #1241 497.6+£0.9 pm KON
298.7+1.4 um THY | EHEFBDOELRIL, TIZE 4 179.6£1.8 um J2 Y 157.6£2.0 pm TH
ol TRIRBIEORE R, ATV 2 O~ A7 n=—R L AZ 713 %4 MN 23,
ESK 500 pm BHDUVNTKT 300 pm THHZEATRBIZIZ IR T,

(A)

Figure 12 (A) Stamp-type microneedle device (Derma Stamp). (B)
Magnified view of microneedles, observed by a video microscope. The
microneedles are composed of titanium arranged in a circle of 8 mm radius.
The Derma Stamp has 34 microneedles.
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Table 16  Size of microneedle in two-stamp microneedle devices
Actual diameter at
basement (um)

Actual height (um)

500 um
] 497.62+0.9 179.6+1.8
microneedles
300 um
298.7+1.4 157.6+2.0

microneedles

Each value shows the mean+SE (n=9).

2. MIN O Fz PN I| N L it B

Figure 1313, =—7 > 2 L72 500 um MN K& T8 300 pm MN O JZ & #% 5-Rii & O 815 %
IR, EEBR G4, S DR BN —T 4 T AL T DGRBS S, 7
PIZHIA LT 32 R 0D EB 2 Hivd, G HR G-RiDa—T ¢ 7 5L OV &
B 5% Oa—T 4 TR OFHAGE R4 Table 17 129, SR G- 500 pm
MN K} 300 um MN (28T D3 —T (L 7RIy DRESIE, TS5,
230.3+4.9 KN 127.743.3 uym Th-o7=, ZOEXL, F~A7u=—K/L O EZNF AR
Bt 2 b5,
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500 um MN

300 um MN

Figure 13 Microscopic images of the 500 um (A, B) and 300 um (C,
D) microneedles coated with a mixture of chondroitin sulfate and
Brilliant Green. (A, C) Images of coated microneedles before
application. (B, D) Images of coated microneedles after the application
on the shaved dorsal skin. The white bars indicate the whole coated
portion before application (a) and the dissolved portion after application

(b).
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Table 17 The lengths of the coated portions of microneedles before application and the
lengths of the dissolved portions of microneedles after application to mouse skin

Length of coated portion Length of dissolved portion

(nm) (nm)
500 um microneedles 4949 + 3.5 230.3+4.9
300 um microneedles 3004+1.38 127.7+3.3

Each value shows the mean+SE (n=6-11).

3. WERHIRLIE {1 L NP IR E (FF)
3-1. 500 pm MN ZL{EIZfED LC M o B 24k

USSR RIS ME(L3 55, MHC class-II, &% 5 1-C&H2% CD86, CD80 &5
UWNT CD54 43 F DI BLIRE A EANDZ EAMBIL TS 24848889 Figure 14 1%, 500 pm
MN ALEREICIIT D LC Kl L5 F DI BE N ZRL TWD, Figure 14 (A) KT
(B) X, ZTNENK D T DEANT T LK O MFI 2R CD, 728, FLIREERINC A
FRAT ATV BRI ALE OF B LD B R TO B R BN K OEDE RN E%
MERBLT, LC LOZNBHIER EHUR 53122V T, 500 pm MN ALIE f7 f§ & M AL
R & 7% Heas U= s 5. MN L& (20 LC _Eod MHC class-I1 45+ & ORI 4Y F D3
BN, MF1 1%, MHC class-1l, CD86, CD80 }2 1} CD54 43 Ik L CENEh
35,35, 14 KON L3fEEINLTERY, ZD5H MHC class-11, CD86 & UF CD54 45D
FEHIEMIAE Tho7o, ZNHORE RIZ, MN LEIZEY LC 2AEMHELT D84 7RL
TV,
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Figure 14 Expression of MHC class-11, CD86, CD80, and CD54 on
epidermal LCs (A) (histogram; gray: control, black: treated with 500 um
microneedles) Epidermal cell suspensions were prepared from skin treated
with or without application of 500 pum microneedles. The treated skin
samples were obtained 12 h after application of microneedles. The MFI of
MHC class-11, CD86, CD80, and CD54 on LCs in epidermal cells was
measured using flow cytometry (B) (MFI; white bar: control, black bar:
treated with 500 um microneedles). Each point shows the mean+S.E. of
five experiments. Statistical significance was evaluated by paired t-test.

*p <0.05, ** p<0.01, *** p <0.001: significantly different from
control.
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3-2. FH 4 WLER D LC RIPUROFEB LD ik

PG ~DEk < 72 BRAIALE IS LC DIEMEAL AR 92726 LC R HEHUF DO FEBL
EACDIEMN 24T o7, Figure 15 (ZA-BERYALIE 2 (2361 Dl iz m HR O 5 21t
R, WY T 4T Ay ha— /L ThDH TS ALEIZEY , MHC class-11 & TF CD86 771 D%
BB 2H %27~ L7z, 500 pm MN &Y 300 pm MN ALEREC-DOUVCiE, MHC
class-11, CD86 } U* CD80 73 DFEHA FITHI ML, #5712 MHC class-11 &z T8 CD86
IZXF T D BN E ThoT2, IHIZ, 500 pm MN ALEFE TP MHC class-11 & U CD86
S DOIEBLUL, TS BRI~ EISE D 272, 500 pm MN ZLE K OV 300 pm MN
RUE R LEEZ L7265 . MHC class-11 Z88L2% LT 500 pm MN ALE THEIZE I
BlarRL, CD86 (Zx L CId A B2 ZIT N E DO 500 pum MN ZLE O M3, FEBLH E
WM 7R LTz, L7232 T MN O B NHIABERED 7, D ED MNIZ&2 BE ~ D4 3
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Figure 15 Expression of MHC class-I1, CD86, CD80, and CD54 on the epidermal LCs
after treatment with microneedles, TS or subcutaneous injection. The RMFI was
calculated as MFI of treated skin samples (right dorsal skin)/MFI of control skin samples
(left dorsal skin). The epidermal cell suspensions were prepared from right and left dorsal
skin. The right dorsal skin was treated with microneedles, TS, or subcutaneous injection
12 h previously. The left dorsal skin was not treated. Each point shows the meanzS.E. of
four to six experiments. Statistical significance was evaluated using ANOVA with Tukey’s
test. * p < 0.05, **p < 0.01, ***p < 0.001: significantly different from control or 500 pm
microneedles group.
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Figure 16 The time-dependent change in the expression of MHC class-11, CD86, CD80,
and CD54 on the epidermal LCs at 3, 6, 12, and 24 h after application with 500 pm
microneedles. The RMFI was calculated as MFI of treated skin samples with application
of 500 um microneedles (right dorsal skin)/MFI of control skin samples (left dorsal skin).
Each value shows the meanzS.E. of four to five experiments. Statistical significance was
evaluated using ANOVA with Dunnett’s test. * p < 0.05, ** p < 0.01, *** p < 0.001
compared with the RMFI at 0 h.
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Figure 17 Expression of MHC class-I1, CD86, CD80, and CD54 on dDCs
(A) (histogram; gray: control, black: treated with 500 um microneedles).

Dermal cell suspensions were prepared from skin treated with or without
application of 500 um microneedles. The treated skin samples were
obtained at 12 h after this application. The epidermal sheet was removed
from the skin samples. Subsequently, the dermal cells were isolated from
the residual skin samples. The MFI of MHC class-11, CD86, CD80, and
CD54 on dDC in dermal cells was measured using flow cytometry (B)
(MFI; white bar: control, black bar: treated with 500 um microneedles).
Each point shows the meanzS.E. of five experiments. Statistical
significance was evaluated by paired t-test. * p < 0.05, ** p <0.01, *** p <
0.001: significantly different from control.
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Figure 18 (Z#&- B IALIER IZ381F D dDC R EHUR DI HE L Z7~$, 500 pm MN
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BRED NS0 FORBUTEVMER DR HDH DD | f ERZITFRO LN T0, 72
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Figure 18 Expression of MHC class-I1, CD86, CD80, and CD54 after treatment with
microneedles or subcutaneous injection. The RMFI was calculated as MFI of treated
skin samples (right dorsal skin)/MFI of control skin samples (left dorsal skin). The
dermal cell suspensions were prepared from right and left dorsal skin. The right dorsal
skin was treated with microneedles or subcutaneous injection 12 h previously. The left
dorsal skin was not treated. Each point shows the meanzS.E. of four to five
experiments. Statistical significance was evaluated using ANOVA with Tukey’s test.
*p <0.05, ** p <0.01: significantly different from control group.
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Figure 19 Photographs of mouse skin after the application of 500 um microneedles
and 300 um microneedles
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