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AD: Alzheimer’s disease

ANOVA: analysis of variance

ASD: Autism spectrum disorder

AUC: area under the curve

BBB: blood-brain barrier

BCSFB: blood-cerebrospinal fluid barrier
CBD: Cognitive and behavior disorders
CSF: cerebrospinal fluid

DB: Diabetes

GHD: Growth hormone deficiency

HEPES: 2-[4-(2-Hydroxyethyl)-1-piperazinyl]ethanesulfonic acid
ID: injected dose

IFNB-1b: interferon beta-1b

IGF-1: insulin-like growth factor-1

IV: intravenous

MCC: mucociliary clearance

MDD: Major depressive disorder

Mw: molecular weight

MP: micropipette

n.s.: not significant

OB: Obesity

PBS: phosphate buffered saline

PD: Parkinson’s disease

%DTE: drug targeting efficiency percentage
%DTP: nose-to-brain direct transport percentage
P-gp: P-glycoprotein

PTSD: Post-traumatic stress disorder

SCZD: Schizophrenia



SD: Sexual dysfunction.

SE: standard error
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F1-18 RTF FERLOMEEZEOEEM

NTF FefRE LT DPHFERMNE, BEAOZEFMRIT L THET 572D 15
ik 0 b mEUVEEEZ R L, B FEELOBREOIRK & 725 By ONR#@ 7 m e 225 & i
&P, BEMEORWERAZEZ LIZK WEWIFEND, EERGHOFHREL VT 1L LT
RSN TWD [1,2]. R THATTF REHEMT, 1923 FI0A R U O SPERIFTARIC
KT HEIMARE SN Z EDBIGE D, 20 HHALE HITF 2 OAEKRBROTF FRE
& LCEREI N 3] X7 F REREMOMFHSHE, 2016 4212 2500 @M A #8 2 T
[4-6], 2020 =% TIZ 100 FFELL EORTF REEGEDPARINTEY, 5% I 6251
DILRB TSI TND [7].

L2 L, T/ A ~<—JF (Alzheimer’s disease, AD) °/3—3 > >/ 1§ (Parkinson’s
disease, PD) 7% & ORMIEBZIEN & LT-~_7'F REELOMIERITREEL & H 72> T

43 (Molecular weight, Mw) 7% 600-10,000 DFIFHIZ & FIL DT F K (X7

T R) 1L, SRECRERE R ERAEEE S UTERT 5. IMEIER & LTe T F REK
MPHFE AU WIRK & LT, o7 F R, ROl 2 @i T & 72 [8]. %
DIz, Ho3F_XTF ROIRFE~OINE, BT E T2 TFIRNIESR 72 & DI A& G-03 8
WD, Linl, IhbOREFIETL, EREOFEN L CEEICRET 25N R
ThoHIeD, BEOFUEEAEZR D . hoFTF RO 25 L7z 5%, Mw BRE
W2 L, BREAHFRTNDLI L, BAETHLZ L, Z2EWNTIHIZFIET 5T F 4 —
Bl EOMRICHHEINOT VI LN, MK ESE LB TREAEZRDED [9]. £,
b4 1 i - B BE P (blood-brain barrier, BBB), 35 X OV ifk-id ¥ #6# B (blood-
cerebrospinal fluid barrier, BCSFB) 23{FE7 5 (Fig. 1-1)[10,11]. BBB D E7atE Rk EH 1%
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Fig. 1-1. Structure of BBB and BCSFB.



AN A T, ERBME, FEMRTHD. ORI THIERIMIE & MO H
53 F T T R OIS % W IR D O b BEREEI 2 KT L TWD D0, MO FEH
&N AIRRO B ERES TH 5 [12]. BCSFB T, MERICIAET B ARG R AR o %
BEREONT OKENZH - TWD [13]. ZDT2D, FHFXTF REM~EZESEL2DI
I%, BBB F72iX BCSFB 72 E DN THERE A S E T2 1TEDEES DM EN H D . ToyFT
F RORRBNE GG ~OEER 5L, FlR L7z X 9 R EEERECX 528, Zb
DEEFEHREAITER O D5 HIETH 5720, t h~O#EEl O HIFHFH T
V. ZO XD BEEND, WERBEZENE LR+~ 7F ROBRIIRE ChH -7, L
=BT, Y TAT T RERMISERI ORI EET DN OBRIL, BRAICRT
T ORI DABUCHIR S 2 AR AICRD.

E128 PHFXTTF FOR~DEZIZBIT 2REBRE5OF A

TR, MPENRRERIE, AR, ROFD, BlIEPER, BPERYWER LD RICIRE LR
EVRRT DO ENTE . 20%, REREIE, ERREEZHWHRGEORDY
2, ST EHN, BT _TF R, BIOY o RTE EOEYOEHERICRIH S
TW5 [9,14]. F7-, B&EFZEIZIX, BBB <° BCSFB % [nfif L CEIEN M B KIC EREE D72
N DR (Nose-to-Brain F88) H3FEFET 5. Nose-to-Brain #E& D TE(EIL, Faber 237 % F D
SILICEBR LT 2 2 L THIO Tl S/ [15]. 20 Nose-to-Brain #RE I, AR
A LT, = SXARRRZ I LT, 72 D ONSINF#EI (cerebrospinal fluid, CSF) %
LR G END [16,17]. S BIT, @RaREE, 1) FFHREM, i) BFoar7I4
T ARELE, i) $eGAMEE, iv) ST ORIEIEESIRIT X DR A =T R EoF]
RERLTWD [1820]. ZHHLDOFENRGHDZ D, MSEN~OEYEHIX, BBB %
[ LT -7 F REMICEE ST 2 IFRERNRFIEL LTRRHICER LTS
[17.21,22]. FEERZ, o7 F FoRa 5L, BMEICH L TAFs b 23], #
BOPFFIHK L TH T =8 T F R [24], MEMIEREE IS L Tt 4 [25),
T I N = —REBFYEIC T LTA VAU > [26], BERUNCTF U BUdFIcet LTA v A
U AR IR -1 (insulin-like growth factor-1, IGF-1) [27] H3% DRI TO TRHICA D
ThHhHZEnHEINTND.

BN DIMAOIEEEIC T DMRICBNT, v VAT v e EDF o ian 9
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Rt MR EOEEEA~ORA B2 I-Hat D STV 5 28] Blz1E, rickaks
ENfoA o H—7 =1 B-1b (interferon beta-1b, IFNB-1b, Mw: 18,500) (%, — XARe<om
PR A AT L TR OB EROIH IR SN A5 2 E DR STV D [29]. Born B, t
MZA LAY Y (Mw: 5,808) °0A T/ ZLF 2 (4-10) (Mw: 962) DHISY T~ FF R kb
B LT, CSF ~NRANICEEINDS Z 20N L, HHITe MIBIT DL
DIFFEZE IO TR L7= [16]. Table 1-1 (TR & 912, WL ODDH 1T F R Eh
DI~ DOFEWNEFEIZ B WO TEIREFFICEA TS, BT, A AV BT F U b
VDGR TF R, B IV ARBRICE TREL TWA ZE [30-32] 20D, REkh
1%, HOT 7T REMA~EESE LA TELE LTIFIN TV,



Table 1-1. Peptide drugs under clinical studies by intranasal administration.

Peptide drug Mw Disease Stage of Reference
development
AD I [33]
NAP neuropeptide 824
AD, SCZD 1 [34,35]
Hexarelin 887 GHD | [36]
I [16,37-39]
Melanocortin (4-10) 962 OB
1 [37]
CBD, ASD, | [40-49]
PTSD, SD, SCZD
CBD, ASD,
. I 49-55
Oxytocin 1,007 pTSD, SD, SCZD [ !
CBD, ASD, PTSD I [56-58]
SCZD v [30,31]
Arginine- 1,028 CBD, 1 [16,44,59—62]
vasopressin pro-social effects
Hypocretin-I 3,500 OB, AD, PD, 1 [63-65]
(Orexin A) narcolepsy
CBD I [66,67]
Cholecystokinin 3,931
CBD I [68]
Neuropeptide Y 4,255 OB I [37]
AD, PD, MS
U I [16,37,77,69-76]
SCZD, MDD
Insulin 5,808 AD, OB 11 [37,69,84,72,74,78-83]
AD 11} [69,85,86]
OB v [32]

AD: Alzheimer’s disease, ASD: Autism spectrum disorder, CBD: Cognitive and behavior disorders,
DB: Diabetes, GHD: Growth hormone deficiency, MDD: Major depressive disorder, OB: Obesity,
PD: Parkinson’s disease, PTSD: Post-traumatic stress disorder, SCZD: Schizophrenia, SD: Sexual
dysfunction.



% 1-381 Nose-to-Brain f¥Z1T 5 EEBAFHMEDEE M
BBB DIz WTRE & T DA G, POFNT T e SNSRI S 5 IR IR

BHEE LTRIRICE R LTV D b0, REREAZ X D M~DORRI 72 301552 % 7THe
IZFT A D= ALZEALT, RECHEAIL T RWERHDH. TORKE LT, &hb
Be 5 S-S A EE R CSF 12 E DL BWIESES LD DA, 72 BTN Nose-to-Brain %
FEINTIE DEFLTIESES N D DIZEDREBUR L T2 D)y, (FTolmETE %, EEM
IRENREIC BT DI KSR & L TR W Z ERETF BN D [87].

Merkus © (%, Nose-to-Brain #&# 2 5192 72 DI KB ARAFFE DR A ZHEE LT 5 [88].
ZOFHNT, 1) #5588 X OREOBR, i) [F—JAZHIRNES L CTiFbner—2 &
DL, i) MUAEH K OHHEERRERIZ IS 1T 2 3B RB OMRAT, iv) ¥ LI OGNS0
DFHIETdH 5. VT4, S0 DI~ I EOFRE & E BRI RIENRR STV 5.
Nose-to-Brain #2382 1 U 72 356213, §#IRNEES: (intravenous, 1V) (TkFd 2tk 5%
DA 72 I~ D HRIETEN =R (drug targeting efficiency percentage, %DTE) 73 & QNI AN~
D M) 5 ZE BT KT D Nose-to-Brain #% #§ @ 77 5- 3 (nose-to-brain direct transport
percentage, %DTP) O & 5 72 E BRI FEE L VD 2 & T, 8h DI~ OBATIEA FH X
(CRHECTE % [89,90]. T b DERERIZRFRERT, Merkus 5252 L7 HHIZ 7292 &
IZX>THEHTES.

Table 1-2 |2, Kozlovskaya & DA [87] D, T T EOFEY E -1 bEW &R k-
LIZRRD%DTE 3 KL O%DTP SR SNTebDaHE L iz, LaL, ZTRbLOmE, ME
721X CSF B X OEHIERIZE T 5T MEEWOYREE xR AR A4 (area under the
curve, AUC) Z¥E LT\ 50, F£7201F AUC %KD % DIZH B2 B & T — % % AW,
Kozlovskaya &3 %DTE 72 5 NI%DTP % HH LI 3CikE E ATV D . FEERIZFEE R D
HTINO DA TR L TV AHDIE, Dhuria HOITEROATH S [91]. BamPebioiL, 3
AT X 2 BPENTRIPE D, HITEO ™ A L A D X 5 7RAN Sk M % Bae7)s & WHEEIRIN HERR
D AEARBHTEEAE R 2 V) 7 7 v R), & BITREIE GHAN N TR e
KA COBIROMER EOHER NS D Z E0n, ERNGFHENEEECH 7=, =D
Lo BERNG, ZHE TONIE TIERITELEHRBRIE AR Y THON TV, D7
¥, Nose-to-Brain ¥ 4 & #HICFHE T & 2 HIEA LT 2 2 &%, W7 F Fok
S HAAN % IR < BER OS5 TRV 2 7o DI B A B DT 5 R &7 0 155,



Table 1-2. Summary and analysis outcomes for the individual publications of middle-sized

peptides.
Cargo Mw %DTE %DTP Reference
DiR 1,013 7357 99" [92]
b b

Hydroxocobalamin 1,346 101h lh 3
84 -19 [94]
Ergoloid mesylate 2,041 351b 71b [95]
FITC-dextran 3,000 115" 13" [96]
*L_vasoactive intestinal peptide 3,326 629" 84" [97]
Hypocretin-1 3,562 443" 77 [91]
Dextran (FD-4) 4,400 180,1()9b 1()0b [98]

% These data were calculated by me based on the data of alone DiR. ®: These data were calculated by
Kozlovskaya et al. based on the data of each reference. *: These data were calculated by Dhuria et al.

F1-48 AHFEOBH

I, R _TT Re@hbR~EET D720 OS5I, BIfEE TITE L TWY
% Nose-to-Brain fREE OFN NG, #REFZ G LI23EM DT EIT D OITRMRGRER, —
XAFREGHERE, 36 L OVCSF RREEABEG L TWD Z LIdENTH D, LavL, KRR FEERAIHT
FEPMTOITVDIZE 06T, BREEGAZ L DI~ DIEYEZE DRI OV T E &
HINZRHIE L TV D b DT E A L7V, 1T F NiE, —RINTKEEDN SN &,
NI F =B EOEENIAFET DRI L > TR TLE D Z &7 EOREA FE
D, ERRHGTT T Re T 5 LIRS L 20O S BB LT iuEe b
NIz, AR ST F ROETMEEME LT, KPS+ Tho A XY %
HHLE. A XV L, XTFX =B EOBERIC L > THfES IR0 Mw 5,000 DK
P+ Th D, AFFETIE, mdDI~OKEEME 752 BT 5 0 & & =
HNZTHZ L aH BIIZ, FlREREIEDBRZE & 2 D HEE W ERER R RN AT D
Pl ATz, B _E T, HHRaR G IEZBRT 57201, FblRReHEGIEIC LD
PG R KO GIRE OB, A~ 53 D53 KIE TRV CRHI



L7c. =TI, % R TR LITH AR GEE T KM+ ORI
EERNICHHE L7z, D512, HBUCBIs Lo 555 X 2 B 5% o KE 55+
THDHTXARNT UV OMNIRRIEEA A=V TBIE LT, 4 XV OERNRENS
A & i LTz
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E2-18 f =

NIF Rl EoHoFEEMIT, BUEIRIRIED IO EHEME OB EIT R 2 8 72 in
FELTHIRESNTWD [1,2]. LaL, 26 D% I3KEMET 1 CTh 572, BBB O
BEREIZ L 0, FRARPIEE G008 D5 TR A HIMPNICRE VAT 2 & 138D CREECTH 5
[10,11]. T4, BBB % [AlfE L 72 IRHEIED S0 HMA~OEEREE & LT, Rafkbof Rtk
DE STV D [99-101]. LAL, Nose-to-Brain #REKIZ 1T 2 E BN 0TI B4 24
T IR 220 [87]. Nose-to-Brain B 1T B U CE BANIC R L 728 23D 2 W RRN,
UTOBHBICEI2bDEEZOND. BEKREIZIE, 1) HRIC & D RENHEIEDE,
i) MEC T A ILAD K 9 Fedh e B & SV BRI BERR 3 2 A IRBH RS Chiik
£ U7 7 A, mucociliary clearance, MCC), iii) ®EKGHITIHESTL SN TR T2
EERE T CORMOME R EOBER NS D [17,28]. & HIZ, HH 77T RofkaEHIC
B 2 ERmARITIL, (K53 T EHEIZ S TR T F ROWA~DIFIMENZ LD,
R H SN F RORANSAIZET 5 E R HE AN Ch 7. F7z,
BENIZRE < T2 O SHEETRERL ST D (Fig. 2-1) [102]. MRS NEE I

Nasal Olfactory
cavity mucosa

! Respiratory \

mucosa
— 1

Fig. 2-1. Schematic drawing of the nasal mucosa in mice.

O3AT DMK & = SRR 2N BB AT S 2 R IR S FAE T D [103]. S/ D i ~HA)
PN S 4L 28R TREFSPNIC 31T 2 M ORI 528 % KAETIRIT- & LT, ot
FHIR-, SPENABRERR T, BEMONE, &5HE, &EHIER EOIBRIRER,
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RNEERORERAS B E O EF T2 & ORFIRZRER], #REHKET /A 2B 5 H
FRET HID [104-106]. AL DO OFGIECR G50F (B ECR G E) 1%
PR DO BENIZ I B 004N F 72 5728, Nose-to-Brain #% & &I L 7=k | 22 % KT

ZENBEESNDBOD, ZHETHRF STV, 207, ZHHOERKREZTARL,
Nose-to-Brain #2384 & &AM 2 72O D IEZ BT D ME B 5.

ZOXHREFEND, D OREBEHEORG IR G IEL, o EREE D
BIMA~DOBATICR B A AT T AR & 2 LG A LTz, MCC DR & 514 D3k
WU 582 T [107] (ICE B L, TORBEMA D720 Hirai D7 v b ERERNHE
ik [108] % ZZ|\HHIR G 5715 T 5 Ml HRE BN 515 (Reverse 15) 2%
Z L7z, Reverse IEIC L DRI G1E, W AR T CEEMIN S BIENIC ) = 2 — L &FA
L, Wi Lic~A 7 i) VR 7 T & SRR ORI 3 S EEER 5 AT
3 %. Reverse IEDEROFAIL, BEEGREOEE GRS J O E-T 2 Fik i A Wi
A hr—ATELIETHD. I, BEMNGRENBE T =a— LV EFHATD
Z LT, RERASOFEOFE ZIEIL, FROBPEN~OREELZR ESE5. 20
Reverse #£2 V5 2 & T, FEREMIZ L2 BANOMEI D M OEE Z 5wk 5 Z &
PHIRFTE D,

KIRD -7 XV BROIHI IR S ND T F R, EERRNIFET 27 0T 7 —E0~
TFE =R EONKGIRBETNZ LV BGIIHRI D [9]. DT, #RO#EGORE
RN G- LT <7 F RIX, AERELICIEEZE S D RN e SR 2 L 5 AR D 52
BAZTRT [109,110]. FEBRICATF RaRafk b U CAERNO G 27T 5729
1%, SokhIEE I E T DIK RS 72 E DR Z B RE L7 T UT72 B7ewy. & 2 CARME
KTl RXTF X B EDOEERNITHET DBERIC L 2 0o L2 B g1,
PG 542 DG ~D ARFHIAS ATREZ2 A X U o (Mw: 5,000) ZEH L7=. A XU %, K
WD TN A—=RZTNT h—=ADE ) ~—PHEEG LR ~—Ths [111]. £72, 4 XV
VTR NG DI IS DR THIL S RN T2s), A X 3 kR
V=—IZHEEN5 [112]. 51T, A4 XV %, Mmik-iEara3EE a1 & LT b
TV, A XV 2DOMw i, X2 by (Mw:1,007), EARZ LF 2 (Mw:3,500), T
TPy Mw:4,186) R°, £ LAY L (Mw: 5,808) DK 9 Ry~ T7F KDL LFRIL
DTERICEEND [113]. ZTD7®, A XV 0%, AR 15T Nose-to-Brain #2# 4 i
BB T 2720 DT F ROEF AT LT HREEZAE LTS EEXT-.
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ARETIL, FHRAER G TEZ R T 572012, Reverse 12 X D FREGIHER L OREIK
ORI, B~OARIENER S F OIATZ RIE SRS OV TRl L7z

12



F228 EBRGE
1. {E

[Carboxyl-"*C]-inulin-Carboxyl (["*CJ-inulin, - X U >/, Mw 5,000, 2 mCi/g, #iE > 99%)
IZ, American Radiolabeled Chemicals Inc. (St Louis, MO, USA) LVHEAL7Z. 4 XY D
JEFHEMEIE 10 mCi/mmol TH Y, #i&EX % Fig 2.2 (TRT. A XV T, H5kRR
T 4°COFNFTCRAFE LTz, MhoafSITadm & LTHiRENTWD b D& FRRICHEM L

7z
HO
)
OH OH
(0]
)
OH o OH OH
o O
HO 5 o
OH ©
OH OH
Fig. 2-2. Chemical structure of inulin.
2. EERENWY)

B FEROFERIL, AARTFEFEREZE S (N, AAR) OF#HLZ R TRKREZITT-.
FEREWIE, 4 WD ddY ~ 7 A% AAT 2 )L —ASHE #i, BA) VAL
7o, DAL, IR 23+1°C, WE 55£10%, MAEAAATIER] 8:00-20:00 (12 IFfH]) OBREE N
THIE L, FJEERE MF (4 Y = o 2 VBRI, O 8 JU0VKA B HIcE s 7.
~ AT 3 HRIOPHfAER, RE25-35g D~ 7 A& FERITHEM L.

3. fEmxs
3.1, EEAEE BN 1L (Reverse 1)

Reverse 51X, UL FOFNEICHES THEM LTz, A Y 7 NVT o TRAMIBES Tz~ 7 ADR
EIZRY =F L F2—7 (id, 0.58 mm; o.d., 0.97 mm) ZFf A LKUE Z el L7- (Fig. 2-



3). T, BENSBPECEIT T =2—1 (id, 028 mm; o.d., 0.6 mm) Z#EA L7-.
U AEMETOEE, REMOD=a—LilvA 7y ) P URC TRy L, HiK
T ERE TRENARE L., 53 58KE, (XY &) gL ik
(phosphate buffered saline, PBS) C 2 puCi/mL (200 uM) (ZFAE L7z, S BRNBATIZ RIE S
P GIHE D RB ARG D 72012, SR OB GE T, 5-500 pL/min O#iH T S E 7.
Z DR, RO GREE, 0.05uCi/mouse & 725 L 912, 25uL THE L=, S0 LG
ITICRIET R REDORELRDHT-0I1Z, FH& 5% 0.05 pCi/mouse & 722 K 5 127
L7zt D%, 3.125-25uL O TAL S, 5Sul/min OE TG L. Bh%, —ER
212, Ol D MR A BRI Uz, S ohcmigidomooniE L, Mg, BERLE %
Thlen=r 261, MEEZTRIERICWEE L CGRARZRME Lz, BERUEZ{TH) ~ T A
DEFARRIL, NV R Z R 7% O THIIRO A3 BRT 5 £ Tl b B 21T > 7o 1%
(A L7,

On back

Microsyringe
pump

Esophagus

On side
Directly administrating
Microsyringe in the nasal cavity

Nasal
cavity

Esophagus Supine
&Pharynx position

Fig. 2-3. Intranasal administration by reverse cannulation from the airway side through the
esophagus (Reverse).
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32. ¥ A 7 vy MW Ra&REE (MPIE)

AV TNT L ORNFREET, ~ 0 AD S % ST~ A 7 (SN-487-70-09, >/ il
TEFT, B0 TEV, YU arizlniadbE TvA s abe Xy hERAWT, $KikE &
JEIZ 2 uL 081 25 L % 30 FUMEIC AR A G- LTz (Fig. 2-4). Z ORF, {OPEEEIT PBS T
2 uCi/mL (200 uM) ([ZFASL L 7=, 3KIRIL, ~A 7 0T v 7T OY S O & SErHT i

S, U AOMRIZFEIT LRSS~ 7 ANEBMNES|TEE 274 A4 I I THREL
7o, ifiEds L OEHRRIE, EREO Reverse 15IC L 285 & [RlkE/2 515 CEREL L 7=,

Inhalation
anesthesm
Silicon cap {
\@ N Mlcroplpette

Openable
inhalation mask

/ \
Supine 7 (
position

Fig. 2-4. Intranasal administration using a micropipette (MP) covered with an openable
inhalation mask.

4. HHHEPEDE

HARKIT, MEEEZNER, 55°C T 1-2 K#fi2:) T 1 mL Solusol™ (National Diagnostics,
GA, USA) TIAfiRSHE, Z0%y o F L —3 a2 H 7 5 /LT % Hionic-fluor™ (Waltham,
MA, USA) % 10mL Il z 7=, M4EH > 7 21 Pico-fluor™40 (Waltham, MA, USA) % 3
mL ANz 7z, Ml KO oA XU o OBEHEMEL, Rk o FL—arhhv s

— (Tri-Carb 4810TR, PerkinElmer® Ltd., MA, USA) % T2 H1 7 v, 5 43 fHIE L7z,
FHECHEOMIEIL, SMTHRIEIC K> TITo 72, ik, e & ONCE G-I O BURE
1%, WE STz 2 A 7 VO BEEMEO EIfE & .



5. T — 2T

5 SNT- Y& (injected dose, ID) Tk DMk £ 7 IZMIKIC oA LIzA XU D
FE (%lDgtissue F721Z%IDMmL plasma) (%, #fE 1g 723K 1mL H72D DA XV >
DIGHEMEZ 5 SN 3E T OA XV C OGHEE TR 5 2 & T, ZNENOEEHE
HL7z.

6. #tafENT

HEEHARHTIZ 1 BellCurve for Microsoft Excel®% Vo, 2 BER OO Z O B 25
flid57-812, Student’s t-HE (t-test) ZHWTHT L7z, 2 BELL LD 7 V—T7 DR D
OB, —IoAES M (Analysis of variance, ANOVA) (Z#7#\ T Dunnett’s 1 &
ERWTIRE L. 3 p<0.05 THEHICEE TH D Lk L=

16



H2-3H MR
1. Reverse % & MP A D NI D ikl oo A~ B2

T T 2R EIE, v 7y FALKHHESTWD. Zo&kb 5k
1T, MR LT (5 uL BAT) OFIREERIEHRG L2, EREWO BIENOE
FEICHY 3 D 3R A W P e 5 5 70 Ehkx el 3 o 5 [17,28,114-116]. ZiHD
PP G- DFGGIEB G- DT 1T, o3IO 5 DI~ DRATIT B & T3 FTRE
PN D LRGN A LT, (X LI, MP {E LU ICBi%E L7z Reverse 1EIZ K D 8% 5-03
IR AT I RAF T B E MRt L. Fig. 2-5 12, TRENORER51EE VTS 15
SIRITIT DI, MRERIS L OMERED A XV i~ d . W HOFALIZIBUV T H Reverse
B DEHHDOA XY VAT MPIZHEART, 45 EEWEE R LT,

(A) Brain (B) Olfactory bulb (C) Medulla oblongata
- - *%k -
1 *%k 10 4
*%k
= 0.8 - & T 5 —
3 > 3
@ & @
D 0.6 D 61 >
= 8 =
£ P =
S 0.4 g 44 5
£ £ £
o 5 o
= 0.21 I = 9 — !
I T
0 0 0
MP Reverse MP Reverse MP Reverse

Fig. 2-5. The brain distribution of ['*C]-inulin at 15 min after Reverse. The Reverse method was
administered to mice under inhalation anesthesia at the dosing speed of 5 uL./min and a dose solution
of 25 pL. Mice were sacrificed 15 min after Reverse was begun. The distribution of [**C]-inulin in
the brain (A), the olfactory bulb (B), and the medulla oblongata (C) showed as %ID/g tissue after the
treatment. Each point represents mean + SE (n = 4-5). The significance of the difference in the mean
values between the two groups at the same time was made using #tests. “p < 0.01. Abbreviations: MP,
micro pipette; Reverse, reverse cannulation; SE, standard error.

2. Reverse EIZ81T D EHFERIZ K DA~ D58
I LS BERMESMEA L TWAT280, MO MRIEERIIM ORI b~ T
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R [117]. B G0%, SPITEREED BRI S AUERNIZSAT 5. Nose-to-Brain #%
FED L DT B DI A~EEERBAT T DRI AET 225, IMPITBITT 22 L &2 b 5.
AFFETHW A XV 1%, BBB Z i LW 20N O ME R~ — 7 — & LTH RN
BITWD [118,119]. ©F Y, —FEEMBEPNITHTN L72A X U IR BTS2 2 L1
720>, Fig.2-5 OREFTCIE, SR04 QW AT O BillCREEIR /2 £ & W e B RERALE
AT TN, BNICHTET AIEIZ 046 LA X U b & D T i T2 2 1 E
L, AR E LTRHEL TS Z ENEBEZ BN, £ 2T, Bafh 15 %I OE o
B REN A A LT BERS L OIERERBEC I D4 X U o DIMING T ~ DR % it Lz,
Fig. 2-6 (T Reverse JEIZIIT 285 15 73R ICRMERE & BEFALEREOMM, WLEKIS K OERE
DA XY A E ZNEIRT. WO T HIERILE 21T > Te O A X Y >
IR IARMBEREZ LT, 75-90% A B2l L7z,

(A) Brain (B) Olfactory bulb (C) Medulla oblongata
" 10 R 4-
\
[ [ ,
0.8+ J 8- ST

o Oy J T 37 ‘

= = 1

3 n @

(71} 72} w

= 0.6+ = =

2 2 2

S 9 8 2 ‘

B = b

£ 044 £ 4 c

S S =

£ £ £

- - T 14

2 02 I g 2 ¢

0 Non 0 Non 0 Non
Perfusion T eriusion Perfusion Ferfusion Perfusion | erusion

Fig. 2-6. Effect of the systemic perfusion on inulin distribution in the brain after 15 min by the
Reverse method. The Reverse method was administered to mice under inhalation anesthesia at the
dosing speed of 5 ul./min and a dose solution of 25 uL.. Mice were sacrificed 15 min after Reverse
was begun. In perfusion group, each tissue was obtained after systemic perfusion from the heart using
a peristaltic pump until the blood was decolored. The distribution of ['*C]-inulin in the brain (A), the
olfactory bulb (B), and the medulla oblongata (C) showed as %ID/g tissue after the treatment. Each
point represents mean = SE (n = 5-6). The significance of the difference in the mean values between
the two groups at the same time was made using #-tests.” p<0.001, “p <0.01. Abbreviations: Reverse,
reverse cannulation; SE, standard error.

18



3. Reverse {EIZIBIT B A XV o ORSkARR AT AFE T 5 DR E

Fig. 2-6 DFER LV, Reverse 1EIZ L D GZITHERAE AT O 2 & T, EOIMENEFE

IAFTET DA XY CERDBRIT D Z EPRBINTZ &0, DBEORG CIIH 5520
N> DA By A 4 C OB T L 7=

Reverse (EDRREE GACBIT 2FMIE 2 2H 5. —2IF, BEBGITIIT 2 5 GO
iz ay ha— 352 LR TEL. ZoHIE, BERND I =a2— L EHE LT
% BIERN TR  5 Z & 02D, MCC DIAUIIAT L, MCC Ozl T& 2 mlhelt
Db, T, RWFFETIE, Reverse IEIZEIT B4 X U > OISR AR I T T & HaE
JE DB A fRET L7z, Fig. 2-7 12, Reverse 1512 X 5 60 73121235 1) 2 ki ks & QMg+ o
A XV N RNE T PG O F A 7RT. Reverse JEIZEBIT HEGEEN 5 M5 500
uL/min (ZHINT B2 T, BRERB L OISR 54 X U O AiglE, 30 3 LTV 50%,
FNEIUR T+ DA %2R LT (Fig 2-7A & 2-7B). MER~D/3 &L, IMOZ U,
WTNOREFREIZIEW TS, F10FEVETH o7z, —J, MIE~O ARG IEED
HhNZ & b 2RV R T 2 27~ L7 (Fig. 2-7C).

(A) Brain (B) Olfactory bulb (C) Plasma

0.4 5+ 25
T H * g
8 0.3 + &M + 2 151 +
o o =
a + g 31 £ + +
2 02 + + 53 + * S 1
£ £ 2 <
F F ¢ =
% 04 ol Z 051
e O 5

0 b + J 0 + + | = 0 - ¥ |
1 10 100 1000 1 10 100 1000 1 10 100 1000
Speed (puL/min) Speed (pL/min) Speed (puL/min)

Fig. 2-7. Effect of the administration speed on inulin distribution in the brain and plasma after
60 min by the Reverse method. Drug doses of 25 uLL/mouse were administered in each mouse under
inhalation anesthesia at changing administration speed from 5 to 500 pL/min with the Reverse method.
Mice were sacrificed 60 min after the Reverse method was begun. The brain (A), olfactory bulb (B),
and plasma (C) radioactivities were expressed as a percentage of injected dose (%ID/g) tissue
or %ID/mL plasma after Reverse in mice. Each point represents mean + SE (n = 6). The significance
of the differences in the mean values of multiple groups versus 500 pL/min was made using an
analysis of variance (ANOVA) with Dunnett's test. p < 0.05. Abbreviations: Reverse, reverse
cannulation; SE, standard error.
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4. Reverse T DA X YV o Oi#ARR AT AT T B 5K O 52

Fig. 2-7 DFERND, TG HE ALK T SEDZ L TA XY VOO HNER LIZZ &
N5, BEHHFET 5 pl/min (ZERE LB SRR D EZ ET L=, Fig.2-8 12, Reverse EIC
K28E 60 &ICHT 2k LR DA XU oM REFT R G RO E T
R, RREEGT DGR A 31250l 5 25 uL ISHINE B2 L 25, N L OMRER~D
A XV ORI 2 (LI L 7= (Fig. 2-8A & 2-8B). MRER~D A &IX, Wiho
BHIREIZIBNTY, MO EIZ A 10 5L EEVETH 72, —J7, ifE~oA
XY O EY, BEK5T 5K EOEINC > T L7z (Fig. 2-8C). {AHE 30g @
~ U AR D BIENFFEE, 30 uL THDH I EDD [102], Reverse {ETlE, ~ o A&[E
WERICITWERRE 25ul) 2857252 LT, &b~ XV v oofmEm Lk
TLHIEDBHOLNE ST,

(A) Brain (B) Olfactory bulb (C) Plasma
0.4 61 6

M I ‘g

=] * 3 @

.ﬁ 0.3 + ﬁ L +

=} o 47 o 44

: : . :

& 0.2 + & g

£ £ et >

3 3 2 £ 2

I oy ‘.

? g ) L]

0 t ! 0 + { = ] t {
1 10 100 1 10 100 1 10 100

Dosing volume (pL) Dosing volume (pL) Dosing volume (uL)

Fig. 2-8. Effect of the administration volume on the distribution of [*C]-inulin in brain tissue
and plasma after 60 minutes of Reverse. The Reverse method was administered to mice under
inhalation anesthesia at the dosing speed of 5 pL/min with a dose solution changing from 3.125 to 25
uL. Mice were sacrificed 60 min after Reverse was begun. The distribution of ['*C]-inulin in the brain
(A), the olfactory bulb (B), and the plasma (C) showed as %ID/g tissue or %ID/mL plasma after the
treatment. Each point represents mean & SE (n = 6). The significance of the differences in the mean
values of multiple groups versus 3.125 pL was made using an analysis of variance (ANOVA) with
Dunnett's test. ~ p < 0.001, “p < 0.01, p < 0.05. Abbreviations: Reverse, reverse cannulation; SE,
standard error.
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Boah EH &

AEESY T 4 & LTI F FOL S ey 73mT, §RIRMIR G212 X5 T
DMENZ &0, IERBOEBIZIS T 2RI DIEEIZ /2> TS [10,11]. s
1%, BRI G K D0 & 0T, BBB ZEH AR KA FFOZ Lnh, XTI F RO
WHEFED 7= D D BB 5 R V155 [113]. £ 2T, 8 BIEA~OBAT 2B LT
WAJRED 1 D Th D HIRDOLBE~DOWHICFEH L7z, Reverse (£ TlE, BiBEMNO ==
— V&AL, v~ 27av )y URCVFICROHTTEv ) oo bS8, T OREIC
FoT, BE~OBRGEOWRE AT 5 Z LR TE 5.

[ZUDIT, T T OREBEEGHDOIMA~DS & RS 2 2 & N AREDRETT 57291,
Reverse 1572 5 NS MP BT A X U L OI~D 34 &2 ERBINSFHli L7z, A XV >
%, A AU Y (Mw: 5,808) RTFt LU0 (Mw: 4,186) 72 8 DT F RED L& T
H5HZ &, BBB IEFEMNS L LTHLINTWD Z & [118,119], ARTRET SN2V
0, HHEHEORHZBES D20EN R GMOERIZFANTND Z & [120], 72 EDFR
ERFOZEMBARIET VL LTEHA L. Z0O8ESE, Reverse BB L OMP IEIC L D
BG4 OMG, MRER, B IOMERICB T 54 X U > OMBN RO EE RIS 5 2 &8
T& 7z (Fig. 2-5). & HIT, Reverse (I KD GH DA XU V5 A1E MP IEIZHEA~T, K
4FEU EEVMEZ TR L2, 2D X 91T, Reverse IEIC & AREBEGIZIBNT, Mk 2
HT&722 L7 b, Reverse k1L, AR OREEG%OMBMNI M EFHET 5 5 2 THAZ
FETHDZ LTSN,

WIT, IR AT DA X U U EFHIT 572012, A5 0—EREZ TN A il
H9 2 ERNC RS HERAE 21T o 7o, ARG S FRO—EIE, KilREAEICE=EL
T, BB ICHRIN S, NSNS DH [121]. &b~ Dm 27T 512H
7o T, A XY DX 97 BBB #&%i# LRVWWE L, BMOMENICEGTT 540 XD &8k
Bry B MEND D, BEEFRLEEZIT) 2 LT, MENICHEET 2R E PR LT, Mk
BN DBAAES 2 HGR AT L7z, 2 Ofs R, BERALE % Otk ~DA X Y AT,
TETALE % Jiti S 7270 o T HEAR I FE T 75-90%F2EE > L= (Fig. 2-6). L7=23->C, #%
B LToA XY DL BRIMENIIOM L TS Z ERRRINTZ. 2O Ehb,
VIBEDA XY L o3ATaHili O SRBR T, kA 2 Al C SR O AuE 2 Jits L 7-.

Reverse 1413, WARRRE F T > HE~ORBE G L AEE L, ~A 7P ) IR
Z N THD DGR EE & RO MFE AT C & 2FR a2/ 5. HEEER
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KOS ED 2 SOREF- B3BBG K D51 O~ DFMAT 5 ST D L&
ST

1531 DRI G4% DI~ D AN R TIR G OB P ST 57201, A X
U ¥ DRb~D 530 % ERANZGHE L7z, BEIROMEZ, mE - OERHIC L 2% Rk
& 2 WK DRI 7R R 5.0 8B D O A XV U OEA~OSA R SH 5
DRET LT, EOREE, MBS Lz~ o Ak LT, md-o 5 Tl < R5H Ao
FRGMICIRIR A R A G55 2 LT, 4 XU U OENBE~OAIM E LTz (Fig. 2-7A
&2-7B). ZAUZKR LT, 500 uL/min OHFEIZERE L T 3 B THENITER S LI2GE,
PEN D BIFER MK ~DBATONE 2 7245 5R (Fig. 2-7C), MMEARICIIT 54 XU oA G
ﬁﬁ?bt.:@%ﬁﬁ%ﬁé%%ﬁw&ﬁﬁﬁ(wmmmm)?ﬁ,éﬁﬁ%%%ﬁ
HCONTTEAT D & RIRFS, ORI 2 PRI b IR < 43 Ai T 5. FERCKERELC
T RANTRELAFET D720, MBI A8 U7-300R1E, WOREIR B~ T8 B2 ik Hh
AP L2970 [103]. L72232 T, Reverse I & DR &I G230 THRGIHRFE AN

U, FERRSIE B2~ B I ~OIEOFRIC L VD, H~DOKEEHER 5 F O KT S
52 LRI

1 S P 1% DI~ DA FAE TR IR RO E L A ST 272018, 4 XU U Ofid
DL % BRI L 72, Reverse IHICBWTRET 2 HELE —EICHE LI L&, &
PERIZ AT 5 FIK B O KIFMGHHAE~D A X U DMz SE, —Hiif~oA X
U > DOBARTRD &85 2 L HVRER ST (Fig 2-8). ~ 7 ADSBIERFEITFI 30 uL, =D
BWEDORMEFEZ 56D DK & FECHEIE O R IT 1:1 TH D Z ENEiEShTnd [102].
ANz Lie~ w7 AR LT, MCC IZ#ITT9 2 K 5 (CREMID b S~ 25 pL DFER

OGS 5 2 LT, SORIIIFIREIE | TR BT, AT EIE EEICATE S D kS
JEZR D> D D &0 B~ DREEE 2 U CRIRANIRAT T D 2 E DR S 7.
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w25 N
PR S 51 TH D Reverse 1E2FHWT, RREKRGHIEDE, SFFHEG, #5H
FERS L O BIRE DB A N DRt L, LT O A Z157-.

1. Reverse % FWTZRR &G 15 3L DI~DA XV o ORBITEIX, MP JEIZH_T 3 /%
PLkm R L.

N
R

R GROEFWEREZITO 2 & T, MERNBRIIHML TV, XY VRBRESH
, MDA RIME T L7z,

2

3. Reverse & MW TENE DR CTIE72R AR ORI TR 2 R & 592 =
ET, AR Y 2 DEINDRE~D AT 72~ 7.

4. Reverse 5% AT 0 20 - 3 Em 2 &R 5TH5 2 LIk, 4 XU U OHKN
AL B LT,

VLEX Y, KBRS F2 W TR ER I8V T Reverse 1E1E, N 2 235

DIZAHTHD Z ENRBEINT-. Z 51T, Reverse 1EIZ L A& GRFO&E G 7 5N
BIRENIEA~DORBATICE 595 Z L AVRE STz,
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FEIE

B DI~ DIEEERHE 2T U T KRB 3 F D B BAY 2 37 HE
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BI1H & S

BBB % [E[EE L T & O I3 M) - [E 4052 C & % Nose-to-Brain #2E&ANEH STV
[101,122]. Nose-to-Brain fRE&IZIE, MRS, = XAEE, 72 HTNC CSF 24 L7 of%
DG 5 (Fig. 3-1)[16,17]. MLARRRRREK 2 F ) U7 KSR 0 T ORBATIE, SENICAFE

Olfactory Olfactroy
nerve bulb

Olfactory
mucosa

Nasal Brain
cavity ‘]'l | '
Mucociliary Respiratory Trlgemlnal Brain
clearance mucosa nerve stem

(mcc)

==== Blood-brain barrier (BBB) ===
Esopahgus |‘ Blood ﬁ-

<Nose-to-brain route>
o =) Olfactory nerve pathway
Elimination =) Cerebrospinal fluid pathway
=) Trigeminal nerve pathway

Fig. 3-1. Representative route of nose-to-brain.

T D WLREIR > B W S CTHRARR 235 2 & T, MERE 72 IR E ~ S SN A KT
% [123]. =XARRITRPEN OB L ORFICHIEIC ZnEhnm L Tsh, Zhb
DERNEZ R LT, 1672 & OIS EERET L. 20729, REHKE ShioKEE
HAr 1, = SRR & A U CER NI B ST S-S B INER 72 & DM D% 0%
BilCEES LD, Lo, XM OIS TR 5T, RERK LY
HIA~ORATIZIT 2 BHEMEMEN E 3B 2 HAL TS [113]. CSF RIS, WA & e
FEIEE B W S T2 AKERME T o3 1 3 VBRI B IR L 2 oA L UM BIRIC g S D . —
FT, RPEETEE SR IR SR BICHET S MCC 12X - T, SiEflcbR
EEINDTZD~OBATHRE L HIRSND.

£z, SBEND OIYRIIE, YO Mw IZEFIT D, Mw 23 300 Kl OFMDI1F &
A ETE, BIENSEGITRILES D [124] OIZX L, HiEaFEOHEY) (Mw 600 LI L) 1%
BENTOWINDZE L <R T2 [125]. BRI, #RESBRIN S AL FEM D A~BAT LSO
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TN, BRI A @ 2 SPENERA, RO T2 DITER STV 5 [2,126,127].

Nose-to-Brain #&# ZFIH L 7= 3M1%61E, %DTE B X UO%DTP O X 5 72 E Bl 72 FatE %
EHLT, 7/ %% U T RATEOMIEID L 2 80 DM~ OEEMED Fim ST 5 [87].
LU, MR G ITIE, HHRIC K 2 SRR TEDIE Y [128], SR kEEY 2 sl 5 IHER{
(ZHEBR T 2868 Td> D5 MCC DR [129], & BITHEL SN TR G-HANDMFEAE L 72 e
D FEFRA T COEATOMIE [123] 2 ERH5H. A TIE, ZNHOEREZ TR L, Nose-
to-Brain #%1% Z iE A FHN T 5 728, Reverse i£4 FHWT, &0 BIRA~OKENVEFR 53157
Azl EC& HRBE G LA H _FETHLMNI L. LnL, ZhbOBRERMENED
DIM~OBATZ M LEHTeZ L EZRLTWDBDD, %DTE °%DTP O X 5 72 E &7t
B2 Wz 3RS K UM OARRR A~ D AR DUV TR L THZR0.

T ZTCARETIE, B FETHIE LIOIR AR GEZ VT, Kty 1O
e TE R L 7=
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328 RBRGIE
1. IR

[Carboxyl-"*C]-inulin-Carboxyl ([*CJ-inulin, - X U >/, Mw 5,000, 2 mCi/g, #iE > 99%)
I%, American Radiolabeled Chemicals Inc. (St Louis, MO, USA) X U A L7=. Dextran, Alexa
Fluor™ 680 (7 % A k7>, Mw 3,000) %, Invitrogen by Thermo Fisher Scientific (Waltham,
MA, USA) K VEEA L7 oFEEIFEEEM & LTHIREN TV D O &2 FHEBRIZHEH L.

2. EBREh)

B EROERL, BARTEMFEREZEES (U, AA) OF#ER OKREZ T,
FEREMWIE, 48D ddY ~ 7 A& BART 2L — S ERiE, BA) ZuBEAL
7o U AIE, B 23£1°C, W 55+10%, FRIAUKTIAR 8:00-20:00 (12 K§fE]) DBREET
THAE L, BEE MF (4 Y > 2 VRS, O 38 JOVKE B BB S E .
~ A3 &L 3 HEO PRfAE%R, KE25-35g D~ A EFERICHEH L.

3. fEmxG
3.1. Reverse {£

Reverse {51, 55 % L [RBEOMULE 20 L7=. Reverse 1EIZ X » THE L TH o —ERFH]
HICIrgass, ARG Lo, BOREMEC X 5 8 B AN I BV T B 5 38
WX, £ XV %, PBS T2 uCi/mL (200 pM) (ZFREL L 72, &0 DA~ OB T &2 Wit
T D720, FKOFEHEE, 5Spl/min TITo7z. OG5, 0.05 uCi/mouse &
25X 9T, 25uL TG Lz, #e 5 L Chs RIS, (Ol D MR AR L. 15
AV MR OB L, MAEE ST, SRR, U R 2R TR TR O A
5 £ TUMED O RERERZICHI Uiz, MBRERE LT, IVIE, REHES LFR%EOR
N FE T NTHGHEME R 72 2 X O IR L7238 E A ~ 7 A D RFHIRD & —ER 22 T
Feh L72. Reverse IBEIC L 2FEGB IOV iz~ 7 A0 CSFIEKRZ O 1A LTz iES$t
(30G) JEHfEH =2 —1L (id., 0.28 mm; 0.d., 0.61 mm) N Hp->< VIKF[F5HZ & THRE L.
TRFEERE Y, AR OFMEOTENEIETIX, FERGIZRBW T2 R E S b /e
Mool Lhb, 025 uCi/mouse & 725 &L 5 BN L 7= 3Kk & Reverse {EIC K 55 F
72131V L7=.
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3.2. MP 1%
MP 51, L FRROE 2 fe L7-. M3 JOSHRRE, EFCo Reverse 1 & [RlER
TR AR 7.

4. ReverselEilZ L D54 DR NA A — 2 7 Dex vivolil 53
WARREE R D~ A2, TFART2 280nM) 266 T 5 FefvoF Loy

VB AR B (2-[4-(2-Hydroxyethyl)-1-piperazinyl]ethanesulfonic acid, HEPES) ¥
(25pL) A5 pL/min®DEE T, ReverselBIZTHRE- Lz, ditA A —2 0 7 Dexvivoll 43 TH
H4 280X, 7% A 7> (280nM) ZHEPESIARK (25 uLl) CTHHHl L 7=, THRER I,
Reverselk: & A DHEHEZTV LTZ. IUNA A — 2 7 ORITEIZIZ, In-vivo Xtreme 1T (Bruker,
MA, USA) &IVIS Lumina ITI In Vivo Imaging System (CLS136334, PerkinElmer, MA, USA)
N EIUER L=, B Bl U7= 506> T L, In-vivo Xtreme ITTTHAND A5
BIZ2 U7-, WY, 679 nmfhiEtds K OV02nmEt Y7 ¢ v # —, FEIERERE] 0 108P, F/Stop=2
DERIETHARF LTz, Reversel DI G603 IZHBT DOV X NG DA A= 71T,
1B O/ AT C B < i H X 40TV AIVIS Lumina 111 In Vivo Imaging System % fiff
L7z [130-132]. $-U X AG)IE, BHIEEEND R TT L 7= BAIZ2 mmDE & A F
A A L7z, BBROBIFE, In-vivo Xtreme IOHEARAFIC—Bd 5 L 9 3E Lz, dOtmifg
I%, Living Image®4.72 ¥ 7 h© =7 (PerkinElmer® Ltd., Waltham, MA, USA) %\ T
fifdT L7z

5. BEHEMEDRIE
FEARIE, WEEEZMNER, 55°C T 1-2 K2 ) T 1 mL Solusol™ (National Diagnostics,

GA, USA) TIRfRESH, ZD%y v F L—3 a0 7 5 /LTl % Hionic-fluor™ (Waltham,
MA, USA) % 10mL 1 Z 7=. 83 LN CSF #7121 Pico-fluor™40 (Waltham, MA,
USA) % 3 mL Nz 7. MmiE, fH#k, BLOCSF HoA XU o OgHEEE, ik 5
L—3 9 #— (Tri-Carb 4810TR, PerkinElmer® Ltd., MA, USA) THIE L7=.

6. 7 — ZFRHT
IDIZx9 Bk, CSFH & 7213 Mkl ofi Liz+A X U > OFEIE (%lDgtissue, %ID/mL
CSF % 7213%IDML plasma) 1%, #Hfk 1 g, CSF 1 mLE/IFMIE 1 mLH7=0D DA XV D
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HEHEME A 5 SRR OA XU OBEHEETHRT 5 2 & T, ThEnofEzakEH
L7-. B4, CSFE 72X HIzH1F 5 AUCIE0-12053 F TOZNEND%IDD b IE A E
ICEDEM Lz, 72720, IVE# (047) 1Z381F 5%ID/mL plasmal3¢5-33 L US54 OfE
MOIME L TR %DTEN, #& P 5-RE0 M IZx4 2 ik 5 VWILCSFOAUCE, TV
DENLDIETHRT % Z & bi57- [87,89].

%DTE = (AUCrin or c5¢/ AUC plasma)N/( AUChrain or s/ AUCpasma)iv< 100 =+ = (1)

T Z T, AUCkminl I IS 2 Hepie FE-Ief] it T ififE, AUCcselZCSFIZISIT % Hei
FE IR IR T A, AUCsma THAEIZ IS 1T 2 Wi FE-FRRRT AR Fimfd, INIXReverselilC
LAREEE, BXOIWVITEIRNS S 22

%DTP, 7205, &) DIA~OEFREE 2/ U CIMICERZET 2 oMmxt &L, 2 (2)
BLORK 3) ZHNTHELE L= [90].

%DTP= (B - Bx)/Bn x 100+ * = (2)
Bx = Biv/PrvxPiy 0 )

Z 2T, Bxl&, Reverse IEIC K OMREGHRDOEHIEER 2T LI M E 721X CSF IZBIT 5
AUC OEIE, B3 Reverse 5T & #8545 582 DRERFAY72 AUCkminorcsr, Biv (3 TV 2 D
)72 AUChmain or csp,  Prv 1 IV £ ORI 72 AUCpiasma,  Pin I Reverse 1% VO 728 S B -
£ DOFEEF) 72 AUCplasma 2 3277

7. fEEHRAT

HEEHIRHTIZ I BellCurve for Microsoft Excel®% FiV 7. 2 BE O OO AR M %2 5F
i 57212, Student’s r-test & FHWTHEHT L7z, 2 BELL LD 7 N —T DN OZ2EDH E
PEIZ, ANOVA (250 VT Dunnett’s 1 E 2 WV THRE L=, 2813 p < 0.05 THEMIICHE T
&% L L7z,
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B33 MR
1 HOEAERR b L—Y—IZ K D Reverse 1% W - iR B 548 ORGEER O E A A—V L 7
A XY & Mw DBEIR D OKENER 531 Reverse 1% W2 &5 542 ORMNJRTE
AT D720, Mw3,000 DT F A N T o EHWTINA A— 0 V53417 > 72. Reverse
RIS L D BEH DT XA R T o DA A= 0 71, 60 4312380 THRERRS N 53 e =
LIRVEOEDBIE ST (Fig 3-2A). 8OE0 TR bIRA - T2 5 60 123U TIMIIR
Wil 2 BIEE LTz & 2 A, BAERDN D D7 N HIRER, 72 & QNS KAMO R ARSI R ZBRY Vit
SR BT (Fig 3-2B).

(A)

I
Time

EHEEEEREEEEIERE

High
; Low
(B)

Sagittal plane (Reverse)

Olfactory
bulb

High

Brain stem

Low

Fig. 3-2. Dextran observation of fluorescence imaging administering by the Reverse method.
Each mouse was administered dose at a constant speed of 5 pL/min, with a dosage volume of 25 pLL
during Reverse while under anesthesia. (A) The excised brain was observed from the top. In contrast,
an equivalent fluorescence dose of dextran was IV administered to Reverse. The excised brain was
observed from the top using In vivo Xtreme II. (B) Sagittal plane imaging of the brain at 60 min after
administrating by Reverse was observed using IVIS Lumina III In Vivo Imaging System.
Abbreviations: Reverse, reverse cannulation; IV, intravenous; dextran, Alexa Fluor 680-labeled
dextran (Mw: 3,000).
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2. Reverse YEIZ X 2% ¢ 5-4% ORd#fRES L OV CSF IZ8 5 A X U ¥ O5Ai O RERHER

Fig. 3-3 {2, Reverse {EIZ X 285404 XV o ORGERE, — X, CSF B X O
AT DORFEHERE 2T, A X U U DopAfi &L Reverse 1EDOBGA%, IME LOWLERT 60-90
5y, ZXAHRRT 30 43, 3L N CSF T 60 3Tk & 7e AR 2 2 Z2iur LTc (Fig
3-3A, 3-3B, 3-3C&3-3D). Reverse {£EIZ351F %5 CSF F~DA XU DA, HH5#%IF
IE—EDE () 0.2%ID/mL CSF) TH Y (Fig. 3-3D), IMLHF~D534i b —E DFPHN THERS
L7z (Fig.3-3E). BEFEEG T3 28 a5 O 22~ DM ISENE (WDTE) &
g ~DAFEW R R TR 5 Nose-to-Brain fR DT 53 (%DTP) 1%, FiEiL 1,478% &
3% Th oo, MEBKICH LTS, ZNLOEEZFREMEICEELZEZA, %DTE B X
O%DTP 1ZZNZEH, 611%33 L1V 84% T -7 (Table 3-1).
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Fig. 3-3. Concentration-time profiles ['*C]-inulin in brain tissue, trigeminal nerve, CSF, and the
plasma after Reverse. The Reverse method (@) was performed at the dosage volume of 25 puL. and
the constant speed of 5 uL/min. IV (o) was administered at an equivalent to radioactivity dose to the
Reverse method. Each graph shows distribution of ['*C]-inulin in the brain (A), the olfactory bulb (B),
the trigeminal nerve (C), the CSF (D), or the plasma (E). Each point represents mean + SE (n = 5-6).
The significance of the difference in the mean values between the two groups at the same time was
made using t-tests.  p <0.001, “p <0.01, p < 0.05. Abbreviations: Reverse, reverse cannulation; IV,
intravenous; CSF, Cerebrospinal fluid; SE, standard error.
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Table 3-1. Pharmacokinetic parameter in the brain and CSF after ['*C]-inulin administration through Reverse.

Section Route AUCbrain . AUCCSF ' AUCbrain/ AUCplasma AUCCSF/ AUCplasma %DTE %DTP
(%]ID/g brain - min) (%]ID/g brain - min) (%) (%)
Reverse 24.52 £5.50 - 18.95 £ 0.25 - 1478.49 + 188.49 93.24 +0.77
Brain
v 3.33+£0.82 - 1.28 £0.13 - - -
Reverse - 23.63 £5.15 - 18.26 £ 0.15 610.97 £99.26 83.63 +2.29
CSF
v - 7.76 £1.57 - 2.99 +0.40 - -

Each value represents the mean + SE (n = 5-6).
Drug Targeting Efficiency Percentage (%6DTE): Relative exposure of the brain to the drug following intranasal administration versus systemic administration

was calculated using Equation (1). Nose-to-brain Direct Transport Percentage (%DTP): The relative amount of drugs reaching the brain via the nose-to-brain
pathway was calculated using Equations (2) and (3). AUChmin, or csr represents area under the curve of the brain or the CSF. Abbreviations: AUC, area under

the curve; Reverse, reverse cannulation; 1V, intravenous; CSF, Cerebrospinal fluid.



3. Reverse {EIZHBIT 5 A4 XV DKW

Fig. 3-4 |2, Reverse {52 L D #e5- 60 0% IZH1T DA XV o DIRN Y Hi & 759 MP 151,
Reverse V£ & [AIZE 72 3K ENZ 72 5 K 9 10428 25 L % 30 B8 2 pL 25 D RE~AH.
28 5-L7=. Reverse 1EIZ X DM L OMRER~D A X U O3 wlE, &5 60 %I
TMPIEOZENDL LY, K2 HEABICEWVEEZ R LT (Fig. 3-4A & 3-4B). 21K L C,
S AR L CSFIZBIT D4 XU U O53Ai &L, Reverse {£35 LU MP {5 & ORI TIEIXRIS
T o7z (Fig. 3-4C & 3-4D). Reverse £ THIE L72 T N TOMEROFT, =fkiIxbd

BV (9 20%ID/g tissue) Tdh o 7.

TR D4 XV O EIE, Reverse & MP EDR CTHERELZ RS R o72
(Fig. 3-4E). Reverse {EIZ381T D IMH~D53A01E, MP IEIZHAT, K 30%EVMETH 7
(Fig. 3-4F).

—fZ, BEEEE SN EITEPENTMCCIZ L BEMICHEH X528, Reverse %
DEJE~DA XV DA ERIE, MP BT, #15% &b TR > 72 (Fig. 3-4G).
ARk, REMRRHEE#TH 20 LRIV T O M EICEERZET RN D0,
Reverse {EIZ L DA XU O EIIMP k& ik LT, BT 28mTh o7 (Fig 3-4H
& 3-41).

S BT, Reverse 1572 BTN MP BB DG GHDA XV D, BRER, =i
#%, CSF 35 X UMK ~DF 75 % Table 3-2 1ZF L 72, Reverse k& MP IAIZ L D&
FEMITHER L7 L 25, Reverse A2 & DiMdS K UMRER~D 34 1E MP {AIZHA~T 2 fi%
LLEEVMEZ R LIZOICRT L, = X4, CSF B X OMIE~DONFITIEE A EFEBBD 5
niginotz.
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Fig. 3-4. The biodistribution of ['*C]-inulin at 60 min after Reverse. The Reverse method was
administered to mice at the dosing speed of 5 pL/min and the doing volume of 25 uL. In the MP
method, a total volume of 25 puL administration solution was given at 30 sec intervals, via 2 pL doses.
These were given in alternating nostrils. The IV injection was given through the tail vein at an
equivalent to radioactivity dose to the IN administration. Mice were sacrificed 60 min after
administration. White bar, black bar, or gray bar expresses IV injection, Reverse, or MP, respectively.
Each graph shows radioactivity of ['*C]-inulin in the brain (A), the olfactory bulb (B), the trigeminal
nerve (C), the CSF (D), the spinal cord (E), the plasma (F), and peripheral tissues (G—I). Each bar
represents mean + SE (n = 5-6). The significance of the differences in the mean values of multiple
groups was made using an analysis of variance (ANOVA) with Dunnett's test,  p <0.001, “p <0.01,
p < 0.05, ™p > 0.05, versus Reverse. Abbreviations: CSF, Cerebrospinal fluid; IV, intravenous;
Reverse, reverse cannulation; MP, micro pipette; SE, standard error; n.s., not significant.
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Table 3-2. The distribution of ['“C]-inulin in the tissue, CSF and plasma at 60 min after
intranasal administration methods.

Method Brain Olfactory bulb  Trigeminal nerve CSF Plasma
eHmo (%ID/g tissue) (%ID/g tissue) (%ID/g tissue) (%ID/mL CSF) (%ID/mL plasma)
Reverse  0.27+0.05°  3.40 +0.60" 215+7.42 0.24 £ 0.05 0.90 +£0.22
MP 0.11 £ 0.04 1.49 +£0.44 19.6 £5.06 0.14 £ 0.03 1.24 £0.19

Each value represents the mean + SE (n = 6). The significance of the difference in the mean values
between the two groups at the same time was made using r-tests. p < 0.05. Abbreviations: CSF,
Cerebrospinal fluid; Reverse, reverse cannulation; MP, micro pipette; SE, standard error.
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B34 EH &

Reverse 1EIZ Ko KR 2545 &, MEROFTED L oM ERT
ERHEST 572901, Mw3,000 DT F A KT 2% AW TR Z2IMN O 5345 JRITE % exvivo
T L. A X U LARRICSHEOEEZ BT 57 X A M7 U103, REREG#% O
KON ~D I ATFHE [23,133] 22512, ABIET 01 LTHWE. ZOREE,
60 31T F N TRRERSC KM AT 7 sEIk OFH I o 72 - Tl IRWVEE A BIZR X 72 (Fig. 3-2A
& 3-2B). Kanazawa & DT, Mw 10,000 DKEMEWET ¥ A 7> (AD-10K) DOF%
SERETIXHOEARH SN > T DIZxt L, 8 DI~ OSRYligs 2 et T& 5F /%
¥ U7 (stearylated-arginine-rich peptide) (Z#&#E L 7= AD-10K O3 AmIFBIAEDRERIZ—F L
T, MRERERAITHR VEOESER AL [134]. T DOFEHIL, &3 THiil L7- Reverse 1EIC
B oG HEORER (Fig. 2-6A & 2-6B) DOMLER~DA X U > BRI R TR E D
S Z EEZFFL TS, Thome i, IGF-1 ZfREEEE LI=BEDY P2 VYR O554i%
FHI L7z [17]. IGF-1 1 ZAR Y X7F R TR SN TEY, A XV 2 & RBRICKEMEFR 51
Thb. BIEOFER (Fig. 3-2) 13 Thorne & DR & [FIERIZ, BERNLICH B /94 L Tz,
LT3 o T, KM IR DI~OBATHIL, BAEIE DRI S VT b 704 LS9
FTUVRERICSES LD T LAV S iz,

A XU % Reverse 1E1Z K D544, IS K OWRER T 60 3 FHITIC B — 7 Z o4 WEHERS
DMBIEL S 4L72 (Fig. 3-3A & 3-3B). %DTE |3 E4% 528 1T DI~ OBATIEIZ W T,
DIRPICIEET DO B I 2T, T70bb, ZOED 100% 52 256, b0
IV ICHARTHERRRICHMT D 2 L EEWT D, Reverse IEIZ L DARFERMN BB LN
MIZH1F 54 XY DOUDTE 1, 1,478% CTh>7=. L1=7238-> 7T, Reverse 5% AV -
HiZ, IV AZHARTREBIER 725 15 fERERIIIMN~EETE 5 Z L 2 ERIITRL
To. B NTETH DRHESFHIEEEIN 1 (basic fibroblast growth factor, Mw: 18,000) 0k
k5 %DTE 13 272% Cdh 5 Z & 225 [135], Reverse 141 MP ¥EIC K A& 12k
~C, Nose-to-Brain ##& & [EHST LT, KEMET T2 MR IS EETE I H 2 L
IR X372, Reverse TRIZ K DA X U L D%DTP IZAHIZIN T 93% T~ 7= (Table. 3-1).
Z DFERITA XU D 90%LA L3 Nose-to-Brain I 2 ELEERH L= Z & 2 E KT 5 (Table.
3-1). T BXTFRTHLERIZ LF L (Mw: 3,562, 47 X ) —)LoKHEcfe%r 0.232)
A F T h v Mw: 1,007) D%DTP 1359 80% Th -7z [23,91]. L7=23-> 7T, Reverse i
WA XY DO A~DBATIE, ~A 7t~y haHWoRRab5IZioeR7 LT
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ATHEAT, BRI B OINIZ Y Nose-to-Brain fREEOF AR 2 m b2 L 2RE L T
W5,

F oI D& G AT, R V—T TR (K5 ub) CHEElEIS 50
12 FRRE TG T D5 HEN ZVE TICHE SN TVWD [17,28,114-116]. ABFFETIE, #K
B2 pl % 30 BHBE CH B AR BIZ AR 25 uL 2% 595 MP IEA & IR L=, 2 Ofksa
BHEZFNT, A4 XY U OENSAEIZ OV T, Reverse 14 & Hol L7=. Reverse %513,
W~ DOBATED T b < 7o o 7B 53 5 uL/min & 5% 25 uL THREF L2, Wgo
REBBEEICET ZEMIEE B B 6 HSUUNICKD S, ZOREE, Reverse DS 60 2314
2B DM L OMER~D A X U 4571, MPEL D HEICE -T2 (Fig. 3-4A & 3-4B).
570> O i ~HM) % 1R T D LRI I AR dS KON CSF 82 6 5 [17,29,136]. #hiE
RREEIZIE, MRARRRES L OV AR FAET 5. — 5 C, = XA KOV CSF ~D 43l
Reverse 14 & MP 15 & ORICH B/ FEITRBO D o7z (Fig. 3-4C & 3-4D). FITHLES
TR P RRAAR, PSRRI 1 = SR S B B I CAFAE T D [103]. LKA BRI S 7= 1%,
CHMRD E 7o I TR O WAL TS SH, MERRIZIA © TR AR AT
HMERICEET S, ZHubH A CSF IZHERE LT D [137]. MUAREGEREE & 1350, b9 1
DOMHEIERE T D = XAPEIREEIT,  SREIEOREIRERR ) B = XAt 248 L CHE M OfK
FRICEIET D, S DIMA~OEIAC I T = SURIE, IS MPIRERRD » D sk ~Z2H L C
WD [19]. D72, =R OERE, FHESOOMICRSBEEG T B 6N,
CSF (37U /37 v VI L > THE 28R 5 [138]. 2 OfIE, A& nR
T OEEN e Rl LE RO EIREZBE S5 [139]). 207, KEEEs+Thod
immunoglobulin G |F# & 514212 & H FAZENICFTET 5 2 & 3 R L — W —E AR
BN S BN >TWD [140]. L2235 T, Mw 28 5,000 B O KIEMEYE 130 S fk
FA i & JAPREN ~G3 A L, 70 8Ty 7 BRI & o T CSF 2785 L TRMIZ oA
T5ELEZBID. Reverse IEITFIT, PR b = XARRGREE TI37e <, BREEA I L
TRRLERMA S CSF EIIMMSEICATT 5 Z LAV Sz, LinL, Rafb#%n1 X
U > @ CSF ~OATHMRERSS = XAHRIZ LR TIREN TH D Z L0 d, A XU Off~D
BB HD A T =X E, CSF DEGMNMENEEZ BN D, Reverse AN T= 85 60 43
BITBT DHERE~DA XV L OHAAENL, MP {EIC X B E5H 0010 & A B/ FIEITED
SZedsoT- (Fig. 3-4E). Reverse {5 TIE, MP IEIC X B~ (0.11%ID/g tissue,
Fig. 3-4A) X VI3 5@+ XU DA (0.27%ID/gtissue) CTdH-7-. Kamei HiE, A >
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AU (Mw:5,808) Z~A 7ty MILVY 10puL &% 5 Lzt 25, 60 %I
%% DRI IE 0.05%ID/g tissue LA T Ch o722 & Z2#E LT D [26]. Mw 23TV
HEWVWST, KERPLTLE 7 4+ —T o v TS A BT 2 5 77 F RIC
SMETE D LIFRLZ20. Lo, AEIOA XV 0L, REfE 15-60 0% ORI HT
T, BUOMRERENL TRV R DAL, A X U 2 OWERPN A TP AR I~ TR 10
BFOREZRLTEBY, 4RV (RER: £ 0.06%ID/g, fik: £ 0.005%ID/g) [26] °=F
Uy (RER: K 2%ID/g, Bd: 9 0.1-0.2%ID/g) [141] DO#EAIHERL L T /-,

& 512, Reverse IEIZMAEFCRIE, fitids L ORI & 9 22 KRk ~DA X U > D534
B% MP £ X 0 SH7- (Fig. 3-4F, 3-4G, 3-4H & 3-41). SERNOIEY)IE MCC Ik -
TEED HUFHERM~FRAL, THBE PR S D [142]. ARBFZEICEIT D Reverse 1E1E, 7=
o — LAEEID DI LY 2 BIENICE G 5. Reverse EITEIE~DA XU D5y
fif % MP 5 X 0 ) SE7- (Fig 3-4G). £D7-%, MCC DIl 2 S5 2 & T, T
SO A XV AR OIHNZDRN D EFZ 2 BT, ZHHORR LY, Reverse £,
IF o BRI 330 VT Nose-to-Brain f2#8 2 /1 L7 37 U /3 U — ORI BRI 2ei st 57
ETHDLZ ERRgESh.

ZID DFERIN D, ARBFFETHRZE L 72 Reverse VA2 £ 5 2 DDET A5 1- DA LI, Nose-
to-brain #&EE ZF ] LI MR IGIR DT O D317 F FOBFERAE L 720, FEH A
ThbHEZEZTND. L, TV AR—F —DPFET 5728 BBB D E A &
U R P-fEZ L% (P-glycoprotein, P-gp) DIEE THDH L7 v AR Y AH L TE, A
FERDA XY T XA RN T UNOEONIAEREZOEEIMFT L LIFH L. fRE
FEIZRBNTY F 7 AR—=4—DEERERmSNTEY 28], 1A AT AR
— 4 =% L TBBB 2B T 5720, 4 XV L3RR DEEE R DHAHEENHH. S5
(2, &5+ P-gp BEDSAMEREICEAT 2 E T H D DD 28], ToFDL 7 1 AR
¥ (Mw: 1,202) 7¢ E& W2 HAMEIREIC BT oS ITIZ L A L. v m AR TR
K RITEL TV 2 P-gp OFBRISMELHEEIZ K > TRMBM~OHEZHIRI A TL
F 972, A XV 0 Nose-to-Brain 53411 & V) bR MEZ RTATREMN B 0, S %FET D
VEENRH D LB 2 TN 5D. Reverse IEITREEEOEmOIRER 5L TH D, A% OIMERIC
%9 B X7 F ROIREN R a8 5T 70 —FClL, SN ORI Z 4
T DKM E A [143,144] CRE~OBATIEZ M LS 5T/ KiF [145,146]) Z#FIH$ 5 2
& T, Reverse {ED X ) ITH~DOBATHZ M L TELHTHA . £z, MREAT T REA
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L7 RS Z I ~EE ST D58, R TF X —B e EORTTF RS xrd Dtk
°BBB B CTX 5 L) 72 E 5325 2 L TED LTV D [147-150]. 216 D%
RAEESE 2 - T~ T F OB .7 7 u—F BT 09813, IR BRIAERIC ST 5
R _TF ROBNOIRADOT VAN —Z 0] ESEDH72DDA I = AL E AT 240
LRDTHAD.
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BISE N
55 FCRHRE L7c Reverse {E% VT, KIEMEHR T OIEN AR Z G L TUL N OZEIR
s

1. Mw 3,000 TOTFRA KT OFG1E, #51% 60 73123V TIRLERES L UKIKORITTIC
B EE ST

2. Reverse iE1L, IVITHARTA XU 2K 15 BRANIMN~NEETE 5 Z L2 EER

(R LTz,

3. A L2 90%LL DA X 1 2 )3 Nose-to-Brain #£K2J L Tk I/ L 2 E&E
AR LT,

4. WLREIRSEIC 1T D HIEOMEMEZ RS E L Z LICXD, A XU DR DBI~D
BATHRIIA R E LT

5. A XV DOEXMEA~OBITEIZE NS DD, M~OBITIHEN T &5 = sk
B2 KD A~DORBAT DO HITMRNT & 2R LT,

6. Reverse 1E1E, BNy MIXARERGOMETH > =B ~DOFEKROFH 2K 1/6
\ZFE TR S .

LIE, Reverse 5% A2 R G1T, & DIMA~DRREREI 21 LTk 705y
Az ERANCFHME CTE 5 Z LAV S iz,

41



42



ABFFETIL, 5> DI A~DIKIENME R 43 152 BT 2 A &2 EEANCHA LT 5728
AR E P 595 Th D Reverse 154 BA%E L7=. Reverse 1E% W T, KEMEFSFOEND
A~ 2 BT L, LA FOMRZE-. AFEORREOMES Fig. 4-1 (IR L7T-.

1. Reverse {E£IZ K 2R BB GHFO KGR & R EWRE, KB 1D &80 6 i ~D
TICHGT AR THHZ EEHLNE LT,

2. Reverse IEZ WA Z & T, B BIM~DEERIE 2 UT- KM 01 D505 & B &
BN CE A Z L 2L E LT,

FFREOBIFEC LD, Reverse {2 IV NTZKIETET 5310 570> Bl ~DREATHRERE A3 E B
(RENTz. AT, ARBFFETHHIE L7z Reverse 15T & 5 & BIMA~D /A a Al 2 5ok &
LT, RO F_TF FOEA 2RI 5 Z LI2X D, BITERIID-SRIRANC
PR T F Nz Dk GRAN OO B 70 s Z LTSNS,

Directly administrating

Microsyringe in the nasal cavity D Respiratow mucosa
pump
1]

[ Olfactory mucosa

&Pharynx Supine cavity \
position

Esophagus

3.4%ID/g tissue
Olfactory 0Ifactroy
nerve bulb

e — i
. Brain
cavity
0.24%ID/mL CSF f ‘
Mucociliary Respiratory Trlgemlnal |
clearance mucosa nerve

(mcce) 21.5%ID/g tissue

—=——= Blood-brain barrier (BBB) - -
Esopahgus ‘ Blood ﬁ

Olfactory
mucosa

0.27%ID/g tissue

Brain

stem

7.8%ID/g tissue 0.9%ID/mL plasma <Nose-to-brain route>
S =) Olfactory nerve pathway
Elimination =) Cerebrospinal fluid pathway
= Trigeminal nerve pathway

Fig. 4-1. A schematic diagram showing nose-to-brain route with the Reverse method.
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