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Chitin, a linear polymer composed of  (1-4)-N-acetyl-D-glucosamine unit, has been proposed for
use as a functional material in medical and pharmaceutical fields, because of its biocompatibility,
biodegradability, the absence of toxicity, adsorption properties and free radical scavenging activities.
Recently, surface-deacetylated chitin nanofibers (SDACNFs) were prepared by Ifuku ef al., by partial
deacetylation of the amide groups on the surface of the chitin nanofibers. SDACNFs have various
physiological activities such as lipid absorption inhibitory and wound healing effects etc. However, our
knowledge on medical uses of SDACNFs is currently limited. Therefore, we investigated the application

of SDACNFs to medical and pharmaceutical fields.

1) Renoprotective and antioxidant activity of SDACNFs in nephrectomized rats

In this study, we described that SDACNFs are more effective in decreasing renal injury and oxidative
stress than deacetylated chitin powder (DAC) in 5/6 nephrectomized rats. An oral administration of low
doses of SDACNFs over a 4 week period resulted in significant decreases in serum indoxyl sulfate,
creatinine and urea nitrogen levels, compared with a similar treatment with DAC or AST-120. The
SDACNFs treatment also resulted in an increase in antioxidant potential, compared with that for DAC
or AST-120. Immunohistochemical analyses also demonstrated that SDACNFs treated nephrectomized
rats showed a decrease in the amount of accumulated 8-OHdG compared with the non-treated group. In
in vitro studies, the interaction of SDACNFs with a uremic toxin, indole molecule, was much higher
than that for DAC. These results suggested that the ingestion of SDACNFs results in a significant
reduction in the levels of pro-oxidants, such as uremic toxins, in the gastrointestinal tract, thereby

inhibiting the subsequent development of oxidative stress in the systemic circulation.

2) Application of SDACNFs sponges for the wound healing

Beschitin® is a commercially available chitin-containing wound dressing and widely used in clinical
fields. In this study, we described that SDACNFs sponges are more effective in wound healing of model
rats than Beschitin®. The wound areas of the excision rats were significantly decreased by the application
of SDACNFs sponge groups, compared with those of the non-treated or Beschitin® group, on days 4, 8,
10, 12 and 14. In histopathological studies, the complete skin generation including re-epithelium was

observed only in SDACNFs sponge groups, whereas the re-epithelium generation was not adequate in



the non-treated and Beschitin® groups. SDACNFs sponges had a higher water-absorbing property than
Beschitin®, which may contribute to the more effective wound healing. The results indicated that

SDACNFs sponges were superior to Beschitin® in the wound healing effect.

3) SDACNFs reinforced with sulfobutyl ether B-cyclodextrin gel containing prednisolone as potential

therapy for inflammatory bowel disease

SDACNFs reinforced with a sulfobutyl ether B-cyclodextrin (SBE-B-CyD) gel were developed to
obtain a controlled release carrier of prednisolone (PD) for the treatment of colitis. PD was released
slowly from the gel at both pH 1.2 and 6.8. The in vitro slow release of PD from the SDACNFs/SBE-f3-
CyD gel was reflected in the in vivo absorption of the drug after oral administration to rats. These results
suggested that a simple gel composed of a mixture of SDACNFs and SBE-B-CyD has the potential for
use in the controlled release of PD. We also evaluated the therapeutic effects of the SDACNFs/SBE-f3-
CyD gel containing PD on dextran sulfate sodium (DSS)-induced colitis model mice. The administration
of'the SDACNFs/SBE-B-CyD gel at intervals of 3 days from the beginning of the DSS treatment resulted
in a significant improvement, not only in colitis symptoms but also histopathological changes in colon
tissue. In addition, the therapeutic effects of the SDACNFs/SBE--CyD gel on colitis can be attributed
to decreased levels of neutrophil infiltration and the development of oxidative stress. These efficacy
profiles of the SDACNFs/SBE-B-CyD gel containing PD suggested that it has the potential for use in
the treatment of, not only colitis, but also a variety of other disorders associated with inflammation and

oxidative injuries.

The prophylaxis or therapy associated with combined uses of drugs with SDACNFs will give a new
strategy for antioxidant treatments in several types of diseases including renal failure, because the
antioxidant effect of SDACNFs is unique and differs from that of other conventional antioxidants.
Further, SDACNFs/SBE-B-CyD gels are useful for preparing homogeneous high-content gels capable
of carrying poorly water-soluble drugs. In conclusion, SDACNFs or their derivatives could be used for

several clinical applications because of their safety and multifunction.
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Fig. 1. Structures of chitin (left) and chitosan (right).

Bl 21X, Camacho ® %, ¥ b¥ v OFROPIREIEMEIIREEL Y S FFFEMETH Y. 2D R
H=Rnb LT, @ EYofifaEibic nEZ s gk, . MEn & ofMlasMgEeEIcn 3 2 F
FHvoFL— R @ MIEAND DNA & b9 v OMEMHEIERICL 2 2 v 28
BPHEZR @ [EICHEE L2 by v & BICHE L Mg o BEMAIERIC X 2 Mo/

EEMMRICLZ2ZEZ2WMELTWDE Y, $72, F M VOPRRIERICOWT, Yoon bl



LPS Hllick WV ~2u 77— U0 EEIND RIEWEY A P4 v TH S TNF-a ¥ IL-6
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(surface-deacetylated chitin nanofibers, SDACNFs) O FEFE AT % 7 L 72 (Fig. 2)* o
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Fig. 2. Appearance of CNFs and SDACNFs.
CNFs : S. Ifuku, Molecules, 19, 18367-18380 (2014).
SDACNFs : M. Egusa et al., Int. J. Mol. Sci., 16, 26202-26210 (2015).
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Fig. 3. Proposed mechanism for the renal protective and antioxidative effect by SDACNFs.

ROS : Reactive oxygen species
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Fig. 4. Adsorption ability of SDACNFs, DAC, AST-120 and CNFs against indole after 1hr (A) and 24hr
(B). Results are shown for SDACNFs (black circle), DAC (white circle), AST-120 (gray circle), CNFs
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SDACNFs. DAC. CNFs. AST-120 @ 1 Kfffids X O 24 Fifiite D 4 v F — vl % Heis L
724558, SDACNFs D A4 v F— VIS X BRI KL, /7 774 =L L Tz

DAC B XU T £ F LD 1%RED CNFs X Y b EN-EREER L7 (Fig. 4).

Table 1. Adsorption parameters determined from Langumuir adsorption isotherms.

1 hr 24 hr
K(10°'L/g)  q (mg/g) K(10°L/g)  q_(mg/g)
SDACNFs 0.8+ 0.4 22.5+ 6.4 0.8+05  233+4.6
AST-120  0.7£0.2 231429 73+3.0  97.7+21.2
CNFs 0.30.1 6.7+ 1.5 0.3+0.03  6.2%0.2
DAC 0.2 +0.01 2302 0.2£0.05  2.4£02

K : Equilibrium constant, gm : Maximum absorption amount of indole
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BRI : 4 v F — VIS REEHN S H), SDACNFs @ 24 RfifRic 1 2 4 v F— i K& &
lZ. AST-120 ® 1/4 2 TH %23, CNFs ® DAC ICHAT 4~10 fERZE W LD H 5,
¥ 72, SDACNFs @ KfEd XU qufl 13 1 KR L 24 Rl c2L L w2 b, g
X AST-120 & HEEZL T & 2RB X 7z (Table 1), LA EDFER X O | SN[ v F—
NOWEINEF 7 7 7 AN LIS X 2 RABEOW KL T I 7 HOFENEETH 5 Z L 25R

%X N,

%270 SDACNFs OBE{RESL X UHBR LR

SDACNFs T X % BR#ESh R A Wit 2 720, 5/6 Blgfibifi # T L7277 v FicX v
AT L7z, 4 BB O TfIE . SDACNFs, DAC, AST-120 % Z I Z i1 40 mg/kg/day THEIT#
H LU, 0s X4 EEBICRIMLL . ST % 1T o 72, 5 4 BRICE T 5 E0E T X —
2T BIRFEEFR (blood urea nitrogen, BUN), 7 L 7 F = (creatinine)., fEH Y >~ (inorganic
phosphorus, P), IS =& D% ) % HI5E L 7245 5. SDACNFs KU AST-120 &Z58ficks v, JF
TR L C, BEENHI oMM 3BIE S 7z, FFIC SDACNFs #&5H#FTClk, 3T
BEENT A=W THEREKTAEZE I N (Table 2), KIC, %5 48%ICE T 50
b7 A — 2 OZH)% PAO (Plasma antioxidant potential) 1 X U FFfifi L 72455, SDACNFs

BGREICH T, JERGRE L L C PURRILIER 2 4R 9 2 s8I S n7e (Fig. 5).



Table 2. Serum biochemical parameters after administration of SDACNFs, DAC and AST-120 to the

CREF rats.
CRF SDACNFs DAC AST-120

Body weight (2) Oweek  339.7+14.4 364.0+77  3658+9.9  3383+154
ywaght 2 4week  394.0+184 371.0£159 382.0+22.4 392.6+9.8
0week  70.1+5.4 59.5 + 6.2 68.0+47  60.3+3.0

Serum BUN (mg/dL) =\ 1378+225 552+7.0° 110.6+28.6 87.9+19.0
Serum creatinine 0 week 0.9 +£0.1 0.7 +0.1 0.7 +0.0 0.7 £ 001
(mg/dL) 4 week 1.9+0.5 0.8+0.1 1.5+0.4 2.2+0.3

0 week 6.7 +0.21 6.0 £ 0.41 6.1+034  65+0.29

Serum P(mg/dL) g yweek  99+215  53:065°  68+151  6.1+068
Serum IS (uM 0week  11.9+1.4 9.2+19, 9.6+1.7  12.6%1.6
erum IS (uM) dweek  265+4.1 14225 20.1£52 18719

Oweek — 697.1+63.6 617.4+134 ~ 570.4+51.6 690.39+52.1

Serum PAO (M) 4 week  500.6+63.6 736.55+99.9" 553.99+136 591.77:+56.8

Values are expressed as the mean = SEM (n = 4-6 rats per group).

*» <0.05, compared with CRF rats.

1000 —

800 —

600 —

400 |

200 —

Plasma antioxidant potential (uM)

CRF

SDACNFs

DAC

AST-120

Fig. 5. Effects of SDACNFs, DAC and AST-120 treatments on indices of oxidative stress using plasma

antioxidant potential (PAO).

Results are shown for 0 (white) and 4 (black) weeks. Results are expressed as the mean = SEM (n = 4-

6 rats per group).

#*p <0.05, compared with CRF rats.
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% 3JH SDACNFs 285 L7-7 v F OFHBOBE

RBRBHLG 4 B O Bls % i #%. PAS Yt (Periodic acid Schiff stain), Masson’s trichrome
Petts, 8-OHAG #eft% 1T -7z, PAS Yffi (Fig. 6A) 13MEX v X7 EH 2 Yt s 2 15ETH Y |
BB E - ¥ 0 L e I N 5 720 R ERIACIRME 0L 2 BIR T 2 0IcHHTH 5,
Masson’s trichrome 34t (Fig. 6B) X BJRAAE Z Jeti 9~ 2 /735 CH 0 . AR OB % B 3
52 ENRTE S, 8-OHIG Hifh (Fig. 6C) 1* deoxyguanosine (dG) 2 b TH L % 8-
hydroxy-2’-deoxyguanosine (8-OHdG) % $t 3 % b DT, LA PL A~v—Hh—L LTHW®
LT 5, PAS Yiftids X O Masson’s trichrome FfafEi, SDACNFs %5 L 727 v b
DEMIL. RGO 7 v F OBl L L <, HBFRVE L BRI PR LR
Nizo /2, LA ML 2DIEETH % 8-OHIG FEDFER, LA L AR I N TE

b, ENTBRESNREZRL 72,

(A) PAS

CRF

CRF
—+

SDACNFs
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(B) Masson’s trichrome

CRF

CRF
+

SDACNFs

(C) 8-OHdG

CRF

CRF
+

SDACNFs

Fig. 6. Micrograph images for the renal tissue of CRF model rats after administration of SDACNFs. (A)
Periodic acid—Schiff (PAS) staining, (B) Masson’s trichrome staining, and (C) immunofluorescence

staining of renal 8-OHdG (8-hydroxy-2’-deoxygenase) images. Non-treated CRF rats and SDACNFs-
treated CRF rats were measured after 4 weeks of administration as described in materials and methods.

Each scale bar indicates 200 um.
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B3I ER

AETlX. SDACNFs @ CRF #EFTICH 3 2 HIHIRN R 2 at L7z, CRF 1d. B X 0 %)
KICHEM S W3 REBEME L ERT 2 2 L CELT 3, COBLEF <03, REBIE
PEORKE 22 b D% RINE TRV EAEETH L, ZORFBHEVWED —2IC 1S 2°H
5,18 WEBFEFICEEND MY 777 vAEBNMEIC X 0 REE N4 v F = o ARG
VicdHz, LidoT, HLERNICBWT, 4V F— A2l FEERICHl s 22 C
&5, CRF BALRPIC-DICEETH L, 7/ 774 =%, BEOFFvELIUF v
LHEE L TR~ EES EL T Y REFED KE Wizd FEFENIC, v F— L 205 -
PEHc % 2 A[REMED H 5, %2 T T, SDACNFs O 4 v F—VIERE%R invitro TRHfiL 7z & &
By F 7T 7 AN—IFERET DHIOFEEITH S DAC B L UOWT & F M LED 1%RE LK
W CNFs & HIRL CTENA ¥ F =V BEIREZ R L7z, IR A v F— VO ICIE,
F 7 77 AN X BREBEOMARL T I ) EROTFENEETH 5 2 LRI L7z (Fig 4
and Table 1), KIZ. 5/6 BN Ml 2 {17 L 7= CRF 7 v i SDACNFs %% HfRO#5 9 3
T LiC k2B IREMRZMET L 72, Z DfEF. SDACNFs 1& DAC XU AST-120 £ 9 % 7
L7 F=v Lo L LEMILE YT A — 2 QGESR AR L7z (Table2), Invitro ICET %
SDACNFs O A4 v F— VG5 & IE AST-120 £ 0 RIS HBEID LT | invivo TIE AST-120
LD DEOEIRENRE R Lz, ZE AV F—LOWELUNDORELR D 2 EZ LN,
FFvBLUOF IV, HEENICE W CRBIEYE R T ©h L, ERNBLIEEDE ©
B HAEE ) R X X2 (Low-density lipoprotein, LDL) 72 & DARE > % W - HEH L. $T
BRAL SR 2R3 2 & 23 L7z 7101, SDACNFs < b IRE % W5 - PEitt3 2 SR S
T3 3D Zepb, RO A=A LTHIRIIR L R LD EZLN S, FH, K
NITIE{LHEEZ 7R3 PAO X SDACNFs 58 ICE VTN L (Fig.5). ¥ 72, 8-OHdG D
RS D BHMICE T 2L A b L ZOBEA R X LTz (Fig. 6C),

BUE, BUBA2Z R0, £ 0BEEEROGRKE & LTRILA F L X 940 nfy

i3 FEH &4, BEE A+ L X ol 23 REEST O Il e FPiIc o 35 b o LHIFF X LT
-13 -



%, RIFFECld, BEEEERSTH 2 % ¥ v ootk % i X 72 SDACNFs 230 g i
JERIRFEVE CH 2 1S IREZED T2, RYERRICE W THEMICRIER P L 22§
W35z L 7, SDACNFs @2 =— 7 gL/ iztho it cd L= -7
vEF T v RAERCIBte 2 I v ERR L L5, SDACNFs Hilid 5wk h
bOH L DHFHTRGIZ. A AR v 7 vy Fu—LRBEARZIILY & L AEEIERIC
B 2 TR IR N & 72 2 vREM S E 2 5L 5, £ 72, SDACNFs (i ofEL2 L 2
BTN 92 RIS 2 WITRERARICO AR TH 2 ExOND, BIfE, 7L AT VEF
ENTE AT O PREERER BRI 2 A L. @G L, EfroE AL &b iiakz ik
T2 LI IEFICHEROHICED bhTw3 9, L L, 4l SDACNFs 2827 L AV
veFtRDIRBERWAETEN 2 H L. £2HIRLAIL L COMREMEARRI N LA b, BL
A P L ABHBT 2 BRI OB ST 5 2 & RN BIREN RS TE 5
(Fig.7)e T4H DAL, SDACNFs D EEWIHIHIZN R 2 B REES F TN 2 7= Z HAITE &
L COMBLEIRZIS 22103 2 D A7 b3, SDACNFs D EHSFF~DICHICEE L. FR%
HEfEr—2ichmsdb0eE2b5,

LLE, RA&ECIZ. CRF 577 v FHIWT SDACNFs 2MEN7-BYREM R R4 L%

FEEL 72,
Mild <« Progression of disease > Severe
Mild
[ Dietary restriction (protein etc.) ]
[ Treatment ]
PRI TS
f Administration | [ Hemodialysis/Peritoneal dialysis ]
f K i ~
I_O - r£m£z12®_ r <"~ [ Kidney transplantation ]
Ren;l frflpalrment Uremi Chronic anemia
Nep Tms . remia Cardiovascular disease
Proteinuria
i( Prevention and treatment with functional foods !
L SDACNFs > }'

Fig. 7. Strategy to control renal failure progression.
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B4 R

A TlE. SDACNFs DERSEF~DIGH%ZHME LT, CRE OBRERRICOWTH

L7z, AT, SonZzMRZ2/NMES 5,

1)  IREEVE 1S OHIEMETH 24 v F =L ORERER in viro THHliL72& &5,
SDACNFs DWEREIZ, F/ 7 7 4 N—{L L T\ DAC B X U7 & F 1 LE DK

W CNFs XD dEnwa emIing,

2)  SDACNFs ¥, CRF IZ X W{ANICERT S BUN, ZLT7F=v, Y | IS, PAO

FWEL, COMRBERCHEHINT NS AST-120(Z L AT V%) XD EHh o7z,

3)  SDACNFs [AEARNEELA b LA Z2HHF 2 2 L ARB I N7, 2IEF o IS 1
XVFIERIINIMBEA P L ROEEE L U SDACNFs D 5 I %h i A2 [/

T5HDLERINT,

4)  BlEfHMRD PAS i, Masson’s trichrome HFiff, 8-OHAG o DiffH 75, SDACNFs

BN D RS - BRHE(L - BRI A P L R ZWERT 5 Z LR E T,

PLEDFEHE X v, SDACNFs 134 v F—A %4 - i3 3 2 & CEN - B {RED R 2R

T BRI R T,
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3% SDACNFs AKv Y ORIERICET 2 et

B

AfRix, MG AR T2 Lic X VG 2% T 2 L Ao BER TS, i
T CAGRRICE W TR D EHE R & L IEREHIEcH v, AIGIXHEL T2 &
W THhHoTl-7-0, H—X¥AREICXEZ Ny vy ¥ tbilT&, LaL, B8, Al
DEHEIZAFIRLEH ERL 2T 5 L W) 2L L C&E =0, Al IRIEHE ¥ T
B3 [Moist wound healing GEEEREE ML) ] 2RI T3 9, EERiC, FRKHECIX
WKHEDE AT VX VAN T LARANLEF L AF L0 — A ERFHLZBIGE L
vV ZRIMER I TN S Y,

—fic, AMSRRERE L, MRS T X % kil X O HIMERIC X 2 M1 OBRE 7 £ A3
DAL a [HIL - FAEHA ), ARHESFAL o B E i 5 X O T - REFI SIS 2 2 THEGEI .
REEHET NS [HREED] oo s 9 (Fig. 8).

IEH K E HI - JEAEH

iR, iR

FRE - Bl

£S4

flfs
s —> > —
K AR
e
OfHE I oMM ASTEREAL O oHE - B9 GEErEET 3
DRIREORER £ DA - OIFTHE - BB 5
AR

Fig. 8. The stages of the wound healing process.

BIERIE 2 (RHE T 5 7z o ik, I - RAEIAAZ ML . B~ 0T 2 Ro 5 2 L
HECTHL, ¥FTvBIOF bk, il - FIEMRZER L, BEH~0BT2 R 5
& CRMGRIEIEN R Z R T EAME SN T WD 419, BERIC, ¥ F v & 2R v RIS
L72BIGHEM (RA %5 v®) BFE S, BRSO ORI w2,

AETCid. cn CIRAEBEIENRIME SN TW 2 FF B UF v i T
) 77 A"—{t L7z SDACNFs % A K VIR T T 5 2 & T, X 5 7% 2 Al AR E 5
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PHIFFCE 2 F 2. AR VI D invitro WoKFFEZZHG L. in vivo 1I2TZ > A

BT 5 AR R & B L 72,

%28 SDACNFs ZFKY YD RHHk

¥ 1JH SDACNFs REyvJDHE L REHE

SDACNFs ZH v Yotz EAEOMIC SDACNFs 3.5¢g % A, HAEEZHET 2 C
& CHELL 72 (Fig. 9)e TOAKRY UV EEEMETHMEE (SEM) CTBIZE Lz A, /7
7 AN HHEPEHIAE A o T B AR Y UREEEZ LT Z e IR I N, TR
L. THROBIGHEM TH 2 XA F F VO, ROFHEDHEA D o el 2R v DG Z L
T\7z (Fig. 10), DAC ICHBWTHEHETZEEIC X Y AR v Y oFE %2 KA 7275, SDACNFs D

L) BARY UV~ TIZHEETH - 72,

Freeze drying

»

15 mm 30 mm

20 mm
SDACNFs SDACNFs sponge

Fig. 9. Preparation of SDACNFs sponge.

Miniscope 1494 2016/03/18 10:52 H D42 x100 Miniscope 1990 2017/09/14 12216 H D39 x100 1 mm

SDACNFs sponge Beschitin®

Fig. 10. SEM images of surface of SDACNFs sponge and Beschitin®.
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#2JH SDACNFs R E YV Y Ok

BIG OIBEBRE TR IC B W, BEmOBHIKEZ BRI - (T2 EETH D,
% ZC, SDANCFs ARV Y OPIKHEIC O W TEflAs XUOTUKEZEIEL, R2FF V0D
B & L 72,

Bk, v 7 RICKERE MR, KEOAEZHAIES 2 2 LT v I LoiFn kit
flidT2bDTH5, ZDFEE, SDACNFs 2K v ¥ OEflfg 13 10 OB DMIC 86.4 © 2> 5 49.6
L., JEEICERR T WHE Ao Z LR E N (Fig 1) TRIERL T, RZAFF
VYOI, Elg & SEM IR (Fig. 10) 225 b b a5 X 5 ICkHESIER IcK <. D% Wil
WARY I THoTezd, REMDHENS &) LY b REAKE @SS 2REICRD, B

il /iy o 1A 7 IE (R CH - 72 (Data not shown),

lﬂﬂl

wt @ o

2 60 | #**
=
« o
P ®e
g 40}
Q

20 |

0 1 1 1 1 1

0 2 4 6 8 10

Time (s)

Fig. 11. Contact angular variation of SDACNFs sponge.
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KIZ, SDACNFs ARV VEBIXUORZFF v DWoKEZHEE L 72, ZDk5HE. SDACNFs
ARV Y OWAKEITWIKHT & R LT 55 f5HER L (Fig. 12A). Bkt d 2K v Y ojgik %
HEFF L T2 (Fig. 12B)e $72. N ZAF F VO L B L T 3 WK E 2R L 72, 2 i,
FI T AN LD ARV UREEREIC R T L ICERT S EF 2 b,

SDACNFs A& v I IdENT-BoKEZRT Z EBHOL 2 & 7o 7=,

(A)

»<0.01

70F
60
50 |

40

30

Amounts of water

10 |

(absorbed water (g)/dried samples (g))

B SDACNTFs sponge Beschitin®

Before

SDACNFs sponge

Beschitin®

Fig. 12. Amounts of absorbed water and appearance of SDACNFs sponge and Beschitin® before and
after immersion.
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31 SDACNFs R¥ v DAIEIRESR

HifJH T, SDACNFs A v Y IZBUGH DK 2 WX - £rEF3- 2 2 & <. Bl % +53 7= %
HERIGICTX AR AR L7z, 22 CL BIEET V7 v P 2T, SDACNFs AV YD
BRI ER B D W TRET L 72,

KRIEDERA T ¥ 2 — V7% Fig. 13 ICRT, 7 v F OEFRORHZIY BREAIGH & L.
BIGH~AR Y O Z#ift:, 77— 7 CRIE L7, AF v Yot 2 HRERE T - 7.

| | | | | | |
2 4 6 12 14

? A A A A A | ‘
I :
i

Day

Change samples and measure wound area

Operation and apply samples ———— Measure wound area
HE staining

Operation Apply samples Fixation

Fig. 13. Schematic study design of the excision wound model. The experimental procedures for the
excision wound model are shown in a box.

Fig. 14 A ICAIGHERBOZ 2R T, ANUGHIZRFEROE L & bicZz oY 2 5 KE»HAE
L. BISHEREIZHME/NL 72, SDACNFs 2K v ik, RiGES L P2 FF oL KL T, 2
HH XY BGHOHNGSBZE S, 2 0tk b En - AUG RN/ RSB I n,

XKIC Fig. 14BIC 14 HHICH T 2 Kf§ D HE RaOfEREZRT, KBEES IR FF
YPIR, R & DB H B TR OH ERAL AT TH o7z, THICH L SDACNFs A

KPR, R L OB HP TR OH LA TR IciTbhTwns 2 e ARI N,
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(A)

8 —_
A Untreated
7 @ Beschitin®
. Il SDACNFs sponge
g
NS
« 4 F
et
<
o
=
(=
=2t
1k
d
0 1 | 1 1 | 1 |
0 2 4 6 8 10 12 14
Day
(B)

Untreated Beschitin® SDACNTFs sponge

Fig. 14. Effects of SDACNFs sponge and Beschitin® on wound areas in the excision wound model. Data
are presented as the mean £ S.D. n = 7-8 in each group. Each letter indicates a significant difference as
follows; a: p < 0.01 compare with the untreated group, b: p < 0.05 compared with the untreated group,
c: p <0.01 compared with the Beschitin® group, d: p < 0.05 compared with the Beschitin® group (A).
Histopathological assessment of the effects of SDACNFs sponge and Beschitin® (B).

Each scale bar indicates 100 pm.
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B3I ER

SDACNFs 7% HifsaztE L CHBL L 72 SDACNFs ARV Vi, F/ 7 7 4 N =D ITHE A4
HoliExE LTE Y (Fig. 10). Z WK THIROBIUGHBEM THEAFF oL D 1Y
3fEmid o7z (Fig. 12)e T 77 77 A N—LIC X D ARV OREERFHICR Y . K% IR
FLLI ko LIERT 2D DEEZLNS, ZD SDACNFs ARV Y% 7 v FEH
B ZRELZAGET V7 v MICEH LR, 2% F 080 b En 7 g5 miRiE o
BEIRL (Fig 14A), & b, FEMMD HE @it s\ T b EEOH BRI BB s,
SDACNFs 2 v V3N - BIG R EIREMHR %~ L 72 (Fig. 14 B)o

RAGFZME L T Ze v SDACNFs 12 X 2 BGRIEIEERN R (X, 3 CIC Tzumi & 28G9
L C¥ b, SDACNFs (. Bl ARSI [HM - Z0EH ], THEEIA | [FRESEHT) o 5 b [H
If - RAEH ] ZFEME L. (B cs 0237 -7 v Eoffilgsi~ t Y 7 2 &R % i3
% Z & CRIGHREIGES RE R T e BMEIN TV D, . ZORIIMT v F L
D SDACNFs O RKEWI L b, F Y voT IV HOBERRBINTWS, L
2> L. FEEIC TR G g i X 2 Seeiiie o et R BB AAHE o B e X AlERIEIEER)
RuefRLIzDH T, F 7 77 AN DRIEIRRICET 258l 2 2 A = X LIS it E
TWan, 7/ 7743~ LLTuhanFF v P Yo e LT, Minami 69 (%,
BIERRUERE DR DBRECH 5 THIM - FEHA ] o3 5. @ MEEREEE 2. @ ik
TEF 159, @ BIMBRIEAEENE 399, @ #iRIETEL 0 BHEETH L L e L T i,
[ - SER] 12 B0 2@ MIREETEYE X RICEZ 2 BHRTH Y, FF v L UF 14
VMM % P T 2 © & CMEEEEE 2R3 2 L BRI N TE D . Zo%RITF b
PV EDFF VOB EAREINTE D, ThiF, FFvELO0F M v IidERE
WTHIREI N O SRR —RICFF Y OITBENZ &b D FFVO5EYTH 5 N-
TeFAsray I vOERIC X 22 Livie v, THIML - BAEH ] 12351 2@ FLEETEH I,
FFUvBIUOF I vOT IR AIFRTF -V AT IMEEL OMAEHIC X D F

Ind7d, HHEICLXVRZZ 0D, 7TI7EEOL W v inFF vick~T
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—ICE L EFE b T WS 1, T THIM - ZIEH 1CB 1) 2@ FIMBRGEE TG b [FIRE
R Z 0 AR S E R AREEYE (T Rk 7 v vl o b iRiET S LS
T, o, ¥ rF v ch s rray Iy 6 &k, ¥ M X0 bilEEnk
DRV ERHEINTHDE 9, X5 [HIf - RAEHA ] 1CB1F 2@ HREEERIZ. ¥
FYYOBT e FAUE L EOMHEBA S B Z L AME I N TS Y, KT, BlEAREE D
(B c 32 ¥ F v B X UF P v oshiRe L #ifgdb= ) 7 2o RE 9 25
BT HoNn 5, MHEFMIERIFRERRO &EEAMETH Y, Mlds~t Y 7 20—-D2TH S
27— VvAERICEG TS, L2, ¥FFv. F VB0 ZOA Y I~ — ICHRHESFA
REEHET 2R 89, a7 —F v ARICEES T 2ETHLITr) ve FrFy
7 =i 5, BIRE N Lo, ZoEEIR. BT e F A LE L IEOMBEREH B C &
H. IS DEHICIIFICF P v offo T I HoBE R B E L Tw B,
PIEDMIA X Y, SDACNFs ARV I8, _R2FF 08 Wik L TN - BIEHREIEER
KRR L7ZHEAFRKED X = X LRKF 2 23 AHTH 528, D &b BT & F 1k
CXBF /7 774 =FKH LOT I HEOFE RIS R IERN R O8I 5 L 7= v ReN:
FH4ricEZ o3, 51T, SDACNFs R K ¥ ¥ OWRIKIEIC X 0 Al OIS FEBRES 2 35 L

7= T b b AMEREIGEN R Z R L2 — D20 BERTH % LHEEI NS,
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Baf NG

A& Cli. SDACNFs DEH~DIGHZ HI & LT, SDACNFs R v ¥ D AlE Bk

RICOWTHET L7z, UTIC, oM A %2/ NMNET 5,

1)  SDACNFs % #iftiztg3 % 2 & ¢, ffifiic SDACNFs RK v U 23f#IA[EETH - 7=,

2)  SDACNFs AFRY¥ Vid, _RAFF oL LKL CTH 3 fEookE% R L7,

3)  SDACNFs AKXV Y% 7 v FAUGET ANCHLZZER, RAFF oL il <, M

IRFfE] RIS IR D/ X ORI OB LR, B T 1,

D EoiER X b, SDACNFs A& vV IdAIG#HEME LCTERHTH L Z L 2HL 2

277,
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B4FE TLF=VvuY (PD) &F SDACNFS/ALVFTFNLL—FTNP-v7urF ALY v

(SBE-B-CyD) 7'V (PD &H 7 /V) @ DSS FHHREEEABREECET 2R

B

SRS X, TR EA B O A ML E RIER B ©H V. EOEHNIEE 210 T
W5, BOENC BT 5 BEBUIK 14 TN (BEFEIET. 2012 ) 1ITEL Tw 5, —iRIC,
RS XERA 513 U 0 EBIICOfNCGER L T 2 e b TEs Y, LI X
b, AKRERE, ARG REL, ERREICHEING, ZoHIE . SRBRE 3, kL
IR AR 4 8], EHERE3E L wbhTE Y, BLlbidzs L2 181 FBIEERK I 20 20
H2UMICE—IBHDE D, BUE WBEHEL LT 57T IV FAf, 7V ALT 7Y
v, FLF=vuy PD), ¥Z7uxEYV Y, ZZuYLR A V7 ) FIeThEDRIE
G 2 HAABEH TN T3 O, 2D Th PD (3, BEAS S HAEDIEFNIH L I,
O, fECIRECER SRR T 500, RIICDbZ 2 MH KBRS MO 2 29,
Z DEWERIT® 2 SFFIEYIE, BFETERIE B ERE R 2. BEIRIE. 2 v & v ZIEBRRAEIR
RENMEE /25, PD ICXBIRENREZI X2 2 201ci3, HKAEEYTH S PD O
KB ZSE L, SRR S & CTREGEZES L, REGHREZERS 2 2 L AERET
BHBHHB. XD XD BRBAIEN T RYE 2 I NHANI Y 7260w, 22T, F&HIX, PD OK
W% UG5S 2 T 0 IR E R S M ZEAUEM = Y% H 35 CyD 33 IcEHL., %
DR TLT=FvETH Y, FHRFOFMA L LChHAEBEDO D 2RO E W CyD 35
E{kTH B SBE-B-CyD (Fig. 15)® % 7154 v SDACNFs DHEAAEIA & L-CHwCEM
EoTrNZf8 L7z 3, o7 ric PD #EH A L% PD &6 SDACNFs/SBE-B-CyD 7 /v

(PD &H 7 V) B L, DSS FREEUERGRET v~y 2% AW GRIFEFIER ZHET L 72,

- 25 -



R:-Hor —(CH2)4-S03N8

% Jg lﬁ

SBE-a-CyD SBE-B-CyD SBE-y-CyD
Glucose 6 7 3
number
D.S. 24 6.6 4.9
Mw 1352 2179 2071

D.S. : Degree of substitution, Mw : Molecular weight

Fig. 15. Structure of sulfobutyl ether-cyclodextrins.

%2 SDACNFs/SBE-p-CyD %" A 0Fasl

% 1T SDACNFs/&%fE CyD 7' VDL

SDACNFs/CyD 7 v Diff#liZ, SDACNFs I CyD R % RIET % T & TfT-> 7= (Fig. 16),

% 10% CyDs &R
1 mL

SDACNFs1g Z At O

Fig. 16. Preparation of SDACNFs/cyclodextrins gel.

#fE CyDs ZHWCH VIERRHE % 274 L 7245 5. AEM %727 a-CyD. B-CyD. v-
CyD., & Fu ¥y 7w i-B-CyD (HP-B-CyD), k& FuF 7 F)L-B-CyD (HB-B-CyD) & LU
¥ A F)L-B-CyD (DM-B-CyD) TIXT ML b o7z, —77. AWM % FF> SBE-B-CyD
TRTMEDHEZ 5 Z & 225, SDACNFs D7 MLICIZABM A FFOBRELLETH 5 C

EBIRENT, EHiT, FI 774NN~ L TR DAC TR S ol
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e, TOTMEIEF ) T 7 AN—IFFREOBRTH L T LRI Tz (Fig 17).

e

SDACNFs with water SDACNFs with a-CyD

DAC with water

SDACNFs with SBE-B-CyD DAC with SBE--CyD

Fig. 17. Appearance of SDACNFs/cyclodextirns gel.

%278 SDACNFs/SBE-CyD % A D¥HESEE

TMEPBHEZ -7z SBE-B-CyD IC#H LT, SBE-a-CyD (SBE £ D &L : 2.4), SBE-B-
CyD (SBE D EWAFE : 6.6). SBE-y-CyD (SBE D EHAFE 1 4.9) % F\ClAKED 1T CyDs
EEAETE SN EFBL, FABER LA X — X —TiHli L7z, CyDs i2E % 1 %ICHT
L CHELL 727 VORI, & CyDs DFFD &M (Fig. 15) ICfKfE L C. SBE-a-CyD <SBE-
y-CyD < SBE-B-CyD DJEICE WMEZ /R L7z (Fig. 18A), & 51T, 1%, 5%F X U 10 %D
THEL 2T VO WEE 1 s I F 2 AWRIES CyD EEIC LT ey b LT
FEH, SBE HDEME DR D FVy SBE--CyD 1HMKIEE CHIE AR K L 72 - 72 (Fig. 18 B),

% 2T, Yo% SBE-B-CyD %\ Tfr- 72,
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Concn. of SBE-CyDs (%)

Fig. 18. Plots for the shear viscosity versus shear rate of SDACNFs/1 % SBE-CyDs gels (A). Effect of
SBE-CyDs concentration on the shear viscosity of gels (B).

SDACNFs alone (white square), SDACNFs/SBE-a-CyD gel (white circle), SDACNFs/SBE-B-CyD gel
(black circle), SDACNFs/SBE-y-CyD gel (gray circle).
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#3fi PD &% SDACNFs/SBE-B-CyD # N M

F1H PD 7 VORBMLINVOBEE XUV V0D PD ORHIFHE

SDANCFs/SBE-B-CyD 7 v~® PD #f A%, SDANCFs IZ PD/SBE-B-CyD AR % iRiE 3
% Z & TfTo72, PD &1 SDACNFs/SBE-B-CyD 7 /v (PD &7 L) OifElx PD H AR
BT L i o 72 (Fig. 19).

RIZ, PD EHZ V6D PD M Z HAERTE 1 )] (pH1.2. BiRET V) BLUOH
2% (pH6.8. WRRET V) TREiL7z& A, 5 1 B LU 2 & H 1T PD/SBE-B-CyD i#
WE L CiittEZrm L, & 6, FARICH W72 SBE-B-CyD REMKFIC PD OF AR
DEK L7z (Fig.20), % DRFO R % fRbT L 724551 (BT AR S R), 0 ]
X9 % Higuchi ic74 v b 32075 A0 PD E~ Y 7 2Ot %R

3 &5 22 & 75 o 7z (Table. 3).

1000 [
> 800 | o %
< 1
&
Z 600
g
; 400 |
=
N
200 |
T O o D o o
&S N o R o
O & R <« A0 &
& > & > & >
Q}\ e\a% q}\ e\a% qf\ e\e\%
S AP NG ORI
o Q;'d o Q;'d o° 9*0
Q)&, Q’@, @&, Q’@, %’Cﬁ N
S & S » A
o &S 3 S © <
= i m ™ N\ C
S o < SR
P N RN

Fig. 19. Shear viscosity versus shear rate (s = 1) of SDACNFs/SBE-CyDs gels with and without PD.
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(A)

Released amounts of PD (mg)

Time (hr)

(B)

Released amounts of PD (mg)

Time (hr)
Fig. 20. Release profiles of PD/SBE-B-CyD solution (white triangles, PD content about 2.8 mg),

PD/SDACNFs/SBE-B-CyD gel at SBE-CyD concentration of 1 (white circle, PD content about 0.62
mg), 5 (gray circle, PD content about 2.3 mg) and 10 % (black circle, PD content about 2.8 mg) in JP 1%
fluid (A) and 2" fluid (B) at 37 °C, measured by rotating basket method (50 rpm).

Each point represents the mean + S.E. of 3-6 experiments.

Table 3. PD release mechanism from PD/SDACNFs/SBE-B-CyD gel.

Zero order Higuchi
pH sample r’ Ko (hr) r’ Ko (hr"%)
SDACNFs/SBE-$-CyD (1 %) 0.714 28.6 0.992 42.0
1.2 SDACNFs/SBE-B-CyD (5 %) 0.633 30.4 0.984 45.1
SDACNFs/SBE-B-CyD (10 %)  0.682 31.2 0.990 46.1
SDACNFs/SBE-$-CyD (1 %) 0.727 28.7 0.994 42.1
6.8 SDACNFs/SBE-B-CyD (5 %) 0.735 29.8 0.991 43.7
SDACNFs/SBE-$-CyD (10 %)  0.616 31.9 0.980 47.4

Ko : Release rate constant, r* ;: Correlation coefficient
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$2JH PD &7 VD PD ANEIEE & E L E N E G

PD BB V% Ty MCROEKS L7-#55, PD/SBE-B-CyD AR & I L T\ Toax 1349 2
fEICIER., AUC 1349 3 f5ICH R, MRT 1349 3 f5ICIER. BA 1349 4 fFIC KL 72 (Fig 21

and Table 4),

300

250
200

150

100

Concn. of PD (ng/mL)

50

Time (hr)

Fig. 21. Mean plasma pharmacokinetic profile of PD only (gray circle), PD/SBE-B-CyD solution (white
circle), PD/SDACNFs mixture (white triangle) and PD/SDACNFs/SBE-B-CyD gel (black circle) in rats
following an oral administration (8 mg/kg).

Each point represents the mean + S.E. of 3 experiments.

Crnax Tmax AUC 9 MRT BA

(ng/mL) (hr) (nghr/mL) (hr) (%)
PD suspension 121£21 0.37£0.022 120*14 0.96+0.13 6.5£0.74
PD/SDACNFSs mixture 14523  0.77£0.13>¢ 307X85° 2.6+0.40 > 17x4.6"
PD/SBE-$-CyD solution 20015 0.42+0.062 230*36* 0.98%+0.15 12£1.9°

PD/SDACNFs/SBE-B-CyD gel 268147 ' 0.94£0.068* 757£166 ' 2.7£0.66 > 411£9.0

Table 4. Mean plasma pharmacokinetic profile for prednisolone in rats following an oral administration
(8 mg/kg).

Each point represents the mean + S.E. of 3 experiments.

i < 0.01 for PD suspension, °p < 0.05 for PD suspension, °p < 0.01 for PD/SBE-B-CyD solution, % <
0.05 for PD/SBE-B-CyD solution, p < 0.01 for PD/SDACNFs mixture, p < 0.05 for PD/SDACNFs

mixture.
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Z D PD (ANENREDUE X, SDACNFs D7 A ALIC X 3 PD Dbz, #HALE NHHE
PICERT 2 Ex b 2720, Ric PD ofKb Y IC MRI &E#FAITH % Gd-DTPA &H
SDACNFs/SBE-B-CyD 7 /v (Gd-DTPA &H 7 V) 8L, HILENHEEEZ MRI XD
A L 720 Fig. 22 O H L Bl o 72853 238 2 b /Mg~Hie < HLE & & 2 bivs, Gd-DTPA Hiji

Tt 60 I THILENZBEIT L7225, GA-DTPA & HZ A TCIEEILEf I E > TWwa 2 &

BRI NT=,
Gd-DTPA Gd-DTPA/SDACNFs/SBE-$-CyD gel
30min 60min 30min 60min

Fig. 22. MRI images of mice on 30 and 60 min after oral administration of either an aqueous solution
of Gd-DTPA or Gd-DTPA/SDACNFs/SBE-B-CyD gel.

Circles indicate upper abdominal area including the stomach. Position of Gd-DTPA was represented
brightly.

T, TAVRTAL—=FHWTT v Mok 2 CEREEEFHGL 72 (Fig. 23), =
NYRATN—ERTIE, 5% 60 /MG THICEREL TW 3 DI LT, TNV AT
—&H SDACNFS/SBE-B-CyD 7 v (ZAY Z TN —EH 7 V) Tld, %54 60 5 ClEBICH
FEL. 240 3R TH /NG FEPICHFEEL T b Z e R Iz,

U EDFEHRE XY, PD &7 Vi, SDACNFs D7 AAfbic X 3 PD offichn z. w1k
BENMEERA E L2 LIRERT S 2 ERHL 2 E o T7,
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30 min 60 min

Evans blue solution

No administration

Stomach

Small

intestine 240 min

Large
intestine

Fig. 23. Appearanece of the digestive tract after oral administration of either an aqueous solution of

evans blue or evans blue/SDACNFs/SBE-B-CyD gel.
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Fafi PD SHFT7 VD DSS BREEMKBRIBEE

1 DAI XaTicXk? DSS FHFREEMERIERIBHE D T

BEMERERETAOERICIE, FEiE ™, F) = FuxvEy 2k v (TNBS)T) ¥
KU DSS™ ZM\27jiENRDH 5, DSS ZHV2T7iklE. ~ vV RAICHHAUKE ¢ 5 Z & Tl
BB ICEEERGRET A~ Y ZFT 2 L BHRETH 5, REERT V2 —1%
Fig. 24 ISR,

Mice were administered 3 % DSS and libitum for test period

v

F 3

Record of DAI score

F 3
A J

Day | | | | | | | | ]

1 1 1

ﬂ : Measure the bowel, spleen weight and blood cell counts

I : Oral administration of samples

Disease activity index (DAI)

Score Weight loss Stool consistency Occult blood
0 0% Normal Negative
1 1-5 %
2 5-10 % Loose Occult blood-positive
3 10-20 %
4 > 20 % Diarrhea Gross bleeding

Fig. 24. Scheme of the study design of the DSS induced colitis model and DAI score.

Jii HE D HERE LR 13 Disease activity index score (DAL A 2 7) 73 % H\WwTfT -5 72 (Fig.
24), DAL 22713, FEORA, W, MFED 3HH DO X 27 O&FHCHHii 1%, DSS i

LY EBUERER ZAFE I N~y 23, ABRFR 2~3 HCEECMEOHR S EHE S
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7o 22T, 3HL D 2 HMERE T, PD ##E#. PD/SBE-B-CyD A%, PD/SDACNFs 1A,
PD &H 7 NV EROKSE LGSR, PD 67 VIR G Tk, FEfE L & b I KBS
DIERDBEEALL DAI A2 TR EFLTWARICHLT.PD @875 Vi xa 7o FR2HH L

7= (Fig. 25)s

PD/SDACNFs mixture

1 A 3%DSS

Hl PD suspension

E PD/SBE-B-CyD solution
10 -

O]

O

PD/SDACNFs/SBE-B-CyD gel

Total DAI score

Fig. 25. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by DAI score.

4 < 0.05 for 3 % DSS.

F2H KGHEME X UKRE MPO #EHEIC X 3 DSS FAFEEME AR KIRHR D H

DAl 23 7IC X W KIGRIGEIREIBIE I Nz 8§ HHIC Y R EZRE/R L. KEDOZEHE.
KB MPO (2 T ~utF o & —) i, KGO HE %1757 (Figs. 26-27), %
DFEF, DSS ICX VFERINAZRIEICL Y, PD &7 VLSO GHECII R EHE L <
VB DI LT, PD BB VTR RIZOEMEEZIH L 72, 2 ofERE KL T, RfE~—7
—D—2TH 5 KW MPO &M LRIIIIHI X 7z, & 61, Ko HE Ja<li, PD &
7NN ORERECIHBEMEDELNSBIE I NI LT, PD A7 v TIEIND

2P L Tz,
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(A) (B)

p<0.01

| x10* p<0.05
12— e 3.0 o I p<0.05
El0r F25F
= 8 2.0 -]L
-~ (=T
= 6r 15}
= gl
é 4r 8 1.0 -
Q2+ V 05 - l_]_‘ ‘_[_‘
0 . - 0
FSFHEFTELL S S . LR D
SETESL TS
R > SO
SEOS S Q},O;c? \gz?
A KL
PO PO
] \ad EARA ¢
o >
3 3
< <

Fig. 26. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by colon length

(A) and MPO activity (B).

3 % DSS PD suspens1on PD/SBE-B-CyD solution

PD/SDACNFs mixture PD/SDACNFs/SBE-B-CyD gel

Fig. 27. Histopathological changes on day 8 in DSS-induced colitis.

Each scale bar indicates 100 um.
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B3 RSB X UEEERIC X 3 DSS FERBEERBE IR O ¥

EEMREG R L 7256, RIBRIC X 5 I BIEICENZ LT 2 MR T X — %
DWW CEEHM L 72 (Table 5) PD &H 7 AN OHEEGRETIE. KB RIAEIC X Y HIMEREL
(WBC) 13 &, Hiic X Y RiEkE (RBC) HL UI~EZur v (Hb) HMETF, 7. M/h
WAL (PLT) X EA L7z, —7J5. PD &H7AREH TN b 0B M L7z, & bic,
ESERIGZ Tl Fig. 26 THE X 72 K MPO GO KICER L 72t 2 b L Ric X
D, MO FA—NERBPMET L7, —J7. PD &HZ L TIEARIE MPO fifh K23 ] X

N30t 0T+ —LE8EDIKT #HIHI L 7,

WBC RBC Hb PLT Thiol content
(10%/ul) (10%/ul) (g/dL) (10*ul) (M)
3 % DSS 17356 31319 5.91+0.38 102*+8.5 80+ 18
PD suspension 149+ 47 307+59 52107 84t 64 119+ 8.0
PD/SBE-B-CyD solution 133 £57 324120 55%0.82 83t74 113£26
PD/SDACNF mixture 129+ 34 301£85 55%+1.3 920*+1.8 981+ 12
PD/SDACNFs/SBE-B-CyD gel | 39+5.1b%4h 561 +49aceh 11+£(.58 200k 54+7. 1042 216E5.9 2002
Normal 351907 589t 44aceh 100,78 1052 561 6.4 208 233 £ 14 2008

Table 5. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by white blood
cell (WSC), red blood cell (RBC), Hemoglobin (Hb), plate (PLT).

1< 0.01 for 3 % DSS, °» < 0.05 for 3 % DSS, °p < 0.01 for PD suspension, 9%y < 0.05 for PD suspension,
¢p<0.01 for PD/SBE-B-CyD solution, » < 0.05 for PD/SBE-B-CyD solution, & < 0.01 for PD/SDACNF
mixture, 'p < 0.05 for PD/SDACNF mixture.

DSS IC X V5l EEZ T2 RAEIC K Y IEKT 2Bl ™ OFEHli%Z 1T > 7 (Table 6), PD
EGEHTNVUNOBEERETIZ, BIROIEK %+ il TE Cu vtk LT, PD &H 7 v
TIHEFER L RSO L XL CHIEO AR ZIMEIL 72, F72. @ERE XD b PlEs/NE

STWARWI EN6, PD ® AUC BN X 2EIERIZRIAL Thirnd o LRI N,
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Spleen weight/body weight (X 107)
3 % DSS 9.4*14
PD suspension 6.810.28
PD/SBE-$-CyD solution 51%1.5
PD/SDACNFs mixture 6.2x1.1
PD/SDACNFs/SBE-B-CyD gel 4.1+0.11°
Normal 3.8%0.16*

Table 6. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by spleen
weight/body weight.
i < 0.01 for 3 % DSS, °» < 0.05 for 3 % DSS.

BSHT EH

HDENC B T 2 EEERIGR O BEEIT, FLAEMERICS Y, £ OGEITERT 2
2. BT IHAELL . RBORELIE T 2 20 I RIAMOBREZIT > L ELH 5, %
D= DY IR OIEH TR BE LT 22 . T Hic, BAEDEED EEMEICHE IR
M LT wOPEN i e & OB-AFI A2 TR KD LN T D,

AK#ETIE, SDACNFs OHFIFEM L LCoSHEZHNE LTlREt21T-7, 7.
SDACNFs O 7 7 A N—=RKRHIAFET 2 AT Ao 7 I 7L 7 =4 v hoKigEkr + )
VLA DE S L TERIBEO T NATHEAEETH 2 L\ O P ICEH L. L L,
KEEALF + VY L3ERT A Ah VETH B 720 E~DEIS IR CH 5, £ T, HEYERF
ER SR L ENER%ZET2 CyD Oh Ty 7 =4 v1ETH 2 SBEP-CyD ICEHL /-,
HIE, AEMEZFFD SBE-B-CyD X, /Kbt bV v L LFEKICTAEKAIHETH - 72
(Figs. 16-17),

SBE-B-CyD . FHFIOFMAI & L TR COMRAEELRD 2 720 REMNE, &5
2, CyD ICHIE L 7= KB RYIARRER e L oL T =4 v 1Tk b 2 L ZFIF L T,

WIEERECIEH 2 DD F v & SBEB-CyD ZflAbE7{REE ™ 7+ / firfb 67
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BITbh T3,

RIT, CyD DFFOHAEMEIEYEMRER ZFH L <, PD ZEH A L7 PD 67 V%
B 7, PD &H7 VL PDIEEH T NOMEZ L 724558, PD OfF T/ VB ITZ2
L7k o7 (Fig. 19) TDZ & CyD ICUEIRETHIEL T35 PD » SDACNFs &
SBE-B-CyD DHHAEMAZHEL Tl L %R L TWwb, HARIERGFE 1 s L O 2 I
BT 05D PD itH X, PD/SBE-B-CyD AW & Ll L TR 2R L. % DU B
IZ Higuchi I ™ IKft>72~ b Y 7 ZBH TS > 72 (Fig. 20 and Table 3), PD &H 7 L %
7y b~ROFE L, PD OIRNENRE % Gl L 7z & £ A, PD/SBE-B-CyD AR & Ll L C
AUC, MRT ¥ X' BA DRI X N7z (Fig.21and Table4), Z 4L, 7 4 22HD PD D
R 2, 7 aAbic X 2 (LB ER LICER T 2 2 828 MRI 8 XNy 27
N—FERX VB S 2> & 7n o 7z (Figs. 22-23), HHE, F M VICITMEMENE 30 25 2720,
F 7 7 7 AN {ic X 2 EdED R E e RO AR, & S1cid 7 bic X b LB E
I RICOL R o7 LRI NG,

EEMEARG R OIBEICE VT PD IZEED & HIE £ ClRIA < b, BAELPEIE T
foid ek <, EIECIIFEECOMAbITON L, L7205 T, PD DRI RN & FKifiiic
L0, KGR LFEEEBOEP 2 BIfFE NS, £ T, DSS FREGIEET L~ XICT PD
BRI NG T 2FX.CyD I X% PD DEfEER Ed X O LI X B HLE N
FICX % Tmxw AUC. MRT O§RZHERE L, 2 HRERETROES Lz, Z 0%, 2 HiERE
DG D b b T RIGOEM. KGORIELZMFI L. o, BEMKGREEICAHS
NZEIM D OkE D BIEE X7z (Figs. 25-27 and Table 5), Z#vix, 7 4H D PD 235303
WA - e L2720 E 2 bz, L L, 2704 FEEICH S PD OWIUEAKICHEF
ERFEHDO VR 7 326N 5, #E. PD ICX 21, BHKRGICX VR EHET 20
X LT, Sllo PD EE 7 VI, 2 HElgo®E5ch 2720, @MEOEKELY S PD #5
KX BAMINES VDD LIERINS, BE, PD GH 7 MG X 2 (#HFELLE o PIRZ

I XN o7 (Table6), X 5T, PD OB% 1/51C L7 PD &7 L Th RO KIGE
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B REZRE L 722 & 2 L T\ % (Datanot shown), i€> T, PD D58 % X 51T
Ly rRATRETH V., AWERRRDO Y 227 3Mb T2 DL E2 LN 3B,
ZytlebrTi7LF=yaryofEicEZsrd 0., FiEdHizz nzn 1 RFE. 3.5 K
CHERDH D D, LR oT, PD EFITAEE MICGH LG To PIERT 2 AlHE
Wby, o4 sHE5MBOER - 5RO PMFEE L, T2, YA 8FITH 572

ODEHFHICORALST av 74 v 2o bErilfins,

PD/SDACNFs/SBE-B-CyD gel

- High viscosity

. g‘&’ + Slow release of PD

* High digestive tract retention

‘ Two-day interval administration

/ Treatment of DSS induced ulcerative colitis \ f \
Absorption of PD
* Suppresses colonic atrophy . AUC 1
* Anti-inflammation -
* MRT 1
* Anti-oxidation
: - BA 1

Improvement of anemia

o 2N y

Fig. 28. Strategy to treat ulcerative colitis by SDACNFs/SBE-B-CyD gel.
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Foti /G

AKETIZ SDACNFs DEHE~DIGH%Z HI & L T SDACNFs/SBE-B-CyD 7 /L@ DSS

HFBEEERIGREFNRICOWTRE L7, Ui, JfonMA2/NMET 5,

1)

2)

3)

4)

SDACNFs |3 SBE-B-CyD tfflaAb 3 Z & CEfficEBED 7 A islaltEc b

277,

PD &H 7 A2 5 D PD it id PD/SBE-p-CyD AR & Lb#E L CERAME % /R L. Higuchi

RIZpEo 72~ b ) 7 2B CTH - 7=,

PD B 7 V% 7y MCROES L5, PD/SBE-B-CyD AR & KL T AUC O
RKEIFZLDE LAERHANT XA —2DUEPBISE I Nz, Znid. PD DRBULITM .

TAic X 2 HALE R EICERS 2 b0 FE 2 b0,

DSS ARG ERERET L~ Y RIC PD A7 VEFEOKRE LR, RinFiE e
KL TRIBRIC X 2 KO R K OMERMEO Lo MfilZ1Z U & L7z KEE
RGP AR L 72, 72, RIMBREGRA IC X 2 BMOSE R EDIMER- YT A — X Dk

FEHR LT,

D EDOHIR LY, PD &H 7 v OMLE SIEMEREICE T 2 Yk L LoD

W nrz,
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BSE KRE

FFUvBIXOF b viF R EICer e —RICICES 2 ERTFAET S E bl Tn 3,
ZOXFFUBIVF I H VIR, v —R R DO RRE ST & B b JrEEE ), 5T
FIERNF O, PURILAIR 700 IRE RGNS 100 BRGNS 120, AR IER) R 41419
REIFIEAREEEIMEINTEY, F P HVICEINET I HOTFEENEETH
%o

T, h=dkoxF v 2BAMT 2T 77 49—t L7 CNFs 23fFEE .
oo, ZORMDAENT £F 1L L7z SDACNFs % ¥ 117z, SDACNFs (., -/ 7
7ANACIC X D EERPREESERL, 518, 774 N—KMAICT I/ EBBHL T
VR BEFEOFFvEXICF PV X0 b ECAEEEEC T I BRI L LA -
WA X 2 BEEOHINBIREE L TW 225, 2 DREIF T2V WERICH 5, 2 2T,
AWFFETld, SDACNFs DEESTF~DISH%ZHI L L TR %17 > 72,

¥3. %2 ®ETld. SDACNFs OHMOMR%EZ CRF €717 v b ITGHL. ZD0ER

ERIC OV, BRTHEMAIN TV S AST-120 (7 LAY v®) L HEMETL 7z, Ric, &

=

3 ¥ Tl SDACNFs % B ET 5 2 & CRF Y PRICIT L, % DBIE BB E R Ic>
WT, BRR TR I N T2 37 VHERAGHEM TH 2 A X5 v L HIBMRGET L 72, % 4
BT, #FA4 V1D SDACNFs & 7 =4 v 1D SBE-B-CyD ZflafbrE b T L CHbEE
DT NEFBL, T 51T, CyD DR OHOKIAETEIEYEMIR 2 MH L <. HKENEY © PD
EEAELZ PDEESNAERBL 72, RIZ, 20 PD &E7 V% DSS fREEN ARG RIE

BNIGH L7 UT IS, AR TR oA ZREET 5,

1) 5/6 BEHEHE T v FicBlF 3 SDACNFs DBARLETE X UBLX b v 20iHicEEd 3

Bt B2 5

BARIE, BREPICEEINE A v F— 28 LE X0 BRINEE, FHlic < 1S 1R = .,
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ZD IS BEMEMT LI L TIVANVERIERI LET 5, % Z T.SDACNFs @ invitro IC
BB A4 v F—=VIGEREZ 7 L 72455, BT & F U ELE DK (89 1%)CNFs £ 9 b &
WEEZRLEZZEDb, FFUVBLUFIHF VDAL v F—AREICIE, 73 HOFENE
HCTHhHI P REINT, £z, SDACNFs L[HEUWT v F M LETH Y, EXMHL T
mnF ) 77 AN—FETH D DAC (T & F L 20 %) L 0 b ENZBEEEZRL
2o THIE, F/ 77 AN X B0 EMEDH LB X CREBOMKIGER T2 E 25
Nz, X<, 5/6 BlEdEH L7z CRF €77 v FIC SDACNFs % 4 jEfE#HROBS L 72
i, SDACNFs (&, THROEEEARIEHRIETH S AST-120(Z7 L AT V®) Kb v F
—NVIREBD DR GICHED L F, AST-120 £ 9D BUN, ZLT7F=v, #HE) v IS &
JED LA ZIIHIL . 5, BHHBOBEE - b2 F L 2B L 72, 24id, SDACNFs O
AV F—=AVRENRICA, ¥FvEX0F P v OR PR, IBEWREMNRE LI
HET2db0TRAVrEEZLN, UEOFR X Y, SDACNFs 3B 7= B iR#EM R %

B35 eHBPLN LR T,

2) SDACNFs A& v Y ORIEEEICET 2/ (8 3 E)

BITE, ¥ T ARAIGHEEM PR S . BROBGcElI T3, ZoficxF
VEARYIRCMLLWEMCTH 2 _AFF V035 %, % Z T, SDACNFs % Btz
T3 TAFRYIRITHT L7 SDACNFs Z K v ¥ DAIHEREIER R IO W THRET L
72. £3. SDACNFs A KV Y DOXK[H% SEM THEL L ZARAFF VOL KL T, %
BRESEZ LT3 2RI NI, RIT, PoKPEIC DWW THES L 72452, SDACNFs R K v ¥
ERAFF VL L TRV Z R L7z, 2D Z &5 5, SDACNFs A& v 13 AIG M
DG P - RFFF 5 2 & CRIGTH % iR T s e nFE A LN, £ T T,
7y rOEHORRG Y BREAIGEH & LA€7 v 7 v FIC SDACNFs AV ¥ % j#
L. BEEERENRICOWTHEI L2 L 25, RAFF VoL R L TR X 0 AlG RO
M EZE SN, 14 HIRICE T 2§D HE REOFER, +oaKEomERBE I,
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P EofER XY, SDACNFs A& v Y DRIEHEM & L oAt X 7,

3) v F=YVwvY (PD) &F SDACNFS/ANLVFTFNLNIZ—FNLP-v7usTFAMY Vv

(SBE-B-CyD) 7 v (PD &FE 7 V) © DSS FHRBEEMERBAIREICET RET (B4 5E)

SDACNFs DRIICHFEST 27 I 7 HICEHL, 754 v D SDACNFs 17 =4 V1%
TH % SBE-B-CyD ZHlAG DM, MBEOTNAVNBHECTH o7, $72. ZD T LI
F) 77 AN E DR TH 572, KRIT, CyD DR OIEYAMIER 2R L. Hokiat:
EY)<Hs PD &7 NMNICE AL Z2#R, HEICH W% SBE-B-CyD IREEMKIFHIIC PD DEf
ABRHK L, 207 A5 5D PD L 1Z. PD/SBE-B-CyD AW & bbls L TRt %/~ L 7z,
RIZ,.TD PD &R Vi 7 v b~ EEOHRE L 7245, PD/SBE-B-CyD Ak & H#L L €, AUC
° MRT DO KDMER X 72, Zait, SDACNFs 7 AAbic X 2 L& N P Il
T2ZL% MRI BXUPZ AV ZRT A —% RO HELEBRICX WV #EZEL7Z.PD &H7 v %
DSS SFREEERGRET A~ v 21C 2 HRERCROKS L 22458, BRI L
X2 PD @ AUC BERWEA KM L <, RIMEREGRD o 212 Lo & L2MER 5 A — &
DUE. KIBRIC X 2 KGO EHHP K OMEME DAL OGBS iz, U LEoER

XY, PD &H 7 VOHAE IR EICE T 2 BYHEk L L oGRS Lz,

AR RTEZL S FFviF /77 AL L KRHZWHT £ F LT 5 2 LT,
WEOXFF MR TRBEONE» > 2REERFFDO C 2SS 22 & % o 72, SDANCFs 3,
SDACNFs HRCEREM R 2R L, HAZET 5 2 L CRIGRRIRENREZ T L7z, 5
oy F 7 77 AN—KREANCHEST 27 I 7 E%ZFH L7 SDACNFs/SBE--CyD 7 Vi CyD
I X BEYIBMRIRIC X 0 KRR O A NOE ADRETH b, EYHkE LTo
BRI SN, SEE S 7z H R IZ, SDACNFs OFFO#REx I L 7z E3 5, Y&

HINEF L L% T 2 LCoRABERT -2tk b0 eEZLLNS,
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KEER DT

SEERSURH

FFUBRIZ HET I AALOBA LT, KBTS+ VT L, B, BERLKER, =
VAT A= IR SEA L 72, 7L AL VHIRSII L =R » LA Lz, R A%
TV WAPR=T o bEA L, 4V 7T VIRARERRIE 7 7 4 F—2 A L7z, o
CyD. B-CyD. y-CyD. HP-p-CyD, HB-B-CyD ZHARF L TrbEE XN/ DR MFHL 72,
DM-B-CyD. Hexadecyltrimethylammonium bromide (HTAB) (3747 74 72 7 » AL 72,
SBE-0-CyD. SBE-B-CyD. SBE-y-CyD | Ligand Pharmaceuticals tL:72> 5B 5 X #1172 @ %
L7z, =272 A b #FE® (Meglumine Gadopentetate, Gd-DTPA) (334 TV HEEA L 72,
DSS (36-50kDa) (% MP Biomedicals f1:2> 5§ A L 7z, Protein Quantification Kit-Wide Range.
EDTA - 2K (Ethylenediamine-N,N,N',N'-tetraacetic acid, dipotassium salt, dihydrate) (% [FR{={L*AHF5E
Fir DAL 7z, T4 — VA7 — X2 ZWGEF v MTHARF A v HARECHIEWTE 2> 5 A

L 7z, o-Dianisidine dihydrochoride % Sigma-Aldrich 72> bHEA L 72,

Wea T
TR T — 2 132 CFIE R D L IIEHERZE R L7z, AEEMIE X, Student
D tME F 7213 Tukey-Kramer 5% F\CTHr o 72, fEfEfED 0.05 LT TH % & &, el m

WCHEAEDXD 5 LR L 72,

52 FICB T 5 =R

1. SDACNFs DOFF#l 2
FERICHHA L 72 SDACNFs (&, BHURFR BT AER s i dEsdicigfit L
TW7ZnWi2b o2 L 7z, UTIciEiExE 3,

TAITVERRAT. ¥F VK 30g % 20 % KEg{LF MV 7 20KERK 3.0 L T 20
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R L 720 RIGEZELD BRE . VOB % ZKHK L 0.5 % BERE/KIAIR CUet L 7z, a0 it
T XD KIETEAERY) KL+ Y v o BfES t Y v AL T ovA VBRI X0 hkae L
X FV) BRELE, A-LZEZRT 2 F 0 {bFF v % 40 L ORFB/KERICHER S, 7
T A v ZF R (BESEFEFESL MKCA6-3) % L7z, %L 7= SDACNFEs Dfii 7t F VAL X

20 %. F¥oTEIlE 60000 Da TH 5,

2. BEEER

CRFET LT v b & LT, 56 Bt Wister RfEMEZ » b (140-150g) # HARTZ 2T
Ny =X OIEAL 72,

ERED 7 v b ZIERLHEDAC ¥ 58F. SDACNFs 5.8, AST-120 5 HEICHHHL 72,
ARERHART R (4 8. Bk K IF A BB E L, &R E5FICIE. &Y v 7% 40 mg/kg/day T

VT ERWCROKS L7z, 5L, 17RKE L7,

3. I#EF 1S oER

KERBAIARE (038) & EERBHAA 48217 v FREFEIRD 5. ~% Y VIFE P CRMAE T -
72 (f2 mL), $REXL 72K & O BEL . gy v 72872 (19 1 mL). IS v 7 it
SHTREE T 80 °C TIRE L 7z I5E @ IS (%, Shimoishi © DG * ICHEVLA T @D HPLC

KX VERL 7,

- IS REEHIE

T L : Mightysil RP-18 (5 uL) (BES{L%)

K7 : HiZ 655 A-11

B e © HOIZ L-7480 BUHTR B

I P 7= PYUV02M FERERRMENR (pH 4.5) (v/v) =25:75

HERKE ¢ dote= 2 — (EEEADEEE =280 nm/370 nm)
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ik 1.0 mL/min

4. IEEHIELEE (PAO) O FFAf

5oz IO PUERLEE 2 PURBLEEHIE £ » F [PAO| (HIfF A 1) O#lE 71 b 2 —
WACHEWHEIE L7z, ¥ ZAFHIR 390 uL icxf LC T v MIHE 10 uL F 72 1 3EEHEYE & L
THRHANKCEBEARL 72 2mM DJKEE 10yl 2 M2 L7Z, ~4 777 L— T 200 ul/
vz VArER. 490nm ICE T AMNEEEME Lz, £V =i Cu™ 33K soul L, =
BT3MA v Fa—F L7k, &V 2 VORIGEIERE 50 uL 53iEK. 490 nm BT 5
WHRE % BE L 720 ROGHTB O EE 2 & MAE Y v 70 O FREEIS B (mM) ZEH L.
2189 (JRI#% 1 mM = 2189 pumol/L (Cu iEJC/1)) ZHIF T PAO & L7z, WOt IX TECAN #

infinite M200 PRO % > CTHIE L 7=,

5. BRAHAR ARSI
A TRO 7 v F OBEED 10 % FHEEE RV~ ) VKERCEER. 774 v W
YR (2.5 um) Z/ERC L. PAS 346 (Periodic acid Schiff stain), Masson’s trichrome H¢ff, 8-

OHAG Jta % 1T o 72, HCEAIYEE (Keyence . BZ-X700) 1 TG %z BUS L 72,

6. AV F—nNERERFAM

FIEEOWHEM % 16.7 pumol/L 4 ¥ F — A /KiEF C 1 Wi % 7213 24 BEE A v F 2~ —
F L7z WD AEEITV, AP DA v F— (IR © 270nm) % UV g (H
5781, U-2800A spectrophotometer) TEE L 72, FMiEHF X PR AL ERIZ. Tido
Langumuir W %R % FVCREH L 72,

~ qmKC
17 1+kC M

q: FPEMICHT 4 v F—ABGERE qn @ FPREMICS 54 v F— i KIGE &
K PHEER C: IERE A v P — A RE
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X (1) oMtz ¢ THY, BT my FEfTo7, ZOERDEZBIOVIF 2D qu

BXO K Z2HEH L7, Tt SDACNFs D% /Rd,

S ~0sr

=3 0.8 o

2207}

G

§ § 0.6

= ~a

SEosr . @

2 11w

S z04r -

ES »

= 203F o

2E ¢

§ $02F

< 2

: ‘8‘0.1 -

2 E 0 1 1 1 1 1 J

0 2 4 6 8 10 12
Non-adsorbed indole concentration (C) (ng/mL)
Fig. 29. Langumuir adsorption isotherm plot

HIFICET 2 ER

1. SDACNFs D%l

2= L FERED 75T SDACNFs Z L 7=,

2. SDACNFs REv Y oFH
FHFEOR (1 20 mm, BIT % 30mm, & X 15mm) IC SDACNFs3.5g ZhlA. ¥k,

RitEZ ) (EYELA 8, FDU-1200) %177z,

3. BER®
HAZLT7 XA L Wister 7 v b (6 Blin, M) ORKEZH 20 mm. # 30 mm

DREXTHRYREAIGH & Lz, Y4 XOWEM (H—+, XX FF ~ W-A®, SDACNFs
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ZHEYVY) RAGEICEEBEL, 7AALFLy vy 7R (FHX—L%) BXBF -V AT
— 7 CHEE L7z, #EM ORI 2 HEME TIT o7z, 14 HEICAIE I D JE Y © K &A% % £

BL 72,

4. RIEMBAATEIR
AR TR D 7 v+ DRE IS 10 % TR A~ ) KR CREER. X7 7 4

VAU (4pm) ZEK L. HE Rt 24T o 72, OGBS IC RIS 2 IS L 72,

5. EEMETHEMEIC X 2B
HAZ8 TM-3000 % L 72, BEEM T — 713 v 7 2 [EE L, BEZEPERE. ME

B 15kV TBIZEL 7=,

6. HEmAHIE

FY v TNk TEROFMFITHECENTEME P-16B T8+ v 7 CHEMIPK L 7=

Fv 7 VE D 30mg

£ : 20 MPa
JEAERERT ¢ 5 min

T
X

10 mm

JEMEIE L 7= v 70 B R D o U v O elmdoKii (1 ub) Z 9 v ZOVENCEl & €, 1

lElkE < 10 B O el A 2 SR AES. DM-501 % Hlv CTHIE L 72,

7. BokBHIE

BV VTN 5 RN E 2, BUKAIROERAED o PUKEZHH L 72,

WoKZEE (g) — BUKATERE (g)
WKHTEE (g)

WokeE =
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BAFICET 2 ER

1. SDACNFs Ol

52 L [FRED /T SDACNFs ZFE L 72,

2. SDACNFs/SBE-B-CyD # A LU PD &F 7 1 DIl
EfE 12mm OHMfEIC SDACNFslg ZflZ. %Z® kA5 SBE-B-CyD i 1 mL % 24 IKf
MliRiE L7z, PD &H 7L b [EERIC, SDACNFs (X L C PD/SBE-B-CyD & % 24 FFEiIRIA

T3Z&ETiTo 7z,

3. REEEHIE
Anton Paar f1:#! Physica MCR 101 %\ CHIE L 7z, KiEOMEEICIZa—v 7L —}

CP50-1 %\ 7=,

- B A
B AWHERE © 0.1-1000 s

W 1 25°C

4. BHFHBER
TEH LB I wEILEZESE NTR-6100 DISSOLUTION TESTER # X 8 AUTO

SAMPLER-W. EE##E/ERF# UV-1600 UV-VISIBLE SPECTROPHOTOMETER # v T{T 5 7=,

Bk L BN R Ty b ik

ABRR W6 HASERT B 1B X0 2 )
BRI R © 450 mL

M54 © 50 rppm

L 137 °C
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HITE B+ 246 nm

IBHBSRE DT I TR L7228 > TiT o 72 7,

Q%) =Kot

Q = IR, Ko & BCHLEEE R, t ¢ I

n=1 DK : 0 KT L 72235 i

Q(%)=Ko -t

n=0.5 OFF : Higuchi =Ic L7228 i 7

Q(%)=Ko't0'5

HIREEl B X O REE O 05 I L CRHEEZ 7oy b L7z, ZOEMOMEZ 205 Ko B

T2 ZHHL 7=,

5. PD &F 7 VO PD DENEIREAER

1 mL &Y v YW SDACNFs 0.8 mL 3 X U8 PD/10 % SBE-B-CyD &#Z 0.2 mL %M.
TNHHFB LTz, £, avbue— e LCHEUCHETHEL 72 PD H#Ei#. PD/SDACNFs
EAY). PD/SBE-B-CyD A7z, BN X VA L7 SD 7 v + (78w, HEME) %
fufsth, PD & LT 8mgkg ICAB XL =&Y Y Frge Yy vy Fic X RO%K5H%,
~oNY VIR L 22 ) v CREFFIICERIM (]9 200 pL) Z ATV, w0 ik, IR A EIN L

7= (#7100 pL), [MAEH @ PD I Onishi & ¥ D 5E#SEI1C LT HPLC KX W EE L 7=,

- PD IREEHIE

Tk : HARS:E JASCO UV-2075 plus
K7 P HARSEHL  JASCO PU-2089 plus

HTLF—7v P HAESHE JASCO 860-CO
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A—rH v 77— HARZEHEL JASCO AS-2055 plus

ViR : 1 mL/min

¥ EhH C01% MY ZAFOEEESH 26 % 2-7 10 % ) — L IKIATR
A= T ViRE 40 °C

FAR 80 uL

HIE F = : 246 nm

6. MRI IC & 3 H{LE N E

1 mL >V ¥ YWNIZ SDACNFs 0.2 mL ¥ X ' Gd-DTPA/ 10 % SBE-B-CyD &% 0.05 mL
Mz, ZvZ#HBL 72 (G-DTPA £ LT 05mM &6), HAZZRZ L —X DAL -
ddY = v & (4 B, M) <A F2IEFERE O GA-DTPA % &H L 7 /KiEi % #2#% 5
L. AV AT VHRBER, DS 77—~ N4 4 X7 4 78 MR VivoLVA 1.5T compact MRI

system W TEBIE L 72, ATICHIESRFZR T,

B St

T1-weighted multi-slice images were obtained with a fast spin-echo

sequence repetition time * 450 ms

echo time 13 ms

number of excitations 22

slice thickness : 2 mm

field of view :30mm X 60 mm
image resolution $ 128 X 256

7. TNV RATN—IT X B IELE PR S
SDACNFs 0.8 mL I/ L CZ ANV A7 — Img &75 X9 ICRAL. 10 % SBE-B-CyD

B 02mL MMz, YA zFE L2, HAZRZ AL — X 0EEALZ SD J v b (780, 1
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My —Muf e, A2 I3REED TNy 2 T — KB Z RO E L, &EEEIC S v b

AL, HLEZIY L 72,

8. PD A7 MIC X3 DSS BREBEXERIBENRE

HEMRBRET ALY Z 3, HAKZAZ LY — X DEEA L7 seaICR w7 & (73
fin, HEVE) 1T 3%DSS Kis zmEHHHPOKE &2 2 & TR L 72, RIBRIEIRDSHiIMG D 7=
3HHXY. 5. PD &7 b PD DENEIREGRER | ICH W7z v 7D 1/5 A7 —n
® PD &, PD/SBE-B-CyD iAi%. PD/SDACNFs E&%). PD/SDACNFs/SBE-B-CyD 7 /L
(PD#:5GE L LT 10mgkg) % 2 HEE CROBE L 72, Z5FMB S HHIC Y A% EK L.

BRI (T 72

9. RiGHMkAHIBIZ *

SERBHMG 8 HH @ DSS FREEERKGRET A~y ZOKGZHE L, sir~Y v T

it

Ete. X774 vaMYR 4 um) Z{ER L. HE 21T o7, % DR, HOCBHMER

(Keyence ., BZ-X700) i< CTHHA%IHEI{R % IS L 7=,

10. KEBIzuutFy & —+ (MPO) iGHEAIE 30

RBREHAG 8 HE® DSS SFFEEMRIBEAET v~ 2O KGEMH L. il L 72 K85
IC 0.5%HTAB/SOmM VY Y&/ ) v LHEAERR (pH6.0) ZMA, FELSFAHF— (7471 TF
vy 7« =F A & RHYSCOTRON) THEYF A4 X L7z, 20 R OEE IR, WRIKEHR

TR EHLEE L, SHECOE% 3 [MlfT - 72, 4 °C. 10,000g T 10 oMhEO#. Eikz

JE

IXL 7z, o-Dianisidine ¥il&¥i 0.167 mg/mL (50 mM U V&7 U v LFEMEHR) 200 pL 129 v 7
V10l BXC 50mM VU VEEH Y U LRREE AR L 72 0.1 % @SER{LKFEKER%Z 10 ul
mz. 7L —F U —%— (TECAN % infinite M200 PRO) THERFIYIC 460 nm T 35 1) 2 WG R
ZHELT, £, v T AD RV EIZ, Protein Quantification Kit-Wide Range % v T

78 b 3= VICHEWHDE LTz, & v X7 BRHIE L 2R B 72 U O WRSEEEZEE (AO0D/min + mg
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protein) % MPO &t & L 72,

11. MER-<T X — & DHIE
ABRBHLGE 8 HH® DSS FREEBERNGRET L ~T 255 EDTA2K ME LYY v
VORI (# 0.5 mL) 247\, IMHoRImERE, AifmEkE, /MR EI:, HASEER MEK-

6458 % FH\WCHIE L 72,

12. IfH 54— L EBHE

ARERHG 8 HH O DSS FFEEMAKIBRET L~V A5 5 EDTA2K UELL 72>V v
CCERIM (89 0.5 mL) Z17\, OB, MAEZEILL 72 (8200 pl), Mo F+—1E&
BlZ, FA— 12T —Z2RAMEF vy rZHTTa b a— VI WHIEL 72, 7 it
7 AMAE 20 uL ¥ 7z 1% calibrator 20 uL % fill 2. Reaction buffer A 200 pL Z /1 X 7z, 405 nm
BT DWAEZBE L 72, &7 =T Reaction buffer B 20 uL Ml %, 37°C T304 v ¥
2a_X—F L7z, 405nm ICHF 2 POLEZME L. ROCHTERDOPOCE (40D) 226 Fatd xR
eI F 4 — &' e Lz, WX TECAN % infinite M200 PRO % i\ CHllZE L 72,

/JOD X concentration calibrator (1000 pM)

FA—NLVEE (M) =
0D calibrator
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