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Hydrophobically modified hydroxypropylmethyl cellulose (HM-HPMC), which containes stearyl groups
(Cis) at the hydroxypropyl end, has been used to control pharmaceutical properties of quasi-drugs and
cosmetics as a thickener or a gelation agent. HM-HPMC hydrogel shows a high viscosity at low
concentrations (~ 1 w/v%) because it forms three demntional networks via hydrophobic interaction
between stearyl groups in water. Recently, stimuli-responsive hydrogels, which can change the viscosity in
response to an external stimulus (temperature, pH, light, etc.), have attracted attention for use in
phramceutical application. In this study, we developed a new thermoresponsive sol-gel transition system
based on the interaction between cyclodextrin (CyD) and HM-HPMC. Furthermore, we evaluated the
potency of the thermoresponsive HM-HPMC/CyD hydrogel for use in various pharmaceutical

formulations.

1) Development of thermoresponsive sol-gel transition system using HM-HPMC and CyD ; Effect
of CyD on the viscosity of HM-HPMC hydrogel

The viscosity of HM-HPMC hydrogel was markedly decreased by the addition of CyDs in a concentration-
dependent manner. Especially, the decreasing effect of a-CyD was greater than those of - and y-CyDs.
The transition from gel to sol was also confirmed by dynamic reology measurments and its apperances.
The interaction between HM-HPMC and CyDs was evaluated by 'H-NMR measurements. o-CyD
interacted strongly with stearyl moieties of HM-HPMC that involved in the reduction of the viscosity of
HM-HPMC. The stability constant (Kc) of the stearyl moiety with CyDs was determined, using
stearylamine as a model moiety, by the solubility method. o-CyD with small cavity diameter showed the
highest K¢ value compared with the corresponding value for the B- and y-CyD, and the K¢ value was
temperature dependent. Thermodynamic parameters calculated from the Kc value and temperature
confirmed that AH was the dominant contibuter for the interaction. In response to the temperature
dpendency of Kc values, the viscosity of the HM-HPMC/CyD hydrogel increased with temperature. At
low temperature, the elastic HM-HPMC turned into a low viscous sol, as the result of the interaction of
CyDs with stearyl ends of the polymer. Heating the HM-HPMC/CyDs induced the dissociation of CyDs
from the stearyl moieties, thus the viscosity of HM-HPMC/CyDs hydrogel increased with temperature.
HM-HPMC/a-CyD hydrogel showed reversible sol-gel transition in response to the temperature change.
Thermoresponsive sol-gel transition sysytem was successfully developped, based on the host-guest
interaction between HM-HPMC and CyDs.



2) Application of thermoresponsive HM-HPMC/CyD hydrogel in eye-drop formulation

Thermoresponsive HM-HPMC/a-CyD hydrogel was used to increase the intraocular drug concentration
in eye-drop formulation. HM-HPMC (0.5 w/v%)/a-CyD (0.04 w/v%) hydrogel was selected for the ocular
absorption of diclofenac sodium (DCFNa), since the behavior of thermal gelation was similar to that of the
commercial thermoresponsive eye-drop, LISMON® TG. The drug release from HM-HPMC (0.5
w/v%)/a-CyD (0.04 w/v%) hydrogel was slightly delayed compared with DCFNa solution. When the HM-
HPMC/a-CyD hydrogel containing DCFNa was administered on the eyes of rabbits, it gave significantly
higher drug concentrations in the corneal and aqueous humor compared with the commercial eye-drop. The
results suggested that the dissociation of a-CyD from the stearyl moiety occurred on the surface of the eye
(33 ~36°C) and the sol quickly turned into a gel, thus prolonging the retention of the drug on the eye and
improving amounts of the drug that passed through the cornea. Ocular irritation caused by irritative DCFNa
was tested by the modified Draize test. Both formulations were not irritating to the cornea, the anterior
chamber and iris and corneal epithelium. On the other hand, 2 out of 3 rabbits closed their eyes for 10 s
immediately after instillation of the commercial product, which is an indicator of feeling pain, while such
the tendency was not observed for the HM-HPMC/a-CyD formulation. The results indicate that the HM-
HPMC/a-CyD is a low viscous sol at room temperature, which makes its administration easy, while it
quickly forms a gel at physiological temperature, leading the improvement of the ocular bioavailability of
the drug.

3) Application of thermoresponsive HM-HPMC/CyD hydrogel in formulation of injection

The thermoresponsive hydrogel was prepared using 90 L HM-HPMC with a higher viscosity than that of
60 L HM-HPMC for the purpose of the sustained release of protein after a subcutaneous administration.
The viscosity of 90 L HM-HPMC was controlled by CyD concentration. The yield stress of 90 L HM-
HPMC hydrogel decreased with CyD concentrations, indicating the hydrogel became injectable. o~ and -
CyD significantly lowered the yield stress from low concentrations. 90L HM-HPMC (0.5 w/v%)/B-CyD
(0.04 w/v%) hydrogel was selected for the formulation of injection, because it showed low viscosity (~ 1
Pa-s) at 20°C, whereas it increased near body temperature (4 Pa-s at 37°C). Dynamic rheology
measurement confirmed that 90L HM-HPMC turned into sol state at low temperature, whereas it was gel
state near body temperature. When the 90L HM-HPMC/B-CyD hydrogel containing indocyanine green
(ICG) was administered subcutaneously to the dorsal skin of mice, the fluorescence of ICG was observed
for 24 hours after the administration. The result suggested that the 90L HM-HPMC/B-CyD hydrogel
functioned as a sustained release carrier of drugs after injection. When the 90L HM-HPMC/B-CyD
hydrogel containing human insulin was subcutaneously administered to rats, the high plasma insulin

concentration was observed after 2 hours of the administration. The MRT increased 1.6 times and the



apparent kg became half, compared with those of the insulin alone solution. In addition, the 90L HM-
HPMC/B-CyD hydrogel formulation showed a prolonged hypoglycemic effect. HM-HPMC quickly
turned into a gel after the administration, thus slowed down the release of the drug from the gel, which
contributed to the prolonged efficacy of the drug. The thermoresponsive 90L HM-HPMC/CyD hydrogel is

useful for sustained release of proteins when it was used in formulations for injection.

A physiological temperature-dependent reversible sol-gel transition system was successfully constructed
by simply adding CyDs to HM-HPMC. The system which takes advantage of the interaction of CyD with
hydrophobically modified polymers represents a new potentially useful strategy for producing

thermoresponsive hydrogels and will find numerous applications in the area of drug delivery system.
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Fig. 4. Image of thermoresponsive sol-gel transition of HM-HPMC/CyD hydrogel
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Fig. 5. Effect of CyDs on the viscosity of HM-HPMC hydrogel (0.5 w/v%). The viscosity
was plotted as a function of shear rate.

O: HM-HPMC alone, @: with 0.01 w/v% CyD, B: with 0.04 w/v% CyD, A: with 0.1
w/v% CyD, V¥: with 0.2 w/v% CyD.

Each point represents the mean + S.E. of 3 experiments.
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Fig. 7. Dynamic rheology of HM-HPMC hydrogel (0.5 w/v%) in the presence and absence
of a-CyD (0.04 w/v%) at 25°C.

@®: G’ (HM-HPMC alone), O: G” (HM-HPMC alone), B: G’ (with a-CyD), [: G (with
a-CyD).

Each point represents the mean £ S.E. of 3 experiments.
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Fig. 9. '"H-NMR spectra of HPMC hydrogel in the presence and absence of CyDs at
25°C (left). Concentration of HPMC hydrogel was set for 0.05 w/v% for 'H-NMR
measurements. Viscosity of HPMC hydrogel in the presence and absence of CyDs at
25°C (right). The viscosity was measured at a shear rate of 1.0 s™'.

Each value represents the mean £ S.E. of 3 experiments.
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DM TIZHEITS STE IZxt 954 CyDs OEMEMXEZTRT, 20°C IZBWT, y-
CyD %% CyD IRINEEEE DI, STE DOIEMEEENEMRANTH KT D AL BORE
fREARXZ R LT, —J7. a-CyD & B-CyD 1% CyD #EEED ERLELIC, STE M ER
MHANT EMEIC EFT2 Ap BOBWMEMMNZRL, @miRE CyD fF£7E FIZRBWN T,

IR G IRETERL T DZENRRE T2, — 7, 30°C LW 40°C K FCIE, 33 TH
CyDs 7% AL BUOVEFREEF AR LTz, SR EEFH I ORI EAR OB E LU O G| 5K
(1) ZH\WT STE & CyDs 2 1:1 EEKRERRTHERELTSHEDLEELEE (Ke)
EHEM LT (Table 1), ZOFE R, ZEHEO/NES/: a-CyD MNikbEV Ke EERL (7.94
X 10* M, 20°C). KIZ B-CyD (6.14 X 10*M’, 20°C). y-CyD (227 X 10*M™', 20C) O
IECTH 72, ZHUE, a-CyD 1ZAT T UNIED T2 55 F A XD/ NSOE SR D5y F AT
AT AIEERL, ., LR ARDKET y-CyD 1 ZATRARD L7 &S T4
BN AT 572 AT TUVIKREOH BEAERIX a-CyD ([ZHA_RT/NINWIEERT, £z,
IBEZ 20°C, 30°C, 40C LELSHDETRTD CyDs IZHBWT Ke fEITHA L, 20
Ke fEZIREIZXL T my L (Fig. 10), 240157/ A—4—% van’t Hoff X (2) LVEH
L7, % CyDs DU HLE— (AH) BLO= ot — (4S) 4 5E, AH O%5
DRENZEND (a-CyD DA, AH =- 141 kI/mol, A4S = -0.39 kJ/mol-K), A7 7 UL %
& CyD OMEMERIX AH BEER CHHIEAVRIBS -, ZNHDFERID AT T ULV
& CyD OFAEAEMITIRERFENEEZRL, a-CyD NAT TUNVIEL R EARE/ER 352

EDHBIEIRST,

K = slope/intercept (1-slope) *ececcececcece (D
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van’t Hoff =

11'1K:-AH/RT+AS/R ................... (2)

NANNANANANANAS N HE

Chemical structure of STE

20°C 30C
4 4t
© o}
= ) = e
= 3 O = 3 o
E ° E é
o o . °
b 2 o 5 2 T,
: P : e
g ! R g 1 ~.
© _ g —d o - 9 '
0 L . 0O I
0 2 4 6 8 10 0 2 4 6 8 10
Concn. of CyDs (mM) Concn. of CyDs (mM)
40°C van’t Hoff plots
4 12
o .
— 10 —
s 3 e - 9 .
E o) 8 =
w . = &
® 2 8 = 6 d
= o =
§ 4 ' O b £ 4
[=] - o
(5] Q// 2
0 : 0
0 2 4 6 8 10 0.0031 0.0032 0.0033 0.0034
Concn. of CyDs (mM) 1/T(K)

Fig. 10. Phase solubility diagrams of STE/CyD systems at 20°C, 30°C and 40°C, and
van’t Hoff plots for the Kc values.
O: a-CyD, @: B-CyD, @: y-CyD.

Each point represents the mean £ S.E. of 3 experiments.
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Table 1. Apparent 1:1 stability constants (Kc) in water at different temperatures and

thermodynamic parameters for STE/CyD complex formation®

Ke X 10° (M)

Complex AH (kJ/mol) AS (kJ/mol-K)
20C 30°C 40°C
a-CyD  7.94+0.09 1.01 £0.01 0.20+0.00 -141 -0.39
B-CyD  6.14+0.07 0.88 £0.01 0.17 £0.00 -136 -0.37
v-CyD 2.27+0.02 0.52+0.00 0.10+0.00 -120 -0.32

*Each value represents the mean £ S.E. of 3 experiments.

% 4 & HM-HPMC/CyD EROZ L OREGEMS N - FLEBREOTE

27T YNHE CyD OMANEMTIRERFMEZ R LT2O T, AHiTlidk, HM-HPMC/CyD
bR a7 LV OIREISE AR L 7=, Fig. 11 (348 CyDs {#1E FB L OIEFIE FTD
HM-HPMC &R /L ORhEE DR E 53 Bl E Ok Rz v 3, s BRI & 43 73
BT 2E IRE EFEEHICy T OEEIMEN @ ED, BUKER LOSE B IHIE L, TR OKs
FEIE T 9%, 0.5 wiv% HM-HPMC ERTZ L, 20°C TIEEkEERRE (9 8 Pars) TH
LR ARED EFITENKREBIIKE T Lz, —F5 . HM-HPMC BRa%Z L2 a-CyD &4
5E.20°C TITHEEEDMEL (~ 2 Pars), IRED EFISEWREIZEINL , HM-HPMC bR
FVERICHEET ER#% AR T L, $70bbh, B2k 7R mR U KEDME T4 53
H— kU, FealkL72doIz, CyD EATTUNEOFEAEAEMIL AH BRERITHLHT-80 .,
B EALEBITHAERBR T T 5, TORER, AT TUNIEO RSN, AT T UV EE

[F] L D BEEERIEAE E DS TR S AL, REEEDS ERLTCb D EHEREND, $7ab b, 2O —Thy
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71X HM-HPMC 7°6 CyD 2B RiEZ R ¥, B —2 7 OfEIL, CyD REKFRY
IR~ 7R L, 0.01 w/v% a-CyD ¥INIT 33°C. 0.04 w/v% T 43°C. 0.1 wv% T
46°C. 0.2 wiv% T 49°C Th-o7To, B-CyD WINFFHIRE EH LI E N INLE —2~
VT H R LTS, EDOfEIL a-CyD KOHIKL, 0.01 w/v% B-CyD #ANT 27°C, 0.04 w/v% T
35C. 0.1 w/v% T 42°C. 02 wiv% T 47C Tho7=, y-CyD TiL 0.2 wiv% HINEFD F,
iR — I by T RBLNT, ZIUTAT TUNIED Ke fER/INEW B-CyD LY -
CyD I, INEFFIZ a-CyD X0 a##EI LT VNI EE R TR, CyDs MO AAEH

DIRS DN SR L TR — 7122 EUTeb D LR S LT,

o )
. B .
£ g
2 4 2z
@ 7]
8 g
2 2 o
> >

0 1
20 30 40 50
Temperature (°C) Temperature (°C)

Viscosity (Pa-s)
F-9

Temperature (°C)

Fig. 11. Temperature-dependent viscosity changes of HM-HPMC hydrogel (0.5 w/v%)
with or without CyDs, measured at a shear rate of 1.0 s,

@®: HM-HPMC alone, O: with 0.01% w/v CyD, @®: with 0.04% w/v CyD, [J: with 0.1%
w/v CyD, M: with 0.2% w/v CyD.

Each point represents the mean £ S.E. of 3 experiments.
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I, 20°C, 30C BE 40C S FTO CyD FIMBIOIEAINFFO HM-HPMC t
RaZ L OBHAEBPEREZAT 572, 22T, 0.04 w/iv% o-CyD #INR% VTGS AT
72, Fig. 12 (ZAAEE (o) IZHLT.G” G TERLIZETHAHEILER (tand) 27
gy hL7cfE R AR 9, HM-HPMC BR a2 v id, JE L7 A J8 i Bt P i3 V¢ 20°C,
30C BLW 40CT tand<1 THY, F/VIREETHAHZEN /RSN, — . a-CyD IRINEE
TiE, o > 10 rad/s OFEPHIZIBNT,20C TiX tan§ > 1 THY, 30C, 40C LiRED L5
THE, WEL-A BRSO T tan § < 1 Eleodz, ZHUE, 20°C TV VIREE, 30
°C PLETRHZ VIRIETHDHZ LA /RL, HM-HPMC/CyD bRB47 L, IR Tld/ /LR EE,

il TIERT WIRARIC AL T2 ZE A BIRPRE FEPE I E O RS b RFS iU,
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3.0
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1.5
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0
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M@ﬁ

100 101 102
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Liquid
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(Gl’ > G!)

tand=1 Intermediate Sol/gel
(G)!= G!)

tand <1 Gel state
(Gl > G!!)
Solid

Fig. 12. Loss tangents (tan ) of HM-HPMC (0.5 w/v%) and HM-HPMC (0.5 w/v%)/a.-
CyD (0.04 w/v%) hydrogel at 20, 30 and 40°C.

®:20C,

®:30°C, O:40C.

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

*tan § (loss tangent) = G’ (loss modulus) / G’ (storage modulus)

CyD OEBEBRSLII A THDHT-0, HM-HPMC/CyD bR L OIREIEME L -

IVIEHLD A PEIZ O W TRl L 72, 20°C & 35°C TIREZLA#DIKLI-8E5 D HM-

HPMC/CyD ERBZ L OXSEZRLOREFR %A Fig. 13 12777, 0.5 w/~v% HM-HPMC tRm%s
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UL, 20°CTIEAY 8Pars L@V VKEEARLT-M, 35°CITINR T 58, ) 4 Pars LRV KEEE
LTz, —J7. HM-HPMC/a-CyD BERE4# L, 20C TIE#) 2 Pars SRVVEEEZRL
35C TR DL, %) 4Pass (TKENR EH LT, ©F0, CyD IINFFBLOGERMEE T4
WD FEISENMEDREEE 2 AR LTz, F72, HM-HPMC/CyD tRa%7 L DN & H1 %
DKL TH, ZNENOREICB W TUZERCHEZ R LT, 2O &5, HM-HPMC/CyD

eRa s VO FEINE MV - FVEABIE A AR T AZENHON ST,

with a-CyD (20°C) ] with a.-CyD (35°C)
Heating

Cooling

Viscosity (Pa-s)

20 35 20 35 20 35 20 35 20

Temperature (°C)

Fig. 13. Reversed viscosity change of HM-HPMC hydrogel and HM-HPMC (0.5
w/v%)/a-CyD (0.01 w/v%) hydrogel upon heating and cooling cycles measured at a shear
rate of 1.0 s,

@: HM-HPMC alone, O: with a-CyD.

Each point represents the mean = S.E. of 3 experiments.
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% 5 #ii HM-HPMC/CyD tRuZ VOIREREM IV - FVELEE

IHETIHESLNIRE RIZEEDSWT, CyD f#7E FIZEITD HM-HPMC bR L DR
TALDOFERE Fig. 14 (2FED D, HM-HPMC ER 07 U RIE B CHREEE A7 IR EE
THhb, 2O HM-HPMC tRuZ/Lic CyD iR 5&, CyD 728 HM-HPMC OAT T
WA T HIE T, AT TV R OB E S BRI RE N FE LR LY ViR GE
~EAT D, FEE FTICBITALEEEEEOFERLIY, CyD EATTUNFEOF EAER I
AH BREVRICHL720 IR T L8R3 <D | AT 7 UV B DR EE 1E 3
BOEEL, BEDOEWT VIRE~ZENT D, 2OV v - FVE#REISIY HM-HPMC O
AT TYIVHE CyD O BEAERICEE ST, IRINLZ CyD RN EH358, Iz
9% CyD &M D720 Y NVInDT A~ DR EIR A~ 7 N5, £72, o-
CyD LHEELC, AT TULNFEOMAAEANRTH B-CyD LW y-CyD IRINKFIL, a8z
DAL T N | IR DY LIS L ~DEBMEIR TAEL D, ZNHOHE R, CyD
OFEF-REZBUNCRE T DT A RIBETOY IV - FAEGRRE A T DIREI
BMEER T VAP RT BB 2 LB RIS D, SHIT, CyD IZRD MBI iR Th o1
. HM-HPMC/CyD bR uZ /L OIRFEISEME v - ZAZE T w2 R LT, BL Eo#s
REV, HM-HPMC ERBZ /LI CyD ZIRINTHIE T, BRAN - FAMBAAERIZE SN

TR ISEANM D )V - VIR AT D RESE A RE/R N DN TR o T,
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Fig. 14. Thermoresponsive reversible sol-gel transition of HM-HPMC/CyD hydrogel.
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o6 Hi /NE

ARFE T, CyD (2% HM-HPMC bERuZ7 L ORMERIBEIREISE M v - 7V
REDREAT d6 KL OVEHBEHE O FEMIZ DWW TIRGETL 72, £7°. CyD (2485 HM-HPMC kbR’
IV DREMERIENZ DWW TRET LTz, RIZ CyD & HM-HPMC tRaZ7 VO BEAERIZ DWW T
Bt 21T -7, 512, HM-HPMC/CyD bR 47 /L DR FEISE MOV TRl L 72, AT

(Y AWV SRS bl RS

1) &f CyDs IINCED HM-HPMC ERuZ L ORI KIFE T RBIZ OV TRET L7
fEF HM-HPMC ERaZ /L ORI CyD JRERFHITHR T LIz, FRIZZERR D/
&7 a-CyD ¥INZEy, HM-HPMC bRuaZ7 L O¥EE IFBEE 12K F L2285 (0.06
W% AN, #9910 430 1 £ T F). HM-HPMC bR aZ7 L O¥MEHIENIC I o-

CyD WA FCThAH I LARIRSE,

2) HM-HPMC tRuZ L OENFPREEPEIZZIE T o-CyD IO ROV TRRETLIZHRE
B HM-HPMC tERuZ VHEMEZ VIREE (G > G”) THHDIZHKL, a-CyD Z sl

THEMEMEDHD Y VIREE (G”>G) IT& kLT,

3) HM-HPMC tRmZ /L &%FE CyDs OFHANEMZ 'TH-NMR A7 ML CRETLIRE R,
0.2 w/v% o-CyD BXW B-CyD fF1E FClE, ERaf 7 at VD AT L ER Sy (1.1
ppm) OE—Z(NZ, K 1.3 ppm fFUTICAT T UV IRICH S B/ NS — 7 )3 B 2%
S, A7 TUNEEE CyD O AAER S RIBSTZ,
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4)

5)

6)

20°C, 30°C FBLW 40°C DKM TFIZEITH STE L4F CyDs O EIEHOMS%E
IR A AW TRET LTS 3R 2R D/NE7R o-CyD Db @V Ke AR
(7.94 X 10* M, 20°C), KIZ B-CyD (6.14 X 10* M, 20°C), y-CyD (2.27 X 10* M-
1.20°C) DIETH T, Ke EEIREDBRNOES ) F T A—2 — % F T 5 BAE
I AH BRI CTHY, a-CyD A3 HM-HPMC D AT 7 UL Lt s <HH HAEF 4

DHTELP RSN,

HM-HPMC/CyD E R &5 /L o K5 BT %f 92 B2 40 8O € 24T - 72 6 & . HM-
HPMC/CyD ERBaZ LV OREEET | E ERISEONEE R LTz, £72, 20°C, 30C BXD
40°C Z&1F FC HM-HPMC/a-CyD ER a7 L OBk LR E 21T > 7o fE 5. 20°C
TIEYLIRAE. 30C. 40C LiED LH-T 587 /WIREEA~ZELT DT ENHBNER >

7’9
—o

HM-HPMC/a-CyD ERBZ /LoOfE 35C) LmA 20°C) Z#0iK L TH, MNERX
FEEE D BN VIR EE | A FEIRF RS BE DR N LR EE R FREL L 7= 2 L5 . HM-HPMC/oi-

CyD eRaZ /VOIREIREM YV - FOVEBII ARG T 52N RENT,

VL EOM XY, HM-HPMC/CyD ERBZ7 /Ui, iR (20°C £Hi0) Tk viRig, RiEf

I (30 - 40°C) TIFT WRRBIZEAL T DIREISENED T L HFI LU THERE T 52 L A3 B2

Llpotr,
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% 2 E EKYIRANBITER L2 AERUIREREME HM-HPMC/CyD ERRZ L0 AR

Fl~DJi=

B F

AIRIFH GBS E TR EA THH720D | IRBHE B OTRIEICEEL . feb > H 272
BHNL—NCThD, LinL, AREIIUDE LT U THERRIC LY | R O FEY) 1 T5HE =0

(CERDBHEBR SN D720 I DAR N AT ML IEH IR A lA miE L CIR ARk 2
AR BEIIRG LI D 5% LT ThHEFS DTG 3539, Lzio> T, RHREE
DFGFEUT— A28 1 B G TEUWMEANCHY . Fe G- [FIELOWAD 72 b DN R R
IRRREBIRIR DT D T DO RNBAT I A SGE T 52N R END, ZIVETIZ, FITHIES
BTV 330 = A 7a)F IRLAAL O VR — AR EDREE T /X UT B RE RO
IRNBATHA UGS T D7D IR S TE T, TO P THIREISE M Vi, R R IRA
(CEBIE SN FHED S0 | R EIREME S VA SIRANDIG 928, AIRKEL VIR EE
THRIBLL L SRR ITRIR TIRO SN EL | FEEFETORY ORI L, 3K
YIRS TIE S L BT DZENHIRFS NS, T2 TARBE T, FMIRNBA TR E2 B s
LT, IREIE M HM-HPMC/CyD bRu7 vz SHIRAI~ISH L., Z0A FAEIZ SV CRHE

L7,

% 2 i A HM-HPMC/CyD BRTZ /LasbH 03k ko 374
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IR ISE RN e S V2 SIRANIS 256 F VR ER S T E 5L RIRFIA SR D
DIIROWE FHAEEEL7RD, SIR% O B OFRPREEIHEEN D, L7ehio> T, RO HEE 2
735G MR DBRITHEE DMEL | R AR (30 S A s R R AR T e R LA i 2 0
Enbhn, 22T, RIRFIELTHE T 2012577 HM-HPMC/CyD ER RS /L DL 5 24
BLTz, ARETCIE, EBRICIRE IS A ML S IRAI L TR S C0B Y XE® TG
R 49 2Rl L Uiz, VAELY TG OREEETE§ DIy 8Ol E O % Fig. 15
RS, UREVY TG F=IRAFE (20°C) THIEENK) ~ 0.1 Pars LAT SKfEARL, BRD
KEIREFT (K 33C) ETINRT5&, 49 2.0 Pars ETHEDE KL 72, HM-HPMC &
CyD OFE¥E B EA A LR . Fig. 15 (2773 K912 HM-HPMC (0.5 w/v%)/a-CyD
(0.04 w/v%) DT VAEL® TG 1T WIREIGENMEDRE b2 R U2 805, LU

ORFICIZZ DT D Ra s )V -,

Viscosity (Pa-s)
F-Y

0 1
20 25 30 35 40 45

Temperature (°C)

Fig. 15. Temperature-dependent viscosity changes of HM-HPMC (0.5 w/v%)/a-CyD
(0.04 w/v%) hydrogel and RYSMON® TG, measured at a shear rate of 1.0 s™'.
@®: RYSMON® TG, O: HM-HPMC/a-CyD.

Each value represents the mean £ S.E. of 3 experiments.
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Fig.16 [T ET NVEYIZHIRIES Y 707 =+ T (DCFNa) % HV T, HM-HPMC
Ja-CyD ERBZ Linb O S i 258 2 B AT A I KRR L7245 2 7: 97, DCFNa (3,
THIER K 2 Ky &<, DCFNa /UlIRAI (7me—R" JliR#R) 12 1 B 4 B
BB Z b | B GO BEEND 4, Fig. 16 1279 X912 DCFNa HUREAEIK
%1 FEECR 50% O Sz, —J . HM-HPMC/a-CyD ERBZ /Linb0 %)
HHITEBIEL | 50% WAL 2 Bl Tho7o, Zaud 32°C fF T Clk. HM-HPMC
DATTUNIED CyD INOfRBEST 22 THEE KL, 7L~ Ny 7 2B O 3 i A3
BEIEL 7272 EHELE ST, HM-HPMC ER 7 L0b0 3y Fitit, DCFNa BUMPES IR & b
LT 20 . HM-HPMC/o-CyD R4 L LRI U B A 7= LT, T 2y B & O
E (Fig. 11) X, 32°C Tix, HM-HPMC tRaZ/ /L O¥5E X HM-HPMC/a-CyD ERw/
JVOREEEL LB THI 4 Pars b MSh b h T, Wi QY H 8 X EIE R C
B o7, ZAVITIRFE 53 BRI & L SR ik HERBR O EBR ST N B D LN EN LB 2 HD,
TR S B E Tl 7 VN D a-CyD JREEDZEBYTANAS SEW R ER BRI L)
FRIZ a-CyD (M.W. 972) HiB#TE (& b7 1 10000) 735UV —AZGHT IR D
W5, Fletho 7R E 5 mL IZxHLTEBLE 500 mL Tho728, a-CyD 100
PP ZIE S D, LTe3 o CL sBRBAAATE . INEICIVAFEEL 72 a-CyD 25PN
MO B S, #5EE 2 HM-HPMC BR a7 )L C[RIFREE ECHERL | i35 O3 W fik H 26
BN BDNIRD S Tob D EHELR ST,

%72, HM-HPMC/CyD tRaZ /WM EE AN T5546 ., s CyD LOMAEEMEZS
BT DUNENDD, EIREEZ WY /a7F 27 (DCF) & CyD O EAEMAEHEFLE
5. Ke (0-CyD) =17+ 15 M, Ke (B-CyD) =362+ 11 M| Ke (y-CyD) =228 + 26 M T
Hode, ZOMITE 1 ETHLMNILIEATTULVEE CyD @ Ke fEEHEETHEIEH I
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/NEWY, £72. DCFNa #INC kD HM-HPMC/CyD bR a7 /L D¥EEE DAL B 7005

7=Z&m b, DCFNa I L5 A a0 BTV nb D LB 2 Hib,

100 ——————————9
: e
g? 80 y ///9'/,f
@ = P /
&% s
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Fig. 16. Release profiles of DCFNa from the HM-HPMC-HPMC/a-CyD formulation in
PBS at 32°C. All formulations contain 0.1 w/v% DCFNa. All the symbols were

overlapped at the point of 24 h.
@: DCFNa solution, O: HM-HPMC/a-CyD, @: HM-HPMC.

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

% 3 FEpE A HM-HPMC/CyD bRus /Lo SIR#k 538k

AEiTlE, DCFNa &4 HM-HPMC/o-CyD BERTZ L% W CEIREE 5 BR a2 1T -7,
el BREL T, BREE T FHSNCUD DCFNa & F mlRAI (P27 —R® SR 0.1%)

%M\ 7z, Fig. 17 3L Fig. 18 I£ DCFNa %4 HM-HPMC/a-CyD BRa% /L% 74
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AR -4 . AIEP I L OMRE K T 0 3EA) i B2 A R RE R L I E L 72 R A 7% 97, HM-
HPMC/a-CyD ERBZ /LT, 7ue—R* GHRIEE L T, ARSI OIREAKFIZHBNT
VY DCFNa A R UT, AR L OIREKIZIST 2B IEF) /3T A—H—% Table
2. 3 T, AEIZEVT HM-HPMC/a-CyD ERuZ L& SR I HBOSIRFI LD Crax
239 3.3 f% (HM-HPMC/o-CyD = 20.40 +4.48 ng/g, filmiRA] = 6.13+£0.07 pg/g) .
AUC 739 2.9 % (HM-HPMC/a-CyD = 57.77 + 12.18 pg-hr/g, Tl IRA] = 19.90 =
5.96 pg-hr/g) HRU7, IREKIZEBWTH, Crax 258 4.0 f5 (HM-HPMC/a-CyD =
1.20 £ 0.15 pg/mL. HAIRA] = 0.30+0.15 pg/mL) . AUC 2589 2.7 £ (HM-HPMC/o.-
CyD = 3.88 + 0.88 pg-hr/mL, iR iilRA| = 1.44 + 0.34 pg-hr/mL) ¥EKUTZ, 7285, 17
IS HIRANL. DCFNa O g 1) S 5720 12BRMER] (pH = 6) IZHfE Qg
0, 4 [El> HM-HPMC/a-CyD ERu5 Vv OFEIZI I R (pH = 7.4) ZHWzich
Bobd | ARBIOIRE K OEMIRENE R LT, Ziuid HM-HPMC/a-CyD ERB5
VR RIR | IRO R ERE TR DIV THREIEEN T /ALL | S OWR PR I8

T, Y OIRNBATIED R BT S HEER ST,
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Concn. of DCFNa (pg/g)
in cornea

Time (hr)

Fig. 17. Concentrations of DCFNa in rabbit cornea at various time points after
administering a HM-HPMC/a-CyD formulation or a commercial product to the eyes of
a rabbit. Both formulations contain 0.1 w/v% DCFNa.

@: Commercial product, O: HM-HPMC/a-CyD.

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

* p <0.05 versus a commercial product.

Table 2. Pharmacokinetic parameters of DCFNa in rabbit cornea after administration to

the eyes of a rabbit”

Sample Cumax” (1g/8) Twa’ (hr)  AUCo’ (ug*hr/g) MRTy.° (hr)
Commercial
6.13+0.07 1.17 £ 0.54 19.90 £ 5.96 298 £ 0.79
product

HM-HPMC/a-CyD  20.40 £4.48*  0.83£0.20 57.77 £ 12.18%* 274 £ 047

“Each value represents the mean = S.E. of 3 experiments. "Maximum drug concentration. “Time
to reach a maximum drug concentration. “Area under the curve. “Mean residence time.

*p < 0.05 versus a commercial product.
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Fig. 18. Concentrations of DCFNa in rabbit aqueous humor at various time points after
administering a HM-HPMC/a-CyD formulation or a commercial product to the eyes of
a rabbit. Both formulations contain 0.1 w/v% DCFNa.

@: Commercial product, O: HM-HPMC/a-CyD.

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

* p <0.05 versus a commercial product.

Table 3. Pharmacokinetic parameters of DCFNa in rabbit aqueous humor after

administration to the eyes of a rabbit’

Sample Cray” (ug/mL)  Tua“ (hr) AUC." (ug+hr/'mL) MRT).»° (hr)
Commercial
0.30+0.15 1.0 1.44 £0.34 47 £ 233
product
HM-HPMC/a-CyD  1.20 +0.15* 1.0 3.88 £(.88* 3.14 £ 092

“Each value represents the mean = S.E. of 3 experiments. "Maximum drug concentration. “Time
to reach a maximum drug concentration. “Area under the curve. “Mean residence time.

*p < 0.05 versus a commercial product
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HM-HPMC (0.5 w/v%)/a-CyD (0.04 w/v%) ERBZ7VITXRIEAT (20°C) THEEAMEV Y L
WRHETHDHT2 (CyD A% HM-HPMC DA77 VLI @A BEL TR ER), SR EREN
B ThHD, —J7 RIRBIZIRKREIRE (K 33C) FTIMRSITHE R BV LIREEIC
BT D720 (DRI <Iao TR AE) | FEIRZEN O IEMIRE ME g S i, o
IRAEATHED ) L, AR KOMRE K PR E R L Tb D EHEZR S L7z, DL RO
XV, HM-HPMC/a-CyD ER a7 U/ WARRECRIRL < SSIRBRITIR B IHIRE 7L
b3 5Z&T EMOIRNBAT A LB T HHHIR S BT NV ERIE L TR 728 h

Y Ay P

I 16
E _
60L HM-HPMC/CyD 28 ., HM-HPMC/o.-CyD
22
52 os
5§ .
2 g 04
e
0 1 2 3 4
Time (hr)

Improvement of intraocular
| Easy to drop \ drug concentration

N
Instillation )\W‘(

| Improvement of drug retention on the eyes

Surface temperature of eye 75:'_',
(About 33 °C) i
eye

Fig. 19. Schematic image of thermoresponsive HM-HPMC/CyD hydrogel for use in eye
drop.
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4 EhE A HM-HPMC/CyD tRu% /Lo RRHkE Rl

DCFNa O i s IRANE, —1@PEDRAE ., #IlR ., IR FE 722 L 2 & T IR 295
4647, —75 , HPMC 13 IR R0 A BRI iR R A TR T ZENHESIL TS ),
HM-HPMC % HPMC OFFEETHLHZEND HPMC ERIERRRE RPN IR S ND, ©
ZCAHITIX, DCFNa &4 HM-HPMC/a-CyD tRuZ L OIRFIEMEIC OV TP 7e—R”
FHRIE 0.1% LB RRFTA1T 572, Table 4 1%, o7 L&YY 10 [BLEARL, 1 FEH
s OIRDOIKEEZ LR Draize 1E4 AW CRHIL 75 RO —FlZ 7, SRRV ARXIEIC
BWTRITH 0.5 BLUNEHEEZRL, 1 B RITRE S SHE S D, iR AR A 5
FEIZAR B A MR, BRAE MR JS L ONBRIS LRI 23 38D HALT=, — 77, HM-HPMC/a-CyD ER &
TGRS X COHE BIZEB W CRREIEILRRO DIV o iz, IRICAY Y M7 TR
DA, BT M OBRB IO VA LA Y a I LD IR - OB 4TS TS 5
WA LB IR EMEITRRO Lo T, SHIZHIECR A DOEIEE 25 B DWW TRIRTEZ IS
B TRE R, HlORIRF R BRETIT 3 B 2 PRIZ 10 BRI A 2vBlgshiz, Lo
L. HM-HPMC/a-CyD bR BZ7 L GRETIRBIEIN o7, ZNHOHE R I1L, HM-
HPMC/a-CyD ERBZ/LIZ DWW TH, HPMC [AlERIZ A AR E R A2 H L TN DI a2 R
T 5, LA EDOZ LD, HM-HPMC/a-CyD ERaZ7 L3 i iR A& L L T, DCFNa DR

KRR AN AR S0 Z LDV RIRS LTS,
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Table 4. Scores obtained from eye irritation test of commercial product or HM-HPMC/a-

CyD formulation in rabbits. Both formulations contain 0.1 w/v% DCFNa

Score
Lesion
Commercial product HM-HPMC/a-CyD formulation
Cornea

Opacity 0 0
Area size - -

Conjunctiva
Eyelid conjunctival redness 1 0
Eyelid conjunctival edema 0 0
Bulbar conjunctival redness 1 0
State of spasticity 1 0
Secretion 0 0

¥ Ascore of 0.5 or less indicates no irritation, and 1 or more indicates irritating.
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B 5 H /NME

ARETIE, EWRANBATIER L2 AL L COREINE Y HM-HPMC/a-CyD ERmY

Wz JARAI~IS AL, 2 oA a2 RHEiL 72, 7 VL LT DCFNa £ AL/ HM-

HPMC/a-CyD ERuZ Va0 2 iR L Y OIRNBATHEZ - L 72, £51Z. DCFNa

&4 HM-HPMC/a-CyD ERBZ L OIRFEIEIZ OV TEEHliL 7=, LA FICfSDi 725 RAa 5

92

1)

2)

3)

HM-HPMC/CyD B w17 L O $5 FE (35 1) 518 B 4y Bl E o #& B . HM-HPMC (0.5
w/v%)/a-CyD (0.04 w/v%) ERBZLIE BRIREE S CODIR B S ENE S L SR AT
HbH VAELY TG LEPILT R EZ# 2R L7 (20°C TH 0.5 Pars, £ 33°C T

2.0 Pa+s),

HM-HPMC (0.5 w/v%)/a-CyD (0.04 w/v%) ERB7 Lo 3k 2483, DCFNa
WIR L OB ENTIRIEL 72 (K9 50% O3EM it ETORFH, DCFNa #i#&: 1 FFff .
HM-HPMC/o-CyD: 2 W), Zauid, 32°C & FCHENR KL E T L~y

T ANED FY T DRIE L 727~ D ERB S 177,

DCFNa &# HM-HPMC/a-CyD ERaZ L aw 418 R % 5958, Tl RAl X
DHEIEY DO AN L OIREK PR EITABICHEEZRLE (ABENTIE Cux 23
3.3 fi5, AUC 2547 2.9 %, IRFE/KFTIX Cux 256 4.0 £i5, AUC 2359 2.7 00

L72), ZAUE HM-HPMC/a-CyD EREZ7 /LA R | AR 002 i R CIRLD H AU TR R

38



FRNTT AL, ORI TEDP R LTI LHEZR S LTz,

4) DCFNa %A HM-HPMC/a-CyD bRaZ L ORI DWW TRETL 725 3.
TR AR A & Hel U TR I TR O e o Te, Flo, AV I Tl L7 VA
LAY I D BRI B W TH BEE IR B IR o T, SHIZ, FIECR A D
LB BB RSN T, LIz3-> T, HM-HPMC/o-CyD bR B47 L i, il

ARl & bbiz LT, DCFNa O RRAE R AR 3D 2 E DRI ST,

VLB RED  JEERE M HM-HPMC/CyD bR L% fiRAI A~ 458, AR
XY VIRRE T RIRL 09K, IR X7 VIR IBIC A L35 Z & CRE R NIZ 31T 2 3 i &
PERUGEL  EMIRNBATIER M LT 520D E/ 25T, X512, HM-HPMC/a-CyD bt

Re7 1l DCFNa O RARE R 288808 3 D Z LDV R S 7z,
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8 3 B X VENERYORREHEARIURERSE HM-HPMC/CyD tRas /v

DIESFI~DIEH

B F

BN T AP DS R < IR RITEND T A AV REARVES A
vH—Txnys TYARRTF 2 HURIRE LD ANAFERE LS BT, LinL, #
BRI BRI Z E THY  HFEREI S E WD | BUE s Tng
PSAFEI G DL 05HE H OBEAENES 2 B L35 349, KRITEMEER;  BERP . IT5. Bl
5. B~ F 2l D@L AT Bol M, BES LUTAEPEICE > TR ENLETHY,
BEDOALTIAT U AME T EG|ERITAREERSHD 9, Lizhio T, 2o 7 EHEIRY O
PNAFT RATGEVT 45 Y E L B GRIEEES T L3R ICEERRE TH LM, Ry
AN 2 T D A A EFR AN IR IZAD I, ZZTARETIR, Fo 7 EMEREY)
OFEfEE A HE L <L IEISE M HM-HPMC/CyD bR L& Al ~SHL, 0

A RPEIZ DWW T L 72,

%2 H A~ AZERELREIREYE HM-HPMC/CyD ERRZ L DFF#L

EREZ VARG TR L CRIF 32556 7 VIREE TRV K 2R3 5 33 O F¢
BHICA D THD, T TET . DT RBIOAT TULVIE A O/ 90L /'L —F
® HM-HPMC (#>¥=m—2AZ® 90L, M.W. 650,000, A7 7 U/LILEHLE 0.4 ~ 0.6 wt%) D
FEE I KIE T CyD EEDOREIZOWT 60L 7L —K?® HM-HPMC &R 7=,
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Fig. 20 %, HAWHREZ 0.1 s' IZEEL, 60L 33X 90L HM-HPMC DF5FEIZ KIFE T
CyD IRE DS BT LI RaR$, CyD FERINEFTIEL, 90L HM-HPMC tRas7 /10
KEEE IR 52 Pass A KL, 60L HM-HPMC ERTZ /L 0D#) 34 Pars Kb @Efiz~Liz, —
J7. CyD ¥4 5L, 60L HM-HPMC D4 EFBEIC 90L HM-HPMC tRu%7 Lo kb
% CyD BERFHNAE L, #512 a-CyD BLW B-CyD I, (KIEEEREIL (~ 0.1 w/v%)
TH 90L HM-HPMC bRuZ L O EHI#ENCA H Th-72 (0.1 wivve BRINTK 3 43D 1
FTIET), —J5. y-CyD DA 1E. 90L HM-HPMC bR T4 /L O%ERE~D 1T/ &<, 0.1
wiv% IRIILCHEWEEE (K 40 Pass) Z7RL7z, ZRHORERIL, 90L HM-HPMC ERm
TMAZERNWTEH CyD 2T 528 T, O ELHIE Al aE2 22 Rme 4%, £/, 90L
HM-HPMC tRw%7/Lix 60L HM-HPMC ERBS LI0G @K EZ T 52800, TEHHA

~DIATIE 90L HM-HPMC bERa%7 v W TR E1T o7,
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Fig. 20. Effect of CyDs on the viscosity of 60L HM-HPMC hydrogel (0.5 w/v%) and 90L
HM-HPMC hydrogel (0.5 w/v%). The shear viscosity at 0.1 s was plotted as a function
of CyD concentrations.

@®: 90L HM-HPMC, O: 60L HM-HPMC.

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

BE . BN VTR E RS WD RV DIZEAE AR EECTHD, £ T RIZ
90L HM-HPMC/CyD tFR 4 /L DiEAPEIZOWTEHMI LIz, LA A—Z—HIEIZB T,

WIS TN L TOT a7 my b 58— EE ARG ) TRBUZOT B2ME KT HME, W
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DPLIERME (ZDBROEAMIE NI EBEARIEIERES, ) &, BERRIG T, #EEA HdL
TMENLARD DI B2 T 2R L TERY | RIS D% Felge 95 Z & THES A O A
A9 D2 LN TED, Fig. 21 1T 90L HM-HPMC ER B47 L D REAR IR STk 354 F
CyD O##E%RT, 0.5 wv% HM-HPMC tRaZ7 /L ORERIG 1T 16 Pa Th-o7z, — 75,
CyD Z¥s/N¥5& HM-HPMC bRaZ7 L ORERISI11E CyD JERFIIIZHA L. 0.2
wiv% LA ED CyD UINTUVERFEE R (PBS) (ZHEBIT 534 —2 %R LTZ, HTH a-
CyD BXO B-CyD IFKIRENDREERIE IR ZF LA L, 0.02 wiv% a-CyD ¥RINT 1.6
Pa. 0.05 w/v% B-CyD #IIT 1.6 Pa Toh-o7z, y-CyD DE1E HM-HPMC DFERIE T~
DRBII/NSL, BIRIS )% 1.6 Pa TR SEDITIE 0.5 wiv% U EBINT 24805
ST, ZHUE CyD 23 HM-HPMC D AT 7 UL Ha i 452 L TAT T UL MR+ 0 ##4E
TEREE DS AVIIRAELZRY | SMES IS I LM IE RN R S (A U DT LHEZ ST, LUk
DO R &Y HM-HPMC/CyD ER a5 /W ERERIGE ) DMEL TERREOTEAMEIENDZ LA

HOEZe 0Tz,
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Fig. 21. Stress-strain curves of HM-HPMC hydrogel (0.5 w/v%) in the presence and
absence of CyDs (a-c), and changes of yield stress as a function of CyD
concentrations (d).

In Fig. (a-c), @: HM-HPMC alone, O: with 0.01 w/v% CyD, @®: with 0.02 w/v% CyD,
M with 0.03 w/v% CyD, [l: with 0.04 w/v% CyD, M: with 0.05 w/v% CyD, A:with
0.1 w/v% CyD, /\:with 0.2 w/v% CyD, A: with 0.5 w/v% CyD, 4:PBS.

In Fig. (d), @: a-CyD, @: B-CyD, O: y-CyD.

Each point represents the mean + S.E. of 3 experiments.
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Fig. 22 1%, &Ff CyDs f£1E FBLOIEAAE FIZHITH 90L HM-HPMC ER w5 LKL
DL Sy BOE DR RA R T, a-CyD Da A CyD BRI Tl BRI
KEEE DI RITIZEA L BB o7z, Ziud, 90L HM-HPMC O34, CyD EOAH A AEH
(2B G- AT TUNIEOEDS 60L HM-HPMC L0\ -6 INIRKED CyD OfigEfE
flEnrzlob LHELE S D, B-CyD DIE 1L, 200C TIRVVKEEEA RLTZAY (~ 1 Pass). 0.04
w/v% CyD WINIRHIIREE EA-EEBITRE R REIZH KL, 42°C TE—2by7" (§) 4 Pa-
s) ZRLTZ, 5 1 BETIRAI51Z, B-CyD 1T a-CyD XOHAT TU/LEEEOFE AAEH A
53N 0.04 wivY% ISANIRFIZ 38U N TR AT I CORE BE 238 K3 2R L IS B M D ks B 224k
FRLIZb D EHEERSIND, AT TUNEEEOF A/EH O y-CyD O41E, 20°C (iLT
DREEEDELL 0.2 wiv% WRINEED BRI T TOREEIE K2R LTz, L EO#RERIE, 90L
HM-HPMC/CyD ERBZ/UIZINTEH, CyD OFEEE R 2 U E T HZ L TR EISE
PV - POV AT BWEREEATREIR S L a5, LAREORRETCIE, RIR AL TR

DME AR L7z HM-HPMC (0.5 w/v%)/B-CyD (0.04 w/v%) bERB47 v W CERERZIT 72,
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Fig. 22. Temperature-dependent viscosity changes of HM-HPMC hydrogel (0.5 w/v%)
with or without CyDs, measured at a shear rate of 1 s,

@: HM-HPMC alone, O: with 0.04 w/v% CyD, @®: with 0.1 w/v% CyD, [J: with 0.2 w/v%
CyD.

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

Fig. 23 1% 10°C, 20°C, 30C HBLW 37°C S F TP 90L HM-HPMC (0.5 w/v%)/B-CyD
(0.04 w/v%) ERaZ L OB HMERIE OFE R A7~ T, 10C TliE o > 1rad/s OHiPHIZH
WT tan§>1 THY, VLRI THLZEN RSN, —75,20C TIEV IV - FVHRIE,

30C BV 37C TIFANEL-ABEBEEFHMIZIB W T tand<1 &0, F/WREETH T,
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ZDZEDE, 90L HM-HPMC (0.5 w/v%)/B-CyD (0.04 wiv¥%) EREZ L1 AKIR T/ ik

HE . RIRA AT CII A WVIRBE IZZ L3 AT LB e o T,

101 "

Liquid

tans > 1 Sol state

tand=1 Intermediate Sol/gel

tané <1 Gel state

Solid
10-1 1 1 |

Frequency, w (rad/s)

Fig. 23. Loss tangents (tan &) of HM-HPMC (0.5 w/v%)/B-CyD (0.04 w/v%) hydrogel at
10, 20, 30 and 37°C.

O:10°C, [O:20C, A:30C, <:37C.
Each point represents the mean = S.E. of 3 experiments.

*tan & (loss tangent) = G (loss modulus) / G’ (storage modulus)

KIZ 90L HM-HPMC/B-CyD ERBS /L DIRFEINENEY v - Z VRO Al DU T
METL7, 10C & 37°C TIREZbE#EVIRLI-%E0 HM-HPMC/B-CyD BRBa7 )LDk
EIADORERA Fig. 24 127”3, 90L HM-HPMC/B-CyD ER4# /L%, 10°C TiEf 1 Pass
CIRVVKEEEZ R L, 37°C IZHNRT5E, 49 6 Pars ITHSEEN EH- L7z, AiE THW 2 60L

HM-HPMC/a-CyD ERa%Z /L OfER L3 5E 90L HM-HPMC/B-CyD eRuZ uiL, &
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FEZAVIRFOREEE DR EL FERRFITEAL L < EFHR G R IR TRALE D7 /L L
0. EEFREE L TR L Tl 52 EAVRIBS LT, F72 90L HM-HPMC/B-CyD ER
a7 VOB S HZAEDIE L T, FREICB W URER K EZ R L, JBEINE M L -

T VEALD AT HERR S LT,
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TRy
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Fig. 24. Viscosity changes of 60L HM-HPMC (0.5 w/v%)/a-CyD (0.01 w/v%) hydrogel
and 90L HM-HPMC (0.5 w/v%)/B-CyD (0.04 w/v%) hydrogel upon heating and cooling
cycles measured at a shear rate of 1.0 s\,

@®: 60L HM-HPMC/o-CyD hydrogel and O: 90L HM-HPMC/B-CyD hydrogel.

Each point represents the mean = S.E. of 3 experiments.
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% 3 i HM-HPMC/B-CyD ERTZNhb0HL 0B MEIRY DR B M DS

ZHETORE RS, 90L HM-HPMC/B-CyD bR a4 /WFIREE IS &M L — &7 VA HakE
AL EAMEICENDZENHALMN ST, 22T, W AFEZE AL 90L HM-
HPMC/B-CyD ERuS N E~D A N EL, 7V FICE ASIAL G OF e i itz
FEM L 7=, Fig. 25 X AFETHHA N T =07V —r (ICG) &EH AL7- HM-
HPMC/B-CyD bR /LA~ D A NS | #OtRE ORRF b A B2 LTk Ra 7R T,
ICG HUMIRIRITIR G- 12 FFECHOEA RIE IS L, 24 B TIEITIHR LIz, RIS
UL TR EFICPEI RSB K2 /RS20 HPMC R RS L 30 OFAL | ICG BUMAR
FEEOME AR LTz, —J7. HM-HPMC/B-CyD bR u#7 /L3 5% 12 K CH VoL
MHHIV, 24 FFEZRICB W That Bl snsz, L EofR I, AL HM-
HPMC/B-CyD BRuZ Lid, (KR CIRO LN CEFEDF VLD LT ICG DStz

fil D2 LRSI,
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Fig. 25. In vivo fluorescence images after subcutaneous administration of indocyanine
green (ICG), HPMC hydorogel (0.5 w/v%) containing ICG and HM-HPMC (0.5
w/v%)/B-CyD hydrogel containing ICG.

W, BT NHRITFELTEM YR A E AL 90L HM-HPMC/B-CyD ERR7 /L%
FyMIE THG%., M RV AREZRE L (Fig. 26) . A2 AV BAMEIRIT 5514
1 BRI LA B LR (Conax: 42.8 £ 2.8 ng/mL) (ZTiEL, D% ARITIK FLZ, —J7.
HM-HPMC/B-CyD ER w5 L3 5% 1 W LLNIC fe i M H IR B (Coax: 33.6 £ 1.7
ng/mL) (ZEELIZH FE0TIR T L, B 5-4% 2 R AR D A 2 R AR EE RS A L R
BIR & i L T BICAEZ R LT, SHIZ, HM-HPMC/B-CyD ER a5/ LidA R
HOMPSRE LT, MRT 28 K9 1.6 fi5IZIER L7z (HM-HPMC/B-CyD = 2.6 * 0.2 hr,
AV AV HMIAR = 1.6 = 0.1 hr) (Table 5), Fig. 27 X, /> AV %&E AL7- HM-
HPMC/B-CyD ERuZ L ZTy MIB FiEdt, A7 /L a— 2 HIE LIk e m T,
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A ARY L HOMEIRIT RS- 2 FFRZ I EDK 40 mg/dL FTIR N LT, Z201% 4 ]
FETITEOICMAEE S EF L, T LIFILaEICEE L (5 6 REfE T 80
mg/dL. 8 KEf#: TH 90 mg/dL), —J5, HM-HPMC/B-CyD ERu”7 /L& 5 L71=54

o4 W ECIEIXERMEE R L. (]9 35 mg/dL), TO% O MFHEO [EEGEEeHT
BV, AV AV VR G- R LA B R TR e LT (5 6 Fef% T
#) 40 mg/dL, 8 WFR# TH 60 mg/dL), ZALi%, HM-HPMC/B-CyD ERBZ LinfE F# 5
BITHRIE CTIRD SN NMETHIET, TV A LAY L RGN LT 720 L HESR

STz,

Plasma insulin level (ng/ml)

Time (hr)

Fig. 26. Plasma levels of insulin after subcutaneous administrations of phosphate
buffered solution, insulin (3 U/kg) and HM-HPMC (0.5 w/v%)/B-CyD hydrogel (0.04
w/v%) containing insulin (3 U/kg) to rats.

O: PBS, @: insulin alone, @: HM-HPMC/B-CyD hydrogel.

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

*, p<0.05 versus insulin alone.
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Table 5. In vivo pharmacokinetic parameters of insulin and HM-HPMC (0.5 w/v%)/B-CyD

(0.04 w/v%) hydrogel containing insulin”

Sample Cumay” (ng/mL) Tmax’ (hr) AUC" (ng/mL-hr) MRTy.° (hr)

Insulin alone 42.8+2.38 0.8+0.2 79.0+6.2 1.6 £ 0.1
Insulin/

HM-HPMC/ 33.6+1.7* 0.5+0.0 85.2+3.5 2.6 + 0.2%
B-CyD

“Each value represents the mean * S.E. of 3 experiments.
"Maximum drug concentration.

“Time to reach a maximum drug concentration.

Area under the blood concentration time curve.

“Mean residence time.

*p < 0.05 versus insulin alone.
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Fig. 27. Plasma glucose levels of after subcutaneous administrations of phosphate
buffered solution, insulin (3 U/kg) and HM-HPMC (0.5 w/v%)/B-CyD hydrogel (0.04
w/v%) containing insulin (3 U/kg) to rats.

O: PBS, @: insulin alone, @: HM-HPMC/B-CyD hydrogel.

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

* p<0.05 versus insulin alone.

ZIETITH/LIAE RITE SN T IREZISEYE HM-HPMC/CyD ER a7 L D351l
~ISHIZOWT Fig. 28 1I2FE$ %, HM-HPMC (0.5 w/v%)/B-CyD (0.04 w/v%) R /L
X, IR (20°C) THREE MKW Y LIREE (CyD 73 HM-HPMC DA77 UL KA AT
[CEBELIREE) THY, RIS NBIER TLTWATD RS UL D% W E A RER A
Sy &70%, — 7 AT HM-HPMC (0.5 w/v%)/B-CyD (0.04 w/v%) ER a7 L3RR (T
(K9 37°C) ETHNRSAL, FEEEA BT LIRRE (3N TRIE) (T8 kT 5, #etask

WS (Fig. 25) 22bHAGLRIDNT, TV ALDO I IR THY, 7tk
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fED HM-HPMC 2>HA 2 AU BEHGERICHH SN AZ &I LD bR T ER 23 R L 72
HLOEEZHND, BEISENME HM-HPMC/B-CyD bR LAESAI~G AL, 2%

VEDOFHE RS AT AELTH AR ZERABEIR T,
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Fig. 28. Summary of thermoresponsive 90L. HM-HPMC/CyD hydrogel for use in injection.
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o4 B /NE

RE T, 2oV EOFH % HEL T 60L HM-HPMC bR a7 L 10 @y %
A9 % 90L HM-HPMC tERwu5 /L% VDTl ESEPEER a7 L 2 8L J A ~ISH L
7o FHBLL7= 90L HM-HPMC/CyD bR/ /L DiE AMEB K ONEE IS L — 7V
RRIZDOWTCRHI L 72, EBIT, BT NVZ UV EHEL Te M AU &5 ALT HM-HPMC/B-
CyD ERES VAT YMIR TG L, Y ORHe i M A T E L7, L RICAb A

FKIT D,

1) 60L FBXLT 90L HM-HPMC bERuZ L OXEEICKIFT CyD BEDFEIZOWTH
AL 725G . 90OL HM-HPMC % 60L HM-HPMC XV &<, CyD HRINC L

DREEE Z B P REZR ZE DA BN E R o T,

2) 90L HM-HPMC tRuZ /L ORARIG 1T CyD RERFIICED LT, T8 a-CyD
BEOY B-CyD IHMERENLRERIS 12 FE LR TESH2 (0.02 wiv% a-CyD BED
0.05 w/v% B-CyD #IITT 1.6 Pa), ZOZ LN, HM-HPMC ERaZ L2 CyD %k

T HZETEAECENDER 0T L 2 BT REZR LN B ETa o T,

3) HM-HPMC/CyD EBR B/ /L o5 O FE 53 #O E O fE 5. HM-HPMC (0.5 w/v%)/[-
CyD (0.04 w/v%) ERa7 /LiE, 20°C TITREIMELS (~ 1 Pars), ARIEAT T CREE 234
K B7°C THJ 4Pa-s) THTELN/RIATZ, FTo, BRI RNE OFE R LD KR T
(T VIREE  IRIRATE CIE s WK BBICE LT 22 LB Lo Tz,
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4) ICG %% AL7- HM-HPMC/B-CyD bRu# /LA~ A TG4 5L, #5 24
BZICBOTH ICG DHOEAE S, HM-HPMC/B-CyD ERu7 /WZiE A%, sz

Frfe i T2 2 EAvVRS NI,

5) bRA AV EE AL HM-HPMC/B-CyD ERuZ L %Ty NI FHE45L, 5
2 BB OMEEA L AV AR E I EEEZ R A AV BEMATR & e L C, MRT fE2
1.6 fFIIER LTz, /-, B F/EMD HM-HPMC/B-CyD R/ L ClIf EI

R L7,

YL B RLEY HM-HPMC/CyD ERuZ LV ZERANISH 358, ESRIT 1V IRRET
FEARIS T MBS R TV Db DIEABIENR R S Th b, — 7 R ZITERIE T VIR
RRICZ LT 228 T, M Z R AU 3 DR IS MV A L U CRe 4 52 2238

Y Ny
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B4 FE RS

AWML TV ETEREEZR9 HM-HPMC (Z7EH L, CyD & HM-HPMC *OFH A {E
FNTEEASWIZHHRIR N EME YV - VIS AT DAREEEL | K FRH ~o s 2kt
L7z, % 1 BT, CyD (k% HM-HPMC bR a4 Lo kiVEHIE SR ISE M v - 7
JVIEHARE DREAM S L OVEHEIE OREIZ B DN LT, 8 2 B CIE, ORI THE M)
EERAMELTIRESEYE HM-HPMC/CyD R4 L SIRFI~DIG AR LU=, 5
3 ETIE, ARREZOZ NI EMWEFEY Ot E BELCTOREISEY HM-

HPMC/CyD ERaZ7 LA ~IEH LTz, BLFICARE TRONTZ R A RIS T 5,

#% 1 #E CyD I2X% HM-HPMC bERZ /L ORMEIHLIREREMY L - F VIS

AT ADIEEE

HM-HPMC tRuaZ L OREEIL CyD IEKRFINRTL, FrZ24RE D/ S o-CyD
IMZEY . Z O ILAZE 1K F L, HM-HPMC bR a7 L oREHEEI#ENCIE a-CyD G
A THHZEINFERENT-, HM-HPMC bRu4 L LTl CyDs OFE AAEH ZRiit U7 il 5.
HM-HPMC OATT7UNEEE CyD OB RBRESNT, /o, AT TUNLHEE CyD @
FAEAE TR E R A EZRL ., a-CyD AT T UL RLIE<FA AEER Lz, ZOMAE
FH OIRFERAFE A R L, HM-HPMC/CyD ER a4 L, (8B 5Ty VREBE AN R L .
20C TIIY/VIRRE, 30°C. 40C TIEFWRREE~ZE L LTz, 51T, HM-HPMC/o-CyD t
RaZ vV OIREEISEEY v - ZFAEEITAEEZ A L2, CyD (£ HM-HPMC OZ7 7Y

NIRRT HIET AT TUVERMOBZRERE IR MEZEF LR T SED, &5
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(2, CyD EATTUNIEEOFEAERIT AH BEVCTHH=0 IR T DL aEnN <7
720 AT T VVERH OBZRIBHEE S B OEEL . REEOmW T IVIREE~ZE LT 200 L%
Z BTz, HM-HPMC ERBSLIZ CyD ZIRINT 2L T, ARAL - FAMBAEAEHICES

WIS BEMEDY Vv - VAL AT D HEE R REIR LB LR o T,

% 2 B EYIRABITHER L2AERUZREREYE HM-HPMC/CyD ERE/ L0 [HR

Fl~D)i=

HEMEANBATIER B2 BRYEL TOREISZE M HM-HPMC/CyD BRR7 /L% iR A~
JGHL. ZOA MOV TEEHEIL 72, HM-HPMC (0.5 w/v%)/o-CyD (0.04 w/v%) BERB4
I, BEIRAE ISV CODIR BB TV IRAI T % UAELS" TG ITHARILToAs 25 E)
%~ L7-, DCFNa &4 HM-HPMC/a-CyD bR0Z L2039 iR 54 5L, o f
PN 3 L OMRBE K H i B 1, R IR A Kb A B @A~ L7, 24U HM-HPMC/o-
CyD ERuZ U3 RIR%  IRO K R E TR DAV EIEN TS UL L Y ORE N
HR LT EHEZR S LT, £7-. HM-HPMC/a-CyD bRaZ b, diBsiRA & bl L <,
DCFNa D IR M A BT 5 2 LDV RES LTz, IREISZ M HM-HPMC/CyD tRw/
Wz R IRAIL L TR 28 SRR /R RE T RIRLR297< | iR R 137 /R RBICZE b

U TR FENIC R U DM e 2 SGE L, EMIRNBATIE 2 17 ESEDb D LHEES I,

% 3 VBN ORRRBEERUREREYE HM-HPMC/CyD ERas L

DEFF|~DIE
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B E I O Rt A BHEL T IREISE Y HM-HPMC/CyD ERas L%
R ~CHL, TOHAPECHOWTEHEL 72, 60L XY 90L HM-HPMC ER 7 L%k
JEIZKIET CyD JEE O RE L HEE L= #E £, 90L HM-HPMC % 60L HM-HPMC X
DERED =<, CyD MM KRR ZHil 3 rTREZR Z LA BN L7 o7, E7-, HM-HPMC
RS LI CyD 2T 528 T, IEAMICENDSER e L2 Al B/ 2 L3 B e
727z, T2 B HM-HPMC (0.5 w/v%)/B-CyD (0.04 w/v%) ERE47/Li%, 20°C CTILHkEE
IMEL (~ 1 Pass), IRIRAHETHEB R 37°C TK 4Pass) L7z, ICG #E AL7= HM-
HPMC/B-CyD ERRT VA<D A TG LR R, &5 24 R I2B0\Th 1CG O
D EZREN, HM-HPMC/B-CyD BER a7 /U idiE A%, W E R it L7, ehA>
AV % E AL HM-HPMC/B-CyD ERaZ Vv aTy MR TG LIRER, &5 2 K
B OMBEA L AV AR IT B EE R L, A2 AV BRI E LT, MRT 628 49 1.6 &
\CHER UT-, 72, BERE F1EHAS HM-HPMC/B-CyD bRu7 /L CldA EICH i L7-, HM-
HPMC/CyD tRuS VZ B AN IS T 28 TSR /W IRBE TRERIG ) DML TS
Vo DINHOENRENE S THD, —F . B IR T/ VRIBICEL 35720, 3

AR T DI S 7 LV FERI L U TR BE T A b D L HEE S LT,

L Bl ~_723512, HM-HPMC |2 CyD ZifIN$ 52T OREISEMEY IV - TV
AT DEAGEE A REIR Z E WAL AR5 T, R AT AL CyD & HM-HPMC OFEEH- 2 &%
HWEUNIRETDHIET, A RIBETOY IV - FIUELiER A T HIREINEEE ey v
FRATEECTHS, B, B HRHT VREECR G L0 B ZITRIE RO LTS
IALT D728 | Wi REC SR FRRE 72 & OBUBIREE O U I F7e ZE BB TR
ST, T RVT ZVNVERIRE DGR 3 FRoF M| TR AN 728 O RIRE 77 I
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IKEEZ B A LTZBARAL & 3 T D3 BHFE SN TERY ., il B ERREL OB TR S
TWo, CyD OUEBRGEFIH LI v - FOVERY 27 ME HM-HPMC 721FT7<
DB E 73 T LT, @y 1 H & ERR o TR IS B AT B4 2280 b Hiil

R BEISEE VAN LU TE SR A ~ DS B0 205 FRBA DS HIFF S 1 5,
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ES

1. EBRRB

vouZxFr YraZ=F 7 FNY NIFOGHEETE (KK) "adHL, ehro Uy
1% SIGMA (#k) ®AHEHAL, ARy T =0 70— 38— =3 (k) WA ALz, K
R a-, B-. BEDY y-CyD IFHAERMET () JVEESNbOEEH L, Bk{bER
aXx L7 at L AF L)L n—A (60L BEY 90L HM-HPMC, fEin4: Py zm—R%)
BIOeRedo 7 ae /L AF L1 e—2Z (60SH 3L 90SH HPMC, it : Ahm—X
N IZREMERR T (KR KBS Sn-boa i AL, ARSI REREE (k) H
R LTz, 7V AL 'A R A IFOERIZE T2 (BF) ®AFEH L, ISEEEL ToK
A 2K E 2 [BIZER L CTER L, EOMOFRIER S QN B IT 9~ T R

whdnz L7,

2. AREHEAT
FRT — 23R CTORHE = FEEFRZE TR, ABZEREIZOWTIX, /i
(ZJthliE ANOVA) DL EILERD 7= @ Dunn’s post hoc tests & VN TiTo72, fali

fE72% 0.05 LN THHEE, Mt FRINCAEZEN DD EFHILTZ,

3. HM-HPMC tRu#' /L3500 HM-HPMC/CyD R4 L OFEHL

HM-HPMC ZIEL7- (70°C) Vg2 &3 SWL L2260 Bt

7o TDH R ZIZHEILZ2 DS HM-HPMC % Afi#L 7=, HM-HPMC/CyD ER B4 /L1
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flix DIRED a-B- BEWY y-CyD &ikE HM-HPMC ERBZ/LIZIRIIL, 4°C T 24

IRFFH] R B L CR B L 7,

4. REHEBIE

FEVERIEIT MCR-101 LA A—4— (Anton Paar Japan K. K., Tokyo, Japan) %\ C{T
oz, A= 7L —NIER 25 mm, M#EMA 0.998 A4 HIL7c, K OH AWHE EEAR A
1%, 25C THAWEEL 0.1~100s" ([ZEZRNBRIE LTz, ¥ O SHE L, &
AMNERE 157, FHREEE 3°C/o TIT o7, BIRPRBRMERIE X, £ 8% 0.1 ~ 100 rad/s

WCEZ 72036, 10, 20, 25,30, 35.37.40 £ 0.01°C ([ZHIFEHIL TfT-o7-,

5. NMR #IE
'H-NMR #ZE1X Jeol INM-ECA 500 Delta spectrometer (Tokyo, Japan) % U 7= (FhE
T4 500 MHz, 5 mm #EHE . 25°C), 730N NI7T 0 F iR AF L)L+
U LINSDOEKES Y 7 M ppm THRLZ (‘H OFEE: £ £ 0.005 ppm), HM-HPMC
$L<IL HPMC % CyDs fFAEF (0.05 ~ 0.2 wiv%) HLLITFEIFELE T T DO (TR

LT 0.05w/v% IZRABIL, @ L7z (BRI 72 1),

6. AR

—EIBEE (5 mg) @ STE Z/3A7/L (1.5 mL) ([ZAfL, FEx DJEED CyD Riki%
1 mL A THERL, 20, 30, 40C T 5 HE#RELZ (250 rpm), 8000 rppm T 5 4rfiz
D%, B 0.5 mL 20HL72, 02 pm 74 /LZ—|ZHF, K TARLTZ, STE ORI
HPLC (CBM-20A, S 8/ERTEY) 2 AW CTLL FOSRMETRIEL,
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7.

8.

I E SR
Fr e . B8 RI Detector L-2490
AN o EERERTE LC-20AD

HTLA—T o BERAEFTERL CTO-20AC, 40°C

17 I : YMC-Pack ODS-A (5 um, 4.6 mm X 15 cm)
BEH : 0.1% N7 AVAuEEEH 80% 7=/
EARE : 25l

i : 1.0 mL/min

In vitro EWHH

DCFNa %% %%, HM-HPMC ERa5 L1 L<IZ HM-HPMC/a-CyD ER B /L
INL (BRI E: 0.5 w/v% HM-HPMC, 0.04 w/v% a-CyD. 0.1 w/v% DCFNa), 30 4y[R
NT I R%NT, 4°C T 24 KHFREL, JARL7Z30E 5 mL 2% (O F& b
Z7:10000) (ZALE L, 500 mL PBS HZ{RL7z (32°C. 50 rpm), P& DREEICE LA 1
mL EREL ., &8 PBS ZIRMBICIRMLT7-, DCFNa O X UV HIE (U-2800A

Hitachi, Japan) |2 CE®L (HIERKE: 275 nm),

7Y AR 5% DA L OMRE K 5D DCFNa iR E ORI E

DCFNa (0.1 w/v%) &4 HM-HPMC (0.5 w/v%)/a-CyD (0.04 w/v%) ERaZ7 v LLixy
71 —R® (0.1 w/v% DCFNa & F) % B ARAGTYX (8 Hiln, i) OfiiHE iz 50 uL
SHIRUT=, FTEDREIC (%51 0.5, 1,2, 4 FFl) UVFXE222RIE (7= /7N LE X —)L
) 2 mL/kg & 5) S8 IRERZE MM L7-%ZIC, IROFEEZ 10 mL OEBLRIE K THEHL
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72 1 mL YU TEHWT (26 G &) IRFEAKE 100 uL FEELT-, ZD% ., IRERZHmERL
72, 500 uL T Eh=RIUIZ 50 pL OIRFEKRZRMNL, 5 5 ERVT Y7 2E DT 121
=0 L72 (15000 rpm, 5 43 M), BIGEBIEEL | 7%E% HPLC BEEICEM LT,

DCFNa 23 HPLC (Shimazu UHPLC system Tokyo, Japan) % AV NTLLT D44 CHlE

L7,
T 2

F : HAr# UV-VIS Detector L-2420
N7 : HNZHL Pump L-2130
17 I : YMC ODS-AM (5 um, 4.6 mm X 25 cm, Tokyo. Japan)
FEZULE! 0 0.1% NZVAuEEEH 60% 7 Eh=FL
HEANE : 80 uL
it : 1.0 mL/min
T e = : 275 nm

ABEIE LT IRER NS UV ERY | H &4 HIE L7z, 2 mL PBS I CHEAZRET R—IL, 2
mL OT7BR=RILERIL, RVT 7 A% 125 L LT (1000 g, 15 43fH). EIiEZEMRERL
t% | FRi% HPLC BENHICIEML 0HT L7=, DCFNa R IZIRFE/KDOGE LR LT
HE LT, Y BEYAE2H) /T A—4—|T Practical Pharmacokinetic Program (MULTI) % F\»

T/ ZIRIEICTR L Y,

9. UYFITEIRERE-1% D IR
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DCFNa (0.1w/v%) &4 HM-HPMC (0.5 w/v%)/a-CyD (0.04 w/v%) ERaZ7 L Lidy 7
2—R* (0.1 w/v% DCFNa &6) Z HAHEAYYX (8 i, ) OfEEEZEFIZ 1 B 10
[ ARL 72 (50 pL/IEl, 30 43 fHIRR), i3 LL T oomEHE %2177,

Ik H [RIEGHI &

F1 RBEOE 10 BFURARERHC, mIREED 1 Mo H EEEREL 2, PHE 2

OIS EIEE DR R 2 I E LT,

AR EB RO R DB 22

AUHRAT A | B RRAE T 1.3 BETY 5 KR, ROONT 2 HARIZ, ATARER (A8,
WLR 3 L ONERR) ZPIIRAYICBIZEL . kR Draize 1AIZJ2RITHRFESAITEE IR O E S EIC
o TERmMLTZ,

AUy T T

SURETH . BofSIRE T 1.3 BEO 5 BRI, 2B TNT 2 H 1% O RiAREf 0 Ik
BRI AY Y T (SL-14, ARt SEHET) ZHWCHIIRE (AR, fiEB LW
W) ZEiERLT-,

FRE b R R E P OB 5

IR RIRFE T 5 BREEI R DAY b T o TRAE THRIZ, 0.5% T AA LA iR % 14 5
B2 1 R RIRLT, £ 15 RIS AR CRIIRE 2 Peif Lz, HFea7 42— Ry
NI T TN LR DY BEOA A BIEEL | fARDT VAL Y AR REHE SR ITAE

D Tfﬁé)ﬁﬂzﬁﬂbfio

10. AR
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MCR-101 LA A—%— (Anton Paar Japan K. K., Tokyo, Japan) ZH\\T{T>7/z, 23—
L—MIER 25 mm, MM 0.998 L, EAWIE/IZ 1~ 100 Pa ([ZEXRHAGHIE

L7,

11. [P R RAT

ICG (B #&TRBLEE: 0.5 uM) ZE AL7= HPMC $L<iZ HM-HPMC (0.5 w/v%)/B-CyD
(0.04 wv%) ERBZ VA<D A (T @i, ) OFEICK THE L2 (1mL U, 26 G),
BHE%, 6,12, 24 WEI1ZIC ICG O NIREZ W N AA— 7 4EE (IVIS Lumina XR,

PerkinElmeer Inc, Waltham, MA, USA) % AW CHIEL =,

12. FyNMIE TEFZOM P ARV BEIRT Va—RBEDOHIE

ERA AU %E ALT- HM-HPMC (0.5 w/v%)/B-CyD (0.04 w/v%) EREZ L %F ok (7
TG, M) OTFERICEA AU BELT 3 Ukg 703002 FHEGLZ (1 mL U,
26 G), $£5- 0.5, 1,2, 4,6, 8, 12 FEEIZICEFIRD ORI L7, MAEA AV ARE LY
AL AV - Ty T (FOEHEE TER SR 20T 207 aha— LW ElE
L7z, MBE7 L a—Rjaps: 7 va—=2 CIl - 7AMN a— (FEHISE T3k v i)

2T, £ aha— /W IHEWNRE LTz,
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