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Development of thermoresponsive hydrophobically modified hydroxypropylmethyl 
cellulose/cyclodextrin hydrogel for pharmaceutical application 

 

Masanori Okubo 

 

Hydrophobically modified hydroxypropylmethyl cellulose (HM-HPMC), which containes stearyl groups 
(C18) 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 α-CyD was greater than those of β- and γ-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 1H-NMR measurements. α-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. -CyD with small cavity diameter showed the 
highest Kc value compared with the corresponding value for the β- and γ-CyD, and the Kc value was 
temperature dependent. Thermodynamic parameters calculated from the Kc value and temperature 
confirmed that ΔH 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/ -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/ -CyD hydrogel was used to increase the intraocular drug concentration 

in eye-drop formulation. HM-HPMC (0.5 w/v%)/ -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%)/ -CyD (0.04 w/v%) hydrogel was slightly delayed compared with DCFNa solution. When the HM-

HPMC/ -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 α-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/α-CyD formulation. The results indicate that the HM-
HPMC/α-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. - and -
CyD significantly lowered the yield stress from low concentrations. 90L HM-HPMC (0.5 w/v%)/ -CyD 
(0.04 w/v%) hydrogel was selected for the formulation of injection, because it showed low viscosity (~ 1 
Pa s) at 20 , 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/ -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/ -CyD hydrogel 
functioned as a sustained release carrier of drugs after injection. When the 90L HM-HPMC/ -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 kel became half, compared with those of the insulin alone solution. In addition, the 90L HM-
HPMC/β-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. 2. Chemical structure 2) and photograph of HM-HPMC hydrogel. 

Fig. 3. Chemical structures of cyclodextrins (CyDs) used in this study. 
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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. 

: HM-HPMC alone, : with 0.01 w/v% CyD, : with 0.04 w/v% CyD, : with 0.1 

w/v% CyD, : with 0.2 w/v% CyD. 

Each point represents the mean ± S.E. of 3 experiments. 
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 CyD  HM-HPMC 

Fig. 7  ( )  (G’)  (G’’) 
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 (G’’) 

HM-HPMC  0.04 w/v% -CyD 

0.5 w/v% HM-HPMC  G’  G’’ 

33,34)  -CyD 

 G’’  G’ CyD 

Fig. 6. Effect of CyDs on the viscosity of HM-HPMC hydrogel (0.5 w/v%). The zero shear 

viscosity was plotted as a function of CyD concentrations. 

: -CyD, : -CyD, : -CyD. 

Each point represents the mean ± S.E. of 3 experiments. 
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 HM-HPMC 

 HM-HPMC  (Fig. 7 

) HM-HPMC CyD 

 -CyD HM-HPMC 

 

 

 

 

Fig. 7. Dynamic rheology of HM-HPMC hydrogel (0.5 w/v%) in the presence and absence 

of -CyD (0.04 w/v%) at 25 . 

: G’ (HM-HPMC alone), : G’’ (HM-HPMC alone), : G’ (with -CyD), : G’’ (with 

-CyD). 

Each point represents the mean  S.E. of 3 experiments. 
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Fig. 8. 1H-NMR spectra of HM-HPMC hydrogel (0.05% w/v) without or with CyDs (0.01-

0.2% w/v) at 25  
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1H-NMR HM-HPMC  CyD 

 CyDs 

HM-HPMC HM-

HPMC  CyDs 

 HM-HPMC  

(stearylamine hydrochloride: STE) Fig. 10  20 C 30 C  40 C 

Fig. 9. 1H-NMR spectra of HPMC hydrogel in the presence and absence of CyDs at 

25 (left). Concentration of HPMC hydrogel was set for 0.05 w/v% for 1H-NMR 

measurements. Viscosity of HPMC hydrogel in the presence and absence of CyDs at 

25  (right). The viscosity was measured at a shear rate of 1.0 s-1. 

Each value represents the mean  S.E. of 3 experiments. 
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van’t Hoff  

lnK = - H/RT + S/R (2) 

 

 

 

Fig. 10. Phase solubility diagrams of STE/CyD systems at 20 , 30  and 40  and 

van’t Hoff plots for the Kc values. 

: -CyD, : -CyD, : CyD. 

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

Chemical structure of STE 
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Table 1. Apparent 1:1 stability constants (Kc) in water at different temperatures and 

thermodynamic parameters for STE/CyD complex formationa 

a Each value represents the mean  S.E. of 3 experiments. 

 

 

 4 HM-HPMC/CyD  -  

 

 CyD HM-HPMC/CyD 

Fig. 11  CyDs  

HM-HPMC 

0.5 w/v% HM-HPMC 20   (  8 Pa s) 

HM-HPMC  -CyD 

20   (~ 2 Pa s) HM-HPMC 

CyD  H 

Complex 
 

20  

Kc  104 (M-1) 

30   

 

40  
H (kJ/mol) 

 

S (kJ/mol K) 

 

-CyD 7.94 ± 0.09 1.01 ± 0.01 0.20 ± 0.00 -141 -0.39 

-CyD 6.14 ± 0.07 0.88 ± 0.01 0.17 ± 0.00 -136 -0.37 

-CyD 2.27 ± 0.02 0.52 ± 0.00 0.10 ± 0.00 -120 -0.32 
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 HM-HPMC  CyD CyD 

0.01 w/v% -CyD  33 0.04 w/v%  43 0.1 w/v%  

46 0.2 w/v%  49 -CyD 

 -CyD 0.01 w/v% -CyD  27 0.04 w/v%  

35 0.1 w/v%  42 0.2 w/v%  47 -CyD  0.2 w/v% 

 Kc  -CyD  -

CyD  -CyD CyDs 

 

 

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-1. 

: HM-HPMC alone, : with 0.01% w/v CyD, : with 0.04% w/v CyD, : with 0.1% 

w/v CyD, : with 0.2% w/v CyD. 

Each point represents the mean  S.E. of 3 experiments. 
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CyD HM-HPMC/CyD  - 

20   35   HM-

HPMC/CyD  Fig. 13 0.5 w/v% HM-HPMC 

Fig. 12. Loss tangents (tan ) of HM-HPMC (0.5 w/v%) and HM-HPMC (0.5 w/v%)/ -

CyD (0.04 w/v%) hydrogel at 20, 30 and 40 . 

: 20 , : 30 , : 40 . 

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

tan  (loss tangent) = G’’ (loss modulus) / G’ (storage modulus) 
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HM-HPMC/ -CyD 20   2 Pa s 

35   4 Pa s CyD 
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HM-HPMC/CyD 

 -  

 

 

 

Fig. 13. Reversed viscosity change of HM-HPMC hydrogel and HM-HPMC (0.5 

w/v%)/ -CyD (0.01 w/v%) hydrogel upon heating and cooling cycles measured at a shear 

rate of 1.0 s-1. 

: HM-HPMC alone, : with -CyD.

Each point represents the mean  S.E. of 3 experiments. 
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Fig. 14. Thermoresponsive reversible sol-gel transition of HM-HPMC/CyD hydrogel. 
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HM-HPMC/CyD

 TG 

44)  TG  Fig. 15

 TG  (20 )  ~ 0.1 Pa s  

 (  33 )  2.0 Pa s HM-HPMC  

CyD Fig. 15  HM-HPMC (0.5 w/v%)/ -CyD 

(0.04 w/v%)   TG 

 

Fig. 15. Temperature-dependent viscosity changes of HM-HPMC (0.5 w/v%)/ -CyD 

(0.04 w/v%) hydrogel and RYSMON  TG, measured at a shear rate of 1.0 s-1. 

: RYSMON  TG, : HM-HPMC/ -CyD. 

Each value represents the mean  S.E. of 3 experiments. 
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DCFNa  HM-HPMC/CyD 

DCFNa  

 

 

 

 

 

 

 

 

 

 3  HM-HPMC/CyD  

 

DCFNa HM-HPMC/ -CyD 

 DCFNa   0.1%  

Fig. 17  Fig. 18  DCFNa  HM-HPMC/ -CyD 

Fig. 16. Release profiles of DCFNa from the HM-HPMC-HPMC/ -CyD formulation in 

PBS at 32 . All formulations contain 0.1 w/v% DCFNa. All the symbols were 

overlapped at the point of 24 h. 

: DCFNa solution, : HM-HPMC/ -CyD, : HM-HPMC. 

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

HPMC/ -CyD 

 DCFNa  Table 

2  3  HM-HPMC/ -CyD  Cmax 

 3.3  HM-HPMC/ -CyD  20.40 ± 4.48 g/g   6.13 ± 0.07 g/g

AUC  2.9  HM-HPMC/ -CyD  57.77 ± 12.18 g hr/g   19.90 ± 

5.96 g hr/g  Cmax  4.0  HM-HPMC/ -CyD  

1.20 ± 0.15 g/mL   0.30 ± 0.15 g/mL AUC  2.7  HM-HPMC/ -

CyD  3.88 ± 0.88 g hr/mL   1.44 ± 0.34 g hr/mL  

DCFNa  (pH = 6)  

46)  HM-HPMC/ -CyD  (pH = 7.4) 

 HM-HPMC/ -CyD 
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Table 2. Pharmacokinetic parameters of DCFNa in rabbit cornea after administration to 

the eyes of a rabbita 

aEach value represents the mean  S.E. of 3 experiments. bMaximum drug concentration. cTime 

to reach a maximum drug concentration. dArea under the curve. eMean residence time. 

*p < 0.05 versus a commercial product. 

Sample Cmax
b ( g/g) Tmax

c (hr)  AUC0-
d ( g hr/g)  MRT0-

e (hr) 

Commercial 

product 
6.13 ± 0.07 1.17 ± 0.54 19.90 ± 5.96 2.98  0.79 

HM-HPMC/ -CyD 20.40 ± 4.48* 0.83 ± 0.20 57.77 ± 12.18* 2.74  0.47 

Fig. 17. Concentrations of DCFNa in rabbit cornea at various time points after 

administering a HM-HPMC/ -CyD formulation or a commercial product to the eyes of 

a rabbit. Both formulations contain 0.1 w/v% DCFNa. 

: Commercial product, : HM-HPMC/ -CyD. 

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

*, p < 0.05 versus a commercial product. 
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Table 3. Pharmacokinetic parameters of DCFNa in rabbit aqueous humor after 

administration to the eyes of a rabbita 

aEach value represents the mean  S.E. of 3 experiments. bMaximum drug concentration. cTime 

to reach a maximum drug concentration. dArea under the curve. eMean residence time. 
*p < 0.05 versus a commercial product 

 

 HM-HPMC/CyD  Fig. 19 

Sample Cmax
b ( g/mL) Tmax

c (hr)  AUC0-
d ( g hr/mL)  MRT0-

e (hr) 

Commercial 

product 
0.30 ± 0.15 1.0 1.44 ± 0.34 4.7  2.33 

HM-HPMC/ -CyD 1.20 ± 0.15* 1.0 3.88 ± 0.88* 3.14  0.92 

Fig. 18. Concentrations of DCFNa in rabbit aqueous humor at various time points after 

administering a HM-HPMC/ -CyD formulation or a commercial product to the eyes of 

a rabbit. Both formulations contain 0.1 w/v% DCFNa. 

: Commercial product, : HM-HPMC/ -CyD. 

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

*, p < 0.05 versus a commercial product. 
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HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%)  (20 ) 

 (CyD  HM-HPMC )

 (  33 ) 

 ( )

HM-HPMC/ -CyD 

 

 

 

 

 

Fig. 19. Schematic image of thermoresponsive HM-HPMC/CyD hydrogel for use in eye 

drop. 
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DCFNa  

46,47) HPMC 48)

HM-HPMC  HPMC  HPMC 

 DCFNa HM-HPMC/ -CyD 

 0.1% Table 4  10 1 

 Draize 

 0.5 1 

HM-HPMC/ -CyD 

 3  2  10

HM-HPMC/ -CyD HM-

HPMC/ -CyD HPMC 

HM-HPMC/ -CyD DCFNa 
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Table 4. Scores obtained from eye irritation test of commercial product or HM-HPMC/ -

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

 A score of 0.5 or less indicates no irritation, and 1 or more indicates irritating. 

 

 

 

 

 

 

 

 

 

 

Lesion 
Commercial product  

Score  

HM-HPMC/ -CyD formulation  

Cornea 

Opacity 

Area size 

 

Conjunctiva 

Eyelid conjunctival redness 

Eyelid conjunctival edema 

Bulbar conjunctival redness 

State of spasticity 

Secretion  

 

0 

- 

 

 

1 

0 

1 

1 

0  

 

 

0 

- 

 

 

0 

0 

0 

0 

0 
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 5  

 

 HM-HPMC/ -CyD 

 DCFNa  HM-

HPMC/ -CyD DCFNa 

 HM-HPMC/ -CyD 

 

 

1) HM-HPMC/CyD HM-HPMC (0.5 

w/v%)/ -CyD (0.04 w/v%) 

  TG  (20   0.5 Pa s  33  

2.0 Pa s)  

 

2) HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) DCFNa 

 (  50% DCFNa : 1 

HM-HPMC/ -CyD: 2 ) 32

 

 

3) DCFNa HM-HPMC/ -CyD 

 (  Cmax  

3.3 AUC  2.9  Cmax  4.0 AUC  2.7 

)  HM-HPMC/ -CyD 
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4) DCFNa  HM-HPMC/ -CyD 

HM-HPMC/ -CyD 

DCFNa  

 

 HM-HPMC/CyD 

HM-HPMC/ -CyD 

 DCFNa  
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 3   HM-HPMC/CyD 

 

 

 1  

 

3,49)

49)

 HM-HPMC/CyD 

 

 

 2  HM-HPMC/CyD  

 

 90L 

 HM-HPMC ( ® 90L M.W. 650,000  0.4 ~ 0.6 wt%) 

 CyD  60L  HM-HPMC 
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Fig. 20  0.1 s-1 60L  90L HM-HPMC  

CyD CyD 90L HM-HPMC 

 52 Pa s 60L HM-HPMC  34 Pa s 

CyD 60L HM-HPMC 90L HM-HPMC 

 CyD  -CyD  -CyD  (~ 0.1 w/v%) 

 90L HM-HPMC  (0.1 w/v%  3  1 

) -CyD 90L HM-HPMC 0.1 

w/v%   40 Pa s  90L HM-HPMC 

 CyD 90L 

HM-HPMC  60L HM-HPMC 

 90L HM-HPMC  
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90L HM-HPMC/CyD 

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-1 was plotted as a function 

of CyD concentrations. 

: 90L HM-HPMC, : 60L HM-HPMC. 

Each point represents the mean  S.E. of 3 experiments. 
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 ( ) 

Fig. 21  90L HM-HPMC  

CyD 0.5 w/v% HM-HPMC  16 Pa

CyD  HM-HPMC  CyD 0.2  

w/v%  CyD  (PBS)  -

CyD  -CyD 0.02 w/v% -CyD  1.6 

Pa 0.05 w/v% -CyD  1.6 Pa -CyD  HM-HPMC 

 1.6 Pa  0.5 w/v% 

 CyD  HM-HPMC 

HM-HPMC/CyD 

 

 

 

 

 



44 
 
 

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, : with 0.01 w/v% CyD, : with 0.02 w/v% CyD,

: with 0.03 w/v% CyD, : with 0.04 w/v% CyD, : with 0.05 w/v% CyD, : with 

0.1 w/v% CyD, : with 0.2 w/v% CyD, : with 0.5 w/v% CyD, : PBS. 

In Fig. (d), : -CyD, : -CyD, : -CyD. 

Each point represents the mean ± S.E. of 3 experiments. 
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Fig. 22  CyDs  90L HM-HPMC 

-CyD  CyD 

90L HM-HPMC CyD 

 60L HM-HPMC CyD

-CyD 20   (~ 1 Pa s) 0.04 

w/v% CyD 42   4 Pa

s   1 -CyD  -CyD 

0.04 w/v  

 -CyD 20  

0.2 w/v% 90L 

HM-HPMC/CyD CyD 

 - 

 HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%)  
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Fig. 23 10 20 30   37  90L HM-HPMC (0.5 w/v%)/ -CyD 

(0.04 w/v%) 10   ω > 1 rad/s 

 tan  > 1 20   - 

30   37   tan  < 1 

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-1. 

: HM-HPMC alone, : with 0.04 w/v% CyD, : with 0.1 w/v% CyD, : with 0.2 w/v% 

CyD. 

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



47 
 

90L HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) 

 

 

 

 

 

 90L HM-HPMC/ -CyD  - 

10   37   HM-HPMC/ -CyD 

 Fig. 24 90L HM-HPMC/ -CyD 10   1 Pa s 

37   6 Pa s  60L 

HM-HPMC/ -CyD  90L HM-HPMC/ -CyD 

Fig. 23. Loss tangents (tan ) of HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) hydrogel at 

10, 20, 30 and 37 . 

: 10 , : 20 , : 30 , : 37 . 

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

tan  (loss tangent) = G’’ (loss modulus) / G’ (storage modulus) 
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90L HM-HPMC/ -CyD 

 - 

 

 

 

 

 

 

 

Fig. 24. Viscosity changes of 60L HM-HPMC (0.5 w/v%)/ -CyD (0.01 w/v%) hydrogel 

and 90L HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) hydrogel upon heating and cooling 

cycles measured at a shear rate of 1.0 s-1. 

: 60L HM-HPMC/ -CyD hydrogel and : 90L HM-HPMC/ -CyD hydrogel. 

Each point represents the mean  S.E. of 3 experiments. 
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 3 HM-HPMC/β-CyD  

 

90L HM-HPMC/ -CyD  – 

 90L HM-

HPMC/ -CyD 

Fig. 25  (ICG)  HM-

HPMC/ -CyD

ICG  12 24 

 HPMC 50) ICG 

HM-HPMC/ -CyD  12 

24  HM-

HPMC/ -CyD  ICG 

 

 



50 
 

 

 

90L HM-HPMC/ -CyD 

 Fig. 26  

1  (Cmax: 42.8 ± 2.8 ng/mL) 

HM-HPMC/β-CyD  1  (Cmax: 33.6 ± 1.7 

ng/mL)  2 

HM-HPMC/β-CyD 

MRT   1.6 HM-HPMC/ -CyD  2.6  0.2 hr

  1.6  0.1 hr  (Table 5) Fig. 27  HM-

HPMC/β-CyD 

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%)/ -CyD hydrogel containing ICG. 
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 2  40 mg/dL  4 

 (  6  80 

mg/dL 8  90 mg/dL) HM-HPMC/β-CyD 

 4  (  35 mg/dL)

 (  6 

 40 mg/dL 8  60 mg/dL) HM-HPMC/β-CyD 

 

 

 

 

Fig. 26. Plasma levels of insulin after subcutaneous administrations of phosphate 

buffered solution, insulin (3 U/kg) and HM-HPMC (0.5 w/v%)/ -CyD hydrogel (0.04 

w/v%) containing insulin (3 U/kg) to rats. 

: PBS, : insulin alone, : HM-HPMC/ -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%)/ -CyD 

(0.04 w/v%) hydrogel containing insulina 

aEach value represents the mean  S.E. of 3 experiments. 
bMaximum drug concentration. 
cTime to reach a maximum drug concentration. 
dArea under the blood concentration time curve. 
eMean residence time. 

*p < 0.05 versus insulin alone. 

Sample Cmax
b (ng/mL) Tmax

c (hr)  AUC0-
d (ng/mL hr) MRT0-

e (hr) 

Insulin alone 42.8 ± 2.8 0.8 ± 0.2 79.0 ± 6.2 1.6  0.1 

Insulin/ 

HM-HPMC/ 

-CyD 

33.6 ± 1.7* 0.5 ± 0.0 85.2 ± 3.5 2.6  0.2* 
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 HM-HPMC/CyD 

 Fig. 28 HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) 

 (20 )  (CyD  HM-HPMC 

) 

 HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%)  

(  37 )  ( ) 

 Fig. 25  

Fig. 27. Plasma glucose levels of after subcutaneous administrations of phosphate 

buffered solution, insulin (3 U/kg) and HM-HPMC (0.5 w/v%)/ -CyD hydrogel (0.04 

w/v%) containing insulin (3 U/kg) to rats. 

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

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

 *, p<0.05 versus insulin alone. 
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 HM-HPMC 

 HM-HPMC/ -CyD 

 

 

 

 

 

 

 

Fig. 28. Summary of thermoresponsive 90L HM-HPMC/CyD hydrogel for use in injection. 
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 60L HM-HPMC 

 90L HM-HPMC 

  90L HM-HPMC/CyD  – 

 HM-HPMC/ -

CyD 

 

 

1) 60L  90L HM-HPMC  CyD 

90L HM-HPMC  60L HM-HPMC CyD 

 

 

2) 90L HM-HPMC  CyD  -CyD 

 -CyD  (0.02 w/v% -CyD 

0.05 w/v% -CyD  1.6 Pa)  HM-HPMC  CyD 

 

 

3) HM-HPMC/CyD HM-HPMC (0.5 w/v%)/ -

CyD (0.04 w/v%) 20   (~ 1 Pa s)

 (37  4Pa s) 
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4) ICG  HM-HPMC/ -CyD  24 

 ICG HM-HPMC/ -CyD 

 

 

5) HM-HPMC/ -CyD  

2 MRT  

 1.6  HM-HPMC/β-CyD 

 

 

HM-HPMC/CyD 
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 4  

 

 HM-HPMC CyD HM-HPMC 

 - 

 1 CyD  HM-HPMC  - 

 2 

 HM-HPMC/CyD  

3  HM-

HPMC/CyD  

 

 1  CyD  HM-HPMC  -  

 

 

HM-HPMC  CyD  -CyD 

HM-HPMC  -CyD 

HM-HPMC  CyDs 

HM-HPMC  CyD  CyD 

-CyD 

HM-HPMC/CyD 

20   30 40  HM-HPMC/ -CyD 
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CyD  H 

HM-HPMC  CyD  - 

 -  

 

 2  HM-HPMC/CyD 

 

 

 HM-HPMC/CyD 

HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) 

  TG 

DCFNa  HM-HPMC/ -CyD 

 HM-HPMC/ -

CyD 

HM-HPMC/ -CyD 

DCFNa  HM-HPMC/CyD 

 

 

 3   HM-HPMC/CyD 
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 HM-HPMC/CyD 

60L  90L HM-HPMC 

 CyD 90L HM-HPMC  60L HM-HPMC 

CyD HM-HPMC 

 CyD 

HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) 20  

 (~ 1 Pa s)  (37  4Pa s) ICG  HM-

HPMC/ -CyD  24  ICG 

HM-HPMC/ -CyD 

HM-HPMC/ -CyD  2 

MRT   1.6 

 HM-HPMC/β-CyD HM-

HPMC/CyD 

 

 

HM-HPMC  CyD  - 

 CyD  HM-HPMC 

 - 
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1.  

 ( ) 

 SIGMA ( )  ( ) 

 - -  -CyD  ( ) 

 (60L  90L HM-HPMC : ) 

 (60SH  90SH HPMC : 

)  ( )  ( ) 

 ( ) 

 2 

 

 

2.  

 

ANOVA Dunn’s post hoc tests

0.05

3. HM-HPMC  HM-HPMC/CyD  

HM-HPMC  (70 ) 

 HM-HPMC HM-HPMC/CyD 
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 -, -  -CyD  HM-HPMC 4 24

 

4.  

 MCR-101  (Anton Paar Japan K. K., Tokyo, Japan) 

 25 mm  0.998 

25   0.1 ~ 100 s-1 

 1 s-1  3 /  0.1 ~ 100 rad/s 

10 20 25 30 35 37 40 0.01   

 

5. NMR  

1H-NMR  Jeol JNM-ECA 500 Delta spectrometer (Tokyo, Japan)  (

: 500 MHz 5 mm 25 )

 ppm  (1H :   0.005 ppm) HM-HPMC 

 HPMC CyDs  (0.05 ~ 0.2 w/v%)  D2O 

0.05 w/v%  (  72 )  

6.  

 (5 mg)  STE  (1.5 mL)  CyD  

1 mL 20 30 40   5  (250 rpm) 8000 rpm  5 

 0.5 mL 0.2 μm STE  

HPLC (CBM-20A )  
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 : RI Detector L-2490 

 : LC-20AD 

 : CTO-20AC 40  

 : YMC-Pack ODS-A (5 μm 4.6 mm  15 cm) 

 : 0.1%  80%  

  25 μL 

 : 1.0 mL/min 

 

7. In vitro  

DCFNa HM-HPMC HM-HPMC/ -CyD 

 ( : 0.5 w/v% HM-HPMC 0.04 w/v% -CyD 0.1 w/v% DCFNa) 30 

4   24  5 mL  (

: 10000) 500 mL PBS  (32 50 rpm)  1 

mL  PBS DCFNa  UV  (U-2800A 

Hitachi Japan)  ( : 275 nm)  

 

8. DCFNa  

DCFNa (0.1 w/v%)  HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) 

 (0.1 w/v% DCFNa )  (8 )  50 μL 

 (  0.5 1 2 4 ) 

 2 mL/kg  10 mL 
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1 mL  (26 G )  100 μL 

500 μL  50 μL 5 

 (15000 rpm 5 )  HPLC 

DCFNa  HPLC (Shimazu UHPLC system Tokyo, Japan) 

 

 

 : UV-VIS Detector L-2420 

 : Pump L-2130 

  : YMC ODS-AM (5 μm 4.6 mm  25 cm Tokyo Japan) 

 : 0.1%  60%  

  80 μL 

  : 1.0 mL/min 

 : 275 nm 

 

2 mL PBS 2 

mL  (1000 g 15 )

 HPLC DCFNa 

 Practical Pharmacokinetic Program (MULTI) 

51)  

 

9.  
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DCFNa (0.1w/v%)  HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%) 

 (0.1 w/v% DCFNa )  (8 )  1  10 

 (50 μL/ 30 )   

 

 1  10  1 

 

 

 1 3  5 2  

  Draize 

 

 

 1 3  5 2 

 SL-14    

  

 

 5 0.5  

 1  15 

 

 

10.  



66 
 

MCR-101  (Anton Paar Japan K. K., Tokyo, Japan) 

 25 mm  0.998  1 ~ 100 Pa 

 

 

11.  

ICG ( : 0.5 μM) HPMC  HM-HPMC (0.5 w/v%)/ -CyD 

(0.04 w/v%)  (7 )  (1 mL 26 G)

6 12 24  ICG  (IVIS Lumina XR, 

PerkinElmeer Inc Waltham, MA, USA)  

 

12.  

 HM-HPMC (0.5 w/v%)/ -CyD (0.04 w/v%)  (7 

)  3 U/kg  (1 mL 

26 G)  0.5 1 2 4 6 8 12 

 - T ( ) 

 C  -  ( ) 
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