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Fig.1 Chemical Structure of B —Cyclodextrin.



Table 1 Physicochemical Properties of Natural CyDs

a-CyD® 8-CyD® 7 -Cyp?’
Number of glucose units 6 7 8
Molecular weight 973 1135 1297
Internal cavity diameter (A)* 5 6 8
Melting point 0 275 280 275
Aqueous solubility 15 1.85 23
(g/100m] at 25°C)
a)Estimated by CPK model.
b)Cyclomaltohexaose.
¢)Cyclomaltoheptaose.
d)Cyclomaltooctaose.
CH,OH a ~CyD
Q
OH b
J6
CH,OH B -CyD
o)
OH b~
17
CH,OH
2 o v -CyD
OH o~
18




Table 2 Physicochemical Properties of 8 —CyD and branched— g —~CyDs

B-CyD® G- B-CyD® G2- B-CyD®’
Molecular weight 1135 1297 1459
Internal cavity diameter (A)* 6 6 6
Melting point (°C) 215 201 260
Aqueous solubility 1.8 >50 >50

(g/100m! at 25°C)

a)Estimated by CPK model.
b)Cyclomaltcheptaose.
c)6-0-a-maltosylcyclomaltoheptaose.
d)6-0- a -glycosylcyclomaltoheptaose.

o—0 a-1,4 glucosidic linkage

O—>»0O ©-1,6 glucosidic linkage

O-@ Gi- g -CyD
O)—Q—@ Gz- g -CyD

_.5_



Table 3 Physicochemical Properties of § —CyD and Methylated B —CyDs

B-Cyb* DM- 8 -CyD®’ ™- 8-CyD?’
Molecular weight 1135 1331 1521
Internal cavity diameter (A)* 6 6 4-7
Melting point (°C) 280 295-300 157
Aqueous solubility 1.85 57 31

(g/100ml at 25°C)

a)Estimated by CPK model.

b)Cyclomaltoheptaose.

cOHeptakis(2, 6-di-0-methyl)cyclomal toheplaose.
d)Heptakis(2,3.6-tri-0-methyl)cyclomaltoheptaose.

CHoOH
B —-CyD

OH

CH,OCH,
0 DM- g -CyD

CHO | _

. TM- 8 -CyD
CH30 CH50 d

-




Table 4 Physicochemical Properties of f§ —CyD, CDPS and CDPI

B-CyD CDPS™ CDP1®
Molecular weight 1135 Polymer of Polymer of
3-5 molecules 10 molecules ove
Internal cavity diameter(A)® 6 6 6
Melting point (0 275 450 440
Aqueous solubility 15 »12 . s

(g/100ml at 25 °C)

a)Estimated by CPK model.
b)Water-soluble B-CyD-epichlorohydrin polymer
c)Water-insoluble B-CyD-epichlorohydrin polymer

OH
| —O—CH:  CHO—CHICHCH:~
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Fig.2(c)  Phase Solubility Diagram of TNG/G,— g —CyD in Water at 5°C



Table 5 Stability Constants of TNG—CyD Complexes

Determined by Solubility Method in Water

Cyclodextrin Stability constant(M”) Type of solubility curve
B -CyD 154 (37°C) Bs
CDPS 26.25(37°C) Ap
G,- B -CyD 67.95 (5C) AL
DM- B ~CyD 54.12 (57C) AL
T™M- B8 ~CyD 38.33 (5T) Ap




Table 6 'H—NMR Data from TNG in Presence or Absence of j —CyD or G2—- 8 ~CyD?2

A

H
|

A’ H-C-0-NO:
I

B H-C-0-NO-:
|

A H-C-0-NO:
|
H

A ,

Proton Chemical shift (ppm)

NG + B-CyD A + G2- §-CyD A

A 4.6128dd 4.6036dd ~0.0092 4,6013dd ~0.0115
A’ L.75724d 4,7609dd 0.0037 4,7620dd 0.0043
B 5.5566m 5.551n ~0.0049 5.5499m ~0.0067

2 g-CyD,0.01M;G,- g -CyD,0.01M;TNG, 0.005M;in D,O.
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Fig.7(a)  Gel—permeation Chromatograms of f —CyD after Grinding
Column : Asahipak® GS-310, Size : 7.6X500mm, Eluent : H,O,
Flow rate : 0.4ml/min, Detector : Refractive Index Meter.
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Fig.7(b)  Gel—permeation Chromatograms of CDPS after Grinding
Column : Asahipak® GS—310, Size : 7.6X500mm, Eluent : H:O,

Flow rate : 0.4ml/min, Detector : Refractive Index Meter.
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Fig.11  Differential Scanning Calorimetry at 5°C/min
of TNG/G,~ B —CyD Prepared by Evaporation(1) and
Grinding(2) Methods, and TNG/B —CyD Prepared by
Evaporation(3) and Grinding(4) Methods
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Table 7 IR Spectral Change of TNG with CDPS (cm -1)

Vibrations Intact TNG Physical mixture CDPS/TNG complex CDPS/TNG complex
of CDPS/TNG by grinding method by evaporating method

Vas NO; 1675 1658 1652 1653

1654 1648

1645
Vs NO. 1293 - 1292 1293
Vs NO, 1276 1275 1276 1276
v c-0 1049 1054 - *1032 - * -
v O-N 901 904 891 *3900 904 *898
v O-N 840 844 841 *838 841 *838

*Under reduced pressure 2mmHg at 40°C for 2hr

Table 8 IR Spectral Change of TNG with 8 —CyD (cm—!)

Vibrations Intact TNG Physical mixture g -CyD/TNG complex B -CyD/TNG complex
of B -Cyb/TNG by grinding method by evaporating method

va.s NO, 1675 1658 1658 1659

1654 1648

1645
Vs NO, 1293 - 1291 1292
Vs NO. 1276 1276 1275 1275
v c-0 1049 1052 1050 *1034 1053 *1034
v O-N 901 301 898 *899 898 *898
v O-N 840 845 835 *838 834 *835

*Under reduced pressure 2mmHg at 40°C for 2hr
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Table 9 Stability Constant of £-Epinephrine — Cyclodextrin Complexes
Determined by Solubility Method in Water at 4 °C

Cyclodextrin Stability constant (M ~*)
a -CyD 4.59
B -CyD 236
7 -CyD 6.33
G.- B8 -CyD 21.6
G,~ B ~-CyD 20.7
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Fig.13  Effect of CyDs on H~NMR Chemical Shifts of Ep
in 0.5N DCI at 30°C



Table 10 !H-NMR Data from 0—Epinephrine in Presence or Absence of CyDs

Hb Ha
OH
HO CH—CH:—NH—CH:
HO He
Proton Chemical shift(ppm)
CHs A CH: A H, A H, A H A
L~Epinephrine 2.573 3.085d 6.672dd 6.748d 6.758d

+ o-CyD 2,553 -.020 3.063d -.022 .6.654dd -.018  --—--- ———- 6.731d  -.027
+ B-CyD 2.587 014 3.012m  -.073 6.633dd -.039 6.682d -,066 6.730d -.028
+ y-CyD 2.545 -.028 3.045d -.040 6.646dd -.026 6.710d -.038 6.713d -.046
+ Gl1-g8-CyD 2.591 .018 2.91Tm  -.073 6.569dd -.103 6.625d -,123 6.693d -.065
+ G2- 8-CyD 2.584 .01 2.91Tm  -.0M1 6.566dd -.106 6.623d -.125 6.688d ~.070

9 - Epinephrine and CyDs in 0.SN DC1l (D.0).
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Table 11 Effect of Various g —Cyclodextrins on the Photodecomposition of Drugs in the Solution : % of Drug

Remaining after Irradiation Given Below

, L Hydrochloro- Pyridoxine, ) , Retinol .
CyD Nifedipine thiazide Hydrochloride Furosemide Clofibrate Acetate Nitroglycerin
30 min 6hr 2hr 20 min 6hr 80 min 5hr
Drug alone 58 62 46 87 74 42 98.5
B -CyD 58 (128) 79 55.5 92.3 (132) 88.2 (333) 67 98,3
CDPS 76 (59) 67.2 65.5 15.5 (149) 82.3 (574) 57.2 97
DM~ 8 -CyD 67.5 (41) 44,2 62.5 77.5 (174) 97.3 (482) 45 98.3
M- 8 -CyD 61 (18) 38 70 62 (162) 80.0 (111) 64.1 98

Stability constants in purified water at 5°C were in parentheses.

Table 12 Effect of Various B —Cyclodextrins on the Photodecomposition of Drugs in the Solid

State : % of Drug Remaining after Irradiation Given Below

CyD Nifedipine Furosemide Pyridoxine Hydrochloride Nitroglycerin
6hr 2hr 6hr 8hr
Drug alone 71.1 68.1 37.4 99.0
B —-CyD 56.0 87.2 74.3 99.0
CDPS ) 63.8 79.0 57.5 98.7
DM- 8 -CyD 74.2 98.0 79.2 99.2
TM- B -CyD 58.0 99.2 88.0 99.0
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Fig.21 ~ The Apparatus Used for Photodecomposition

A : Constant—temperature water bath (Type TRL—101 FE
Thomas Kagaku Co.,Ltd.), B : Xenon lamp 150 W (Type L2175
Hamamatsu Photonics K.K.), C: Electric source (Type 650—0902
Hitachi,Ltd.), D : Lamp house (Type E 2450 Hamamatsu
Photonics K.K.), E : Sample table, F : Motor(Type J 202—442
R.P.M.1 CKD. Controls Ltd.), G : Silica gel, H : Connecting

cylinder.

Table 13 Solvents Used for Photodecomposition in Aqueous State

Drug Solvent
Nifedipine 50% Methanol
Hydrochlorothiazide Purified Water
Pyridoxine Hydrochloride Purified Water
Furosemide Purified Water
Clofibrate Purified Water

Retinol Acetate
Nitroglycerin

50% Acetonitrile
30% Methanol




Table 14 High Performance Liquid Chromatography Conditions

Drug Mobile phase Monitored wavelength

Nifedipine*® Methanol :Buffer(pH 6.1)=45:55 Uv 254nm
Buffer;0.01M Na,HPO,+50%(v/v)H; PO,

Hydrochlorothiazide*?®’ Methanol :Buffer(pH 8)=5:95 UV 225nm
Buffer;0.01M Na,HPO,+50%(v/Vv)H,PO,

Pyridoxine Hydrochloride®®’ Methanol 300m1 UV 335nm
Isopropanol 30ml
l1-Hexanesulfonic acid,sodium salt 1.35mg
Acetic acid 10ml
Purified Water ad 1,000ml

Furosemide® ) Methanol :Buffer=40:60 Uv 300nm
Buffer; 0.2M Acetic acid

Clofibrate®? Methanol:Purified Water=70:30 UV 225nm

Retinol Acetate*” 100% Methanol UV 326nm

Nitroglycerin Methanol :Buffer=50:50 UV 220nm

Buffer;0.5M Acetic acid
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Table 15 Apparent Release Rate Constants of Dissolution of TNG from Several
Bases Containing TNG or Its £ —CyD Complexes

Ointment Constants (g4 g/cm/min®”/ *)
VASOLATOR® 0.333 x 10°?
TNG/ 8 -CyD Complex Ointment 0.125 x 107?
TNG/ 8 -CyD Physical Mixture Ointment 0.263 x 10°*
TNG/CDPS Complex Ointment 0.263 x 10°*
TNG/CDPS Physical Mixture Ointment 0.333 x 10°?
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Fig.26 % Remaining of TNG in Five Kinds of TNG Ointments at 37°C
M : VASOLATOR®, O: g—CyD complex, ®: f—CyD physical mixture
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Fig.27  Blood Pressure after Application of Five Kinds

of TNG Ointments on the Rabbits
W : VASOLATOR®, O: 8~-CyD complex, ® : B-—CyD physical mixture,

@® : CDPS complex, O : CDPS physical mixture.

Each point represents the mean +SD of 5 rabbits.
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Fig.28  Plasma Levels of TNG after Application of Five
Kinds of TNG Ointments on the Rabbits
M : VASOLATOR®, O: B-CyD complex, ®: g —CyD physical mixture,
. @ : CDPS complex O : CDPS physical mixture.

Each point represents the mean +SD of 5 rabbits.
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