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Dissolution Enhancements of Tiaprofenic Acid by
B-Cyclodextrin Complexation
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Department of Pharmacy, Dongduck Women’s University
(Reccived May 8, 1986)

Inclusion complexation of tiaprofenic acid (TPA) with cyclodextrins (a-, 8-, y-CyDs) in
aqueous solution and in solid phase was investigated by solubility method, measurement of
partition coefficient, ultra-violet, circular dichroism, infrared spectroscopies, powder X-ray dif-
fractometry and differential scanning calorimetry.

Investigations were made to prepare inclusion complexes of TPA with -CyD in solid
powdered form by coprecipitation, freeze-drying, spray-drying and co-pulverization methods.
The coprecipitation, freeze-drying and spray-drying miethods were successful in obtaining in-
clusion complexes. The results showed that the latter two methods might be originally superior
to the former in obtaining powdered inclusion complexes. Especially, it was shown by powder
X-ray diffractometry that spray-dried 3-CyD alone, TPA-spray-dried 3-CyD physical mixture,
and spray-dried TPA-f-CyD complex were amorphous.

The dissolution behaviours of TPA-B-CyD systems prepared by above four methods were
compared with those of TPA alone and TPA-#-CyD physical mixture, and the rates of dissolu-
tion of TPA in pH 1.2 buffer were greatly enhanced by inclusion complexation and

copulverization.
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COPRECIPITATION METHOD

3x 10 M TPA in
20 ml of ethyl ether

(1) add 1 x 10 M B-CyD
in 100 ml of water

(2) agitate well for 24 hrs.
at room temperature.

(3) cool to 2°C.

(4) filter.
Solution Precipitates

(5) wash with ethyl ether
(6) dry at 50°C and then
in vacuo at rom

temperature.

Coprecipitated TPA-$-CyD
System

Chart 1 — Method for preparation of inclusion com-
plexes of TPA with B-CyD by coprecipitation method.
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FREEZE-DRYING METHOD
5x10™* M PTA

(1) add 5x 10 M B-CyD

(2) dissolvle in 35 ml of water and 7
drops of 28% aqueous ammonium
solution

(3) freeze-dry

(4) dry at 50°C

(5) wash with ethyl ether

Solution Residue
(6) dry in vacuo at room
temperature
Freeze-dried TPA- 3-CyD system
Chart 2 — Method for preparation of inclusion com-

plexes of TPA with 3-CyD by freeze-drying method.

SPRAY-DRYING METHOD

1 x 107 mole TPA and
2.5 x 107 mole B-CyD

(1) dissolve in 50 ml of 0.1 N NaOH
solution

(2) adjust the pH to 3.0 with 1 N
HCI while stirring

(3) adjust again the pH to 7.0 with 1
N NaOH solution with stirring

(4) apply to spray-dryer

Spray-drying; inlet temp. 110°C,
outlet temp. 57-58°C

(5) wash with ethyl ether

Solution Residue
(6) dry at 50°C and then in
vacuo at room temperaturce
Spray-dried TPA- 3-CyD system
Chart 3 — Method for preparation of inclusion com-

plexes of TPA- 3-CyD by spray-drying method.

58°C 2 33}t (Chart 3).
EEAHo| ot DA EEH S =AY
TPA2} 8-CyDE 1:2.5mole ]2 w]-E-4j
7] 2 34000 U/min. &) 2714 4 3] cyclings}
of £FFAY A& A8Z 3k (Chart 4).
IH =58 F TPAS SAEN
TPA 50 mg2 A =3] @o} methanol 100 m!

CO-PULVERIZATION METHOD
7 mmole TPA and 7 mmole f§ -CyD

in mortar
(1) triturate for mixing

(2) apply mass to micro-
pulverizer

Co-pulverizing; 34000 U/min.

(3) repeat pulverizing
4 times

Co-pulverized TPA- #-CyD system

Chart 4 — Method for preparation of co-pulverized
TPA- 3-CyD system.
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Figure 1 — Phase solubility diagrams of TPA-CyD
systems in water at 15°C.
Key: 0, a-CyD; A, B-CyD; O, y-CyD
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Figure 2 — Phase solubility diagrams of TPA-f3-CyD
system in water at various temperatures.

Key: [J; 15°C, A; 25°C, O; 35°C
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Figure 3 — Phasc solubility diagrams of TPA-B-CyD
1.2 KCI-HCIl buffer at various
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Key: [J; 15°C, A; 25°C, O; 35°C

AF—-2.303RT logK’ (1)
per . AH  T-T
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Fig. 4 o4} 2.4 ujel 7o) van’t Hoff plots
£ 15~35° 9 "ol okmgt AADAE

Table I - Apparent Stability Constants(K’, M~" ) and
Types of Solubility Curves of TPA-B —
CyD Complex Systems Determined by
Solubility Method at Various Tempera -

tures.
Tempera- Solubility, Apparent
ture, C Medium So(M) Type® stability
constant, K’

15 Water 6.0 X10°* Bs 1,231

pH 1.2 buffer” 2.81X10™* Bs 2,854

25 Water 9.83x107* Bs 1,163

pH 1.2buffer  4.42X10™* Bs 2,346

35 Water 1.56x107* Bs 857

pH 1.2 buffer  6.75X10™* Bs 2,088

“The types of phase solubility diagram were de-
fined according to Higuchi et al. ’KCI-HCI buffer
was used.
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Table [l — £ffects of CyDs on Partition Coeffi-

4.0
0 cients of TPA at 37C.
O"
/o/o/ Systems Pc®
______ a "
30F  _p--omT ° TPA alone 68. 57
i TPA-a-CyD 66. 95
o TPA-8-CyD 34. 38
= 2or TPA-y-CyD 28 12
@ Partition coefficients of TPA between n-octanol
and water
1.0+
xg S
oll
1 L 1 L =
3.2 3.3 3.4 3.5 _\_;l]_
3 0)7 -1
VT (x 10° °K™) At

Figure 4 — Typical van’t Hoft plots for stability con-
stants of TPA-$-CyD complexes.
Key: O, pH 1.2 KC1-HCI buffer; A, water o] A|ull A

el om] o]eo] Aol 7}-&7]|2F-€  enthalpy
of W3t (AH) & AbEstodch (1), (2), (3) Al
ule} Z4F ddehA] wstgg AbE3Sled Table
Mol EAsIel od710lA AH+= TPAS A
o I e 3 s v A= e B e 8 P s P I B S
g o7} BEFAE JA A uhEShe energy

o4

9] zlolz AAE 4 glow] o] w] free ener-
gyd #H3H(AF) & B9 golmz AuA Wy
ul-2-ol & el ol ® entropy HEHAS) & T-
PAS] ARAAZS) Aol FANA A 1
Aow diure weol ASel BAMPoz b
w
A AME dolg Wl A71E ASShel Aelz
Table II — Thermodynamic Parameters for Com-
plex Formation of TPA-8-CyD Com-
plexes in Water and pH 1.2 KC/- HC/
Buffer
T Apparent AF AF AS
Medium PSS stabilty  (keal/  (keal/ (cal/deg/
ture, °K
constant, K’ mole) mole) mole)
Water 288 1231 -407 3.03 9200 - 560
298 1,163 -4.18 -3.2 3.18 Wavelength, nm
308 857 -4.13 3.03 Figure 5 — UV absorption spectra of TPA
g p P
pHL2ZKCE o0 3,854 473 —0.35 (3.84 x 10*M) and its f-CyD systems in water.
HCI buffer Key: 1, TPA alone; 2, TPA + -CyD (3 x 107°M); 3,
298 2,346 -4.60 -5.4 -an TPA + -CyD (5x103M); 4, TPA +p-CyD
308 2,088 -4.68 -2.35 (7 x 107°M); 5, TPA + -CyD (10 x 107°M)
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Figure 6 — Circular dichroism spectra of TPA

(3.84 x 107°M)-B-CyD (5 x 107°M) and TPA-B-CyD
(10 x 107°M) systems in water.
Key: —, 5x 107°M B-CyD; ---, 10 x 10°M B-CyD

Table V- Amount of TPA Included by f-CyD by
Coprecipitation, Freeze Drying and Spray
Drying Method.

Molar ratio of

Method TPA 10 5-CyD Inclusion ratio
Before After of TPA(%)
procedure  procedure

Coprecipitation 3 0.32 10.7%
Freeze-drying 1 0.83 83.0%
Spray-drying 0.4 0.37 92.5%
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Figure 7 — IR absorption spectra of TPA/B-CyD ac-

cording to KBr disk mcthod.

Key: A, TPA-B-CyD physical mixture (1:1 molar

ration); B, coprecipitated TPA-B-CyD; C, freeze-

dried TPA-B-CyD (1:1 molar ratio); D, spray-dried

TPA-B-CyD (1:2.5 molar ratio); E, co-pulverized

TPA-B-CyD (1:1 molar ratio) ‘
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Figure 8 — Powder X-ray diffraction patterns of
TPA-B-CyD systems obtained from coprecipitation
method.

Key: A, intact TPA; B, intact §-CyD; C, physical
mixture of TPA and $-CyD (1:1 molar ratio); D,
coprecipitated TPA-B-CyD system
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Figure 9 — Powdcr X-ray diffraction patterns of

TPA-B-CyD systems obtained from freeze-drying
method.

Key: A, freeze-dried TPA; B, freeze-dried B-CyD;
C, physical mixture of freeze-dried TPA and freeze-
dried 3-CyD (1:1 molar ratio); D, freeze-dried TPA-
B-CyD system (1:1 molar ratio)
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Figure 10 — Powder X-ray diffraction patterns of
TPA-B-CyD systems obtained from spray-drying
method.

Key: A, intact TPA; B, spray-dried 8-CyD; C,
physical mixture of intact TPA and spray-dried -CyD
(1:2.5 molar ratio); D, spray-dried TPA-$-CyD
system (1:2.5 molar ratio)
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Figure 11 — Powder X-ray diffraction patterns of

TPA-B-CyD systems obtained from copulverization
method.

Key: A, intact TPA pulverized; B, pulverized g-CyD;
C, physical mixture of pulverized TPA and pulveriz-
ed B-CyD (1:1 molar ratio); D, co-pulverized TPA-
B-CyD system (1:1 molar ratio)

E T D
Z
E T
'C
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L L 1. L 1 2
50 100 150

Temperature, °C

Figure 12 — DSC curves of TPA-3-CyD systems at
scanning speed of 10°C/min.

Key: A, TPA alone; B, physical mixture of TPA and
B-CyD:; G, TPA-B-CyD system by coprecipitation
method; D, TPA-B-CyD system by freeze-drying
method; E, TPA-$-CyD system by co-pulverization
method; F, TPA-B-CyD system by spray-drying
method
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Figure 13 — Dissolution curves of TPA-$-CyD

systems obtained from coprecipitation method in pH
1.2 KCI-HCI buffer at 37°C.

Key: A, TPA alone; [, TPA--CyD physical mixture;
O, coprecipitated TPA-B-CyD system
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Key: A, TPA alone; [],physical mixturc of TPA and
freeze-dried B-CyD (1:1 molar ratio); O, freeze-dried
TPA-B-CyD system (1:1 molar ratio)
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Kcy: B, TPA alone; @, ground commercial tablets;

[, co-pulverized TPA-f-CyD system (1:1 molar ratio);

A, freeze-dried TPA-B-CyD system (1:1 molar ratio);

V. spray-dricd TPA-f-CyD system (1:2.5 molar ratio); -
O, coprecipitated TPA-B-CyD system
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