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Solubilization Effects of Tinidazole by[3—Cyclodextrin
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Abstract

Tinidazole was included inB —cyclodextrin (8 -CD) using the spray-drying and heating methods-

The larger number of molecules of tinidazole included inf3 -CD w as obtained from the initial molecular ratio 1}

3 with both the two methods. More evidence of a complex formation betw een tinidazole and 3 -CD w as obtained

from the analysis of scanning electron microscope, X—Ray diffraction and the solubility study. The calculated ap-
parent stability constant was 0. 1925 (mol /L)~ " at 25C and 0. 1089 (mol/L)™" at 37C . The dissolution rate of

tinidazole was enhanced. After 5 minutes in 500 m1 of distilled water at 37C , it was more than 9% for the in-

clusion products but reached only 8% for the pure product after 60 minutes. The complexation increased the

tinidazole solubility, decreased its crystallinity and improved its wettability in water-

Key words

Complexation of the drug with cyclodextrins
(CDs) may increase its water solubility and con-
sequently improve the bioavailability. A great
number of cyclodextrin (CD) derivatives have
been synthesized from natural CDs", but most of
them have no use in the pharmaceuticals or food
because of their toxicity and /or their cost. B —cy—
clodextrin (3-CD) is the most commonly used
CD. It is the less soluble, less expensive and
from a number of

commercially available

sources . Many researches reported the possibil—
ity of obtaining inclusion complex with 3 -CD. In
this work, the possibility of including tinidazole
inf3 -CD molecule was investigated.

Tinidazoleis a derivative of 5—nitroimidazole,
which has strong antimicrobial actions. Itis used
efficiently in the treatment of various infections
such as trichomonas vaginali o mainly by oral ad—
ministration or venous injection, which often lead
to the gastro-intestinal or systemic side actions.
About 180 million of women worldwide are infect—
ed with trichomonas vaginalis every year[4].

Tinidazole is slightly soluble in water, dark—
ens on exposure to light and has an unpleasant
bitter taste. If tinidazole can be included into the

CD cavity, some of these drawbacks may be al-
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tered. This alteration may lead to suitable formu-—
lations such as vaginal topical gel in which tinida—
zole may dissolve better and faster, and has a bet-
ter efficiency in the therapy of trichomonas vagi-
nalis. Furthermore, the stability to light can be
expected. Not much literature and work on
tinidazole in this area have been reported.

The spray-drying and the heating processes
were used to obtain the complexes of tinidazole
and B3-CD.

The inclusion formation and its physical
characteristics were evaluated by using scanning
electron microscope, X-ray diffraction and solu-
bility analysis. The dissolution behavior of the

solid complexes in water was also determined.
I MATERIALS AND METHODS

L 1 Materials
Tinidazole with a purity of 99. 3o for ve-
nous injection used was purchased from Beijing
Third Pharmaceutical Factory ( China) and used
without any preliminary treatment.
° B-CD was purchased from Tianjin Huabei
( Special Region) Chemical Reagent Development
Centre ( China).

o

The solvents employed were of analytical
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grade.

1. 2 Methods
L21
traviolet spectroscopy analysis ( Perkin Elmer

UV /M S spectrophotometer Lambda 2), the max—

Tinidazole assay  From the scanning ul-

imun absorption of tinidazole in distilled water
was at wavelength of 317 nm, while3 -CD had no
UV absorption in this wavelength. The tinidazole
assay was carried out by ultraviolet absorption
analysis [Su]sing a UV755B UV VIS spectropho—
tometer (China). The Standard calibration curve
equation obtained from the dilution of tinidazole
in the concentration range of 6/t g /ml to 221 ¢/ml
was Y= 0. 0359X+ 0. 0058, = 0. 9999(n= 5).

L. 2.2 The determination of tinidazole phase sol—
ubility  The phase solubility determination of
tinidazole inf3 —CD solution was carried out accord—
ing to the method of Higuchi and Connors®'. Ex-
cess amounts of tinidazole were added to aqueous
solutions containing different concentrations of 3 —
CD and stirred in water bath at 25 0. 5C and 37
+ 0.5C for 5 days. After equilibrium, an aliquot
was filtered with a 0. 45 # m millipore filter.

Then, the filtered solutions were analyzed spec—
trophotometrically to define the solubility charac—
teristics of tinidazole.

L. 23
physical mixture was prepared by a simple blend—
ing of tinidazole and3 CD at 1°* 1, 1* 2, and 1°*

3 molar ratios at room temperature. These mix—

Preparation of physical mixture  The

tures were compared with the corresponding solid
complex powders.

1. 2. 4 Preparation of inclusion wmplex

L.2.41
dissolved in acetone. One, double or three times
molar quantities of 3—CD were dissolved at 76C in

Spray-drying method  Tinidazole was

the lowest volume of water necessary to obtain a
solution then cooled to 40C. The acetone solu—
tion of tinidazole was added to the solution off3 —
CD and maintained under stirring for 30 minutes
at 40C. The proportion of acetone to water in
the solution was 1* 9. The solutions were spray—
190 Mini Spray

( Switzerland) under the following conditions

dried using a Buchi Dryer

feed rate 10.ml /min, inlet temperature 95C . out—

let temperature 65C , pressure 5 bar. The col-
lected powders were dried, then washed with ace—
tone and dried again at 50C overnight, stored in
a desiccator for 3 days and then analyzed.

1. 2.4 2 Heating method The physical mixture
of tinidazole and B—CD in series proportions was
put in a glass respectively, which was heated at a
fixed temperature of 145C in the oven for about 6
hours. At interval times the glass was shaken to
mix the powder and was then replaced into the
oven. The content of the vessel was washed with
acetone to remove the excess of tinidazole and
dried at 50C overnight, then analyzed.

1. 25 Evidence of inclusion formation in solid

phase
L2.51

The experiment was carried out using an [SI-SX-

Scanning electron microscope (SEM)

40 scanning electron microscope ( Japan). The

obtained
through the spray-drying and heating methods

microscopic aspects of the product

were compared with those of tinidazole and3 -CD
individually viewed under the SEM.

1.2.52  X-ay diffraction
diffractograms were recorded with a Rigaku D/
Max-RC diffractometer ( Jhpan) using Nifilterd
CuKe radiation detector for the tinidazole, B -CD,

Powder X-ay

physical mixture and the tinidazole inclusion re—
spectively.
1. 2. 6 Dissolution study

Dissolution study was performed using an In—
telligent Dissolution Tester ZRS-4 apparatus
(Tianjin University Radio Factory, China), pad—
dle method, and 500 ml of distilled water main—
tained at 37C with a stirring speed of 50 r/min.
An amount of tinidamle alone, an amount of
physical mixture 1* 3 and an amount of complex-
es 1° 3, each powder containing 350 mg of tinida—
zole, were dispersed on the surface of the medi-
um.

After 5, 10, 20, 30, 40, 50, 60 minutes 2
ml of samples was passed through a 0. 45% m mil-
lipore membrane filter and assayed spectropho-—
tometrically. The initial water volume of the ves—
sel was maintained by adding 2 ml of distilled wa—

ter after each, sampling. The results were  the
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mean of 5 determinations.
2 RESULTS AND DISCUSSIONS

2.1 Phase solubility diagrams

Higuchi and Connors” divided solubility dia—
grams into two major types type A and type B
phase solubility diagrams. In type A phase dia—
gram the complex formed is soluble and does not
form a precipitate regardless of the amount of lig—

and added. In type B, the inclusion formed has a
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Fig 1. Phase solubility diagrams of tinidazole8 -C D in distilled water:

The appearance of the solubility curve can be
The
phase diagram suggested that the molar ratio of

classified as An type solubility diagram.

complex in the solid state, theoretically, can not
be completely explained in terms of a stoichiomet—
ric relationship[7]- The spray dried and heated
powders, after being washed with acetone and
dried, were quantitatively analyzed by ultraviolet
absorption. It was found that about 0. 85 mole of
tinidazole from the initial molecular ratio 1% 3
(tinidazole —CD) was included using the heating
process and about 0. 92 mole from the initial
molecular ratio 1° 3 (tinidazolef -CD) was in-
cluded using the spray <dried method. Experimen—
tally the larger number of molecules of tinidazole
included in B-CD was obtained from the initial
molecular ratio 1% 3 with both spray-drying
method and heating method. The heating method
proved to be the most advantageous as an easy
and simple operating process and the stability of

tinidazole at higher conditions of heating, will be

definite and limited solubility.

Type A can be further subdivided into Av,
Ar and Ax types. There are also various possibili—
ties in type B B and Bi. Figure 1 shows the
phase solubility diagrams of the tinidazolef -CD
system. The solubility of tinidazole increased
slightly with the increasing off3 —=CD concentration
and reached a plateau region, which appeared at

higher concentration of 3—CD.
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reported in another paper, was not affected.
2. 2 Crystalline properties of tinidazole inclusion
in solid phase

Previous studies reported that molecular en—
capsulation with3 -CD may occur both in solution

. . & 10
and in solid state® .

In solution there is equi-
librium between complexed and non—complexed
solid state,

molecules can be enclosed within the cavity or

guest molecules. In the guest
may be aggregated to the outside of the CD
molecule. More evidence of complex formation
was obtained by scanning electron microscope, X-
ray diffraction and from solubility study.

The analysis, using the scanning electron mi—
croscope, revealed that the crystallization of
tinidazole appeared in relatively large polyhedral
crystal ( Fig 2a). B-CD appeared also in large
polyhedral crystal ( Fig 2b). The products ob-
tained after spray-drying or heating methods ap-
peared substantially different from tinidazole and

B-CD (Fig 2c and Fig 2d).
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Fg 2 Scanning electron microscope photographs

a. tinidazole, b. B-CD, c. complex tinidazolef-CD 1} 3 (Spray-drying method), d. complex tinidazolef-CD 1° 3 ( Heating method).

The X-ray diffraction analysis of powder
samples is shown in Fig 3. The diffractogram of
the physical mixture was characterized by the su—
perposition of individual diffractograms of tinida—
wle andf3 -CD with the peaks having lower inten—
sity. The diffractograms of the solid com plex
were different from those of the physical mixture
and the two components, confirmed aninteraction

between tinidazole andB -CD. The diffractograms
revealed less crystallinity in the complex system
as evidenced by fewer and broader peaks of lower
intensities. Thisindicated that inclusion complex—
es are markedly less crystallinity than the physi—
cal mixture or the pure components. Powder ob-
tained from the spray-drying method showed
more fewer and broader peaks of lower intensities
indicating less crystallinity than the powder ob-
tained from the heating method.
2.3  Apparent stability constant

A CD inclusion complex is always in equilib—
rium with its free components in the solution.

The equilibrium state of an 1° 1 (host® guest)

system is given by the following scheme

K.
Drugreet  CDiee==ADrug® CDomple
The general definition of the complex stabili-
ty constant is given by the equation

K= Drug® CD Jeompkx
- [Drug ]free [CD]free

Higuchi et al have proposed the following e—
quation to estimate the apparent stability constant
Ke

Koo (S=-_8)
T S{I[CD}- (S- S)}

Considering the phasesolubility curve, the

initial linear portion was fitted to a straight line.

The intercept gave the aqueous solubility So and
the slope gave §— $. § is the total solution mo—
lar concentration of substrate and [ CD | is the to—
tal molar concentration of ligand. Assuming that
al? 1 complex was formed at the initial stage of
solubility diagram, the apparent stability Kc can
be obtained by the equation

Ke= slope
~ intercept ( 1- slope)
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Fg 3. Powder X-ray diffraction patterns

a- tinidazole, b B—CD, c. physical mixture tinidazole-CD 1° 3, d. complex tinidamlef —CD 1* 3 (Spry-drying method), e complex

tinidazolef -CD 1% 3 ( Heating method).

The apparent stability constant K¢ estimated
from the concentration solubility data of B -CD
versus the concentration of tinidazole (phase solu-
bility diagram) was 0. 1925 (mol/L)” ' at 25C
and 0. 1089 (mol/L)_l at 37C . The value of Ko
for tinidazle withf —CD at 25C was greater than
that at 37C. The apparent stability constant Ke
related with the inclusion phenomena interaction
between the hydrophobic cavity of CD and the hy-
drophobic part of the drug. It is well recognized
that the drug-CD interactions are not limited to
the inclusion phenomena, but also included inter—

molecular forces such as Van der Walls, hydrogen

. . 1,12
bonding, electrostatic fo rces 1!

, which are in—
volved in the complex stability.
2.4 Dissolution rate

A compound in the crystalline state dissolves
more slowly than that in the amorphous state.
The process to prepare inclusion complexes leads
to adecrease in crystallinity or even to amorphous
powders. This explained the increase of water
solubility of tinidazole, as shownin Fig 4.

After 5 minutes the dissolution rate of tinida—

zole in 500 m1 of distilled water at 37C was 44%
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for the pure product, increased to 5% for the
physical mixture, and reached 9% and 9% for
the heated and spray dried inclusion complexes.
The dissolution rate of pure drug reached 80% af-
ter 60 min. The wetting of the solid phase by a
solvent is the first step of any dissolution pro-—
cess. The fast dispersion of the inclusion in disso—
lution media revealed that —-CD complexation of
tinidazole improved the wettability in water con—
siderably and the simple addition of B-CD en-—
hanced its wettabilty.
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Fig 4. Dissolution profiles

—«&— tinidazole, — [ll— physical mixture, — X— complex tinida-
zole-B-CD 1 : 3(Spray-drying method) and —A— complex tinidazale-
B-CD 1 ¢ 3 (Heating method)

3 Conclusion

The feasibility of preparing an inclusion com—
plex of tinidazole in -CD occured using spray-—
drying and heating methods. This complexation
increased the tinidazole solubility, decreased its

crystallinity and improved its wettabilty in water.

These alterations may lead to suitable formula—

tions for potential drugs.
References

1 Szente L, Szejtli J. Highly soluble cyclodextrin derivatives
chemistry, properties, and trends in development. Adv Drug
Del Rev, 1999, 36 17

2 Szejtli ). Cyclodextrins in drug formulations PartIl . Pharm
Technol, 1991, 15(8): 24

3 Chaikin P, Alton KB, Sampson C. ef al- Pharmacokinetics of
tinidazole in male and female subjects. J Clin Pharmawl,
1982, 22 562

4 Narcisi EM . Secor W E- In vitio effect of tinidazole and fura-
zolidone on metronidamle—resistant trichomonas vaginalis. An—
timicrob Agents Chemother, 1996, 40(5): 1121

5 Sanghavi NM, Joshi NG Analysis of tinidamle. Indian J
Pharm Sc, 1979, 41 144

6 Higuchi T, Connors KA Phase solubility techniques- Adv
Anal Chem Instr, 1965, 4 117

7 Rosanske TW, Connors KA. Stoichiomettic model of 8 -cy-
clodex trin com plex formation J Pharm Sci, 1980, 69 564

8 Bekers O, Uijtendaal EV, Beijnen JH, ef al. Cyclodextrins in
the pharmaceutical field. Drug Dev Ind Pharm, 1991, 17
(11): 1503

9 Jones SP, Grant DJW, Hadgraft J, ef al. Cyclodextrins in
pharmaceutical sciences, Part 1 Prepamation, structure and
properties of cyclodextrins and cyclodextrin inclusion com-
pounds. Acta Pharm Tech, 1984, 30(3): 213

10 Ahmed SM, Naggi A, Guerrini M, et al. Inclusion complex of
bropirimine with 8 yclodex trin in solution and in solid state.
Int J Pharm, 1991, 77 247

11 Jones SP, Grant DJW, Hadgraft J, et al. Cyclodextrins in
pharmaceutical sciences, Partll : Pharmaceutical, biopharma-
ceutical, biological and analytical aspects, and applications of
cyclodextrin and its inclusion compounds. Acta Pharm Tech—-
nol, 1984, 30(4): 263

12 Zerrouk N, Gir€s Dorado JM, Arnaud P, ef al. Physical char-
acteristics of inclusion compounds of 5-ASA ina and B-—y-
clodextrin. Int J Pharm, 1998 17t 19



426

Journal of China Pharmaceutical University Vol. 30

AR FHEE
( , 210009)
B- . 153,
B- . ,X - s ,
, 25C 0. 1925 (mol/L)" ', 37C 0. 1089 (mol /L)~ .
37C 500 ml 5 min 9% , 60 min
8Gh. ,
; B- ;
1999 9~ 12
9 10
9 11 10 26 ,
10 10
« 10 28 ,
10 12
s 11 15 D. M. S. andrade
10 14 Limit
, 11 16
10 18 1 18 «'99
, 8 2
3
10 22 Otago , 11 25
11 29
10 25 “ 99 _
» 12 8
21
50 , GES:D)
10 26



