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Solubilization Effects of Tinidazole byβ-Cyclodextrin
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Abstract　 Tinida zo le wa s included in β -cyclodex trin (β -CD) using the spra y-drying and heating me thods.

The larg er number o f mo lecules o f tinidazo le included in β -CD w as obtained from the initial molecular ra tio 1∶

3 w ith bo th th e two methods. Mo re evidence of a complex formation betw een tinidazole and β -CD w as obtained

fr om the ana ly sis of scanning electron mic roscope, X-Ray diffr action and the so lubility study . The ca lcula ted ap-

pa rent stability constant wa s 0. 1925 ( mol /L) - 1 at 25℃ and 0. 1089 ( mo l /L )- 1 a t 37℃ . The disso lution rate o f

tinida zole w as enhanced. After 5 minutes in 500 m l of distilled wa ter at 37℃ , it w as more than 90% for th e in-

clusion produc ts but reached only 80% fo r th e pure product a fter 60 minutes. The complexa tion inc reased the

tinida zole solubility , decr ea sed its cr ystallinity and improved its wet tability in w ate r.
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　　 Complexation o f the drug w ith cyclodex t rins

( CDs) may increase i ts w ater solubili ty and con-

sequently improve the bio avai labili ty. A g reat

number of cyclodex t rin ( CD ) deriv ativ es have

been synthesized f rom natural CDs
[1 ]

, but most of

them have no use in the pharmaceuticals o r food

because of their tox ici ty and /or thei r co st. β -cy-
clodex t rin (β -CD ) is the most commonly used

CD. It is the less so luble, less expensiv e and

commercially av ai lable f rom a number of

sources
[ 2]
. Many researches repor ted the po ssibi l-

ity of obtaining inclusion complex wi th β -CD. In

this w ork, the possibili ty of including tinida zole

in β -CD molecule w as investiga ted.

Tinida zole is a deriv ative of 5-ni t roimida zo le,

w hich has st rong antimicrobial actions. It i s used

ef ficiently in the t reatment o f va rious infections

such as t richomonas vaginalis
[3 ]

mainly by o ral ad-

ministration o r v enous injection, which o f ten lead

to the gastro-intestinal o r systemic side actions.

About 180million o f w omen w orldwide are infect-

ed wi th t richomonas vagina lis ev ery year
[4 ]
.

Tinida zole is slight ly soluble in w ater, dark-

ens on exposure to light and has an unpleasant

bi t ter taste. If tinidazole can be included into the

CD cavi ty , some of these draw backs may be al-

tered. This alteration may lead to suitable formu-

la tions such as vaginal topical g el in which tinida-

zole may dissolv e bet ter and faster, and has a bet-

ter efficiency in the therapy of t richomonas vagi-

nalis. Fur thermo re, the stability to light can be

expected. Not much litera ture and w ork on

tinidazo le in this area have been repo rted.

The spray-drying and the hea ting processes

w ere used to obtain the complexes o f tinidazole

and β-CD.

The inclusion forma tion and i ts physical

characteristics w ere evaluated by using scanning

elect ron microscope, X-ray di ff raction and solu-

bili ty analysis. The disso lution behavio r o f the

solid complexes in wa ter was also determined.

1　MATERIALS AND METHODS

1. 1　Materials

· Tinidazole wi th a puri ty of 99. 5% for ve-

nous injection used was purchased from Beijing

Third Pharmaceutical Facto ry ( China) and used

wi thout any prelimina ry treatment.

· β -CD was purchased from Tianjin Huabei

( Special Region) Chemical Reagent Development

Centre ( China) .

· Th e solv ents emplo yed w ere of analytical
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g rade.

1. 2　Methods

1. 2. 1　 Tinidazole assay　 From the scanning ul-

trav iolet spect roscopy analysis ( Perkin Elmer

UV /M S spect ropho tometer Lambda 2) , the max-

imun abso rption of tinidazole in distilled w ater

w as at w aveleng th of 317 nm, whileβ -CD had no

UV abso rption in this waveleng th. The tinida zole

assay w as ca rried out by ult raviolet abso rption

analysis
[5 ]
using a UV 755B UV -V IS spect ropho-

tometer ( China) . The Standard calibration curv e

equation obtained from the di lution o f tinida zole

in the concentration range of 6μg /ml to 22μg /m l

w as Y= 0. 0359X+ 0. 0058, r= 0. 9999(n= 5) .

1. 2. 2　 The determination of tinidazole phase sol-

ubil ity　 The phase solubility determination of

tinidazole inβ -CD solution w as ca rried out acco rd-

ing to the method o f Higuchi and Conno rs
[6 ] . Ex-

cess amounts of tinida zole w ere added to aqueous

solutions containing di fferent concentrations of β -

CD and sti rred in wa ter bath a t 25± 0. 5℃ and 37

± 0. 5℃ fo r 5 days. Af ter equilibrium , an aliquot

w as fi ltered wi th a 0. 45 μm millipore fi lter.

Then, the fi ltered solutions w ere analy zed spec-

trophotometrically to define the so lubi li ty cha rac-

teristics of tinidazole.

1. 2. 3　 Preparation of physical mix ture　 The

physical mix ture was prepared by a simple blend-

ing o f tinidazole andβ -CD at 1∶ 1, 1∶ 2, and 1∶

3 mo la r ratio s a t ro om temperature. These mix-

tures w ere compared w ith the cor responding solid

complex powders.

1. 2. 4　 Preparation of inclusion complex

1. 2. 4. 1　 Spray-drying method　 Tinidazole was

dissolv ed in acetone. One, double o r three times

molar quanti ties of β-CD were dissolv ed a t 70℃ in

the low est v olume o f w ater necessary to obtain a

solution then cooled to 40℃ . The acetone solu-

tion of tinidazo le w as added to the solution o f β -

CD and maintained under stir ring fo r 30 minutes

a t 40℃ . The proportion of acetone to w ater in

the so lution w as 1∶ 9. The so lutions w ere spray-

dried using a Buchi 190 Mini Spray Dryer

( Swi tzerland ) under the follow ing condi tions:

feed rate 10 ml /min, inlet temperature 95℃ , out-

let temperature 65℃ , pressure 5 bar. The col-

lected powders were dried, then washed wi th ace-

tone and dried again at 50℃ overnight , sto red in

a desiccato r fo r 3 day s and then analy zed.

1. 2. 4. 2　 Heat ing method　 The physical mix ture

of tinida zole and β-CD in series proportions w as

put in a g lass respectiv ely, w hich w as heated at a

fix ed temperature of 145℃ in the oven fo r about 6

hours. At interv al times the glass w as shaken to

mix the powder and w as then replaced into the

oven. The content o f the vessel w as w ashed wi th

acetone to remove the excess of tinidazole and

dried at 50℃ overnight , then analy zed.

1. 2. 5　 Ev idence of inclusion format ion in solid

phase

1. 2. 5. 1　 Scanning electron m icroscope ( SEM )　

The experiment w as car ried out using an ISI-SX-

40 scanning elect ron micro scope ( Japan ) . The

micro scopic aspects of the product obtained

th rough the spray-drying and hea ting methods

w ere compa red with those o f tinida zole and β -CD

individually view ed under the SEM.

1. 2. 5. 2　 X -ray di f f raction 　 Powder X-ray

dif fractog rams w ere recorded wi th a Rigaku D /

Max-RC dif f ractometer ( Japan ) using Ni-fi lterd

CuKαradiation detecto r fo r the tinidazo le, β -CD,

physical mix ture and the tinidazole inclusion re-

spectively.

1. 2. 6　Dissolution study

Dissolution study w as perfo rmed using an In-

telligent Dissolution Tester ZRS-4 apparatus

( Tianjin Univ ersi ty Radio Facto ry, China) , pad-

dle method, and 500 m l o f distilled wa ter main-

tained a t 37℃ with a sti rring speed o f 50 r /min.

An amount of tinida zo le alone, an amount of

physical mix ture 1∶ 3 and an amount of complex-

es 1∶ 3, each powder containing 350mg of tinida-

zole, w ere dispersed on the surface of the medi-

um.

Af ter 5, 10, 20, 30, 40, 50, 60 minutes 2

ml of samples was passed through a 0. 45μm mil-

lipore membrane fil ter and assayed spect ropho-

tometrically. The ini tial wa ter v olume of the ves-

sel w as maintained by adding 2 ml o f distilled w a-

ter af ter each sampling. The results w ere the
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mean o f 5 determinations.

2　 RESULTS AND DISCUSSIONS

2. 1　Phase solubili ty diagrams

Higuchi and Conno rs
[6 ]

divided solubili ty dia-

g rams into two ma jo r types: type A and type B

pha se solubili ty diag rams. In type A phase dia-

g ram the complex fo rmed is so luble and does not

fo rm a precipi tate reg ardless o f the amount o f lig-

and added. In type B, the inclusion formed has a

defini te and limited solubili ty.

Type A can be further subdiv ided into AL ,

AP and AN ty pes. There are also v arious possibili-

ties in type B: BS and BI . Figure 1 show s the

phase so lubi li ty diag rams o f the tinida zo le-β -CD

sy stem. The solubili ty of tinida zo le increased

sligh tly wi th the increasing o fβ -CD concentration

and reached a plateau region, w hich appeared a t

higher concentration o f β-CD.

Fig 1. Phase s olubili t y diagrams of tinidazole-β-CD in dis ti lled w ater: Fig 1a at 25℃ and Fig 1b at 37℃

　　 The appea rance o f the so lubi li ty curve can be

classi fied as AN type solubility diag ram. The

pha se diag ram suggested that the mo lar ra tio of

complex in the solid state, theo retical ly, can not

be completely explained in terms of a stoichiomet-

ric relationship
[7 ] . The spray dried and heated

powders, af ter being washed with acetone and

dried, w ere quantitativ ely analy zed by ult rav iolet

abso rption. It was found that about 0. 85 mo le of

tinidazole f rom the ini tial molecular ratio 1∶ 3

( tinidazole-β -CD) was included using the heating

process and about 0. 92 mole from the initial

molecular ra tio 1∶ 3 ( tinidazole-β -CD) w as in-

cluded using the spray-dried method. Experimen-

tally the larg er number of molecules o f tinida zole

included in β -CD was obtained from the initial

molecular ratio 1∶ 3 wi th both spray-drying

method and heating method. The hea ting method

proved to be the most advantageous as an easy

and simple opera ting process and the stabi li ty of

tinidazole at higher condi tions o f heating , wil l be

repo rted in ano ther paper, wa s no t af fected.

2. 2　Crystal line properties of tinidazole inclusion

in solid phase

Prev ious studies repo rted that mo lecula r en-

capsula tion w ith β -CD may occur both in so lution

and in solid state
[8～ 10 ] . In so lution there is equi-

librium betw een complexed and non-complexed

guest mo lecules. In the solid state, guest

molecules can be enclosed wi thin the cavi ty or

may be agg regated to the outside of the CD

molecule. M ore evidence o f complex formation

was obtained by scanning elect ron microscope, X-

ray di ff raction and from solubi li ty study.

The analy sis, using the scanning electron mi-

croscope, rev ealed that the crystalli za tion of

tinidazo le appea red in relativ ely large po lyhedral

cry stal ( Fig 2a ) . β -CD appea red a lso in large

polyhedral crystal ( Fig 2b ) . The products ob-

tained af ter spray-drying or heating methods ap-

peared substantially di fferent f rom tinidazole and

β -CD ( Fig 2c and Fig 2d) .

422 　 Journal of China Pha rmaceutical Univ ersity 　 Vo l. 30



Fig 2. Scanning elect ron microscop e ph otog raph s

a. t inidazole, b. β-CD, c. complex tinidazole-β-CD 1∶ 3 ( Sp ray-drying meth od) , d. com plex tinidazole-β-CD 1∶ 3 ( Heat ing meth od ) .

　　 The X-ray dif f raction analy sis of powder

samples is show n in Fig 3. The dif f ractog ram of

the phy sical mix ture was cha racterized by the su-

perposi tio n of individual di ff ractog rams of tinida-

zo le and β -CD with the peaks having low er inten-

si ty. The dif f ractog rams of the so lid complex

w ere di fferent f rom those of the physical mix ture

and the tw o components, confirmed an interaction

betw een tinida zole and β -CD. The di ff ractog rams

revealed less crystallini ty in the complex system

as ev idenced by few er and broader peaks o f low er

intensi ties. This indicated tha t inclusion complex-

es a re ma rkedly less cry stallinity than the phy si-

cal mix ture o r the pure components. Pow der ob-

tained from the spray-drying method show ed

more fewer and broader peaks of low er intensities

indica ting less crystallinity than the powder ob-

tained from the heating method.

2. 3　 Apparent stability constant

A CD inclusion complex is a lway s in equilib-

rium with i ts f ree components in the solution.

The equi librium state of an 1∶ 1 ( host∶ guest )

sy stem is giv en by the following scheme:

Drugfree+ CDfree

K c

Drug· CDcomplex

The genera l definition of the complex stabili-

ty constant is giv en by the equation:

Kc=
[Drug· CD]complex

[Drug ]free [CD]free

Higuchi et al have propo sed the following e-

qua tion to estimate the appa rent stability constant

Kc

Kc=
( St - So )

So { [CD ]t- ( St - So ) }

Considering the phase-solubility curve, the

initial linea r por tion was fi t ted to a straight line.

The intercept gave the aqueous solubi li ty So and

the slope gave St - So . St i s the total solution mo-

la r concentration of substrate and [ CD ]t is the to-

tal mo lar concentration of lig and. Assuming tha t

a 1∶ 1 complex was fo rmed a t the initia l stag e of

solubi li ty diag ram, the apparent stabili ty Kc can

be obtained by the equa tion:

Kc=
slope

intercept ( 1- slope)
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Fig 3. Pow der X-ray dif f raction pat terns

a. t inidazole, b. β-CD, c. ph ysical mixture tinidazole-β-CD 1∶ 3, d. complex tinidazole-β-CD 1∶ 3 ( Sp ray-drying method ) , e. complex

tinidazole-β-CD 1∶ 3 ( Heating method ) .

　　 The appa rent stability constant K c estimated

f rom the concentration so lubi li ty da ta of β -CD

versus the concentra tion of tinidazole ( phase solu-

bi li ty diag ram ) wa s 0. 1925 ( mol /L )
- 1

at 25℃
and 0. 1089 ( mol /L ) - 1

a t 37℃ . The value o f Kc

fo r tinida zo le wi th β -CD at 25℃ was g reater than

that at 37℃ . The apparent stabili ty constant Kc

rela ted wi th the inclusion phenomena interaction

betw een the hydrophobic cavi ty of CD and the hy-

drophobic par t of the drug. It is w el l recognized

that the drug-CD interactions are no t limited to

the inclusion phenomena, but also included inter-

molecular fo rces such as Van der Wal ls, hydrogen

bonding , electro static fo rces
[11, 12 ]

, which are in-

volved in the complex stabi li ty.

2. 4　Dissolution rate

A compound in the crystal line sta te disso lv es

mo re slow ly than tha t in the amorphous sta te.

The process to prepare inclusion complexes leads

to a decrease in crystallinity o r even to amo rphous

powders. This explained the increase of wa ter

solubi li ty of tinidazole, as show n in Fig 4.

Af ter 5 minutes the dissolution ra te of tinida-

zole in 500 m l o f distilled wa ter a t 37℃ was 44%
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fo r the pure product , increased to 53% fo r the

physical mix ture, and reached 94% and 95% fo r

the hea ted and spray dried inclusion complexes.

The dissolution ra te of pure drug reached 80% af-

ter 60 min. The w et ting 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 rev ealed tha t β -CD complexation of

tinidazole improved th e w et tabi li ty in w ater con-

siderably and the simple addi tion o f β -CD en-

hanced i ts w et tabil ty.

3　 Conclusion

The feasibili ty o f preparing an inclusion com-

plex o f tinidazole in β -CD occured using spray-

drying and hea ting methods. This complexa tion

increased the tinida zole so lubili ty, decreased i ts

crysta llinity and improved i ts w et tabil ty in w ater.

These altera tions may lead to sui table formula-

tions fo r potential drug s.
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β -环糊精对替硝唑的溶解度的影响

卡布拉　平其能

(中国药科大学药剂教研室 , 南京 210009)

摘　要　用喷干法和加热法可制备得到替硝唑的 β-环糊精包合物。当初始分子比例为 1∶ 3时 ,采用这两种

方法可使更多量的替硝唑分子包合到 β-环糊精中。 通过扫描电子显微镜观察 , X-光衍射 ,溶解性等研究 ,都证明

了有包合物形成。经计算 ,包合物稳定常数 25℃时为 0. 1925 ( mo l /L )- 1 , 37℃时为 0. 1089 ( mol /L) - 1。包合物的

形成提高了替硝唑的溶出度。 包合物在 37℃ 500 ml的蒸馏水中 5 min即可溶出 90%以上 ,而药物本身 60 min

溶出只能达到 80%。药物溶出度的增加是由于包合物增大了药物的溶解性 ,降低了药物的结晶性和提高了它的

可湿性。

关键词　替硝唑 ; β-环糊精 ; 溶解性 ; 稳定常数

本校 1999年 9～ 12月国际学术交流信息

9月 10日　中药学院博士研究生张庆文赴香港科技大学

进行为期六个月的合作研究。

9月 11日　荷兰籍华人张明强博士应我校邀请来校作有

关组织化学等方面的系列学术讲座。

10月 10日　中药学院周荣汉教授、宗大颀副研究员应邀

赴香港科技大学参加“植物化学分类及中药

资源学术研讨会”。

10月 12日　根据我校和日本近畿大学药学部校院交流协

议 ,中药学院王峥涛教授应邀赴近畿大学进

行学术访问并作学术报告。

10月 14日　美国卫生实验员 Limit先生借来宁访问之机

顺访我校 ,与我校药理教研室有关教师进行

了会谈。

10月 18日　根据我校和日本歧阜药科大学及长崎大学的

校际交流协议 ,李丰文副校长、药学院朱庆振

副院长以及张奕华教授赴上述两校进行为期

一周的学术访问。

10月 22日　应新西兰 Otago大学药学院的邀请 ,药学院

药剂教研室孙国庆副教授赴该院进行为期五

个月的合作研究。

10月 25日　由我校和南京药学会共同举办的“ 99南京 -名

古屋药学学术研讨会”在南京古南都饭店举

行 ,会议邀请了日本近畿大学、长崎大学、名

城大学、千叶大学、歧阜药科大学等校的来宾

50余人参加该会 ,并在会上作了学术报告。

10月 26日　根据我校和日本长崎大学的校际交流协议 ,

日本长崎大学药学部田中隆助教授以及山本

浩文助教授应邀来校访问。

10月 26日　根据我校和日本岐阜药科大学的校际协议 ,

日本岐阜药科大学永井博式教授、永濑元光

教授以及足立哲夫助教授应邀来校访问。

10月 28日　应越南河内药科大学的邀请 ,赵鸣副书记、中

药学院封昌邓书记及余国奠教授赴越南进行

为期五天的学术访问。

11月 15日　巴西米那斯州科技代表团 D. M . S. andrade

先生等一行四人来校访问 ,与药学院有关教

师进行了会谈。

11月 16日　应我校邀请日本长崎大学名誉教授古川淳夫

妇来校进行短期学术访问。

11月 18日　由我校主办的“′99中国科技期刊进入国际权

威检索系统国际学术研讨会”在南京国际会

议中心举行 ,共有 8个国家的 22位国外代表

和 3位驻华商社的代表出席了会议。

11月 25日　药学院平其能院长应邀赴新加坡国立大学进

行为期三天的学术访问。

11月 29日　药学院平其能院长应邀赴香港科技大学进行

为期四天的学术访问。

12月 8日　本校制药有限公司王强总经理随南京市科委

组织的“企业培育及运行机制赴德培训团”赴

德国进行为期 21天的培训考察。

(高冬梅 )
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