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Inclusion complexation of rnetronidazole benzoate 
with jkyclodextrin and its depression of 
anhydrate-hydrate transition in aqueous 

suspensions 

M~tro~d~ole benzoate was found to form an inclusion complex with /3-cyclo- 
dextrin (&CyD) in aqueous solution and in the solid phase. A phase solubitity 
diagram was obtained and an apparent 1: 1 formation complex constant of 1.3 x lo3 
M - ’ was determined. A microcrystalline inclusion complex was isolated and shown 
to have the stoichiometric composition of 1 : 1.5 (drug: /KyD). By inclusion 
complexation of the metronid~ole ester with &CyD the phase transition of the 
clinically used anhydrous form of the compound to the monohydrate occurring in 
aqueous suspensions was inhibited as was the marked crystal growth resulting from 
the phase transition. Besides increasing the physical stability of xnetronid~ole 
benzoate suspensions the complexation with IB_CyD protected the drug against 
phot~i~emical degradation and decreased the rate of hydrolysis. 

Intrwhction 

Cyelodextrins (CyD) or cycloamyloses are cyclic oligosaccharides containing 6 
(cu-CyD), 7 (&CyD) or 8 (y-CyD) cY-(1.4)~linked glucose units. The important 
structural features of these compounds are their toroid or doughnut shape, their 
hydrophobic cavity and their hydrophilic faces (Bender and Komiyama, 1978; 
Saenger, 1980). In recent years, the cyclodextrins have received considerable atten- 
tion in the pharmaceutical field because of their ability to form inefusion complexes 
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with various drug molecules either in the solid phase or in solution. Such inclusion 
complexation or ‘molecular encapsulation’ may be utilized in the pharmaceutical 
formulation to improve, e.g.. the aqueous solubility, chemical stability or bioavaila- 
bili ty (for reviews, see Saenger, 1980; Uekama, 1981: Szej tli, 1982). 

In the present work the interaction of /3-cyclodextrin (/3-CyD) with metronidazole 
benzoate was investigated with the purpose of exploring the possibility of improving 
the physical stability of the drug in aqueous suspensions. Metronidazole benzoate (1) 
is a prodrug of metronidazole (II), and because of its poor solubility in water the 
benzoate ester is tasteless and is used clinically in the form ol’ oral aqueous 
suspensions (Alestig et al., 1980; Houghton et al., 1982). However, such suspensions 
show physical stability problems when stored in the cold in that a marked crystal 
growth may occur (Dumex Ltd., Copenhagen, personal communication). This in- 
crease of the particle size has recently been shown to be due :o a phase transition of 
the anhydrous form to the monohydrate form of the metronidazole ester (Hoelgaard 
and Meller, 1983). The monohydrate was further shown to be the thermodynami- 
cally stable form in water below 38°C. As will be shown in this paper, inclusion 
complexation of metronidazole benzoate with P-CyD may afford a convenient 
means to depress the anhydrate-hydrate transition and thus eliminate or reduce the 
crystal growth of aqueous suspensions. 
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Materials and Methods 

P-Cyclodextrin, metronidazole and metronidazole benzoate anhydrate were oh- 
taincd from Dumex Ltd.. Copenhagen. All other chemicals used were of i~nalytic~l 

grade. 

~ligh-perforlnal~c~ liquid chrc,m‘\togr~rphy (HPLC’) \V;IS done kvith ti Spturu- 
Phyics Model 35OOU instrument quipped with a vG;lble wiI\‘ekngth detector and 
10 ~1 loop injt’ctian valve. The detector WIS connt’cted to a Servogcjr RE 541 

potentiornetric recmder. A column (250 mm x 4 nm i-d.) packed with LK‘hrosorb 
KP-8 (7 p111 particles) (E. Mt.~ck, Diirmstitdt. F.R.G.) wils USC~. Measuremcmts of 

pH u’c’rt‘ done al the ttmperature of study using iI Radiometc!r Type PHM 26 

instrumrnt. Ultraviolet spectra were recorded using a Shimmu IJV-190 spectropho- 
tometer and 1 cm cwettes. Differential scanning calorimetry (DSC) was done with a 
Perkin-Elmer DSC-1 instrument equipped with an effluent gas detector, EGD. the 
sample si%o being approximately 10 mg and the scanning rate X0 . nlin ‘. 
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Solubiiity studies 

Phase-solubility diagrams were obtained according to the method described by 
Higuchi and Connors (1965). Excess amounts of metronidazole benzoate (11.0 mg) 
were accurately weighed and added to 10 ml of aqueous solutions containing various 
concentrations of &CyD in screw-capped vials. These were then rotated on a 
mechanical spindle at room temperature (24°C) for one week. It was ascertained 
that this was sufficient to ensure solubility equilibrium. Following equilibration, the 
contents of the vials were filtered. Aliquot portions of the filtrate were properly 
diluted and analyzed by HPLC for total metronidazole benzoate. 

Ana&sis of metronidazole bmzoate 

An HPLC method was used to quantitate metronidazole benzoate (Bundgaard et 
al., 1983). The column was eluted at ambient temperature with methanol--0.005 M 
acetate buffer (pH 4.5) (65 : 35 v/v), the flow rate being 1.6 ml - min-‘. The column 
effluent was moniiored at 319 nm. The ester showed a retention time of about 3 min 
whereas the product of ester hydrolysis, metronidazole, eluted with the solvent front. 
The content of metronidazole benzoate in the samples injected was determined by 
comparing the peak height to those of standards chromatographed under similar 
conditions. No interference from /3-CyD was produced. 

Kinetic studies 

Kinetic measurements were carried out in aqueous buffer solutions at 24*C. The 
reaction solutions containing varying concentrations of &CyD were kept in a 
constant temperature water bath in screw-capped vials. The reactions were initiated 
by adding 100 ~1 of an ethanolic solution of metronidazole benzoate to 10 ml buffer 
solution to give an initial concentration of about 10M4 M. At appropriate intervals 
samples, were taken and analyzed by the stability-indicating HPLC procedure 
described above. Pseudo-first-order rate constants for the hydrolysis were de- 
termined from linear plots of the logarithm of remaining ester against time. 

Preparation qi 11 solid complex 

A solid complex of metronidazole benzoate and &CyD was obtained using 
car. fitions derived from the descending part of the phase-solubility diagram shown 
in Fig. 1: a mixture of 1 litre of a 1.35 x lo-’ M /3-CyD solution and 1.1 g (4 mmol) 
of metronidazole benzoate was stirred for 6 days at room temperature and then 
filtered to yield the complex as a microcrystalline precipitate. The complex was 
washed with water and dried overnight in vacua over phosphorous pentaoxide. 

Stcrhitit~ studies 

The physical stability of the complex in water was investigated at 8*C and 
compared to that of free metronidazole benzoate. Sub-sieve range metronidazole 
benzoatc anhydratc powder (0.5 g) was dispersed in 30 ml of water and placed at 
8OC. The dispersion of the powder was accelerated by ultrasonic treatment. The 
solid complex (0.5 g) was treated in thr same manner. At appropriate intervals the 
suspensions were examined visually for change in color and microscopically for 
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change in particle size. A qualitative test for hydrate formation was done on samples 
of the crystals. The samples were carefully dried in the air at room temperature for 4 
h and then tested for hydrate water by detecting gas evolved when heated in a 
differential scanning calorimeter. 

Results and Discussion 

Inclusion complexatiotr in solutiorr 
The phase-solubility diagram obtained for metronidazole benzoate with /3-CyD is 

shown in Fig, 1. The solubility curve can be classified as type B, (Higuchi and 
Connors, 1965) with a microcrystalline complex precipitating from the solutions at 
the higher /3-CyD concentrations. The ascending part of the diagram is a straight 
line and may be ascribed to the formation of a 1 : 1 complex. The apparent 
formation c~~-~stant for such a complex can be determined from the initial straight 
line portion according to the following equation (Higuchi and Connors, 1965): 

K= 
slope 

S,,( 1 - slope) 

where S,, is the equilibrium solubility of the substrate in the absence of cyclodextrin 
ligand and thus equal to the intercept of the plot shown in Fig. 1. A value of 
1.3 x 10” M - ’ was found for K. 

Although the geometries within the inclusion complexes in aqueous solutions 
cannot be accurately defined, it is reasonable to assume a 1 : 1 complexation because 
this would allow maximum contact of the hydrophobic portion of the organic 
substrate with the apolar cavity of /I-CyD (cf. Griffiths and Bender, 1973). At the 
later part of the diagram a microcrystalline complex is precipitating fr{Jrn the 

L , 
0.5 1.0 15 
I/3-Cy Dbld~MI 

Fig. I. Soluhdity (3 of metranidazole henzo;~te as 3 function of A-cyclodextrin concentration in water itt 

24 o C’. 
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solutions. This solid complex is of a higher order than 1 : 1 because in the latter case 
the descending part of the solubility curve will only fall to a value being So lower 
than the plateau region. 

Effect of complexation on rate of hydrolysis 
Inclusion complexation of metronidazole benzoate with f3-CyD was also assessed 

kinetically by studying the influence of the cydodextrin on the rate of hydrolysis of 
the ester at 24 0 C in a 0.05 M carbonate buffer of pH 10.40. For all solutions 
containing varying concentrations of f3-CyO the disappearance of metronidazole 
benzoate displayed strict first-order kinetic behaviour. Fig. 2 shows the effect of 
{J-CyO concentration on the observed pseudo-first-order rate constants (k obs ) for the 
ester hydrolysis. It is readily evident that f3-CyD has a stabilizing effect. As seen in 
Fig. 2, kobs asymptotically approaches a minimum value as the {J-CyO concentration 
is increased. This saturation behaviour is characteristic of reactions which proceed 
through a complex prior to the rate-determining step and may be accomodated by 
the mechanism illustrated in the following scheme: 

K 
MB + CyD ~ MB-CyD 

ho Ike 
ProductsProducts 

where MB represents metronidazole benzoate, MB-CyO the inclusion complex 
between the drug of {J-CyO, ko and kc are the pseudo-first-order rate constants for 
the degradation of uncomplexed and complexed metronidazole benzoate, respec­
tively, and K is the apparent formation constant for the complex. From this 1 : 1 
complexation scheme the following rate expression may be derived (Griffiths and 
Bender, 1973): 

(kobs-k o) ( k) (2)k - ko = - [ ] + kc - 0
obs K CyO 

Fig. 3.Fig. 2. 
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Fig. 2. The effect of ,B-cyclodextrin concentration on the pseudo-first-order rate constant for the 
hydrolysis of metronidazole benzoate at 24 0 C in 0.05 M carbonate buffer solution of pH 10.40. 

Fig. 3. Plot of the rate data in Fig. 2 according to Eqn. 2. 
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In Fig. 3 the rate data of Fig. 2 are plotted according to E<qn. 2. From the slops and 

intercept of the plot the following values of k,,, k, and K were obtciined: 

K == 1.1 x lo? M ’ 
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1:1g. 4 Differential scanning calorimetry of metronidazolr hmzo;~tr (a): B physical mixture of metrc-mida- 

role henroetc and /3-cvclndextrin (b): the complex of mctronidazole benzoate with /ILc>clode~trin (c): and 

,&cvclodextrin (d). 

Fig. 5. Microphotographs of a freshly prepared suspension of metronidazole benzoate (anhydrate) in 

water (a): the same suspension after storage for 3 weeks at 8OC (b); freshly prepared suspension of the 

rnctronidazc>le bcnzoate complex with P-CyD (c): and the suspension (c) after storage for 6 months at 8°C 

(d). 
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suspension of the complex exhibits no significant particle growth after storage for 6 
months at 8OC. In contrast, a marked crystal growth is observed with the sus~~ns~~n 
prepared from pure metronidazole benzoate. After a storage time of 3 months 
crystals were isolated from both suspensions, washed with water and carefully dried 
in air for 4 h. differential scanning calorimet~ of the crystafs from the sus~nsion 
of metronidazole benzoate revealed two endothermic peaks (Fig. 6). Simuhaneous 
effluent gas recording showed a peak in connation with the first endotherm at 

about 40°C, indicating the escape of hydrate water (cf. Hoelgaard and Meller, 
1983). In contrast, no peaks were seen in the DX curve of the cyclodextrin complex 
(Fig. 6), demonstrating its superior stability over free metronid~~le henroate. 

Besides increasing the physical stability of aqueous metronidatole benzoate 
suspensions inclusion complexation with &CyD was found to protect the drug 
against photochemical degradation. When exposed to daylight, aqueous suspensions 
of the compound quickly turned yellow {i.e. within 2-3 days), presumably due to a 
phot~hemical surface oxid~ition on the crystals. On the contrary, sus~nsions of the 
inclusion complex remained colorless for more than 3 months when stored under 
similar conditions. 

Inclusion compiexation of drugs with cyclodextrins may be useful to solve various 
pharmaceutical formulation problems such as improvement of soluhility, dissolution 
and chemical stability. The present findings of inhibition of hydrate formation and 
crystal growth in aqueous suspensions demonstrate an apparently new property to 
be attained by such complexation and thus extend the field of pha~aceuti~al 
application of inclusion complexation with cyclodextrins. 

50 100 
Temperature l *C 1 



197 

Alestig. K.. FrciJ. L. and Arnold. E. Absorpttott and excretion of metronidazole after administration of 
metrottidazole benzoatc miature. timd. J. Inlect. Dis.. 12 (1980) 149-152. 

fkttder. M.L and Komipma. M.. Cyckuwtrin Chemistry. Springer-Verlag. Berlin, New York, 1978. 
B,. Leaching of hydrolytic enzymes from human skin in 

with metronidazole and Muorouracil prodrugs. Int. J. 

.L., CycJwmybes tts catalysts. Adv. Catalysis. 23 (1973) 209-261. 
Higuchi. T. and Cottncwo, K-A.. -soh~bi~ily techniques. Adu. Anal. Chem. Instr.. 4 (1965) 117-212. 

ol mettonidazole benzoate in aqueous suspensions. Int. 
3. Phatm,, IS (1983) 213-221, 

Houghton. G.W., Hut& H.K.L.. Mulkr. F.O. and Templeton. R.. A comparison of the pharmacokinerics 
of metronidazok in man after oral a&rtinistration of single doses of benzoylmetronidazole and 
metronidozde, Br. J. Clin. Phwma& . 14 (1982) 201-206. 

Lcats. EA. and Hansen. LO,. Tbumodytwnics of binding of guest molecules to a- and /%cyclodextrins. 
J. Chem. ti.. Perkin Trans. II. (197% 2081-2085. 

Sacnlger. W.. CyclodeMtin tnclusion compounds in research and industry. Anger. Chem. Int. &In., 19 
(IWO) .w-,362. 

!&qtli. J. (Ed.), Prwzings of the First lntemational Symposium on Cyclodextrins. Budapest, 1981, D. 
Reidel Publishing, Dotdrecht. Holland. 1982. 

Uctrma. K.. Pharmaeeuti~l applications of cycloticatrin complexations. J. Pharm. !Soc. lap., 101 (1981) 
857-873. 


