Available online at www.sciencedirect.com

sclENOE(CﬁDIHECT@ INTERNATIONAL JOURNAL OF

PHARMACEUTICS

International Journal of Pharmaceutics 311 (2006) 113-121

www.elsevier.com/locate/ijpharm

Antimycotic influence of3-cyclodextrin complexes—In vitro
measurements using laser nephelometry in microtiter plates

Moustafa M.G. Foud&*, Dierk Knittel®1, Uta-Christina Hiplef-2,
Peter Elsnef, Eckhard Schollmeyé&r

@ Textile Research Division, National Research Centre, Dokki, Cairo, Egypt
b German Textile Research Institute North-West e.V,, Adlerstrasse, 1, D-47798 Krefeld, Germany
¢ Department of Dermatology and Allergology, Friedrich Schiller University of Jena, Erfurterstrasse, 35, 07740 Jena, Germany

Received 1 March 2005; received in revised form 1 December 2005; accepted 12 December 2005
Available online 25 January 2006

Abstract

To determine the in vitro susceptibility of fungal organismgtoyclodextrin (CD) complexes with the antifungal agents econazole-nitrate (EC)
and ciclopirox-olamine (Cl), a fast, rapid and simple method using laser nephelometry in 96-microtiter plate is used. The antimycotic influence
the complexes again€undida albicans DSM 11225 andCandida krusei ATCC 6258 species was determined using this method. A rapid inhibition
and even killing of both fungi was observed only above certain concentrations of complex ranged between 12.h.gfrdlT603-CD—econazole
complex (CD—EC), while for the complex with ciclopirox-olamine (CD-CI) the range was between 150 and/4tl0The stability constants of
the CD complexes with the two antimycotic derivatives are given. In addition, the nephelometric method allows the determination of solubilitie
of active agents. Thus, the improvement of solubility of both antimycotic agents in PBS buffer solution was observed by complexation with CC
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction treatment of candidacies, or intravenously in the treatment of
systematic fungal infectionsSgwyer et al., 1975; Heel et al.,
Cyclodextrins, which are cyclic oligosaccharides consist-1978. Previous studies showed that both dissolution proper-
ing of six or morea-(1,4)-linked p-glucopyranose units have ties and consequently microbiological activities of econazole,
recently recognized as useful pharmaceutical excipients, due teith very low water solubility (about gg/ml at 25°C), can be
their potential to form inclusion complexes with appropriatelyimproved by complexation with natural cyclodextrins, partic-
sized drug moleculesSgejtli, 1988. The resulting complexes ularly with 3-CD (Bononi, 1988; Mura et al., 1992; Pedersen
generally offer a variety of physicochemical advantages oveet al., 1993. However, alkylated and particularly methylated
the free drug, including increased water solubility, enhanceayclodextrins demonstrated to be often more effective as sol-
bioavailability, improved stability, reduced side effects, etc.ubilizing and complexing agents than parent cyclodextrins
(Duchéne et al., 1987 EC and CI Fig. 1) are antifungal agents (Uekama and Irie, 1987By increasing the water solubility of
suitable for the treatment of many mycotic infections. They arghe drug it should be possible to improve its bioavailability, thus
applied topically in the treatment of infections of the skin, hairenabling improved oral or topical formulations. An econazole
and mucous membranes, and are given orally mainly for th@-CD and a miconazol@-CD preparation, isolated by freeze-
drying, have been patenteBdnoni, 1988. According to the
patent the preparations containiBgCD were superior to the
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N Bouillon (SGB) was from Oxoid Ltd., England. Phosphate
“ J HNO, buffered saline tablets (PBS), econazole nitrate, ciclopirox-
olamine were from Sigma—Aldrich Chemical Company, Ger-

| many. Fluorescent fungal surface labelling reagent BUN

CH, cell strain (F-7030) (300! of 10 mM solution in anhydrous

ol éHOCH T dimethylsulfoxide) and GH solution (sterile 2&6(+) glucose
2 ‘\ f,>—CI containing 10 mM Na-HEPES, pH 7.2) were from MoBiTec,
Germany. All other chemicals and solvents are of analytical

cl grade.

(a) 2.2. Cell cultures

CH,4 Two types of microorganisms were used in this study:
albicans DSM 11225 andCandida krusei ATCC 6258.

HOCH,CH,NH, 2.3. Preparation of cell cultures

0 N Both of C. albicans and C. krusei were grown on (SGA) at
' 30°C for 24-48h. Three to five well-isolated colonies of the
same morphological type were selected from an overnight cul-
ture using a sterile wire loop and inoculated in 20 ml (SGB).
(b) The suspensions were incubated with shaking at 250 rph@30
Fig. 1. Chemical structure of: (a) econazole nitrate, (b) ciclopirox olamine. for 24 h. Then the overnight cell cultures were counted using
CASY® 1 and adjusted to a final working concentration of
6 x 10° cells/ml in (SGB).

albicans was superior to the effect of a physical mixture of the 4. Preparation of antifungal agents
two compounds. Laser nephelometry has been showntobe areli-
able technique for the measurement of drug solubility in 96-well

plate format Bevan and Lloyd, 2000 Laser nephelometry is chloroform/methanol 1:1 to achieve a final stock solution con-

the measurement of forward scattered light. When a laser bea{gining 20 mg/ml of antifungal agent. The stock solution of EC

is directed through a clear solution, the more particles or turyyas diluted with SGB and adjusted to be 1.25—-@ml while
bid suspensions (fungi in this study) in the solution, the greatef ¢, Cl; it was in the range of 1.25—@/ml. All solutions
the amount of forward scattered light (measured as units). Th\‘R/ere stored at-80°C until used.

energy of the scattered light is directly proportional to the par-

ticle concentration in the suspension for up to three orders 05.5_ Preparation of the inclusion and antifungal complexes
magnitude Bevan and Lloyd, 2000 The overall aim of the

present paper is to use the laser naphelometry, as a new tech-A solution of EC was prepared by dissolving it in a chlo-

nique, to investigate the effects of complexation on the drug?oform/methanol mixture 1:1. CD was dissolved in hot water
antimycotic activity, in addition to the measurement of phasedt 85-90°C. Equimolar amounts (1:1 molar ratio) of EC and
solubility diagram of both drugs alone and as complexes W'ﬂbD solutions were mixed together with stirring for 30 min at
CD. 85-90°C (Buschmann et al., 2001By cooling, crystalliza-
tion of the complex was obtained. The complex was filtered

Both EC and Cl were independently dissolved in a mixture of

2. Experimental section using G3 filter and kept in a desiccator overnight. On the other
hand, the second complex between Cl and CD was also prepared
2.1. Chemicals and materials according to the previously mentioned meth&lgchmann et

al., 2002, in which methanol was used as a proper solvent for

Sterile 96-well microtiter plates were kindly supplied by Cl. Moreover, a molar ratio of 1:2 of CI:CD was also used. The
greiner bio-one GmbH, Germany. Breathe-Easy Gas Permentifungal complex of CD—EC was prepared in a concentration
able Sealing Membrane for Microtiter Plates 6#13.25in.  range of 12.5-10Qg/ml using DMSO as a solvent, while the
were obtained from Carl Roth GmbH, Germany. CASY CD-Clwas prepared inaconcentration range of 1504060
cups, CASY ton (isotonic dilution liquid for cell cultures), using distilled water.
CASY® clean were supplied by Satfe System GmbH, Ger-
many. McFarland standard Kit-0.5,1,2,3,4,5 and Sabouraud6. Phase solubility studies
Glucose-Agar with gentamycin-chloramphenicol (SGA) were
from bioMerieux, GermanyB-Cyclodextrin was purchased In this experiment, both of drugs and complexes were
from Wacker-Chemie GmbH, Germany. Sabouraud-Glucosediluted in DMSO. Then the drug and complex solutions were
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independently pipetted into PBS-buffer with a concentration oR.9. Instrumentation analysis

DMSO of 1-5vol.%. All samples were scanned af 80 with

an integration time of 0.1 s, so that a plate (96 samples) could.9.1. Laser nephelometer

be scanned in-68 s. A gain of 122 and a laser intensity of 1%  The laser nephelometer instrument used in this study
were set to allow direct comparison of all results. All raw datais the NEPHELOstar Gala®y (BMG LABTECH GmbH,
were processed using the BMG NEPHELOstar Gdfagyal-  Germany).

uation software. The scattered light will remain at a constant

intensity until precipitation occurs. At that point it will increase 2.9.2. Cell counter

sharply. The cell count was determined using CASY1 Cell
counter + Analyzer System Model TT (Satfe System GmbH,
2.7. Preparation of microtiter plate Germany).

Microtiter plate was prepared via method in which SGB2.9.3. Fluorescence microscope
was used as medium andk3L0P cells/ml as inoculums. Using The FUN-1 stained fungi were observed using Fluores-
a multichannel pipette, 1Q0 of 2x antifungal concentra- cence microscope BX 40. Digital Camera BX40 + C5050 Zoom
tions was dispensed into columns 5-12 of sterile disposableere from Olympus Optical Co. GmbH, Germany. Analysis
96-well microtiter plates. Columns 5 and 9 contained thesoftwar® (Soft Imaging System GmbH, thster, Germany).
highest concentration and columns 8 and 12 the lowest con-
centration of drug. Each concentration was repeated eiglt9.4. GipKa Instrument
times. Columns 3 and 4 (controls) received 10®f diluent Stability constants for cyclodextrin—drug complexes may be
(SGB), columns 9-12 (blank; drug+medium) received alsmbtained by the analysis of phase solubility diagrams. But in this
100pl of diluent. Then, 10Qul of working cells suspension study, pH-metric titrations, as a direct method for the measuring
prepared above were dispensed into each well of columnsfthe protonation constant, are used by GlpKa analyzer (Sirius
3-8. The plates were covered by a gas permeable sealifgnalytical Instruments Ltd., East Sussex, UK). All titrations are
membrane and scanned nephelometrically. The plates wed®ne in aqueous solution. The ionic strength is kept constant at
shaked and incubated at 30 during measurement. The cell 0.15M using KCI. The protonation constarkzj of the drug
growth curve of each organism was obtained automaticallylone is measured at first, then titration also are done in the pres-
every hour until 24h in term of units. Then by using the ence of drug an@-cyclodextrin at different concentrations of
standard curve of’. albicans and C. krusei determined by B-cyclodextrin. The following equations describe the reactions
McFarland standard Kit these units were quantified into celtaking place:
counts/ml. drug+ H" = drugH" (K1, protonation of the drug) (1)

2.8. Staining with fluorescent dye (FUN-1) drugH' + CD = drugH"CD
To do this staining, overnight cell culture @ albicans (K2, binding of protonated drug) (2)

DSM 11225 andC. krusei ATCC 6258 species were pre-

pared. Cells of both cultures were counted and adjusted usirwug+ CD = drugCD (K3, binding of unprotonated drug)

CASY® 1 to a final working concentration of310° cells/ml

in 20ml SGB. This number of cells were inoculated with pre- (3)

viously detected inhibitory and lethal concentrations of both The term 5 refers to the negative logarithm of the equilib-

complexes and without as positive control. These cultures wendum constant for an acid/base protonation. The stability con-

incubated at 30C for 24 h. Then 20Q.| from each overnight stants of CD—EC and CD—CI complexes are calculated directly

cell culture was suspended in 1ml GH solution. The susfrom the difference in titration curves foK{) and K3) equilib-

pension was centrifuged at 14 0QQ for 5min. The pellets ria using the software package Refinement Pro (Version V1.114,

obtained were resuspended again inub@H solution. From  Sirius Analytical Instruments, UK).

the last suspension 10 was added to 101 of FUN-1 (10uM).

After incubation at 30C for 30 min 1Qul of cell suspen- 2.9.5. Differential scanning calorimetry (DSC)

sion was trapped between a microscope slides in preparation Inclusion complexes, free drug, afetyclodextrin were sub-

for microscopy. All microscopy was carried out by means ofjected to DSC studies using DSC (Model 2910, TA Instruments,

the Olympus Fluorescence microscope. Epifluorescence illunc., GmbH, Germany). The temperature ranged between 20

mination was provided by either a 50 or a 100-W mercuryand 400°C, The scan rate was 2C/min. The sample weighed

arc lamp. An excitation filter of 480 nm and an emission fil- 3-4 mg.

ter >530 nm were used. Photomicrographs were acquired with

an Olympus Digital Camera. Photographic slides were digital2.9.6. Elemental analysis

ized electronically and composite figures were assembled from The elemental analysis was carried out at the university

the resulting images with analysis softw&réSoft Imaging  of Duisburg-Essen using a Carlo-Erbach 1006 and EA 3000

System). (Hekatech).
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2.10. Statistics for econazole nitratg3-CD complex depending on the medium.
The value for CD—CI complex was (ldg=2.09+ 0.06).
Each measurement was performed eight times. Means and
standard deviations were calculated by means of the Mim%softiu_ Elemental analysis
Excel software. Statistical calculations included Studerest The elemental analysis of CD-EC and CD—CI complexes was
to ascertain whether the mean of the eight signals determinggetermined. As a result, the molar ratio of the inclusion com-
for each concentration was significant or notin comparison withh|exes were confirmed. The data assured that CD-EC complex

the control. was prepared in 1:1 molar ratio but the other complex between
Cland CD was prepared in 1:2 molar ratio, respectively, as rep-
3. Results and discussion resented in the experimental section. The obtained elemental

analysis data are summarized as follows:
3.1. Characterization of the prepared inclusion complexes
e B-CD: C42H7003s

3.1.1. Stability constant o Calculated: C=44.44%, H=6.17%, O =49.38%
The stability constants of the two complexes were deter- | rqund: C=44.60%. H =6.34%. O =49.60%

mined using the pH-metric titrations in aqueous solution. The, 1.1 cp_EC complex: §5HssClsN3Oso
obtained value of the stability constant for CD—EC complexwas | cglculated:  C =45.58% H=5.44% N =2.66%
(logK=2.92+0.18) and this value is in accordance with the 0=39.50%

previous value obtained by another method usedPbgiersen o Found: C=45.72%. H=5.51%. N=2.61%. O = 39.40%
et al. (1993) Other different value was reported by Pedersen ’ ' ’
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e 2:1 CD-CI complex: GgH164N2073 2 in A) which is due to oxidation of uncomplexed traces of
o Calculated: C=46.33%, H=6.40%, N=1.10%, drug.
0=46.01%

Found: C=46.66%, H=6.17%, N =0.56%, O =46.62% )
° ° 0 ° ° 3.1.4. Phase solubility diagrams

Solubility diagrams were monitored using laser nephelome-

3.1.3. Differential scanning calorimetry (DSC) try which determine the solubility of potential drug candidates

CD-EC and CD-CI complexes were characterized by DSC tgupplied as dimethyl sulfoxide (DMSO) solutions in 96-well
ensure that the inclusion complexes were formed. The obtaingulates Bevan and Lloyd, 2000 The time required to determine
thermograms are shown iRig. 2A and B. It can be seen the solubility of inclusion complexes varies widely from the
(curves 1 in A and B) that the CD has a transition at 132 usual period of 1-2 days to durations of 1-2 wedRsr(nors,
while as each of EC (curve 3 in A) and CI (curve 3 in B) 1987. Lipinski et al. (2001)have published protocols for the
have a transition at 166 and 128, respectively, which were determination of drug solubility by nephelometric and turbidi-
absent in both inclusion complexes (curves 2 in A and B). Ametric methods but the author claims quantitative performance
small endothermic peak at 162 was recorded for CD—EC at a constant percentage of DMSO cosolvent in static microtiter
complex (curve 2 in A) which is due to fusion of very small plate wells. In this study laser nephelometry overcame all prob-
amount of excess fine crystals of EC. The reduction of tranlems of solubility. This system has been validated according to
sition area of drug in that case assures the formation of thBevan and Lloyd (2000and Testa et al. (2001)All solubil-
crystalline inclusion complex between CD and EC. This findingity measurements are carried out at80) gain 122 and a laser
is in accordance with other related workhimed et al., 1998  intensity of 1%. The concentration of DMSO co-solvent is con-
Another exothermic peak is also recorded for CD—-EC (curvestant at 5% so the solubility enhancement by a gradual increase
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Fig. 4. Effect of CD—EC complex on the cell growth of: (Byndida albicans DSM 11225; (B)Candida krusei ATCC 6258.
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in DMSO is avoided. In the absence of CD, the solubility ofture has an effect oilCandida species or not. It was found
EC and Cl is determined to be3.9 and~1.2 mg/ml, respec- clearly that for all concentrations used ranged between 2.5
tively, while in the presence of CD the solubility increased up toand 0.0625%, no significant effect of this solvent on the cell
~16 mg/ml for CD—EC complex. Linear line was obtained for growth of both organisms in comparison with control are
CD-CI complex and no point of precipitation is found which found.

indicated complete solubility over the concentration ranges as

described irFig. 3 3.2.2. Influence of econazole nitrate

The results demonstrated that EC has a pronounced effect
3.2. Factors affecting the Candida species cell growth againstC. krusei thanC. albicans. With respect taC. albicans
a concentration of 2ag/ml of EC inhibited the cell growth
All factors affecting theCandida species cell growth were while at 50ug/ml cells were killed in comparison with control.
studied and evaluated using laser nephelometry instrumendn the other hand, using a concentration ofudml of EC
Given below are the results obtained along with appropriate disinhibited the cell growth of”. krusei while at 12.5.g/ml cells
cussion. were completely killed. Inhibition of the cell growth by EC can
be explained either by metabolism of EC or by sequestration of
3.2.1. Influence of solvent this product by cell constituents like proteins or lipidsope,
The influence of a mixture of chloroform/methanol 1:1 1980. A preliminary study with'#%l iodated EC according to
as negative control on the cell growth of botfundida  the Greenwood and Hunter metha@réenwood et al., 1963
species was evaluated to know whether this solvent mixshowed penetration of this product into the cells.
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Fig. 5. Effect of CD—CI complex on the cell growth of: (&) albicans DSM 11225; (B)C. krusei ATCC 6258.
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3.2.3. Influence of ciclopirox-olamine

119

teria when compared to EC and butenafine HGbkjohn et

Ciclopirox is effective against a broad spectrum of fungalal., 2003.
organisms including dermatophytes, yeast and moulds acting in

a fungistatic or fungicidal manner in vitr@(pta, 2000; Jue et
al., 1985; Korting and Grundmann-Kollmann, 199C| shows
a greater in vitro activity towards. albicans than other antimy-
cotics testedAbrams et al., 1991 CI has also shown in vitro

3.2.4. Influence of B-CD—econazole complex

Econazole nitrate is an antimycotic drug used both locally
and systematically. Improvement of solubility and release rate
by complexation with CD is therefore essential for rapid antimy-

activity againsMalassezia furfur (del Palacio-Hernandez et al.,
1990; Kokjohn et al., 2003 In our study Cl was more effec- results obtained by EQ”. albicans was inhibited at a concen-
tive againstC. albicans at very low concentration (40g/ml)  tration of 25ug/ml of CD—EC complex, while cells were killed
where all cells were killed while for other concentration rangesat 50ug/ml of the same complex in comparison with control.
from 1.25 to 5ug/ml the cells were more active. This finding C. krusei was inhibited at a concentration of 12.§/ml of the

was in agreement with the above previously mentioned result&omplex and killed at 2h.g/ml. By using laser nephelometry
For C. krusei, the drug was less effective than with other organ-in microtiter plates as a new method, the antimycotic influence
ism. At 12.5ug/ml cells were killed and at other concentration was studied every hour until 24 h. In all growth phases, especially
less than 12.p.g/ml cells were more active. Cl was found to the logarithmic and stationary phases, the results obtained were
have the highest in vitro activity against both fungi and bac-significant and reproducible for the concentration ranges used

cotic activity (Ahmed etal., 1998Fig. 4A and B shows the same

C. albicans

C. krusei

Control

(CD- EC) complex
(inhibitory concentration)

(CD- EC) complex
(lethal concentration)

»
C
-
A}
%
E J

Fig. 6. Metabolic activity of both complexes (inhibitory/lethal concentration) ag@ingtbicans andC. krusei; stained with FUN-1 dye.

(CD- CI) complex
(inhibitory concentration)

(CD- CI) complex
(lethal concentration)
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either for drug alone with the challenge organism or with CDinfluence of CD—EC and CD-CI complexes, cells were green
complexes. In other study the antimycotic effect of the saturatedr pale yellow fluorescence. That means, most of the cells lost
drug solutions containing various cyclodextrin concentrationgheir metabolic activity. Different images for cells stained with
was estimated on the basis of inhibition zone sigkbrnjed et FUN-1 affected by each complex in different inhibitory and
al., 1998; Pedersen et al., 1998he largest inhibition zone of lethal concentrations were described-ig. 6.

growth of C. albicans was obtained in case of inclusion com-

plex of the drug with CD. This finding was attributed to the 4. Conclusion

higher dissolution rate of this inclusion complex as compared to

the drug alone in correlation with the solubility data, and these  Thjs study has proven that laser nephelometry in a 96-well
reflect the higher antimycotic activity by rapid diffusion through microtiter plate can be used as a novel method for the rapid
agar medium. These finding results were in accordance with thetermination of the solubility of potential drug compounds.

results in this study. Laser nephelometry can distinguish between the concentration
at which the drug just goes into or just comes out of solution.
3.2.5. Influence of B-CD—ciclopirox complex On the other hand, this technique can be used efficiently for

The efficiency of complexation may sometimes be rather lowmonitoring and evaluating the growth of microorganisms like
and therefore relative large amounts of CD must be used tfingi or bacteria.

complex small amounts of druggftsson and Brewster, 1996;
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