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Triazole Structures

Qualitative and Quantitative Studies
on the Drugs Containing N-Substituted

Fatmagiil SELCUK, Okan ATAY*, Ningur NOYANALPAN*

Suntmary: I this publication, qualitalive and guantitative
studies inwe been performed on a paricty of commercial prepar-
ations that contain fluconazole and itraconazole fat are essen-
‘tally N-substituted triazole derfvatives whicl are used in sys-
enic nycosts in recent years.

Fluconazole and itraconazole have been analysed qualitatively
long with other antifingal Imidnzole derivatives nsing thin
ayer chromatography(TLC), densitometric and high pressure
ifiquid chromategraphy(HPLC). In TLC, 20 different selvent
“systenis liave been tried and suitable Rf values lave been defer-
“miined for active ingredients. In these studies, differentiating re-
1 onts have been used for active ingredients.

i studies made by using HPLC method, fluconazole, itracona-
ole, chtrimazele, myconazele nitrate, oxiconazole nitrate, keto-
~ conazole and tioconazole have been analyzed wnder the working
eonditions developed by us. Only the retention tinies of tiucomna-
ole and itraconazole lave been found to be very close to each
“other,

In quantitative studies, ultraviolet spectroscopy, HPLC and
- densitometric methods have been wused. In UV spectroscopy
nethod, the absovbance value af 261 nm in methonol has been
used far both of the active compounds. Quantitative deternina-
tions lave been performed by using the regression equatioss
calculated before. In quantitative deteriminations done with
" HPLC, ketoconazole has been used as the internal standard.

Silicagel 60 GF254 coated plates have been applied in densito-
metric studies and the regression equations calculated by using
the peak areas of the active contpounds applied at varying con-
centrations, measured at 267 nm, have been used for gquantita-
tive calculations.

The yesults obtained with three different methods fiave been
compared using (Student t and Fisher f test).

: N-Substituted Trinzole, Imidazole, Flucona-
zole, Itraconazole, TLC, Densitrometry,
HPLC, UV Spectroscopy, Qualitative and
Quantitative determination.
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N-Substitiie Trinzol Yapist Igeren Antifungal [aginrda
Nitel ve Nicel Caligmalar

Ozet: Bu calismiada, sou willarda ozelikle sistemiik mantar
infeksiyoniarmda ok kullamlan N-substitue triazol yapisindaki
Hlikoniazol ve itrakonazol'un degisik farmasittk bicimdeki piya-
sa drneklevinde nitel ve sicel caliginalar yapilmnster.

Flukonazol ve itrakonazoliin imidazol tiivevi diger antifungal
itaglarin yani sira ince tabakn kromatografisi(ITK} ve yiiksck
basingli siwe kromatograflisi(YBSK)  youtemleri  kullandarak
nitel tayinleri yapilnugtir. ITK yontenvinde degisik igerikte 20
haveketli faz sistemi denenniis ve etken maddeler igin wyguir Rf
deerleri saptaivnugity. Bu ¢aligmalarda, etken maddeler icin
ayricaliklt somug veren belivtecler kullaminstir.,

YBSK ydntenti fle yapilan galignialarda flukonazol, itrakonazol,
Kotrimazol, mikonazol nitrat, oksikonazel nitrat, ketokonaze! ve
tiyokenazel un tarafumizdan geligtivilen ¢ahgma kogullaninda
birbirlerindent ayrimalar: saflannngter. Sadece tyokonazol ve
itrakonazolin  abkonma zamaniar birbirine oldukea yakin
bulunnuistur.

Nicel caligtnalarda jse UV spektroskopisi, YBSK ve densitoniet-
rik yovitemler kullominustir.

LIV spestroskopisi yonteminde her iki etken nadde ighde 261
um (MeOH)Y deki absorbans deferlerinden yavarimnbiistrr,
Olusfrrulan kullavplarak
drneklerinde  kantitatif dederlendirmeleri yapilmistir. YBSK
yintemi fle yapilan sicel ¢ahgmalarda ise fufernal standart
olarak ketokonazol kullmmilnngtir.

Densitometrik :;{.?.r.l;?mﬂ]m-’dﬂ Silikagel 60 GF254 kapl plakiar
kuilamlnug; degisik konsantrasyenda tatbik ediler etken madde-
lerin. 261 wm'de dlgillen pik alanlarmdan yavarlanddarak
olugturulan regresyon denklemle. i kantitatif hesaplaminlarda

regresyon  denklenileri piyasa

" kullanihnigtir,

Ayrica uygulanan ti¢ ayrr youtemle bulunan sonuglay istatistik-
sel olavak degerlendirilinis (Student t testi, Fisher f testi)

Anahtar sozciikler : N-Substitue triazol, inidazol, flukona-
zol, trakonazol, ITK, YBSK, LIV
Spektroskopist, itel ve mricel

cahgmalar.
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Intreduction

Fluconazole and itraconazole,
substituted triazole ring have been recently intro-
duced to therapy as antifungal drugs. They act as to
stop the synthesis of ergosterol in yeast cell during
the conversion of 14-methyllanosterol to desmethyl-
dihydrolanosterol1.2.

As their side effects are limited compared to imida-
zole derivatives, they seem to be better. Their plasma
half lives are longer. Particularly, fluconazole can be
used at single doses in the therapy of candidiasis?3.
A number of different dosage forms containing flu-
conazole and itraconazole are marketed (Capsule,
syrup, infusion solutions, micropellet capsules).

Fluconazole and itraconazole have not been includ-
ed as monographs in current pharmacopoeia yet. In
a literature survey, it has been found that the quanti-
tative determinations of both compounds in differ-
ent biological fluids (blood, urine, saliva, cerebrospi-
nal fluid), in some tissues {vulvavaginal mucosa,
nail bed) using HPLC4,6-11,13-15, GLC312, and micro-
biological methods®13. However, in none of these
publications, a qualitative and quantitative study
has been found, starting from pharmaceutical prep-
arations containing fluconazole and itraconazole.

The aim of this study was to develop quantitative
and qualitative studies with various drugs contain-
ing fluconazole and itraconazole. Besides that, ade-
quate methods have been developed, so as to allow
qualitative determinations of these compounds,
when together with other antifungal drugs derived
from imidazole.

Material and Method

HPLC Apparatus:

— (Shimadzu LC-6A pump, SPD-6AV detector, SLC-
6A system control, C-R3 integrator)

- Densitometric equipment: (Shimadzu Cs-980, with
DR-2 printer)

- Chromatography plates: (precoated with Silicagel
60 F254)

-~ Magnetic stirrer (Labinco)
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that contain N-.

— Balance (Sartorius sensitive to 0.1 mg)

All the chemicals were of analytical grade. The stan
dard compound fluconazole has been supplied by
the courtesy of Pfizer Company and itraconazole by
the courtesy of Eczacibag: Company. Other antifun
gal derivatives (clotrimazole, miconazole nitrate, ke
oconazole, tioconazole, isoconazole, oxiconazole nit
rate) have been supplied by various drug companie
and the commerical preparations used in quan
titative determinations have been procured from dif-
ferent pharmacies in Ankara.

Thin Layer Chromatography

Qualitative studies: -
Solutions of fluconazole, itraconazole and the other.
antifungal derivatives containing imidazole rin
have been prepared as 0.1 % w/v in CHClz/MeOl
(1:1) mixture. 10 pL from each has been applied on
plates covered with Silicagel 60 F254. As mobile
phase, 20 different solvent systems have been used:
(Table-1). The Rf values have been determined under.
UV lamp at 254 nm. The results have been summa
ized at Table-2. The plates have been sprayed witk
Dragendorff and iodoplatinate reagents and kept in
oven at 100°C for 15 min. The color of the spots hav .
been given at Table-3. -

Table - 1. Mobile phase systems

S - n-Hexane-Chloroform-Methanol-Cone. NH, (60:30:10:1)

S, - Toluene-Ethyl acetate-Diethylamine (60:30:10)

g - Chioroinrm-Methanol-Acetic acid (80:10:20)

84 - Methylisobutylketone-Acetic acid-Water (40:20:20)

Sg - Chloroform-Methanol-Cone. NH, (B0:20:D

g - n-Hexane-Ethyl acetate-Methanol- Acetic acid-Water(42:40:15:2)

S7- Ethyl acetate-Isopropanol: NH, (72:28:12)

Sg- Dichloromethane-Methanol-Cone INH, (80:20:1)

Sq - Satured Isopropylether with NH;

S10-Satured Ethy) ether with NH,

511 - Chloroforme-Methanol-Conc, NH; (80:10:2)

812 - n-Hexane-Ethyl acetate-Methanol-Water-Conc. NH; (42:40:10:2:5: 1)
%13 - n-Hexane-Chloroform-Methanol (60:30:10)

514 - Dicloromethane-Ethyl acetate-Formic add-Ethanol-Water (45:40: 10 5 3
S45 - Toluene-Tsopropyl alcohol-2N INH; (70:25:2)

S16- Ch]oroform{yclol;exane-Diethylmnine (60:30:10)

5,7 - Benzene-Methanol-Acetone- Acetic acid (70:20:5:5)

5,5 - Chloroform-Diethylether-Methanol-NH 17 % {45:45:12:3,75)

S} - Methanol-Conc. NH, (100:1,5)

Sy- Benzene-Diethylether-Acetic acid-Methanol (60:30:59: 0.5)
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Table - 2: Rix100 values of N-substituted triazole and imidazole derivatives

RFEx100
Miconazole®

Tioconazole* Ketoconazole* Isoconazole* Bifonazole* Fluconazole Oxyconazole* Clotrimazole®  nitrate Itraconazole
61 20 61 58 60 68 64 47
60 31 65 63 0 64 72 67 65
72 66 73 &0 59 83 85 82 90
75 47 77 74 64 84 82 81 93
52 25 52 52 27 58 59 59 57
90 89 90 90 66 90 90 91 90
93 87 93 92 63 93 93 94 95
93 8% 93 93 72 94 93 93 97
4 0 7 8 0 5 19 5
29 0 39 36 0 34 55 34
94 90 92 92 56 92 - 92 92 95
72 38 o e 2 73 72 7 56
52 36 49 48 19 45 . 56 46 38
45 0 58 61 24 63 65 60 44
66 9 69 69 22 70 72 68 67
80 57 80 76 1 79 85 83 86
78 68 77 78 6l 79 80 78 83
93 77 92 91 3z 92 93 93 95
85 83 85 84 75 85 83 86 89
3 0 5 10 4 13 30 & 24

Imidazole derivatives

Table - 3; Colours of imidazole and triazole derivatives in TLC

Tioconazole Ketoconazole Isoconazote

Bifonazole Flucenazole Oxyconazole Clotrimazole Miconazole Itraconazole

nitrate nitrate
ANy " Dark Dark Dark Dark Dark Dark Dark Dark Dark
- 254 nm spot spot spot spot spot spot spot spot spot
- 266nm — — — — — — — — Pink spot
Dragendorff Orange Orange Orange Orange — Orange Orange Orange Orange
» RFx 100
lodo- Blue Violet Blue Brown Brown Brown Brown Blue Brown

- Quantitative studies

Standart studies _

Solutions of fluconazole in CHCl;/MeOH (1:1) at 1,
2,3, 4,5 mg/mL concentrations and of itraconazole
-in CH,Cl, /MeOH (1:1) at 0.2, 0.4, 0.6, 0.8 and 1 mg/
mL concentrations have been prepared. 5 pL from
each solution has been applied on the plates and they

were run with the solvent system CHCl;/MeOH/
Acetic acid (80:10:2). The plates have been scanned at
reflectance mode at 261 nm (which has been deter-
mined as Ay, for both compounds) and the peak ar-
eas have been measured with an integrator. Reg-
ression equation have been calculated for both com-
pounds. The results have been given at Table-4.
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Table - 4: Regression equations of the three different methods.
UV Spectroscopy HPLC Densitometry
MeOH (& = 261 nm) (A =261 nm) (A =261 nun}
fluconazole itraconazole fluconazole itraconazole fluconazole itraconazole
y =ax+b 2.15x+0.022 43.8x+0.015 y =0.168x+0.007 y=3.65x+ 0043 y=1760x+5920 y =27300x + 7530
X 1.00 1.00 0.994 0999 - 0.998 0995
A1(%1,1) 23.6 458
£ 723 32300
Table - 5 : Results obtained from the analysis of fluconazole commercial preparations
uv Densitometry HPLC
150mg  200mg/100mL  150mg  750mg/150mL  150mg  200mg/100mL 750 mg/150 mL
capsule Inf. sol. capsule Syrup capsule Inf. sol. Syrup
151 205 145 738 151 202 744
149 202 147 746 149 199 733
150 204 142 739 151 200 749
143 204 148 729 149 202 735
149 201 145 735 148 204 728
MX- 149 204 146 738 149 201 736
5 1 2 2 6 2 2 6
St. Dev. % 0.74 0.85 1.67 0.82 1.04 0.93 0.87.
Confidence inteval 148-151 202-206 143-148 732-744 147-151 199-204 728744
p <005 -
Sample studies: The active ingredient contents of both of the prepara

Fluconazole capsules

20 capsules were weighted and average weight has
been calculated. Then the powder contents have
been homogenized and a quantity equivalent to 150
mg active ingredient has been stirred with 40 mL
CHCl;/MeQOH (1:1} mixture on a magnetic stirrer.
Then the solution has been filtered and the volume
has been brought to 50 mL with the same solvent
mixture. 5 pL from this solution has been applied on
the plate and the procedure has been carried on as
described before.

Fluconazole syrups

A sample of syrup corresponding to 2 mg active in-
gredient has been brought up to 10 mL with MeOH.
50 ul. from this solution has been applied to the
plates and the procedure has been carried on as de-
scribed before.
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tions have been calculated using the regression
equations, which were derived for fluconazole. Th:
resulits have been given at Table-5.

Itraconazole capsules
The micropellets corresponding to 25 mg itracona
zole has been kept in 40 mL CHCl,/MeCOH (1:1) for
30 min. [t was warmed slightly on a heater. The solu:
tion has been filtered and the volume has beer
brought up to 50 mL; then diluted 1:5 ratio with th
same solvent. 10 uL from this solution has been ap
plied on a plate. The procedure has been carried ;
as described before.

The active ingredient contents has been calculatec
using the regression equation, which was derived fo
itraconazole. The results have been given at Table-4:
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HPLC Methods:

Appropriate working conditions have been studied
for the qualitative evaluations of fluconazole, itra-
nazole and other antifungal derivatives having an
idazole rings. This has been done together with
Qﬁantitative estimations of fluconazole and itracona-
le. The optimum working conditions for both

- I
m Cal]

of- )
u - Vi =

il T

‘igure 1. Chromatogram of N-substituted triazole and imidazo-
: le derivatives in HPLC.

I- Fluconazole ..., 1.35
II- Ketoconazole..... .. 2.98
III- Clotrimazole...... 588
IV - Ttraconazole....... o 744
V- Tioconazole....... e 7.78
VI- Oxiconazole.. v 10.88
VIE- Miconazole .....oeveeeeeeereeeseeereien 13.41

qualitative and quantitative determinations have
been found to be:

Column: Hypersil BDS Cyg 5 pim (250 x 4.6 mun)

Mobile  phase:  Water:acetonitril:diethylamine
(40:60:0.5) (The mobile phase has been degassed by
filtering under vacuum, through 0.45 pm Millipore
filter)

Detector: UV type Aax 261 nm
Flow rate: 2 mL/min

Qualitative studies:

The retention times of fluconazole, itraconazole, clo-
trimazole, miconazole nitrate, ketoconazole, tiocona-
zole, and oxiconazole nitrate have been determined
by injecting their solutions separetely, that have been
prepared in CHCl,/MeOH (1:1} 0.04% w/v. Then 2
mL from each solution has been taken and mixed
and 20 plL of this solution has been injected. The
measured retention times and the chromatogram ob-
tained have been given at Figure-1.

Quantitative studies;
Stock solution-(A) 0.5 % w /v solution of fluconazole
prepared with mobile phase.

Stock solution-(B) 0.015 % w/ v solution of itracona-
zole prepared with mobile phase.

Stock solution-(C) 0.1 % w/v solution of ke-
toconazole prepared with mobile phase(Internal
standart).

Fluconazole Standard studies:

1,2, 3,4, and 5 mL portions have been taken from so-
lution A and transferred into 100 mL measured
flasks. On each flask, 4 mL of solution C has been
added and volume has been completed to 100 mL
with mobile phase. 100 pl. from each solution has

" been injected and the regression equation has been

employed using the peak areas and concentration ra-
tios of fluconazole and ketconazole. The results are
given at Tabie-4.

Itraconazole Standard studies:

1,2, 3,4, and 5 mL portions have been taken from so-
lution B and transferred into 50 mL measured flasks.
On each flask, T mL of solution C has been added and
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volume has been completed to 50 mL with mobile
phase. 50 uL from each solutionhas been injected and
the regression equation has been employed, using
the peak areas and concentration ratios of itracona-
zole and ketoconazole. The results are given at Table-
4, The flow rate of mobile phase has been choosed as
1 mL/min with fluconazole studies and 2 mL/min
with itraconazole studies.

Sample studies:

Fluconazoele capsules:

The capsules have been weighed and average has
been calculated. Then the powder contents have
been homogenized and a quantity equivalent to 100
mg fluconazole has been stirred with 20 mL mobile
phase on a magnetic stirrer for 2 min. Then the solu-
tion has been filtered and the volume has been
brought to 25 mL with the mobile phase. 2 mL of this
solution C has been added and the volume has been
completed to 50 ml. with mobile phase.

Infusion solution and syrup samples:

A certain portion of syrup sample and solution ¢or-
responding to 20 mg fluconazole have been trans-
ferred into 100 mL measured flasks. 4 mL of solution
C has been added to each. The volumes have been
completed to 100 mL with mobile phase. From each
sample solution 100 pL has been injected.

Ttraconazole capsules:

The capsules have been weighed and average weight
has been calculated. Then a quantity of micropellets,
equivalent to 25 mg itraconazole has been kept in 40
mL. mobile phase, warming mildly on a magnetic

Table 6. Results obtained for the analysis of
itraconazole commercial preparations

uv Densitometry HPLC
100 mg/capsule 100 mg/capsule 100 mg/capsule

102 101 98.5

101 98.8 98.5

1M 96.0 97.2

100 102 99.2

99.7 974 93.1

X 101 99.1 983

5 0.83 1.7 0.73

St. Dev. % 0.83 1.67 0.74

Confidence Interval 99.6-102 98.4-102 97.4-99.2

p<0.05

o2

stirrer for 30 min. From this selution, 2 mL has be
transferred to a 100 mL measured flask and 1 mi,
stock (C) solution has been added and the volu '
has been brought to 100 mL with the mobile pha
100 uL of this solution has been injected. The chrom
tograms obtained in sample studies are given in F
ure-2 and the results are given at Table-5. '

UV-Spectroscopy

Quantitative Studies

Stock solution-A 0.25 % w/v solution of ﬂuconaz
in MeQH.

Stock solution-B 0.02 % w/ v solution of itraconaZble
in MeQH. '

1,2,3,4, and 5 mL portions have been taken from :
Iution A and transferred into 50 mL measured {las
and the volumes have been completed to 50 mL w1tI
MeQH. The absorbance of these solutions has been
measured at 260 nm.

1,2,3,4, and 5 mL portions have been taken from:
lution B and transferred into 50 mL measured fla
and the volumes have been completed to 50 mL w
Me(H. The absorbance of these solutions has be
measured at 261 nm. Molar absorbtivity A; (1%1¢
values have been determined and the regressior
equation has been derived. The results are given
Table-4. v

Sample Studies:
Capsules:

The capsule contents have been homogemzed -4
powder and stirred for 15 minutes with MeOH o
magnetic stirrer. Filtered and diluted with MeOI—_It
200 pg/mL for fluconazole and 10 pg/mkb for i
conazole. The absorbance values have been det
mined at 260 nm and 261 nm. :

Infusion Solution:
5 mL of sample solution has been brought up to
mL with MeOH. The absorbance of this solution
260 nm. was measured. The results have been gi
at Table-5. :

Discussion and Conclusion
The antifungal drugs containing N- substxtuted tr
zole ring are used in last years prevailingly in B
teric mycosis. In this study, densitometry _an
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Table - 7: Comparison of results cbtained for the precision in the proposed methods

Fluconazole Capsule
Densitometry-UV
HPLC-UV
Densitometry-HPELC

Fluconazele LV, Infusion
HPLC-UV

Fluconazole Syrup
Densitometry-HPLC

Itraconazele Capsule
Densitometry-UV
Densitometry-HPLC
HPLC-UV

Student t test
p <0.05

n =710-2 = § table value 1.86

2.22 > 1.86 significant
0.42 <1.86 not significant

1.28 < 1.86 not significant

1.73 < 1.86 not significant

0.76 < 1.86 not significant

1.06 < 1.86 not significant
0.76 < 1.86 not significant
1.19 < 1.86 not significant

Hsher F test

p <005
n-1 =4 table value 6.39

2.74 < 6.39 not significant
2.4 < 6.29 not significant
1.13 < 6.39 not significant

1.¥6 < 6.39 not significant

10.5 > 6,39 significant

1.26 < 6.39 not significant
17.04 > 6.39 significant
21.4 > 6.39 significant

HPLC methods have been used to estimate qualita-
tively and quantitatively fluconazole and itracona-
zole which are the drugs of this new class contain-
ing imidazole ring,

The qualitative and quantitative determinations of
fluconazole and itraconazole have been realized
with TLC, when together with other imidazole de-
rived antifungal drugs that are used both systemical-
ly and topically. Twenty different mobile phase sys-
tems have been tried for this purpose. It was ob-
served that, fluconazole and itraconazole are carried
to regions close to front with the acidic mobile phase
systems (53-54-56-517) and exhibit lower Rf values
with the basic mobile phase systems (51-52-516).
Consequently, as the polarity of mobile phase sys-
tem raises, the Rf values of both of the compounds
also rise. Fluconazole exhibits lower Rf values then
 all the other molecules in all the mobile phase 8ys-
ems, which have been studied.

The systems $3-54-55-512 and $15 have been found
as the best systems to separate fluconazole and itra-
. conazole. Moreover, 512 and 513 have been very suc-
Cessful to separate these two compounds from all the
Other antifungal drugs. All the chromatograms ob-
ained have been examined under UV lamp (254, 366

nm) and also through the colors that developed
upon spraying with various reagents.

Fluconazole did not exhibit any color reaction with
Dragendorff; whereas itraconazole exhibited pink
color at 366 nm UV light, resulting in a differentia-
tion from other antifungal drugs in qualitative stud-
ies. A high selectivity has been achieved by using po-
tassium iodoplatinate reagent.

In quantitative studies made with densitometric
methods, fluconazole and itraconazole have been
applied to plates at different concentrations; run
with a suitable mobile phase and scanned at reflec-
tance mode and absorbance intensities have been
measured with integrator as peak areas. Regression
equations have been buiit ap by using these values.
It has been observed in this study that the best re-
sults can be obtained when both standard and the
sample are worked up on the same plate.

During the quantitative analyses, which were per-
formed with the HPLC method, the optimum work-
ing conditions have been attained to separate flucon-
azole, itraconazole and five other antifungal
compounds, which are widespreadly used in our
country. Under these circumstances, it has been pos-
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sible to separate fluconazole, itraconazole, ketocona-
zole, oxiconazole nitrate, clotrimazole, and micona-
zole nitrate. The retention times of itraconazole and
tioco-nazole are very close to each other. During
quantitative studies, ketoconazole has been used as
the internal standard. The mixtures of active ingredi-
ent and internal standards, which were prepared at
varying concentrations, have been used and by us-
ing the ratio of the peak areas of both of them, regres-
sion equations have been built up. During the analy-
sis of commercial preparations, these equations have
been used.

Besides the densitometric and HPLC methods, the
commercial preparations have also been tested
quantitatively with UV spectroscopic method and
results thus obtained have been compared. Between
the two methods, which have been applied and also
with the results that have been obtained through
spectroscopic method, no significant variations has
been observed even at the p= 0.05 level. All the val-
ues, which have been found to fall within the limits,
that all the pharmacopeias accept for similar drugs,
appear in Table 7.

As a result, it can be commented that, the methods,
which were suggested above, can be applied as re-
producible and easy methods for the qualitative and
quantitative determinations of commercial prepara-
tions containing fluconazole and itraconazole.
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