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SUMMARY 

A specific and highly sensitive gasliquid chromatographic method was developed fo: 
the determination of oxiconazole in rat, dog, and human plasma_ The compound and ik 
internal standard were extracted from plasma at basic pH with n-hexane-isoamyl alcoho 
(98:2, v/v), gas chromatographed on 3- IO SP-22501Supelcoport (80-100 mesh) and qua& 
fied by means of an eiectron-capture detector. 

Oxiconazole was extracted almost quantitatively from plasma in the concentration 
range 10-5000 ng/ml. The sensitivity limit was about 1 ng/ml, using a l-ml specimen 

The method was applied to ll-week tolerance studies in dogs and rats in order to follow 
oxiconszole concentrations in plasma after oral administration-of the compound. The sssas 
wss sensitive enough to measure precisely the small amounts of unchanged compound ix 
pm after intravsginal application of labelled oxiconazole to human volunteers. 

INTRODUCFION 

Oxiconaz?le nikate (Ro 13-89.96/OOi, Sgd $01-76) is being developed by 
Siegfried,. Zofingen, Sti.$qrltid &d. F_ fioffmatm-La Roche, B&e, Swiize~ 
l&d. ‘$e comti&nd, sy&h&zed by &xich and .Thie!e [I] S is a new &em. 
her of a se&es of 1,4&nidazol~ derivatives with antimycotic properties 121. 
Oxiconazole has, in vitro and in viva, a broad antifungal spectruni Which in- 
cludes yeasts and dermatophytes [3] .-Topical application forms against der- 
m+omyco+sLtmd v_q&+uxIidjasq~ are now under clinical evkation. 

Cbeq@ly , o+jj@y$&: nit;ate +! ;the z-‘“_sm”‘. $f 
-- - - 

~‘,4’,_dichloro-2-(i 
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idazolel-yl) acetophenone~-(2,4dichlorobenzyl)oxime nitrate (Fig. 1). 
Several methods for the determination of imidazole derivatives with anti- 
mycotic activity are described in the literature, including photometry [4], 
microbiology [4--f;] , thin-layer densitometry 147 and high-performance 
liquid chromatography .[ 7,8]. 

We describe a specific and highly sensitive gas-liquid chromatographic 
(GLC)‘ method with electroncapture detection for the determination of 
oxiconazole in dog, rat, and human plasma. The assay was sensitive enough 
to measure precisely the small amounts of unchanged oxiconazole in plasma 
after topical application of the compound. 

-HN03 

(2) <El 

Fig.1.Chemi~st~cturesofo~conazoIenitrateandofsomeana1o~eswdintheassay. 

Compound Isomer R, R, R, R, 

Oxiconazo~e nitrate 2 CI cl cl cl 

Ro 13-s997/001 E 
Ro 14-1023jOOl z 
Sgd149-76 z 

BXPERlMEWIXL 

n-Hexane (for pesticide residue analysis), isoamyl alcohol (pa.), ethyl 
aceta+k (p-a), ethanol (p-a.), methanol (p-a-) and potassium hydroxide (p-a.) 
were purchased from E. Merck, Darmstadt, G.F.R. SP-2250 (3%) on Supel- 
coport (80-400 mesh) was used as stationary phase (Supelco, Bellefonte, 
PA, U.S A_). 

Oxiconazole nitrate, Ro 13-8997/001, Ro 14-1023/001 and Sgd 149-76 
were supplied by Siegfried, Zofingen, Switzerland. 

The primin g solution was prepared by extraction of human blank plasma 
(5 ml) with ethyl acetate (15 ml) on a rotating shaker (15 rpm, 10 min; Hei- 
dolph). An aliquot (10 ml) of the organic phase was transferred to a clean 
glass bottle. 

Plasma standards 
According to the wide concentration range of oxiconazole present in biolog- 

ical samples, three sets of plasma standards were prepared (see Table I). Using 
oxiconazole nitrate, a stock solution was prepared corresponding to 1 mg of 
the free base per ml in ethanol. The working solutions were obtained by dilutl 
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ing aliquots of the stock solution with methanol. The plasma standards were 
prepared by diluting 0.1 ml of the corresponding working solution with blank 
plasma to 10 ml. 

The stock solution could be stored in a refrigerator for about four weeks. 
Working solutions were prepared prior to use, The plasma standards were 
divided into 2.5~ml aliquots and stored deep-frozen until rewired for analysis. 

TABLE I 

CONCENTRATIONS OF OXICONAZOLE IN WORKING SOLUTIONS AND PLASMA 
STANDARDS 

Calibration set 1 Calibration set 2 Calibration set 3 

Working Plasma workillg Plncmn Working Plasma 
solutions standards solutions standards solutions . standards 
(fig per O-1 mU @glmU (rg Per O-1 mU @g/ml) (fig per 0.1 ml) @g/ml) 

0.025 2.5 0.4 40 10 1000 

0.05 5 0.8 80 20 2000 
0.1 10 1.6 160 40 4000 

0.2 20 3.2 320 80 8000 

0.4 40 6.4 640 
12.8 1280 

Extractionprocedure 

Depending on the expected plasma concentration of oxiconazole, an ap- 
propriate yantiw of internal standard, powum hydroxide solution (1%) 
and sample was added to a ground-glass stoppered centrifuge tube (see Table 
II)_ After the addition of 5 ml of n-hexane-isoamyl alcohol (98:2, v/v) the 
sample was extracted by shaking for 15 min on a rotating shaker (15 rpm; 
Heidolph) and centrifuged for 10 min (lO”C, 1700 g; Hettich), An aliquot of 
the organic layer (4 ml) was transferred to a tapered evaporation tube, The 
aqueous layer remaining was extracted again as described above and a second 
fraction (5 ml) of the upper phase was retained. 

The combined organic phases were concentrated at 40°C by means of a 
gentle stream of pure nitrogen until only the isoamyl alcohol remained. After 
the addition of either 1 ml of ethyl acetate or 1 ml of priming solution (see 
Table II) 2 ~1 of the resulting solution were injected for GLC analysis_ 

Gasiiquidchromafography 

Depending on the expected plasma concentration of oxiconazole two dif- 
ferent _gas chromatographic systems were used: Samples containing less than 
40 ng oxiconazole per ml were analysed manually on a -Packard Model 429 
gas chromatograph with an electron capture detector (ECD) (63Ni, 10 mCi)- 
coup&d to a Model SP 4100 (Spectra-Physics) computing integrator. All other 
samples ~were analysed on, a Hewlett-Packard GLC system, consisting of a gas 

*Either: Plasma standard (kibration), control plasna(quality ck&ol),bioIogicaisamp~e 
(analyses),drug-freeplasaxa(phsmablank)orbidistil.kdwater(reagentblank). 
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TABLE11 

QUANTITIESGFPIJISMASAMPLEAND REAGENTSTOBEUSEDINTHEASSAY 

Expected concentrationrangeofoxiccnazole(ng/ml) 

2.5-40 40-1280 1000-8000 

Volumeofsample(ml) 1 0.5-l 0.1 

Amountofintemalstandard(ng) 20(Ro14- 320(Ro14- 
(d.kolvedin20~lofmethanol) 1023)or 1023)or lOOO(Sgd149-76) 

75(Sgd149- lOOO(Sgd 

76) 149-76) 
VoIumeoflRKOH(ml) O-5 0.25-0.5 0.05 

Typeofreconstitutionmedium Ethyl Ethyl Priming solution 
acetate acetate 

chromatograph with a 15-mCi 63Ni ECD (HP 5700 A), an automatic sampler 
(HP 76’7i.A) and a data system for integration and sampler control (HP 3352 

B). 
The column, a coiled glass tube 1 m X 3 mm III., was treated for 10 min 

with a soIution of 2% dimethyichlorosilane in tohrene. After having been 
washed with toluene, methanol and acetone the deactivated column was 
dried at 100°C and packed with 3% SP-2250 on SO-100 mesh Supelcoport 

The packed column was conditioned for about 10 min at 60°C with a 
nitrogen flow-rate of 40 ml/m& then “baked” for 3 h at 340°C under “no 
flow” conditions 191 and then, finally, held at 310°C for 2 days with a ni- 
trogen flow-rate of 40 ml/min. 

The instrumental parameters used in this assay were: carrier gases, nitrogen 
(Packard 429), argon-methane (9rl) (HP 5700 A); carrier gas flow-rates, 
40 ml/m&r; column oven temperature, 270--290°C; injector temperature, 
300” C; detector temperature, 350” C- 

To maintain the chromatographic system in a deactivated state and, there- 
fore, achieve reproducible chromatography, it was 
septum, the liner, and the silanized glass-wool at the 
three days. 

Calibration and calculation 
OCly biological samples containing oxiconazole 

necessary to change the 
top of the column every 

levels within the ranges 
2.540,40-1280 or 1000-8000 ng/ml were analysed in the same run. Along 
with these samples, the corresponding calibration set 1, 2 or 3 consisting of 
4-6 plasma standards with appropriate oxiconazole concentrations was carried 
through the procedure (see -Table I). A calibration curve was obtained by a 
least5quares mgressioon of the peak-height ratios of oxiconazole/internal stan- 
dard versus oxiconazole concentrations. 

This internal standard curve was then used to interpolate unknown concen- 
trations of oxiconazole in the biological samples from the ratio of measured 
peak heights of the compound and the internal standard. 
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REWJLTSANDDISCUSSION 

Specificity and choice of internal standard 
The method was developed for the determination of oxiconazole in plas- 

ma of three different species; namely, rats, dogs and human volunteers. 
Several blank plasma samples from different rats, dogs and human subjects 

were analysed as described before. In all cases clean plasma extracts were 
obtained, indicating specificity of the assay with respect to other endogenous 
components present in plasma (see Fig. 3). 

A different metabolic pattern was observed in biological samples depending 
on the type of species investigated and the quantity of oxiconazole admin- 
istered. In no case was interference of co-extracted metabolites with the 
parent compound observed. 

Depending on type and amount of co-extracted metabolites, two internal 
standards with different retention characteristics were used (see Figs. 1 and 2). 
Whenever possible, Ro 141023 was preferred because a short chromatography 
time (7 mm) was obtained even at a column temperature of 270°C (see Figs. 
4 and 5). The retention time of Sgd 149-76* was longer than that of Ro 14- 
1023. The former compound was only used as an internal standard when co- 
extracted metabolites interfered with Ro 14-1023 (see Fig. 6). An accept- 
able nm time (9 min) was obtained by chromatographing the plasma extracts 

A 

I .IJ d 
* , . . 
8 6 4 2 

(min 1 

8 

i 
10 8 6 4 2 

(min) 

Fig.2.Chmmatogramsofspikedblankplasmasamples containing: (A)50 ngofoxiconazole 
nitrate and 50 ug ofRo 13.8997/001permIofplaama;(B)50 ngofoxiconazole nitrate, 
50ngofRo14-1023/001and125 ngofSgd149-76permlofplasna. Oven temperature, 
28O"C;range, 4;atten~atioq 10,Retentiontimes(min):Ro14-1023,2.6;Ro13-8997,3.0; 
oxiconazole,3.7;imputit$,5.7;Sgd149-76,7.5. 

*Sgd 149-76 contained an impurity which was dseparated from the other peaks and 
didnotaffectthereproducibilityoftheassay(seeFig~ 2B). 
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pig. 3. Chromatograms of blank plasma samples from rat (A), man (B) and dog (C)_ Oven 
temperature, 270°C (A and B), 280°C (C); range, 2; attenuation, 10. The arrows indicate 
the retention times of oxiconazoIe and the internal standards. 0 = oxiconazole, I = Ro I& 
1023, K’ = Sgd 149-76s 

at a higher column temperature (280-290°C). Further increase of the tem- 
perature (> 290°C) led to decreased deactivation of ‘the chromatographic 
system in a short time which, in turn, led to deterioration of the peak shape 
andadecrease of the linear range_ 

Ro 138997, a stereoisomeric form of oxiconazole was tried as an internal 
standard_ Separation from the oxiconazole peak only occurred on well&- 
activated co1umns with high efficiencies (see Fig. 2A). For this reason, further 
trials with Ro 1343997 were not continued_ 

Limit of detection 
The limit of detection, defined by a signal-to-noise level of approx. 3:1, 

was 1 ng of oxiconaxole per ml of plasma using a l-ml specimen. This mini- 
mum detectable concentration was equivalent to an abso1ute amount of 2 pg 
of oxiconazole per injection, indicating an excellent ECD response of the 
compound_ 

The intra-assay precision for the detection limit was determined by analys- 
ing four different spiked plasma samples on the same day containing 1 ng/xnl 
oxiconazole, A relative standard deviation (C-V,) of i 7.3% was obtained. 

Linearity 
As &ady mentioned, plasma leveis of oxiconazole varied over a wide range 

(2-2500 ng/ml) when the compound was administered orally to rats and dogs 
in 13-week tolerance studies. Three linear subranges with different extrac- 
tion and calibration procedures (see Tables I and II) were established for the 
following masons: 

(1) Limitation of the absolute amount of oxiconaxole injected on to the 
cohmm in order to prevent“‘memory effects” (reversible and irreversible ad- 
sorption of oxiconaxole to the glass wool) and saturation of the ECD. 
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Fig. 4. Chromategram of a rat plasma sample collected four weeks after daily oral admin- 
istration of 35 mg/kg oxiconazole nitrate; oxiconasole concentration = 51 ng/mI. 0 = 
oxiconazole, I = Ro 14-1023 (internal standard); oven temperature, 270°C; range, 2; at- 
tenuation, 10. 

Fig. 5. Chromatogram of a femaie human piasna sample collected 24 h after a single in- 
travaginal application of 150 mg of “C-IabeIIed oxiconazoie nitrate (107 BCi); cencentra- 
tion of unchanged oxiconazole = 32 ng/mI_ 0 = oxiconazole, I = Ro 14-1023 (internal 
standard); oven temperature, 270°C; range, 2; attenuation, lo_ 

Fig_ 6. Chromatogram of a dog plasma sample collected three days after daily administra- 
tion of 150 mg/kg oxiconazole nitrate; oxiconazole concentration = 52 rig/ml. 0 = oxi- 

conazole, I’ = Sgd 149-76 (internal standard); oven temperature, 280°C; range, 2; attenua- 
tion, lo_ 

(2) Adjustment of the amount of internal standard added to the sample 
I+. ichieve _rqsonabIe values for oxiconazole/intemal standard peak height 
ratiiii. 

(3) Maintekmce of l%earit$ over the- complete conc&ration range_ 
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In each subrange an acceptable linear correlation between the peak height 
ratios of oxiconazoIe/intemal standard versus concentrations of oxiconazole 
was observed_ Table III indicates that the coefficient of determination (3) 
showed a good day-today reproducibility. The intercepts of the calibration 
curves did not differ significantly from zero. 

Oxiconazole was very sensitive to adsorption sites in the chromatographic 
system: direct chromatography of methanolic oxiconazole solutions resulted, 
after a few days, in tailing peaks and non-linear calibration curves_ OnIy in 
the presence of column deactivating plasma components (lipids, lecithin, 
etc.) were gaussian peak shapes, and thus linearity between detector response 
and oxiconazole concentration, obtained (“priming effect”) _ 

Even the amount of priming agents co-extracted together with oxiconazole 
ftom plasma was critical in the assay: when small plasma volumes (O-1 ml) 
were analysed, a non-linear standard curve was sometimes obtained when the 
plasma extract was reconstituted in ethyl acetate, Priming of the chromato- 
graphic system before and between the analysis by repeated injections of 
either lecithin [lo], phospholipids [ll] or plasma extracts [12] did not 
overcome the problem complete’iy. Therefore, in the case of small plasma 
volumes, suEicient amounts of deactivating plasma components were added 
to the sample after extraction by use of a priming solution as reconstitution 
medium. 

TABLE Di 

REPRODUCIJ3UXYOFTHECOEFFICIEBiiOFDETERMIXATION(r')ESTABLIS~D 
ONFIVEDIFFERENTDAYSCOVERINGAPERIODOFAROUTSMWEEKS 

DW 

1 
-2 
3 
4 
5 

Concentration range of oxiconazole 

2.6-4oIlg/ml 40-128OngJml 

0.9998 0.9997 
0.9998 0.9994 
0.9996 0.9999 
0.9987 0.9998 
0.9999 O-9998 

l-8dd 

0.9995 
0.9998 
1.0000 
0.9999 
0.9999 

Mean* SD. 0.9996% 0.00049 0.9997 + 0.00019 0.9998 * 0.00019 

Recoirery 
Th_= recovery (extraction yield) was determined from the difference be- 

tween the peak height ratio when oxiconazole was added to the plasma (the 
internal standard being added to the final extract) and the peak height ratio 
when both were added to the final extract of blank plasma 

Table IV indicates that the compound is extracted nearly quantitatively 
from human and dog plasma in the concentration range investigated. The 
extra&ion yield for high concentrations of oxiconazole (> 1000 ng/ml) is 
enhanced because in this case a O-l-ml instead of a l-ml plasma sample was 
extracted according to the extraction procedure described above (see Table II), 
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TABLE IV 

EXTRAaON YIELD OF OXICONAZOLE FROM DOG AND HUMAN PLASMA 

Concentration Human plasma (n = 3) Dog plasma (n = 3) 
bglmu Recovery C.V. Recovery 

W) W) W) g;- 

5000 96.3 1.7 97.5 1.0 
250 89.5 2.1 90.5 1.0 

50 90.3 4.4 90.9 2.1 
10 92-7 3.1 92.2 1.7 

Stability of oxiconazole in human plasma 
Oxiconazole was added to blank plasma at three different concentration: 

(250, 50 and 10 ng/ml) and stored at different temperatures for differem 
time intervals (five months at -2O”C, one day at 4-20°C). A set of five freshly 
prepared control samples was analysed together with five stored samples o: 
the same concentration. 

Table V illustrates that in no case was a s&nificant difference detectable 
between the results of stored and control samples_ 

TABLE V 

STABILlTY OF OXICONAZOLE IN HUMAN PLASMA (n = 5) 

Sample Cont. 
(ng/mU 

Difference from 
control 
(%) 

Control 250 1.4 
1 day, 20°C 248 0.5 -0.8 
5 months, -20” C 248 2.4 -0.8 

Control 
1 day, 20°C 
5 months, -20°C 

control 10 3.5 
1 day, 20°C 9.74 1.4 -2.6 
5 months, -20” C 9.70 5.5 -3.0 

50 1.9 
50.2 3.9 +0.4 
50.3 2.8 +0.6 

Reproducibility 
The reproducibiiity of the intemsl standard method was evaluated over a 

concentration range of 10-5000 ng of oxiconazole per ml of plasma 
The intra-assay reproducibility was obtained by analysing five specimens 

from each concentration on one day. The inter-assay reproducibility was deter- 
mined by andysing one specimen from each concentration over five days 
within a period of about six weeks. 

The data presented in Table VI indicate that the precision (C-V_ of replicate 
anaXyses) and accuracy (difference between found and espected concentration) 
were acceptable over the concentration range investigated. 
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TABLE VI 

REPRODUCIBILIXT (n = 5) 

COIlC. COIlC. 

added found ;; 

(ng/ml) @g/ml) 

fnter-rzssay reproducibility 

5000 4897 1.4 
250 242.6 1.2 

50 50.7 6.8 
10 10.1 6.7 

Difference between found 
and added cont. 
(W) 

-2.1 
-3.0 
+1.4 
+1.0 

Intra-assay reproducibility 

5000 4829 2.0 
250 246.8 4.3 

50 50.8 3.7 
10 9.6 5-5 

-3-4 
-1.3 
+1.6 
-4.0 

Application of the method to biological samples 
The method described was used for the analyses of dog and rat plasma 

samples in 13-week tolerance studies and for the determination of the parent 
compound in plasma after intravaginal application of labelled oxiconazole 
to femaIe human volunteers. Figs. 4-6 show typical chromatograms from these 
studies, demonstrating the validity of the new assay. 
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