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Doxepin (I, Fig. 1), a triclyclic antidepressant, 1s useful in the treatment
of endogenous depression and anxiety with associated depression [1] Doxepin
undergoes N-demethylation 1n vivo to form an active metabolite, nordoxepin
(11, Fig 1) [2]. Smultaneous determination of doxepin and nordoxepin 1n
biological fluids 1s important m a comparative bioavailability study, as well as
m the evaluation of clinical response

For the determination of I and II in plasma, several methods have been
reported, including gas chromatography (GC) [3—7], GC—mass spectroscopy
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Fig 1 Structural formulae of doxepin (I) and 1ts active metabolite nordoxepin (II)
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(8] and high-performance hquid chromatography (HPLC) [9—16]. Despite
their high sensitinity, GC methods still suffer from insufficient resolution of the
metabolite and parent drug without derivatization and require elaborate sample
preparation mvolving denvatization. For these reasons, HPLC methods are now
frequently used for the assay of I and II. These methods, however, lack
adequate sensitiity for the plasma assay. Therefore, monitoring urinary
excretion may be beneficial for comparative bioavaillability study of different
formulations.

This paper describes a selective HPLC method for assay of I and II in urme
usmg mpramine (III, Fig. 2) as internal standard.
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Fig 2 Structural formula of imipramine (III), the internal standard

EXPERIMENTAL

Materwals

Doxepin hydrochloride (Pennwalt, Rochester, NY, U.S A ), nordoxepin
hydrochloride (prepared mn-house from doxepin) and imipramine hydrochloride
(Ciba, Summit, NJ, U.S.A.) were obtained from the Pennwalt Pharmaceutical
Development Department. All chemicals used were analytical grade and the
chromatographic solvents used were HPLC grade. Membrane filters (0.45 um,
Ramin Instrument, Woburn, MA, U S.A.) were used for filtration of the HPLC
mobile phase. Disposable polypropylene centrifuge tubes (Evergreen Scientific,
Los Angeles, CA, U.8.A ) were utihized for extraction of samples.

Instrumentation

A modular high-performance hquid chromatograph was assembled consisting
of a pump (Model 45, Waters Assoc , Milford, MA, U 8 A.), an autosample
mjector (WISP® Model 710B, Waters Assoc ), a variable-wavelength UV
spectrophotometer (DuPont, Wilmington, DE, US A.), a recorder (Omni-
Scribe® B-500 strip chart recorder, Houston Instruments, Austin, TX, US A)
and a power controller (Model 211, Autochrom, Milford, MA, U S.A.) Stamn-
less-steel columns (12.5 X 0.32 ecm ID ) packed with hexyl reversed phase
(Spherisorb® hexyl, 5 um particle size, Deeside, U K , Hauppauge, NY, U.S.A.)
at 550 bar were used for all analyses. A laboratory automation system (Model
3353 E, Hewlett-Packard, Avondale, PA, U.S.A ) was used for quantitation
and 1dentification of chromatographic peaks A rugged rotator (Model PD-250,
Glas-Col Apparatus, Terre Haute, IN, U.S.A.) was used for rotary mixing.

Chromatographic conditions
The mobile phase was 38% acetonitrile n 0 02 M phosphate buffer (mono-
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basic) adjusted to pH 3.5 with 8 5% phosphoric acid The filtered and degassed
mobile phase was pumped at a flow-rate of 1 ml/min through the column at
room temperature The effluents were detected at 205 nm with 0.02 a.u f.s.
sensitivity. The mnjection volume was 50 ul.

Preparation of urine standards

For each drug, 1 mg/ml (calculated as free base) stock solution was prepared
in deionized water. From these stock solutions, working standard solutions
containing I and II were prepared by dilution with water to concentrations
ranging from 5 to 500 ng per 50 ul. Duplicate urine standards at the following
concentrations were prepared by spiking drug-free human urine (1 ml) with an
adequate volume (50—100 ul) of the working standard solutions 0, 10, 20, 50,
100, 250, 500, 1000 and 2500 ng/ml of urine. The internal standard solution
of imipramine was prepared 1n water at a concentration of 2.5 ug/ml.

Preparation of validation samples

Validation samples at various concentrations of each drug were prepared by
diluting a small volume (50—100 ul) of the standard solutions of doxepin and
nordoxepmn with drug-free human urine Two sets of triplicate samples at each
concentration were prepared by pipetting 1 ml of the urine sample into coded
tubes. One set of the samples was analyzed upon preparation, and the other set
was kept frozen 1 a laboratory freezer for three weeks prior to assay

Extraction procedure

To 1 ml of urine were added 0.1 ml of the internal standard and 0.2 m! of
1 M sodium hydroxide to adjust the mixture to pH > 12. After vortexing, the
sample was extracted with 7 ml of 2% n-butanol in hexane by rotomixing for
20 min. Following centrifugation at approximately 900 g for 5 min, the
aqueous layer was frozen in a dry ice—acetone bath. The top organic layer was
decanted and extracted with 0.2 ml of 0.1 M hydrochloric acid by rotomixing
for 15 min After centrifugation at 900 g for 5 min, the organic layer was
removed by aspirating An aliquot (50 ul) of the acid extract was analyzed by
HPLC at room temperature as described under Chromatographic conditions

Quantitation

The peak-height ratios of each drug to the internal standard were obtained
from the urine standards with the aid of a laboratory automation system The
ratios were analyzed by linear regression with respect to their concentrations in
the urine standards. The concentrations of I and II in the validation samples
were determined by inverse prediction from the linear regression of the
standards. The minimum quantifiable level was determined by linear regression
(17].

RESULTS AND DISCUSSION

Typical chromatograms of drug-free and standard spiked urine extracts are
presented 1n Fig. 3.

In contrast to commonly used mobile phases containing 1on-pair reagents or
organic amines as competing base, the mobile phase consisted of acetonitrile—
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Fig 3 Chromatograms of urine extracts (A) Spiked urine with nordoxepin (150 ng/ml),
doxepmn (200 ng/ml) and mmpramine, the internal standard, (B) control urine Peaks
I = doxepin, II = nordoxepin, III = imipramine
TABLE 1
SUMMARY OF DATA FROM ASSAY OF 1 AND II IN URINE

Nominal Found concentration RSD* Mean
concentration (mean+ SD,n=23) (%) percentage
(ng/ml) (ng/ml) difference**
Fresh samples
40 433+ 11 25 +8 3
90 827+ 75 91 —81
200 1907+ 40 21 —4 7
800 7640+ 121 16 —4 5
1500 13130+ 887 67 +12 5
Frozen samples
40 460+ 10 22 +150
90 817 06 07 —93
200 1720+ 111 65 —14 0
800 7797:176 22 —25
1500 13617 + 635 47 —9 2

*R 8D (relative standard deviation, %) = (S D /mean) X 100
**Mean percentage difference = [(mean — nomal)/nominal] x 100
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20 mM phosphate buffer at pH 3.5 A hexyl column was selected because the
two drugs were separated well with adequate retention times. With the
described chromatographic conditions, the typical retention times were 4.5, 5 5
and 7.4 mun for I, II and III, respectively No interfering substances in blank
urine were detected 1n the region of the drug peaks.

The sample preparation involved simple hiquid—hquid extraction of drug and
metabolite from basified (pH > 12) urine with 2% n-butanol-—hexane followed

...... A N 1 PaC Tt

by back-extraction mnto 0 1 M hydrochlorc acid. Overall recoveries of both
drugs were 84—100% 1n the concentration range 20—1000 ng/ml and about
90% for the internal standard

The regression analyses of the peak-height ratios of I and II to the infernal
standard versus their respective concentrations in the urine standards showed
good lmear relationships (#2 > 0 998) The minimum quantifiable levels for
both I and IT with the lower five standards were 11—23 ng/ml of urine

The precision, which demonstrates reproducibility, and the accuracy of the
method were evaluated by the assays of replicate fresh and frozen validation
samples at the concentrations corresponding approxmnately to the lower and
upper limit of the therapeutic ranges The results are summanzed in Table I
The similar assay results of fresh and frozen samples indicated no loss of drugs
due to freezing the samples

Over the concentration range 40—1500 ng/ml, the precision, based on
relative S D, ranged from 07 to 9 1%, and the accuracy, expressed as mean
percentage difference from nominal, ranged from —14 to 15%. At the lower
concentrations, the assay was less precise and accurate. However, the variation
was still quite acceptable, considering the poor UV absorption of doxepin
and nordoxepin.

In summary, a selective HPLC method was developed to quantitate doxepm
and nordoxepin in urine. The method demonstrated suitable sensitivity for the
detection of I and II in urine with no interference of biogenic substances

REFERENCES

1 R M Pmder, RN Brogden, TM Speight and G § Avery, Drugs, 13 (1977) 161

2 VZ Ziegler, JT Biggs, LT Wyhe, SH Rosen, DJ Hawf, RN Brogden and WH

Coryell, Cin Pharmacol Ther, 23 (1978) 573

JE O’Brien and O N Hmsvark, J Pharm S, 65 (1976) 1068

MT Rosseell, M G Bogaert and M Clayes, J Pharm Sci, 67 (1978) 802

N Narasimhachar, R O Friedel and 4 J Saady, Res Commun Psychol Psych Behav

4 (1979) 477

J Vasihades, T M Sahawneh and C Owens, J Chromatogr, 164 (1979) 457

J E Bredesen, O F Ellingsen and J Karlsen, J Chromatogr , 204 (1981) 361

TP Davis, S K Veggeberg, SR Hameroff and K L Watts, J Chromatogr , 273 (1983)

436

9 PM Kabra, N A Mar and L J Marton, Cin Chim Acta, 111 (1981) 123

10 P Koteel, R E Mulhins and R H Gadsden, Clin Chem , 28 (1982) 462

11 S H Preskorn, K Leonard and C Higmte, J Chromatogr , 197 (1980) 246

12 P K Sonsalla, T A Jennison and BS Finkle, Cin Chem , 28 (1982) 457

13 JJ Thoma,P B Bondoand CM Kozak, Ther Drug Monit, 1 (1979) 335

14 SM Johnson, C Chan, S Cheng, J L Shimek, G Nygard and S KW Khalil, J Pharm
Sc1, 71 (1982) 1027

15 R D Faulkner and C Lee,J Pharm Sec1, 72 (1983) 1165

16 8 Yang and M A Evenson, Anal Chem , 55 (1983) 994

17 RW Ross and H Stander, Some Statistical Problems in Drug Metabolism, paper
presented at the 31st Annual Princeton Conference on Apphed Statistics, Princeton, NJ,
December 3, 1975

o1 i 2

ow -3 o



