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SUMMARY 

A method for the determination of amitriptyline-Naxide, amitriptyline 2nd nortriptyline 
in serum and pb.sn~a has been developed. After extraction from serum or plasma the drugs 
were aneiysed by high-performance liquid chromatography. 

The detection limit was 10 nglml(2 ml serum or plasma actutiy used)_ T&e coefficient of 
variation foop all three compounds was below 10%. 

Amitrigtyline-N-oxide was found in rat plasma after an oral dose (10 mglkg) of amitrip- 
tyline-Nexide- 

INTRODUCTION 

During recent years a number of methods f?r the determination of tricyclic 
antidep ressants in biological fluids have been pubJ.ished_ Amitriptyline and 
norkriptyline (Fig. 1) have been measured by gas-liqtid chromatography using 
flame-ionization detection Cl-61 or akdi flame-ionization detection [7-131, 
and gas chromatography with electron-capture detection has also been applied 

er,14-H53. 

Mass fkagmentographic methods are specific and often more sensitive than 
gas chron~atographic methods, and this technique has been used for the deter- 
mination of amitiptylke and norkriptyline E17-193 _ Owing to the expensive 
eqtipqent, however, many investigators prefer other methods, such as thin- 
layer ehmmatography. 

Thin-Iayer chromatography may be. used for the determination of a&trip- 
Qdine and nortriptyline either by scanning the plates in situ [20-231, or by 
cut&ing off the spots followed by detection by fiuorixnetry [24]. Furthermore, 
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Fig. 1. Formulae 
diazepam (IV). 

it is possible to mea&e amitriptyline-N-oxide (Fig. 1) by thin-layer chromato- 

I 

H "'CNJ 

of amitri@yline (I), nortriptyline (n), amitriptyline-N-oxide (Ill), and 

graphy 125,26] - 
Amitriptyhne-N-oxide can also be determined by radioactivity measure- 

ments. Investigators have determined the drug in human plasma 1271 and in 
plasma of rats and dogs 1281 after a dose of *‘C-labelled amitriptyline-N-oxide. 
Ik other experiments amitriptyline_N-oxide was found as a metaholite in the 
urine of dogs [29] or of rats 1301 after a dose of 14C-labelled amitriptyline. 

This paper describes a high-performance liquid chromatographic (HPLC) 
method for amitriptyline-N-oxide, amitriptyline and nortriptyhne in serum and 
plasma Several author [31-391 have described EiPLC methods for the deter- 
mination of amitriptyhne and nortriptyhne in biological fluids. However, no 
such method for amitripQ%ne-N-oxide has been published so far. 

EXPEl!UMENTAL 

Ma teriak and reagents 
Hexane and dicbloromethane were specially purified (nanograde) from 

MaIlinckrodt (St. Louis, MO, U.S.A.). Acetonitrile (E. Merck, Darn&ad& 
G_F.R_) and methanol (Ratbbum Chemicals, Walkerburn, Greaf Britain) were 
special HPLC grade. All other chemicals were analytical grade. 

The tubes used for evaporation of hexane (tube I) and dich.loro~ethane 
(tube II) were treated with a solution of 0.1 % fxiethyknine in hexane and 
dried, and only used once. 
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The mobile phase for HPLC was membrane filtered (pore size 0.45 urn) and 
kept in au ultrasonic bath for 15 min immediately before use. 

AmitripQdiue and nortriptyline were available as hydrochlorides and ami- 
triptyline-N-oxide as the base. ALP three compounds were synthesised by 
Synthesis Laboratories of A/S Dumex. 

HPLC conditions 
The apparatus consisted of a solvent delivery system, Model 6000 A (Waters 

Assoc.), a loop injection system U 6 K (Waters Assoc.), and a W detector, 
Model 440, fixed wavelength of 254 nm (Waters Assoc.). The column was 
PBoudapak Cl8 (30 cm X 3.9 mm, particle size 10 pm). Generally, the mobile 
phase was a mixture of acetonitrile and potassium dihydrogen phosphate (0.6% 
w/v) adjusted to pH 3 with phosphoric acid. 

The mobile phase for the amitriptyline-N-oxide analysis was a mixture of 
60% acetonitrile in 0.6% potassium dihydrogen phosphate. The flow-rate was 
1.0 ml/min. _ 

For the amitriptyline-nortriptyline analysis the mobile phase consisted of 
50% acetonitrile in 0.6% potiium dihydrogen phosphate. The flow-rate was 
0.9 ml/min. 

printing of the chromatograsns and calculation of the peak areas were per- 
formed by au electronic integrator from Hewlett-Packard, Avondale, PA, 
U.S.A. (No. 3080). The peak heights of amitriptyline-N-oxide were measured 
and the peak areas for amitriptyline and nortriptyline were used. 

Procedure 
The extraction procedure is illustrated in Fig. 2. The internal standard 

(diazepam) was dissolved in dichloromethane before use. 
The residue was dissolved in the mobile phase by shaking-it iu a whirlimixer 

immediately before injection into the chromatigraph. 
On the basis of calibration graphs constructed from control serum (plasma) 

containing known amounts of amitriptyline-N-oxide, amitriptyline and nor- 
triptyline, the concentration of the three drugs in unknown samples was calcu- 
lated. 

Male rats (Sprague-Dawley, weighing about 275 g) were fasted from the day 
before, but had free access to drinking water during the expedient. 

A suspension of amitriptyline-N-oxide was given orally to the rats. The dose 
was 10 mg/kg_ The rats were-killed 0.5, I, 2, 3,4, 7, or 24 h after admWh- 
tion and hepariniz ed blood wti collecteci_ The plasma was centmged off and 
kept at -18°C until analysed. 

RESULTS 

The calibration graph of tuuitriptyline-N-oxide in serum (senun concentra- 
tion 54)--250 ng/nrl) was found to he satisfactory, but the best result was ob- 
tained using an internal standard (diazepam). The correlation coefficient was 
r = 0.9559 when the iuternal standard was not used and r = 0.9828 when the 
inffirnd standard was used. 
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Fii_ 2. Extraction scheme for titriptyhe_N~xide, amitriptyline and nortriptyline. 

Plotting the calibration graph of nortriptyline (50-400 ng/ml of serum) pro- 
duced a codtion coefficient of r = 0.9960. Similarly, the correlation coeffi- 
cient of amitriptyline was fxmd to be r = 0.9970 (50400 ng/mL of serum). 

Fig. 3 shows a chromatogrzw of control serum (A) and of control serum 
xvi+& amitkptyline-N-oxide (200 ng in 2 ml) added (B). The retention time for 
amitriptyline-Naxide was 5.2 min, and for diazepam (internal standard) 7.6 
min. 

C&omatogram.s of control senun (A) and of control serwn with amitip- 
@line and nortriptyline (50 ng/ml) added (B) are shown in Fig. 4. The reten- 
tion times were 6.1 min (amifxiptyline) and 5.6 min (nortriptyline). 

The seproducibili~ of the methods was tested for alL three drugs (Table I), 
The coefficient of variation was found to be below 10%. 

Extracted SampIes and standard sohkions of amitipQ&ne-N-oxide were in- 
jected into the cbromatograph, and the recoveq of anxitri~line-N-oxide was 
found to be ‘75-80% 
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Fig. 3. Chromatograrac of: (A) control serum; (IS) control serum with zmitriptyEneN-oxide 
(retention time 5.2 min) (100 nglmi) added; and (C) rat plasma coUe&ed 30 min after an 
oral dose of amitriptyline-N-oxide (10 mg/kg). Internal standard: diazepam (retention time 
7.6 min). 
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Fig. 4. Chromatograms of: (A) control serum; (B) corrtml serum with amitriptybe (reten- 
tion time 6.1 minj and n~rtriptyline (retention time 5.6 min) (50 ngbl) added; and (C) rat 
plasma coUe&ed 30 min after an oral dose of amitiptyline-N-oxide (10 mg/kg). Peak with 
retention time 6.4 min: unknown. 

The minimal concentration that can be determined is 10 ng/ml (2 ml actual- 
ly used) for ainitiptyline_N-oxide, amitipwline and nortriptyline. 

Various drugs which might interfere with the dialysis were injected into the 
cbromatograph; the retention times relative to amitriptyline-N-oxide are given 
in Table II. 

Rat plasm 

Fig. 3C shows a chromatogram of a rat plasma sample taken 30 min after an 
oral dose of amitziptyline-N-oxide, 10 mg/kg. The content of amitxiptyline-N- 
oxide was calcrrlated to be 270 ng/mi (500 ~1 of plasma were used). 

The mean concentrations of arnitiptyl.ine-N-oxide in the rat plasma samples 
are ill-ted in Fig. 5. 



TABLQ 1 

REPRCkXJCIBILlTY OF THB DETERMINATIONS OF B-N-OXIDE, 
m AND NORTFUPTYLINE 

No. of Added Found 
determinations to2mlofserum .Mean c-v.* 

0%) (wz) (96) 

Amitriptglin@-N-tide 6 90 96 8 
6 100 97 7 
6 150 153 6 
5 200 188 9 

Amitriptyline 6 100 98 7 
5 150 146 8 
6 200 204 3 

NortriptJriine 6 100 98 6 
ii 200 150 146 202 4 8 

l C_V.,a~efficient0fvatiati0n. 

TAELEiI 

FLELATWE RETENTION TIMES FOR SOME COMPOUNDS 

The chromatugraphic system for amitriptyline-Naxide was used. 

Compound ReL&ve retention time 

Pindolole 0.52 
Nortriptyline 0.77 
Garb-pine 0.78 
Irnipramhe 0.81 
Cyprohepfadine 0.82 
Amitriptyline 0.85 
wltrazepam 0.86 
linipramine-N-ride 0.91 
AmitriptyLine-Naxide 1.00 
Eksmethyldiazepam 1.00 
==%=m 1.32 
2-Amino-5 -drobenzophenone 1.42 
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Fig. 5. Mean plasma concentration (n=3) of amitiptyline-Notide after 2~1 oral dose of ami- 
triptyline-N-oxide (10 mglkg) to rats. 

DISCUSSION 

In the present study amitriptyhne, nortripQdine and amitriptyline-N-oxide 
were determined by HPLC without previous detivatization of the compounds. 

The recovery of amitriptyhne-N-oxide was found to he approximately 80% 
when the extracted drug was compared with standard solutions injected direct- 
ly. About 10% was not e&racted from the serum (checked by “C-labelled ami- 
tripfyline-N-oxide). The remainder (10%) may be lost by adsorption to glass- 
ware used during the analysis. Pretreatment with triethylamine to prevent this 
phenomenon is described by J&gensen [IO], who found a recovery of 83% 
(amitriptyline and nortriptyline). In the present study only the tubes contain- 
ing the la& residue were treated with tiethylamine, Brayer-Ffaff et al. [26] 
found recoveries of 86% and 84% for amitripQline-N-oxide and amitripiyhne, 
respectively_ 

The reproducibility of the method for amitripQ&ne-N-o&de, amitiptyline 
and nortriptyline expressed as the coefficient of variation was found to be 
below IO%, which is comparable with the values reported by Breyer-Pfaff et al. 
1261, namely 4% (amitriptyline-N-oxide) and 9% (amitriptyhne). The coeffi- 
cient of variation was calculated by Jq5rgensen [IO] to be 7.6% (amitriptyline 
and nortriptyline) and by Me&t&m and Bmithvvaite [37] to be 10% (a&trip- 
tyline) and 5% (nortriptyline). 

In the present study +&e detection limit was 10 ng/ml of serum for all three 
compounds. 

Santagostino et al. [25] 500 ng/ml the detection limit of amitriptyline-N-. 
oxide in the urine to be reported. Breyer-Pfaff et al. 1361 obtained a tigher 
sensitiviity (amitriptyline-N-oxide 15 ng/ml, amitrip~line 12 ng/ml), but they 
used 4 ml of plasma for the analysis. J&gensen IlO] stated that the lowest 
detectable concentration of amitiptyhne was 5 ng/ml and of nortriptyline 
IO-15 ng/ml (2 ml plasma used), and Brodie et al. [32] reported a sensitivity 
of 5 ng/ml (amitip~hne and nor&ip@line) using 4 ml of plasma. 
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