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SUMMARY

Conditions for the determination of amitriptyline and some of its metabolites in serum
on a reversed-phase material (C-8) by high-pressure Hquid chromatography with UV detec-
tion at 254 nm were systematicaily investigated. The separation of tricyclic antidepressants
_Is best earried out on a phase system consisting of C-8 bonded-phase materisl as the statio-
nary phase and water—methanol—dickloromethane—propylamine as the mobile phase.

The precision and detection limit of the method and the extraction efficiency were es-
tablished. A chromatogram of a serum extract from a patient treated with amitriptyline is
shown. Serum levels of amitriptyline and its four main metabalites (norériptyline, desmeth-
yvinortriptyline, frans-10-kiydroxy-amitriptyline and trans-lﬁ-bydro:y-nortnptyhne) in a
patient receiving 150 mg of amitriptyline daily, are reparted.

INTRODUCTION

Tricyclic antidepressants have been used for many years in order to treat
psychigtric patients suffering from depression and amitriptyline, nortriptyline
and protriptyline are the drugs most commonly prescribed for this purpase. In
a number of papers f1—3}, the relationship between the plasma concentration
of tricyclic antidepressants and their clinical effect on depressive symptoms is
discussed. Some workers maintain that there is no significant correlation be-
tween plasma concentrations and the improvement of depressive symptoms

{11, while others found that the treatment of depression with noririptyline is
effective only in the concentration range 56—150 ng/m! in plasma [2,3].

It is known that tricyclic antidepressants are metabolized in the bady [4},
‘But present methods for the analysis of antidepressants, such as UV spectrom-
etry [5,6], fluorimetry [7—2}, thiniayer chromatography [10—12] and
gas chromatography [$1—17], are restricted mainly fo the drugs themselves

and cannot be applied to their metabolites. A more specific determination of
antidepressants would be useful for mefabolifes with antidepressive propertxesr )
{e.g., ncrmniyime from amitriptyline} and to discriminate poor bzaloglcal
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aveilability from fast metabolic degradation (e.g., hydroxylation} in cases of
lovr bload levels. Analytical procedures that permit the detection and guanti-
tation of metaholites as well as the drug itself provide more reliable informa-
tion about the concentration of active antidepressive compounds in body
fluids and their clinieal effect, more insight into the rate of the biotransforma-
tion of these drugs in the body, which can differ greatly individually, and the
possibility of carrying out a more extensive pharmokinetic study.

High-pressure liquid chromatography (HPLC) has been shown to be a very
powerful technique in biomedical analysis [18—22]}. A few papers on the
separation of some tricyclic antidepressants have been published, but metabo-
lites were not included in these studies {23,24]. In this paper, the separation
and determination of amitriptyline and some of its most important metabo-
lites in plasma, using a reversed-phase system, by HPLC with UV detection is
described.

EXPERIMENTAL

Apparatus

‘The liquid chromatographic system ‘was constructed from a high-pressure
reciprocating membrane pump (QOrlita DMP 1515, Giesen, G.F.R.); 2 flow-
through manometer acting as a pulse damper; a UV detector (Waters 440); an
injection valve (Valco CV-6-UHP, or Rheodyne 70-10); 2 potentiometric re-
corder; and an electronic integrator {Autolab System I, Spectra Physics). The
eluant reservoir was placed in a thermostated water-bath (25°).

In zall experiments, stainlesssieel 316 precision-bore columns with an L.D.
of 3 mm and of different length were used. To connect the column to the
detector and injection valve, terminators of modified Swagelok reducing
unions assembled with £.3-nm capillary tubing were used, guaranteeing mini-
mal external peak broadening {Fig. 1). In order to prevent confaminzation of
the analytical column by impuritics in the eluent, a stainifessstee! column
(length 200 mm, I.D. 6 mm) was installed in front of the injection valve.
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- Fig. 1. Schematic fep:esehtaﬁoh of a column terminator.
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Materials

All solvents were of analytical reagent grade and, with the exceptzou of
hexane, were used without further pre-treatment. The column materials used
were cammercially available C-8 (RP 8, mean particle size 5 gm; Merck, Darm-
stadt, G.F.R.} and C-18 (Nucleosil 10) modified silica. The antidepressants and
metabolites were a gift from the St. Joris Gasthuis (Delft, The Netherlands}.
. Their structures and the abbreviations used henceforth are given in Table L.

Procedures

Chromatography. The separation columns were packed by a pressurized
balanced-slurry method [25] (the slurry lquid consisted of a mixture of chlo-
roform and tetrabromoethane of specific gravity 1.82) and washed successive-
ly with 100 m! of acetone and 100 ml of eluent. The pre-column was packed
by a dry-packing technigue.

The capacity ratios (&f) of the solutes were calculated from their retention
times and that of an unretained compound (4-aminctoluenesulphonic acid).
The selectivity factors (rj;) of pairs of compounds were expressed as the ratio
of their capacity ratios.

The theoretical plate height of 2 eompound was determined from its reten-
tion time angd half the peak width at (.6 of the peak height.

Al solutions were prepared by mixing weighed amounts of solvents. The
samples were dissolved in the eluent and injected by a valve, with a 25-u! sam-
ple loop, into the top of the column. Owing to the alkaline properties of the
mobile phase, some of the column material at the top of the column hecomes
degraded after z few days, with the result that the column efficiency decreases.

TABLE I
STRUCTURES AND ABBREVIATIONS OF AMITRIPTYLINE AND ITS METABOLITES

Compound Abbreviation R, R, R, R,
Amitriptyline Ami CH; CH, — — .
cis-10-Hydroxyamitrintyline 10-0H-AmiC CH, CH, — OH
trans-10-Hydroxyamitriptyline 160-OH-Ami-T CH, CH, — QH
Amitriptyline N-oxide N-ox CH, CH, O —
Nortriptyline : Nor CH, H ) —_ -
cis-10-Hydroxynortriptyline 1G-OH-Mor-C CH, H — QH
truns-10-Hydrosynortriptyline 10-OH- Nar‘T - CH; H — OH
Dmethgizxortnpigﬁne Pes . H H _ -
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Removal of 3 mm of column packing and its replacement with fresh material
usuzally restores the column efficiency completely. In all our experiments the
top of the column was checked daily in order to ensure optimal performance.

Extraction. Al of the glassware used for the exiraction was treated succes-
sively with a solution of detergent, dilute nitric acid, ultrasonicated in acetone
(10 min), washed with ethanol and finally washed with dichloromethane and
dried at 59°. It was found to be necessary to use freshly distilled hexane for
each extraction. The full extraction scheme for amitriptyline and some of its
metabolites from plasma is outlined in Fig. 2.

The backgrouad in the chromatograms resulting from some sera can be im-
proved by back-extraction using the following procedure. The collected hexane
layers are shaken with 2 ml of 1 M hydrochloric acid, which extracts all of the
antidepressants into the aquecus phase. The hexane layer is discarded and the
aqueous phase neutralized, and the aqueous solution is then treated as the
serum as outlined above.

RESULTS AND DISCUSSION

The choice of the optimzal chromatographie and extraction conditions for
the analysis of a mixture of compounds present at very low concentrations in
a Limited amount of sample by HPLC is based on a compromise between reso-
lution and dilution on the one hand and between extraction vield and selectivi-
ty on the other. Large selectivity factors, medium retardation, minimeal dispez-
sion and short narrow-bore ceolumns combined with a selective extraction pro-
ceclure are the favourable conditions for abtaining sufficient resolution on one
side and a low detection limit and precision on the other.

In order to determine the optimal chromatographic conditions for the analy-
sis of amitriptyline and its metahclites by HPLC, a number of experiments
were carried out. Initially, a C-18 bonded-phase material (Nucleosil 10 C-18)
was tested as the stationary phase with water—orgznic solvent mixtures as the
mcbile phase. The effects of the type and amount of organie solvent added to
the aqueous phase and the pH of the eluent onkj rj; and the theoretical plate

1 mi secum
01 nd SMEaOH
5 mi hexane

1) mix {or €0 sec fhistimnixer)

2) centrifuge 3 mir (20C0Orpm)

3) freeze in litzw‘suz and decamt
hexane phass

I pit J' ,‘ hexane ph l

1)2cd 4mihexane } 1) evagorate (40°C.1p etream)
2)mix €0 sec {Whirfmixer) recidue
3) centrifuge 3min (30CO rpm) :
4] freeze and decant hexsaephaze | Tf:;:‘?:;:; :ool.l’ﬁ ei:-':
25-100
Liquic Chromatogragh

- Fig. 2. Extraction scheme for amitriptyline and some of its metabalites. .
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height and peak form were investigated. From these primary experiments, 1{:
cauld be concluded that:

(t) the column efficiency of the C-18 bonded-phase material is far from ideal
(tailing peaks) and is not suitable for trace analysis;

(if) the capacity ratios and selectivity factors can be adjusted by the amount
of organic solvent added to the mobile phase {methanol or acetanitrile);

{iit) the capacity ratios and elution sequence change irregularly with the pH
of the mobhile phase;

(ivgx; acidie media the peak shape of the more retained compounds is asym-
metrical;

{v) in alkaline media the pezk shape of all substances is more symmetrical
and favourable selectivity factors can be obtained.

To improve the column efficiency, a C-8 bonded-phase material (RP 8) with
a mean particle size of § ym was chosen, and the possibilities of adjusting the
retardation and selectivity as well as the aptimal column efficiency were inves-
tigated in more detail.

Celumn efficiency
On the basis of the earlier results obtained with C-18 material and by means
of some repeated experiments on C-8 (such as the effect of pH on &} and peak
shape), it was decided that for precise quantitative anslysis the elution of the
substances as the free bases (i.e., using an alkaline mobile phase} was far more
favourable with respect to column efficiency and peak shape. Fig. 3 shows a
plot of the thearetical plate height, [, versus the mabile phase velacity, u, for
two compounds {Ner, &' =9.52; N-ox, k' =2.50) on C-8 silica as the stationary
phase and water—methanol, containing 1% {v/v) of propylamine, as the mobile
phase. The curves are rather flat, indicating rapid mass transfer, in confrast to
the results obtained on the C-18 bonded-phase material. Owing to the small
particle size, the convective mixing is very favourable. The Iarger plate height of
N-ox compared with that of Nor must be attributed to the larger contribution
of the external peak broadening, mainly caused by the detector, to the overall
dispersion of this compound (the external variance was found to be 325 pl?).
: Fig. 3 demonstrates that, with C-8 bonded-phase material, highly efficient
narrow-bore cotumns can be packed that are suitable for the determination of
amitriptyline and its metzaholites at low cancentrations.

Composition of the mobile phase

In order to optimize the composztmn of the mobile phase with respect to
retardation and selectivity, the effects of methanol content and the type and
amount of the bsse added fo the mobile phase and the addition of dichloro-
methane to the water—methanol miztures on the capacity ratios and selectivity
factars were investigated.

Influence of methanal

Fig. 4 shows the effect of the methanol content of the mobile phase on k;
and rji. An increase in the methanol content decresses the capacity ratms
changes the elution sequence and lowers the selectivity factors. A medium
methano!l content (ca. 60%, ¥/v} seems to be an appropnate choice with re- .
spect to selectivity. Such & phase system, however, is less favourable WIth
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Fig. 3. K versus u curve for nortriptyline and amitriptyline N-oxide on a reversed-phase col-
umn. Stationary phsase: C-8 bonded silica (RP 8). Mobile phase: water—methanol—dichloro-
methane (13:8:3, v/v) + 1% (v/v) of propylamine.

respect to the separation time and detection limit. The separation time of a
mixture is determined by the solute pair with the smallest selectivity factor
(rj,i) and the capacity ratio of the most retained compound, and is expressed
by .

ta m b R (B21) H
Rmin. -1 F VEr ) Cmax. D feh)
where
rj i = the selectivity factor of the solute pair that is the most difficult
| o TR S b
separate, 1.e., fj;"l _kT IS MINImMai;
R = resolution;
E} = capacity ratio of compound §;
k;nax. .= capacity ratio of the most retained compound;
H; = theoretical plate height of compound §;
u = linear fluid velacity.

The maximum concentration of a solute in the ‘mobile phase at the end of the
column (<c";-t> max.) as function of the amount Injected, @;, is expressed by
[26] :

m ' Qf
<c.> =
i ~ max. are,_ A(Ii-k;.) L) % (2}
where :
€m = poraosity of the mobile phase;

= cross-sectional area of the column; - : -
8 L = column length. o
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Fig. 4. Influence of the methanc! content of the mobile phase on the capacity ratio (&)
Stationary phase: C-8 bonded silica. Mobile phase: water—methanol + 1% (¥/v) of propyl-
amine. Curves: 1 = amitriptyline; 2 = nortriptyline; 3 = desmethylnortriptyline; 4 = frens-
10-hydroxyamitriptyline; 5 = trans-10-hydroxynortriptyline; 6 = cis-10-hydroxynartriptyline;
7 = amitriptyline N-oxide.

According to egns. 1 and 2, large capacity ratios result in long separation
times end poor detection limits.

Influence of dickloromethane

In an attempt to decrease the capacity ratios and to maintain the sufficiently
large selectivity factors obtained with 2 medium methanol content, 2 more zpo-
lar organic solvent (dichloromethane) was added to a water—methanol—propyl-
amine mixture used as the mobile phase.

The effect of the amount of dichloromethane added to the mobile phase on

and ry; is shown in Fig. 5. As could be expected, owing to its stronger elution
strength in reversed-phase chromatography, the capacity ratios decrease with
increasing dichloromethane content. At the saturation point {(ca. 18.2% of di-
chloromethane), & small increase in &} occurs, which can be explained by a
"spontaneous’ loading effect as described earlier for straight-phase adsorption
systems {27} (i.e., the solid support is loaded with the co-existing less polar
phase}.

On the addition of dichloromethane, the selectivity factors also decrease.
Compared with the water—methanol system (Fig. 3}, however, more favourable
- selectivity factors are obtained. This result indicates that the addition of a less
polar - third compeonent such as dichloromethane or diethyl ether to water—
methanol mixtures, as & type of modifier, is a useful means of adlusi:mg reten-
tion an& selecﬁvity in reversed-phase ch:cmatography.
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Fig. 5. Inﬂuenee of the dichlorcmethane content of the mohile phase on the capacity ratio.
Stationary phase: C-8 honded silica. Mohile phase: water—methanol (62:38, v/v) + dichloro-
methane + 1% (v/v) of propylamine. Curves: 1 = amitriptyline; 2 = ncrtzigtyiine; 3 = des-
methylnortriptyline; £ = frans-10-hydroxyamitriptyline; 5 = frens-10-hydroxynortriptyline;
6 = cis-10-hydroxyamitriptyline; 7 = ¢is-10-kydroxynortriptyline; 8 = amitriptyline N-oxide.

Influence of the type of base

The influence of the type of base on the retention, selectivity and ceiumn
efficiency was investigated by dissolving different types of bases in the mobile
phase (fixed concentration) and by measuring the capacity ratios of the compo-
nents (Fig. 6). Almost no difference in behaviour can be noticed between eth-
ylamine and propylamine. The capacity ratics are smaller with hexylamine,
probably owing to a sironger competition with the substances for cccupation
of adsorption sites, as would be expected for the hydrophcbic hexalyamine.

With ammonia as the base, a drastic increaze in the capacity ratios and z
completely different elution sequence occur. This anomalous behaviour shows
that the more hydrophaobic bases also act as a modifier. According o Fig. 6,
ammenia is by far the best choice with respect to selectivity but, especially fer
the most retained compounds, the pezk shapes are less symmetrical. Propyl-
amine seems o be a good compromise, becsuse on the one hand the peak sym-
metry is reasonable while on {he other the elulion sequence is favourable
for the determination of the metabolifes, which are dsuaﬂy pmeat at iowez-,
: uﬂentratmns than that of the main drug .
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Influence of propylamine concentration

The addition of propylamine to the mobile phase improves the column effi-
ciency and pegk shape consxderabky, but also affects the capacity ratio and se-
lectivity factors, as is shown in Fig. 7. It can be seen that the ameount of propyl-
amine significantly influences the capacity ratio, selectivity factors and elution
sequence. The capacity ratios decrease sharply with increasing amount of pro-
pylamine and then tend to become constant. According to Fig.7, a smali con-
tent of propylamine (ca. 0.2—0.6%) seems to be favourable for the separation
of these substances. Unfortunately, the column efficiency and peak shape at
low propylamine contents is poor. A content of 1% seems to be a good choice.

The final choice of the mobile phase composition and column length for
the determination of amitriptyline and some of its metabolites is a2 column
length of 125 mm and an eluent compaosition of water—methanol—dichloro-
methane (8:13:3, v/v) containing 1% (v/v) of propylamine. The efficiency of
this system in the separation of amitriptyline and its metabolites is iHlustrated
by Fig. 8, which shows the separation of amitriptyline and five of its metabo-
lites in about 10 min. On the column used, some pairs of metabelites {10-OH-
Nor-T/10-0OH-Ami-C and 10-OH-Nor-C/N-ox} are not well resolved owing to
the limited number of theoretical plates. In practice, however, the metabolites
10-OH-Ami-C, 10-OH-Nor-C and N.ox are usually less important and are pre-
sent in plasma at such low concentrations that no disturbance of the determina-
tion of the other metabolites occurs. If one is particularly interested in these
metabolites, longer columns have to be used or the phase system has to be
modified (e.g., by using ammonia instead of propylamine). In both instances
one has to accept larger capacity ratios and higher detection limits.

-

10 %

- T % —

N o - c-s

Pig. §. Influence of the type of bass sdded to the mobile phase on the capacity ratio. Sta-
tionary phate: C-8 hondad silics. Mobile phase: water—methanci—dichloromethane (13:8:3,
vie ¢ 0.12 Xf of the base. Bsse: C-Z = ethylamine; C-3 = ptopy[s:mne~ cCe= hexy!amm..,
'NI{;Bammema Curvesesmi-xg. . , , o
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Fig. 7. Influence of the amount of propylamine on the capacity rztio. Stationary phase:
C-8 bonded silica. Mobile phase: water—methanol—dichicromethane (13:8:3, v/v) + propyl-
amine. Curves as in Fig. 4.

Quantitaetive aspects of the metnod

Precision ard linearity. The precision of the determination of amitriptyline
and its metabolites by HPLC and the lnear range were determined by injec-
tion of a coastent volume (25 gl) of solutions of the solutes at different con-
centrations (20—4000 ng/ml) and peak-area measurements. The correlation
coefficient of the linear regression of peak area versus amount of amitriptyline
injected was found to be 0.99293, indicating a high degree of linearity. The
relative standard deviation was abouf, 0.6% for 4800 ng/ml and 15% for 20
ng/mi (i.e., 100 and 0.5 ng injected, respectiively). The sensitivity of the whole
sysiem, defined as the slope of the peak area versus amount of amitriptyline
injected and calculated by linear regression, was found to he 1426 EU/ng 1
IJ=1uV * sec).

The standard deviation of the baseline noise, measured during the same pe-
riod of time as the peak infegral, was determined to be 150 IU, corresponding
to 0.1 ng of amit:ip‘ylin . The detection limit of amitriptyline for a signal-to--
noise ratio of 3 is about 9.3 ng. For all metabohtes the detectmn Imnﬁ falis
- 'within the range 0.3—0.6 ng. L
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Fig. 8. Separation of a test mixture of amitriptyline and five of its metabolites. Stationary
phase: bonded silicz; column length, 125 mm. Mobile phase: watar—methanol—dichloro-
methane (13:8:3, v/v) + 1% of porpyvlamine. Peaks: 1 = unretained; 2 = cis-10-hydroxynor-
triptyline; 3 = trans-10-hydroxynortriptyline; 4 = frans-10-hydroxyamitriptyline; 5 = des-
methylnortriptyline; 6 = nortriptyline; 7 = amitriptyline.

Protriptyline, with a &} value between those of Nor and Des, czn be used
as an internal standard.

Recovery and repraducibiiity of the extraction. The recovery and reproduc-
ibility of the extraction procedure were determined by HPLC and by extrac-
tion of known amounts of amitriptyline and some metabolites added in differ-
ent amounts of distilied water and blank serum. In order to check that no inter-
ferring substances are co-extracted from water and serum, some blank extrac-
tions were carried out. As shown in Fig. 9, clean extracts were obtained, show-
ing little interference even at the most sensitive detector zttenuation (0.005
absorbance units full-scale). It was found that under the chasen extraction con-
ditions, the mast polar metabolite (N-ox) was not extracted. The recoveries of
amitriptyline and the polar metabholite 18-OH-Nor-T from both water and se-
rum were found to be 98% and 78%, respectively. The recoveries of the other
metabolites (except N-ox} were between these two values.

The reproducibility of the extractmns was about 4% at 500 nglml {n=3)
end 7% at 83 ng/ml (2 = 3}.

Fig. 1¢ shows the separation of zmitriptyline and four of its mest important
metabolites (about 150 ng of each} added to I ml of blank serum and extracted

as descnbed above. ; .
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Fig. 9. Background of blank water and serum extracts. Conditions as in Fig. 8. Detector at-
tenuation, 9.005 absorbance units fuli-scale. Injection volume, 50 ul.

S
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Fig. 10. Anslysic of amitriptyline and four metaholites {ca. 150 ng of each} extracted from
a spiked serum. Conditions as in Fig. 8. Pegks: I= frons-10-hydroxynortriptyline; 2= fronz-
10-hydroxyamitriptyline; 3= desmethyincrtriptyline: 4= nortriptyline; 5= smitriptyline;
= unknown compounds. - : e g ’
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Fig. 11. Ana_lysis of a serum extract from a patient after a daily oral administration of 150
mg of amitriptyline for more than 2 weeks. Conditions as in Fig. 8. Peaks as in Fig. 0.

Determination of amitriptyline and its metabaolites in serum

The procedure described above was applied o the determination of amitrip-

- tyline and some of its metabolites in a sample of serum from a psychiatric pa-
. tient supposed to receive onty one of the tricyelic drugs.

Fig. 11 shows the chromatogram of 2 serum extract of a patient who had
been receiving 150 mg of amitriptyline daily for more than 2 weeks. The large
number of peaks possibly indicate either co-medication or the residues from
such treatment. At least five peaks could be identified positively: Ami, Nor,
Des, 10-OH-Ami-T and 10-OH-Nor-T. The serum levels found for this patient
were: Ami 181; Nor 35; Des 25; 10-OH-Ami-T 16; and 10-OH-Nor-T 84 ng/ml.

CONCLUSIGN

The studies described show that reversed-phase adsorption chromatography
is very suitable for the determination of a drug and its more polar metabolites
in bload at very low concentrations. Future work will be devoted fo the deter-
mination of the very polar metabolites of amitripfyline and to the determina-
tion of antidepressants in the presence of co-medicaments.
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