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ABSTRACT: A method based on ultra performance liquid chromatography tandem mass spectrometry (UPLC–MS/MS) in com-
bination with solid-phase extraction for sample pretreatment has been developed for the simultaneous analysis of amitrip-
tyline and its main metabolite in human plasma. The extraction of the analytes from plasma samples was carried out by means
of a selective SPE procedure using hydrophilic–lipophilic balance cartridges. The assay involves a simple solid-phase extraction
(SPE) procedure of 0.2 mL of human plasma and analysis was performed on a triple-quadrupole tandem mass spectrometer by
multiple reactions monitoring (MRM) mode via electrospray ionization (ESI). The standard calibration curve was linear over the
ranges 0.370–95.539 ng/mL for amitriptyline and 0.365–94.374 ng/mL for nortriptyline, expressed by the linear correlation
coefficient r2, which was better than 0.995 for both. The intra- and inter-day precision and accuracy of the quality control
samples were within 10.0%. The recovery was 85.3, 88.4 and 80.7% for amitriptyline, nortriptyline and doxepin respectively.
Total run time was 1.2 min only for each sample, which makes it possible to analyze more than 400 samples per day. The
method was highly reproducible and gave peaks with excellent chromatography properties. Copyright © 2010 John Wiley &
Sons, Ltd.
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Introduction
Amitriptyline is 3-(10,11-dihydro-5H-dibenzo [a,d] cycloheptene-
5-ylidene)-N,N-dimethyl-1-propanamine hydrochloride (Fig. 1),
and is widely used to treat mental depression. It is extensively
metabolized (Gram, 1974). amitriptyline and nortriptyline are tri-
cyclic antidepressants which act by enhancing the actions of
norepinephrine and serotonin caused by blocking the re-uptake
of various neurotransmitters at the neuronal membrane (Bose
et al., 2005).

The use of LC coupled with electrospray tandem mass spec-
trometry has become a very popular technique in bioavailability
studies due to the fast, sensitive and reliable results generated by
its use (Silva et al., 2006). UPLC has been evaluated as a faster and
more efficient analytical tool compared with current HPLC (De
Villiers et al., 2006). Other techniques have been used for the
quantitation of amitriptyline and nortriptyline in human plasma.
Different analytical methods for determination of amitriptyline
and nortriptyline as antidepressant drugs have been reported,
including gas chromatography–chemical ionization mass spec-
trometry (GC-CIMS) (Garland et al., 1979), electron-capture gas
chromatography (Hartvig et al., 1976), spectrophotometric and
gas–liquid chromatographic determination (Hamilton et al.,
1975), high-performance liquid chromatography (Miljkovic et al.,
1997; Zarghi et al., 2001; Burke and Sokoloff 2006), liquid chro-
matography with atmospheric pressure ionization time-of-flight

mass spectrometry (Zhang et al., 2000), liquid chromatography–
electrospray ionization mass spectrometry (Gutteck and Rentsch
2003) and liquid chromatography mass spectrometry (LC/MS)
with sonic spray ionization (Shinozuka et al., 2006). These
reported methods have higher quantification limits and longer
chromatographic run times, which is not preferable when
dealing with a large number of samples. Moreover, no publica-
tion has described the quantitative analysis of amitriptyline and
nortriptyline using tandem mass spectrometry.

This validated method for performance of selective determina-
tion of amitriptyline and nortriptyline contains combination of
solid phase extraction, reversed phase LC and tandem mass
detection. In this article a highly sensitive and rugged method is
described for the analysis of as low a concentration as
0.370 ng/mL of amitriptyline and 0.365 ng/mL nortriptyline in
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human plasma by a short solid-phase extraction procedure and
UPLC-MS/MS detection. The run time is only 1.2 min. This vali-
dated method was further evaluated by a bioequivalence study
in 24 healthy male Indian volunteers administered amitriptyline
in tablet form (50 mg).

Experimental

Chemicals and Reagents

The working standards of amitriptyline, nortriptyline and doxepin were
procured from Synchron Research Services Pvt. Ltd (Ahmedabad, India).
High-purity water used for the LC-MS/MS was prepared from Milli Q water
purification system procured from Millipore (Bangalore, India). HPLC
methanol and acetonitrile were purchased from. J. T. Baker (USA).
Analytical-grade ammonium acetate was purchased from Merck Special-
ties Pvt. Ltd (Mumbai, India). Drug-free (blank) human plasma was
obtained from Prathma Laboratory (Ahmedabad, India) and was stored at
-20°C prior to use. For the sample preparation an Oasis HLB® SPE car-
tridge was used, which was obtained from Waters (Milford, MA, USA).

Calibration Curves

The main stock solutions of 1 mg/mL amitriptyline, nortriptyline and
internal standard (doxepin) were prepared by dissolving in methanol.
Secondary standard solutions were prepared by further diluting stock
solution with methanol–water (1:1 v/v) to get an intermediate stock solu-
tion of 50 mg/mL for amitriptyline and 50 mg/mL for nortriptyline, respec-

tively. Working standard solution was prepared from secondary standard
solution by dilution with water–methanol (1:1, v/v). These diluted
working standard solutions were used to prepare the calibration curve
and quality control samples. Nine-point standard calibration curves for
amitriptyline and nortriptyline were prepared by spiking 500 mL blank
plasma with 10 mL of an appropriate amount of working standard solu-
tion. The calibration curve range was 0.370–95.539 ng/mL for amitrip-
tyline and 0.365–94.374 ng/mL for nortriptyline, respectively. Quality
control samples were prepared at four concentration levels of
0.406 ng/mL (LOQ), 0.846 ng/mL (low), 42.305 ng/mL for (medium) and
78.342 ng/mL (high) for amitriptyline and 0.401 ng/mL (LOQ),
0.836 ng/mL (low), 41.789 ng/mL (medium) and 77.387 ng/mL (high) for
nortriptyline. The stability studies for quality control samples were spiked
and stored at -20°C.

Sample Preparation

Human plasma samples (0.200 mL from 0.500 mL) were mixed with 25 mL
of internal standard working solution (0.670 mg/mL of Doxepin). To this
500 mL of MilliQ water was added after vortex mixing for 30 s and the
sample mixture was loaded onto an Oasis HLB extraction cartridge
(30 mg/cm3) that was pre-conditioned with 1.0 mL of methanol followed
by 1.0 mL of water. The extraction cartridge was washed with 1.0 mL of
water. Amitriptyline, nortriptyline and IS were eluted with 1.0 mL of
mobile phase and 5 mL of the extract was injected into the LCMS/MS
system.

Chromatographic Conditions

Chromatography separation was performed on an Acquity UPLC system
(Waters Corp., Milford, MA, USA) with cooling autosampler and column
oven enabling temperature control of the analytical column. An Acquity
UPLC™ BEH C18 column (50 ¥ 2.1 mm, 1.7 mm; Waters Corp., Milford, MA,
USA) was employed. The column temperature was maintained at 45°C
and chromatographic separation was achieved using mobile phase com-
position, acetonitrile–10 mM ammonium acetate (85:15, v/v) adjusted to
pH 3.5 with formic acid and delivered at a flow rate of 0.300 mL/min.
Mobile phase was used as a weak wash and strong wash solvent to avoid
any carryover from previous injection. A partial loop with needle overfill
was selected as the injection mode. The autosampler was maintained at
10°C and the injection volume was 5 mL. Total run time for each sample
analysis was 1.2 min.

Validation

The complete method validation of amitriptyline, nortriptyline in human
plasma was done following the US FDA guidelines (FDA, 2001). The
method was validated for selectivity, linearity, precision, accuracy, recov-
ery, stability and dilution integrity. Each calibration curve contained a
single set of calibration standards and six replicates of QC at four concen-
tration levels. Selectivity was assessed by comparing the chromatograms
of six different batches of blank plasma obtained from six different
sources (or donors) with those of corresponding standard plasma
samples spiked with amitriptyline, nortriptyline and doxepin. Sensitivity
was determined by analyzing six replicates of blank human plasma and
plasma spiked with lowest level of the calibration curve. For the deter-
mining of intra-day accuracy and precision, a replicate (n = 6) analysis of
plasma samples was performed on the same day. The inter-day accuracy
and precision were assessed by analysis of three batches on different
days. The precision was expressed as the relative standard deviation
(RSD%) and the accuracy as the relative error (RE%). Recovery of amitrip-
tyline, nortriptyline and doxepin was determined by comparing the peak
area of extracted analyte standard with the peak area of non-extracted
standard. The matrix of plasma constituents over the ionization of ana-
lytes and IS was determined by comparing the responses of the post-
extracted plasma standard QC samples (n = 6) with the response of
analytes from neat samples at equivalent concentrations (Matuszewski
et al., 2003; Dams et al., 2003). The matrix effect was determined at two

Figure 1. Structure of (a) amitriptyline (b) nortriptyline and (c) doxepin.
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levels (low and high quality controls, LQC and HQC) for amitriptyline and
nortriptyline and for IS at 0.670 mg/mL.

Process sample stability was evaluated with a freshly spiked calibration
curve and quality control samples and those freshly spiked quality control
samples compared with re-injecting the same sample (stability samples),
which were stored at 10°C for 45 h. Bench-top stability was evaluated for
6 h at room temperature and compared with freshly spiked plasma
samples. The freeze–thaw stability was determined by comparing the
stability samples that had been frozen and thawed three times with
freshly spiked quality control samples. Dilution integrity was performed
to extend the upper concentration limit with acceptable precision and
accuracy. Five replicates each at a concentration of double the uppermost
calibration standard were diluted 2- and 5-fold with blank plasma. The
diluted samples were processed and analyzed.

Long-term stability was evaluated by analyzing at low and high quality
control sampled that was stored at -20°C for 70 days together with freshly
spiked calibration and quality control standards. All stability evaluations
were based on back-calculated concentrations. Samples were considered

to be stable if assay values were within the acceptable limits of accuracy
(i.e. �15% SD) and precision (i.e. 15% RSD).

Pharmacokinetic Study

The method was applied to determine the plasma concentrations of ami-
triptyline and its metabolites from a bioequivalence in which 24 healthy
male volunteers received one tablet (containing 50 mg amitriptyline). The
ethics committee approved the protocol and the volunteers provided
with informed written consent to participate in the study according to the
principles of the Declaration of Helsinki. The study was conducted strictly
in accordance with guidelines laid down by International Conference on
Harmonization and USFDA (FDA, 2000). Blood samples were obtained
following oral administration of 50 mg of amitriptyline tablet into a
K3EDTA vacutainer solution as an anticoagulant pre-dose and at 1, 3, 4, 5,
6, 7, 8, 9, 10, 12, 15, 24, 36, 48, 72, 96, 120, 144 and 168 h. Plasma was
harvested by centrifuging the blood using an Eppendorf centrifuge
5810R (Eppendorf, Germany) at 4000 rpm for 5 min and stored frozen at

Figure 2. Electrospray positive ion mass spectra of the precursor ion of (a) amitriptyline (b) nortrip-
tyline and (c) doxepin.
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-20 � 10°C until analysis. An aliquot of 200 mL of thawed plasma samples
was spiked with IS and processed. Plasma concentration–time data of
amitriptyline was analyzed by non-compartmental method using
Kinetica Version 4.4 (Thermo USA). Regarding AUC0–t, AUC0–• and Cmax,
bioequivalence was assessed by means of an analysis of variance
(ANOVA) and calculating the standard 90% confidence intervals (90% CIs)
of the ratios test/reference (logarithmically transformed data).

Results and Discussion
Chromatographic conditions, especially the composition of
mobile phase, were optimized through several trials to achieve
good resolution and increase the signal of analytes, as well as to
achieve a short run time. Ammonium acetate buffer in the mobile
phase improved the detection of the analytes. It was found that a
mixture of acetonitrile–10 mM ammonium acetate (85:15, v/v)

adjusted to pH 3.5 with formic acid could achieve this purpose
and was finally adopted as the mobile phase. The use of small
particles of stationery phase allowed UPLC to push the limits of
peak capacity (due to higher efficiency) and speed of analysis
(due to higher linear velocities). Three channels were used for
recording: channel 1 for amitriptyline with a retention time of
0.47 min, channel 2 for nortriptyline with a retention time
of 0.45 min and channel 3 for doxepin with a retention time of
0.46 min, making the run time only 1.2 min, and this met the
requirement for high sample throughput.

Mass Spectrometry

This system was set to multiple reactions monitoring mode, that
is, selecting parent ions, dissociating them and finally analyzing
the daughter selective ions, using the great selectivity and sensi-

Figure 3. Electrospray product ion mass spectra for (a) amitriptyline (b) nortriptyline and (c) doxepin.
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tivity of this mode for mass analysis and detection. In order to
develop a method with desired LLOQ it was necessary to use
MS-MS detection, as the MS-MS method provides an improved
limit of detection for trace-mixture analysis (Jemal, 2000).When
amitriptyline, nortriptyline and doxepin were scanned directly in
the mass spectrometer along with the mobile phase with positive
ion interface, the full-scan spectrum was dominated by proto-
nated molecules [M + H]+ m/z 278.18, 264.13 and 280.16 for ami-
triptyline, nortriptyline and doxepin. The mass spectra of
precursor ions of amitriptyline, nortriptyline and doxepin are pre-
sented in Fig. 2. and major fragment ions observed in each
product spectrum were at m/z 90.71, 90.71 and 106.74 for ami-
triptyline, nortriptyline and doxepin. The selected fragments of
each compound, as product ions to be monitored, are indicated
in Fig. 3. The impact of temperature, nebulizer gas and ESI tem-
perature were investigated to optimize the specificity and sensi-
tivity of m/z 90.71, 90.71, 106.74 ion detection.

Selectivity

The selectivity of the method was examined by analyzing (n = 6)
blank human plasma extract against plasma spiked with the
lowest standard. As shown in Fig. 4 no significant direct interfer-
ence in the blank plasma traces was observed from endogenous
substances in drug-free human plasma at the retention time of
the analytes.

Linearity

Nine-point calibration curves were found to be linear over the
concentration range of 0.370–95.539 ng/mL for amitriptyline and
0.365–94.374 ng/mL for nortriptyline. Linearity was assessed by a
weighted (1/x2) least squares regression analysis. The best linear
fit and least-squares residuals for the calibration curve were
achieved with a 1/x2 weighing factor, giving a mean linear regres-
sion equation for the calibration curve of: y = 0.012 (�0.001)x +
0.003 (�0.0002) for amitriptyline and y = 0.011 (�0.001)x + 0.002
(�0.0001) for nortriptyline where y is the peak area ratio of the
analyte to the IS and x is the concentration of the analyte. The
mean correlation coefficient of the weighted calibration curve
generated during the validation was 0.99 or better; Table 1 sum-
marizes the calibration curve results. The acceptance criterion for
each back-calculated standard concentration was 15% deviation
from the nominal value except LLOQ, which was set at 20%.

Sensitivity

The LLOQ was defined as the lowest concentration in the stan-
dard curve that can be measured with acceptable accuracy and
precision, and it was found to be 0.370 ng/mL for amitriptyline
and 0.365 ng/mL for nortriptyline. The intra-day precision at the
LLOQ was 5.6%, and the intra-day accuracy was 4.5% for amitrip-
tyline, nortriptyline respectively (Table 2).

Precision and Accuracy

The results for intra-day and inter-day precision and accuracy for
amitriptyline and nortriptyline in plasma quality control samples
are summarized in Table 2. The intra-day precision and accuracy
was �7.0 and �3.8% for amitriptyline and �5.7 and �3.1% for
nortriptyline, respectively. The inter-day precision and accuracy
was �7.1 and �3.1% for amitriptyline and �5.3 and �3.6% for
nortriptyline, respectively.

Recovery

Four quality control samples at LOQ, low, medium and high con-
centrations for amitriptyline and nortriptyline were prepared for
recovery determination. The mean recovery was 85.3, 88.4 and
80.7% for amitriptyline, nortriptyline and doxepin, respectively.

Matrix Effect

The matrix effect was evaluated by analyzing QC samples.
Average matrix factor values (matrix factor = response of post-
spiked concentrations/response of neat concentrations)
obtained were +0.93 (CV 4.4%, n = 6) at LQC and +0.98 (CV 1.3%,
n = 6) at HQC level for amitriptyline and +0.92 (CV 3.3%, n = 6) at
LQC and +0.97 (CV 1.9%, n = 6) at HQC level for nortriptyline
respectively, whereas for the IS it was found to be +0.94 (CV 2.3%,
n = 6) at the tested concentration of 0.02 mg/mL. Matrix effect was
not observed at analytes and IS retention times.

Dilution Integrity

The upper concentration limits could be extended to
156.725 ng/mL for amitriptyline and 155.762 ng/mL for nortrip-

Figure 4. Representative chromatograms of (A) Extracted blank plasma
sample; (B) Extracted lower limit of quantification plasma sample.
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Table 1. Precision and accuracy data of back-calculated concentration of calibration samples for amitriptyline and nortriptyline in
human plasma

Analytes Concentration
added (ng/mL)

Concentration found
(mean; ng/mL)

Precision (%) RE (%)

Amitriptyline 0.370 0.375 4.86 1.49
0.740 0.780 8.13 5.50
2.750 2.798 1.24 1.76
4.766 4.877 4.14 2.33

14.311 14.060 1.92 -1.75
47.703 46.970 3.13 -1.54
71.626 74.028 4.35 3.35
85.985 85.859 2.97 -0.15
95.539 94.962 0.85 -0.60

Nortriptyline 0.365 0.370 2.85 1.28
0.731 0.757 5.70 3.65
2.716 2.633 2.25 -3.05
4.707 4.813 1.18 2.25

14.136 14.080 6.46 -0.40
47.121 48.839 5.07 3.65
70.752 72.554 1.64 2.55
84.937 83.682 4.66 -1.48
94.374 96.125 1.94 1.86

Table 2. Precision an accuracy of the method for determining amitriptyline and nortriptyline concentration in plasma samples

Analytes Concentration
added (ng/mL)

Intra-day precision (n = 6) Inter-day precision (n = 6)
Concentration found

(mean; ng/mL)
Precision

(%)
RE (%) Concentration found

(mean; ng/mL)
Precision

(%)
RE (%)

Amitriptyline 0.406 0.415 5.6 2.2 0.413 7.1 1.7
0.846 0.823 7.0 -2.8 0.830 5.7 -1.9

42.305 43.902 2.6 3.8 43.626 4.8 3.1
78.342 79.667 5.2 1.7 80.350 4.5 2.6

Nortriptyline 0.401 0.413 4.5 3.1 0.415 3.7 3.6
0.836 0.845 5.7 1.0 0.849 5.3 1.5

41.789 40.861 3.7 -2.2 41.336 3.8 -1.1
77.387 79.807 2.9 3.1 78.590 4.3 1.6

Table 3. Stability samples result for amitriptyline and nortriptyline

Analytes Stability n Spiked concentration
(ng/mL)

Mean calculated
comparision sample

concentration (ng/mL)

Mean calculated
stability sample

concentration (ng/mL)

Mean percentage
change

Amitriptyline Processa 5 0.846 0.813 0.839 3.2
5 78.342 79.300 80.184 1.1

Bench-topb 5 0.846 0.824 0.804 -2.4
5 78.342 79.004 78.694 -0.4

Freeze–thawc 5 0.846 0.811 0.833 2.6
5 78.342 78.771 80.339 2.0

Long-termd 5 0.846 0.851 0.810 -4.8
5 78.342 78.389 77.244 -1.5

Nortriptyline Processa 5 0.836 0.831 0.817 -1.7
5 77.387 78.437 78.899 1.9

Bench-topb 5 0.836 0.830 0.848 2.2
5 77.387 79.985 78.876 -1.4

Freeze–thawc 5 0.836 0.842 0.863 2.4
5 77.387 78.625 80.955 3.0

Long-termd 5 0.836 0.837 0.811 -3.2
5 77.387 78.784 77.973 -1.0

a After 45 h in autosampler at 10°C; b after 6 h at room temperature; c after three freeze–thaw cycles at -20°C; d at -20°C for 70 days.
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tyline by a 2- or 5-fold dilution with human plasma with a preci-
sion of 2.5% and an accuracy of 4.1% for amitriptyline and
nortriptyline, respectively.

Stability

The stability of the analytes in human plasma under different
temperature and timing conditions was evaluated as follows
and the results of the stability studies are enumerated in Table 3.
QC samples were subjected to long-term storage conditions
(-20°C), and to freeze–thaw stability studies. All the stability
studies were conducted at two concentration levels (0.846 and
78.342 ng/mL for amitriptyline, 0.836 and 77.387 ng/mL for

nortriptyline as low and high QC values) with five determina-
tions for each. For process stability, the results indicated that the
difference in the back-calculated concentration from time 0 to
45 h was 3.2 and 1.9% for amitriptyline and nortriptyline, respec-
tively, which allowed us to conclude that processed samples
were stable at least for 45 h at 10°C in the autosampler. For
bench-top stability, the results allowed us to conclude that both
analytes were stable for at least 6 h at room temperature in
plasma samples. Freeze–thaw stability results indicated that the
repeated freeze and thawing (three cycles) did not affect the
stability of amitriptyline and nortriptyline. For long-term stabil-
ity, the analytes in plasma at -20°C were found to be stable for at
least 70 days at -20°C.

Figure 5. Mean plasma concentration–time profile of amitriptyline and nortriptyline in human
plasma following oral dosing of 50 mg amitriptyline tablet to 24 subjects.
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Pharmacokinetic Study

The proposed method was applied to determine amitriptyline
and nortriptyline levels in plasma for a bioequivalence study in 24
healthy Indian male volunteers who were orally administered
50 mg amitriptyline in tablet form. High-throughput sample
analysis is of particular importance for studies that require the
analysis of large numbers of samples, and the described SPE
method of sample preparation is suitable for this purpose.
Figure 5 shows the mean plasma concentration–time curves for
the two formulations. Pharmacokinetic parameters derived from
these curves are presented in Table 4. No significant differences
were observed between the two formulations in terms of: Cmax,
AUC168h, AUCinf, Tmax or t1/2.

Conclusion
A rapid, sensitive and rugged UPLC-MS/MS method has been
developed and fully validated for the determination of amitrip-
tyline and nortriptyline in human plasma according to US FDA
Guidelines (Shah et al., 1991). The basic underlying advantage of
this optimized method is that it utilizes only 0.200 mL of plasma, it
has a very short SPE extraction procedure with no reconstitution
step and the short chromatographic run time of this assay is
particularly suitable for routine assay. The proposed method pro-
vided excellent specificity and reproducibility. The chromato-
graphic run time was only 1.2 min. It is concluded that this
sensitive and specific method is applicable for the quantitative
determination of amitriptyline and nortriptyline in human plasma
in pharmacokinetic and bioavailability studies of amitriptyline.
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Table 4. Bioequivalence parameters obtained after oral
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Pharmacokinetic
parameters

Test Reference

Amitriptyline
Tmax (h) 3.87 � 1.29 4.74 � 1.60
Cmax (ng/mL) 38.217 � 18.75 35.385 � 16.12
AUC0–36 (h ng/mL) 772.851 � 585.12 756.216 � 532.04
AUC0–inf (h ng/mL) 836.858 � 627.61 828.416 � 598.74
t1/2 (h) 23.308 � 8.72 24.733 � 11.92
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