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ABSTRACT

Amitrityline and its metabolite nortriptiline areit¢yclic antidepressant drugs widely used for tiheatment of
several psychiatric disorders. Several methods hbeen published for the determination of these two
antidepressant drugs in pharmaceuticals, biologicglterials and environmental samples. In this nevé®me of
analytical techniques such as ultraviolet/visitdpectrophotometryfluorimetry, capillary electrophoresisand
chromatographic methods (gaschromatography and -pgtiormance liquid chromatography) were discussed.
Although HPLC and capillary electrophoresis methoal® extensively employed in spite of tHaV/VIS
spectrophotometry are still popular because ofittierent simplicity, low cost, and reliability faletermination of
drugs in pharmaceutical preparations.
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INTRODUCTION

Tricyclic antidepressants (TCASs) are three ringneial structures that were widely used in the chhipracticefor
the treatment of different types of depression pkebias, insomnia, chronic pain syndromes, paisiorder, eating
disorders (e.g., bulimia nervosa), premenstruapbgsc disorderand anxiety disorders[1-4].Theserdisrs affect
to the patients both economically and socially Wwhian eventually leads to suicidal behaviour. Agpigtssant
(ATD) drugs are frequently prescribed in variousnbinations, leading to more possible drug—drugragtons,
while dosage is largely based on trial-and-errorgs All the tricyclic antidepressants are pharoiagically and
structurally similar. Normally these agents inhitie reuptake of three important neurotransmit{&esrotonin,
norepinephrine and dopamine) in the central nergyatem of brain cells [7].

Amitriptyline hydrochloride is a tricyclic antidepssant and is chemically known as 3-(10, 11-dimatedibenzo
[a,d] cycloheptene-5-ylidine)-N,N-dimethyl-1-pro@amine hydrochloride [8] . It is a white, colourlgssystalline
compound which is freely soluble in water. It iedgor the treatment of several psychiatric dissde - 11].The
usual recommended dose varies between 50 and 20@aihg Despite the beneficial effects of amitripte
hydrochloride the overdoses of the drug had mardesinable side effects and may lead to some disoide
unconsciousness, convulsions, hyperreflexia andliaardepression [12]. After oral administration, AN
transformed to its active metabolite (nortriptylin OR) by monoN-demethylationffigure 1) and by
hydroxylation, leading to the formation of E-10-hgey (EHAT) and Z-10-hydroxyamitriptyline (ZHAT).
Nortriptyline is further demethylated to desmetloytniptyline (NNT) and hydroxylated to E-10-hydroxy
nortriptyline (EHNT) and Z-10-hydroxynortriptylin@HNT). The demethylation of amitriptyline and miptyline

is mainly catalysed by CYP2C19, with the participatof other CYP enzyme forms in higher drug corticeions.
Nortiptyline is chemically known as3-(10,11-dihyelsbl-dibenzo[a,d]cyclohepten-5-ylidene)-N-methyl-1-
propanamine (NT).
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In this review, a wide variety of analytical metisotave been reported for the determination of grhtme

andnortriptyline in pharmaceutical preparations anbiological fluids. These methods include spggirotometry,
high-performance liquid chromatography (HPLC), ghsomatography (GC) and capillary electrophore€E)(

principally. In this work, we have recompiled thesdribed methods in the literature for determimatibthese two
antidepressants.

1. Techniquesinvolved in Phar maceutical formulations and Biological Fluids

From the literature various analytical methods sashultraviolet/visiblespectrophotometrifuorimetry, capillary
electrophoresend chromatographic methods (liquid chromatography clyasmatography and high-performance
liquid chromatographyyere used for the determination of amitriptylinedanortriptyline in formulated products
and in biological fluids.

1.1 Spectrophotometric and Spectrofluorimetric methods

Spectrophotometric method can be regarded as ortheobuitable and economical methods of drug aisalys
although its importance has not decreased to atgneduring modern times. Moreover-mainly as a lteslits
coupling with other methods-the field of applicatiof spectrophotometry continues to increase. Mighzased on
the natural ultraviolet-visible absorption of artelyare applied for the determination of active saxses in bulk
drugs. This approach has certain limitations frdme points of the applicability, sensitivity, seigity and
effectiveness of the measurement. Some examplgsectrophotometric applications in quantitativerpteceutical
analysis and biological analysis and are desciisbolw.

Mohamed etal. [13] proposed a simple spectrophatidenenethod based on the formation of charge temsf
complex between 7,7,8,8-tetracyanoquinodimethan€@N@)and amitriptyline in pharmaceutical formulaton
Amitriptyline acts an electron donor and TCNQ ascibn accepter. The low value of the relative déad
deviation (0.212-0.915) indicate the high accurang precision of the method. Also same reagentusas by
Oztuncetal.[14] for the determination of nortriptyd which leads to the formation of coloured chrgews in
acetonitrile medium at 80°C which shows maximunoabance at 567 nm. Later Nour El-Dienetal. [15]eleped
and validated a quantitative spectrophotometrichogtwhich involves the  formation of 1,2-dichloticene
extractable yellow colored ion-pair complex betweanitriptyline, methyl orange (MO) and bromocregoéen
(BCG) reagents at 420 and 410nm, respectively.

Mohamedet al. [16] developed a spectrophotometriethod based onthe formation of ion-pair between
amitriptyline and inorganic complex of Mo(V)-thicmyate which was extracted withmethylene chloride. NEI
Ragehyet al. [17]developed and validate a spectriophetric procedure for determination of nortriptgl
hydrochloride in pure form, dosage form as welliragshe presence of its degradate. Method was bagethe
reaction with 3-Methyl-2-benzothiazolinone hydragdiMBTH) which was used as the chromogenic readgems.
aqueous solution (nortriptyline and MBTH) was theeated with cerium(lV) ammoniumsulphate in an acid
medium to give a blue coloured product having tWsaaption maxima at 619 and 655 nm. Beer’s law ol@yed

in the concentration range of 24-216 mg-ml

Abou Attia [18] described three spectrophotomatnigthods for the determination of nortriptyline hyclloride in
bulk drugand in tablets. Two methods were basethercharge transfer complex formation between ipbytme
which acts as a n-donor and quinhydrone or p-chlbwehich acts as p-acceptor at 497 and 560 nmectsfely.
Third method was based on the formation of vinytassubstituted quinone by the interactioNedlkylvinylamine
formed by the condensation of the free secondarnpeamroup and acetaldehyde wipkchloranil. The coloured
product exhibits an absorption maximum at 650 nulidgxane.

Comparison of UV spectrophotometric and LC methas wone by Moreno et al. [19] for the determinatidn
nortriptyline hydrochloride in oil: water (o:w) migemulsions and it was found that both methods sheweellent
precision and accuracy with RSD values of 2.37 hdd % respectively, for the LC method, and values.®4 and
2.88%, respectively, for the UV spectrophotomatnigthod.

Revanasiddappa and Manju [20] described oxidatimgpling method for the determination of amitripiydi and
nortriptyline spectrophotometrically in pure andsdge forms. The reaction was based on couplindpesfet two
drugs with 3-methylbenzothiazolin-2-one hydrazome the presence of iron(lll) chloride prepared inM
hydrochloric acid. A Kinetic photometric and fluonetric method was proposed by La Peigaet al. f@dthe
determination of nortriptyline hydrochloride utilig 4-chloro-7-nitrobenzofurazan in pharmaceutjwadparations
and mean recovery was found almost near to 100% Wdth photometric and fluorimetric detection. A
semiautomatic extraction-fluorimetric method fortetenination of amitriptyline and nortriptyline basen the
formation of ion-pair with 9,10-dimethoxyanthracehsulphonate was described by Valenzuela et ah i
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pharmaceutical formulations. The complex formed etsacted into dichloromethane and complex foramatvas
favoured in strongly acidic medium which showeaflscence at 448 nm after excitation at 265 nm[22].

The analytical characteristics of the above citegthods and other parameters described in the tlireraare
presented in Table 1.

2.2 Capillary electrophoresis

Capillary electrophoresis (CE) is a relatively namalytical technique based on the separation afgeldaanalytes
through a small capillary under the influence ofedectric field. In this technique solutes are sasmeaks as they
pass through the detector and the area of eachipgaportional to their concentration, which alkbquantitative
determinations. CE separations are generally mffi@eat, can be performed on a faster time scedguire only
nanoliter injection volumes, and in most casese fallece under aqueous conditions. Several repavis appeared
on the application of this technique in the routiineg analysis.

Wuet al. [23]developed capillary zone electrophisresethod for the determination of amitriptylinedaits active
metabolite nortriptyline, in the presence of b-ogextrin (0.2 mM). in human plasma. Detection wasied out at
200 nm using clomipramine (1 nmol) as an intergahdard. Other parameters were also studied suteaype
and concentration of cyclodextrin, pH and conceiunaof Tris buffer which affects the separationamfiitriptyline

and Nortriptyline. Chenet al. [24] described adiamplified sample stacking and capillary electranglsis method
for the determination of amitriptyline and its nimdéite nortriptyline in human plasma using Tris feuf(1.4 M, pH

4.50) containing beta-cyclodextrin(beta-CD, 1.0 mémd 50% (v/v) ethylene glycol at a voltage of 25kMth a

detection wavelength of 200 nm.

Non-aqueous capillary electrophoresis method fouaneous determination of amitriptyline and ripttdine was
described and validated in pharmaceutical formutetiand plasma samples by Cantlet al. [25]. Sépara@as
achieved within 4.3 min at optimized conditions @M ammonium acetate, applied voltage of 30 kV,ilzy

with 48 cm in length. Acceptable precision and dirity were achieved using the internal standarchowtResults
found were comparable or better than describedhén literature for high performance liquid chromatgahy
(HPLC)-based methods.

N,N,N,N-tetramethyl-1,3-butanediamine (TMBD)was used atitae in the background electrolyte by Aquila 26
for the separation of Amitriptyline and nortrigtye using capillary zone electrophoresis. As trdrsgs are similar
in structure, mass and pka values, therefore thegparation, by capillary zone electrophoresis, iregucareful
attention of parameters, such as the pH and theasition of the electrolyte solution. Kou et al7[2leveloped a
cyclodextrin-modified capillary zone electrophogesiethod for the determination of amitriptyline arattriptyline
in commercial dosage forms. Separation was achievadioltage of 20 kV at a wavelength of 200 nm.

2.3 Chromatographic M ethods

High performance liquid chromatography¥LC) is the most powerful and versatile instruraéteéchnique used for
the detection and quantitation of chemical comptsmen the complex matrices frequently encountered in
pharmaceutical analysis[28]. Liquid chromatogragbynbined with mass spectrometry (LC-MS) is congideas
one of the most important techniques of the lasade of 28 century [29, 30].Several HPLC and LC-MS methods
have been reported for the determination of antytiipe and nortriptyline biological fluids.

Almudever et al. [31] described a HPLC method foe tletermination of nortriptyline in rat plasmao&dure
involved the derivatization with 9Hfluoren-9-ylmgttchloroformate (Fmoc-Cl) and isocratic reversddge (C18)
chromatography with fluorescence detection. Theripdyline derivative was formed within 20 minutesd was
stable at room temperature for about 48 hours.rlsdene method (HPLC) coupled with electrosprayzation
mass spectrometry was described by Shenet al.f§82he determination of amitriptyline and nortsildde in rat
plasma using a XB-C4 column (4.6mmx250mm, 5um, Wélaterials) with a mobile phaseconsisting of 10mM
ammonium acetate (0.6%o. formic acid)—acetonitril®:46, v/v) at a flow rate ofl.0 ml/min. Analysis of
amitriptyline and nortriptyline in plasma andhumémer microsomes was described by Ghahramani and
Lennard[33]. Calibration curve was found to be dinever a wide range of concentratio passing thrabg origin
with a detection limit of 2ng/ml.

Tybringet al. [34] described a method using Deuterlabelled internal standards ([ H ]NT and 4 2J1d-OH-NT)
for the quantification of nortriptyline and 10-hgohy metabolite in plasma. The compounds were ségmhray
reversed-phase HPLC and detected using 3 atmospghressure chemical ionisation and mass spectrgnmEte
method shows good accuracy and precision with Iwhiguantification of 0.8 ng/mL for both compoundshe
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intraday and interday results show coefficients/afiation of 11% at low conc. i.e1l.6 ng/ml rangad &% at 8
ng/mL.
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Figure 1.Main metabolite pathways of amitriptyline

For the detection of secondary group bearing aptaksant (nortriptyline) Oztuncet al. [35] utiliz&s7,8,8-
tetracyanoquinodimethane (TCNQ) as a new deriviidizareagent for HPLC and TLC method in plasma.
Displacement reaction between nortriptyline and TChkakes place which results in the formation ofppeir
chromogens which were directly separated by eitbeersed-phase HPLC on a C column 18 using acgtenit
water (60:40) as mobile phase at 567 nm or TLCilaagel plates using three developing solventays.

Kirchherr and Kuhn-Velten [36] described a HPLCdam mass spectrometrometry method for the detetimma
of amitriptyline and nortriptyline in the presenoé other antidepressants in human plasma using Saodtate
buffer on a monolithic C18 column (50mmx4.6 mmjhwmethanol gradient at pH 3.9. Set of three mdér
standards was used with varying hydrophobicitytfier quantification of drug. After electrospray ipatiion positive
ion fragments were detected in the multiple reactiwnitoring mode with an AP14000 tandem mass spBTdter.
Good result was found with average correlation facieht of 0.9988.

Mosavianet al. [37] described a new method fordbtermination of amitriptyline in waste water byiio liquid
based immersed droplet micro extraction (IL-IDMB)iop to high-performance liquid chromatography with
ultraviolet detection using 1-Hexyl-3-methylimiddibonhexafluorophosphate ([C6MIM][PF6]). Various facs
that affect extraction, such as volume of ioniaidy stirring rate, extraction time, Ph of the aou® solution and
salting effect, were optimized. Method was sucaglsapplied to the determination of amitriptylinethe hospital
waste water samples.

A fully automated on-line method for the determioatof nortriptyline was described by Olesene{28] in human
serum using ASPEC XL (Gilson) solid-phase extractipparatus in combination with high-performancgiitl

chromatography on cyanopropyl cartridges. HPLC wasied out using a C column with a mobile phasd &f
acetonitrile—0.0M triethylamine (34:66 v/v) buffer using pH 3 andsadetected at 242 nm.
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Breauckt al. [39] described a fully-automated turbulent-flowudid chromatography—tandem mass spectrometry
method for the detection of amitriptyline and niptlyline by directly injecting human serum and & standard
onto a Cyclone-P online solid-phase extraction (SREImn (0.5x50 mm). After that analytes were $farred to a
Hypersil Gold C-18 analytical column where elutiakes place with agradient of water and acetoaitsiith 0.1%
formic acid. Analytes were ionized and detectedroa®.5 min analysis time by electrospray-ionizatimass
spectrometry with selected reaction monitoring(SRM)

A fast and sensitiveLC-MS/MS method was describgdastroet al. [40] for the simultaneous deterniamof
amitriptyline and nortriptyline in oral fluid andgsma. Chromatographic separation was performed 8unfire
C18 IS column (20mmx2.1mm, 3.5um), using agrad@dracetonitrile and ammonium formate (pH 3; 2mM) as
mobile phase, which allowed the elution of all teenpounds in less than 5 min.

LC/MS with sonic spray ionization (SSI) method wiescribed by Shinozukaet al. [41] for the determdmaof

amitriptyline and nortriptyline in the presenceather antidepressants in human plasma. Thesesimgs good
separation and sensitivity by LC—-MS using an lriles8 column with methanol:10mM ammonium acetgiél (
5.0):acetonitrile (70:20:10)as mobile phase at @ril@min at 35 8C. Solid-phase extraction of theseyd added to
the human plasma was performed with an Oasis1l HifBidge column. Recovery and limit of detectiontlése
drugs were found to be 69 and 102% and betweenah@3®.63 mg/mL, respectively. The proposed proeedas
easier and more convenient screening method fatepressants.

Micellar liquid chromatographic procedure was depeld by Boseet al. [42] to determine amitriptyliand

nortriptyline in serum samples for Therapeutic DiMgnitoring. Chromatographic determination was iearrout

using a 0.15 M SDS-6% (v/v) pentanol buffered atfth a C18 column, followed by electrochemicaledtion at
650 mV at a flow-rate of 1.5 mL/min having anaysme of 14 min. Limit of detection was foundte 0.25 and
0.31( ng/mL) in serum for amitriptyline and nortsifine, respectively.

Table 1. Analytical Techniquesfor the determination of Amitrityline and Nortriptyline in Phar maceutical and biological fluids

Linear Range RSD Limit of detection

Techniques/ Reagents (ug mLY) (%) (ug mLY) References
Spectrophotometric
7,7,8,8- tetracyanoquinodimethane 10 - 300 0.22-0. _ [13]
3-Methylbenzothiazolin-2-one hydrazone 1 - 25 asd3D 0.04 and 0.035 _ [20]
Ammonium molybdate and ammonium thiocyanate 2-30 0.095-0.627 _ [13]
Ammonium molybdate 1-140 0.35 1.0 [48]
Methyl orange 1-25 0.13-0.87 _ [15]
Bromo cresol green 1-25 0.10-0.59 _ [15]
3-Methyl-2-benzothiazolinone hydrazone 24-216 (OG22 12 [17]
quinhydrone op-chloranil 17.8-100 and 25.1-177.8  0.15 and 0.55 - [18]
7,7,8,8- tetracyanoquinodimethane 1-10 - - [14]
4-chloro-7-nitrobenzofurazan 0.4-60 <1.5 0.12 [21]
Spectrofluorimetric
9,10-dimethoxyanthracene-2-sulphonate 0.25-3.00 0.40 0.30 [22]
4-chloro-7-nitrobenzofurazan 0.6-60 <1.5 0.18 [21]
capillary gas-liquid chromatography 0.025-0.250 6.2-14.2 and 6.8-15.2 1.5-3.0 x 1G [45]
capillary zone electrophoresis 0.16-0.63 and 0.15-0.60 <10 0.06 and 0.07 [23]
capillary electrophoresis 0.01-0.5 <5 0.002 [24]
non-aqueous capillary electrophoresis 0.03-0.50 and 0.03-0.50 14 0.02 [25]
Dispersive liquid—liquid microextraction 0.005-16 5.6-6.4 0.005 and 0.01 [44]
liquid chromatography—UV detection 5.0-1350.0 0.07-1.29 0.72 [46]
HPLC-MSJ/ESI 0.01-3.2and 0.01-1.0 2.8-6.9 and 2.4-5.5 3 x10° [32]
HPLC 0.005-5.0 <8 0.002 [31]
HPLC-MS 0.8-32 x 10 - 0.24 x 1C¢° [34]
LC-MS 0.1-1.0 2.1 and 5.79 0.06 and 0.08 [41]
GC/MS 0.005-0.1 4.1 and 4.2 0.7 and 0.30 [43]
Liquid-liguid micro extraction combined with GC 09- 16 5.6 0.005 [47]

Gas chromatography (GC) and especially GC/id% dynamic method for separation and detectionoddtile
organic compounds. The advent of high- moleculaighteproducts such as polypeptides, or thermallgtaivie
antibiotics limits the scope of this technique. gtincipal limitation rests in the relative non-atlity of the drug
substances. Therefore, derivatization is mandatariythe techniques for producing volatile derivasi of drugs are
legion. Due to insufficient volatility and thermstibility of the majority of drug materials, gas@matography can
also be used for their assay in a limited numberasks only. Below is an important applicationhig technique in
the field of biological fluids.
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Sensitive gas chromatography—mass spectrometryMGiethod for the determination of amitriptylinedaits
metabolite nortriptyline in whole blood was desedbby Papoutsis etal. [43] in whole blood usingtiiptyline as
an internal standard. The combination of solid-pha&straction with derivatization using heptafluanbfsic
anhydride efficiently reduced matrix effect and nowyed sensitivity of the method and later gas clatmgraphy-
coupled with mass spectrometry was described byeitara etal. [49].

CONCLUSION

In this review, several analytical methods werecussed for the quantitative analysis of amitriptyliand
nortriptyline in various pharmaceutical formulatioand biological fluids. From the literature sunieyas found
that mostly Spectrophometric and Spectrofluorinsetmethods were employed for the determination in
pharmaceutical formulations whereas capillary etgdtoresis and chromatographic methods mainly @isethe
analysis of biological fluids. Capillary electropksis is a method which requires low analysis tismall amount
of sample and solvent consumption and simple ingntation. However, due to shorter path lengthefflow cell
this technique has low sensitivity. Analysis usiHPLC is so fast and it is possible to analyse atnalk
pharmaceutical compounds due to the presence &f weidety of detection systeowever instrument is so much
costly so it is not possible to afford by each Iabory. Due to easily availability of spectrophoteters in almost all
the laboratories, simple procedures involved, entopspeed, accuracy and precision, this techrigjséll popular
and attractive. The data for detection limit, lineenge and % RSD of various techniques were pteden Table 1.
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