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ABSTRACT 

Objective: Separation of tricyclic compounds sets the keystone for determining parent drug to metabolite concentration ratios and analysing 
impurities. The combined effects of acetonitrile composition and pH of the mobile phase on the separation of amitriptyline and nortriptyline by 
reversed-phase high-performance liquid chromatography (RP-HPLC) are presented. 

Methods: A series of RP-HPLC triplicate runs were carried out using acetonitrile and a phosphate buffer as the mobile phase and a Kinetex® C18 LC 
Column as the stationary phase using an Agilent 1260 Infinity Series® II liquid chromatography system with UV/visible detection. The stationary 
phase, column temperature, injection volume and flow rate were kept unchanged during analysis. Mobile phase composition and pH were varied to 
observe impact on peak shape, resolution and retention time, taking into consideration green analytical chemistry aspects. 

Results: Optimal chromatographic outcomes were achieved when using the mobile phase made up of 35% acetonitrile and 65% buffer at a pH of 
5.6. These conditions resulted in nortriptyline and amitriptyline eluting at 4.66 min and 5.92 min respectively. Increasing the organic modifier 
content of the mobile phase to 40% completed separation within a run time of 4 min with comparable resolution. The 2 min gained by increasing 
5% acetonitrile may not be justified due to potential implications on greening laboratory practices. 

Conclusion: Reversed-phase chromatography embodies a simple method for the separation of compounds that are similar in structure. Attuning the 
percentage of organic modifier and buffer pH provides acceptable retention times, without compromising resolution between neighbouring peaks.  
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INTRODUCTION 

Tricyclic antidepressants (TCAs) have been in clinical use for over fifty 
years and, owing to their efficacy and low cost, are still prescribed for the 
treatment of major depression and other psychiatric conditions as well 
as in bulimia, migraine prevention, neuropathic pain management, 
fibromyalgia, and enuresis [1, 2]. A limited number of analytical reports 
have focused on methodological considerations for chromatographic 
separation, with interest being fuelled thereafter by the recognition of 
the concentration-dependent effects of these narrow-therapeutic index 
drugs and the importance of testing formulations for quality assurance 
purposes. Modern-day methods for routine analysis of these drugs, their 
metabolites and potential impurities in pharmaceutical preparations and 
bio fluids are of paramount significance. High-performance liquid 
chromatography (HPLC) is the prevalent technique in published 
methods for the analysis of TCAs [3].  

Amitriptyline, 3-(10,11-dihydro-5H-dibenzo [a, d] cyclohepten-5-
ylidene)-propyl dimethylamine, is a basic lipophilic drug, with a 
molecular weight of 277.39, made up of a hydrophobic skeleton and a 
basic tertiary amino group as the main functional group. The compound 
is practically insoluble in water as the free base. The salt, amitriptyline 
hydrochloride, is freely soluble in water and alcohol and easily dissolved 
in polar solvents such as acetonitrile [4]. Water solubility of amitriptyline 
hydrochloride is pH-dependent with the highest solubility in an acidic 
environment. The solubility is significantly reduced when the 
protonation of the tertiary amino group is suppressed.  

Amitriptyline has a pKa value of 9.4. At high pH values, amitriptyline 
is unionized, and the solubility is significantly reduced relative to a 
neutral aqueous solution. The tertiary amino group can provide 
ionic interactions with the silanol groups of the stationary phase. In 
reversed-phase high-performance liquid chromatography (RP-

HPLC), amitriptyline has a strong retention, and as most silica-based 
column packing materials should not be used in the basic 
environment, the working pH typically results in amitriptyline being 
chromatographed in cation form. Being very hydrophobic, a relatively 
high content of organic modifier is expected for the mobile phase. 
Amitriptyline absorbs UV light with the chromophore of the benzene 
ring being extended with the double bond in the side chain [5]. 

As a result of demethylation in the hepatic cytochrome P450 system, 
tertiary amines are metabolised to secondary amines, which have 
pharmacological activity. Nortriptyline, 3-(10, 11-dihydro-5H-dibenzo 
[a,d] cyclohepten-5-ylidene)-N-methyl-1-propanamine, a secondary 
amine with a molecular weight of 263.37, is the principal active 
metabolite of amitriptyline. Amitriptyline is one of the known 
impurities in nortriptyline preparations [6]. Amitriptyline and 
nortriptyline possess similar structures, mass and pKa values, making 
their separation difficult due to similar chromatographic behaviour. At 
a pH below the values of their pKas, the tricyclics are positively 
charged and interactions with silanol groups of the stationary phase 
may result in peak broadening and lack of selectivity and efficiency [7]. 

The physicochemical properties of molecules play a notable role in RP-
HPLC. Taking into account the characteristics of the analytes, various 
parameters may be modified to establish effective separation conditions. 
The type of buffer and organic modifier used and the pH of the mobile 
phase influence retention times, shape and resolution of analyte peaks 
[8]. In the case of analytes that can form ionised species, ionisation 
influences the distribution of the analyte between the mobile and 
stationary phases. Control of pH, particularly through the buffering 
system in the mobile phase, largely determines the concentration ratio of 
protonated and unprotonated forms in the aqueous mobile phase and 
their distribution between the non-polar stationary phase and the polar 
mobile phase [9]. 
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The purpose of this study was to develop a comparatively simple 
approach to investigate the combined effect of pH and acetonitrile 
composition on performing efficient separation of similar tricyclic 
compounds, without resorting to complex additives and resource-
intensive settings. This paper details the approach adopted to 
identify the conditions for optimal separation which are presented 
through the chromatographic results and corresponding discussion. 

MATERIALS AND METHODS 

Chemicals and reagents 

Amitriptyline hydrochloride and nortriptyline hydrochloride standards 
were procured from the European Directorate for the Quality of 
Medicines (EDQM). The structures of these compounds are shown in fig. 
1 and fig. 2. Clomipramine hydrochloride standard was sourced from 
Sigma-Aldrich, Saint Louis, USA. Fisher Chemical, Leicestershire, UK 
supplied HPLC-grade water and orthophosphoric acid. Acetonitrile was 
acquired from Carlo Erba Reagents, Val-de-Reuil, France and disodium 
hydrogen phosphate from Scharlau, Sentmenat, Spain. 

 

 

Fig. 1: Amitriptyline hydrochloride 

 

Fig. 2: Nortriptyline hydrochloride 

 

Sample preparation 

Solutions of 100 µg/ml amitriptyline and nortriptyline were 
prepared in HPLC-grade water and mixed together by transferring 
0.5 ml of each solution into amber-coloured vials. Samples were 
stored at 4 ˚C until analysed. 

Mobile phases 

Mobile phases consisted of acetonitrile and phosphate buffer, which 
were degassed in an ultrasonic bath before use. The buffer solution 
was prepared by dissolving 5.23 g extra pure, anhydrous, disodium 
hydrogen phosphate in 1 L HPLC-grade water. The pH (4.4, 5.6 or 
6.8) was adjusted by dropwise addition of HPLC-grade 
orthophosphoric acid. A Hanna® Bench-top pH meter HI8521 was 
calibrated using standard Hanna® calibrator buffer solutions (at pH 
values of 4.01 and 7.01) and used for pH measurements. Percentage 
acetonitrile composition was set at 30, 35 or 40%. Table 1 lists the 
nine different mobile phases used. 

 

Table 1: Composition and pH of the different mobile phases investigated for the optimal chromatographic separation of amitriptyline and 
nortriptyline 

Mobile phase 1 2 3 4 5 6 7 8 9 
pH 4.4 5.6 6.8 
Percentage acetonitrile 30 35 40 30 35 40 30 35 40 

 

Analytical procedure 

An Agilent 1260 Infinity Series® II liquid chromatography system 
was employed for analysis. Amitriptyline and nortriptyline sample 
mixtures of 20 µl were injected. Triplicate runs were performed for 
each mobile phase composition using a Kinetex® C18 LC Column 
(150 x 4.6 mm; particle size 5 µm) at a temperature of 27 ˚C. The 
mobile phase flow rate was set at 1 ml/min. The UV wavelength was 
set at 210 nm. Separate runs for pure amitriptyline hydrochloride 
and nortriptyline hydrochloride were first performed to assist with 
peak identification.  

Practical considerations 

Calibration in HPLC methods may require the use of an internal 
standard which is chemically similar to the targeted substances and 
can be completely separated from the peaks of other sample 
components. A 0.5 ml aliquot of 100 µg/ml clomipramine 
hydrochloride solution, prepared by dissolving standard 
clomipramine hydrochloride powder in HPLC-grade water, was 
added to the amitriptyline and nortriptyline sample mixture. 20 µl of 
the resulting mixture was injected into the same chromatographic 
system and mobile phase 5 (pH 5.6, acetonitrile 65:35 v/v) was 
employed to explore the implications of adding clomipramine for 
internal standardisation in the practical application of the method 
presented. A UV wavelength of 240 nm was also tested in this 
scenario. 

RESULTS AND DISCUSSION 

In the process of system configuration and optimisation of the 
set chromatographic conditions, methodical consideration was 
given to the properties of the stationary phase. A significant 
interaction between the compounds and HPLC column packing 
materials are common sources of peak tailing, asymmetry and 
low separation efficiencies [10]. The sodium or potassium salts 

of phosphoric acid are commonly used in buffer systems for RP-
HPLC. In general, no more than 50% organic solvent should be 
used in the mobile phase, depending on the concentration of the 
specific buffer employed. Methanol and acetonitrile are 
ordinarily employed as organic modifiers, with the latter being 
preferred in the scenario presented due to lower UV absorbance 
at the wavelength used for the analysis of the compounds of 
interest [11]. Other parameters were systematically assessed, 
experimenting with higher column temperatures, different 
injection volumes and flow rates, as well as dual UV wavelength. 
The conditions suitable for the purpose of the study were 
identified.  

A change in the pH value is the principal tool to manipulate and 
optimise separation and selectivity for ionisable compounds. 
Additional considerations apply when observations from pH 
determined in aqueous systems are extrapolated to acetonitrile-
aqueous systems. Unlike the buffer capacity, the pH of a buffer 
changes upon the addition of an organic solvent and so do the pKa 
values. The combined effect of these shifts may yield important 
differences under the measurement conditions [12, 13]. Changes in 
pH may also alter the position and intensity of UV absorption bands 
of molecules. 

The working pH is preferably selected based on the type of buffer 
being used and according to the pKa values of the compounds. 
Alkaline pHs are not recommended for HPLC applications due to 
potential damage to the column through solubilisation of the silica 
support [14, 15]. Consequently, all mobile phases considered have 
pH values lower than the pKa value of the analytes. At pH 4.4, 
chromatograms [fig. 3-5] showed limited separation and poor 
resolution, particularly mobile phases 2 and 3. Significant 
improvement was observed at pH 5.6 [fig. 6-8] while a pH of 6.8 
prolonged the time for separation and resulted in undesirable peak 
shape [fig. 9-11]. 
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Fig. 3: Disodium hydrogen phosphate (pH 4.4) and acetonitrile (70:30 v/v) 

 

 

Fig. 4: Disodium hydrogen phosphate (pH 4.4) and acetonitrile (65:35 v/v) 
 

 

Fig. 5: Disodium hydrogen phosphate (pH 4.4) and acetonitrile (60:40 v/v) 

 

 

Fig. 6: Disodium hydrogen phosphate (pH 5.6) and acetonitrile (70:30 v/v) 
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Fig. 7: Disodium hydrogen phosphate (pH 5.6) and acetonitrile (65:35 v/v) 
 

 

Fig. 8: Disodium hydrogen phosphate (pH 5.6) and acetonitrile (60:40 v/v) 
 

 

Fig. 9: Disodium hydrogen phosphate (pH 6.8) and acetonitrile (70:30 v/v) 
 

 

Fig. 10: Disodium hydrogen phosphate (pH 6.8) and acetonitrile (65:35 v/v) 
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Fig. 11: Disodium hydrogen phosphate (pH 6.8) and acetonitrile (60:40 v/v) 

 

Efficacy of separation is affected by pH which alters the relative 
proportion of ionised to non-ionised species in the mobile phase 
which in turn governs distribution between the stationary and 
mobile phases. Since the pH of the mobile phase with improved 
performance is 3.8 pH units lower than the pKa of amitriptyline, the 

molecules are expected to be ionised [R-NH+(CH3)2] in the buffer 
used, occurring predominantly in the protonated form [fig. 12]. 
Nortriptyline is similar in structure to amitriptyline and has a 
slightly higher pKa of 9.7. This similarity intensifies the challenge of 
determining isocratic conditions for the separation. 

 

 

Fig. 12: Speciation plot for amitriptyline 

 

Efficient separation can be achieved if a suitable blend of polar and 
less polar components makes up the mobile phase; this modifies the 
distribution coefficient for the partitioning of components between 
the stationary phase and the mobile phase [9]. In determining the 
amount of organic modifier, a content that is too low infers long 
retention times while opting for a high content leads to shorter 
retention times with decreased peak resolution. An increase in the 
percentage of acetonitrile decreased the retention of amitriptyline 
and nortriptyline. This may be explained by the competitive 
interaction of acetonitrile with the stationary phase, diminishing the 
interaction of amitriptyline and nortriptyline with the stationary 
phase. Reducing the amount of acetonitrile delayed the elution of 
amitriptyline, which was most evident at pH 6.8. Analysis at pH 4.4 
highlighted how increasing volumes of acetonitrile may result in 
decreased resolution between the two peaks. With all the different 
mobile phases used, nortriptyline eluted before amitriptyline.  

More symmetrical peaks and less peak tailing were attained when 
using the mobile phase containing 35% acetonitrile at pH 5.6 within a 
reasonable retention time for the separation of nortriptyline and 
amitriptyline (eluting at 4.66 min and 5.92 min respectively). Mobile 
phase 6, with a composition of 40% acetonitrile, allowed for the 
complete separation of analytes within 4 min with comparable 
resolution. Fig. 13 shows how retention time decreased with 

increasing percentage of acetonitrile when using the mobile phase at 
pH 5.6. A mobile phase consisting of 35% acetonitrile was identified as 
the best compromise for the optimal separation of the compounds, as 
the analyte peaks were well defined and resolved at this composition. 
The chromatographic conditions described entail relatively low 
consumption of organic solvent and energy by operating around room 
temperature, supporting the progress towards green analytical 
chemistry to minimize the environmental impact. 

In analytical RP-HPLC studies of amitriptyline and its metabolite 
nortriptyline, clomipramine characterizes a potential internal 
standard due to its chemical and physical similarity to the analytes 
of interest. Clomipramine, 3-(2-chloro-5,6-dihydrobenzo[b][1] 
benzazepin-11-yl)-N,N-dimethylpropan-1-amine, has a pKa of 9.2. 
Adding a known amount of clomipramine may serve as a 
normalizing factor to compensate for losses and variability 
throughout the process. It is desirable that the internal standard 
elutes near to, but is well resolved from the calibrated compounds 
and is chromatographically distinguishable. Adequate separation of 
the three compounds was achieved under the identified 
chromatographic conditions. The chromatogram in fig. 14 shows 
separation using a UV wavelength of 240 nm. Both amitriptyline and 
nortriptyline had a lower intensity of absorbance at this wavelength, 
compared to 210 nm. 
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Fig. 13: Plots of the retention time vs. acetonitrile percentage in the mobile phase (pH 5.6) 

 

 

Fig. 14: Separation of amitriptyline, nortriptyline and clomipramine (pH 5.6; 35% acetonitrile) 

 

Literature related to the chromatographic separation of tricyclic 
compounds encompasses methods with column temperature 
varying from room temperature to 45 ˚C and detection of analytes 
being performed mainly using ultraviolet or diode array detectors 
covering a range of wavelengths [2]. In RP-HPLC, retention times 
and resolution are effected by the underlying separation mechanism. 
The amount of organic modifier and pH of the buffer are critical 
parameters to achieve efficient methods of separation, resulting in 
quicker analysis and satisfactory results in reversed-phase 
chromatography [8-9, 16-17]. This study shows how these 
parameters can be modified concurrently to optimize separation of 
TCAs, without the inclusion of complex additives.  

CONCLUSION 

The rapid systematic technique presented in this paper scrutinises 
the combined effect of two major analytical parameters, buffer pH 
and mobile phase composition, which impact on the resolution of 
chromatographic peaks in the simultaneous separation of 
amitriptyline, nortriptyline and clomipramine. The mobile phase 
composed of phosphate buffer and acetonitrile in the ratio of 65:35 
(v/v) at pH 5.6 yielded the best compromise for the compounds of 
interest. With due consideration to the pertinent sample preparation 
procedures and ensuing validation, the proposed procedure is 
prospectively applicable to the analysis of pharmaceutical impurities 
and in pharmacokinetic studies, which are relevant when 
metabolite-to-parent drug concentration ratios are linked to 
potential variations in enzyme capacity and clinical events. 
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