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RP-UPL C method development and validation for the quantitative
determination of potential impurities of trimipramine maleate
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ABSTRACT

Objective: The objective of the study wasto devel op and evaluate the reverse phase ultra performance liquid chromatography (RP-UPLC)
method for the quantitative determination of potential impurities of trimipramine maleate active pharmaceutical ingredient. M ethod: The
method uses a waters acquity BEH RP,, column (100 x 2.1mm, 1.7um ) with mobile phase A consisted, 100 mM dipotassium hydrogen
phosphate and 10 mM potassium dihydrogen phosphate, pH adjusted to 8.0 and mobile phase B consisted mixture of acetonitrile and
methanol (80:20) with agradient programme. The column temperature was maintained at 40 °C and the detection was carried out at 220 nm.
Results and Discussions: Efficient and reproducible chromatographic separation was achieved on BEH RP , stationary phase in gradient
elution profile. The newly developed UPL C method was validated according to |CH guidelines considering four impurities to demonstrate
precision, linearity, accuracy and robustness of the method. The devel oped UPL C method was found to berapid (10.5 min run time), accurate
and sensitive. The correlation coefficient values are greater than 0.99 for trimipramine maleate and its four impurities. Detection limit and
guantitation limit was 0.003% and 0.009% respectively, indicating the high sensitivity of the newly developed method. Accuracy of the
method was established based on the recovery obtained between 93.8% and 106.2% for all impurities. The result of robustness study also
indicates that the method is robust and is unaffected by small variation in chromatographic conditions. Conclusion: The proposed UPLC
method providesreliable, reproducible, accurate and sensitive for the quantification of trimipramine maleate related substances.
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INTRODUCTION:

Trimipramine is a dibenzazepine derivative tricyclic antidepressant,
which is widely used for the treatment of a variety of depressive
states and other psychiatric disorders. It has antidepressant, anxiolytic,
antipsychotic and sedative effects'. Trimipramine is primary use in
medicine for the treatment of major depressive disorder, especially
where sedation is required due to its prominent sedative effects’.
Trimipramine also has some weak antipsychotic effects which are
less pronounced than with the phenothiazine antipsychotic perazine®.
Trimipramineisthe only effective drug against insomniaknown so far
that does not alter the normal sleep architecture*s. The anxiolytic
action produces restoration of normal sleep patterns and a subjective

Trimipramineisachira compound with an asymmetric center at the
side chain and the two enantiomers are different from each other in
terms of physiological and behavioural effects'®. Chemical structure
of trimipramine maleateisgiveninfigure 1.
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improvement in the patients. The antidepressant action produces
mood elevation, usually within 7 to 10 days® . Trimipramine is
metabolised intheliver toitsmajor metabolite desmethyltrimipramine.
Trimipramineisexcreted intheurine, mainly intheform of its metabo-
lites, and has been shown to have a mean elimination half life of 24
hours after a 50mg oral dose’. Trimipramine has been shown to be
extensively bound to plasma proteins (average of 94.9%) and it has
been suggested that it undergoes high first-pass hepatic clearance?®.
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Molecular weight = 410.51
Molecular formula=C_H. N..CH O
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Fig. 1: Structureof Trimipramine maleate

Several analytical methods have been reported to determine
trimipraminein bulk drug, formulation andin biological matrices. These
methods include spectrophotometry'?, high performance thin layer
chromatography (HPTL C)*, high performance liquid chromatogra-
phy (HPLC) **% and liquid chromatography tandem mass spectrom-
etry (LC/MS) 538, Trimipramine maleateisan officia drugin USP, EP,
BP, and IP. Extensiveliterature survey revealsthat no UPLC methods
have been reported for the analysis of trimipramine mal eate drug sub-
stance. Henceit wasfelt necessary to devel op an accurate, rapid and
sensitive UPL C method for the determination of trimipramine mal eate
impurities.
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UPL Cisrelatively new method devel oped in theliquid chromatogra-
phy. It represents a significant decrease in separation time without
loss of its efficiency and resolution. Objective of the current study
was to develop a UPLC-UV method for the quantitative determina-
tion of impuritiesin trimipramine mal eate and check the suitability of
the method as per ICH guidelines. Pharmacopeia methods for
trimipramine maleate are isocratic and time consuming. The newly
developed UPL C method separates all impuritieswith short runtime.

MATERIALSANDMETHODS

Reagentsand Chemicals

Samples of trimipramine mal eate and standards of Imp-1, Imp-2, Imp-
3andImp-4 (Table 1) werereceived from Deeptalaboratories, Mysore,
India. HPLC grade methanol and acetonitrile was purchased from
Rankem, Mumbai, India. Deionized water was prepared using aMilli-
Q pluswater purification system from Millipore (Bedford, MA, USA).
Analytical reagent grade of dipotassium hydrogen orthophosphate,
potassium hydrogen phosphate, diammonium hydrogen orthophos-
phate, ammonium hydrogen phosphate, ammonium acetate, sodium
hydroxide, hydrogen peroxide and hydrochloric acid were purchased
from Merck IndiaLimited (Mumbai, India).

Instruments

The L C method devel opment and validation were done using Agilent
1290 Infinity UPL C equipped with PDA detector (Agilent technolo-
gies, CA, USA). The data were collected and the peak purity of the
trimipramine peak was checked using chemstation software.

Chromatogr aphic conditions

The chromatographic separations were achieved on Waters Acquity
BEH RP, column (100mmIength x 2.1 mm1D with 1.7um particlesize,
Waters corporation, MA, USA). Mobile phase A consisted, 100 mM
dipotassium hydrogen phosphate and 10 mM potassium dihydrogen
phosphate, pH adjusted to 8.0 and mobile phase B consisted mixture
of acetonitrile and methanol (80:20) with a gradient programme
(T ,AB)T8515,T,50.50, T, 20.:80, T, 2080, T 85:15 withapost-
run time of 2.5 min. The column temperature was maintained at 40 ‘C
and the detection was carried out at 220 nm. The flow rate was set to
0.5 mL/min. The test concentration was about 200 pug/mL and the
injection volumewas 2L . A degassed mixture of mobile phaseA and
mobile phase B (1:1) was used as diluent for standard and sample
preparations.

Preparation of stock solutionsfor method validation

A test preparation of 200 pg/mL of trimipramine maleate APl sample
was prepared by dissolving in diluent. A stock solution of impurities
was prepared by dissolving 5 mg each of Imp-1, Imp-2, Imp-3, Imp-4
and 5 mg of trimipramine mal eatein diluent and made up to 50 mL with

Journal of Pharmacy Research Vol.8 I ssue 10.October 2014

diluent. Transferred 5 mL of each individual stock solutionintoa100
mL volumetric flask and made up to volume with diluent. From this
stock solution, standard solution of 0.40 pug/mL of each impurity and
0.40 pg/mL of trimipramine mal eate was prepared.

RESULTSAND DISCUSSION:

M ethod development

The determination of the suitability of aHPL C method isbased upon
the level of development. However, at a minimum HPLC method
should provide baseline separation of starting materials, desired prod-
ucts, known impurities, and expected by-products. The chromato-
graphic conditions should also be chemically compatible with the
analytes. The main objective of the UPLC method development for
trimipramine was to achieve efficient separation of impurities and a
short run time method.

Selection of wavelength

The optimum wavelength of detection is the wavelength that gives
the highest sensitivity for the significant rel ated substances and mini-
mizes the difference in response factors between those of the active
pharmaceutical ingredient and the related substances. Trimipramine
and its impurities give good detector response at 220 nm, therefore
the final absorption wavelength for detection was chosen at 220 nm.

M obilephaseselection

In reverse phase chromatography, the maobile phase consists of an
aqueous buffer and anon-UV active water miscible organic solvent.
Choosing aright buffer and pH is very critical for method devel op-
ment. Buffers are recommended to control the pH stability of the
mobile phase. Bufferslike ammonium acetate, di potassium hydrogen
orthophosphate, potassium hydrogen phosphate, diammonium hy-
drogen orthophosphate, ammonium hydrogen phosphate, and its
combination were studied for the trimipramine mal eate UPL C method
development. Trimipramine is basic in nature with a pKa value of
9.4%, At sufficiently low pH, basic analytes are in ionised form and
will elute more quickly but with improved peak shape. Conversaly, at
higher pH basic compoundswill be more retained. Peak splitting may
be observed if the pH of the mobile phaseis similar to the pKaof the
compound and the analyte elutes as both a charged and uncharged
species. Therefore we have adjusted the pH of the bufferis8to get a
better peak shape for all the experiments. Acetonitrile and methanol
has chosen as organic modifiers. The principle difference in the be-
havior of acetonitrile and methanol isthat where acetonitrileformsa
thick multi-molecular adsorbed layer on the surface of reverse phase
adsorbent (C-C; and phenyl phases), while methanol is adsorbed
only inmonomolecular fashion® . Thisbringsaprincipal differencein
the analyte retention mechanism in these two hydro-organic sys-
tems.
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Fig. 2: Chromatogram of Trimipraminemaleate spiked with impurities.

Column selection

The heart of aHPLC system is the column. Changing a column will
have the greatest effect on the resolution of analytes during method
development. Silica-based packing materialsdominatein applications
for RP separationsin the pharmaceutical industry. The vast majority
of RP LC separations take place on column that contain C,; bonded
stationary phases due to their stability, retentivity and reproducibil-
ity. In addition, these hydrophobic ligands provide the desired sepa-
ration most of thetime. However screening several different types of
stationary phases during method development for a particular sepa-
ration is often useful because different columns usually have differ-
ent selectivity for components in a sample. Three different types of
columnswere preferred for the method devel opment of trimipramine
maleate ie BEH (Ethylene Bridged Hybrid) C ., BEH RP,, and HSS
(High Strength Silica) C,, columns. All columns used were fully end
capped.

Several experiments were conducted to get a baseline resolution be-
tween trimipramine maleate and impurities. The resolution between

Tablel: Potential impuritiesof Trimipramine

Sl.No. Structure Mol. Wt. [UPAC name Code Origin
. 31044 (2RS)}-3(10,11-Dihydro5H-  IMP-1Process
O W% dibenzofb/flazepin-5-y1)-
N N,N,2-trimethylpropan-1-
Q amineN-oxide
(L~
2 y N@(“” 28041 (2RS)-3-(10,11-Dihydro-5H-  IMP-2 Process
/ H dibenzo[b,flazepin-5-yl)-N,2-
Q dimethylpropan-1-amine
3 Z N\ 19526  10,11-Dihydro-5H- IMP-3Process
dibenzo[b/f]azepine
4 I‘ __N_ 28041 (2RS)-3-(10,11-Dihydro-5H-  IMP-4Process
7l

dibenzo[b,flazepin-5-yl)-
N,N-dimethylpropan-1-amine
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Table2: Method validation summary report

Parameter Imp-1 Imp-2 Imp-3  Imp-4 Trimipramine
System suitability

RT 128 383 414 493 5.92
RRT 022 065 070 083 1.00
Rs - 3713 483 1357 17.49
N 6897 41120 81831 118540 175641
T 122 135 118 1.06 1.09
Linearity

r 0.9985 09946  0.9993 09969  0.9978
Slope 1828 18.10 1631 16.62 18.15
Intercept 0.0931 -01322 0.1683 0.0632  0.0587
Detection limit (%) 0.003 0.003 0.003 0.003 0.003
Quantitation limit (%) 0.009 0.009 0.009 0.009 0.009
Precision (QL)

% RSD (n 6) 31 4.0 25 25 35
Repeatability (intraday)

% RSD (n 6) 16 12 0.7 16 04
Intermediateprecision

(inter day)

% RSD (n12) 15 20 31 18 0.3
Accuracy at QL level (n3)

Amount added (%) 0.0090 0.0090 0.0090 0.0090 -
Amount recovered (%) 0.0084 0.0095  0.0084 0.0088

% Recovery 933 1056 933 978

Accuracy at 80% level (n 3)

Amount added (%) 016 016 016 016 -
Amount recovered (%) 0.1509 01699  0.1539 0.1559

% Recovery 938 1062 9.2 974

Accuracy at 100% level (n 3)

Amount added (%) 020 020 020 020 -
Amount recovered (%) 01921 02022  0.2056 0.2006

% Recovery %.1 1011 102.8 1003

Accuracy at 120% level (n 3)

Amount added (%) 024 024 024 024 -
Amount recovered (%) 0.2335 02315  0.2435 0.2475

% Recovery 973 965 1015 1031

n, number of determinations; RT, retention time; RRT, relative retention
time; Rs, USP resolution; N, number of theoretical plates; T, USP tailing
factor; r, correlation coefficient.
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Imp-2 and Imp-3 were poor when different UPLC columnsviz; C
RP,, and HSS C , were used in different mobile phases containing
phosphate and acetate buffers along with acetonitrile with pH 8.0.
Use of methanol as an organic modifier shown significanceimprove-
ment in resolution between Imp-2 and Imp-3 however poor peak
shaperesulted. Use of RP,, columnwitha100 mmlength x 2.1mmID
columnand 1.7um particlesi ze, use of mixture of 100 mM dipotassium
hydrogen phosphate and 10 mM potassium dihydrogen phosphate,
pH adjusted to 8.0 as mobile phase A and acetonitrile-methanol mix-
ture (80:20) as mobile phase-B was significant in achieving the de-
sired resol ution of trimipramine maleate and itsimpurities. After sev-
eral trialsfor gradient profile, chromatographic conditionswerefinal-
ized as described under section chromatographic conditions.

METHODVALIDATION:

The newly devel oped method was validated for sensitivity, linearity,
precision and accuracy, robustness and system suitability according
to ICH guidelines®. Validation study wascarried out for Imp-1, Imp-
2, Imp-3and Imp-4. The system suitability and selectivity were checked
by injecting 200 pg/mL of trimipramine mal eate solution containing
0.4ug/mL of al impurities monitored throughout the validation.
Method validation results are summarized in Table 2.

Limit of detection (L OD) and limit of quantitation (L OQ)

The limit of detection and limit of quantitation were determined for
trimipramine maleate and for each of the related substances as per
ICH Q2R guideline. TheLOD and LOQ for Imp-1, Imp-2, Imp-3, Imp-
4 and Imp-5 and trimipramine mal eate were estimated at a signal-to-
noiseratio of 3:1and 10:1, respectively by injecting aseries of diluted
solutions with known concentration. The limit of detection and the
limit of quantitation for Imp-1, Imp-2, Imp-3, Imp-4 and trimipramine
mal eate were about 0.003% and 0.009% of analyte concentrationi.e.
200 pg/mL respectively. Precision study was also carried at the LOQ
level by injecting six individua preparationsof all impuritiesand the
relative standard deviation for LOQ concentration for all impurities
were below 5%.

Linearity andrange

The linearity of an analytical procedureisits ability (within agiven
range) to obtain test results, which are directly proportional to the
concentration of the analyte in the sample. A linearity test solution
for related substance method was prepared by diluting the impurity
stock solution to the required concentrations. The solutions were
prepared at six concentration levelsfrom LOQ to 150% of the permit-
ted maximum level of theimpurity (i.e. LOQ, 0.04 ug/mL ,0.10 ug/mL,
0.20 pg/mL 0.32 pg/mL, 0.40 pg/mL and, 0.60 pg/mL) wassubjected to
linear regression analysis with the least squares method. Calibration
equation obtained from regression analysis was used to calculate the
corresponding predicted responses. The residuals and sum of the
residual squares were calculated from the predicted responses. The
correlation coefficient obtained was greater than 0.99 for all impuri-
ties. Theresult showed an excellent correl ation between the peak and
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concentration of all impurities. The range of the method was from
LOQto 0.60 ug/mL of the analyte concentration (200 pug/mL).

Precision

Precision of the method was studied for method precision and interme-
diate precison. Method precision was checked by injecting six indi-
vidua preparations of (200 pg/mL)Trimipramine maleste spiked with
0.4ug/mL of eachimpurity. Intheintermediate precision study, the simi-
lar procedure of method precision was carried out by adifferent day. %
RSD of areas of each impurity waswithin 5.0, confirming good preci-
sion at low level of the developed analytical method.

Accuracy

The accuracy of an analytical procedure expresses the closeness of
agreement between the value, which is accepted either as a conven-
tional true value or an accepted reference value and the value found.
The accuracy of the method was evaluated in triplicate at LOQ, 80%
level (0.32 pg/mL), 100% level (0.40 pg/mL) and 150% level (0.60pg/
mL ). The percentage recovery of all impuritiesin drug substance has
been cal culated. Chromatogram of Trimipramine mal eate spiked with
four impuritieswas depicted in Figure 2.

Robustness

To determine the robustness of the method, experimental conditions
were deliberately changed and the resolution between closely elut-
ing peaks, Imp-2 and Imp-3 were evaluated. Close observation of
analysisresults of deliberately changed chromatographic conditions
viz; flow rate (0.5+0.05 mL/min), mobile phase composition (+ 2%
acetonitrileand methanal), pH 8.0+0.1 and column temperature (40+5
°C) shown that resolution between Imp-1 and Imp-2 was greater than
4.0 and no significant changein relative retention timefor al impuri-
tiesin spiked sample illustrating the robustness of the method.

Solution stability and mobile phase stability

The solution stability of trimipramine maleate and itsrelated impuri-
ties was carried out by leaving both spiked and unspiked sample
solutions in tightly capped HPLC vials for 72 h in an auto sampler.
Content of each impurity was determined against freshly prepared
standard solution. No significant changes were observed in the con-
tent of any of the impurities. The solution stability and mobile phase
stability experiment data confirms that the sample solutions and mo-
bile phase used during related substance determination were stable
for at least 72 hour.

CONCLUSION:

The devel oped UPL C method provides reliable, reproducible, accu-
rate and sensitive for the quantification of trimipramine maleate re-
lated substances. This newly developed method has been validated
as per regulatory requirements and has shown acceptable precision,
accuracy and adequate sensitivity. This method can be used for the
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routine analysis of trimipramine maleate active pharmaceutical in-
gredient related substances.

ACKNOWLEDGEMENTS

The authors are thankful to the management of Deepta L aboratories
for providing necessary facilities. Authors would like to thank col-
leaguesin separation science group of Analytical Research of Deepta
Laboratories for their cooperation in carrying out thiswork.

REFERENCES

1

10.

Bender S, OlbrichHM, Fischer W, Hornstein C, Schoene W,
Falkai P, Haarmann C, Berger M, Gastpar M, Antipsychotic
efficacy of the antidepressant trimipramine: a randomized,
double-blind comparison with the phenothiazine perazine,
Pharmacopsychiatry, 36, 2003, 61-69.

Eikmeier G Berger M, Lodemann E, Muszynski K, Kaumeier
S, Gastpar M, Trimipramine; An atypical neuroleptic, Inter-
national Clinical Psychopharmacology, 6,1991, 147-153.
GrossG, Xin X, Gastpar M, Trimipramine: Pharmacological
re-evaluation and comparison with clozapine, Neurophar-
macology, 30, 1991, 1159-1166.

Schredl M, Berger M, Riemann D, Theeffect of trimipramine
on dream recall and dream emotions in depressive outpa-
tients, Psychiatry Research, 167, 2009, 279-286.

WhiteN, Litovitz T, Clancy C, Suicidal antidepressant over-
doses: acomparative analysis by antidepressant type, Jour-
nal of Medical Toxicology, 4, 2008, 238-250.

Roth BL, Driscol J, PDSP K, Database.Psychoactive Drug
Screening Program (PDSP). University of North Carolinaat
Chapel Hill and the United States National Institute of Men-
tal Health, 2011.

Fernandez-Navarro, Juan Jose, Ruiz-Angel, Maria Jose,
Garcia-Alvarez-Coque, Maria Celia, Reversed-phaseliquid
chromatography without organic solvent for determination
of tricyclic antidepressants, Journal of Separation Science,
35(10-11), 2012, 1303-1309.

Fakhari Ali R, Tabani Hadi, Nojavan Saeed, Abedi Hamid,
Electromembrane extraction combined with cyclodextrin-
modified capillary electrophoresis for the quantification of
trimi pramine enantiomers, Electrophoresis, 33(3), 2012, 506-
515.

Yu Caixia, DuHongwel, Y ou Tianyan, Determination of imi-
pramine and trimipramine by capillary electrophoresiswith
electrochemiluminescence detection, Talanta, 83(5), 2011,
1376-1380.

Sasgjima Yasuhide, Lim Lee Wah, Takeuchi Toyohide,
Suenami Koichi, Sato Kiyohito, Takekashi Yuji, Simultaneous

14,

16.

17.

determination of antidepressants by non-agueous or quasi-
non-agqueous capillary electrophoresis, Analytical Sciences,
26(6),2010, 693-698.

Waldschmitt Christine, Pfuhlmann Bruno, Hiemke Christoph,
Analysis of Multiple Antidepressant and Antipsychotic
Drugs IncludingActive Metabolitesin Serum of Psychiatric
Patients by LC with Column Switching and Spectrophoto-
metric Detection, Chromatographia, 69(9-10), 2009, 821-827.
Patel SK, Patel NJ, Simultaneous determination of imipramine
hydrochloride and chlordiazepoxidein pharmaceutical prepa-
rations by spectrophotometric, RP-HPL C, and HPTL C meth-
ods, JAOACInt., 93(3), 2010, 904-10.

Mercolini L, Mandrioli R, Finizio G, Boncompagni G, Raggi
MA, Simultaneous HPL C determination of 14 tricyclic anti-
depressants and metabolites in human plasma, J Sep Sci.
33(1), 2010, 23-30.

Theurillat R, Thormann W, Monitoring of tricyclic antide-
pressants in human serum and plasmaby HPLC: character-
ization of asimple, laboratory devel oped method via exter-
nal quality assessment, JPharm BiomedAnal.,18(4-5), 1998,
751-60.

Queiroz RH, Lanchote VL, Bonato PS, de Carvaho D. Simul-
taneous HPLC analysis of tricyclic antidepressants and
metabolitesin plasmasamples, PharmaceuticaActaHel vetiag,
70(2), 1995, 181-6.

Kirchherr H, Kuhn-Velten WN, Quantitative determination
of forty-eight antidepressants and antipsychotics in human
serum by HPL C tandem mass spectrometry: a multi-level,
single-sample approach, J Chromatogr B Analyt Technol
Biomed LifeSci., 843(1), 2006, 100-13.

Sasgjima Yasuhide, Lim Lee Wah, Takeuchi Toyohide,
Suenami Koichi, Sato Kiyohito, Takekoshi Yuji, Simultaneous
determination of antidepressants by non-aqueous capillary
electrophoresis-time of flight mass spectrometry, Journal of
Chromatography A, 1217(48), 2010, 7598-7604.

Breaud AR, Harlan R, Kozak M, Clarke W, A rapid and reli-
able method for the quantitation of tricyclic antidepressants
inserumusing HPLC-MS/MSS, Clinical Biochemistry, 42(12),
2009,1300-7.

YU Cai-xial, Y UAN Bai-gingl, Tian-yan, Enantiomeric Sepa-
ration of Antidepressant Trimipramineby Capillary Electro-
phoresis Combined with Electrochemiluminescence Detec-
tion in Aqueous-organic Media, Chem. Res. Chinese. Uni-
versties, 27(1), 2011, 34-37

ICH Guiddines, Q2 (R1), Vdidation of analytical procedures:
test and methodol ogy, November, 2005.

Source of support: Nil, Conflict of interest: None Declared

Journal of Pharmacy Research Vol.8 I ssue 10.October 2014

1475-1479



