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ABSTRACT

The presented work is a collective review of the previoudy published methods concerning the analysis of linagliptin
either alone or in binary mixture with metformin. Many spectroscopic and chromatographic techniques were used
for linagliptin analysis either in biological fluids or in pharmaceutical formulations including spectrophotometry,
spectrofluorimetry, HPLC-UV, LC-MSMS and HPTLC methods. This review can be used as a guide for analysts to
sel ect the most appropriate method for their work.

INTRODUCTION

Linagliptin (figure 1) is one of the Dipeptidyl peégase-4 (DPP-4) inhibitors that recently usedr@gatment of type
2 diabetes mellitus by stimulatation of glucoseatafent insulin secretion from the beta cells of pagcreas
through inhibition of DPP-4 activity in peripherplasma [1]. Linagliptin was marketed as Tradj&ntehile its
combination with metformin was marketed as Jentafudlthough many pharmacokinetic studies were regubrt
in the literature for linagliptin analysis in bigizal fluids [2-17], details about the used anabtiprocedures were
not described by the authors, so it were excludexh fthe present review article. Many spectrosc¢p8:22] and
chromatographic techniques [23-48] were used foradiiptin analysis either in biological fluids on i

pharmaceutical formulations.
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8-[(8R)-3-aminopiperidin-1-yl]-7-(but-2-yn-1-yl)-3- methyl-1-
[(4-methylquinazolin-2-yl)methyl]-3,7-dihydro-1H-purine-2,6-dione

Figure 1: Chemical structure and IlUPAC nomenclature of linagliptin
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2. Spectroscopic methods for the analysis of linagliptin in phar maceutical formulations

Different spectrophotometric [18-21] and spectrofimetric [22] methods were reported for determoratof
linagliptin alone in Tradjenfatablets [18, 19 and 22], determination of linatjtign the presence of metformin in
Jentaduetd tablets [20] and simultaneous determination ddiiptin and empagliflozin in Glyxambitablets [21].
All the experimental parameters were describedfiguies 2-3) including the applied method, waveténgf
detection and the diluents used for preparatiah@fworking solution. Linearity ranges (g fjlwere found to be
(10-35), (2-25), (5-30), (2-12) and (10-110) pg hfbr [18], [19], [20], [21] and [22] methods, respieely. Limit
of detection (LOD) was found to be in the rangé19 - 0.84 pg mt) according to the described methods [18-22]
and the dosage form assay resulted in high recoaege (99.83% - 101.2%) with %RSD below 2% conifiigrthe
validation of all the methods [18-22]. There is published work yet regarding derivatization befolé detection
as shown with similar gliptins [49] or regardingeusf spiking technique as reported with the analysi some
metformin anti-diabetic combinations [50].
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Figure 2: Spectroscopic methods used for linagliptin analysisincluding direct UV measurement at 241 nm [18], 294 nm [19], 299 nm [20],
first derivative at 311 nm [20], simultaneous equation at 277 nm [21] and spectrofluorimetric emission at 435 nm after excitation at 339
nm [22]

3. Bioanalytical methodsfor determination of linagliptin in biological fluids

3.1. LC-M Smethod for simultaneous deter mination of linagliptin with other gliptinsin human plasma [23]
LC-MS method was developed and validated to measiuiee human plasma concentrations of vildagliptin,
saxagliptin, sitagliptin, linagliptin and teneligtin, using pioglitazone as an internal standardro@atographic
separation of five gliptins was achieved on C-1Riem (50 x 2.1 mm, 1.8m) using a mobile phase consisting of
20 mM ammonium formate and acetonitrile in gradierde. The detection was performed in positive EESte
and selective ion monitoring at m/z 304.2 for vgtatin, 316.2 for saxagliptin, 408.1 for sitagiipt 473.2 for
linagliptin and 427.2 for teneligliptin. Simple pein precipitation was employed for sample ext@atfrom human
plasma using acetonitrile. Lower limit of quantifton (LLOQ) in plasma was found to be 0.1 ng mior
linagliptin [23].
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Figure 3: Diluentsused in spectroscopic analysis of linagliptin

3.2. LC-MS method for sensitive determination of linagliptin in human plasma applying solid phase
extraction [24]

LC-MS method was developed and validated for thentjfication of linagliptin in human plasma usirigdgliptin

D4 as an internal standard. Following solid phageaetion in 96 well plate format, linagliptin atidagliptin D4
were run on phenyl hexyl, (100A, 100 X 4.6mm, 3.@using an isocratic mobile phase consisting of ¥Om
Ammonium formate buffer (pH 6.5): Methanol, 15:88y. The precursor and productions of the drugs were
monitored on a triple quadrupole instrument operate the positive ionization mode. The [M+H] peakere
observed at m/z of 473.3 and 477.4 for Linagligimd Linagliptin D4 respectively. Most abundant prodions
were found at m/z of 420.2 and 424.2 for both Llipdin and Linagliptin D4 providing lower limit ofjuantification
(LLOQ) in plasma equals to 99.5 pg thfor linagliptin [24].

3.3. LC-M Smethod for determination of linagliptin in human plasma applying liquid-liquid extraction [25]
LC-MS method was developed and validated for thentification of linagliptin in human plasma usinglfisartan
as internal standard. Separation was carried oMVaters, X-Bridge, C18,1Bn column having 4.6x50 mm internal
diameter and the mobile phase containing acettitid 0.1 % formic acid (90:10 v/v) at a flow raie0.6
mL/min. Monitoring of the fragmentation of m/z 483.— 157.6 performed during MS/MS detection of linatifip
on the mass spectrometer providing lower limit eéutification (LLOQ) in plasma equals to 10 ng iR5].

3.4. HPLC-UV methodsfor determination of linagliptin in human plasma [26-27]

HPLC-UV method was developed and validated for ¢ieation of linagliptin in human plasma using abile
phase consisting of potassium dihydrogen phospghéter pH (4.6) - acetonitrile (20:80/v) with UV detection at
299 nm. Chromatographic separation was achieves ®ymmetry® cyano column (150 mm x 4.6 mnu®). The
spiked plasma samples were extracted after dimeditation of proteins using 10d of perchloric acid (35%
w/w) providing lower limit of quantification (LLOQ) irplasma equals to 1.8% mL™ [26]. In addition, another
HPLC-UV method was developed and validated for #immeous determination of linagliptin and metfornimn
human plasma. The analytes were extracted by prptecipitation technique using fi0of 2% perchloric acid and
1000l acetonitrile. Mobile phase consisting of acetdlgitand 0.01M di-potassium hydrogen phosphatedouiff
ratio of 75:25 was used after adjusting pH to 7ihwrthophosphoric acid. Grace vyadyec genesis({30 x 4.6
mm, 4um) column and UV detection at 237 nm was employediding lower limit of quantification (LLOQ) for
linagliptin in plasma equals to 1 ng m[27].
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4, HPTLC methods for determination of linagliptin in pharmaceutical formulations

A high performance thin layer chromatographic (HEJLmethod was developed and validated for the
determination of linagliptin, saxagliptin or vildggin in their binary mixtures with metformin inhprmaceutical
preparations using environmentally preferable gneebile phase system. Separation was carried oulerck
HPTLC aluminum sheets of silica gel 60 F254 usirgranol-0.5% w/v agueous ammonium sulfate (8:2), asv
mobile phase. Densitometry measurement of the spagsperformed at 225 nm for linagliptin-metfornmivixture.
The linear regression analysis data were usechéordgression line in the range of 0.0540g&and for linagliptin
[28].

In addition, stability indicating high-performantt@n-layer chromatography (HPTLC) method was depetband
validated for simultaneous estimation of linaglpéind metformin active pharmaceutical ingredients fixed dose
combination. Linagliptin and metformin densitogramere developed on silica gel 60 F254 HPTLC platgh

acetone: methanol: chloroform: formic acid (3:1¥8v) as the mobile phase. Densitometric quantificatvas
performed at 230 nm. Linagliptin and metformin R&lues were found as 0.72 and 0.19, respectiveitLof

detection was found to be 5.19 and 8.72 ng per f&pdinagliptin and metformin, respectively; lovtgsossible
quantity to be quantified by the proposed method feand to be 15.74 and 26.44 ng per spot for liptig and
metformin, respectively [29].

Furthermore, economic high-performance thin laygpmatographic method has been established fortsineous
estimation of metformin hydrochloride and linagliptin formulation. The chromatographic separatioasw
performed on precoated silica gel 60 GF254 platitls acetone-methanoltoluene-formic acid 4:3:2: /) as
mobile phase. The plates were developed to a distah8 cm at ambient temperature. The developaphvere
scanned and quantified at their single wave leo§th59 nm. Experimental conditions such as band, sihamber
saturation time, migration of solvent front, slitdth, etc. was critically studied and the optimuonditions were
selected. The drugs were satisfactorily resolveth wif 0.61 and 0.82 for metformin hydrochloride dimégliptin
respectively. The method was validated for lingaiccuracy, precision, and specificity. The calilom plot was
linear between 400-2000 (ng/spot) and 20-100 (mg)sior metformin hydrochloride and linagliptin peEctively.
The limits of detection and quantification for nwethin hydrochloride and linagliptin are 20 (ng/9pehd 10
(ng/spot) respectively [30].

5. HPLC-UV methods for determination of linagliptin in pharmaceutical formulations

Many HPLC-UV methods were reported for determimatwf linagliptin either alone or in combination it
metformin [31-48, 20 and 26]. All the parameterfeeting the chromatographic behavior are describgthble 1)

including stationary phase, mobile phase and deteatavelength. Similar column and similar chrongaphic

conditions were used for determination of similtptgn, alogliptin, using HPLC-UV method [51].
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Table 1: HPLC-UV methodsfor analysis of linagliptin in different pharmaceutical formulations

Stationary phase Mobile phase wDa?/teﬁrlmg?h Applications

C18 column (100| ,,. . ) Assay of Tradjenfy
Mixture of potassium dihydrogen phosphate buffeH (4) and

mm x 21 mm, . > . 225nm Jentaduetd and Glyxambfi
2.2um). methanol in the ratio of (50:50 %y). and tablet€?)
%}f )(zolu4mGn r(r}rio Mixture of acetonitrile and 0.02M phosphate buffpH 5.0) in the 225nm Assay of Jentaduetdablets
5um) ' | ratio of (35:65 %yiv). ©2)
C18 column (250 Mixture of phosphate buffer (1.625 g of potassiuiimydrogen S
mm x 4.6 mm,| orthophosphate and 0.3 g of dipotassium hydrog#mphosphate in 280 nm ?;i?;&%;gﬁ;tggggssay of
5um). 550 ml water, pH 4.5) and acetonitrile in the ratig60:40 %y/v).
C18 column (125 Mixture of methanol and 0.05 M potassium dihydrogethophosphate| 267 nm Assay of Jentaduetaablets
mm x 4 mm, fm) (pH 4.6) in the ratio of (70:30 %jv). @4
C18 column (50
mm Mixture of 0.01 M potassium phosphate (pH 4) anet@uitrile in the 292 nm Assay of Tradjenta tablets
x2.1mm, 1.8 mm) | ratio of (30:70 %y/v). ©5)
ﬁlnf )20'“4”25” r(:rio Mixture of potassium dihydrogen phosphate buffeH (p.6) and 260 nm Assay of Jentaduetaablets
5um) : | methanol in the ratio of (30:70 %y). 0
ﬁjﬁf )(zolu4n16n r(nzgo Mixture (pH 4.1) of acetonitrile, water and methkiro the ratio of 243 nm Stability indicating assay off
5um) : "] (25:50:25 %yiVIv). Jentaduefdtablets®®
Cyano column (150 . . . anfy
mm X 46 mm M|xture; _of _potassm_m dihydrogen phosphate buffeH (3.6) and 299 nm. éessay of Tradjenta tablets
5m) "| acetonitrile in the ratio of (20:80 %ly). @
ﬁlnf )c(olu4rr25n r(ﬁrio Mixture (pH 6.4) of acetonitrile, water and methkiro the ratio of 238 nm Assay of Tradjenta tablets
5m) : "] (25:50:25 %yiviv). : @7
C18 column (250 .
mm x 4.6 mm,| Mixture (pH 3) of water and methanol in the ratfd@0:40 % ,v/v). 238 nm é\;say of Tradjenta tablets
5um).
2%7? iolu2m5n %r?]o Mixture of methanol and (water containing 0.1% opthosphoric acid) 296 nm Assay of Tradjenfa tablets
3um) : "| in the ratio of (70:30 %q/v) with (pH 6.4). ©9)
%}f )(zolu4mGn r(r}rio Mixture of phosphate buffer (pH 3), methanol andtanitrile in the 237 nm Assay of Jentaduetdablets
5um) ' | ratio of (45:25:30 %y/Viv). “0
ﬁlnf )20'“4”25” r(nzgo Mixture of potassium dihydrogen phosphate buffett anetonitrile in 250nm Assay of Jentaduetdablets
5um) : '| the ratio of (40:60 %y/v). “D
ﬁjﬁf )(zolu4n16n %?10 Mixture of phosphate buffer (pH 5.6), methanol @eétonitrile in the 231 nm Assay of Jentaduetdablets
5.m) : | ratio of (65:10:25 %y/Niv). “2)
ﬁlnf )c(olu4rr25n r(ﬁrio Mixture of methanol and phosphate buffer (pH 48)the ratio of 218 nm Stability indicating assay off
5.m) : "] (70:30 %Viv). Tradjentd tablets*®
2%7? )c(olu4rr16n r(r?r?qo Mixture of potassium dihydrogen phosphate buffedt anetonitrile in 236 nm Assay of Jentaduetdablets
5m) : "| the ratio of (40:60 %u/v). “4
C18 column (250 Mixture (pH 4.1) of methanol and water in the raifd83:17 %yV/v). 241 nm ésssay of Tradjent tablets
mm x 4.6 mm, “8)
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5um).
%]r.r? xcozllugn nmnglog Mixture of phosphate buffer (pH 3.4) and acetolitin the ratio of 240 nm Assay of Tradjenta tablets
: ' (70:30 % Viv) “6)
pm)
%}f )c(olu4n25n r(wfrio Mixture of phosphate buffer (pH 5.6), methanol @eétonitrile in the 233 nm Assay of Jentaduetdablets
5 : "| ratio of (40:5:55 %yiv/v). “n
pum).
2%:13 )c(olu4msn r(r}r?qo Mixture of 0.02 M potassium dihydrogen phosphatél (.0) and 226 nm Assay of Tradjenta tablets
5m) : "| acetonitrile in the ratio of (70:30 %ly). “8)
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