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Abstract: Sodium-glucose transporter 2 inhibitor emerges
as the latest group of oral hypoglycemic agents, which
shows insulin-independent pathology and provides an
upper hand to enhance renal glucose elimination.
Canagliflozin (CGN) was the number one drug, approved
by FDA on 29th March 2013 for the treatment of type 2
diabetes mellitus. By totting up to its glucose-lowering
effects, it exhibits beneficial effects on the heart and poten-
tially on the kidneys. The study aims to summarize various
analytical techniques, such as chromatography, spectro-
photometry, and hyphenated techniques, such as Liquid
chromatography with tandem mass spectrometry (LC-MS/MS)
and Ultra performance liquid chromatography with tandem
mass spectrometer (UPLC-MS) for the analysis of CGN.
In the proposed work, we have reviewed various analy-
tical methods reported for the estimation of CGN in biolo-
gical matrices and Pharmaceuticals from various databases
like ScienceDirect, Springer, PubMed, Scopus, Taylor &
Francis, and Web of Science for the estimation of CGN.
Various analytical methods adapted were high-performance
liquid chromatography, UPLC, LC-MS/MS, high-performance
thin-layer liquid chromatography, Fourier-transform infrared
spectroscopy, spectrofluorimetry, and UV spectrophoto-
metry. This current review presented the determination
of CGN using various analytical techniques and biological
matrices either in single or in combination with other
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hypoglycemic agents, as per International Conference
on Harmonization guidelines. Further, some future trends
that can be integrated were also suggested.
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Abbreviations

CGN canagliflozin

DAD diode array detector

DGN dapagliflozin

EGN empagliflozin

HPLC high performance liquid chromatography

ICH International Conference on Harmonization

LC-MS/MS liquid chromatography with tandem mass
spectrometry

LNG linagliptin

LLE liquid-liquid extraction

LOD limit of detection

LOQ limit of quantitation

MFN metformin

PDA photo diode array

PPE protein precipitation extraction

SGLT2 sodium glucose transporter 2

SPE solid-phase extraction

T2DM type 2 diabetes mellitus

TLC thin layer chromatography

UPLC ultra performance liquid chromatography

UV-Vis ultra violet-visible spectroscopy

VWD variable wavelength detector

1 Introduction

Type 2 diabetes mellitus (T2DM) resumes being a major
non-communicable ailment with a universal burden of
366 million. India is considered the epicenter of diabetes
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with 77 million and is supposed to be 134 million by the
year 2045. Sodium-glucose transporter 2 (SGLT2) inhi-
bitor are the latest group of anti-diabetic medicines avail-
able in the market for the treatment of T2DM, preventing
re-absorption of glucose from the blood, which is filtered
through the kidneys and hence facilitating the excretion
of glucose in urine. Canagliflozin (CGN) is the first
approved member of the SGLT2 inhibitor class by the
USFDA in March 2013 applicable to patients with T2DM
as an adjunct to exercise and diet to enhance glycemic
control [1]. SGLT2 inhibitors get inhibited in the proximal
renal tubules by the action of CGN, lowering the urinary
glucose threshold, which further enhances urinary glucose
excretion. Cardiopathy is considered as a frequently
developed etiology along with T2DM to cause morbidity
and mortality among people with T2DM [2,3]. CGN was
approved in the year 2018 to treat cardiovascular dis-
eases, which includes blood pressure, body weight,
and urinary function. CGN has superiority of SGLT2 inhi-
bitors and cardiovascular treatment compared with other
anti-diabetic drugs used to treat T2DM. CGN is chemi-
callyl-(beta-d-glucopyranosyl)-4-methyl-3-[5-(4-fluoro-
phenyl)-2-thienylmethyl] benzene hemihydrate (Figure 1)

Figure 1: Structure of canagliflozin hemihydrate.

Figure 2: Analytical methods for the estimation of CGN.
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with chemical formula C,,H,sFOsS-1/2H,0 and molecular
weight of 453.52 g-mol ™. It is freely soluble in methanol. It
is yet to be monographed in any pharmacopoeias [4].

The threat of disease, access to medicine for the poor,
and rising costs of medicine are the big challenges for the
people of the world. For making affordable drugs avail-
able for people of the world that are extremely poor and
prone to large epidemics, it is important to bring down
the costs of research and development and thereby the
production process and quality control. Simple, rapid (to
reduce analytical down time in turn revenue), and cost-
effective analytical method development is a thirst area of
importance in the pharmaceutical industry. In view of the
significance of CGN to the universal population, sensitive
quality control methods are required for their analysis.
Analytical methods have a major task in ensuring and
assuring the quality of pharmaceuticals. Hence, cur-
rently, there is a need for the collection of the reported
analytical methods of CGN. The main objective of the
review is to summarize the multiple approaches available
to estimate CGN in API, dosage form and biological
matrix separately and drug combinations. The analy-
tical methods were classified into four main methods:
(1) UV-visible (UV-Vis) spectroscopy, (2) chromatography
(Ultra performance liquid chromatography (UPLC), high-
performance liquid chromatography (HPLC), high-perfor-
mance thin-layer liquid chromatography (HPTLC)), and
(3) bio-analytical. Figure 2 represents an overview of var-
ious analytical methods for the determination of CGN from
various databases like ScienceDirect, Springer, PubMed,
Scopus, Taylor & Francis, and Web of Science for the
estimation of CGN.

Figure 3 provides the graphical representation of the
number of articles published for the quantification of
CGN from 2014 to 2022.
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Figure 3: Number of analytical methods reported during 2014-2021. Database sources: ScienceDirect, Springer, PubMed, Scopus, Taylor &

Francis, and Web of Science.

2 Spectroscopic methods

2.1 UV-Vis spectroscopic methods

UV-Vis spectroscopy methods are employed in pharma-
ceutical product estimation for their simplicity, versatility,
accuracy, speed, and cost-effectiveness. Over a 40 years
period, it has become the most important analytical
instrument where expensive instruments like HPLC, Gas
chromatography, Liquid chromatography with tandem
mass spectrometry (LC-MS/MS) are not available. Singh
et al. [5] developed a UV spectroscopic method using
methanol as a diluent and measured the absorbance at
280 nm with a linearity of 5-50 pg-mL". Chinta et al. [6]
reported a UV spectroscopic method using phosphate
buffer as diluent at an absorbance wavelength of 289 nm
and attained 99% purity with a linearity of 1-6 ug-mL™".
Ishpreet et al. [7] developed a UV spectroscopic method
with a linearity of 5-10 ug-mL™" at an absorbance of
290 nm and recovery within 80.00-120.00%. Vichare
et al. [8] have reported two simultaneous methods,
one based on absorbance correction UV spectroscopy
(absorbance measurement at wavelengths 233 nm (Ay.x
of metformin (MFN)) and 291 nm (A,.x of CGN) and
another based on first order derivative spectroscopy

Table 1: Overview of published UV-Vis spectroscopic methods

overlain spectra wavelengths 243 nm (zero absorbance
of CGN) and 318 nm (zero absorbance of MFN) with a lin-
earity of 0.75-4.5 pg-mL™" for CGN and 2.5-15 pg-mL ™" for
MFN, respectively. The percentage drug contents were
found to be 98.48% + 0.83% and 100.76% + 1.29% for
method A and 97.94 + 0.96 and 97.22 + 1.15 for CGN and
MEN, respectively. The spectroscopic method existing for
the determination of CGN as a single entity or in combina-
tion with other drugs [5-8] and the results (solvent, wave-
length measured, linearity, accuracy, limit of detection
(LOD), and limit of quantitation (LOQ)) obtained are repre-
sented in Table 1.

2.2 Spectrofluorimetry method

Spectrofluorimetry is a highly sensitive analytical method
for the detection and determination of fluorescent com-
pounds at ng or lower level. Nirav et al. [9] reported a
specific, accurate, precise and robust spectrofluorometric
method using methanol as the solvent, which emit exci-
tation Ap.x at 293 nm and emission Ay« at 349 nm. The
method was linear over the range of 100-500 ng-mL™"
with a percentage recovery of 99.42-99.81%. The LOD
and LOQ for the developed method were found to be

Drug Dosage form Accuracy LOD (pg-mL™Y) LOQ (pug-mL™Y Reference

CGN Bulk, tablets 99.46-100.31% 0.00945 2.8638 Singh et al. [5]

CGN Bulk, tablets 80-120% NA NA Chinta et al. [6]

CGN Bulk, tablets 80-120% 0.084 0.255 Ishpreet et al. [7]

CGN and MFN Bulk, tablets CGN: 98.48% and MFN: 100.76% NA NA Vichare et al. [8]
CGN: 97.94% and MFN: 97.22% NA NA
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13.58 and 41.15ng-mL"’, respectively. The method was
novel, sensitive, and can be applied for the routine ana-
lysis of CGN by spectrofluorimetry [9].

3 Chromatographic methods

3.1 HPLC

HPLC is the most versatile and dominant separation tech-
nique in modern pharmaceutical and biomedical analysis
due to its highly efficient separation and enhanced detec-
tion sensitivity. Most of the drugs are analyzed by HPLC
method due to its accuracy, ease of automation, rapidity,
specificity, and accuracy. Vymyslicky et al. [10] reported
a new stability indicating HPLC method using electro-
chemical detection which significantly saves time and
reduces the consumption of active ingredients and sol-
vents, thereby minimizing the costs of forced degrada-
tion. Using ammonium phosphate buffer with methanol
in a 50/50 volume ratio as a working electrolyte, the
authors electrochemically oxidized samples and ana-
lyzed them by HPLC. Oxidation with hydrogen peroxide
required 7 days, whereas electrochemical oxidation was
completed in 3h. Reddy et al. [11] reported a HPLC
method which eluted CGN at a longer retention of 7.3 min
using acetonitrile:water (50:50) as the mobile phase.
The method was found to be sensitive over the other
reported methods. Sadasivuni and Gundoju [12], using
C18 column and acetonitrile:pH 2.5 with orthophosphoric
acid (50:50) as the mobile phase, had developed an accu-
rate method but did not mentioned the retention time (Rt).
Mounika et al. [13] had developed a cost-effective, accu-
rate, and sensitive method compared to other methods
using a cost-effective mobile phase and eluted CGN at a
Rt of 3.3 min. Another author had used methanol:water
(90:10) and eluted CGN at 4.4 min (Sushil et al. [14]). Singh
et al. [5] reported an accurate, precise, and linear method
using acetonitrile:orthophosphoric acid (0.01M) (50:50)
and C18 column and eluted CGN at 4.7 min. Bhatt et al.
[15] used acetonitrile:zammonium acetate buffer (pH 4.5)
(70%:30% v/v) to elute CGN at 4.5 min. Parida et al. [16]
reported a method using methanol:phosphate buffer with
pH 4 (65:35) as mobile phase and C18 column using vari-
able wavelength detector (VWD) at 293 nm and eluted CGN
at 2.9 min. The Rt was comparatively less than the other
methods. Sreenivasulu et al. [17] had reported a novel
method using ion pair reagent, acetonitrile:1-octane sul-
phonic acid buffer (70:30) as the mobile phase and Rt of
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CGN was found at 3.4 min. The authors had achieved a
good retention by using an ion pair reagent. Another
author reported a method using orthophosphoric acid
(0.1%):acetonitrile (60:40) which had a longer Rt at
8.7 min (Rahul et al. [18]) compared to the other reported
methods. Vijaya et al. [19] developed a sensitive, selective
method using 0.02% formic acid:acetonitrile (40:60) as
the mobile phase and C18 column and achieved separation
at 4.4 min. Goutam et al. [20] separated CGN from its
process and degradation related substances using Ascentis
Express RP-amide (150 mm x 4.6 mm, amide groups che-
mically bonded to porous silica particles of 2.7 um)
column, and ammonium acetate buffer:acetonitrile as
the mobile phase at 290 nm. This method can be used
to estimate the related substances of CGN. Triveni et al.
[21], Ishpreet et al. [22], and Ladva et al. [23] have
reported rapid, sensitive, accurate, and linear method
using C18 as the stationary phase and various ratios of
buffers (formic acid in water (0.1% v/v), ortho phos-
phoric acid, and 0.1% ammonium acetate:organic sol-
vent (acetonitrile, methanol) as the mobile phase. The
detectors used for the estimation were UV and PDA
detectors. Suma et al. [24] had developed a cost effec-
tive, accurate method which eluted CGN at 2.8 min using
HPLC grade water:acetonitrile (55:45 v/v) as the mobile
phase. Al-Shdefat et al. [25] developed a simple, easy,
and precise stability indicating HPLC method with diode
array detector (DAD) for the simultaneous determina-
tion of CGN and MFN in a combined dosage formulation
using a triple combination of mobile phase 0.05 M H;PO,,
acetonitrile, and methanol in the 45:45:10 (v/v). The Rt
for MFN and CGN were obtained at 8 and 9.45 min, respec-
tively, which was a longer Rt compared to the other
reported methods and found to be linear over the range
of 5-100 g-mL~". Authors Sunitha et al. [26], Bangaruthalli
et al. [27], and Gandla et al. [28] performed simultaneous
estimation of CGN and MFN using C18 as the stationary
phase and wide choice of mobile phases. The methods
were validated as per ICH guidelines. Moussa et al. [29]
reported a simple and precise HPLC method for the quan-
titative estimation of CGN, empagliflozin (EGN), linagliptin
(LNG), and MFN in their pharmaceutical formulation using
a systematic and practical experimental design approach
with minimum experimental trials. Authors selected
three factors affecting the peaks significantly and deter-
mined using Plackett—-Burman design. This method
was found to be in good agreement with the observed
value approving that design of experiment was simple
methodology which was easy to instrument and chroma-
tographically dependable in analyzing the single and
multi-component drugs. Khalil et al., [30] developed
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the first reverse phase HPLC (RP-HPLC) method for simul-
taneous determination of CGN, dapagliflozin (DGN), EGN,
and MFN on C18 column (250 mm X 4.6 mm, 5pm p.s)
Inertsil ODS through isocratic elution using acetonitrile
and 0.05 M potassium dihydrogen phosphate buffer pH 4
in a ratio of 65:35, v/v as a mobile phase at flow rate of
1mL-min~". The method showed good linearity, accuracy,
precision, and was successfully applied for determination
of the four drugs in laboratory prepared mixtures and
in the seven pharmaceutical dosage forms. Jyothi and
Umadevi [31], Wafaa Zaghary et al. [32], Vinutha et al.
[33], Kommineni et al. [34], Sonia et al. [35], and Pani-
grahy and Reddy [36] performed simultaneous estima-
tion of CGN and MFN using C18 as the stationary phase
and wide choice of mobile phases. The authors had
developed RP-HPLC method for the estimation of CGN
in single and in combined dosage forms by varying the
chromatographic conditions and achieved better reten-
tion. The various HPLC methods (method, matrix, sample
preparation, internal standard, column/mobile phase)
available for quantification of CGN in pharmaceutical
dosage forms as single and in combination [5,10-36]
and the results (Rt, detection, and linearity) obtained
are presented in Table 2.

3.2 UPLC technique

UPLC is a recent separation technique which reduces
the cost and increases the rapidity and efficiency of
analysis required for developing and validating the
method. Wafaa et al. [32] validated an UPLC method
for the determination of MFN and CGN in tablets using
Hypersil Gold (50 mm x 3 mm, 1.9 pm) as the stationary
phase and methanol:0.03 M phosphate buffer (80:20)
considered as the mobile phase at 0.4 mL-min' flow
rate. The Rt of CGN and MFN was 1 and 0.5 min using
a detection wavelength of 240 nm. Accuracy of CGN and
MFN was 99.47% + 1.03% and 99.73% + 0.89% with a lin-
earity of 0.1-50 and 0.25-100 pg-mL~" for CGN and MFN,
respectively. LOD and LOQ were 0.463 and 1.406 pg-mL™"
for CGN and 0.614 and 1.862 ug-mL™" for MFN, respec-
tively [32].

3.3 HPTLC technique

HPTLC is a powerful technique for qualitative and quan-
titative analysis. It contains chromatographic layers with
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the highest separation efficiency, the possibility to use
multiple detection methods on the same sample and
plate. Accurate quantitative measurements and high
resolution makes HPTLC to meet all quality require-
ments for today’s analytical labs.

Vichare et al. [37] reported a novel HPTLC method
for the simultaneous estimation of CGN and MFN
using toluene:methanol:triethyl amine:glacial acetic
acid (7:2.6:0.2:0.2, v/v/v/v) as a mobile phase. The detec-
tion was done at 254 nm with an excellent resolution of
retardation factor (Ry) values 0.21 + 0.02 and 0.50 + 0.03 for
MFN and CGN, respectively. Detection and quantitation
limits were found to be 8.01 and 24.28 ng/band for MFN
and 8.27 and 25.07 ng per band for CGN, respectively. The
proposed method was applied to marketed formulation,
the % drug contents were found to be 98.20% + 0.24%
and 99.33% + 1.80% w/w for MFN and CGN, respec-
tively. This HPTLC method was novel and found to be
more linear, accurate, precise, and sensitive compared
to the other reported methods [37].

Ishpreet et al. [38] validated a HPTLC method using
toluene:ethyl acetate:methanol (2:2:1) as the mobile
phase and silica gel 60 F,s, as the stationary phase for
the estimation of CGN in tablet dosage form. The densi-
tometric detection was at 290 nm. The recovery was
99.04-99.82% with a linearity of 10-500 ng per spot.
LOD and LOQ were 0.39 ng/spot and 119 ng/spot, respec-
tively. The % assay of CGN tablets was found to be 99.8%.
Forced degradation studies of CGN showed stability in
acidic, alkaline, photolytic, and oxidation [38].

Bhole et al. [39] developed a combination of CGN and
MFN using silica gel 60F 254 (10 x 10 cm, 250 um) as
the stationary phase and toluene:ethyl acetate:methano-
l:ammonia (4:4:2:0.1) as mobile phase at a wavelength of
254 nm. The R¢ of MFN and CGN was found to be 0.15 and
0.50 ng/band, respectively. The linearity of MFN and CGN
was found to be 0.5-3 and 50-300 ng/band, respectively.
The proposed HPTLC method selectively quantitated MFN
and CGN in the presence of the degradation products [39].

4 Bioanalytical methods

Bio-analytical techniques are used for the quantitative
determination of drugs and their metabolites in biolo-
gical fluids, which plays a major role in the evaluation
and interpretation of bioequivalence, pharmacokinetic,
and toxicokinetic studies. Hence, the development of
selective, sensitive, and reliable bio-analytical methods
for the quantitative evaluation of drugs and their
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metabolites in biological matrices is important. An ana-
lytical method for the quantification of CGN in human
plasma has been developed, validated, and enforced for
the analysis of samples. The analytical method consists
of extraction of the drug by protein precipitation method,
the internal standard DGN was added to the plasma
sample and extracted using protein denaturant acetoni-
trile followed by centrifugation. The supernatant was dried
and reconstituted using the mobile phase and injected into
the HPLC (Ajitha et al. [40]). Another method employed
extraction of sample by liquid extraction using tertiary
butyl methyl ether in human Plasma. In liquid-liquid
extraction (LLE) the plasma was spiked with internal
standard and tert-butyl methyl ether followed by centri-
fugation. The supernatant was dried and reconstituted
with a solvent and then injected into the HPLC/LC-MS/MS.
Determination was done using Zorbax XDB phenyl
(7.5 x 4.6 mm, 3.5mm) column and methanol:acetate
(80:20) as the mobile phase by LC-MS/MS. The method
used a deuterium labeled CGN as internal standard and
eluted at 1.15 min with a linearity of 10-7,505 ng-mL™
(Deepan et al. [41]). Udhayavani et al. [42] employed a
LC-MS method to quantify CGN in human plasma using
solid phase extraction. In solid-phase extraction (SPE),
the plasma sample was spiked with ammonium acetate
and internal standard into the SPE cartridge followed by
conditioning and washing to extract CGN and injected
into the HPLC/LC-MS/MS. Another author also followed
a similar method but showed variation by using C18
(100 x 4.6 mm, 5pm) as the stationary phase and 2 mM
ammonium acetate:methanol (15:85) as the mobile phase
(Somarouthu et al. [43]). Darshan et al. [44] estimated CGN
by LC-MS/MS from rabbit plasma using EGN as internal
standard. The author extracted CGN using LLE with ter-
tiary butyl methyl ether using C18 (50 x 4.6 mm, 5pm)
column and 0.01M ammonium acetate:methanol (30:70)
as the mobile phase. CGN was extracted from rat plasma
by LLE using LC-MS/MS (Kobuchi et al. [45]). Nalawade
et al. [46] developed a simultaneous method and success-
fully applied for the determination of pharmacokinetics of
MFN and CGN by using 100 pL of rat plasma. Mohamed
et al. [47] performed the simultaneous estimation of CGN
and MFN in biological samples (rat plasma) by protein
precipitation extraction (PPE; acetonitrile) and LLE (ethyl
acetate) using valsartan, CGN d4, MFN dé6, tadalafil, and
propranolol as the internal standard using LC-MS/MS.
The authors estimated the plasma concentrations of the
studied drugs in a pharmacokinetic study involving
Egyptian health volunteers. Ramisetti et al. [48] reported
a simple, rapid, and sensitive LC-MS/MS method for the
simultaneous quantification of CGN and MFN. The authors
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used a one-step PPE for samples preparation and obtained
highest recovery for the analytes. This method was suc-
cessfully used for the in vivo plasma concentrations
obtained from a pharmacokinetic study. Syeda et al.
[49] used HPLC to estimate CGN and MFN in human
plasma using PPE (2% v/v acetic acid in acetonitrile)
with pioglitazone as the internal standard. The method
was simple, accurate, precise, and can be applied in bio-
equivalence, pharmacokinetic, and toxicokinetic studies
with desired precision and accuracy along with high-
throughput. Another author also reported a sensitive,
novel HPLC method using SPE as the extraction method
(Deepan et al. [50]).The bio-analytical methods published
for the quantitative analysis of CGN separately and in drug
combination (40-50) and the results (method, matrix,
sample preparation, internal standard, column/mobile
phase, Rt, detection technique, and linearity) are repre-
sented in Table 3.

5 Multiple spectroscopic methods

Elnadi et al. [51] reported three novel, simple, accurate,
and sensitive methods for the determination of CGN using
FTIR, spectrofluorimetry, a stability-indicating UV-Vis
spectroscopic method for the simultaneous estimation
of CGN and MET. Method A is a green FTIR method using
KBr disc for CGN determination measuring alkyl halide
C-F peak area centered on 1,230 cm, Method Bis a spec-
trofluorimetry method using AA = 50nm synchronous
mode at a peak maximum of 291.8 nm for CGN determina-
tion using methanol as diluent. Method C is a stability-
indicating MCRS method measuring the peak amplitude
of CGN and MET at 306.2 and 246.6 nm, respectively, in
their mixture with complete CGN oxidation degradation.
All the three spectroscopic methods can be used efficiently
for routine analysis in QC laboratories [51].

6 Discussion

CGN is considered as a primary member in the gliflozins
family, which has a considerable contribution since 2013.
Authors Singh et al. [5], Ishpreet et al. [7], and Vichare
et al. [8] used methanol as the diluent to develop an
accurate and linear method for the estimation of CGN
separately and in combined dosage forms by UV-Vis
spectroscopic technique. Vichare et al. [8] reported two
analytical methods for the simultaneous estimation of



DE GRUYTER

Ajitha Azhakesan and Sujatha Kuppusamy

296

(panunuoa)

|yejepe}
10J 8°897—-C°06¢€
10j0ueidoud
10§ 0°€81-C°09C
ND) J0j ?jelade
N9D 40J 000°T-01 0'T61-€C9% 6°0 N4W 9]11}1u033de:pIdk diwiof %10 |ojoueidord-NAW 1Ay32 yum 311 NAW
[8%7] 1B 18 N4W 10} CI[FTTER]:S ewseld
mesiwey N4AW 10} 000°5-0S 1°09-C'0€1 :z/w S INDD (wrl g ‘ww 9y x ww 09) 81D 14ejepel-N9d Yim 3dd uewny N9D
9P N4W
-Z piepuels
N4W 4104 ZZ0‘€-01 8T ‘N4W leusau| NAW
(68:4T) JouUBYIDW:PIOR J|WL.I0) 7P N9D
[%] e 30 %T0°0 9}e31d2e Wwnjuowwe Ww g (wrdg -1 piepuejs uoneudiaid
euysinjeniy NDJ 10 820°9-01 SW/SW ST :N9D ‘ww 9y X ww O0T) 81D SA4 l1s1adAy leusaju| uisjold VN N9
9 Sl
N4W 404 000‘7-00T €8°T *N4W ewseld  N4AW
[9%7] "1e 13 YaAIA NDD 104 000°8—-00C SW/SW T8 N9 (S€:99) p1dE d1WIO0) %T"0*OUBYIBW uepes|ep VN 1y N9
S| 104
0'T.-T'18Y ‘zjw (01:06) PI2€ 21U} %I 0:3]143IUO0IBIY
N9) J0j 19y39 1Aylaw 1AInq ewse|d
[s¥7] "1e 18 1yonqoy VN 161-1'29Y zjw YN (wrlg ‘ww Tz x ww oST) SA0 q1osdIND NO93 Arersy yum 3717 'y N9
S| 10} (04:0€) JoueylDW:dIRIIL
0T'TZ-T'14Y Z/w wnjuowwe W\ 100
ND)D 10} JEIHERIHED] ewse)d
[7%7] "le 10 ueysieq 009 0} 0T X G 01°£9C-1'79% zjw [4 (wr g ‘ww 9% x ww Qg) 81) ND3 1Aing Asera) 1qqey  N9D
S| 10§ (98:GT) JoueylaW:dlRIAIL
1°/9¢-99% :zjw wniuowwe Ww g 9jelade
[ey] 1€ 19 NOD 404 wniuowwe ewse|d
nyinolewos 610°9-€°01 01°/9¢-T'T9% z/w ST (wr g ‘ww 9% x ww OOT) 81D 7P N9D yim 3ds uewny N9
(01:06) 91E39IE 9jelade
[zv] e 10 wnuowwe Ww z:)oueyiay wniuowwe ewsed
lueaefeypn 11€°6109-£€5C°0T SW/SW ST (wrl g ‘ww 9% x ww OOT) 81D eIPOZ 7P N9D yim 3ds uewny N9
Sl 104
T'/9T-99Y zjw (07:08) 91e390€ HJoURYIBWN
ND) 10} (Ww g'e ‘ww 9y JETHERIHED] ewsed
[1%7] "1e 3 uedaag S0S°/-01  01°29C-T'T9Y z/w ST X Ww §/) 1Ausyd gax xeqioz #P N9D 1Ainq Arenta) UewnH N9
(55:a%) |MIu03Lde:(S°E
Hd) 1aynqg ajeydsoyd w1o'0/(wrg ewse|d
[o¥] “1e 38 eynly 00%‘C-09 wuzze *An /'8 ‘ww 9% X 0ST) 81D BUNT XduUdwouayd N9d 3dd uewny N9
piepuels uonjesedaid
JEN] (;_1w-8u) Ayeaun uoi3da3aq (urw) 3y aseyd ajiqow/uwnjo) Jeulaju| s)dweg xujelw Snig

SSnip JaYlo yiim uojjeuIquiod ul pue auoje N9I Jo uonedyiuenb ayl Joj spoylaw jednAjeue-oiq jo Alewwng :g ajqeL



DE GRUYTER

Table 3: (continued)

Ref.

Linearity (ng-mL™")

Detection

Rt (min)

Column/mobile phase

Internal

Sample

Drug Matrix

standard

preparation

Syeda et al. [49]

250-1,250 for MFN

NA

CGN: 8.352

Spursil (Dikma) ODS C18 (4.6 mm x

250 mm, 5 um)

Pioglitazone

Protein

CGN NA

precipitation

25-125 for CGN

MFN: 4.738

Acetonitrile:phosphate buffer (pH 3.0)

(15:85% v/v)

2% v/v acetic acid
in acetonitrile

MFN

Pioglitazone:
10.995

5,000-25,000 for MFN Deepan et al. [50]

NA

CGN: 8.10

Pioglitazone Inertsil ODS C18 (4.6 mm x
250 mm, 5 pm)

SPE

CGN Human

plasma

500,000-1,250,000

for CGN

(pH 3 with sodium hydroxide) phosphate MFN: 4.6

buffer:acetonitrile (85:15)

MFN
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Pioglitazone:
10.64

CGN and MFN using methanol as the diluent. Both the
methods showed good recovery with a linearity of
0.75-4.5 and 2.5-15 pg-mL’1 for CGN and MFN, respec-
tively. Whereas Chinta et al. [6] developed a cost effective,
sensitive method using phosphate buffer as the diluent
which is a better method. HPLC method is utilized for
the estimation of CGN separately and in combination
with other drugs in bulk and pharmaceutical formulations.
Rahul et al. [18] reported a cost-effective method for the
estimation of CGN using X-Bridge C18 (4.6 x 150 mm,
5um) as stationary phase and orthophosphoric acid
(0.1%):acetonitrile (60:40) as the mobile phase. Rt of
CGN is about 8.7 min with a linearity of 25-75 pg-mL™"
and recovery of 99.6-99.8% at detection wavelength of
230 nm. This method had a higher Rt of 8.7 min com-
pared to all the other reported methods. The authors
would have tried by varying the mobile phase composi-
tion for a better method. Another author Reddy et al. [11]
reported a HPLC method in which CGN eluted at 7.3 min,
but achieved a linearity in the range from 98 ng-mL™" to
50 pg-mL~" indicating the sensitiveness of the method.
Mounika et al. [13] developed a method which was cost
effective method using ecofriendly solvents compared
to the other reported methods. Panigrahy et al. [36]
reported a cost-effective method for the simultaneous esti-
mation of CGN and MFN using kromasil C18 (4.6 x 250 mm,
5 pm) as the stationary phase and 0.01 M (pH 3.5) ammo-
nium acetate:acetonitrile (65:55) as the mobile phase
at a detection wavelength of 254 nm. CGN eluted at
3.713 min with % recovery of 99.45-100.65%. MFN eluted
at 2.44min with % recovery of 99.85-100.74%. This
method was validated as per ICH guidelines and found
to be sensitive, accurate, and precise. Many bio-analy-
tical methods using LC-MS/MS and a few HPLC methods
were reported for CGN separately and in combination
with other drugs. Deepan et al. [41] reported a LC-MS/MS
method for the estimation of CGN using Zorbax XDB phenyl
(7.5 x 4.6mm, 3.5mm) as the stationary phase and
methanol:acetate (80:20) as the mobile phase with
CGN d4 as the internal standard. LLE was performed
by using tert butyl methyl ether as the extraction sol-
vent. CGN eluted at 1.15 min with an m/z: 462.2-267.10
for CGN and m/z: 466-267.2 for CGN d4 and a linearity of
10-7505 ng-mL™". The method was selective and sensi-
tive compared to all the reported methods. Deepan et al.
[50] reported a simultaneous method for the estimation
of CGN and MFN by HPLC in human plasma using Inertsil
ODS C18 (4.6 x 250 mm, 5 um) as the stationary phase and
(pH 3 with sodium hydroxide) phosphate buffer:acetoni-
trile (85:15) as the mobile phase. CGN eluted at 8.10 min
and MFN eluted at 4.6 min with a linearity of 5-25 pg-mL™"
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for MFN and 500-1,250 pg-mL " for CGN, respectively. Bio-
analytical method using HPLC is always cost effective
compared to the sophisticated LC-MS/MS techniques.
But LC-MS/MS methods are sensitive and selective com-
pared to the HPLC methods. All reviewed methods were
validated as per ICH guidelines.

7 Conclusion

This detailed review explains the existing methods for the
determination of CGN in pharmaceutical formulations
and in biological fluids using spectroscopy, UPLC,
HPLC, HPTLC, and LC-MS/MS. This review has pre-
sented the complete review of the methods reported
right from the drug approval time to up-to-date. In
future, researchers can take efforts to develop more
methods using eco-friendly solvents for the determination
of CGN in pharmaceutical dosage forms and employ
sample extraction methods using green analytical techni-
ques (single-drop micro-extraction, liquid-phase micro-
extraction, liquid-liquid-liquid micro-extraction, single
short column, solid-phase micro-extraction, stir-bar-
sorptive extraction, matrix solid-phase dispersion, super-
critical-fluid extraction, pressurized-liquid extraction,
subcritical-water extraction, microwave-assisted extraction,
sonication-assisted solvent extraction). More methods
based on LC-MS/MS can pave the way for the toxicoki-
netic studies and therapeutic monitoring of CGN.
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