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Abstract In this study, high-performance liquid chromatography—tandem mass spectrometry (HPLC-MS/
MS) was employed to detect 26 antidiabetic compounds in adulterated dietary supplements using a simple,
selective method. The work presented herein may help prevent incidents related to food adulteration and
restrict the illegal food market. The best separation was obtained on a Shiseido Capcell Pak® C18 MG-
II (2.0 mm x 100 mm, 3 pm), which improved the peak shape and MS detection sensitivity of the target
compounds. A gradient elution system composed of 0.1 % (v/v) formic acid in distilled water and methanol
at a flow rate of 0.3 mL/min for 18 min was utilized. A triple quadrupole mass spectrometer with an
electrospray ionization source operated in the positive or negative mode was employed as the detector.
The developed method was validated as follows: specificity was confirmed in the multiple reaction
monitoring mode using the precursor and product ion pairs. For solid samples, LOD ranged from 0.16
to 20.00 ng/mL and LOQ ranged from 0.50 to 60.00 ng/mL, and for liquid samples, LOD ranged from
0.16 to 20.00 ng/mL and LOQ ranged from 0.50 to 60.00 ng/mL. Satisfactory linearity was obtained
from calibration curves, with R?> > 0.99. Both intra and inter-day precision were less than 13.19 %. Accuracies
ranged from 80.69 to 118.81 % (intra/inter-day), with a stability of less than 14.88 %. Mean recovery
was found to be 80.6-119.0 % and less than 13.4 % RSD. Using the validated method, glibenclamide
and pioglitazone were simultaneously determined in one capsule at concentrations of 1.52 and 0.53 mg

(per capsule), respectively
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1. Introduction

Diabetes is a chronic disease characterized by high
blood sugar levels. It is classified into three major
types: Type one (I), type two (II), and gestational
diabetes. Type II diabetes accounts for 90 % of the
cases,’ and oral antidiabetic drugs constitute the
main therapy for most patients required to control
their blood glucose.” Because of concerns over some
of the potential side effects of these drugs, e.g.,
obesity, weakened immunity, aggravated inflammation,
and death caused by hypoglycemic shock from the
misuse of medication, dietary supplement and herbal
medicine sales have increased as they are considered
safer than medication (e.g., synthetic drugs) for treating
health in an “all-natural” manner.® Nevertheless, some
manufacturers add illegal adulterants to their products
to achieve drastic effects in a short time period.
Several unlabeled illegal adulterants have been
detected in dietary supplements, which can potentially
cause serious risks to public health.”

Several antidiabetics have been reportedly detected.
In Saudi Arabia, 7.5 mg of glibenclamide has been
detected from tablets and 4.5 mg from powders.® In
China, metformin, glimepiride, and phenformin
have been detected in counterfeit dietary and herbal
supplements.” Furthermore, in Singapore,' an outbreak
of severe hypoglycemia has been reported, caused by
the contamination of illegal sexual enhancement
drugs with glyburide. As much as 13-100 mg of
glyburide has been detected in blood and urine from
127 non-diabetic patients (among 127, 4 people died).
In 2008, similar cases of glibenclamide-induced
hypoglycemia have been reported in Hong Kong.
Other illegal sexual enhancement brands were
implicated in these studies."' Hence, it is imperative
to develop a simultaneous method to comprehensively
screen rapidly. The most widely applied methodologies
for pharmaceutical analysis include high-performance
liquid chromatography (HPLC),'*'® high-performance
liquid chromatography—tandem mass spectrometry
(LC-MS/MS), and spectroscopic methods.'** Almost
the whole studies have reported the analysis for the
screening of adulterants in urine, blood, body fluids,

and plasma. Some of studies described such a
method that procedure for screening, identification, and
quantification of several antidiabetic drugs in foods
and herbal products by LC-MS/MS*!! Using LC-
MS/MS, typically a particular peak from the mass
spectrum is selected and isolated and collisions are
induced within the mass spectrometer to force a
characteristic fragmentation of the selected ion. The
LC-MS/MS can detect slight amount than UPLC
and further increase the specificity.

This paper proposed an LC-MS/MS method for
the rapid, reliable detection of 26 antidiabetic
adulterants in dietary supplements. Multiple reaction
monitoring (MRM) was employed to monitor the
LC effluent by simultaneously using selected transitions
for each compound, where reliability can be improved
based on the fact that the relative peak areas maintain
good stability. To the best of our knowledge, such a
procedure, involving the analysis of such a
comprehensive list of compounds, has not been
reported thus far. Therefore, there is a clear requirement
for comprehensive screening of illegal adulterants
26 antidiabetic adulterants in dietary supplement.

2. Materials and Methods

2.1. Chemicals and reagents

Reference standards of sulfonylureas or meglitinides
(carbutamide, chlorpropamide, glibenclamide, glibor-
nuride, gliclazide, glimepiride, glipizide, gliquidone,
glymidine, tolazamide, tolbutamide, mitiglinide,
nateglinide, repaglinide, alogliptin benzoate), biguanides
or thiazolidinedianes (buformin, metformin, phenformin,
pioglitazone, rosiglitazone, troglitazone), Dipeptidyl
Peptidase (DPP)-4 inhibitors (sitagliptin and vildagliptin),
and SGLT(The sodium/glucose cotransporter) 2
inhibitors (canagliflozin, empagliflozin, ipragliflozin)
were purchased from USP (Rockville, MD, USA),
Sigma-Aldrich (St. Louis, MO, USA), Toronto
Research Chemicals (Toronto, ON, Canada), and
Santa Cruz (Dallas, TX, USA). HPLC-grade methanol
was purchased from Burdick and Jackson (Muskegon,
MI, USA), and formic acid was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Milli-Q water
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(18.1 mQ) from a Milli-Q purification system
(Millipore, Bedford, MA, USA) was used throughout.

2.2. Sample preparation

Stock solutions were prepared by dissolving standards
in methanol at approximately 1 mg mL™" and stored
in a refrigerator (2-8 °C) until use.

Dietary supplements were pulverized into powders
starting from various samples (i.e., tablets, hard
capsules, soft capsules, powders, liquids, and pills),
and 1 g of the powder sample was dissolved in 70 %
methanol. Capsule and soft gel shells were excluded.
After 30 min of sonication for complete dissolution,
the sample solution was added into a 50 mL volumetric
flask, and its volume was made up to the mark.
The sample was then filtered through a 0.22 um
polytetrafluoroethylene (PTFE) filter (Millipore,
Milford, USA) before analysis.

2.3. Instrumentation

Analytes were separated on an Agilent 1200 series
Table 1. The condition of LC-MS/MS
Agilent DE/1200 HPLC

Capcell Pak C;g3 MGII
(2.1 mm x 100 mm, 3.5 um)

Column Temp. 40 °C

(A) 0.1% Formic acid in Water
(B) 0.1% Formic acid in Methanol

LC System

Column

Time A (%) B (%)
0.0 95.0 5.0
0.7 95.0 5.0
Mobile phase 1.0 60.0 40.0
3.0 50.0 50.0
8.0 10.0 10.0
12.0 10.0 10.0
12.1 95.0 5.0
18.0 95.0 5.0
Flow 0.3 mL/min
Inj. Volume 2.0 uL
MS system AB sciex Qtrap 4000
Ionization mode ESI (+) ESI (-)
Ion Voltage 5.0 kV 4.5 kV
Source temp. 500 °C 500 °C
Curtain gas 30 psi 30 psi
Collision gas 9 psi 9 psi
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HPLC instrument (Agilent Technologies, Palo Alto,
CA, USA). The LC system consisted of a quaternary
pump, a vacuum degasser, and an autosampler. Data in
the positive and negative modes were obtained by an
electrospray ionization (ESI) source via an API 4000
triple quadrupole mass spectrometer (AB Sciex,
Concord, ON, Canada).

2.4. Analytical method

24.1. LC-MS/MS operating conditions

Compounds were separated by a Shiseido Capcell
pak® C18 MG-II column (2.0 mm x 100 mm, 3 pum
patticle size) to improve the peak shape and MS
detection sensitivity of the target compounds. A linear
gradient system of mobile phase A (0.1 % formic acid in
distilled water) and mobile phase B (0.1 % formic acid in
MeOH) was used at a flow rate of 0.3 mL/min. Table 1
summarizes the gradient program and MS/MS
conditions.

3. Method Validation

The following method parameters were evaluated
to validate the reliability of the proposed method:
specificity, linearity, limit of detection (LOD), limit
of quantitation (LOQ), precision, accuracy, recovery,
and stability. The range of linearity was tested by
analyzing six standard calibration solutions in triplicate
at concentrations set at 1, 2, 4, 8, 10, and 20 times of
the LOQ. According to the recommended guidelines,
LODs and LOQs were determined by spiked samples
based on the signal-to-noise ratios of 3:1 and 10:1,
respectively. The accuracy of intra- and inter-day
experiments were evaluated in triplicate at low (near the
LOQ), medium (~5-fold above the LOQ), and high
(~10-fold above the LOQ) concentrations to a blank
sample containing a dietary supplement. Intra- and
inter-day precision was evaluated three times by analysis
on the same day and on three days, and the relative
standard deviation (% RSD) values were determined for
each compound. Recovery was determined as the
standard area as compared to the blank sample area
spiked with 26 antidiabetic compounds. The blank
sample was analyzed along with six types of samples
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(powders, pills, hard and soft capsules, liquid, and
tablets, respectively) containing three concentrations of
the mixed standard solutions. The stability of the 26
antidiabetic compounds solution was evaluated by
quantitative determination at several time points over 48
h. The stability of 26 compounds was assessed by
processing solutions after 6 h storage at room
temperature. Then, the autosampler stability was
determined by keeping the reconstituted samples for
approximately 24 and 48 h in an autosampler at 4 °C
before analysis. Method validation was performed
according to the requirements published by the ICH
guidelines.”’

4. Method Application

Seventy-eight samples collected from Korean online
or offline markets and eight samples requested from
the criminal investigation public office were used,

including those from tablets (9), hard capsules (10),
soft capsules (12), powders (14), liquids (26), and
pills (15).

5. Results and Discussion

5.1. Optimization of mass spectrometric and
chromatographic conditions

All diabetic compounds were evaluated using the
LC-MS/MS method. Standard solutions containing
20-100 ng/mL in methanol were infused directly into
the ESI source of the mass spectrometer. Prominent
protonated molecular ions [M+H]" and [M+NH,]" in
the positive mode, as well as prominent protonated
molecular ions [M-H]|™ in the negative mode, were
observed in the full scan mass spectra. Ammonium
adducts ion [M+NH,]" in positive mode was adopted
for Canagliflozin and ipragliflozin identification. In
previous reported studies, ammonium adducts ions
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Fig. 1. Individual TIC of 26 anti-diabetic compounds.
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Table 2. MRM conditions for 26 anti-diabetic compounds

e

Compound Folmula Ion mode Precusor ion  Product ion DP* CE™ (eV) CXP™ (V)
116.1 35 47 22
Alogliptin C;sH,1N;50, + 340.2 323.1 35 27 22
266.2 35 31 18
Buformin CeH;sNs + 158.0 451(2)28 22 i(l) ;8
365.0 55 20 8
Canagliflozin C,4HysFOsS - 443.1 353.0 55 28 10
153.0 55 50 10
Carbutamide CH;7N;058 + 272.2 igg? 22 4213 18
192.0 55 19 12
Chlorpropamide C,0H3CIN,O5S + 277.1 110.9 55 43 10
175.0 55 25 14
397 50 13 10
Empagliflozin CxH,;ClO; + 451.1 355.1 50 17 8
71.2 50 50 13
169.9 70 35 15
Glibenclamide Cy3Hp5CIN;O5S + 492.1 367 70 28 13
127 70 65 10
170.1 25 20 10
Glibornuride CsHa6N,0,4S + 367.2 152.2 25 30 10
349.0 25 20 25
. . 169.8 30 35 10
Gliclazide C15H21N303S - 322.2 105.9 30 50 8
224.9 55 45 10
Glimepiride C,4H34N,05S - 489.2 364.1 55 30 10
349.8 55 25 10
Glipizide C,1H,7N50,4S - 4441 ?;Zg ;i 28 1;
403.1 45 15 10
Gliquidone Cy7H33N504S + 528.2 386.0 45 31 14
165.1 45 63 14
. 111.0 90 35 20
Glymldlne C13H15N304S + 310.1 252.0 90 8 15
151.2 30 30 10
Ipraglitlozin C,HyFOsS + 422.1 285.1 30 20 18
309.1 30 20 20
85.1 45 20 5
Metformin C4Hy N5 + 130.1 70.9 45 25 10
60.0 45 20 10
298.2 43 22 12
Mitiglinide C9H,5NO; + 316.2 145.1 43 36 10
126.2 43 33 10
166.1 50 18 10
Nateglinide C9Hy7NO; + 318.1 125.2 50 22 7
120.1 50 25 14
105.1 60 37 20
Phenformin C1oH1sNs + 2062 164.2 60 25 10
189.2 60 23 12
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Table 2. Continued

* Hkk

Compound Folmula Ton mode Precusor ion  Product ion DP CE™ (eV) CXP™ (V)
Pioglit: C9HyoN,05S + 357.0 1341 o1 39 12
logtazons 19HR20N2s : 119.0 91 65 20
230.1 55 38 12
Repaglinide C,7H36N,04 + 453.2 162.0 55 33 12
86.0 55 33 13
135.0 48 30 10
Rosiglitazone C5H,0N;0;8 + 358.2 119.0 48 78 11
107.0 48 60 16
235.0 45 27 15
Sitagliptin C6HisFsNsO + 408.2 174.0 45 37 10
193.0 45 35 12
115.2 35 30 5
Tolazamide C14H21N303S + 312.0 141.1 35 30 10
157.1 35 20 10
91.20 61 47 17
Tolbutamide C1oH N, 058 + 271.2 155.05 61 25 15
74.20 61 20 13
165.0 25 25 10
Troglitazone CyHp7NOsS + 443.1 367.0 25 25 8
291.0 25 25 20
154.2 65 25 10
Vildagliptin C7H,35N;0, + 304.2 151.1 65 30 9
133.2 65 45 10

“Declustering potential
*Collision energy
***Collision cell exit potential

for canagliflozin and ipragliflozin in the presence of
formic acid were more predominate and sensitive
then hydrogen adduct ions [M+H] 2% Collision
energies were optimized for each analyte to obtain
the most intense fragment ions. Multiple reaction
monitoring (MRM) transitions were initially monitored
for each analyte. During the collision of the precursor
ions in tandem MS, more than two daughter ions of
the 26 antidiabetic compounds were obtained, highest
peak for quantitation and another for confirmation
purpose (Fig. 1, Table 2). To optimize peak shape
with appreciable retention times, various columns
were investigated. Three columns, HILIC, C18, and
C8, were used. The best resolution and intensity
were observed with the Shiseido Capcell pak® C18
MG-II column (2.0 mm x 100 mm, 3 um particle
size), without excessive tailing in 18 min. In addition,

the separation of these antidiabetic compounds was
attempted using various combinations of acetonitrile,
methanol, and water with different percentages of
buffers. The best separation was achieved using
0.1% formic acid with methanol and water. Because
of the high selectivity and efficiency of LC-MS/MS,
the simultaneous separation of 26 antidiabetic
compounds has been reported for the first time, to
the best of our knowledge.

5.2. Method validation

Specificity was confirmed by the MRM transition
parameters using the precursor and product ion pairs
of UPLC-MS/MS for the determination of the 26
compounds summarized in Fig. 2 and 3. The blank
and spiked samples of selected ions from the mass
spectra obtained using LC/MS/MS, no interfering
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Fig. 2. TIC of (a) blank (b) anti-diabetic compounds in positive mode.
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Fig. 3. TIC of (a) blank (b) anti-diabetic compounds in negative mode.
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Table 3. The linearity, LOD and LOQ of 26 anti-diabetic compounds

Compound Calibration curve Linear range R? LOD (ng/ml) LOQ (ng/ml)

(ng/mL) Solid  Liquid Solid  Liquid
Alogliptin y = 4052x — 3456.4 3.10-61.92 0.999 1.00 2.00 3.00 6.00
Buformin y = 17564x + 9284.8 3.02-60.48 0.999 1.00 1.00 3.00 3.00
Canagliflozin y =7177.1x + 3286.9 53.40-1068.00 0.999 20.00 9.00 60.00 27.00
Carbutamide y =2078.5x + 1550.5 2.44-48.84 1.000 1.00 5.00 3.00 15.00
Chlorpropamide y = 11888x — 75.758 9.05-181.08 1.000 3.00 5.00 9.00 15.00
Empagliflozin y = 3831.6x + 709.9 63.00-1260.00 1.000 20.00 10.00 60.00 30.00
Glibenclamide y = 1160.1x + 8.1818 5.16-103.20 1.000 0.16 5.00 0.50 15.00
Glibornuride y = 2362.6x + 11373 6.37-127.44 0.996 2.00 20.00 6.00 60.00
Gliclazide y = 3723.4x — 884.04 3.07-61.44 1.000 1.00 10.00 3.00 30.00
Glimepiride y =2319.8x — 794.44 1.53-30.54 0.999 0.50 0.16 1.50 0.50
Glipizide y = 3443.4x — 18.586 1.51-30.20 1.000 0.50 0.30 15.00 1.00
Gliquidone y =3767.4x + 132.02 1.53-30.63 0.999 0.50 3.00 1.50 9.00
Glymidine y = 705.08x — 18.586 15.12-302.40 1.000 5.00 3.00 15.00 9.00
Ipragliflozin y = 792.84x + 4962.6 60.36-1207.20 1.000 20.00 20.00 60.00 60.00
Metformin y = 7707.5x + 2588.9 3.03-60.57 1.000 1.00 3.00 3.00 9.00
Mitiglinide y = 8201.2x + 6139.4 3.06-61.17 1.000 1.00 1.00 3.00 3.00
Nateglinide y = 4572.8x — 247.47 1.50-30.09 0.999 1.00 1.00 3.00 3.00
Phenformin y = 5096.6x + 2745.5 1.56-31.20 1.000 0.50 2.00 1.00 6.00
Pioglitazone y = 21430x + 10420 3.03-60.69 1.000 1.00 0.20 3.00 0.50
Repaglinide y = 19721x + 2643.4 1.05-20.91 1.000 0.30 0.50 1.00 1.50
Rosiglitazone y = 6222.6x — 5575.8 3.20-63.96 0.997 1.00 3.00 3.00 9.00
Sitagliptin y = 3736x + 481.82 3.08-61.50 1.000 1.00 0.30 3.00 1.00
Tolazamide y =3013.1x — 816.16 15.32-306.30 1.000 5.00 2.00 15.00 6.00
Tolbutamide y = 2581.3x + 8052.5 31.49-629.70 1.000 10.00 10.00 30.00 30.00
Troglitazone y = 753.76x + 1665.1 9.16-183.24 1.000 3.00 3.00 9.00 9.00
Vildagliptin y = 13061x + 405.05 0.86-17.14 1.000 0.30 0.50 1.00 1.50

peaks were observed at the retention times. Under
the optimized conditions, a linear relationship with a
good correlation coefficient (R*>0.99, n=3) was
observed between the peak area ratios and the
concentrations of 26 compounds in the range of
0.5~1200 ng/mL. The limits of detection and
quantitation (LOD/LOQ) were mearsured in solid
sample (LOD, 0.16~20.00 ng/mL; LOQ, 0.50~60.00
ng/mL) and in liquid sample (LOD, 0.16~20.00 ng/
mL; LOQ, 0.50~60.00 ng/mL), respectively (Table
3). The accuracy values from the intra-day analysis
was 81.99~112.64 %, whereas the values for the
inter day analysis were 80.69~118.81 %. The RSD
of precision was < 10.25 % in intra-day and <13.19 %
in inter-day (Table 4). Extraction recovery was also
investigated by analyzing one of the commercial
products that had been spiked with the standard analytes.

The mean overall recoveries (with the precision) of all
the analytes were summarized in 7able 5. The stability
of 26 antidiabetic compounds up to 48 hr was less than
14.88 % (T1able 6). The results showed that the method
met the desired level of acceptance criteria and hence
was considered accurate and precise for the analysis of
26 antidiabetic adulterants in dietary supplement and
other herbal products in the area of forensic science.

5.3. Method application
The established UPLC-MS/MS method was

successfully applied to the determination of 26
antidiabetic compounds in six dietary supplement
samples, used to prevent diabetics, collected from a
criminal investigation public office and online or
offline Korean markets. Sample preparation was
carried out as described in Sample Preparation in the
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Table 4. Intra- and inter-day validation of the developed method

Accuracy (%)

Precision (% RSD)

Compound Intra-day Inter-day Intra-day Inter-day

Low"” Medium High Low Medium High Low Medium High Low Medium High
Alogliptin 9892 93.14 9336 9438 8783 8890 885 923 726 1148 895 8.96
Buformin 102.46  95.66 105.63 104.05 99.39 10295 5.61 279 341 265 393 3.36
Canagliflozin 87.81 9635 9843 81.07 8432 8488 620 868  2.10 720 12.80 14.72
Carbutamide 11125 112.89 107.01 112.03 113.85 11881 536 349 291 485 320 9.25
Chlorpropamide 87.64 9532 9693 92.08 9248 9249 352 293 1.13  12.65 8.18 8.91
Empagliflozin 86.06 99.06 86.59 95.02 96.59 92.16 8.71 930 9.33 848  2.56 6.95
Glibenclamide 8221 86.45 9232 9320 89.11 93.00 427  8.65 149  10.65 4.64 6.72
Glibornuride 81.99 9896 112.64 8698 9732 10500 7.13 097 438 10.10 5.62 6.42
Gliclazide 87.38 9354 9445 9228 9414 9773 339 298 092 462 059 3.26
Glimepiride 10486 9893 9820 101.08 102.40 9823 7.70 699  3.30 334 298 2.17
Glipizide 9933 9774 9719 9795 9563 97.10 136 4.03 243 543 213 4.01
Gliquidone 100.27 92.64 86.57 98.88 9599 9406 591 8.21 8.81 349 323 7.00
Glymidine 92.07 9520 102.02 92.82 9423 9337 226 286 1.34 8.21 9.12  10.01
Ipragliflozin 9030 9697 9557 9346 9591 97.04 334 1.88 246 299  2.06 3.65
Metformin 102.19 97.16 10540 105.01 104.77 10479 5.12 7.69  3.00 322 6.66 5.00
Mitiglinide 83.73 92.82 100.62 8821 91.42 9463 5.02 441 3.72 937 589 6.31
Nateglinide 102.00 10095 99.50 109.31 106.61 103.74 5.66 3.17 745 6.26  4.60 3.65
Phenformin 97.65 8829 9628 99.96 93.75 9797 805 6.72 1.66 506 7.84 3.76
Pioglitazone 98.85 9532 99.67 106.05 109.24 107.03 5.75 1.93 279 9.50 11.86 7.00
Repaglinide 85.04 9924 101.33 89.42 9859 10063 570 098  0.28 6.19 495 3.98
Rosiglitazone 109.63 106.11 97.61 99.78 96.83 9538 326 434 567 1224 1095 6.14
Sitagliptin 112.99 10925 10026  80.69 80.79 84.52 1025 838 5.78 890 323 3.71
Tolazamide 102.13 103.22 111.64 101.93 100.66 101.07 225 449 3.80 227 730 1138
Tolbutamide 88.89 91.61 9535 9042 9142 93.68 1.78 203 271 6.87 642 6.58
Troglitazone 9423 103.68 91.76 86.44 91.71 9215 790 876 5.13 7.81 1131 4.00
Vildagliptin 110.17 109.34 99.40 109.02 82.06 8038 638 4.17 1.04 6.57 13.19 1238

DConcentration (ng/mL): low (near the LOQ), medium (~5-fold above the LOQ), and high (~10-fold above the LOQ

Materials and Methods section. Of the 26 antidiabetic
compounds, glibenclamide and pioglitazone were
simultaneously detected in one capsule and confirmed
(Fig. 4) at concentrations of 1.52 and 0.53 mg (per
capsule), respectively. Based on this result, the proposed
method is rapid, reliable, and accurate, with good
applicability.

6. Conclusions

In this study, an accurate, reproducible method
based on liquid chromatography coupled with
electrospray ionization tandem mass spectrometry
was developed and validated for the simultaneous
determination of 26 antidiabetic compounds in dietary
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supplements. In addition, this study exerts significant
advantages over earlier reported methods, e.g.,
simultaneous quantification of 26 antidiabetic analytes,
shorter run time, wider linearity range with high
sensitivity, and simple reproducible extraction. The
developed method was successfully validated. Using
the validated method, glibenclamide as an insulin
secretagogues and pioglitazone as an insulin action
enhancer were simultaneously detected from a capsular
dietary supplement. These medicine compounds can
be dangerous for consumers without a doctor's
prescription. From the results of validation parameters,
the developed simultaneous analysis method can be
used for the routine analysis of antidiabetic compounds
in various forms of dietary supplements. This advanced
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Table 6. Stability of anti-diabetic over 24 h, as determined by Table 6. Stability of anti-diabetic over 24 h, as determined by

LC-MS/MS LC-MS/MS
oY 24 48 oV 24 48
Compound Compound
RSD (%) RSD (%)
Low? 10.74 7.54 0.5 Low 12.06 6.69 2.18
Alogliptin Medium 1.01 9.30 2.63 Metformin Medium  5.08 0.25 5.56
High 3.04 3.25 1.96 High 1.31 8.58 11.59
Low 6.88 1.45 1.29 Low 4.09 8.34 4.19
Buformin Medium 8.58 1.54 0.65 Mitiglinide Medium 3.59 9.86 10.44
High 2.86 3.84 2.57 High 1.40 8.28 7.72
Low 4.36 7.50 9.64 Low 8.83 0.35 2.76
Canagliflozin Medium 3.93 12.96 10.45 Nateglinide Medium 2.54 11.11 3.96
High 1.68 13.50 6.32 High 2.30 5.44 2.77
Low 11.32 8.98 6.16 Low 0.56 0.46 8.36
Carbutamide Medium 0.63 13.71 5.07 Phenformin Medium  0.11 9.21 11.63
High 2.76 3.58 5.85 High 0.27 8.36 3.08
Low 8.38 9.12 14.44 Low 3.53 1.77 2.12
Chlorpropamide  Medium 6.92 3.49 11.25 Pioglitazone Medium  0.80 1.31 2.88
High 2.71 10.53 14.88 High 5.85 7.28 9.23
Low 1.53 6.35 3.87 Low 8.54 5.54 14.27
Empagliflozin Medium 3.10 3.13 4.95 Repaglinide Medium  4.93 1.94 13.39
High 1.14 0.57 0.00 High 6.60 2.13 9.89
Low 1.83 13.29 10.91 Low 1.30 2.78 7.85
Glibenclamide Medium 3.48 1.44 232 Rosiglitazone Medium 2.94 8.20 11.31
High 0.60 5.20 6.00 High 6.25 4.49 2.54
Low 6.80 2.68 9.23 Low 6.47 10.31 6.47
Glibornuride Medium 5.41 3.10 10.73 Sitagliptin Medium  1.73 8.09 1.31
High 0.23 7.54 13.57 High 2.26 9.57 1.00
Low 3.05 8.15 6.05 Low 7.45 626  14.50
Gliclazide Medium 2.20 8.19 4.30 Tolazamide Medium  4.73 4.44 13.58
High 0.00 4.11 2.07 High 5.17 8.95 13.98
o Low 4% 044 923 Low 628 1166 7.6
Glimepiride  Medium  0.63  7.80  11.65 Tolbutamide ~ Medium 038 1223 12.95
High 068 476 170 High 1.04 1046 1238
Low 2.01 7.74 8.56 Low 4.59 3.45 1.60
Glipizide Medium —1.92- 967 10.83 Troglitazone ~ Medium 055 629 272
Low 10.74 11.84 5.89 Low 8.29 11.61 1.36
Gliquidone Medium —5.24 = 651 855 Vildagliptin Medium 118 870 224
High 706 231 75l High 144 373 680
Low 6.51 9.38 2.95 Y0 hour is stored for 6 hour at the room temperature after
Glymidine Medium 0.25 11.95 3.04 making the solution.
High 1.07 6.59 1.74 IConcentration (ng/mL): low (near the LOQ), medium
Low 3.82 13.97 7.44 (~5-fold above the LOQ), and high (~10-fold above the
Ipragliflozin ~~ Medium  0.89 1071  0.40 LoQ)
High 0.97 7.98 2.71
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Fig. 4. Mass spectra of a standards and sample that contains the pioglitazone and glibenclamid. (a) pioglitazone STD, (b)
pioglitazone in sample, (c) glibenclamid STD, (d) glibenclamid in sample

analytical method might help to restrict the use of
illegal adulterants in dietary supplements.
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