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A systematic analysis for 11 ingredients of oral hypoglycemic agent in health foods was established using three
different analytical methods; i.e. thin-layer chromatography (TLC), high-performance liquid chromatography
(HPLC) and comparison of MS/MS spectra analyzed by liquid chromatography/tandem mass spectrometry (LC/MS/
MS) . In Normal-phase and reversed-phase TLC, each condition to separate and detect 10 ingredients except nateglinide
was developed. On the other hand, 11 ingredients were detected qualitatively and quantitatively by HPLC. The recovery
rates were 92-101% and each coefficient of variation was less than 5.4%. Then UV spectra were monitored using this
HPLC method and furthermore MS/MS spectra of 11 ingredients were obtained by LC/MS/MS. Identification of each
ingredient became precise and rapid by comparing UV and MS/MS spectra of standard solutions with that of extract so-
lutions from health foods. Using this systematic analysis, glibenclamide was accurately determined and identified from
health foods.

Key words——systematic analysis; oral hypoglycemic agent; health food; thin-layer chromatography; high-perfor-

mance liquid chromatography; MS/MS spectrum
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JV, 7ZR¥E/K . Sigma-Aldrich Inc. ## HPLC i, Z®
filEA IR S 2 A U 7z

3. B HPLC (A MY AA—RT7 LA
i &5 1) 13 HP1100 > U — X (Agilent Technol-
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7z,
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ERAREAER SRR EREL, 0K 50-100
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(75:25:0.1) ZHW, H10cm BRELZ. &Ko
O/, %R (UV) 254nm O K=&
RU> 7% ) —)Vikik® ZE7F%#%, 105°C T 30 57
ET B HiEIC K Do 7=

6-2. HPLC (L &2 —F N 1 I L1F,
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Fig. 1. Each Chemical Structure and Monoisotopic Mass of 11 Oral Hypoglycemic Agents

Mm: Monoisotopic mass,
1: Metformin (METF), 2: Phenformine (PHEN), 3: Chlorpropamide (CHLO), 4: Acetohexamide (ACET), 5: Glipizide (GLIP), 6: Tolbutamide (TOLU), 7:
Tolazamide (TOLA), 8: Gliclazide (GLIC), 9: Troglitazone (TROG), 10: Glibenclamide (GLIB), 11: Nateglinide (NATE) .
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Table 1. LC/MS/MS Conditions for Acquring MS/MS Spectra

OHPLC conditions
Device : Agilent 1100

Column : Phenomenex Mercury MS Luna® C18 (2.0 X10 mm, 3 um)
or Waters Atlantis® HILIC Silica (2.1X15 mm, 3 um)

: 0.2 ml/min
Column temp. : 40°C

Flow rate

Inj. volume clul
Mobile phase

: Sol. A: H,O containing 5 mmol/l CH;COONH,

Sol. B: CH;0H/CH;CN (1 : 1) containing 5 mmol/1 CH;COONH,
Gradient profile : A : B (80 : 20) —5 min—A : B (5 : 95) (Hold 3 min)

OMS/MS conditions

Device : Applied Biosystems API 3000

Ionization mode : ESI (Negative and Positive)

Scan type : Product ion scan

Ion spray voltage: —4500 V (Negtive) and 5500 V (Positive)

CE voltage
Ton source temp. : 400°C

: £20eV, £35eV, =50eV

(The other conditions were default values of each device.)

(75:25:0.1) ZAWTERLZEZA, ACET &
TOLU % 0.51, GLIP & TOLA % 0.45 & [@l—d
RfEZERLTZD, ZD 4585 O NATE LIS D 6
RO BRI RE T o 72

KIZ, UV (254 nm) BRI N4l 2 AFASRIT K
LM OBHIZONWTRE LZEZ %, NATE
DA D 10 4312 UV OGRS 5Nz, =2k
RU >« 7% ) — )il & %%, 105°C T 30 5
IN#VS %} TiE, TROG KU NATE LIS D 9 ik
SEMMT 2 ZENAETH> . FEHARTH—O
RffEi%#7~ L 7= ACET & TOLU (Rf i : 0.51) ifi
ONZ GLIP & TOLA (Rf fii : 0.45) 1%, #HEEM,
BERRANNICHER, BREZETHIIENG, K
ST A EMMAIEETH o 2. HWHARTIE,
BG #Id & 4, Fig. 1 1IZ/RL 7 SUFOEAEFH D
Ry iZ 7 anFH EORKOERENFEEL 2
R R A-TE I, Ry ITHEBE O Y IV FILHEIES
HLEBRSTRWREAZE L. FIZ, REAK
i, SUHIOIL EEEOHEICERTH D EE 2
5% (Table 2).

ARiEIZ &L B NATE 2R 724 10 Bl DR HIFR
(LOD) 1%, UV RINIC X BHE T 0.2-4.0ug, =
SeERUZ - TE =i OEFITLDEMT
1.0-10.0 ug O#PH OfETH > 7= (Table 2). GLIP
J O GLIB 2B < 8 iR ICDOWVWTIE, 1 HE 58N

¥Emg-H gl RETHD, BEHEZAERT
MFEadm) 12, 1 HEGEREDORZEALT
WEBBEMEL ALND I END, KRiKETMHREE
LTEHTHBZEEZSNS. GLIP KU GLIB @
2DV TIE, 1 HERGENE mg THD, &K
SRR MEEEM 20 L2sET, M
EaTREDZENHERIETINDZENS, ARy bE
MR TE, MHEEZ LT3 0ENH 5.

PIE@Z &5, UV230nm &0 &k EA Tk
WNMEDENT, Z2eRY > - TH ) —)LiRiRD
BHETHEALU N> 72 NATE 2R< 10 M ICD
WTIE, A TLC G THERMNAIEETH > /2.

1-2. HPLC [C &2 —FaMEHOKRET KO
MBERE T3 11 fi4r 2 DWW T, HPLC I X% —F %
WA, F—RMETOREIRETH > /-,
DD, FMEOEW BGHID 2 KT DN TIE,
J&55 METF Hi e i8¢ D & &% O HPLC &fh %2 %
ZITHME L&A, Fig 21Tk UELHTERIFS
ryax T I A5 N T [Fig. 2(A)]. BG A%
< 9 ic DWW T, NATE IZ#HIE ik E & 210
nm, TS DESIE 230nm &L, 25 mmol/l1
CBETAKFFRNIULABRETYENZNUIILEDYT
FPLY N EBRE L& T A, Fig. 21TRLE
&M, BEAITEEL 7= [Fig.2 (B-1, 2)].

RIZ, BE—7HEIC K R &k TRERZ
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Table 2. Detections of 10 Oral Hypoglycemic Agents in Analysis of TLC
Normal-phase Reversed-phase
. . uv . . uv
Ninhydrine-Buthanol 254 nm Ninhydrine-Buthanol 254 nm
Rf Rf
Value Value

LOD LOD LOD LOD
Spot colore (ug) (ug) Spot colore (ug) (ug)
1. METF 0 — — — 0.26 Blue 2.0 1.0
2. PHEN 0 — — — 0.23 Blue 2.0 1.0
3. CHLO 0.50 Red purple 2.0 2.0 0.54 Red purple 2.0 1.0
4. ACET 0.45 Orange 4.0 0.5 0.51 Yellow purple 2.0 0.5
5. GLIP 0.18 Orange 10.0 2.0 0.45 Yellow purple 10.0 1.0
6. TOLU 0.58 Red purple 1.0 2.0 0.51 Red purple 1.0 2.0
7. TOLA 0.43 Orange 1.0 2.0 0.45 Orange 1.0 2.0
8. GLIC 0.34 Orange 2.0 4.0 0.42 Yellow purple 2.0 4.0
9. TROG 0.66 — — 0.4 0.17 — — 1.0
10. GLIB 0.36 Orange 4.0 0.2 0.30 Yellow purple 10.0 0.4

LOD: Limit of deteciton (Each LOD value is absolute quantify of spot), — : Not detected

TLC conditions, Normal-phase chromatography, Plate: Kieselgel 60 F,5, (MERCK), Developing solvent: Ethyl acetate/Benzene/Diethyl ether/Acetic acid

(30:10:

10 : 0.1), Reversed-phase chromatography, Plate: RP-18 F,5, (MERCK), Developing solvent: Methanol/Water/Acetic acid (75 : 25 : 0.1)), Detec-

tion: UV irradiation at 254 nm and Spraying Ninhydrin-Buthanol solution following heated at 110°C (30 min), Spot volume: 10 ul, Development distance: 10 cm.
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Fig. 2.

HPLC Chromatograms of Standard Solution and Each Extract Solution from Health Foods

1: METF, 2: PHEN, 3: CHLO, 4: ACET, 5: GLIP, 6: TOLU, 7: TOLA, 8: GLIC, 9: TROG, 10: GLIB, 11: NATE (Each concentration: 10 ug/ml). I: Nan-
genZengzhangsu, II: ANADA THUKHA, III: Nigauri GOLD. Device: HP1100 (Agilent Technologies) , Column: YMC-Pack ODS-AQ (4.6 X150 mm, particle size
5 um), Flow rate: 1 ml/min, Column oven temperature: 40°C, Injection volume: 10 ul. Condition A for analysis of 1 and 2, Mobile phase: 0.1% H;PO, solution
containing 5 mmol/l SDS/Acetonitrile (60 : 40), Run time: 20 min, Wavelength to detect: 235 nm. Condition B for analysis of 3-11, Mobile phase: Solvent A is 25
mmol/l NaH,PO, solution and solvent B is Acetonitrile., Gradient profile: Sol.A/Sol.B (60 : 40) (Hold 10 min) — (10 min) —40: 60 (Hold 10 min), Run time: 30

min, Wavelength to detect: B-1) was 210 nm and B-2) was 230 nm.

ERE U 7=, 11 BE43id, 1.0-50 ug/ml O &ipf T r=
0.999 DL k&, BifREHFEZRLZ. £, #£11
%45 D LOD [ 7 F)Lkt /1 X (S/N) =3] &
DERREA (LOQ) (S/N=10) ¥, THhZHh 0.2-
l.4ng, 0.6-4.1ng OHIFHDEZ/RL 7z (Table 3).

B, BOMBERE I 11 4o UV ZAX27 ML

1%, Fig. 31TRL 7=

1-3. MS/MS ZR%Z7 MLICKBRIE 1A
ftdTL 7 hoxX 7L —aF 214 (ESD) #ED
Positive, Negative DiffE— R T, JU T3> I %
JVF— (CE) 13£20, +35 +50eV &L, Table
LIZRULEGHETTOS I b F 2 AF v 22175
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Fig. 3.

UV Spectra of 11 Oral Hypoglycemic Agents

1: METF, 2: PHEN, 3: CHLO, 4: ACET, 5: GLIP, 6: TOLU, 7: TOLA, 8: GLIC, 9: TROG, 10: GLIB, 11: NATE.

Table 3. LOD and LOQ of 11 Oral Hypoglycemic Agents in
Analysis of HPLC
LOD (ng) LOQ (ng)
1. METF 0.3 1.0
2. PHEN 0.2 0.6
3. CHLO 0.6 1.8
4. ACET 1.2 4.1
5. GLIP 0.8 2.7
6. TOLU 0.7 2.4
7. TOLA 0.3 1.0
8. GLIC 0.2 0.7
9. TROG 0.3 1.1
10. GLIB 0.5 1.5
11. NATE 0.5 1.7

LOQ: Limit of quantification, The LOD and LOQ were determined with

Table 4. LOD of 11 Oral Hypoglycemic Agents in Analysis
of LC/MS/MS for Acquiring MS/MS Spectra
Pos. (ng) Neg. (ng)

1. METF 0.044 —

2. PHEN 0.098 —

3. CHLO 33 1.4

4. ACET 0.13 0.041
5. GLIP 0.050 0.69

6. TOLU 0.16 0.037
7. TOLA 0.044 0.031
8. GLIS 0.024 0.026
9. TROG 8.0 2.0
10. GLIB 0.31 0.35
11. NATE 1.0 0.34

— : Not detected, The LOD was determined with S/N ratio of 20.

signal-to-noise (S/N) ratios of 3 and 10.

7z. TOFEE, BG HID 2 541 Positive £E— KD
AT, o 9 fksri, Positive, Negative DJifj £ —
RTMS/MS AR bV ZRET ST ENAIRET
Hoiz (Fig. 4). F7z, 11 k53D LOD [F—#)L
AF>HhL >0 8T I A (TIC) @ S/N=20]
1%, 0.044-3.3ng (Positive E— K), 0.026-2.0ng
(Negative E— R) OfETH o7z (Table 4). 723,

—%FJIZ LOD 1X S/N=3 Z W57, KLEHETHE
57z TIC D S/N=3 T, 79T A F >
MRS T FIINELTHELS ZENREETH - 7.

MS/MS A X7 MV Z&MEITGFZ 720121, TIC O
S/IND20 A LA ETH-o7Z &5, LOD I,

TIC ® S/N=20 % /=,

FEEOHIE TEH SNz SUFID MS/MS A X7 b
JViX, Negative E— KT, Fig. 1 1TRL7=HAEK
M 5-CO-NH-R, 23 i@t L 7z @ (CHLO : m/z=
190, ACET : m/z=198, TOLU, TOLA, GLIC : m/z
=170), XI¥-CO-NH-R, KU X F)LH 25K L TR,
DIiEEL 726 @D (GLIP, GLIB : m/z=170) & i
INBA1 A UNEEIZ N, Positive E— K TI3,
CHLO, ACET, TOLU, TOLA, GLIC T, ZJL
T IV HEEER YT VBOBITHEEL 72, -CéHyR,
CHEMI XN D1 A > (CHLO : m/z=111, ACET :
m/z=119, TOLU, TOLA, GLIC : m/z=91) 7@l
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1: METF, 2: PHEN, 3: CHLO, 4: ACET, 5: GLIP, 6: TOLU, 7: TOLA, 8: GLIC, 9: TROG, 10: GLIB, 11: NATE.
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Fig. 4. MS/MS Spectra of 11 Oral Hypoglycemic Agents
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HENn7z. BGHINX, HEABHEID-C(NH)-R D
B L 72-CNsHy EHERHIZ N DA A > m/z=60 H3EH]
TN N5 OERIE, RO DFEEZERENLT S
DIZEHTHREEZLNS.

2. AMEREER  HHROBREKRTRIEZ TN
FNHPEL, F0HK 50-100mg & DED, % 11
%5378 50 ug WA 9 2 FEHE SRR 2 T L E AR L
. TR, BETAZEE DT TREEZHEL,
Dit%, #BHAR O & FERICEMEL, BmEIGR
BEFEmL . ZO/ME, & 1155 ORI 92-
101%, Z#%%k (CV) 130.4-54% LB ThHo
7= (Table 5).

3. REODT  GLIBEMNREMIN TV
FERN 3 BIRICDNT, BRHAR O & Ak #
EL, AR HEEZ AW THZEITS 2.

3-1. TLCIC&2HER £, UVIRILICKS
WRZEIT>72E A, HHERTIE, 3BAETT,
GLIB OEHE LA U RFEAHEICAR v FEED 5
Nz, 2055, TIZDWTIE, TLC AD ARy

Table 5. Recoveries and Coefficient of Variation (n=3)

Green tea Tea

Recovery Ccv Recovery Cv

(%) (%) (%) (%)

1. METF 98 2.5 96 3.5
2. PHEN 99 0.5 96 1.4
3. CHLO 98 3.0 93 1.2
4. ACET 98 5.4 92 2.2
5. GLIP 101 1.0 95 0.9
6. TOLU 98 0.5 96 0.7
7. TOLA 98 1.9 95 0.7
8. GLIC 98 2.8 95 0.6
9. TROG 94 0.7 94 1.1
10. GLIB 95 1.1 97 1.4
11. NATE 93 1.8 94 0.7

N &2 0.04ug &, GLIB ® LOD (JifH%, UV
WIIZ KB HEFR 0.2 ug) ZIEHMITTERI> T
ZENGRELZEZA, ZTOUVRIE, GLIB
EFEMBHHRER > DORMEIZ LD HDEEB X SN
MR T, T ROMIZ, FEA2 58O E
THRMEMMNEMRL THD, GLIB OfZRIZNEETH
S, ZE&OGLIBDEHET S 1 TIX, RN
"RETH o /.

Kz, Z>eRY > - T% 7 —=)VidiRDOEFEICK
LRz To 2. LIINEAMR, MHEREbIC, R
LRIFOREBO ARy b (EHER @ B, PR :
WERM) MR TER. TRCMIZDNWTIE, &%)
W&tk T BHA R @O GLIB DR ENK <,
TLC ND A &EMN LOD % FE> TWwiz I &n
5, ERIIRETH > 7.

32. HPLC (L L% —F o &KREEEHLOD
HPLC 7O~ ~% 5 % Fig. 212, HPLCIZX %
TERISNT DGR %Z Table 6 /R L /2.

TRTOMKT, WEZMGEFET SHRMEMIED S
N9, GLIB 2l - ERT DI ENARETH >
2. TOOB, KEICKD T RONOE SRR,

H)NNEHEERTETOEEAMEL (I :0.14mg/
tab.,2 Il : 0.78 mg/cap.1®) &, FF—HKL 7= F
7z, Fig. 2 T1ZRrL7=& DIz, 1TIiE, CHLO
(fRFFIFRT 4.8 min) XX ACET (f#f5H5R] 5.3 min)
DERFERREIEICE — 7 RO 5N, UV AR
7 RVDINY —> /5, CHLO KON ACET 38 H
INBNWEHRINSZ. OBEDHHTT, ZOE—2
W, ST FIANTHLZEMHBAL . 7535,
MEDY Y 7 1)L biia Nz,

3-3. MS/MS ZR7 MILICLDRIE  &ilkl
WWIZDOWT, QL AF ¥ > &frok&I A,
GLIB® [M+H]* kU [M—H]- &HRINS
AF > EMHETHIENTER. ZOMA 2T

Table 6. Detection Levels of Analytes in Health Foods by HPLC

Detection levels Contents in one

Samples Analytes (mg/g) preparation
10. GLIB 300 120
I. NangenZengzhangsu Sildenafil 30 12 mg/cap
Tadarafil 0.13 0.05
II. ANADA THUKHA 10. GLIB 0.21 0.11 mg/tab
III. Nigauri GOLD 10. GLIB 1.68 0.87 mg/cap
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Fig. 5. MS/MS Spectra of Glibenclamide in Each Extract Solution from Health Foods
I: NangenZengzhangsu, II: ANADA THUKHA, III: Nigauri GOLD.

H—H—AF> &L, ESI D Positive, Negative O
WE—RTTOF 7 A AF ¥ 2 2TTH, 55
N7z MS/MS A XY MV, BEHEFRIR D MS/MS
AR MVE—F L7 (Fig. 5).

¥ & &

FE 1 OB R N R 11 gk ic DWW T, TLC, HPLC
O MS/MS Z R MVIZK B FEE Z H Wi Rk
Mo Mk & i U 7z

TLC IZ X % HEsRiE DM T, NEMHSE T BG Al
MU NATE DA D 8 il e Y BAFIC B L 7=, A
% T, NATE DAL D 10 % @ 5 5 ACET &
TOLU % O* GLIP & TOLA @ RffEiA3[F Ufl & 72
20, TOMIXEFICHBET 2 BEEKZ RWH L
7. HBESr ORI, NATE LIAL D 10 513 UV
WEIZ LD, F£72, TROG KU NATE LAZAD 9 K%
FIZDONTIE, =2k RU Y - 7% 7 —)LikiROmE
FIIRDHIEITK o .

HPLC IZ X% —F ik Tld, F—&KMHITX5
NGO —FnthidRETH->72. =T, Mtk
DE BG Al 2 plfor & 9 By D 2 BEICHT T, 4
M&tEERFLEZEZ A, & 11RPIEIRN—ZT1
CoEEL, BEESARIREETH o 2. EEIL, BG
7T 235nm, NATE T 210nm, ffid 8 4531 230
nm D EZ AV, LOD I3 0.2-1.4ng, LOQ I 0.6-
4.1ng OHEFDMETH > 7=, Fz, RIEOHRMENYL
ABRIE, EINER (92-101%), CV (0.4-5.4%) &
HICRIFTH I~

MS/MS Z X7 FUIZ XK B RIEIZ DWW THRE OFE
., BG Al D 2 4713 Positive £E— KT (CE=
+20, +35 +50eV), ZDAhdD 9 ki Positive,
Negative DljE— KT (CE=+20, +35, +50eV)
Bz MS/MS Z X7 MVE S, I 11 Bk
HDTNTEFEET DI ENAREE RS 7z,

RO IMEERE T3 (GLIB) MRS NzER
i 3 REICDNWTAREZHNWTHMLEEE DA,
GLIB Z il ICHERR - €T 2 2 ENARETH > -

DEoZ &Ens, REE, OB RGN
INz MEEARM ICKDEEHRENFEL KO
HEHITEE LT, FATHD I EEZHSNTLT

B, AEREE 0RO B T3 7 IO N
T, LC/MS/MS # Wiz —FmniEnimE s nT
Wa WEERTIE, YO0 M A >D 1 DNER
AF 2 ELTREINTVWSD, SEbhbiig,
KL DG 11 I DONT, ERMOHERA F
ELTEREOTOUY 7 A E2FE LR, LC/
MS/MS 12 X il —F itk z et Lz .

BEE WRERGELTHEE LA, wRIRE
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