HPLC [E]BHME R Zhrh 13 #aAEERMBRETERL Z A
KR, TR, KIBAEMIZRERH, #T M 318000)

WE: B @aRernl g P Ak ki 13 A5 Eme sk, & KM HPLC-DAD # 47 €, CAPCELL
PAK Cis &4 (4.6 mmx250 mm, 5 pum), AV Bi-+ =% L A BR $h 75 7% (pH 3.5) A A sy AR 4T 45 2 26 B, DAD Al 4248,
RICEK 235nm, A A B, A IREN. 2IRRF T ARG RE T ERIR, @3RG et fe g SN BOBOR AT
Ek, @A AT E A F, AN ey AR Sl UPLC-MS #47#43E, ESI R, EEB-THX, SRM iz, 4R 13 Frik4k
KBRS TAS B, £ 0520 pugml ! WEKX AR R, wEN 9436%~104.30%, RSD 4 0.5%~ 3.2%; #Héd
1 BtraM A, @it UPLC-MS 4% /33| A, 4518 ZH R iEan. 2R EHTHE, ERAFRERE,

KA PR, BAEER; dEERAe; SRRAEE; BHRRAEIE- BRI
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Simultaneously Detecting of 13 Kinds of Illegal Hpyerglycemic Additives in Chinese Patent Drug by HPLC

ZHANG Xuebin, LI Jun, ZHANG Xuan(Taizhou Institute for Drug Control, Taizhou 318000, China)

ABSTRACT: OBJECTIVE To construct an approach which can be used to assess the concentration of 13 illegal chemical
hypoglycemic additives in Chinese patent drug simultaneously. METHODS HPLC-DAD was employed in this research.
CAPCELL PAK Cis column(4.6 mmx250 mm, 5 pum) was used. The samples were eluted by methanolsodium dodecyl sulfate
solution with gradient concentration. DAD detector was used with wavelength of 235 nm. Different forms of Chinese patent drug
were analyzed, which included tablets, granules, pills, capsules and oral solution. The samples were extracted using methanol.
Qualitative results were determined using retention time and ultraviolet spectrum. Quantitative results were obtained via external
standard method based on the area of absorption peak. The positive samples were verified using UPLC-MS (ES1, positive ion
mode, SRM scanning). RESULTS The 13 hypoglycemic chemicals were completely separated. The linearity were good when
the concentration in the range of 0.5-20 pg-mL-!. The recoveries rate were 94.36%—104.30% with RSDs of 0.5%-3.2%. One
batch of samples were tested positive, which was verified using UPLC-MS. CONCLUSION The method is timesaving and
reliable, which is suitable for daily drug controlling supervision.

KEYWORDS: Chinese patent drug; hpyoglycemic effect; illegal additive; HPLC; UPLC-MS
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VIR HPLC-DAD &M i Jrik Ml UPLC-MS
WUE v, DU HE AR ROR S8
1 XEE5HF

Alliance 2695 B S0 AH G5 . 2998 K
EHEH R #% . Empower3 (i T /Euk (32 [E Waters
NFl); Accela-TSQ Quantum Access i FHAY
(Thermo 23 A]).

IR HAUIKAEL S . 100664-201805; &4 -
99.9%) . FRR A LA : 100922-201001;5 7%
o 99.7%) . MAIANKHES . 100135-201806; F
B 99.9%). MFIEMEHT . 100674-201904, F
s 99.7%) . SRR % A% S EH (HES . 100952-
201902 ; & & : 99.6%) . ¥ FI 5F FF (L5 .
100269-201906; F&:: 99.9%). i HI LS
100753-201303; Friw: 99.8%). R AR 51 i (L
51 100634-201703; FiE: 100%) . %51 M (HE
7 100280-201403; Fir: 99.5%). MFINMLEE I
51 100281-201905; FfE: 99.5%). &5 MK
51 520026-201401; & 100%) %5 X} 1 5ok H
Hh R 2 e R E AR e s TR T RO A (1
[ DR Ehrensorfer 22w, #it5: G1010498; & it:
100%); *RFRT WO B (&K TRC A H], it
. 2-BSL-146-3; & 100%), 14 HH Rz h
M2 (RN . 7, kiR s,
M), R 1.

x®1 H&EER

Tab. 1 Information of the samples

i B 44 ATETR I Eiins2

1 Rl T fse IR 1 i 3l 20201101
2 Rl 1 fsc R 2 i 3l 201201
3 X %3 J 7 2004271
4 ST R I & J 7 2006131
5 Rt e 3 %K 4 Ji 2551 210602
6 4 R R xS J 870130
7 HBR R %6 hawil 20122451
8 BEVR SR A IR il 210310
9 SRR R "% 8 gl 2010125
10 HERZEN %9 FL A01240
11 FERRL &1 A 210601
12 ZERERER &1 TORE 79 01200981
13 HES SRR 7&K 12 U el B2012028
14 REZE O RK %13 (m¥i1 20210310

H g (g all, BER . — M. T bR
BREN o bral, WA tikgk, A stk

P E B FH 22 2023 4R 1 A5 40 5 1 0]

2 FHREH#R

2.1 HPLC-DAD ¥ & &

2.1.1  (a3E4F (ai%t: . SHISEIDO CAPCELL
PAK Ci3(4.6 mmx250 mm, 5um); #shtd: A K
HEE, B AT he SO R am A i (T b S i g
#1035g, 1 mL =28, /K% 1000 mL,
BEIRIE pH & 3.5)80 BF YE I (0~5 min, 40%A;
5~10 min, 40%—>57%A; 10~23 min, 57%A ;
23~30 min, 57%—>80%A; 30~37 min, 80%A ;
37~38 min, 80% —>40%A; 38~55min, 40%A),
Kl 4. 235 nm; 210~400 nm 35, WHE K
1 mL-min~', #iE: 35°C, #FEEE: 20 uL,
2,12 XPRRAREWECH] PREL 13 AR 2
10 mg, ‘& 25 mL s, i B H AR O AR R
£ 400 pg-mL! BRI AR (4 CHRAE) .
H 2% BUR A 28 WS & T H Bz Dl 0.5,
1.0, 2.0, 5.0, 10.0, 20.0 pg-mL™" ¥ RFNIE S *f
HE RS W o

2.1.3 HEASEWE K OFF L R SR
EHUS R FRE, WRAN, R 2 PR R il (2
1 R &), B 50 mL &3, M EsEE, &
7515 min, IFEEEZIE, 5. QRERS
W N AR, RS PR IBURE s (2 1 IR
AR &), & S0mL &, Jn i e, B
15 min, IIHBEERZIE, 5. @ H MR 5 &
FIEIR A R % B 1 UG, & S0 mL &,
T S R, B 15 min, I EER SR, R4
IR PC S WD AL, ORGSR IR S mL,
B 25 mL ®ih, I EEEZIE, A, nTARYE
G 25 SR 214 7 R A 1 e R A 4 P TR
FENES

2.14 LEMEFE FPRATERE S, WThE
S35 R 4% 24 W W 22 0 1 4 B B R 3k 1 R 1
J1, ARET R LR 2GR R, e T
JERER . AL ORI AL AN ) 2 Sk
T VA TR IR A T 45 WL (400 pg-mL ) B 2 ik &
10 pg-mL™" BEEIBIERE , X B T T %458, AR
LEGARMFT, 13 P2y Rets B 00 5
2 DAD RS A ] HERR I BRI 19 Tt . B i)
EE LA 1,

2.1.5 (UEPREHE B 20.0 pg-mL! JRA T A
WRIIERE 5 K, TR 13 Fik2E 259 Y 16 TR AL RSD
H0.3%~1.2%, FHALEHRE % R AT
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1 ) s 10
34 s 13
0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 S50 55
t/min t/min
c
|
0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55

t/min i/min

10

0 5 10 15 20 25 30 35 40 45 50 55
t/min

1 HPLC 447 %

A-ZS VR ; BRIV C-RCRRE MV D-IREE IR s B- R RIRE AR F- R RUINARIA TR ; G-URLRIRE SRR s H-0RL inbr i
W5 THUFURE AR T LTI INBRI R s K- ORI s L-H RO AR s M—PRERE s 1R B —HOBUIR s 2-HIORES TR 3—HE 51 MLER 5
4-A8FIFFRE SRR T K 6-BAK SN TERIRAE LU 8—ERFRMLAE SR ; O—HEFIBNR; 10A8FIANE; 1ARFIFHNR; 12-A%5IEER 5 13-
Bk 5 7% o

Fig.1 HPLC chromatograms

A-blank solution; B-refference sample solution; C—the test solution of capsule; D-the spiking solution of capsule; E—the test solution of tablet; F—the
spiking solution of tablet; G—the test solution of granules; H-the spiking solution of granules; I-the test solution of pills; J-the spiking solution of pills;
K-the test solution of oral liguid; L—the spiking solution of oral liguid; M—positive sample; 1-metformin hydrochloride; 2—tolbutamide; 3—glipizide;
4—gliclazide; 5-buformin hydrochloride; 6-rosiglitazone; 7-phenformin hydrochloride; 8—pioglitazone; 9—glibornuride; 10—glibenclamide; 11-glimepiride;
12—gliquidone; 13-repaglinide.

2.1.6 ZMXLRFLE W 2127 WHRAXMNE £ 2, 4558 13 PR 259 A ¢ R 03>
ih BRYVEW T RS, DR (x, pgmL™)  0.999, FHIZER HLRMEEH NZrE X R BT,

oAby, AR AT AL () AR, AdilbRAE 207 KRR BR R B BOXT RO R W
Mk, BRSAF2Y oI RE, 45580 (0.5 pgmL ™), RS FIRZGY 028 FIRE SR TR
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BRFRE, & 42017 WUF Q%R E

PAfEMELE 3 R0 10 2351k th PR S E f BR, 5.3
K R 0.024~0.128 pg-mL~", EEFRHN 0.121~
0.505 ng-mL~", #5R 0K 2. 5 3 MEEH TR L
JIEES, AL RO, R T IR 9 N2y
Py AG H BR AN SE B BRAR T ok Ah SER R T 1k, R
SRR, FE MRS IAD 4 AS5HIAHIT, 56 2 R
B ELR

FT2 VBAEBEAFAMNEAEEETE. xR, &
B. iR, 2R

Tab. 2 Linear regression equation, correlation coefficent,

concentration range, detection limit and quantitation limit of
13 hpyerglycemic additives

[ )y . U/ *ﬁHJ.FE/ %ﬁ@
pgmL™  pgml'pgml!
=89 747x-18 483 0.9997 0.479~19.141 0.048 0.239
y=56510x-3 880 0.9999 0.510~20.400 0.051 0.255
y=66768x-5 832 0.9999 0.516~20.636 0.052 0.260
F 5 54 y=51894x-7502 09998 0.510~20.420 0.128 0.256
T ZIK y=72629x-5 145 0.9999 0.498~19.940 0.025 0.125
DAFRD K& HIE y=43 557x-3 394  0.9999 0.503~20.139 0.050 0.252
BRI y=68277x-4432 09999 0.516~20.638 0.052 0.129

Bk

AR HUBUIR
R T K
IS

ERFRMEAR SIE]  y=42386x-5984 0.9999 0.520~20.780 0.052 0.130
&5 Ik y=34056x-4376 0.9999 0.505~20.200 0.126 0.505
& FNA IR y=60547x-4 122 09999 0.534~21359 0.053 0.133
&5 MR y=67022x-2521 09999 0.503~20.119 0.050 0.126
1% 51) e i) y=74946x-1006 0.9999 0.481~19.323 0.024 0.121
Bt 5 4% y=26082x-2 817 0.9999 0.503~20.140 0.126 0.503

2.1.8 [l A B BRI Rl 2h fise 3 SR A o (AL
5 2020110 N EWZ 2.0 g, L9 6y, 70 3 4,
B3 BIRS B5 IMANT B IR A A 0.5, 2, SmL,
Fi2 42,137 IO A St VA Y 5 A ik B s oAU 3
AR BE W IbR A A T PICRIR G, 45259 114 =]
WCRTE 94.36%~104.30%, ZEFILF% 3,

2.1.9 HEEME  AEE PRI ALY e 2 AR O
5 2020110)NEZ 2.0 g, 64y, 2K S
AT &GRSV 2 mL, % “2.1.37 TR ikE
il VA TR B 1 7 I, A B AT TR SRR S
G513 B AL#258) RSD y 1.2%~2.8%. F W% 7
EE PR

2.1.10 ERFAENE  H “2.1.27 TRk
20.0 pg-mL! IR A X IR, 43 TE 0, 6, 12,
24, 36 h #HHE, T4 13 Pk 25 i AR RSD
7 0.6%~2.0%, FRIFHHARE MRS .

2.2 UPLC-MS HfiE

221 &M fAigkE. ACQUITY UPLC BEH
Ci5(2.1 mmx100 mm, 1.7 um); i : 0.4 mL-min~';

P E PR FH 22 2023 4R 1 A5 40 55 1 0]

AR SuL. JohA: A-HEE, B-0.1%H R,
6 BE VI (0~2 min, 10%A ; 2~8 min, 10%—>90%A ;
8~10 min, 90%A; 10~10.1 min, 90%— 10%A;
10.1~15 min, 10%A).

222 UGS MBS H S IE B AR (EST);
YEBE SN W 445 (SRM) ;. W25 HL R : 4 000 V;
BARAFIRE : 350 °C 3 B (N2): 20 arb; 5 BT (N2) -
5arb; MifES(Ar)ES7: 1.5(1 mTorr=0.133 Pa),
BB, FEF. RSk 4,

313 AR AR AL 2 B R 2 R (n=9)
Tab.3 Result of recovery rate of 13 hpyerglycemic additives
(n=9)

WamaF A g 1%/ % %3@ RSD/

Eh TR — HH UK 217.4 100.51 101.78 98.21 100.5 1.8
869.5 97.06 9554 9560 96.1 09

2174 99.26 9855 99.41 99.1 0.5
R T IR 2302  101.00 9926 98.83 997 1.1
920.8 9921 96.63 97.66 97.8 1.3

2302 96.06 98.07 97.75 973 1.1

& G iR 228.5  103.41 101.99 100.46 102.0 1.4
913.8 101.14 9791 97.12 987 22

2285 96.85 97.48 9585 967 0.8

& 51 54 2225 10034 97.43 96.08 980 22
889.9  102.15 99.84 96.84 996 2.7

2225 96.48 98.04 95.05 965 1.5

T IR 228.5 101.64 101.97 102.41 1020 04
914 97.68 9620 98.17 973 1.1

2285 96.39 9544 96.15 960 0.5

Ok E IR 2309 9746 9648 993 977 15
9235 9629 9645 99.65 97.5 1.9

2309 10039 98.19 99.64 994 1.1

R ERHE 7, BUIK 2192 100.69 9579 9772 981 2.5
8770  97.67 97.92 98.64 98.1 0.5

2192 101.05 99.99 100.14 1004 0.6

b R IH A% 571 R 2333 10073 10276 98.69 100.7 2.0
9332 97.62 9505 9596 962 1.4

2333 98.56 9447 9553 962 22

5% 51 5 2219 99.14 9689 9926 984 14
887.6  99.06 99.03 9686 983 1.3

2219 101.68 97.04 96.83 985 2.8

&3 A IR 232.0 99.69 9592 98.83 98.1 2.0
927.9 104.30 100.93 102.01 102.4 1.7

2320 99.07 96.24 9731 975 1.5

S IEa 2228  98.06 100.19 9637 982 1.9
891.3 99.38 99.40 98.28 99.0 0.6

2228 9726 9587 9733 968 09

A6 1] s il 206.7 102.46 100.41 99.68 100.8 1.4
826.6 100.50 98.71 9436 979 3.2

2067 99.28 98.82 102.20 100.1 1.8

Tk ) 243 234.4 98.75 9694 99.18 983 1.2
937.7 96.03 9648 9894 972 1.6

2 344 98.48 9823 96.86 979 09
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Tab. 4 Parameters of MS for each chemical

wE
A gy N FETE R
min

R HIK  1.00 1302
EHRT ZIK 1.53  158.1
BRI 4.07  206.1
LB IFIE 550 3582  94.3, 107.3, 1352 25, 34, 25
MM ST 6.05 357.1 118.2, 119.2, 134.2" 59, 41, 29
PR TR 7.03 2712  91.3",155.2, 1722 32, 16, 11

60.4", 714, 853 13, 20, 13
60.4", 85.3, 141.2 15, 18, 13
60.4", 77.3, 1053 16, 47, 26

& Btk 721 4462 167.1, 286.1, 321.2" 27, 23, 12
&5 555 735 3241 912, 1102, 127.2% 32, 21, 17
ik 5 4% 7.64 4534 1622, 1742, 230.3" 20, 41, 28
& 51 Ik 7.85 367.0 152.1, 170.17,349.2 19, 15, 11
& FNA IR 7.94  494.1 169.1, 304.1, 369.1° 29, 20, 12
i:2]IPS) 3 8.15 4912 1262, 335.1, 352.2° 25, 22, 12
5 51 s il 8.42 5282 202.1, 386.2, 403.2" 30, 22, 11

T CERET
Note: “—quantitative ions.
2.2.3 AR F
VTR 10% H P A8 o 4R %2
224 USRI B sy E e L
SO, TR A AT 2 A PR R SR, ik
BEERAENERE T ERET, 5o 2 NMF
R ETFEREEE T, BRERHTAEEST
() 3 B HE DAY B BH M G & A, b AR bR A
FAb A2 Y B R B T G R R S S AT T
ACE LA T “2.2.27 TR BG4 14
2.3 53

K HPLC 3 5l % R T e 5% 4 EE R
SRR . AL ZGTHTE D IRV . T8 AL R[]
FLRRAY 14 AR ST TAGIN, o 1 HERR S (R
d 10) (835 PR B3 B 0] K2 58 A1 1% 18] 548 510 AR JIR %o
MSh—20, kR EISEE R ULE 1, HPLC
MASSENE 5 U 1.35 mg(BRRRAE N 5~10
) AT FTRE SRM AT, I AHERE 5 32041
KB TR B T3 SR —80, AR A
A EREH 2002/ 657/EC 35 BT 5 MW7 I AR X B
THEER RV RZEIEE, B BRI, &
BT mEWE 2,
3 it
3.1 FERREUT

13 B2 e H B R A B R s A, ELER IR
JE SRR, WOk RE R R A PREOA R . Hoh
FEBIAR T BE AR AR, s T H B, EHR
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rt
[al8)

AR RL I 25 2R

R H T A B A R %) BH 1A it A7 o Ak B T R 1)
g WRER IR “2.1.37 TR g T e,
PRI 4, 8, 12, 15, 20, 30 min, $%AE
Mg, ICEAEFNANRIGETH R, Z5F M 4~12 min, U
RGN, 12~30 min, WA AHZT, AT
SE4A, WO S EFEA 15 min.

9
2 12
A
11
7
2 3 .
L 2
f T T T T IJ\ T 1 T T |
0 2 4 . 6 8 10
t/min
B
f T T T T T T T —— l
0 2 4 6 8 10
t/min
C
I T T T I T Pt T l
0 2 4 . 8 10
t/min
D
| T T T T T T T T T |
0 2 4 6 8 10
t/min
E
[ T [ T T T T T | T 1
0 2 4 . 8 10
t/min
F
[ T I ] [ [ [ r I T 1
0 2 4 6 8 10
t/min
11 G
f T T T T T T T T T 1
0 2 4 .6 8 10
t/min

B2 EBTRE

AN BRI (10 ng-mL) s B-RHERE SRR C—H RIRE W ; D-
MURLARE G B—ALRIAE S P JIROBORE RV s G—-IR AT
dfs 1R —HURUNK; 23R T —WK; 3R ZWUIK; 42 4% S ;
S-ERERMLAE IR ; 6 2RRE TR 7T 5INLIEE; 8—4%FIFFHE; 9-Hmtk
7% 10-ARFIPR s TIARGIANK; 12-K550 0% 13-4 5w
Fig. 2 Total ion chromatograms

A-reference sample solution(10 ng'mL™"); B—the test solution of capsule;
C—the test solution of tablet; D—the test solution of granules; E—the test
solution of pills; F-the test solution of oral liguid; G—positive sample;
1-metformin hydrochloride; 2-buformin hydrochloride; 3—phenformin
hydrochloride; 4-rosiglitazone; 5—pioglitazone; 6-tolbutamide; 7—glipizide;
8—gliclazide; 9-repaglinide; 10—glibornuride; 11—glibenclamide;
12—glimepiride; 13—gliquidone.
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3.2 T ERER — W ORUNGI % J5 ik iR

ER R — W UM B PR AT 3K, 38 1
FHETE 5T R A BE 59, 1M B 19 o A 3R
ZPEY T, i AR R AU TG ik 5 a2
|GIREN A e o e S - AL T W S N d e ST
B UERTE R ETAR T, SRR AR AR ot o B ke i 4y
A LR AT e b bR 2 BT, ISR S R
R e B R B ek e ER R — OIS PR B, LA
REERA O f AR U I Eh R — H BUII
33 TEREUE

HR 8 SCHR[25], 13 Fh Ak 25 e 1 e 80 v
B AR/ NFIE N 0.5 mg~0.25 g, HifEiiE 5]
R BN RAL, A 0.5 mg, WHARTFSE A
25 A& 5 B 0 At 3R S R I AR A s VR
2 pg-mL'(FEFEE] HPLC H 5N 400 ng), MASHF
7% T EkE A 2 B E IR 0.503 pg-mL~', S84l
JEIZ NP EE A Y R BB EER T H A 12 F
b2 25 W) S 5T T B ) B SR/ D R 40> 1 mg,
AT 5 B R B TR 45 2 W) e s BRIy 50 5 LA

RS5 MMEAEEERIEER
Tab. 5 Validation results of positive health food

b, BT SE AR 13 FARE I k225
RE PR R ARG ) R AR
3.4 /N

AHIF 5% 2 B8 v [ 245 8 2020 AERRPYHEE 9101 24
i SR RS AT O R RS R X HPLC B&
JEPE . Stk KB . i RAET H T T 55,
S5 IR AR I BER o R AR IR XT 14 L i 25
P HEATASIN S5 ER PR HEBHPERE S, TR
2y (R BAPERE S A, BCBECT H BRI H R ik
EANTERIG KPR 6 BH R AR A £ 5 (R
A FEM 1. FER 25 BRI BES 3. FEM 45 L
. FESL S WORLA: FE S 6)FATRRIN, £ HPLC
i, 3R UPLC-MS KFAIE, 255FE5 1
Rt ORI 2K 2 WU 4 5 Bl 2 KR 2
XUICFIAS FN AR 535 FEdh 3 FIRE S 4 S48 4%
AR5y 5 FE A S K H — FFOBUNCRIAS 51 4% JIK %
4y 2GR 6 K BN . A% B AR R A A
G Sy, R IR BHPERE R UPLC-MS 4
W, S REIE, KmghR—a, Wk s,

Hir's EEA A Falpid] Eiinc R th Ab 2% 2

1 TS A B T 2 JTR 14 il 20191228 ZIBUIR, 2R UK

2 S IR I &K 15 il 20200613 R, ARFNA R

3 R )y E "% 16 il . Y IEN 3

4 KR 1 5 &7 # - HHIA R

5 FEHL & 18 JLF - ZHUIR, AR SIA SR

6 NSZ kL & 19 TR 20201021 ZIOBUIR, ARFIADR . mikAs 5ER

WFFEAE KR, AL BE R AN 13 Fh w1k
FYINIY, 53 A IERLIRTT i A G e R AR
FE, BE R M 206 e A 00 P ], ) Ao S B 1 PR A
SEREIT . BOEEIE, TSR ER T EE, GG
T HE
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