EF LC-MS/MS EZ T REWT 8 MABEREFXMEZTNAE

FRA, BFT, R, MR (L E RS R E TR, L5 100050; 2. ¢ 2B (IS0 BEBHA A L, b 100195
3MHE KA, IR MG 264003 )

HE B mARRERA(LC-MS/MS) b Z R BEEBARELZFREEZ AXEZCA AREECla A REF Q. XA F
£ HEEZ AR KB KRES AR ANEF £ A E (aminoglycoside antibiotics, AGs) # Heik #m| 5 ik, F3% KA Shiseido
PC HILIC(2.0 mm x 100 mm,3 pm) &i%AE3 8 # AGs #4745 % , AR A2 3% 0. 5% F 8 K7 %0. 1% F 8 Ly & h ik sh4a,
Hh B, iR A 0.4 mL - min ' ;R % E R 8 MM (MRM) 4246 22 52 8 A AGs #9 56 & 7 vk R A st 3% 46 47 & (CES) #h 4k Ao
WiRT BT (EPD) A2 X R4E 8 A AGs (9 A TR, RAmB| 2T RAEZTERRELE T, R HELWNT L5
Wik, RS, 10 min B 7T LI 8 # AGs W9 i fo R Mo HT, A E A EAF 3 2 INSA BBy X = e P o9 FARFE H ARG &
ATTRM 3 MAES A ASNEFAREL, ARG TN TAEMO0.05ng - mg™' . Ei® KBR LR GRMIEAS L HBER
R 69 8 A AGs 694 7 ik T AR T AGs BHAT MRk Jf & A fE 7 2 1

KER . RABEF LR AT RG-SR FARKMEER G 0 EHIEE S T ESH
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Rapid Detection of Eight Aminoglycoside Antibiotics by Liquid Chromatography-Tandem Mass

Spectrometry

SUN Xiaolongl , YANG Qing2 , WANG Hongb03 , LIU Yingl * (1. National Institutes for Food and Drug Control, Beijing
100050, China; 2. Shouyao Holdings ( Beijing) Co. , Lid, Beijing 100195, China; 3. School of Pharmacy, Yantai University, Yantai
264003, China)

ABSTRACT :OBJECTIVE To establish a method for simultaneous determination of 8 aminoglycoside antibiotics ( AGs) including
kanamycin, gentamycin C1, gentamycin C2, gentamycin Cla, tobramycin, neomycin, isepamicin and etimicin by LC-MS/MS with
instant library searching. METHODS Eight AGs were separated by Shiseido PC HILIC (2.0 mm x 100 mm, 3 pm) column, with

" of flow rate , and proce-

0.5% formic acid aqueous solution-0. 1% formic acid acetonitrile solution as mobile phase and 0. 4 mL + min~
dure of the gradient elution was performed. The screening method of 8 AGs was established by the scanning mode of multiple reaction
monitoring (MRM). Typical mass spectrograms of 8 AGs were collected by collision energy expansion ( CES) function and enhanced
ion (EPI) scanning mode, and added them to the already established mass spectralibrary of antibiotics searching. RESULTS The
established method has the advantages of short analysis time, strong specificity and high sensitivity. The screening and qualitative analy-
sis of 8 AGs can be realized within 10 min. Three batches of the INSA insulin product were detected by this method, and kanamycin that
was less than the detection limit of 0. 05 ng - mg™" were not detected in above samples. CONCLUSION In this study, the detection
method of 8 AGs established by LC-MS/MS with instant library searching can quickly screen and accurately determine trace AGs.

KEY WORDS: aminoglycoside antibiotics; liquid chromatography-tandem mass spectrometry ( LC-MS/MS) ; hydrophilic interaction

chromatography (HILIC) ; instant library searching; quantitative analysis; qualitative analysis

R ANEF 250 42 K (aminoglycoside antibiotics ,
AGs) 215 20 {42 40 FRBOR B, AGs FKRAL IR
T Schatz 1 Waksman & B I1) KSR 7= 4 v 43 5 45
Bl R . WERRIL)E, KK AGs £ 55
B R WU IR G Y R & W b s 9 Jd
X RARR IR AGs FEATLEMMBME XAGE) T — &

G ATEY . AGs Sl 3 N AR S 4
HRPUAER, R SR IF 2 @ MR, K2
B sRAR AL G Y, TR IR PR T TR 7 40 R
P o
H i, [ A oh 2 i 32 205k F 2 €433 ( thin-
layer chromatography, TLC) ¥ #1155 %5 AH 8.33% ( high

EEWE - E 2R E BF T Be R AR BIT T 56800 H %2 B ( GJIS-2022-9-1)

TEERIN NG, ) WL 5Tk
Sl adRgE L BEAEE XB &, A PR B
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pressure liquid chromatography , HPLC) 547 AGs 24
a4 BT i A, HPLC Y55 ARG & 42 4 (ultra-
violet, UV ) 61l % | 75 & O HIUH A5 I 4% ( evaporative
light-scattering detector, ELSD) . ik i % 55 £ 1| &3
(pulse amperometric detector, PAD) ) {f 15 7 £ 1)
Fffi ] HPLC-UV iy ifs R AT A A Ik AGs 5l
AN, LA A, BT AGs R4 5T AR
F, AR T AR, AnE s 5 A i it ) AR
PRSI D B AGs B 1R 41 g (R
X S AT AR AR, IR AT A . LS
HPLC 3 1 R BOBE RR, Jo ik X R 2 AGs #E4T HEHf
EPEME R T . TR AT (LC-MS/MS) 73 H Fii AR
A REUE E A BRAK % 8 PR RS 2, © B0
IR A A T B T [l oA
LR RO S O A K R E 4
FroRFAL G YIRA ) CH, BRTB Iz 0 A 2%
[ ] o 5 AR g (NIST) ™ 1 H A B
PILIE B (SDBS) . L, LC-MS/MS #R
Bl PEBOR , RO TR 2508 2 A=)
AN R AR V% & NI DS B S Rt/ o i B
FE VLG, g 6 50 i 1a] , 900k B ) 4 ]

AW 5 R ] 2% K AR B AE ] A4 3% (hydrophilic
interaction chromatography, HILIC ) # = 5 Jii i Bk
S TIRRER R IR R =S R
G BATAEY T EA R I 8 Fl AGs ) LC-MS/
MS Ji e Z A AN AR SE g 5 T AL 124
FiiA: R B LC-MS/MS Ky R & e AGs Y25 ik,
HT ST 07 s B AT 4 etk 7 Ja 22 0y i # v
A AR BN I HoAl AGs, AR AN A1 5% B8 AGs
PR I SRS ) iR S 4%

1 UFE5RKE

AB Sciex 6500 Qtrap i %X (3£ [E AB Sciex 2%
) s20AT {5 RO AH 535 4% ( H 4% Shimadzu 23 A ) ;
CP225D 31K ( Fi L Mettler-Toledo 2 &) ) ; TP 600
AP R A (R MG L 87 He AR PR | 5 Milli-Q
Reference #4li7K il £5{% (32 [E Merck Millipore 23H]) o

F P (L5 :203512) | Z Mt (HL45: 204433 ) Fi H
R (#t5:202674) (Jaiihal, 3¢ [5 Fisher 24 7)) ;247K
(#It*5-: STBJ2608 , 53 #7141 , 3¢ [F Sigma 2 H]) 5 RARE
(L5 :130307-201417 , & &:67.9% ) K KER
(b4 :130326-201716, B i AH Y F 637 TR KR
ALY i Cl 15.9% ,Cla 15.2% ,C2 16.9% ) \ %
a2 (L5 :130527-200402 , 4 #:91. 4% ) ¥

T E 252k 2024 4 8 5 59 5 15 )

Z(#5:130309-201512, FF 2 T AH 24 T 652 BAfT) |
SEMACK A2 (41645 : 130594-201401 , & &:70.9% ) K
ook 2 (2 130365-200702 , 75 22 7 AH 24 F 567 B
A7) Xof it 0B o o e R 2 A E AR
Bt ) s INSA J % 2 028 13 o0k B S HRE 5t 24 e 3 A 9
& 2508w R A7

2 #AEEHER
2.1 LC-MS/MS 7 %
211 @5 BT AGs Sl A A Ak
FEAHE T RPUE R, WS h &G 1 2 d LMz
B REZBOENEAL W), 1088 A Cg (1% AL
JUFAREE . WifE HILIC 80 2R 5 W B A7
FAEG LR P AR S e B HILIC €4 3% A
8 Tt AGs JEATARIN , ASSEHR ] 8 Tl AGs YIRS AR
WER BT RAR A R ILA , W26 R S -/K A it
SAHGEATOCAL , 38 A 98 5 U S AH L ] | i e | A il A
A 75 22 4% (0 1 U 11%) (O B I [) (DG T2 R R IURE , e
% H Shiseido PC HILIC (2.0 mm X 100 mm, 3 pm)
BB 8 T AGs, hy 1 E— D4 A I 1% R B
FEFNUGEETE  ZEK AR 43 M TARF 53 %00. 1% |
0.3% .0.5% F10. 7% WL, 45K & PLHEE W IR L
AU I, 2 BRI AR R AR AR I B , (H I =
I R S R A PR G, e 2 R AR R ) B
0. 5% WKW I s AH A, A3 %00, 1% PR
LGB B,

2t b, W AH 4> B R i Shiseido PC HILIC
(2.1 mm x 100 mm,3 pm) @354, 5 3 A7 : Ry
$00. 5% WK EAH A RF53%0. 1%
TR OB ARSI B F IR 1 AT R BE VR, L
0.4 mL - min~" R 40 °C L, HFEREE 10 Lo
F1 mRUAEEE (HPLC) 4 I 4 2548 3 2% 50 & K (AGs)
oy M TR AR T

Tab.1 HPLC gradient elution procedure for the detection of

aminoglycoside antibiotics ( AGs)

t/min Mobile phase A/% Mobile phase B/%
0.1 30 70

1 95 5

3 99 1

4 99 1

5.1 70 30

6 30 70
10 30 70

TR A - RFR 0. 5% HIROKIIG TR ahAl B — (R4 410, 19% HR 2
TV o

Note:; mobile phase A —0.5% formic acid aqueous solution; mobile phase B —
0.1% formic acid acetonitrile solution.
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2,12 Uik Bk sE ok AR mE s (ESI) i
B FEE B 7R AT 22 SO M I (MRM) 45
filic MWIZHLE N 5.5 KV, B ALl N 500 C,
SR I AR U 143 ) 0 275. 8,275 8
172. 4 kPa, fffES B L6 V,HFOHE 10 V, B H
B 11V, 58 755 7434 (EPD) SR, 54l
B 10 000 - s~ R REHE N 35 eV, fif 1 A &~
J&(CES) 2y 15 eV, TEfF B RBCRAE T, MRM i i
fEXTF 1000 CPS Rifyh & EPI $14
2.2 XSS H A

o3 MERR AR IBOE F A RIRR R R RE R (4
FIRKRER C1 JKRER Cla JKRER C2) ZA
R HTRE AR EIAK AR O K R IR, KR A
TERERE AFENIRELI A 1 mg - mL™" (1 6 Fix B 5t fif
W

S R 6 i A — i A, SR R AR 4y
0. 19% F IR FP - /K (RAREL 12 1) B, il gk 2
A1 pg - mL~ 5100 ng - mL ) TARER

ks R R A 0. 1 mL {45, & T 10 mL
S, oK E B BN 2 BE , 7 — 28 FH K R ) i e B2
J3 100 ng - mL ™) AGs JRAFRUEIR I -
2.3 mAEERETEMNAEL

MRM 54 A2 B i dor I i FH % 3 B 7 i, B 4
SePEsR R MERR R S I A LM B A
BN AR N G WY € BT TN DY Al N ER L i (e
Yy, 3k 3 i iy i A B Y. B S E TR S
P Re SRR B -, SR 5 B R i 1 B B - ATl 4
52 (collision-induced ) , fi J& P4 5 P 1 29 1 ik
1T {5 5 R IR X R AR AL & Y iy il 5 2
Btk AT T3l , LAl B 25 7% o s ( decluster-
ing potential, DP) | filf §# fE ( collision energy, CE) Fll
M4 = H O B R (collision cell exit potential, CXP)
ZHUE . R 2 0 T 8 MRFINAL G YR B T E iE
MRM HeESHE . $5 08 2. 17 350 4 Ak i 0 A A
ST 7 2. 27 H Ry 8 B AGs TR A5 AR 1V I
AW B FHACHEAT 23 A7, 79 3] 8 Tl AGs 1Y 535
IO L) FIPRBE IR (£ 2) o 8 FAL S IR ES T
HIE AN, B DA T A 6% B4 T, ]
DIMERfE A E & B2 o 4 B 8 Fh AGs
FOREN7 S
2.4 FUER RECEEN R

6500Qtrap F 4t Kt H3 I DU AT FI 2 1 BDF 4 &
FE—E RS R 40, H Q3 REML 5L B PU G AT 41 4 Al
BT B A PR S, DT [N 4F MRM Al EPT
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Bl AW H B & KT 8 i AGs 1Y #LHY EPIT
Bk, R AE B S0 90 % S T P A R A R
B, S0 N TR RE R R D) fE (CES)
12 LR e BAE 3 ARl iE#E g T EPT 5%
FIRRAE I 25 i 3 sKi B2 35 18], iX AR ead
1 YA RE A [ ) 45 21 i I 1k 5 0 DA g Joit o K )
ARG IR e i SR R P

W2, 27 WU R AP AR R TARR W 10 L, B4
TR BT IR FH A, SR B 4 T o470 26 3R A S8 I 3% [
(Bl 3) Rt E R AR o1 2OMbs e B3
BT B AL Library (Analyst version 1. 6.2) H | 5¢
J 8 Fi AGs TR 5T HR A A P R 5T

t/ min
B 1 8 fF AGs &y % R 42 Il (MRM) £ 3% [
Fig.1 MRM chromatograms of eight AGs

|2 AGs iy MRM sx ff £ #cAn & Bt Jo]
Tab.2 MRM parameters and retention time for each drug for
AGs

m/z m/z DP CE tg
Medicine

(Parent ion) (Daughter ion) /V /V /min
Kanamycin 485 163 21 30 3.11
Gentamicin Cl1 478 322 161 19 3.23
Gentamicin Cla 450 322 134 18 3.25
Gentamicin C2 464 160 141 28 3.25
Tobramycin 468 324 40 20 3.27
Neomycin 615 161 195 38 3.37
Isepamicin 570 411 133 23 3.00
Etimicin 478 350 160 19 3.23

2.5 Jrikeyp A

2.5.1  WIWHAENE  AESEPR I AL R L, E SN
FHEFEEST Y 8 il AGs 1 MRM (e 38 2 i 328 Jy 12 i ik
el AT RE & A Y AGs, M HiAT EPT 434, EPI
A MRM i & 22 8] 38 3 45 & 15 B O R &
(information association collection, IDA ) 3% 32, B 24
MRM i Ak G 015 5 5 B2 3R 2] IDA BT i 5 1Y 1
B, EPT 45 48 25 9 i &, AT 3R 45 46 & P 1Y
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3:11

m/z 485/163
Kanamycin

0 1 2 3 4 5 6 1 8 9
1/ min
3.25
m/z 450/322

Gentamicin Cla

o 1 2 3 4 s 6 1 8 9
t/ min
327
| m/z 468/324
Tobramycin
0 1 2 3 4 5 6 71 8 9
1/ min
3.00
m/z 570/411
Isepamicin
o 1 2 3 4 5 6 1 8§ 9
1/ min

B2 8t AGs (iR Bl &3
Fig.2 Extracted chromatograms of the 8 Ags

TR I 207 e i A 00 1 SRR P P R 04 R i R
HREATRL R, e AL S E TR AT TSR IR L
IR IR R B AR W B 2 2% W AL A 3 At INSA
R 5 27 i AT RN, 3257 AR AR IR D 4 4 6ok
FEMIRER T R R R IR AR AR 7 B e E B Bt AT
THUERBIE bR A5 R R W1, Bt S7 ) Kt
J2E REAS A O 25 O B DA INSA Je &% R P i) R IR %
K 4), Hix INSA 5 = b RIRE R 5 B K
TR,

R 27 s 2024 1 8 J1 55 59 0 15 11

m/z 478/322
Gentamicin C1

m/z 464/160
Gentamicin C2

m/z 615/161
Neomycin

0.70 6.09 6.51

0 1 2 3 4 5 6 7 8 9
1/ min
3.23
m/z 478/350
Etimicin
N G
0 1 2 3 4 5 6 7 8 9
1/ min
2.5.2 EREWME BT E SR MRM &l A

D73 R IR 2 ARSI Jy ik AT DAY INSA i B &R
RIS &g R T 2 | e, Tk
.

T b AL B RS 5 AR B INSA B8 & 20 mg,
) He o A UK #6478 E BT OLVE , W E 15 s, 7R
10 000 r » min~" 4 C&FF, .0 30 min, B |
TR VB AR5 B AL 3

T 2F Bk s K H B i B 2R 3
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163.1
Kanamycin

2052
3242

187.1

e L
50 100 150 200 250 300 350 400 450 500
mz

3222

Gentamicin Cla

450.3
160.1

163.3

lllL l L N 1

50 100 150 200 250 300 350 400 450 500
m'z

324.1
Tobramycin
468.0
1633
145.0 205.1
. [V TR SOTY SR VU R YA LAY IV X
50 100 150 200 250 300 350 400 450 500
m'z
410.9
Isepamicin
570.4
4533
249.9
160.1

50 100 150 200 250 300 350 400 450 500 550 600

n/z

B3 8 At AGs my 1Al i ¥ A
Fig.3 Typical mass spectrograph of the 8 AGs

7E INSA J5R 5 28 125 2 I P C R IR 3 3R
0.5.0.1.0.05 ng - mL™" fRRf i, 2 BEAE i wir b 3 )y
IEEATRTAL PR, SR 5 T ARSI AL A, LLE I L
(S/N) 2y 3.1 FIE R H IR (LOD) , DIFME L (S/N)
J910: 1 HEE R R (LOQ) o 823 1 3 J5it o I il e
JE42.5.5.10.25.50 100,200 ng + mL ™ ARfERES,
e EIRATAL B 5 i A0 BR S SEAE S0 A, DI R Er
WA ek 4R R M RIRE R 1Y LOD

0.05 ng - mg™',LOQ 4 0.1 ng - mg™ ", FIEZELE
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322.1
Gentamicin C1

1573

478.4

160.2
461.4

. J.H(IL‘I.,I X | X
50 100 150 200 250 300 350 400 450 500

m/z
160.0

Gentamicin C2

3221

205.0

J..AJI“ . bl -

50 100 150 200 250 300 350 400 450 500
mz

161.0
Neomycin

16.30

203.1 2928

50 100 150 200 250 300 350 400 450 500 550 600
m'z

350.1
Etimicin

478.3

1 l " Il

50 100 150 200 250 300 350 400 450 500
m'z

2.5~200 ng - mg 'JEEIN, FIHTFEHR ¥V =5.96 x
10°X =3.17 x 10° (r =0.999 9) . K555 i 5 11
JE,7E INSA RS Z 128 B oA 2 mL T v
JE45.50.100 ng « mL™" FAREVE TR, AR
FTBCH 3y i HEOAE S i b 1 07 ¥ A TR AL 3, 4R
JE AW AL AT . S5 R0, 3 FAS TR e &
R AR EE ZARMEA (550,100 ng - mL~") 7 INSA
e 55 28 25 1 0 v (9 RS %% 5 AH XA oE R 22 (RSD)
INF 1% , T BE ST B AE 99% ~ 102% , WL 3 3.
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1 Search Results o @8 8
Subtiact | [ Hep | Piint_ | [View Manage:] Clost
Unknown ‘
B ynknown's MS. Max. 1.5¢8 cps.
A
100 3240 2
,\] 1631 2051 | 366.0 ‘
50 100 150 200 250 300 350 460 450 500 |
m/z, Da
First Library Hit
B anamyans s M 2 105 e
B |
100 3240 4852
H n] 18? J 2051 366.0 l |
Sooond Ly 10 100 150 200 250 300 350 400 450 500 |
m/z, Da ‘

A - RALEY) EPL B RIS B - CABRIERIE .

A - EPI spectrum of the unknown compound; B - standard mass spectral data.

B4 HAABKABREHEELNFDERMNER

Fig. 4 Identification of kanamycin by library searching

@ISR, K INSA B 5 2 1925 1 6 B S 4 R
AL BT LA T RTAL B, SRS RS A T mL =5 R
BOR, A 10 WL (4 3 AN [a] e J5E 1) R
FARER T, H45 R IR R B W 20 5 5.50

R3 INSABRBEFRABFEZRM T EHRIE, n=3,x%s

100 ng - mL ™" B BRIV, BNk AT G 3 4,
VA BRI 5 42 BR - 7 B il 7 1%, ol A5 Jo o vk
}95.50.,100 ng « mL ™' fbREE AW, HLEON BRI
TRFIVRE Sty 5 VB 1A g T R 1) FUAEL, T3 3 O [a] ik 3
TARIREE R RN, 25 AR, R IR
FE9T% ~99% , W3 3, @DHEFR N, #E D" 1
Ty BC 3 AN [F) AR B B AR AT b T, R AR B
530 BN INSA JRE R RN R IR )
(5.50.,100 ng - mL ") $% BEAE i FiT AL B1 14 05 36 0647
ALPR, RIS BRI W o LB o i T 5 0 B W A
TRTTI FH AR Bz, RS [ MR B T R R R 1 3L
BN, 2R ERWT, LB AE - 20% ~20% , W3k
3, ] ZWg AN, TACH INSA JiR ) 2R iy 358 5 X RIS
FHREA W B RRSORIRIRON . & Rt K
IFREH(5.50 100 ng - mL™" ) JiUE 4 °C, 53l
W 3 FpASTE] e BE AL AR AE 0.3 .6 .9 12 h (R e 14,
RN RIRERWATRE, TECE 3 h i, A5
TR ER O PR A 5 240 6 h B, R i 1) R A R il
CZIRFIU 20% , 3 4. PRI, RAREE R A ik
RNV BT o

Tab.3 Verification of the method for detecting kanamycin in biological product A. n=3,x £

p(Theoretical ) p(Measured) RSD/ %
/ng » mL~! /ng + mL~! Precision Accuracy Recovery Matrix effect
5 5.00 +0. 04 0.71 100. 25 98. 14 -8.12
50 50.77 £0. 38 0.74 101.33 98. 14 -6.44
100 99.67 0. 12 0.12 99. 67 97. 14 -10.52
4 ACTEMEEES LR Y 12 h e 303 #

Tab. 4

Stability of kanamycin in blank matrix stored for

12hat4 C
p(Measured) /ng + mL ~!
t/h
50 501 100"
0 4.96 50. 1 98.7
3 4. 64 49.5 95.8
6 4.08 41.2 83.9
9 3.87 40.5 81.6
12 3.64 38.1 68.9
D - MR,
Note:!) - Theoretical value.

BRI E : 2R A L3k B B0 Uk i 07 #5005 INSA
JRE R A RIR R R SRR IR A IR 2 A Rl
3 it INSA JB % R P ROIR R AR B B/ TG PR

0.05 ng - mg™

R 27 s 2024 1 8 J1 55 59 0 15 11

ARSI R ] HILIC (838 A 3 58 AGs 76 (4 3% A
LR B AT, BT LC-MS/MS A5 R B £ AR # 5
TREGE [ ISR 8 Flt AGs (e My e, A5 i
S PR 5 A N O TR e, e i A i L R BEURE v A
10 min N RIATSCBE 8 Fift AGs 19 fifi A5 Rl 450 A , sk
RARBITESE R . SARGERIRLIN T kAN L , 1%k AT [F]
AN Z2 0 AGs, T H. AT AR 8 AN [7) 14 75 22 95 i H:
i AGs FZ 5 1 A R A e v o AR WFFEEE XS AGs
ST )RR ARG 2R 50 2 W T T A ol o 3 )
YRR FRETAE ah A1 SF HLAAE B PR AGs 19
I, R R 52 A fe T DR B, (] Iy SR A il
TE R A AR B U B SCHE
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