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Abstract: Aminoglycosides (AGs) are a class of broad spectrum antibiotics that have bacteri-

cidal activity against some aerobic gram-positive and gram-negative organisms. AGs have been
extensively employed in animal husbandry for the treatment of bacterial infections or growth
promotion. Many countries have issued strict maximum residue levels (MRLs) for AGs in many
animal-origin foods. Analysis of AGs is quite challenging due to their physicochemical proper-
ties. The lack of any notable chromophores or fluorophores makes direct detection using ultra-
violet (UV) or fluorescence (FLR) spectroscopy unfeasible. Therefore, AGs must be derivat-
ized before they can be analyzed by UV or FLR detection techniques. However, the sensitivity
of such derivatization methods is relatively low. Methods based on chromatographic analysis
coupled with tandem mass spectrometric detection are emerging as the most common way of
identification and quantification. The retention of AGs on reversed-phase column is poor due to
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the presence of various amino and hydroxyl groups in their structures. Therefore, ion-pair chro-
matography has reportedly been used to improve the retention of AGs. However, electrospray
ionization-mass spectrometric detection was hampered by using an ion pairing reagent due to
the suppression of ionization. In this study, a method based on mixed-mode ion exchange liquid
chromatography-tandem mass spectrometry was developed for the determination of ten AGs
residues ( streptomycin, dihydrostreptomycin, hygromycin B, kanamycin, amikacin, tobramy-
cin, apramycin, spectinomycin, neomycin, and gentamycin) in eggs. The main factors gover-
ning the method, such as the type of chromatographic column used, the type and proportion of
the mobile phase used, mass spectroscopy parameters, type and volume of the extraction sol-
vent used, pH, and the type of solid phase extraction (SPE) column, were investigated during
sample pretreatment and instrument analysis. The residues of AGs in the test samples were
extracted by ultrasonication with 10 mmol/L ammonium acetate buffer solution ( comprising 0. 4
mmol/L EDTA and 50 g/L trichloroacetic acid). After adjusting the pH, the AG residues in the
sample were purified and enriched using a PRIME HLB SPE column. The target analytes were
separated on a SIELC Obelisc R column (150 mmXx2. Imm, 5 pm), the column temperature
being 40 C, the flow rate being 0.3 mL/min, and the injection volume being 5 pL. Gradient
elution was carried out with acetonitrile and 1. 0% (v/v) formic acid aqueous solution (inclu-
ding 1 mmol/L ammonium formate) as the mobile phases. The detection was performed by
electrospray ionization-tandem mass spectrometry ( ESI-MS/MS) in multiple reaction monito-
ring (MRM) mode. The retention times and ionic ratios were used for qualitative analysis, and
the peak areas were used for quantitative analysis by the external standard method. Good corre-
lation coefficients exceeding 0. 99 were observed for all the AGs in the concentration range of 5
—-200 wg/L under the optimum conditions. The limits of detection (LODs, S/N = 3) and limits
of quantification (LOQs, S/N=10) for the ten AGs were 2-5 pg/kg and 5-10 png/kg, respec-
tively. The recoveries ranged from 68. 1% to 111.3% (n=6) at three levels (LODs, 20 ng/kg,
and 100 pg/kg) in spiked blank egg samples, and the relative standard deviations were 1. 2% -
12. 3%. The matrix effects of the analytes were between 0. 3% and 94. 3% after purification on
the PRiME HLB column. The applicability of the method was validated by analyzing egg samples
purchased from local markets. Overall, the method of mixed-mode ion exchange liquid chroma-
tography-tandem mass spectrometry has proven to be a reliable and powerful technique for the
simultaneous quantification and confirmation of ten AGs without using an ion pair reagent.
Moreover, the clean-up step only required a kind of PRIME HLB sorbent cartridge. The relative
parameter data of established method were consistent with GB/T 27404-2008. With simple pre-
treatment, rapid determination and high sensitivity, the method can be used in the determina-
tion of AGs in eggs.
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tandem mass spectrometry (MS/MS) ; aminoglycosides; eggs
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LBl ST T AGs BRI AR L IR B B b,
STAGEE T AGs kB I PR A BRI i, o
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MS3 HUfE IR IR A 4% (5 [E IKA 2~ 7]) ; SB-800DTD
PR A T BOR 2 AR Ry A BR A FD ) 5
Milli-Q #4fi/K & 4t ( ¢ [# Millipore 2% ] ) ; [ 4H 4%
ke E (2 H Supelco A H])

%% 7 22 (STREP, CAS 5. 3810-74-0, 4l &
90.3%) %45 % ( DHSTREP, CAS 5 :5490-27-
7,40 94.4%) | ¥ 7% & B (HYGRO, CAS 5.
31282-04-9, 4} £ 90. 0% ) . B K & & ( AMIK, CAS
5 :1257517-67-1, 4 & 99. 0% ) | % 55 & ( APRA,
CAS 5. 65710-07-8, 4l & 81.5%) ., K WM %& &
(SPEC, CAS 5:22189-32-8, 4l Ji 89.4%) .5 £
(NEO) ,JK K75 % (GENT, CAS 5. 1405-41-0, 4fi
J&# 90. 8% ) (f#[E Dr. Ehrenstorfer /A ) ; K £
(KANA, CAS 5:25389-94-0, 41 97. 0% ) (L5712
kS AE IR A BR A ) ) s %A% 2 (TOBRA, CAS
5:32986-56-4, 41 & 94. 0% ) ( 3% [F Stanford Chemi-
cals A F]) s HEE O W IR (a4l 78 [F Merck
oAl s RS (a4, 5[ Fisher AF) ; —H O
iz (TCA) & W .12 — 4 (EDTA) (LR . AR
TR ZOK | CBREE (STl 1 25 48 B Ak 24l A
RN F]) 5 BT 7K R Ak

Prime HLB [&#H%< HUH: (200 mg, 6 mL) (3£ [H
Waters A #)) .
1.2 fRAEB RIS H

o R At B VS AR« VA F PR RS £ 11 10 FBR M
Iy VR % T 10.0 mL K b BE R R R Rl
1 000 mg/L MIRERG &, T 4 CHROGIRE .

TG hm o v ) V5 VR« BUAS A G 25 VS VR TR
FHAKZE A RE , BE S T R B 10,1 A1 0. 1 mg/L
(TR A o (B VSR

RFARE TR B 5.10.20 pL 1 mg/L fY
IRAFRUEF RN 5,10 .20 wL 10 mg/L HIR &4
HEHEDNE, FH P IR- O -7K (105 :85, v/v/v) JEF
% 1.0 mL, A% 5.10.20.50.,100 200 pg/L k4R
HETAEIR
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1.3 ®BiE-Rigse

354 . SIELC Obelisc R (150 mmx2. 1 mm,
5 wm, K[ SIELC A F)) ; W shAH : A #oh CIE IR,
B A 1% (v/v) WA W (% 1 mmol/L H R ) ;
KR .40 C;FkRE .5 pL; B VE AT .0~3.0
min,75% A; 3.0~ 6.0 min, 75% A ~20% A; 6.0 ~
8.0 min,20% A~5%A; 8.0~11.0 min,5% A; 11.0
~11.1 min,5% A~75%A; 11.1~16.0 min,75% A,

FAL 5§ 25 15 7R (ESI) ; 2 ) b Wi P ( MRM ) £
ARG IEETFH#M T FEARME 3 L/min; ISR
Wit 10 L/min; $ DR 300 C; BEFAEIRIE .
250 C ; MBI .400 C ; FHS i HE 10 L/min,,
10 FPa HBH AT 225 1 1) 2 o B8 - MBS 0
I3 B IF[E] Q1 pre bias Q3 pre bias W3 1,
1.4 HmbiE
1.4.1 I

HERAARER 2.5 g IFE KA E 0. 01 g) T 50 mL
BT A 10 mL 10 mmol/L 2, R 8% 2% higs i
(% 0.4 mmol/L EDTA #1150 g/L =4 Z1R) iR iE
JEA),#™ 15 min, 8 000 r/min 20> 5 min, ¥ [
WA 2 I — 50 mL .08 3R A 10 mL 42
BOR EZ I — WK, A MR LiEw, H 10
mol/L S &AL SE WM pH £ 6.5, /K ERZE 25

mL, i, SRR AL
142 %1

W 3 mL I EE 3 mL /K i% 1k Prime HLB
FHAEOR:, MEFFLE 20 mL LyEW, A& T 1
mL/min [P 8 400 o B A 26 ORE | 37 L8
3 mL B4 KR BE PR, 3 mL B EE-7K (5:95, v/v)
WRTE— IR, 7 IR, K/l 5 T 2 L H -
CNE-7K(10:5:85, v/v/v) IR BRI T W AR BRI
T AR A U, WA BEIR A1 5, AL g Bt g, it
VROAE 83 - HR I T A A3 B 2
1.4.3 T ICEATE TEER

6 1328 FAREM T 50 mL B0 d #5701, 4.1
TR L. 4.2 PERAE IR S R EBUR . 43RS
10,20 pL 1 mg/L fJiR& bRt b [ W 5.10,20
pL 10 mg/L B & AREH AW, 2 3R BORE
A% 1.0 mL, F ik 5.10.,20 .50 ,100 200 wg/L fy%E
J VG B i AR
1.5 ERBEHR

A4 5 o DT e b o ARV VRN R A v ARV
3 S e AR € - R R A, 4% 1. 3 i
FIONE A5 804 1A T AR, DAV TR RO AL A
AR M VR T o Ve O A A b s A v it 2, LA
LHRHR VO BE BT (ME) o R 500 T332

F1 10 EEETFLGYH MS/MS 23
Table 1 MS/MS parameters of the ten aminoglycosides

Parent Daughter Dwell Q1 pre Collision Q3 pre
Compound . . . R i
ion (m/z) ion (m/z) time/ms bias/V energy/eV bias/V
Streptomycin (STREP) 582.0 246.0 15 30 36 27
263.1" 15 33 17
Dihydrostreptomycin ( DHSTREP) 584.2 246.1 13 30 39 26
263.1" 13 32 28
Tobramycin (TOBRA) 468.0 163.2" 15 25 24 17
324.3 15 16 15
Hygromycin B (HYGRO) 527.9 177.1* 20 26 33 18
352.1 20 25 23
Amikacin (AMIK) 586.0 163.1" 13 30 35 10
425.2 13 21 28
Apramycin (APRA) 540.0 217.2*% 13 28 31 14
378.2 13 19 19
Spectinomycin ( SPEC) 332.8 112.2 20 17 28 12
140.1* 20 23 14
Neomycin (NEO) 615.2 161.0* 25 32 29 10
293.2 25 27 14
Gentamycin (GENT) 478.0 157.1 25 24 22 17
322.1" 25 15 16
Kanamycin ( KANA) 485.1 163.1° 13 25 25 17
324.2 13 19 16

#* Quantitative ion.
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Fig. 1 Recoveries of the ten aminoglycosides spiked
in eggs with different extraction solvents
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Fig. 2 Effects of extract dosages and times on the
recoveries of the ten aminoglycosides
spiked in eggs
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Fig. 3 Effect of SPE cartridges on the recoveries of
the ten aminoglycosides spiked in eggs
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VLR 0 W e A 7 T EL A OB R BE, X 10 A
S 225 W ) LR Y Rk ) 70% DA L
WAHFZE £ PRIME HLB 175 bt

222 FHE#R pH Hy#E
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[ pH (E55F T, DA RN B+ 80 18 X AE 7
T, s e H AR 7E PRIME HLB | 9 &
W, AR FEEE T LRSI pH (E X 10 Fh 2 S
AR R R (WK 4), 45 R K,
TOBRA NEO .GENT % pH {H % W42/, o] UL Z 0%
it ; STREP . DHSTREP .SPEC . HYGRO 7t /i 1 4%
T BRI, AMIK  KANA  APRA TE M 25 1
TSR FE PR SRR, 10 b 2 0 1 i (e
W RS, P, DA pH HE S HITE 6~7,

120] = STREP ZZ1 DHSTREP 53 TOBRA &3 HYGRO = AMIK
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00 N N . - _ o LN N
o] 7N 7 N N R N d s 7
< 804 - - ] - N H 2
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Fig. 4 Effect of pH on the recoveries of the ten aminoglycosides spiked in eggs
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R R IR 25 2 () A7 e ok U R
TS SR TR T T4 22,
24 [RIESEHHMRL
BIEMFTIPUE RN SE 2R W
PEAR SR, PRI % P T 25 B 1R 0 ) 5 8
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Fig. 5 Matrix effects of the ten aminoglycosides
spiked in eggs
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10 PP T 28 25 W) 1 BR KT 1 22 s g s
s E WLIE 6,
262 EREXHEHEETE

G 25 XGRS s I e 3 AT
W BE AT AR, BRIk 6 A P47 5580, T

8 5717 STREP

Intensity / 10°
.
|

5.751 DHSTREP

Intensity / 1 o'

1 - 1T T T T T T
8 7.164 TOBRA

Intensity / 10°
.
|

HYGRO

4
(=
1
b
®©
(=
[=2)

Intensity / 10

| T T T ! T T T T T T T T T T T T
154 6.230 AMIK

Intensity / 10*

Intensity / 1 0’

5.397 SPEC

Intensity / 10°

2.0 NEO

Intensity / 1 0’
=
|

8] GENT

Intensity / 10
SRS
1 1

KANA

4
—
n
I
o
+
~1
N=}

Intensity / 10

g
=3

t/ min

Ee6 ZABEHRI0MEAERTLAYESRKFH
% I Rz Y 6 i R
Fig. 6 MRM chromatograms of the ten aminoglycosides
spiked in eggs at LOQs
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Table 2 Linear range, calibration equations, r*, LODs,
and LOQs of ten aminoglycosides

LOD/ LOQ/

Compound Linear equation 7’ (we/kg) (ng/ke)
STREP Yy=6702.12x-1056.57  0.9965 2 5
DHSTREP y=23670.70-5840.26  0.9984 2 5
TOBRA y=7226.66x+3103.68  0.9970 2 5
HYGRO Y=5595.72x+5090.83  0.9931 2 5
AMIK y=11406.520+743.562  0.9974 2 5
APRA y=5200.192-3558.18  0.9951 2 5
SPEC y=4500.79x+7301.67  0.9982 2 5
NEO y=1795.86x+2724.18  0.9922 5 10
GENT ¥=3699.14x+6061.60  0.9983 2 5
KANA y=15051.8x+1638.55  0.9976 2 5

y: peak area; x: mass concentration, pg/L; linear range.
5-200 pg/L.
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Table 3 Recoveries and RSDs of the ten aminoglycosides
at different spiked levels (n=6)

LOQ level 20 ng/kg 100 png/kg
Compound Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/

% % % % % %
STREP 93.6 8.0 90.7 3.9 93.1 5.0
DHSTREP  100.7 5.4 93.3 2.5 95.2 2.1
TOBRA 94.4 8.7 94.0 6.8 104.8 4.9
HYGRO 68.1 8.0 68.9 3.7 72.0 3.8
AMIK 89.4 6.1 90.8 5.8 92.0 1.8
APRA 87.6 5.9 91.7 5.0 96.1 3.5
SPEC 73.3 8.0 84.2 4.0 93.5 1.2
NEO 87.0 9.9 91.2 7.9 99.5 5.3
GENT 86.2 12.3 97.5 11.1 111.3 6.8
KANA 89.5 6.2 90.4 4.4 93.3 1.9

2.7 SEBREEMSTHT

SRFHARTT 1% L AR 48 4% A T R Y 20 41k
M EEAE LA TINE | ARG AL 5 0 H) (33 £ B I [ A
JRHE B AR BEHEAT 4 0, BT DN RE il o P R H

3 #ig

AR TAEHEEST TR 10 FhE LR 2R B 1
1o SR - A IR B3 2 M 7 0 o 0T Yk A B

TRRERAERIAE , B A& PR AT A9 [l A
FRAGE S EIPEAE 62 7 AR AR 3 T
P A IS 25 Wk B A A

S E Lk

[1] MakK, Cai FY, Huang Y Q, et al. Food and Fermentation
Industries, 2020, 46(18) ; 203
L, FO7M, HOKME, % B S REETAL, 2020, 46(18)
203
[2] Huang YF, LouXY, Zhou Z, et al. Chinese Journal of Ana-
lytical Chemistry, 2018, 46(3) . 454
WK, RWeH, W, 55 T, 2018, 46(3) : 454
[3] Zhao FJ, Fang E H, Han R Y, et al. Journal of Chinese
Mass Spectrometry Society, 2018, 39(1): 76
BRI, J7 e, whEIR, . FEAAR, 2018, 39(1): 76
[4] Commission Regulation (EU) No. 37/2010 of 22 December
2009. Official Journal of the European Union, 2010, L15; 1
[5] GB 31650-2019
[6] Zhu W X, Yang J Z, Wei W, et al. J Chromatogr A, 2008,
1207 29
[7] Moreno-Gonzdalez D, Lara F J, Jurgovska N, et al. Anal
Chim Acta, 2015, 891. 321
[8] Gremilogianni A M, Megoulas N C, Koupparis M A. J Chro-
matogr A, 2010, 1217 6646
[9] WeiLL, Xue X, Liu Y M, et al. Chinese Journal of Chroma-
tography, 2019, 37(7): 735
BFIA], BEEE, XM, 45 @5, 2019, 37(7): 735
[10] WuY H, Yan L J, Shen L Y, et al. Chinese Journal of
Chromatography, 2019, 37(5) : 499
R, UIIE, W, 4F @R, 2019, 37(5): 499
[11] Wang Q, Wang X F, Zhao D H, et al. Food Science, 2018,
39(20) ; 326
Tk, TJOME, BARSE, 55 /AFHE, 2018, 39(20) : 326
[12] Arsand J B, Jank L, Martins M T, et al. Talanta, 2016,
154. 38
[13] Moreno-Gonzdalez D, Hamed A M, Garcia-Campana A M,
et al. Talanta, 2017, 171. 74
[14] Provoost A P, Van Schalkwijk W P, Adejuyigbe O, et al.
Antimicrob Agents Chemother, 1984, 25. 497
[15] Hoebus J, Yun L M, Hoogmartens J. Chromatographia,
1994, 39(1/2) . 71
[16] LiuQ, LiJ, Song X, et al. RSC Adv, 2017, 7(3): 1251
[17] Patel KN, Limgavkar R S, Raval H G, et al. J Liqg Chroma-
togr R T, 2015, 38(6): 716
[18] TaoY, Chen D, Yu H, et al. Food Chem, 2012, 135(2) .
676
[19] Diez C, Guillarme D, Sporri A S, et al. Anal Chim Acta,
2015, 882, 127
[20] Ji S, Zhang F, Luo X, et al. J Chromatogr A, 2013, 1313.
113
[21] Oertel R, Neumeister V, Kirch W. J Chromatogr A, 2004,
1058 197
[22] Alechaga E, Moyano E, Galceran M T. Anal Bioanal
Chem, 2014, 406. 4941
[23] Periat A, Debrus B, Rudaz S, et al. J Chromatogr A, 2013,
1282, 72



