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Abstract; A method of ultra high performance liquid chromatography tandem mass spectrometry was developed for

the simultaneous determination of ampicillin and its main metabolites including ampicillin acid and ampicillin
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diketopiperazine in eggs. After extracted by acetonitrile; water (70 : 30, V/V) and concentrated by rotary
evaporation, the sample solution was purified by SAX solid phase extraction column, and injected into the UPLC —
MS/MS system to be tested. The results showed a good linear relationship between the range of 1 to 200 ng /g
concentrations for ampicillin, ampicillin acid and ampicillin diketopiperazine. The detection and quantification limit
of ampicillin and its metabolites in eggs were 0.5 ng/g and 1.0 ng/g, respectively. The recoveries of ampicillin and
its metabolites were 84.0% ~96.2% , 85.6% ~96.4% and 89.2% ~95.8% , and the coefficients of variation
within and between the batches were less than 10% at the concentraion range of 1.0 ng/g to 100. 0 ng/g. In stability
experiments, the results also showed low — temperature storage stability and freeze — thaw stability of the compounds
in different concentrations in eggs. The actual sample testing results show that after taking ampicillin, the eggs
produced by laying hens can detect ampicillin, ampicillin acid, and ampicillin diketopiperazine , and the residual
amount and residual time of ampicillin acid and ampicillin diketopiperazine are higher than those of the ampicillin.
The technical indicators of this method can meet the requirements of residue testing. And the method has good
reproducibility ,and meets the relevant regulations of testing residues on veterinary drugs, which is suitable for for
the simultaneous determination of ampicillin and its metabolites in eggs. Ampicillin, ampicillin acid, and ampicillin
diketopiperazine can be detectde in the eggs produced by laying hens afeter taking ampicillin, and the residual
amount and residual time of ampicillin acid and ampicillin diketopiperazine are higher than ampicillin. The
technical indicators of this method can meet the requirements of residue testing, which indicates the established
method is suitable for the simultaneous determination of ampicillin and its metabolites in eggs.
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A B AR A R ] ) s PHS - 3C 78 pH 1y
T R RHAA ISR A R A ) .
1.2 T HE &S E5RA ZRVIMARAES (SR
86.0% , L5 K0211410, v [E] 2 [ 24 i WE 52 T )
SR PUARERBRE S (B iR 94. 5% ,Hit5 2 0521 -
RB -0015, ) MHAEZR B A AT BR A F] ) 5 2R 74
AR AR R BRSO 92.5% it R 0521 -
RB - 0016, ] M AR B ey AT PR A Wl ) o
(il REFRFCA R ) ; LM (G2, R K
o) W (B af, 56 E 38R AT ) 5 M 4l K
(LR AL, A5 A GB/T 6682 — 1992 HLiE i — 4%
IKEER) s HA AR B2 2 Al . SAX AR 25 B/
FE (150 mg/6 mL, 3 Welch A +])
1.3 R ma ZRPUAR R PUARER =R AR
T HRVR BRI VR - 43 IR AR EGE £ 3 AR S A
£910 mg, T 10 mL FrEAA TR, H 50% (V/V) Chi
IR R 2 208 e A B4 1 mg/mL (1)
PRE W A3 S 2 I 1 mL &S AR AEN A I T
100 mL A2 T, H 50% (V/V) L K H B
ERBZE  FHIL 10 wg/mL (IR A FRUEIR

B R ER 2% hIR . B 6. 8 g IR — U, N7k 7 i
JEFEREZR 1000 mL, JH 12.5 mol/L S A AL AM A Wi
7 pHEHZE 8.0,

PR . 700 mL Z 55 300 mL AKIRAH2],

VMG A B 4EK 450 mL, I B 50 mIL H
%22 mL,IR5),

PR B HUFEE 100 mL, AR 0.4 mL,JR5,
1.4 HEXELHHE YEAENRETZFTH
MBS IR Y, AT TG 2 P bR R AR i
PIBR R FEAS B ) B R B A1, B F 50
mL B0 A
1.5 FERATAHE
1.5.1 H&HER HRECSESIEAEN(2+0.02)g
F 50 mL B0 S, A 10 mL 38 BOR, I8 HE 1
min, 2000 r/min &5.0> 5 min, B FWE W, 0 5%
FEATA 5 mL $2 BOK & &2 520, 5 0F BIE W, T
12000 r/min B0 5 min, 4 EVERFER 20000
H1,40 CKME N IERE 28 R bR XA A, e 4 W%

BB ECE T, Je )5 H 3 mL B IR 5 2% il vk
VRS U G U, - I Ve 46 WROFI VR 2, 12000 1/ min
B0 5 ming U IEWBAE A SRIBOR, %
1.5.2 #aAe SAX BEAEERUMERKH I EE 6
mL 7K 6 mL KRRRERSE R 6 mL Gk, B FIAREUR
PATEALSE Y SAX FEAHA IR, 42 il i 7E 3 mL/min
AN s BRI ER 22 vhi 3 mL Wk, ek
FHUEER A 3 mL PR B 1 mL PR, IR VR, 28
0.22 pm FHALUEEER S i UPLC - MS/MS 4347,
1.6 W EJ &%
1.6.1 &iE4&# 3%k ACQUITY UPLC® BEH,
CI82.1 x 50 mm, 1.7 pm(KRERFFHAF]) ;3N
AH A A FEE B AR 0. 1% FRRK A6 .25 °C 5 F
A5, 0 wL; TSIAHER EE DRI P W 1,

®1 RFEREEHER

Tab 1 Gradient elution conditions of mobile phase

BFME]/min 38/ (mL - min~")  UEEIAH A/% B B/%
0.00 0.300 0.00 100. 00
0.90 0.300 0.00 100. 00
1.00 0.500 100. 00 0.00
3.40 0.500 100. 00 0.00
3.50 0.300 0.00 100. 00
5.00 0.300 0.00 100. 00
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SR 22 7 i I ( MRMD) R 5 < FEIBE 25 LM (TS)
5500 V; %5 A6 71 (GS1) - 50 psis 4l B <
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Xf B 253 (DP) i RE R (CE) W4 2,

x2 EUEEBFXREKRE(DP) AiiEREE(CE)

Tab 2 Qualitative and quantitative ion pair and
corresponding declustering potential (DP) ,

collision energy ( CE)
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1.6 Wi F i) UPLC - MS/MS £/ F43 M2 , LA
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2.3 AMWEEME B0 pg/mL AR S FRAEL
FWH 50% (V/V) LG K4y S E ) 2R 50 ik B N
40002000 ,800 400,200 F1 20 ng/mL HY IR A b 1
TAER . AR E 0.1 mL ik RINR A ARifE
TAEWR, IFIAZ (2 £0.02) g 25 AN ERE S i
ARSI B R 200,100 .40 .20 .10 Fl 1 ng/g #Y R 5
XEERES . VRINEESFE 1.5 TR )7 ih AT AL 3, 4
1.6 W F ) UPLC - MS/MS £E43 Ml e . LLAE
53 o B - I A TR FE R A A, 6T 7 14 8 o v 32
SRR AR AR 22 S T UC FOAR TR 2
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FES BN IR RS 3 b, WINEEA R 1.5 10
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(RS EERE D, 2 MR B B 6 AFATRES, B iR
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P 1.6 WA RE TAESMENT LR RE S E A T4
0 SR R BE T 2% 2 1 8 - Y W TR AR, O A g R
R T X G I 245 SR A S AR
2.7 ERRFESAN  EE25 PR SR
WA RS (28 JRWS R 2 1.5 ke, RIE TR ICE
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Fig1 The chromatogram of blank eggs sample under ampicillin mass spectrometry conditions
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Fig. 2 The chromatogram of blank eggs sample under ampicillin acid mass spectrometry conditions
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Fig 3 The chromatogram of blank eggs sample under ampicillin diketopiperazine mass spectrometry conditions
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Fig.4 The quantitative chromatogram of ampicillin in egg samples
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Fig 5 The quantitative chromatogram of ampicillin acid in egg samples
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Fig.6 The quantitative chromatogram of ampicillin diketopiperazine in egg samples
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3.2 FHREE O RMEE SR AR
VUK 2R PUARER | 20N P AR 1R R 18 AR A 2R
) LOD ¥J°5 0.5 ng/g . LOQ #4141 ng/g, BilE T
WO R U 2 A R Z R VI AR R PE AR
2 &N PE AR R DR R R Y AR b sk B R I Y
3.3 LM E WEERPHE NI AN
ARERFNZR PUAR ZBRIRIETE 1 ~200 ng/g MR LSS
FEL PN 52 RAF AR G R MG R B R YK T 0.99,
e B EXG SR AL T Y PRV | [l R
PR WK 3,

F3 BEHETEK ETEKRE
SFER_ERBEANZEEEERER
Tab 3 The linearity range results of ampicillin, ampicillin

acid and ampicillin diketopiperazine in eggs

2R

E&Y 0 [l I3 75 it R?
/(ng-g™")
FURVEAK 1~200 y=2.47¢*™x+ —1.36e** 0.9996
N TYAIR 1~200 y=1.37e*%x+ -1.93¢** 0.9956

SURPIMCIIUREE 1 ~200 5 =5.77e*%x +2.88¢*™ 0.9996

3.4 EHMEEREE ARV EZ R TUARIRAE
VUK IR R R A X 2 (8 VS 0 (RS S RIS 9 B %
FREEIAT LR 4, 2 RVUARAE 1,10,100 ng/g BRNIK
SERPEAA RIS 84. 0% ~96. 2% At PURE B E L4 /N
F5.8% AMEREEREEYINT 5.3% R VIMBRTE 1,

10,100 ng/g W MK (47 ¥ M 32 4 85. 6% ~
96. 4% ,HLPIRE % FE /N T 8. 0% LAY, ik ) AE 4% i
BN 6.2% . 2 R PIMRHIURIETE 1,10,100 ng/g
IR () S 25 TS %y 89. 2% ~95. 8% , LK
WIERYINT 8. 7% MERGHERI/NT 7.9% . bk
GE SRR T ARSI 7 B v ST
3.5 REM
3.5.1 HSmA& kA EAEE BINE R,
S VG PR TR R 2 U bR R IR 1 1 X R KR O 1
—20 CARIREAE T AR IO E AR PRI 2 2R nT L
F 5, GERRIA RRIGS IR BE BXS ERE S TE - 20 °C
RIS TAEAE T d F114 d S5 2580 M5 0 KA
FLISTE £10% yu N HENAE S R BU/NT 15% 754
AR A AT R R IE 1 R XY AR 7R
—20 CAMF FHBLE 14 d LHLURER FP RS PO T
LRI IE YL R S NI ZSIE =i Sty 7 NG S et 2y
3.5.2 HRREABBEE PIMEFETK T
PERRIR 1225 PG bR IR 8 119 X8 2R S 7E - 20 °C
IR 5 N 5 R m A e PE e 45 T L3k 6,
SERRI] ANIR TR I B XS AR L E - 20 C IR
KM IRE R 3 G B R RN T 15% ;15
VARRIL O VRGN (1% e o8 A A, A — W B 1 350 5
PN E G 22 0 + 10% YO TR, 2 W & P AR &
S A P ARIR RN PG AR R DR R 1R XS
RSP A R R VRbRase ok

*4 SETFTER ETERBNETER _REESEPORERSBEEELER

Tab 4 The recovery and precision results of ampicillin, ampicillin acid and ampicillin diketopiperazine in eggs

I %k ﬁ%ﬂi{rﬁi - R PUMAR » ﬁ%lﬂ%jﬁ]%ﬁﬂfp _
J(ng - g )(n=6) FHmE N RSD LRI RSD PRI I It 18] eeilies N L8]
/% /% /% /% RSD/% RSD/% /% RSD/%  RSD/%
1 94.6 4.0 96.4 2.0 91.1 5.8
1 2 90.4 4.6 5.3 94.3 3.2 5.2 90.5 6.4 6.4
3 96.2 5.8 87.0 2.9 89.2 7.8
1 90.7 4.4 96.4 4.0 91.9 8.3
10 2 93.3 3.7 4.4 95.8 4.0 4.0 92.2 8.1 7.9
3 92.2 5.5 96. 1 4.7 91.2 8.7
1 90.4 4.4 85.6 4.2 95.8 4.8
100 2 84.0 3.1 4.7 92.7 8.0 6.2 93.2 4.8 5.3
3 86.6 1.3 88.6 2.1 89.6 3.3
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Tab 5 The low — temperature storage stability results of ampicillin, ampicillin acid and ampicillin diketopiperazine in eggs

£ NP N E=R NN SR YRR R

BN Bt - — — — _ _
J(ng- g1y /d X+S.D cv X/ X X+S.D cv X1/ X, X+S.D cv X/ X,
n=6) /% /% (n=6) /% /% (n=6) /% /%

0 0.82 +0.08 9.9 / 0.84 £0.08 9.1 / 0.86 £0.06 6.8 /

1 7 0.88 +0.12 13.9 107.3 0.83 +0.08 10.1 98.8 0.84 +0.07 8.1 97.7

14 0.82 +0.07 9.1 100.0 0.82 +0.08 9.6 97.6 0.87 +0.05 5.7 101.2

0 9.06 £0.53 5.9 / 9.00 £0.27 3.0 / 9.16 £0.34 3.7 /

10 7 8.78 +0.57 6.5 96.9 8.77 £0.37 4.3 97.4 8.99 +0.23 2.6 98.1
14 8.91 £0.67 7.6 98.3 8.95 +0.27 3.0 99. 4 8.94 £0.42 4.7 97.6

0 97.57 £5.53 5.7 / 96.89 +4.62 4.8 / 94.18 +4.68 5.0 /

100 7 92.62 +3.53 3.8 94.9 94.72 +6.36 6.7 97.8 92.34 +5.11 5.5 98.0
14 92.23 £3.25 3.5 94.5 94.36 +6.67 7.1 97.4 91.63 +5.33 5.8 97.3

(Xq/(Xo H =20 CURAFRFIFES (7 d 2K 14 d) R IR BEF-HH 5 0 h A Ik BE P34 4H 1L

F6 FMEFAMR ETARBMETARZMIREACEFRFMBELSER

Tab 6 The freeze — thaw stability results of ampicillin, ampicillin acid and ampicillin diketopiperazine in eggs

ARV R PIARER R VIR ERIR %
IO, Rl _ — — — — —_
(ng-g) UK X=+S.D aY X1/ X, X+S.D Cv X/ X, X+S.D vV X/ X,
=6) /% /% (n=6) /% /% (n=6) /% /%
0 0.84 £0.07 8.2 / 0.86 £0.08 9.1 / 0.86 £0.07 8.4 /
1
3 0.83 £0.08 9.8 98.8 0.84 £0.05 6.3 97.7 0.84 £0.05 5.6 97.7
0 9.13 £0.31 3.7 / 9.11 £0.40 4.4 / 9.02 +0.38 4.2 /
10
3 9.00 +0.33 3.7 98.6 8.97 £0.25 2.7 98.5 8.91 +0.13 1.5 98.8
0 93.94 +4.35 4.6 / 92.07 +4.62 5.0 / 93.10 +4.44 4.8 /
100
3 92.81 +3.15 3.4 98.8 90.80 +5.07 5.6 98.6 92.64 +3.21 3.5 99.5

X/ X TR 3 YR I BE P H (5 VR O YRS i B SP- B EL A1 HL

3.6 EMA MR 2.6 WUNHLEA NI, m AR ILKR T, SRR AL TE 1,10,100
ARTIARIR R TIAR EAVR AR RS T R AL R AL ng/g TRINHRE T HE TRV I7E 86.2% ~ 88. 8% L
7, DAAHIE] AL BE A0 2 B DU e o FE S AR i T RPN, B AN B, A R4S T v A A 45 R, AR
VEWR I T AR L P B AR S 8 S AL BT 2N SR R T3 Aok i o DG C V5 AR 1) i o 56 Jo 8 i i
PEAR R PEARIR | ZCR AR IR IE RN 5 ATIGE,

®7T SFEMN EFTENRBRIMETER ZMRIREERYLHATLER

Tab 7 Research results on the matrix effect of ampicillin, ampicillin acid and ampicillin diketopiperazine

; » ORI R PIARR FR VIR R R g
W E/ (ng - g7 — = =
X+S.D(n=6) v/ % X+S.D(n=6) CV/% X+S.D(n=6) v/ %
0.5 87.4+1.6 1.8 86.7 1.4 1.6 87.2+1.4 1.6
5 87.1£2.5 2.9 88.2+2.4 2.8 86.7+1.3 1.5
50 86.2 1.2 1.4 87.5+2.3 2.6 88.8 1.9 2.1

X Sy HETVCRC X BR S AR AR e T AR L it P24 1E (% )
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3.7 &l R 2.7 BRI RSP
B, I 6T WA S AR A 1.5 TR O kAT b
P #21.6 T F UPLC — MS/MS £ 443 I 5 , 52
PREE G IS S LR 8, 45 SRR IIZAG Iy v e
TR Ul D S R N = N N 9 =R ST

WRWR R 1) 75 ik (] Pt e B 1 25 A IR H =R
M, X Hh 8 PRSI HH 2 P bR RO R A
N PUARBR IR VAR IR T HL 2R P Ak
PR PN VbR i R 19 1 X8 2 v A B B iR Bk T
P TR 249 85 TR P AR R

F8 FFWHAEM EFT A MBI A ZHR UK R SEBRAE AR U 45 R

Tab 8 Actual sample detection results of ampicillin, ampicillin acid and ampicillin diketopiperazine

W%/ (ng - ¢7")(X+S.D,n=10)

HAry

1d 24d 3d 4d 54d 6d 7d 8 d 9d 10d
RV 10.44 £2.3 4.81 1.6 3.53+0.9 1.22+0.3 ND ND ND ND ND  ND
FRVIARIR 42.03 £8.6 36.40 5.6 37.96 +3.7 17.11 4.6 12.14 3.6 7.86+2.3 3.62+0.9 1.34+0.5 ND ND
FORVEMR FURE 27.20 £5.8 23.64 5.5 32.48£5.9 10.53 £2.4 7.79+3.0 4.50+1.2 2.14x1.0 ND ND  ND

4 THE5ER

4.1 F¥XEHREMNRAHHEE BRELEER
FRifE GB31650 — 2019 Fll GB31650. 1 — 2022 H
G3 AR HE T TR B S T R 2 R (LA
WUP BB EFAE) 2 I R 2 v 1 e R 5k B B
i, HJR, FRARAE A DL VU AR B S 5 B
i il o 1) B K % B PR Ak, I SR X LA 4 1 4%
FRAG DLIEA T IR ARG SCHk e b A 7 &R
ARTEAR A B AR 4 0 220 P BRI R 20 PG bk — T
WR W 52 5 | 2o SR 7 1) R A, AR SR S B
FESAIFSE ot e B, 28 XS A 7 B IR &0 7 Ak
S, LA 7 A R v ARG T 28] R Y A B R
T PO AN 2T PR IR, 76152 3 d
Jir X2 eI R P AR B I T IR R
o HUR ST VAR AR P AR R R G R R B
Hh R BE R R AR B IS ) 2 TR P AR AL,
I, BT VIMH 2 5 i 5% B AL TR B S O
PG AR R 220 G bR R e 4 AR A A XS R
(5% R G L

4.2 W|EGEA My E ERTUA Z N VEARRR A
SR VPR R R R FE 7K e LAV i, (R L2540 v 5
RELTEW, Gy s Tk Wb, vl R S S5 A B
VA R B VS VROCR S O B T (25, B TS R
AL A B ORI 7 45 5 A L, 2 KA 45
SRy AR R FOASONE , PRI L35 P 1 B2 BB A AN 75 2 e

W X FE W 2 B S 4, B AR (1 5 RIR
S5 T A A3 X6 245 10 V) R BRI I 1 T4
Z2 FE FFRUE GB/T 22975 — 2008 it $2 1t 7
B2 BURFH M - KIS AR 2R AR O 2 v i 2R
PUAR Z R VIR AR PR IR RS 25, &
JiE X A A e ) 2 P B AR R R AP TTTERCR | B
SN R P, 0 B A T VR T B R A
AL, e M 52 G K (70230, V/V) 1R R 4R ER
VAT S O A B B AR I 2 TR T R O
BRI, R T BEARAS B L 5T v g B 45 B 11
SEE e, R pH 8. 0 MR £ 2% vh il % e 45 I
M NG — KW — 20 B $E I, SR bR 4
WOy, G A b & R PR R PR AR P AR
TR R W S 25 0 LSOR A REIA B 90% LA I, g
SRR LR
4.3 Fo ARy EAEEBOL R UL
Fao RIS o, AR SCH [T €18\ MCX
WCX HLB 1 SAX 45 22 471 [ AH 2 B0/ N 2207F 74
AP PP IR AR 2 W R IR R 4 R B R
4RI, C18 MCX 1 WCX %5 [ AH 2% BUNH ) A
REsE R =R 2h W), B K AR GB/T 22975 -
2008 HR ] HLB [EIHHAE BV A AL BRI Ak 2R
YRR T SN VAR, (E2 HLB [ AH 25 U/
X SR VE AR IR 1 £ B2 AR 25 . SAX T AH A& U/ IVRE
2 LARE I Ay 56 5 119 5 ) 5 73S e R TAE: | 5 A7 e
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HEREA . PHES TN T E I O R AL B
TAHILE Y BA BRI EREER Y, 5 AR
T FEIAHAE U NEEAR L, SAX AR A BU/INVEE X 28 1
AR PRI 20 P bR i WIR 2% 1) £ B8 RIOR
B AR R RE IR 2 95% L b, I, 1 SAX
[ A 2 U N AT i AR AL 3
4.4 MRBEAARGE R B H B FERTIAPESE R
FRAAL KA A kP A e R AR BERSE | 075 P MO
B0 SAX B A2 BUNECR B KRB, S T
PRUEZR UMK 220 PO AR R 205 PG AR i R 5 55
2GR B RS 1 A A0 B T SAX [T AH
FEUNET  ASCEE ] pH =8. 0 BIBSFRELARAE M
VLR

SR VG AR 20 PE MR A2 PG bR i R e 45
24 32 258 5 B Ak S A B T SAX [ A 2K UM
YRR T I i R R A A LR (8 L
BB, B TR AR R PR IR
VPR R R 1 S 24 W P A T IX ), L B
WU, Y0 E, R I EE: K =0.04:1:9
(V/V/V) BIBEIBI A PR 20 PU AR 220 P AR IR
VR4, T FPRR: BB = 0. 4: 100 ( V/ V) BB
B KRR PUAR IR 28 A SAX [ AH AL HRUAE Bk
JBoE 4 PRI AR b R P A e B, R
VUK 20 P MR R 0 220 P bR T IR 18 35 . T i
J& , it UPLC — MS/MS #:]
4.5 GiEE AR ERTHIRER T, 2 R
TIRFRIE A F ) ACQUITY UPLC® BEH C18 i
2238 A T Y Eclipse Plus C18 (415 A: % 48
PR 20 PE AR A2 VE AR R R % 45 H AR 1
IyER R, it e & B ACQUITY UPLC® BEH
C18 A EAT X 220 P AR S AR P %) ) B R 4
ROR A

B — Wt AE R AR B A Hr i 0. 1%
HERK - HEE 0. 1% HERIK - ZIEPIFMA R i 3)
R B SR (8 R L S S A
R VIAR S A Y TE S E AR B DL
VEMERCR G, PR g 2 T 0. 19% HHR K - H
RV Ry it Sl AH

AR T — ol a] [ I 5 X8 2 rp 2 PG
L FE A N P ARTR 28 P bR i IR %%
F8 R R BCHRAR (3 ER R B A 7 0 o O IR AT AR
R PREE , Fp S MR, 1 5T, R fiE
i YRS 0 X6 v R P PR R L R AR A B
B, XS R A B 2 A M A R T A 4
R3ZHF,
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