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Simultaneous determination of 7 kinds of antiviral drugs and ribavirin
metabolite residues in eggs by dispersive solid phase extraction
coupled with liquid chromatography-tandem mass spectrometry

ZHANG Yan, WANG Quan-Sheng, WU Yin-Liang"

(The Academy of Ningbo Agricultural Sciences, Ningbo 315040, China)

ABSTRACT: Objective To establish an analytical method for simultaneous determination of 7 kinds of antiviral
drugs and 1H-1,2,4-triazole-3-formamide (TCONH,) residues in eggs by liquid chromatography-tandem mass
spectrometry. Methods The homogenized egg samples were extracted with 1% acetic acid acetonitrile, and the
extract was purified with primary secondary amine (PSA) and Cj; filler, the purified solution was dried, re-dissolved,
and measured on a ZORBAX SB-Aq chromatographic column (100 mmx3.0 mm, 1.8 pm) using 0.1% formic acid
solution and methanol as the mobile phase, and 8 kinds of compounds were monitored in positive ion mode and
quantified by internal standard method. Results The 8 kinds of compounds showed good linear relationships within
the respective concentration ranges, with the correlation coefficients (r?) higher than 0.9970, and the limits of

detection and limits of quantitation of the method were in the range of 0.03-1.50 ng/kg and 0.10-5.00 pg/kg,
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respectively. The average recoveries of the 8 kinds of compounds at the low, medium, and high spiked concentrations

were 94.8%-108.0%, with the intra-assay relative standard deviations of 1.8%-8.2%, and the inter-assay relative

standard deviations of 3.1%-5.6%. Conclusion This method is simple, accurate and sensitive, and suitable for

simultaneous analysis of antiviral drugs in egg samples.

KEY WORDS: egg; antiviral drugs; dispersive solid phase extraction; liquid chromatography-tandem mass

spectrometry; residues
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W MU ST B9k, HIZ 0 R B AR A DGR A
64.4%~73.4%Z 1], [EISCERARIS . ASBIFSE 0038 i 0 2 i 2
YRR AL SR RAL, BEar P | 2 A 4k
T AHAE BV (o1 ER D vk [ e xg b 7 Rl s
SRR B =558 B T B BRI AT
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1.1 X5

Acquity UPLC-Xevo™ TQ MS #8350 AH (i £f B
FEAY (2 E Waters A 7); ZORBAX SB-Aq 18,1541 (100
mmx3.0 mm, 1.8 um)(3E[E Agilent 2 F]); 3K15 & EL.OH1
(= [H Sigma A F); BS124S 4041 KF-(F§ 4 0.01 mg, Jb5T

il

LRI ], ME3002 B F RGN 0.01 g, Fi
LR -FE A 228 7)), HQ-60-TIRY i i 1R A A (Jb 5 7 1F
23 wl); Milli-Q 4iifk 2 4t (35 E Millipore 23 w]); 0.22 um A #L
AHE B RS ORI LR A IR A A .

N . BEL(@igal, £ E Fisher A R]); FRR( 4],
K [E Tedia Aw)); —HIFM . LB, EZ%ERL
2RI IR D), SNIBERE . R R . S54RI, kT
EE WA | I F5 Ak . TCONH, . 4 RI%EHZ-Ds
&N H%-Dy. FE4R-De. BTEETF-Dy. B A -Ds
FI L R-12Cs FRfE S (2l =95%, f#[E Dr. Ehrenstorfer
GmbH /A #]); N-N 3 Z — i (primary secondary amine,
PSA). C g #(FE Agela Technologies /A)); WSS K
S B F A M T
1.2 SKWHE
1.2.1 EREeH

FRUEREEW: A3 IR FR IS ARifESD 10 mg T 10 mL
PR s, 0 P B A 2 2 20 B (BB s 5 T =
TR IR R 2205, Fei s B 1000 pg/mL
AR HERE £, —18 °CLA R A7 o

2R PIARBE A 43IV AR RS AR e 1.0 mg
T 10 mL fREAFEENSD, MBS e R 2208, Bolag
Jr e 2R 100 pg/mL MIFRHERGAIR, —18 °CLA M RFEE H.

IRAARERG R A B bR MR 2545 0.5 mL
FIF] L5 4k . TCONH, ARfER##5 #%5 2.5 mL, T 100 mL £z
s R, I H R R 20 R, WO R OB R R VR B R
5.0 pg/mL(F] L35 AKF1 TCONH, i %y 25.0 pg/mL)fK
TR A BRI 25 R

TRA AR TAEW: 43 50 v 0 B L DA b s v 5 45 45
0.2 mL AR B2 F54R-Cs b ifEfifi 4 4 1.0 mL, F 100 mL
PR R, P B R 2 20, B R e
200 pg/L(F ELFAR-Cs T He B A 1.0 pg/mL) TR G PIbR
TAEW

IRATRETARR: WRBBUR S n & . IRE
br TAEWRIE &, FH 0.1% FF R 1A T 2 0 s TR A ot o Wk B2
0.5.2.0,5.0,10.0, 20.0 £ 50.0 pg/L(F EX 554K F1 TCONH,
W R 2.5, 10.0, 25.0, 50.0, 100.0 F1 250.0 ng/L)
B R GUARE TAETR W, B —hnifE ARV S A AR B v
JEHIH 5.0 pg/LOFIELFAR-1Cs B E N 25 pg/L).
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0.1%F FRIA: BHUFER 1 mL T 1000 mL 2,
F/KEZ 2 1000 mL,

1% RN BIZ IR 10 mL F 1000 mL 258,
FIEEZ % 1000 mL.

122 ARtyaTasg

BURFE 2 g, BT 50 mL #0058, INRA WA AR
50 uL, FIA 1%Z R 2 10.0 mL, #j5E 1 min, &%
$2HX 10 min J5 L 6000 r/min (R385 2.0 3 min, Wk Bi%
W, AR PSA 300 mg. Cis 300 mg A 50 mL &5.045
WiEIRA) 1 min, 6000 r/min 0> 2 min, BHEIEW, 7
50 CCARBHEMRET, 0.1%FBRE K 2.0 mL A fEIRE, iR
BEIRAT, 0.22 pm SRR UE, LT,

123 BBELEH

K ZORBAX SB-Aq (100 mmx3.0 mm, 1.8 um)J3#;
TRBNAE: A AHA 0.1% P IRIETR, B AHWHEE FEIR 35 °C; ik
Kt 10 pL BB PRI FEFE: 0~2.5 min. 100% A; 2.5~4.0 min
0~50% B; 4.0~6.0 min, 50%~85% B; 6.0~6.5 min, 85% B;
6.5~6.6 min. 85%~2% B; 6.6~9.0 min. 2% B,

JETE S At LIRS 5 IR IE B R 2 o W
(multiple reaction monitoring, MRM); EME H JE: 3.0 kV;
B FRIRAE: 150 °C; BRI SIREE: 500 °C; #EfLRE:
50 L/h; JBRIEFIS A 1000 L/h; fEFHESEE: 650 V; —
RS WA HABFHE AL 1.

2 FER5HH

2.1 {UEBEFHHML

PO T S 25 W) RS 5 A7 B SR AL, A R P 1Y) 3 S0 A
Hh G 7 R M IMAH]', R I s R ASE SR IE i A
Ko ABFFEF B REE N 1.0 pg/mL AFRIHEE AL
Intellistart F{FHAT T AL G Y+ & 744, AL
RERSF SR, 1930 73R 1 st

PRAE 5 I B F5 AR 45 LT AH ] 0 B 15 7 FIRE 1 851,
E T 0 2 7 A v R S bR B T vkl A e U,
Acquity BEH C;g. Acquity HSS T3, Acquity BEH HILIC,
Acquity BEH Amide F11 Hypercarb {44 #5 % ¥ FH T4 & #1
B MR, 45 RFW L Hypercarb 4754 (100 mmx
4.6 mm, 7.0 pm)AESE RSN B H| ELF AR, (HI 5wk
R (E 1); % EE MU EU G FI Agilent SB-Aq (i
FHNLT 13 FBUE RSS2 TCONH, H95% B it 4 B i,
R A L 3% 2 0 A XS SRS IR £ 5 ARRE R A B 1R 2, JR
T HFEFEMLE 5 min NARBIRIF5E, (AR E SR
I [R] INAAE I A1) 2 5 AR 2 XA TCONH, 23 #r 7 A= T
PL(E 3a), SZMFE MRS RAS A, T8 I S Bl AH KA
WA LB 97%Z 100%, [FIAEHEETRRIE 3b, FE K
I TCONH, LB T (il /e, INIEAB SRS 1.2.3
Y G SR T 0T

R1 NHESABYNEN. EEBTHERIESY

Table 1 Qualitative ion pairs, quantitative ion pairs and other MS parameters of antiviral drugs

2 kB . : s B . 2o S . 3 » 3 4s fle =
(m/z) Y /eV (m/z) A /eV
e 152.1>79.2 e 180.2>93.1
A A N
il 152193 2 64 26,24 N2 180.2163.4 22 26, 14
180.2>93.1 172.1>85.2
I . n .
Kl 180.2>163 4 22 14,6 AR 172.1>113.1 74 18,18
s 226.1>135.1 o 313.2>166.1
Bl 38 3 22615152 1" 26 28,10 Wil 31325225 2" 2 18,8
245.0>96.1 113.0>69.0
| " *
FELH AR 245021131 2 26, 8 TCONH, 1130596 2 25 20, 12
L WIBEHE-D1s 167.1>86.2" 64 28 SR 2Dy 184.2>167.4" 22 14
% 4:NI-Ds 186.2>169.2° 22 14 Fi[ 1% 45 -D, 230.1>152.1° 26 10
B ] il 55-Ds 318.2>230.2" 2 10 I AR-1Cs 250.0>113.17 2 8
T O E R T,
. < R —
:,E( X FIELF AL
i \
.H.}_
0 ) L A 0 1 1 1
250 300 350 400 450 500 5.50
250 500 7.0 10.00 12.50 15.00 17.50 {5-B i e /min
£ B8 s} (8] /min

BT XS PIRE b B IR B 35 MR AR 28 (635 &l (Hypercarb 4 34T,

5.0 pg/kg)
Fig. MRM chromatogram of ribavirin in chicken fortified sample
(Hypercarb column, 5.0 ng/kg)

B2 ABEASIRE A E A AR AT R IE B 7 (35 [ (Agilent SB-Aq
i, 50 pg/L)
Fig.2 MRM chromatogram of ribavirin in egg fortified sample
(Agilent SB-Aq column, 50 pg/L)
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100, 281 %2 ELES CE GRS e s S YN
ﬁ TCONH, = \eﬂ%% Fier SCXUO | MeXUIS 10907 XU 40 A
# HEUE LR PSA A Co WA R0 12152029),
0 260 280  3.00 f3.20 340 3.60 ZILRA PG . B SR A B AN E M PSA
oo, ffw'ﬂ/mm (0~500 mg)Fl Cyg (0~500 mg)s+BIMAZ] 10 mL Bk

0 \ - LA TR IR RRE 100 pg/L, FIEF AR
%% TCONH, —> \ /\eﬁjmw TCONH, i B 500 pg/L)HFiRAERS) 1 min J5 &P, K
0 » JEARUE T AR PO 5 28 259 B R 3 5% AP, X

260 280 300 320 340  3.60
£ B4 s} 8] /min
Hra: WIHATR SRR IR 97:3 (V:V); b WIHAWR S AR LB
100:0 (V:V).
&3 BRI IRRIE RS 5 &l (Agilent SB-Aq BREFE, 50 pg/L)

Fig.3 MRM chromatograms of the standard solution (Agilent
SB-Aq column, 5.0 pg/kg)
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i, 20k 85.1%F179.0%; HZME KM, FH1.0%
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5 MU U 25 R AR—5, FEICIERE b, XA AR
AR AT TR, EBAUR A PSA BE7E
50~300 mg FH it X [A] BT A5 fb & 40 19 22 s iy 3945 8] T o 3%
(K 4), AR 300 mg BFIEFRAON s A8, 324
PSA FIHEAE 300 mg B ATAT A6 W4T A S50 17 JEk 4 i
L, TR A 2R AR R SR A o il AR 1 L (B AR
0.30~0.74 Z [B], HWGERP Y Ak B W S8 A5 R AH X i .
25 B T TN, TR R T At P A R 45 55 i 2% BT, A
[ 7E PSA FHHER 300 mg 5504 N R Cg fif F %0 B 52000
PISEM AT TRRSE, R IBER Cs (T AN 100 mg 34/ %)
300 mg, VGRS RIEE ARG IR A B =5 A TCONH, 13
J AR A N B A, A B B S 2 W B RN AT — R B
3, Cip SR 300 mg )5, A PUR R 2R Tl
NS BIRB B (] 5). LA 2% A PSA 300 mg
H1 Cig 300 mg XHRBUR HATIEAL o
23 FHAEFWIE
231 #HHE

F IR 1.2.2 70 1.2.3 WP R AR R 7 ik RALER S E T
20 DAGEERENL, RAEATURTEIZWA . [ AEAH
KHURREZS ) AL T3 T4 .

50 100 150 200 300 400 500
PSAfI&/mg

4 K[ PSA JIHET 8 Fb & WAL BTN (n=3)
Fig.4 Matrix effects of 8 kinds of compounds under different amounts of PSA (n=3)
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Fig.5 Matrix effects of 8 kinds of compounds under different amounts of Ci5 (n=3)
232 AMEHE SN/T 4253—2015¢ i} H S H AU h i a3 28 25 5k R Bt

B HiRAERE 1.2.2 403, fRP bl SR T EIA
1.2.1 A ECHI R AR AR RS 2 mL, WHERST, i
0.22 pum JEME, 193RI ETME LA, ST E15-
ERIDR TS AT o LT £ 5 X TR AR SR I PN AR A ) 5
TR BUAE AR BR(Y), PRV TR BE N AR FR(X, pe/L),
ilkrE i, SERIENE 20 WK 2 Pl PRk
YTE— W E T B N M R R AE, MR
F 0.9970,

233 ERE., HBEAS SR

s (IS FERE SO IE &, 430 TR & v TR AR
B WER AR, f TCONH, FIF|EFARBTERE N 5.0,
25.0 F1 125.0 pg/kg, FLAMZYFTRHEE 43020 1.0, 5.0 Fl
25.0 pg/kg, FEHE 1.2.2 1 1.2.3 SERATE, HE47 E 525,
SEIRTENLER 3, RINEERETE L 6, MFR 3 AT, A
FrR A NARE E R, T BUR SR T2 i e
94.8%~108.0%Z ], #FLLIHELE 100%, Fit P4 AT ] AH XF
PR 22 (relative standard deviation, RSDs)# 4, H:A#tt N
RSDs 7£ 1.8%~8.2%z[11], Hit[i] RSDs & 3.1%~5.6%Z[i];
(A4 3 A5 e EE T34 B R 10 5545 M b T3 1 BE,
3 FRTE 0.03~1.50 pg/kg Z[A], E#FRTE 0.10~5.00 pg/kg
Z I, HENBiE 6 iy e w3 T e R hmtriE

WRE WA RS- FHE S ) P e ER. WARBRE R
B, ORE N BR R E B, R B AR IR R
96.6%~99.2%, B GBIFT MU 20y i1 5 B i ) 2 6 Ak
FICR 64.4%~73.4%, 5E AT B IER
2.4 SERREEMAS

FIFIZ A ME T 2021 4F 6 H 7 iy i i it 4
WU A BT 20 ARG EERE b LS SRR A 2 7
FELE A B H RO 50 mg/L) 3 d 525 3 dJ5 B/l
3 ANGERESD, WO TAREY 20 NEESL SRR AR SET
SRR, XSG T 1 3 ARG EE AR S R R L
M TCONH,, FIEFHHMU S50 67.2.27.8 F123.9 pg/kg,
TCONH, #4351 97.6. 72.4 Tl 45.7 pg/kg.

3 &

AHIFEIE S, A B AAR S AL A S At b sy
TSP BT BE S 259 KA B 6 AR QS TCONH, 1973
[ A A B - FR IR T ik, FRAR R 1% LR LN H
W, PSA-C g M IS AHACIBUAHAL . INFRTEE B o 1207 A
fy B MEBRRELY . RIS, N @ SRA AR o Es
I PTR R 25 R AL T — Rl S R WA T B

£2 MRSAALYNRGEE. ZMFREMEXRR

Table 2 Retention times, linear equations and correlation coefficients of antiviral drugs

a2 (RN R/min Lhbk o MXRET) AW REEHR/min o g MXRH()
NIz 6.30 Y=0.1902X+0.0152 0.9996 EALLNAN S 6.81 Y=0.0809X+0.0416 0.9994
e 6.94 Y=0.1012X+0.0423 0.9994 LN 1.93 Y=0.4528X+0.2111 0.9988
Bl 5 3 5 6.02 Y=0.0956X+0.0284 0.9997 LIS 6.90 Y=0.1374X+0.0521 0.9989
HI K 3.17 Y=0.0247X+0.0019 0.9989 TCONH, 2.98 Y=0.0859X+0.1274 0.9975
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Table 3 Recoveries, coefficient of variations, detection limits and quantitation limits of antlviral drugs in eggs
e LS /% (n=5) #t RSDs/% (n=5) #t1a] RSDs/% (n=15) e R R
. 1.0° 5.0 25.0 1.0 5.0 25.0 1.0 5.0 25.0 /(ug/kg)  /(ng/kg)
SWIBERE 97.3 97.5 98.8 8.2 3.2 5.4 5.6 3.1 3.6 0.25 0.80
W2 % 103.0 97.2 97.8 5.6 2.7 4.8 5.2 3.3 4.0 0.03 0.10
EEA 97.9 98.0 99.5 2.0 43 3.2 3.3 3.8 3.9 0.05 0.15
LN 104.2 97.0 99.9 4.7 3.7 4.4 4.0 3.7 4.8 0.15 0.50
R 98.1 95.2 94.8 2.1 5.6 4.9 4.0 4.0 3.9 0.06 0.20
Bl b= 97.4 97.5 105.3 3.9 1.8 3.2 5.0 4.1 3.4 0.05 0.15
I K 99.2 97.1 96.6 23 43 5.0 4.0 3.8 3.1 1.50 5.00
TCONH, 103.4 104.2 108.0 45 3.4 4.8 4.7 3.2 4.7 1.00 3.00
BN pg/kg, FIELFARA TCONH, BN A 5.0, 25.0 il 125.0 pg/ke.
<100 3.16 <100 1.93  ngapkfn
= EFAk-10C S [ l
% 0 [ - }L ﬁj 1 Eﬁ% 5 1 1 M 0 l | |
2.00 4.00 6.00 8.00 L 2.00 4.00 6.00 8.00
3.16 AR BRI} 8] /min B8 15t &) /min
=100 r h jﬁJEI‘EE,% X100 r ﬁﬁ?ﬁﬂ%bi
ﬁ 0 L L % 0 I I L L
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
31623 ﬁ%ﬂﬂ‘l‘ﬂ/min A5+ B8 b5} 8] /min
X100 X100
™ TCONH N i
J.‘%_ 0 |/ "JUL L L % 0[ 1 1 %af@‘% l )
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
A% B B[] /min {583 1} /5] /min
w [ | BT %F-D, | , B [ 4D |
# 2.00 4.00 6.00 8.00 # 2.00 4.00 6.00 8.00
PREAR] Eﬂ/mm {3 B3} /min
=100 X100
B [ . P k . H [ . . &RzED,|
# 2.00 4.00 6.00 8.00 H 2.00 4.00 6.00 8.00
B i T /min {5782 i 18] /min
X100 , 2100
2y I . SRISEHD, | . w [ S e
2.00 4.00 6.00 8.00 H# 2.00 4.00 6.00 8.00
455 B4 st [ /miin - B7 b5t 1) /min
§ 100 6.31..
a2 [ g |
# 2.00 4.00 6.00 8.00
1283 B¢ 6] /min
TE: A F5HRF TCONH, 8 5.0 pg/kg, HAALEYIEINHEE R 1.0 ng/kg.
B 6 AGEISINFES B 8 Mk &1 MRM 3% K]
Fig.6  MRM chromatograms of 8 kinds of compounds in eggs fortified samples
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