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B E: BM &M e SO 6% - 8 BT E I (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)[F] b 465 I 1 2 v & Wi e . S WI 20 . T BRAIFI BT E: 9% =6 4 TR s 2y sk
SRR R FEAMEA 20% 5K (5 0.2% IR )OS e, A $RIBU = 9.0, I E IS W Oasis PRIME
HLB [EAHZERAE AL, ik )a BRI T ML SE; 2 SHISEIDO MGII-H Cjg f3i%4:(2.0 mmx100 mm,
3 um), DAFEE-0.1% M FRK VR T S AR HEA TR0 BE VR, 2ok 22 SOy W, 76 1E 88 BN, SRR BT e e 4k
brid, WIS 4 B ST e tERE ST, BBR SRIBeRE . SR Z R WsNICRIE & % 5 7E % B e
JEEING MG R RIF, HOCRBIIRT 0999, LEMRL R 0.2~1.0 pg/ke, ERFRA 0.5~2.0 pg/kg; 7EE
TR, 5. 10, 20 pg/kg 4 NI T AT-BI ISR Jy 82.9%~93.5%, FXIARMEN2E 0 2.0%~8.4% (n=6).
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Simultaneous determination of 4 kinds of antiviral drug residues in honey by
ultra performance liquid chromatography-tandem mass spectrometry

ZHENG Xing-Guo, ZHAO Shan, LI Xi, LEI Xin-Yu, ZHONG Ling-Li*

(Analysis and Testing Center of Sichuan Academy of Agricultural Sciences, Chengdu 610066, China)

ABSTRACT: Objective To establish a method for simultaneous determination of amantadine, rimantadine,
morpholine and acyclovir residues in honey by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The samples were dissolved in 20% acetonitrile-water (containing 0.2% formic acid)
solution, extracted by ultrasound, and centrifuged at high speed. The supernatant was purified by Oasis PRIME HLB
solid-phase extraction column, and the purified sample liquid was tested on the computer. The Shiseido MG III-H Cig
column (2.0 mmx100 mm, 3 pm) was used for gradient elution using methanol-0.1% formic acid aqueous solution as
the mobile phase. Through multiple reaction monitoring, in the positive ion mode, the matrix matching external
standard method was adopted, and the qualitative and quantitative analysis of 4 compounds was conducted
simultaneously. Results The linear relationships of amantadine, rimantadine, moroxydine and acyclovir were good

within the respective concentration ranges, and the correlation coefficients were all greater than 0.999. The limits of
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detection were 0.2—1.0 pg/kg, and the limits of quantitation were 0.5-2.0 pg/kg. The average recoveries were
82.9%-93.5% and the relative standard deviations were 2.0%—-8.4% at the LOQ, 5, 10, and 20 pg/kg levels (n=6).

Conclusion This method is simple, sensitive and reproducible, and is suitable for the simultaneous determination of

4 antiviral drugs in honey.

KEY WORDS: antiviral drugs; ultra performance liquid chromatography-tandem mass spectrometry; honey;

residues
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1] ) v e 2 e AR N 0 0 3t X ) AR 7 2 W A R B
R P 5 b e R 4 UG RIS R B, R e
PER . AL detkng, — B R R BT, 4
W 3 R R 2R BRI R, T 4 WoE e S5 40 1 2 2 M i
PN A BT, Rk, R I 43 DX e AR A R B 4ok
FE PR IR . NI 22y B g ™, (A4
NIbele S5 NI A E T, SRZRF BT . A R0
SRR, IF BTSRRI, B KIE A 24 5 S sh
G A S5 A RS K R LT, ek R ] 9 5 43 1 %k 3h 4
F10C AL 0 LA — 2 g S A RO R, Rk
M ARFSTR KA € O& T8 A 4 NIt e P 15 25 W1 6 20l
R, FUESIA CELythIr bR 1k H s ) (R A 55
560 5)75 2 MARIBERE . SRIZ . FIEES . IR
R BRIGER . ST TR SR IR A SERET .
FIT LAAT o BN 3 06 2 TP O 7 S 25 W ARG A
BT, E NSRS Z5 W Ry 1 S R TR S vk
(enzyme-linked immunosorbent assay, ELISA)!' 1354 4,
W% B OBX R 3% ¥ (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS)!' 4131 I 428 1 B 24 My 6 I ¥
FERE X B —, NREHEAT 25k A, IF H28 5 SR B
25 RUC i LC-MS/MS 2 A R & | e VERR IR L 4>
Bt Bl S0, © BT E DU s 2 5k B W B2y
Pio BT, DU aR B i B IS R AR
I R e N Aol g s g
DS i, RS 6 B v BT BE S 25 WK B 0 T O I S AR X
Bb . FRABE PN T e b A S AT 5 1,
FRUE I T W v WIE B . 4 I 2 B 1 % B ARG

PR IBOR M A5 S 5 B EALIN e, BRAERT R H AR
Feb o ABIEGE R T I AR R e SR Aty ok =X [ A A O AR
AE 8 W% Jh dée 2 Bk 5 b A9 2 1 BT AR G 2R e, xS H Fn ke
B YTCATAIR R, FE G IRBUT B RE, B BRI
b A RIPENG S B, 5 20 R G R B B AR B R AR, 25
B 78 1R RO AH 8 3 - B I BT 3 9 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS),
ST T [ IR DN e T G M . AW e . BRI BT
HIET 4 FhHUREER IR B BT T, T R 2y
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1.1 {XFE5RF

Xevo TQ-XS #B i R4 W AH £ 15 - 53 B 3 3 3 (3 [
Waters 23 ) ); Neofuge 18R 15 14 VA B O L (B s ) e A
Wy BE 57 R R IR AR D), HD-2500 £ 45 R e iR &1L (it
B A PR B2 Al ); KQ5200DE #4045 1 75 I 1 vk #
(B 1Ll 75 A 754 BR 2 #1); UPH-1-100L #8 i K LY 1]
e R AT BRZS W), HCB602H 43 22— T K F
(R [E ADAM 28 A]); AE240 + 743 2 — L F K- (R ik
e -FER) £ [E bR B 5 A PR A

4 Wbl (amantadine, 4l 98.5%, FrifEY) L5 :
20140) . /& 4 Wil £ I (rimantadine hydrochloride, #li &
99.9%, AREMIEIEFS: 25466). EhERM MK (moroxydine
hydrochloride, ZifE 99.6%, ArEWEUES5: 24206)[ 1 H
BePure("2 M5 ¥ )2\ ) 1; T E 7% =5 (acyclovir, 2 92.5%,
FRUEY)FRIE S5 10045600)[f E Dr. Ehrenstorfer 23 ],

Oasis PRIME HLB [EAHZHH(1 mL, 30 mg, £
Waters v dl); ZIE. M, HER((Ai%4, S£E Fisher 28
A)); 0.22 pm JERIRMECRHEHER A R); SE0 % FK il
7K 20 153 AN [ il e ) e 2 D) 8 R A R RR T
12 ZWIE
1.2.1  ERELH

PRUERBS SR 2> DIMERR PR B ISR . EhBR 4 W
M. EhER e K LA B BT E & AR ME L & 10.00 mg T
50 mL ZEENh, W EAMRIFE A 2205, Bkl s
WER 200 mg/L WPRERE AR, & TA OB, T



4112 1% A T R A 1245
20 °CHECARTE HEESH, SR ER 4 Fiiba Yy aed AR aE s i

TRAPRE AR ECH: 43 RS 2 R E 5k 4 FhbrvEGE
% 0.25 mL, BFR—Z&EMG0 mLyH, FHEE R

B 1 mg/L RIS ARME AR, & T A aBsih,

F 4 CCREOGI-AT . 500 ng/mL BASRIERACH]: 4> BIHL 4 Fhbr
HEAB (200 mg/L)0.125 mL, # T 50 mL A&+, HH
FEEAR S S0mL,

20%ZTE K 0.2%H )P HUA: HL 20 mL ZJEAN
0.2 mL FRF 100 mL &), F/KEAZE 100 mL,

1.0 ng/mL RS FRUEERACH]: BL 0.05 mL RS FRiE
TAEW (1 mg/L)F 50 mL A&, F20%L0EKGT 0.2%
F ) IEBURE S 2 50 mL,

0.1%M Bk % : B 0.1 mL F1 R T 100 mL &5 &,
FH/KEZRZE 100 mL.

122 Hepara

(HFEM

FREUKEZERE A 2.00 gCRERIZE 0.01 g)F 10 mL HIEZ|
EEREAA T, MAZ 6 mL 20%ZJE K& 0.2%F BR)IE,
RHERA] 2 min, WARE 10 min, BHEFREEBRE
10 mL A, H 20% 257K (& 0.2% P RR)BERER . ¥
10 mL FFE SRR TR 280, T4 °CT 7000 r/min
B0 5 min, BUEIER A

)4k

B 2 mL Fi%Wd Oasis PRIME HLB [FEAHZERGH:, W
ERERFIRSY, £ 022 um Je e iEE g s, At
UPLC-MS/MS Jr#r il
1.2.3 Al G- 8 B

(D AR s 4514

{6,341 SHISEIDO MGII-H C (2.0 mmx100 mm,
3 um), WM 0.1%H BR(A)-FREE(B), #iE: 0.2 mL/min,
PEREPRRL: 1 uL, KRR 40 °Co AR R F: 0~2.0 min, 6%
B; 2.0~3.0 min, 6%~70% B; 3.0~3.5 min, 70%~90% B;
3.5~5.0 min, 90%~6% B; 5.0~7.0 min, 6% B.

Q)4

HLE 55 B U5 ESI(+), 220 il (multiple response
monitoring, MRM#5C, #EFLSAE: 2.5 L/min, BEFIR
i 10 L/min, B FURIREE: 150 °C, B HIEIE: 250 °C,
BEHEE: 3.0kV,

2 HR55%

2.1 FEEHMHK

T2 RIBERE . 2RI 28 . W Bk ICRT Rl 35 25 ok
AWM S Y, BORF W% & IR TIE 4
Bro FUILARIFRAE ESI IEE T, 4 5I1% 4 Fib &9
(500 ng/mL FRARIEBOIEAT 244, L BAE R . H1L

[M+H] 8 F, 53CHREE R8P sE B 15, 1R
FUARAL A W 7EA [R) Rl 13 AE 2 BEAT 7 4908, 7E ™ A
9 B IR R R R R . TN 2 T
YRR S 7, Jerpsl By . R VR i T T e B
HT o At arES 0L« 1.

®1 4 MUAMHNRIESH
Table 1 MS parameters of 4 compounds

(m/z) (m/z) v /eV
i 135.0%* 22 16

& NIl e 152.1
93.0 22 24
163.0%* 5 14

SN2 180.1
107.0 5 20
113.0% 2 14

Nz ik I 172.0
58.0 2 18
i 152.0%* 2 12

B % 45 226.0
135.0 2 26

TE e T
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AHRILET LT 3 A @i i a2 ai8: Waters
HSS T3(2.1 mmx100 mm, 1.8 um) . Waters HILIC
(2.0 mmx100 mm, 1.7 pum)#l SHISEIDO MGII-H C
(2.0 mmx100 mm, 3 pm). HFF ARG Lo E R
Fi7:0.1%F R 7K =6:94(V:V), f#F HSS T3 itk mt, ik
SR A I R I 45 22, S ek L B SR AT T AE R SR
BB, MGII-H C g {3 % o nbk I A6 £ B 53,
INWERTE] S 1.4 min, SIEEFTTRY) 2807, 4 kG
PR WS TES AT i) 17 414 - o SR P 2% 7R B AR €233 HILIC 4,
LA 0.1%F BRIK : 2. JE=6:94(V:V) R shAH, tik-& 49 mkik
PR B I W, Haikiea RN S . Bk, &
F5E3E A MGII-H C g (iSAT I T2 T 4 PRy
/LBy Rl

BRI R, AR SRS T EE-K  HEE
—0.1%F /K A FE-0.2% F EK 3 P stk R, hE 1
AAL 4 FAEEYITE 0.1%F BRAK S5 44 T i by (A e s, T
Bl B2 3CHrEE) AR 10 mmol/L FH R
B, G AN 8 AR ME VA VR, T ek I 3R B A (] B A
— A RSB RE T I, Ao e, B iAis gk H
Fi5—0.1% H R AK AR Ry Uk S AR A T WA €35 5347 - 4 Ak &4
FIRARER R E AL R B . @AM T, SRR
BT aEEILE 2,
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4EH07 [ A 4E+07 [ g 415 4B+07 ¢ 420
SRR Mﬁmmﬁ SRl
2.E+07 | 2.E+07 2.E+07 |
3.93
0.E+00 - ) 0.E+00 — R 0.E+00 —_— —
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
4F+07 SRIZ. 4E+07 SRIZ. 4F+07 SR
4.02 433
2.E+07 | 2.E+07 | k 2.E+07 | 4.34
#
% 0.E+00 % 0.E+00 : B 0.E+00
re 0 1 2 3 4 5 & 0 1 2 3 4 5 6E 0 1 2 4 5 6
% 8.E+06 [ E;E BEH06 [ 44 w 8-ET06
6.E+06 kAR 6.6+06 [ LN 6.E+06 N bk IR
4.E+06 | 4.E+06 4.E+06
2.E+06 | 1.71 2.E+06 2.E+06
0.E+00 - - 0.E+00 T— 0E+00 TR
0 1 2 3 4 5 6 0 1 2 3 4 5 6 4 5 6
86 3.84
1L.E+07 e 1L.E+07 - 1.E+07
8 E+06 [ BTH 8E+06 | B SEMGE 3M B 4
6.E+06 [ 6.E+06 |- .E+06
4.E+06 | 4.E+06 - 4. E+06
2.E+06 | 2.E+06 - 2.E+06
0.E+00 S — — 0.E+00 : : 0.E+00 .
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 4 5 6
B [ /min A5 ] /min B‘J'IET.l/mm
AL TN - B I shAl S H -0, 1% H R K; C: i shAH o F 5-0.2% R K o
1 4R EWAEAR TR ST 198 1 ik
Fig.1 Ion chromatograms of 4 compounds in different mobile phases
100 3 B 4RI Z MR TR K 40.1% 040, Hodx 3 Rib A 4h
80 | WRBE 15% 0L o BT 4 Fib SRR & H R
< e, M FBRYEAE TR A R T A YRR ER, R AH
8 or 1 GEEE 2 FIELI(0.2% . 0.5%) M AR T SR Bt R Ak %
Z 40l te, B 20%ZME K INARRR LG, 4RI 2R E#EEL
% 2 S AR, TECRATE 80%L I, e ik 2 Fii
20 1 J REHBIZIET 4 Fii & R A0 25 5, (LA
0 .A ; ; ; ) T 1 FH 20% 2B 7K (75 0.2% FF IR ) Yk i Ak B4R B
0 1 2 3 4 5 6 WA, 3 FIORFIEREE(0.0%. 0.2%. 0.5%)HRHIA i i1 -1
Fif 6] /min )
[ LI 3,
1 MOBRAK; 2: BTEIES; 30 & RIBEE; 4. &N, 232 HleFEdnE

E 2 45k E Y BRR R WUE B T 2% %1 (1.0 ng/mL)

Fig.2 Total ion current chromatogram of 4 compounds in standard
solution (1.0 ng/mL)

23 BB EHK
231 RIEAGLE

AT 4 FPERRIAL A R 25 Sk, R el ok
WAL AY 3 &Y, BB i i A B A2 o H ARk
BUSRIBCECE, T AR R RG] . 2N
J& F SR A, SR A TR AL T A A kv
KA ST L T AN ELI G B FIK (104 2:3 101, 322,
4:1)iK

B, I CNEFURMFLE N 1:4 mHRBCSCR e,

e 5 v (1 H 2 A B RS 43 T TR 22 2R D T RH 2K BT
ik, WA 4 B HERPE 2 R R, kR
S AH T AHZE BURE | TR G BH S 22 AT ml A AR Ak ik [ R 22
TPUAT: Bsf X LA SHfe o3 5 F AL A 4 i Il i e, SRR A A Ak
[ F A BOHE AR B PH B 1 s b HR Il PR 24, 45 1 5T
WA SCHkh TR RS . B i Oy vk, HEE
Fo B A A BRI A 0 R R S K R AR R,
X T A B BT A 15 Yo 3K . Oasis PRIME HLB /M
Sl AU R A B AR AE B, R AL Gu IS R (74 [ AR AE B
AHB, UHATETIRFEEAL . P8 . WRUE RGN, & Bl
AR FRRFIE], &R, SRR TEEERZEPTOR A Oasis
PRiIME HLB /N, #E37 T W8 kel 39 Fidndz 2. 25
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il 4 25 5% B4 ) UPLC-MS/MS ¥:, M2 flh k£, A
KW RYUHREELR LAY . AW Oasis PRIME HLB [
AHZEBOR:, W3R BORGS AR B B AL E, R iR
M, dgn ke Tkt E . B 4 ATHL, 4 Oasis
PRiIME HLB /NHEGHL 5 B AR ST 4 B BARfE &

FIIE A B A TE T3, IFH 20% LK (5 0.2%H BR)
VAR R FE SR T 4 i B bR 1A B 00 1 590 400
o TSI X FR HLAR B U B A 9 SR FH ) i = 1 A 45
B AR R LA S e B B i b 4 R 75 25 1 5% B o0 B 1
FE S AT

100.0 . 0 20%ZJEKAEHIR)
= 0 20%Z 57K (£0.2%F k)
800 L <fF X ‘[‘ B 20%Z K (#0.5% F IR)
< 600 F - -
bl X X
= - z
E 400} | |- ~
200t | F -
0.0 —f | F L Bas | — )
SRR SRR TN Y Bl &
B3 4 FLA WA FEHRIBGAR T i R (n=3)
Fig.3 Recovery of the 4 compounds in different extraction reagent (n=3)

100 [ A SR 100 r B ENZRE
% 152.1 > 135.0 % 180.1 > 163.0
= 50 5 50
z z

0 1 1 1 L ] 0 1 1 1 1 J
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Bif 1] /min B} 1] /min

100 - SRR 100 SRIZ.
{‘% 152.1 >93.0 % 180.1 >107.0
B oso - 0
& =
z z

0 1 L 1 1 ] 0 1 1 1 1 ]
0 1 2 3 4 5 6 0 1 2 3 4 5 6
A} 1] /min fis[E] /min
100 100 EE3
C el D %S
% . 1720 > 113.0 % . 226.0> 152.0
2 07 =00
z E
0 1 1 1 ] 0 1 1 1 1 ]
0 1 2 3 4 5 6 0 1 2 3 4 5 6
H:J‘ I\ETJ /min E‘"f I‘Eﬂ /min
100 100 P&
N AR =
% “ 172.0> 85.0 % ol 226.0>135.0
3% =
0 h | | 1 | | S'Dé 0 ! L I I )
0 1 2 3 4 5 6 0 1 2 3 4 5 6
it ] /min it ] /min

A GRIB; B: &RIZ M, C: kL D: BFTEE .
Pl 4 e BEBUMARFE bl B T G35 18 (2.5 ng/kg)
Fig.4 lon chromatograms of blank honey spiked standard (2.5 pg/kg)
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24 EFRMMN

T AL BT A, T8 S RORH (3 - R IR B4 M H
PGPS, ATRES A AR 1 BB (matrix effects,
ME). A5k AR ME /% = (Sﬂ _ 1) % 100% T 4

il BRI E I TP R BB
K, Sy 1S, 3 B0 FE 5 DU B B 2 RN VL b v
kRl X4 ME<O I, FoRZAAY N ILTINHIZLY, ME>0
i, FORZAA YNSRI 24 ME[<20% AL 5
BN, IMEE 20%~50% 2 [ A HAESERAN, IME>50% M5
SRILSRRN . ZEIRRI, SRk A4 K 2 Jie 7 e 2 mp A 35
BN, ME 2351 24-8.5%F1 2.3%; BNk ATFIFE % 5
A BRI FEFAMHION, ME 43519-50.3%F0-61.0%, A
T PR A AR R A T IR E, i B 25 R
WERRTE, A5 0B SR BB IR DC e AR A R v R o
25 ZMSeE. BYEFIE. KRNRFE SR
FHEAERE W IRBURTR B 4 FLS Y BIRAARME R,

BEE 0.1, 0.2, 1.0, 2.0, 10.0, 25.0, 50.0 ng/mL 7 {~F &
e B FE PR UE TAEVS TR, it UPLC-MS/MS 43#7 . 4351 A
Ak 1 1) 5% v P S RS ) AR T R S A o R 2k 1
B AR, PTG RS, S5 IR 2, 4 AbrdEiiZ
AR E S P P 34 S AR SE R, MG R B r>0.999,
AT VC FCARHE TAE AT EALNE S, 433 LAME M L
SIN=3 H1 S/IN=10 I B2 o i S Ak G4 1 L BR (limit
of detection, LOD)F15E R (limit of quantitation, LOQ),
2.6 [EIUNEKIEEELE

TEZS AP, 435 LOQs. 5 . 10, 20 pg/kg
4 AP KOE RN ECEE S, B E 6 AT,
e HE O A A 3T 1 i A B 3% I ANRR A e b A TN A2, 1
SRR S TE] e 2R B AH X AT HE A 22 (relative  standard
deviation, RSD)., Z5H L3 3, Hbh &Nkl . 4RI Z 1 .
ook N . BT Y 4 A AL A R 0 el ik R R
82.9%~93.5%, MIXITIREIZE R 2.0%~8.4%, WML FUKS
5 R R R

F2 AMAAMIMNLMEER. ®IA5E. BXEY. RURFEER

Table 2 Linear ranges’, regression equations, r>, LODs and LOQs of the 4 compounds

&Y AL/ (ng/kg) EVSYE r’ LODs/(ng/kg) LOQs/(pg/kg)
E LIS 0.5~250.0 Y=127077X+35082 0.9993 0.2 0.5
ALl s 0.5~250.0 Y=149936X+20965 0.9994 0.2 0.5

A kYK 2.0~250.0 Y=16317X-4216.9 0.9997 1.0 2.0
(GRS 1.0~250.0 Y=11454X+346.7 0.9999 0.5 1.0

=3 4SRRI B E & B X ARE B ZE (n=6)
Table 3 Recoveries and relative standard deviations of the 4
compounds (nN=6)

et TN /(ng/ke) F#/%  RSD/%
0.5 88.1 5.5
5 88.6 6.8
LIPS 10 91.5 3.6
20 87.4 4.4
0.5 86.7 2.7
5 88.2 4.8
B3 10 88.0 3.4
20 90.1 3.1
2 83.1 6.6
5 85.9 8.4
ney i A 10 82.9 2.0
20 83.5 4.5
1 89.4 3.7
5 89.6 2.0
[OR=RESH 10 91.2 2.9
20 93.5 2.6

2.7 SEBREEmRINE

T NEACKIE ST 7, % B T T 65 S [ ol R ) 20 3 8
FEAE A (A5 8 P AEE . 6 FhMSRAEE | 3 FIALIE L |
2 FIRRAEEE LR 1 BB B AT Wb . NI 2 |
I R FUC ] 5 9% 5 A 2 B ARGE N, 2 8 SR B oA 10t
W SR Tl I b B S S B 52 % 4 BRI PUR RE 2 TS LY
R8I

3 wgSiie

] P 4 o) T e 2 R T B 2K 2 W R DU 1) A 9T A D
H TR o 0 A e KW AR e o AR BF ST A L T A ad
UPLC-MS/MS 2 [Fi] B 00 06 2 vh 4 MIVBE e . 4 2 1 L ey
RAFN B 459 5 4 Fhbos =E 25 8% B 0 A B ik, 1B
Oasis PRIME HLB /ML, 22764k . ke Ak S i 25
B, RR#ES TATAABIAER , S 00E, %7 keesk
PLAERG R, E R 0520 pgkg I E L R
82.9%~93.5%, ik R, fREtk®. XM Er 20 4
MBI TR 43T, 45 TR o e R PR B S 2N Bk B
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ARBLE IR, ARSI AR A PR, X B B PP i RE 2K
2G5k B WS A REAAE . AT VA MERS . R, RO A
SR 2 A [ GEAR v R T B 1T A 2 s 25 25 W5k 7R
F LB B Al B AR AR S 8
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