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Simultaneous Determination of Amantadine
and Rimantadine Residue in Animal Tissues by LC-MS/MS

CHEN Hui-hua, WEI Min-Jue, ZHOU Wei, ZHU Cong-ying, YING Yong-fei
(Animal Products Quality Testing Center of Zhejiang Province, Hangzhou 310020, China)

Abstract: A rapid determination method for amantadine and rimantadine in animal tissues
was established using liquid chromatography-electrospray tandem mass spectrometry
(LC-ESI-MS/MS)in the multiple reaction monitoring (MRM) mode. The samples were ex-
tracted with acetonitrile-1. 0% trichloroacetic acid(50 : 50,V /V) solution in ultrasonic, fol-
lowed by a cleanup procedure with mixed cation exchange SPE. The eluate was dried under
nitrogen blow, then dissolved in 1 mL methanol-0, 2% formic acid(10 : 90, V/V) solution
and the aliquot was detected by LC-MS/MS, The chromatographic retention time and mass
fragment ion abundance ratio were taken for qualitative confirmation, and external standard

method was employed for quantification. The limit of detection (LOD) is 0.4 pg/kg, and
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the limit of quantification (LOQ) is 1. 0 pug/kg in chicken, chicken liver, pork and pork

liver. The correlation coefficent is greater than 0. 999(+2>0. 999) of the four animal tissues

are obtained within 0.5—100. 0 pug/L linear ranges. Recoveries are in a range of 70, 7% —
92. 3% with the relative standard deviations (RSDs) varied from 1, 7% to 11. 7% at spiked

levels of 5. 0—100ug/kg, respectively.

Key words: liquid chromatography-tandem mass spectrometry; animal tissues; amantadine;

rimantadine; residues

4 W 4% % (amantadine, AMT) & F =%
K, XHRENE . =ABEE, & BT 1960 4,8
SAENPURE L6 , E 5 T B 9 A
BT R B, A R R R
70 %, BB H 2 20 Bl K B AR 25 AT AR R, HLIR
HAEFEWH B, & W Z # (rimantadine, RMT)
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1 SXBWEe
1.1 EENH

Waters Alliance 2695 ¥ #H 6 3% 1%-Mi-
cromass Quattro Micro BBERREIY : 22 H Wa-
ters A F 72 &, BC MassLynx V4. 1 #4%;3k30
RS VRE AL 32 E Sigma 23 A 7™ i ; MS3 min-
ishaker JEIRIE 5] 4% : B E IKA 287 fis XS
205 B, F KR i + Mettler 23 7= &5 12 K
BRI A R AL: £ E Organomation 2\ &) 72 i 5 20
T JE AR B 2 E Waters A B i,
1.2 EFEHHEEN

0 R & W e e Y s < T B R [ 24 o A W o
an A B BT 5 2R AR 4 W 2 Wb o o < 1 B SR I 2 B
(USP) s ZJE (B 4D : 32 H Merck 2 ] 7 i 5
LI AR O Milli-Q 8 4K H g il M 88 8 o i
4i; Oasis MCX R & B T & #t & (60 mg/
3 mL) :EE Waters A F7FE 5

BEERER APEEMRE, K& R
100 mg/LI-& W, BT —20 CkFE P RE.
43 0 W BT B B T A S W AR HE VS D » BT A —
ARMEP CHAPEEMAN L 0 mg/LIBEIRES
MW, BT 4 CrkfEhRAE. RIBFE, RBUE
B ERBESRERRR, BN 5 A S v B,
AR TR AVEE : V. 2% BRR) =
10 = 9O Fy ¥ VB A ) LA 7] ¥k BE i) B 5 A HE R 57
TAEH
1.3 LW&EH
1.3.1 @& Waters Atlantis dCis 632K
(150 mm X3, 0 mmX3.0 um),Hil 30 C,
&= 20 pL, Ji K 0. 30 mL/min, ¥ B B BE &5 14 51
T
1.3.2 Figs&# AmEETRESD,.®T
PR EE 120 C, B FIREE 400 C, BhE H <A
IR H Ny, Horp B R W 550 L/h, 4
FLAWEE 50 L/h, S f5 3 45 B i 650 V, B4
BHE3OKV,ZBHBE 2V, MES IR
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BE - BHMEEESN 0.3 Pa, B K N MW
(MRM)FR. #ETFQD/FEFQHIETF
XoF 38718 Ay BRLASE 3 0, 4% B 6F A B R 5 ] (dwell
time) ¥k 100 ms, FIER KT T X 2.

Fx1 EBBEXEHG
Table 1 Gradient mobile phase for HPLC

ifiEl/min 0. 1% HEREB/ % HE/%  BEmZ
0.0 90 10 1
4.0 5 95 6
7.0 5 95 6
7.1 90 10 6
15.0 90 10 6

1.4 HRaraE
1.4.1 #W HREQ2E0.02)g KEFRHET

50 mL .08 S, #EHMA 10 mL V(ZH) *
VLO%=8Z®8)= 50 : 50 MBS B WK HFT
BEGIRIEIRA 2 min, B THEE WERETE
75 R B 20 min, R 2~3 W, B, A8 000
r/min .0 10 min, i EFER, & H.

1.4.2 ¥4k B MCXE-& FH B 7 B A 2B A
BETEMAEREE L, KKH 3 mL FEEM3 mL
KIEEETE AL, B 5 mL EiE B4 MCX Bk, f7F
VTR A 3 mL KF0 3 mL BB AR YKk 36/
B.HTHE.H 5l VEK) : V(BE) =
5 OSHIVEMRUE B, B VE W, 60 C T AKX
FRE A1 mL V(FE) : VO.2% B R =
10 : ORI VA M VE /R R , R € 30 s, £ 0. 22 pm
&R R IS, EALIE .

F2 MRMEMEXTERERNERZEARERLESG

Table 2 MRM optimization conditions of amantadine and rimantadine

oy B HR REHE/mn  KWETFX (/D ELRE/V B A /Y
152.0/93.0* 28
AMT ESI+ 8.5 35
152.0/135.1 24
180.1/163. 2% 14
RMT ESI+ 9.2 35
180.1/80.9 26
. WERET

2 #REitie
2.1 REEHFHMRK

SN B 2 R M 55, b BT A I 45
¥ LA R ER B X RE  MEVE T K, BRI, I R 6
AHKENERE, W R TE 1, BF%E
YA ER,A5HBE HY MK RE AR EM
[M+H]" ¥4 FEF, BHILEHE ESITIEE Fl
KT W,

NH, NH,

a b

1 £RRE@MERNZEM®MEPEHRR
Fig. 1 The structures of amantadine(a)

and rimantadine(b)

PLVRE : V(K) =50 : 50 BB N
A, RACT” =8 2, B 10 pL/min 330 &

555 O 2% 4 W e e 0 4 R 2 B 1) R % A% R R AT
Ak, KB 5 FEFHITENRIER R
FAHBE, HEM+11TBF, 3Rk Ed
E#LaE. B FREESSH . ERERM L,
PDFEFAf N RPN FEF
FREH, B E MRM £ &4, BAik &9
WFEFABERTE 2, %5 & (IPs)
RES R BK B 2002/657/EC I E R, MRM
WA, X P 5 o W be e R 25 W 1) 1 4%
BFENaEEsTE 3, R mwkER 10.0
ng/kg.
2.2 FHBEEEHRL

B, 168 55 O % B B R VA VROIRAS HE BT, PR B 3
AR B 2 AN L L A B B2 ma B ARl B B B 51T
K,k 2 B AR YR B AR, AT
e o YU R BB RE , #E TE B T WA O KT, KA H o
A0 2HEFRBEBEMTFHEYHNEFIL. X
EHRT % A B Cis £E1E R 40 B 4, #6 # Waters
XTerra MS Cis B (3. 0 mm X 150 mm X 3. 5
pm) . Waters symmetry Cig £ (2. 1 mm X 150
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mm X3, 5 pm) il Waters Atlantis dCys 4 (3. 0
mm X 150 mm X 3. 0 pm) B 57 A [F) 8 3% 4 i 43
BHR., LTWEREEW, L 3 g R
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B 259 5 2= R ST W 47 BS FF T Waters At-
lantis dCig# (3. 0 mm X150 mmX 3. 0 pm) FJ 453

BHRE .
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Fig. 2 Daughter ion scans of amantadine(a) and rimantadine(b)

98
50 a-AMT
—2 r r , . r
7.50 8.00 850 9.00 950 10.00 10.50
98
R 50 a-RMT
2 7.50 8.00 850 9.00 9.50 10.00 10.50
g 98
E 50 b-AMT 9.18
Z 2 : : A :
-q—“j 7.50 8.00 8.50 9.00 9.50 10.00 10.50
~ 98
50 b-RMT & 849
—2 T T r r
7.50 8.00 850 9.00 9.50 10.00 10.50
98
50+ c-AMT 9.20
-2 A
7.50 8.00 8350 9.00 9.50 10.00 10.50
98
50 ¢-RMT A 8.51
—2

750 8.00 850 9.00 9.50 10.00 10.50
t,/min
Hia FEGERES D BIGARES e RES
B3 MRMERT,E K LR kR
MERZEGEFEFEER
Fig. 3 The selected ion chromatograms
of amantadine and rimantadine at spiked

chicken muscle in MRM mode

2.3 HIWLBATENRE

56 S W ot B 25 25 W 7 A R LR s e A A
RIGEH, RIBBR TR LE R L P . L5 L &
BATS TR B YA VAT ) B — S YR B RIR A VS AR
RBBG . AFRSHICERLI6],. 44 1.0% =
ACREBEWAER W pH E R ER 1 BA TIKE

EHNIER, EFEZBRSPE.CFAER
WEERIR BV WME R R BU, LL B T A FIAC Lu 32
BV A 4R B, 35T B BT 2 L SR BRI R 45 4%
HHEGTHE . BAERERXE. 23 LBEHR,
RAVGHE : VAL 0% =& L 8) = 50 : 50
) YE r VBLAE R 4 BBV » X 4 W1 o e AR < W & B
AR B B RS AE

R E R IR B I A7 A R R A
MHEBSRA T, BT RRGY S HEAESEW,
AT LM IR R ARG HE R #1781 .
W A T Waters Oasis MCX (60 mg/
3 mL), Agilent Bond Elut Plexa PCX £ (60
mg/3 mL) FIEH AR /R Cleanert PCX(60 mg/
3 mL)3 F Y & 1k B A REBUAE , AR B & B R RE
T RBRATERMAT K. EREH3H
ANEEAE R TR A B M AR B S T3S 3R AT MY
HALH: TR AL S W e B Fn G W 2 B it B R BT
B R B, IR b AR , M X T & Waters
QOasis MCX & R E £, B, % FE Waters
Oasis MCX #:AE J 5 ¥k % B EHILEE
2.4 HEHREFEMEHR

i ] 55 A5 T A 0 A [R) 2 T A TR B AR HE 2R 3
T AR Mk BE R 0. 5.1, 0.2, 0.5, 0,10, 0,
20.0,100. 0 pg/L, 43 B LA € B € B B F I
oy MW x (ug/ LA HER LR . SRk B2
Z5YHE 0.5~100. 0 pg/ LIKETRRENER R T
FIZR MR TR, & W BE i . & W 2 B 2608 A L X8
WA EIFER P LT BAMAMERRES T&
3. RAZEHEETRMERILEY I, %
L4 #EATARE, L3 515 R 1L o E A TR
(LOD), X 10 £515 B Lb o € 2 & FR (LOQ) , 45
R F*& 3.
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Table 3 The linear equations, correlation coefficients(s*) , limits of detection (LODs)

and limits of quantification (LOQs) of amantadine and rimantadine

& HRBE LHEHE PSS BMR/(pe/ke)  EER/(ug/ke)
7 B y=342.092—79.55 0.999 1 0.4 L0
8 T y=325.022—18.12 0.999 0 0.4 Lo

SR R y=392.142—80. 11 0.999 5 0.4 Lo
WHIF y=378. 452—99. 01 0.999 1 0.4 1.0
7 B y=493.942—17, 34 0.999 3 0.4 L0
A y=405. 322+10. 43 0.999 3 0.4 Lo

SR 3| y=454.132+17. 34 0.999 8 0.4 Lo
s y=462. 38z+67. 89 0.999 0 0.4 L0

2.5 EREXR pg/kg B, 7 ¥ 2 I8 R AE 70. 7% ~92. 3%

BE -5 M AXG A YA SR 2 AR R 2E R 1. 70 ~11. 70, IR
L NE BIE AR TIER, MRk ESN THEER BETREMNAREMER",
1.0~100 pg/kg, % 1.4 LA, % 1.3 # 2.6 HRIH

AR B . BB E 5 RS, RET JOL FH R SE BRI 43T D5 ¥R X 48 4y SR B AR
R, ST AT AR A 2, KR ARSI T BV B G TR S AT I, R 4
4. Bl oA T Y R e B L 5 R ON 12, 6 ~90. 5

MK ATH.ZEGH ST BN EFE pe/kg:BEREH SN ZRZGHRE.
i F < W e P 2R 25 g B n A vk BE O 1. 0~ 100

x4 FRERPEAHEELBLER (=5

Table 4 Results of recovery experiments in different matrix(rn=>5)

&Y R itr i/ (ue/ke) i3 / 9% R E R/ % RSD/%
Lo 79.2,71.7,78.8,78.6,82.9 78,2 5.2
5.0 87.5,72.0,76.3,79.6,83.3 79.7 7.5
el
20.0 82.7,72.6,88.0,81.7,81.0 81.2 6.8
100 97.1,86.0,89.6,93.1,95.6 92.3 4.9
Lo 69.4,73.9,78.0,73.8,76.7 74,4 4.5
5.0 80.5,75.2,85.3,77.3,88.6 81.4 6.8
W I
20.0 93.2,81.0,78.0,92.0,92. 4 87.3 8.3
100 86.7, 85.6,76.3,83.8,93.9 85.3 7.4
SR
Lo 75.6,68.8,71.0,75.2,86. 6 75.4 9.1
5.0 86.9,78.7,76.9,74.0,83.5 80.0 6.5
#A
20.0 76.5,82.4,82.0,73.9,82.5 79.5 5.0
100 88.6,76.6,100,83.8,90. 1 87.8 9.8
Lo 80.2,75.7,79.1,83.8,78.6 79.5 3.7
5.0 88.1,81.4,82.8,74.6,81.4 81.7 5.9
#I
20.0 84.1,79.5,77.1,86.0,85. 2 82.4 4.7
100 88.0,89.5,73.5,73.8,76.0 80. 2 9.9
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L&Y HREA nkr g/ (pe/kg) Bl =/ % S 3 m 2R/ % RSD/ %
1.0 71.1,65.0,76.9,70.2,70.3 70.7 6.0
5.0 65.6,70.3,66.0,78.2,74. 9 71.0 7.8
pLTA|
20.0 70.2,75.3,74.5,71.3,76.4 73.5 3.6
100 71.8,76.9,77.9,78.6,67.5 74.5 6.4
1.0 70.0,70.3,67.5,80.2,88.5 75.3 11.7
5.0 75.3,76.5,69.3,75.6,64. 1 72.1 7.4
X% BF
20.0 67.0,65.7,75.3,78.1,75.1 72.2 7.6
100 74.1,75.5,74,.0,73.4,76.5 74.7 1.7
E g
1.0 75.1,74,5,78.1,78.0,67.0 74.5 6.1
5.0 67.5,74.1,68.8,74.4,80.4 73.0 7.0
%A
20.0 75.5,72.5,70.2,76.4,71.0 73.1 3.7
100 72.4,77.0,78.5,67.4,75.9 72.1 6.0
1.0 71.4,66.5,70.2,70. 3,80, 4 71.8 7.2
5.0 74.1,67.8,74.1,77.5,64.9 73.5 4.8
I
20.0 65.5,75.4,68.0,77.1,74.0 72.0 6.9
100 65.8,77.1,77.0,78. 4,66. 4 72.9 8.6
3 Zﬁ "lﬁ mination of amantadine hydrochloride in rat plasma

ABF S SL T WA 6B - B8 IR TR IR I s
By 4 21 Fh < W Ao i A0 < W £ e 2 BR R K T 3
IR BOK pH E X L bt . SPE #E38 B A A
R ER LY TIRG HE TR BRI
Hil Ak 3 77 ¥ 5 38 2 X AN 88 A T 7 ¥ B R BT T
W5 T WO 6 23 B8 28 R R B WA T SRR R 5
FEMLEERL b, @ T RAFAE RBEMER %
WA LC-MS/MS s #rir k. SEHEREK
B, %O YR TE XY LRSI S A R AR TR T
Ak B8 75 1k B T 4 ) 5 R A A [ R ARE
HIEL BT YWAR SR AERN 2
sk B e vk E BRI E , VR E TR XY
BB RME TR
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