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Summary 
A liquid chromatography coupled mass spectrometry (HPLC/tviS) method for simultaneous 

determination of 14 quinolones including nalidixic acid, oxolinic acid, flumequlne, cinoxacin, ciprofloxacin, 
enoxacin, ofloxacin, norfloxacin, lomefloxacin, difloxacln, danofloxacin, enrofloxacin, orbifloxacln, 
sarafloxacin.by was developed. The chromatographic separation was performed on a static phase 
XBridge column (150 mm x2.1 mm, 3.5 pm), in MRM mode with one ion precursor and two ion products, 
using an MS TripQuad ESI (+) detector The method was validated in terms of the following AOAC 
criteria: specificity/selectivity, linear range and calibration cur/e, limit of detection, limit of quantitation, 
repeatability, recovery. The method proved practically applicable to screening, quantification and 
confirming the residues of these substances. 

Keywords: HPLC/MS; Quinolon; Nalidixic acid; Oxolinic acid; Flumequine; Cinoxacin, Ciprofloxacin-
Enoxacin; Ofloxacin; Norfloxacin; Lomefloxacin; Difloxacln; Danofloxacin, Enrofloxacin; Orbifloxacln; 
Sarafloxacln. 

Dat van de 

An todn thyc pham id van d l dang dupe toan 
xa hpi quan tdm. Trong dd, cdng tac k i lm nghipm 
thyc phim ddng vai trd rat quan trpng. Vide nay 
ddi hdi phai cd phuang phap k i lm nghiem ddp 
irng dupc cdc yeu c l u trong nude vd t h l gidi, 
dgc bipt Id cac phuang phdp phan tich du lupng 
trong thyc ph im. T h i m djnh phuang phdp thir 
trong ITnh vye hda hpe nhdm dam bao phuang 
phdp dupc xdy dyng Id phii hpp vdi mye dich 
sii dung hogc dam bao phdng thl nghiem cd du 
dieu kidn vd kha nang thyc hien tdt cac phuang 
phdp tieu ehuan. Theo quy djnh cua ISO 17025 : 
2005'^' thi tat ed eac phuang phap can phai dupc 
tham djnh trudc khi dupe tr i ln khai ap dung. Vi 
vgy ehung ldi da lien hdnh tham djnh phuang 
phdp phdn tich ddng thdi 14 ch i t nhdm quinolon 
trong thyc pham vd thuc dn chan nudi bang ky 
tfiudt LC-MS/MS nham ddp irng cac yeu eau Iren 
va cd t h l dp dung phdn tieh mau tgi phdng thi 
nghi&m cua Vipn K i lm nghigm Ve sinh an loan 
thye ph im Qu ie gia. 

Doi tu'O'ng va hoa chat, thiet bj 
nghien CLPU 

Doi tup'ng nghien ciJru 

Cde chdt nhdm quinolon (14 chat): Acid 

oxolinic, acid nalidixic, ftumequin, cinoxacin, 

ciprofloxacin, enoxacin, ofloxacin, norfloxacin, 

lomefloxacin, difloxacln, danofloxacin, 

enrofloxacin, orbifloxacln, sarafloxacln. 

- Cde logi nen mdu phan lich: M i u thirc an 

chan nudi va mdu thit Ipn. 

Dyng cu, trang thilt bj 

- He thing LC-IV)S/MS: API 5500 TripQuad 

(ABS Seiex) k i t hpp Shimadzu 20A 

- Cdl XBridge (150 mm x 2,1 mm; 3,5 pm) 

(Waters) va l i l n cdl luang irng. 

- Cac loai binh dinh mirc (Isolab) va pipet ehinh 

xdc (Eppendorf). 

- Cdn phan tieh cd dp chinh xdc d i n 0,01 mg 

(Mettler Toledo). 
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Hda chat, chat chuan 

- Cac chdt chuan nhdm quinolon (14 chat) 

(Sigma Aldrich). 

- Ndi chuan ciprofloxacin D8 (Dr Ehrenslorfer) 

- Methanol, aeetonitril (ACN), acid formic (FA), 
acid acetic, amoni formal, amoni acetat (Merek) 
va nudc c i t 2 lan dgt yeu c l u dung eho HPLC. 

XLP ly k i t qud 

- Sii' dung cac phan m i m Analyst 1.5.1 dupc 

cdi dat trong hp thong LC-MS/MS. 

- Phuang phdp tlnh todn th ing ke cd sy h i 

tra cua phdn mem Microsoft Excel. 

Quy trinh phan tich 

Cdc dieu kien phan tich tren LC-H^S/MS 

+ Cpt sde ki C18 XBrigde (150 mm x 2,1 mm; 

3,5 pm) (Waters) va t i ln cdt luang Crng. 

+ T h l tieh tiem mdu 20 pi; nhipt dd buong cdl: 

30°C; t i c dp ddng: 0,5 ml/phCit. 

+ Chuang trinh Gradient pha ddng nhu sau: 

Bang 1 : Gradient pha dgng phan tich cdc chat 

quinolon trdn cdt XBrigde 

Thai gian (phut) 

Bat dau 

1.0 

7.0 

7,5 

10,0 

ACN(F/k0,1%l 

20% 

50% 

70% 

20% 

20% 

HfilFA0,1%) 

80% 

50% 

30% 

80% 

80% 

Bang 2: Cdc thdng so chung cQa detector MS 

Che dg ion hoa 

Kill man (CUR) (psi) 

Ktii ptian manh (CAD) (psi) 

Ttie ion tioa (iS) (voit) 

Bang 

ChMphSn tich 

Acid oxoiinic 
Acid nalidixic 
Fiumequin 
Cinoxacin 
Ciprafloxacin 
Enoxacin 
Ofloxaan 
Noilioxacin 
Lomefloxacin 
Ofloxacin 
Danofloxacin 
Enrofloxadn 
Oibffloxacin 
Sarafloxacln 
CipiDfloxadn d8 

3: Cac thdng sd 

(mH)' 
m/z 

262 
233 
262 
263 
332 
321 
362 
320 
352 
400 
358 
360 
396 
386 
340 

DP 
(volt) 

56 
96 
106 
111 
91 
111 
116 
96 
86 
61 
76 
41 
71 
51 

% 

ES/W 

15 

7 

5000 

Khi nguon 

Nhi%tt6(Tom)fC) 

ion 1 (GS1) (psi) 

Khi ngu6n ion 2 (GS2) (psi) 

The dau »So(EP) (voit) 

Chl tiSt cua cac chat phi 

m/z 
224 
215 
202 
189 
314 
303 
318 
276 
265 
356 
340 
316 
352 
342 
322 

Proiluctloni 
CEIeVj 

23 
19 
43 
37 
27 
27 
25 
23 
31 
25 
29 
25 
31 
37 
25 

an tich tren detector MS 

CXPIvolt) 
30 
22 
26 
18 
34 
18 
18 
26 
30 
20 
20 
18 
18 
18 
34 

m/z 
216 
187 
244 
245 
288 
232 
261 
302 
308 
299 
283 
342 
295 
299 
296 

Product Ion 2 
CEIeV) 

39 
23 
25 
21 
23 
47 
35 
25 
23 
37 
31 
27 
23 
25 
27 

450 

20 

20 

10 

CXPIvolt) 
28 
24 
28 
20 
22 
30 
26 
14 
18 
18 
22 
20 
22 
20 
38 

(frong dd: DP-declustenng potential- the ph§n manh; CE-collistion energy: nang luK^ng bin phd tao ion con; 
CXP-coltision cell exit potential: thd chon loc ion con) 

Qua trinh xir li mau 

Xu' li mau sa bg: cac mdu thjt duac bd phan 
da, gan, xuang vd xay nho cho ddng nhdt Cac 
mdu thuc an chan nudi dupe xay nghiln nhd va 
trpn deu cho dong nhat. 

Giai dogn chiet mdu: Can khoang 2 g mau da 
dong nhal cho vao I ng ly tam 50 ml ed ndp kin. 

Them lupng ndi chuan tuang irng vdi khodng 
100 ng/ml khoang 30 ml acetonitnl/TCA4% trong 
nude cat (70/30), l i e deu, dem rung sidu dm 15 
phut Sau dd dem ly tam 6000 vdng/phiit trong 5 
phCil, lay ra gan phan djeh trong eho vdo binh ed 
quay 100 ml. Chiet lgi l l n 2 vdi 15 ml aeetonitril/ 
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TCA 4% Irong nudc eat (70/30). Gpp djch ehi l t 
thu dupe, dem ed quay ehan khdng den khi cdn 
khodng 10 ml. Them khoang 20 ml nude edt ldc 
deu, ldm saeh qua edt SPE. 

- Giai doan Idm sadi miu dupc tiln hanh vdi 
02 logi cpt SPE (C18-E vd HLB): hoat hda vdi 6 ml 
methanol, 6 ml nudc eat; loai tap bang 3 ml nudc 
cat, 3 ml methanol:H20 (10/90) vd rua gidi ldy ch l l 
phdn tich bang 2 x 2 ml aeetonitril. Djeh thu dupc 
Ipc qua mang 0,45 pm va phan tich tren LC-MS/MS. 

Ket qua va ban luan 
Tinh thich hpp/phu hp'p cua he th ing 

Phdn lich mdt dung djeh chuan hon hpp eae 

ehdt ed ndng dp xac djnh lap lai t l i thieu 06 l l n 

tren th i l t bi LC-MS/MS vdi cac thdng so nhu 

tren. Tinh toan dp lech chuan luong doi (RSD) 

eiJa thai gian luu vd ti ie dien tfeh pie Ihu dupe. 

Kel qua nhu sau: 

Bang 4: Ket qua phdn tich tinh thich hap cua hd thdng 

RSD(%) 

Std/IS 

(R 

RSD 1%) 

StdAS 

(R 

0X0 

1,10 

0,67 

NOR 

1,55 

1,30 

NAL 

1,12 

0,42 

LOM 

1,36 

1,15 

CiN 

1,08 

0,68 

DiF 

1,33 

0,70 

FLU 

1,24 

0,40 

DAN 

1,46 

1,19 

CiP 

1,44 

1,22 

ENR 

1,34 

0,99 

ENO 

1,33 

1,21 

ORB 

1,41 

0,84 

OFL 

1,39 

1,25 

SAR 

1,35 

0,68 

Nhgn xet: Tir nhung k i t qua d bang tren nhgn 
thiy cdc chat phan lieh d i u cd gia tn RSD ciia 
thai gian luu vd ti le dipn tieh pic ehuan/dipn 
lich pic noi chu in nho han 2% (trong khoang tir 

0,08% d i n 1,55%). Nhu vgy, he thdng LC-MS/ 
MS phil hap d l phdn tich dong thdi cdc chdt 
nhdm quinolon. 

IL 
Hinh 1 : Sic do phdn tich chudn cdc chat nhom quinolon 

D$ dae hieu, dp chpn Ipc 

Trong phuang phap ndy, ehung tdi da lya 

chpn dupc c h l dd phdn tich Id MRM vdi moi ehat 

nghien cCru se ed 02 cap ion. Theo quy dinh cua 

chdu Au (2002/657/EC) v l phan tich du lupng, 

cdc phuang phdp phai dgt yeu cau ed It nhat 4 

di lm IP (Identification Point). Phuang phdp cua 

(^ung tdi ed 1 ion me (precursor ion = 1 IP) vd 2 

ion eon (product ion = 1,5 IP) vdi moi chat Nhu 

vgy, phuang phdp da xdy dyng dat yeu cau v l 

dd d$c hieu cOa ehdu Au. 

Mat khae, tren sac do m i u dung dieh chuan 
hdn hpp cho thay pic cua cac chat nhdm quinolon 
xudt hien ddc lap lai cac sde do MRM. Tren sac 
do mau trang khdng xudt hien pic nao tai thdi 
gian luu cua quinolon tren s i c dd mdu dung 
djch chuan, chi xual hien cua pic npi ehuan (IS). 
Tren sdc dd mdu trang them chuan hdn hpp xu l t 
hien cdc pie tai thdi gian luu cua eae chat nhdm 
quinolon tren sdc do mau dung djeh chu in . 

Nhu vdy phuang phap phan tich dong thdi 

cae chat quinolon bang ky thudt LC-MS/MS cd dp 

dae hipu va dp ehpn Ipc dai yeu cau. 
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Hinh 2: Phd khdi MS cua norfloxacin (trdi) vd nalidixic acid (phai) 

Khodng tuyen t inh vd du'dng chuan moi tuang quan tuy in tlnh giO'a ti le didn tich 

Phan lich day dung djch ehuan hon hpp tren 
he thong LC-MS/MS. Xdy dyng dd thj bi lu Ihi 

Bang 5: Khoang tuyen tinh (TT) va dw&ng chuin cua cac chdt nhom quinolon 

pic chuln/dien tieh pic ndi ehuan vdi n ing do chat 
phan tich tuang ung. K i t qud thu dupe nhu sau: 

Chat phan tich 

Add oxoiinic 

Add nalidixic 

Cinoxadn 

Enoxadn 

Ofloxacin 

Lomefloxacin 

Difloxacln 

Danofloxacin 

Orbifloxacln 

Sarafloxacin 

Norfloxacin 

Fiumequin 

Ciprofloxacin 

Khoang tuyen Hnh (ppb) 

5-500 

2-500 

2-50O 

5-500 

2-500 

2-500 

2-500 

2-500 

2-500 

5-500 

5-500 

2-500 

5-500 

PT y = ax + b 

y = 0,015x-0.0179 

y = 0,0818x +0,4696 

y = 0,02xt 0,0640 

y = 0,0032x* 0,0429 

y = 0,0124xt 0,0222 

y = 0,0125x +0,1063 

y = 0,0156x +0,0815 

y = 0,0101x +0,0365 

y = 0,0125x +0.0381 

y = 0.0067x +0.0278 

y = 0.0083x-f 0.0262 

y = 0.0431x* 0.5179 

y = 0.0023xt 0.0082 

HIsiR' 
0.9997 

0.9998 

0.9999 

0,9999 

0,9997 

0,9997 

0,9996 

0,9999 

0,9996 

0,9998 

0,9999 

0,9998 

0,9997 

Nhdn xdt: eac chat phan lich cd khoang 
luyen linh tir 2 ppb den 500 ppb. Phuang trinh 
dudng ehuan eiia t i l ca cdc c h l l phan tich d i u 
cd gid tri R^ > 0,999. Nhu vgy phuang phdp 
nay dat yeu cau d l phdn tich du lupng cac ch i t 

nhdm quinolon trong thue pham. Ca 14 chat 
phdn tieh quinolon tren deu ed khodng tuyen llnh 
rdng, hoan toan cd t h l xdc djnh cdc ch i t d mue 
gidi han cho phep (MRL) cua chimg trong thyc 
phim. 

L - i 
Hinh 3: Sdc dd xdy dirng dwd>ng chuan 200 ppb cua cinoxacin vd difloxacln 

Gio'i han phdt hipn vd g id i han djnh lu'p'ng sac kl thudng dya vdo ly s l tin hipu/nhilu 
Cdch tinh LOD va LOQ Irong ede phuang phap dudng nen (Signal/Noise). Thdng Ihudng: 
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LOD = nong dp ung vdi S/N = 3 vd LOQ = nong 
dd irng vdi S/N = 10. Kel qua phdn lich thCr 

nghiem mdu trang them ehuan d n ing dp thdp 
thu dupe k i t qua sau: 

Bang 6: Kdt qua phan tich xdc dinh LOD vd LOQ cua cdc chdt 

ChStPT 
Oxdinic add 
Nalidixic acid 
Fiumequin 
Cinoxadn 
Ciproftoxacirr 
Enoxadn 
Ofloxadn 

LOD (ppb) 
2,0 
0,6 
0,6 
0,6 
2,0 
2,0 
0,6 

LOOfpptJ 
5,0 
2,0 
2.0 
2.0 

5.0 
5.0 
2.0 

ChitPT 
Norfloxacin 

Lomefloxacin 
Dffloxacin 

Danofloxadn 
Enrofloxacin 
Ortjifloxacin 
Sarafloxacln 

LOD (ppb) 
2.0 
0,6 
0,6 
0,6 
2,0 
0,6 
2,0 

LOQ (ppb) 
5,0 
2,0 
2,0 
2,0 
5,0 
2,0 
5,0 

Nhdn xet Gidi han phat hidn va gidl han dinh 
lupng Clia phuang phap thap han r l i nhi lu so 
vdi mire gidi han ton du t l i da cho phep (MRL) 
ciia cdc c h l l phdn tich trong thye pham. Vi vdy 
phuang phap dgt yeu eau v l dd nhgy de phan 
tich d ing thdi du lupng cua ede ehat nhdm 
quinolon trong thye pham vd Ihirc an chan nudi. 

Do thu hoi vd do lgp Igi cua p h u v n g phap 

T i ln hanh them mdt lupng chuan xae dinh 
eiia cdc ehdt phdn tich vao nen m i u trang (miu 
da xac dinh khdng ed cac chat can phan tieh) va 
t i l n hdnh xu li mdu theo quy trinh tren. Phan tieh 
dong thdi 10 m i u song song. K i t qua thu dupc 
nhu sau: 

Bang 7 

, 
Add oxdinic 
Add nalidixic 
Cinoxadn 
Enoxacin 
Ofloxacin 
Lomefloxacin 
Drfloxacin 
Danofloxadn 
Ortxfloxadn 
Sarafloxacin 
Norfloxadn 
Fiumequin 
Ciprofloxadn 
Enrofloxacin 

Bing 8: KM 

, , 
Add oxolinic 
Acid nalidixic 
Cinoxadn 
Enoxadn 
Ofloxadn 
Lomefloxacin 
Drfloxacin 
Danofloxadn 
Ofbifloxadn 
Saiafloxadn 
Norfloxacin 
Fiumeouin 
Cioiofloxacm 
Enrofloxadn 

': Ket qua phan tich 6d lap lai va dd thu hdi tren nen mau thit Ign 

SPEC18-E 
RIXXTB) RSDCAI 

77,3-88,6(82,41 4,80 
78.7-90.7(84.3) 5,33 
68,3-81,3(73,9) 6,15 
77,8-88,7(82,0) 5,18 
79,1-92,7(84,6) 5,37 
76,4-93,4(85,4) 6,08 
70,7-86,4(79,2) 6,39 
75,3-87,6(81,9) 5,42 
78,8-93,9(85,0) 6,52 
78,7-93,9(85,3) 5,39 
81,9-96,1(88,8) 5,58 
80,5-96,1(88,3) 5,69 
74,3-89,7(82,7) 7,64 
75,0-91,7(83,8) 7,57 

quii phan tich dd l$p lai va dd thu hoi tren 

SPEC1S-E 
R(%)(TB) RSD(%) 

81,9-93,0(85,4) 4,68 
73,4-84,7(80,1) 4,84 
72,0-89,6(80,7) 7,69 
70,3-84,4(76,6) 5,84 
63,7-79,4(73,8) 6,93 
80,4-94,6(85,4) 4,92 
70,4-79.1(73,2) 5.38 
56,3-69,4(63,1) 5,79 
80.3-96.8(86.4) 6.08 
78.7-92.6(65.9) 5.75 
70.2-79.7(75.2) 5.19 
77.7-93,2(83.6) 5.60 
75.7-85.7(81.0) 4.89 
76,3-94.0(83.8) 6,05 

SPE HLB 
Rt%IITBI 

82,3-92,5(86,3) 
82,9-97,6(89,7) 
78,5-93,7(85,1) 
81,1-93.9(88.5) 
80.7-94.7(86.0) 
82,3-97,8(86,6) 
76,3-92,9(83,1) 
76,2-91,1(85,2) 
82,1-98,3(89,4) 
80,6-92,6(87,6) 
82,0-97,9(90,8) 
85,2-98,5(90,8) 
78,4-95,2(84,9) 
82,8-92,5(86,2) 

nin m&u thirc an chan 

SPE HLB 
RKIITBI 

83,6-98.5(89.8) 
84.3-97.7(90.2) 
77.6-95.3(85.5) 
77.5-87.2(80.7) 
81.5-92.9(86.3) 
83.1-96,7(87.2) 
87,3-965(89,7) 
77,4-91,3(82,9) 
84,3-95,7(88,9) 
80,1-92,7(86,9) 
75,0-87,9(81,1) 
86,7-96,6(91,3) 
77,8-892(83,8) 
82,5-96,5(91,5) 

RSD(%) 
4,74 
6,27 
6,58 
5,33 
5,62 
5,61 
7,79 
5,58 
5,53 
4,64 
5,08 
5,56 
7,46 
6,36 

nudi 

RSD m 
5,78 
5,02 
7,80 
6,21 
5,62 
5,71 
5,25 
5,92 
4,95 
5.39 
5.29 
4.88 
4.45 
4.29 
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Nhan xet: Theo quy djnh aJa FDA vd AOAC ^^ 

thi khi phan lich d u lupng thude thii y trong thye 

pham eae phuang phap phai cd dp thu h l i tai 

khoang nong dp tCr 10 pg/kg d i n 100 pg/kg dat 

trong khoang tir 70% d i n 110% va dp lap Igi 

phai ed RSD < 15%. Tip eae k i t qua tren eho 

thay phuang phdp phdn lieh dong thai d u lupng 

cCia 14 chat nhdm quinolon trong thit va thuc dn 

Chan nudi dupc t h i m djnh dat yeu e l u cua FDA, 

AOAC ve dp thu hoi va dp lap lai 

L 

Hinh 4 : Sdc dd phdn tich do lap lai, do thu hoi difloxacln/thjt lan (SPE HLB) 

Hinh 5: Sdc dd phdn tich do lap lai, do thu hdi ciprofloxacin/TACN (SPE C18E) 

Tai lieu tham khao 

Ket luan 
Trong nghien euu nay, chiing tdi sd dung he 

thong LC-MS/MS hipn dgi k i t hpp vdl qui trinh 

xir If mdu da dupc nghien CLPU, lya chpn eae 

thdng so dieu kipn thieh hpp de phan tich dong 

thdi du lupng 14 chat nhdm quinolon trong thyc 

pham i*'̂ '. Phuang phdp da duac tham djnh theo 

cac lieu chl eua AOAC. K l l qua cho thdy phuang 

phdp cd dp ehpn lpc cao, khoang tuy in tinh rdng, 

gidi han phdt hidn vd gidi hgn dinh lupng thdp, 

dp lap lai va dp thu hoi dgt yeu cau. Nhu vay 

phuang phap nghien ciru cd the dupc dp dung 

de trien khai phan lieh du lupng cac ehdt nhdm 

quinolon trong ede m i u thyc t l . 
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