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Summary

A liguid chromatography coupled mass spectrometry (HPLC/MS) method for simultansous
deterrmination of 14 quinolones including nalidixic acid, oxolinic acid, flumequine, cinoxacin, ciprofloxacin,
enoxacin, ofloxacin, norfloxacin, fomefloxacn, difioxacin, danofioxacin, enrofloxacin, orbifioxacis,
sarafloxacin.by was developed. The chromatographic separation was performed on a static phase
XBridge cofumn (150 mm x 2.1 mm, 3.5 um), in MRi mode with one ion precursor and two ion products,
using an MS TripQuad ES! (+} detector. The method was validated in terms of the following ACAC
criteria: specificity/selectivity, iinear range and calibration curve, iimit of detection, limit of quantitation,
repeatability, recovery. The method proved praciicaily applicable to screening, quantification and
confirming the residues of these substances.

Keywords: HPLC/MS; Quinolon; Nalidixic acid; Oxalinic acid; Flumequine; Cinoxacin, Ciprofioxacin®
Enoxacin; Offoxacin; Norfloxacin; Lomefloxacin; Diffoxacin, Danofloxacin, Enrofioxacin; Orbifioxacin;
Saraffoxacin.

Péi twgng va hoa chét, thiét bi
nghién ciru

Dt van dé

An toan thire phdm |a van d& dang durge toan
x4 héi quan tam. Trong d6, cong tac kiém nghiém
thyc phdm déng vai trd rét quan trong. Viée nay
dci héi phai 6 phurong phap kiém nghigm dap
ng dugc cac yéu chu trong nwot va thé gioi,
dac biét 1a cac phwong phap phan tich dv lwgng
trang thire phdm. Thdm dinh phwong phap thie

Dbi twong nghién civu
Cac chét rhém quinolon (14 chét): Acid
oxolinic, acid nalidixic, flumequin, cinoxacn,
ciprofloxacin, enoxacin, ofloxacin, norfloxacin,
lomefloxacin, difloxacin, danofloxacin,

trong finh viyc héa hoe nhim dam bao phuong
phép dwoc xay dung la phia hop véi mye dich
slr dung hodc dam bao phong thi nghiém c6 da
didu kién va kha nang thir hién tdt cac phwong
phap tiéu chuan. Theo quy dinh clia I1SO 17025
2005® thi t&t ca cac phuong phap cin phéi duoc
tham dinh tregre khi dwere tridn khai dp dung. Vi
vay ching tor da tién hanh thdm dinh phuong
phép phan tich ddng thoi 14 chat nhém quinolon
trong thyc phdm va thite dn chan nudi bing ky
thuat LC-MS/MS nh&m ddp (eng cac yéu chu trén
va c6 thé ap dung phan tich mau tai phong thi
nghiém cla Vién Kiém nghiém V& sinh an toan
thwe ph&m Quéc gia.
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enrofloxacin, orhifloxacin, sarafloxacin.

- Cac loai nén mAu phan tich: Mau thire an
chan nudi va mau thit lon.

Dung cu, trang thiét bi

- Hé théng LC-MS/MS: API 5500 TripQuad
(ABS Sciex) két hop Shimadzu 20A

- Cot XBridge (150 mm x 2,1 mm; 3,5 pm)
(Waters) va tién ot twong (ing.

- Cé¢ loai binh dinh mre (Isolab) va pipet chinh
xac (Eppendorf).

- Can phin tich cé d§ chinh xac dén 0,01 mg
(Mettler Toledo).
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Héa chét, chét chuan

- Cac chét chudn nhém guinolon (14 chaty
{Sigma Aldrich).

- Ngi chuén ciprofloxacin D8 (Dr Ehrenstorfer)

- Methanol, acetonitril (ACN), acid formic (FA),
acid acetic, amoni format, amoni acetat (Merck)
va nudc cat 2 1n dat yéu chu ding che HPLC.

Xir ly két qua

- Str dung cac phén mém Analyst 1.5.1 duoc

cai dit trong hé thdng LC-MS/MS.

- Phuong phap tinh toan théng ke cb su hé
tro clia phan mém Microsoft Excel.

Quy trinh phén tich

Céc diéu kién phan tich trén LC-MS/MS

+ Cot sic ki C18 XBrigde (150 mm x 2,1 mm;
3,5 um) {Waters) va tién it twong &ng.
+Th tich tiém m&u 20 pl; nhigt d6 budng cdt:
30°C; téc d6 dong: 0,5 mifphdt.
+ Chuong trinh Gradient pha dong nhw sau:
Bang 1: Gradient pha dong phan tich c&c chét
quinolon trén cot XBrigde

Ther gian (philt)  ACN(FAG,1%) _ M.0(FA0,1%)
Bt dbu 20% 80%
10 50% 50%
70 70% 0%
75 20% 80%
100 20% 80%

Bang 2: Cac thong sé chung cia detector MS

Ché db ion héa ESH(%) Nhiét 86 (Tem) (°C) 450

Khi man (CUR) (psi) 15 Khi nguén ian 1 (GS1) (psi) 2
Khi phan marh (CAD) (psi) 7 Kni ngun ion 2 (GS2) (psi) 20

Thé ion héa (IS) (volt) 5000 Thé dau vao (EP) (voit) 10

Bang 3: Céc thong s chi iét cia cac chat phén tich trén detector MS
£ . M+H} bpP Productlon 1 Praduct lon 2
Chit phén tich O frolf miz___ CEfeV) CXPlwol) __ms __ CE(eV) CXPWol)

Acid oxelinic 262 56 24 23 30 216 39 28
Acd nahdoic 233 96 215 9 22 187 23 2
Flumeguin 262 106 202 43 2% 244 25 28
Cinaxacin 263 11 189 37 18 245 21 20
Ciprofloxacin 332 91 314 27 7 288 23 2
Enoxacin 321 M 303 27 18 232 a7 30
Offexacin 362 116 38 25 18 261 35 26
Norfloxacin 320 % 276 23 2% 302 25 14
Lomefloxacin 352 86 265 3 30 308 23 18
Drfloxacin 400 61 356 25 20 299 37 18
D 358 76 340 29 20 283 3 22
Enroficxacin 360 4 318 25 18 342 21 20
Ortifloxacin 396 7 352 31 18 295 23 2
) 386 51 42 37 18 299 25 20
Ciprofioxacin d8 340 9% 322 25 ) 296 27 38

(Trong d6: DP-declustering patential thé phan ménh; CE-collistion energy : néng luong bén phé tao ion con;
CXP-collision celt exit potential : thé chan loc jon con)

Qud trinh x Ii mau

Xir If méu so bo: cac mau thit drgc ba phan
da, gén, xuwong va xay nhé cho déng nhat. Cac
méu thirc an chan nudi dwoc xay nghién nhé va
tron déu cho ddng nhét.

Giai doar chiét méu: Can khodng 2 g m3u da
ddng nhat cho vao éng ly tam 50 mil cd nép kin.
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Thém lwong ndi chudn twang Ung véi khodng
100 nglml khoang 30 mi acetonitril/ TCA 4% trong
nwéc cht (70/30), lac déu, dem rung sidu am 15
phit. Sau d6 dem ly tam 6000 véng/phat trong 5
phut, &y ra gan phan dich trong cho vao binh ¢o
quay 100 ml. Chét lai 1an 2 véi 15 mil acetonitrilf
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TCA 4% trong nudc cAt (70/30). Gop dich chiét
thu durers, dem cd quay chan khong dén khi con
khoang 10 ml. Thém khodng 20 ml nuéc cat, lac
d&u, lam sach qua cot SPE.

- Giat doan lam sach méu dugc tién hanh vén
02 loai o6t SPE (C18-E va HLB): hoat hoa véi 6 ml
methanol, 6 ml nuéc cit; loai tap bang 3 ml nudc
cat, 3 ml methanol:H,0 (10/90) va riva gidi lay chéat
phén tich bang 2 x 2 ml acetonitrit. Dich thu duoc
loc qua mang 0,45 pm va phén tich trén LC-MS/MS.

Két qua va ban luan

Tinh thich hep/phil hep clia hé théng

Phan tich mét dung dich chuén hén hop céc
chat ¢ ndng G xac dinh 1ap lai ti thiéu 06 1an
trén thiét bi LC-MS/MS véi cdc thang b nhu
trén. Tinh toan dd léch chudn trong doi (RSD)
cla thoi gian lwu va ti 18 dién tich pic thu dugc.
Két qua nhur sau:

Bang 4: Két qua phan tich tinh thich hop ctia hé thdng

RSD (%) 0X0 NAL CIN FLU ciP ENO OFL
_saiIs 10 112 106 1.24 144 133 139
R 067 042 068 0,40 122 121 125

RSD (%) NGR LOM DIF DAN ENR ORB SAR
Stas 155 1,3 133 146 134 141 135

130 1,15 070 119 099 084 068

Nhan xét: Ter nhivng két qua & bang trén nhan
thdy céc chét phan tich ddu ¢ gia tri RSD cla
the gian Iwu va i 18 dién tich pic chudn/dign
tich pic ndi chu&n nhd hon 2% (trong khoang te

0,08% dén 1,55%). Nhu vay, hé théng LC-MS/
MS phid hop dé phan tich ddng théri cac chét
nham quinolon.
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Hinh 1: Sdc dd phan tich chudn cac chét nhém quinolon

B0 dac hiéu, 46 chon loc

Trong phwong phap nay, chang 16i da lwa
chon duge ché d phan tich 1a MRM véi méi chét
nghién clru sé ¢ 02 cap ion. Theo quy dinh cha
chéu Au (2002/657/EC) vé phan tich du luvong,
cé¢ phuong phdp phai dat yéu ciu cb [t nhat 4
diém IP {Identification Point). Phuwong phap cla
chang tai co 1 jon me (precursor ion = 1 [P) va 2
jon con {product ion = 1,5 IP) v&i mai chéat. Nhu
vay, phuwong phép dé xéy deng dat yéu ciu vé
d6 d3c higu cla chau Au.

TAP CHI DUQC HQC -8/2015 (SO 472 NAM 55)

Mit khac, trén sic db mau dung dich chuin
h&n hop cho théy pic cia cac chat nhom quinolon
xuAt hién d6c 13p tai cac sic dd MRM. Trén sic
dd mau trang khong xuat hién pic nao tai thei
gian lvu cta quinclon trén sac d6 mau dung
dich chuén, chi xuat hién clia pic ndi chudn (IS).
Trén séc db mAu tréng thém chudn hén hop xuét
hién céac pic tar thai gian luu clia cac chét nhom
quinolon trén sic d& mAu dung dich chuén.

Nhur vay phuong phap phan tich déng thoi
céc chét quinolon bang kg thuat LC-MS/MS ¢6 db
déc hiéu va dé chon loc dat yéu cau.
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Hinh 2: Phé khdi MS ciia norfloxacin (irai) va nalidixic acid (phai)

Khoang tuyén tinh va dwing chuin méi twong quan tuyén tinh gitra 4 1& dign tich
Phan tich ddy dung dich chudn hén hop tren  PiC chudnidién tich pic ndl chuan voi ndng @ chat
hé théng LC-MS/MS. Xay dyng dd thi bidu thi phan tich trong ting. Két qué thu dwgc nhu sauw:

Bang 5: Khodng tuyén tinh (TT) va duong chuén cla céc chat nhom quinolon

Chit phan tich Khoang tuyén tinfi (ppo) PT y=ax+h Ha sb R?
Acid oxclinic 5-500 y=0,015x- 0,0179 0,9997
Acid nalidikic 2-500 y =0,0818x + 0,4696 0,9998
Cinoxacin 2500 y=0,02x + 0,0840 0,9999
Enoradin 5-500 y=0,0032¢ +0,0420 0,9999
Oftoxacin 2-500 y = 0,0124x + 0,0222 0.9997
Lomefloxacir, 2-500 y = 0.0125x +0,1063 0.9997
Difloxacin 2-500 y =0,0156x +0,0815 0,9996
Dancfloxacn 2500 'y =0,0101x + 0,0365 " ngeme
Orbifloxacin 2-500 y=0,0125x + 0,0381 09936
Sarafloxacin 5- 500 y=0,0057x + 0,0278 0,8998
Norfloxacin 5-500 y =0.0083x + 0,0262 09999
Fiumequin 2-500 y=00431x+0,5179 09998
Ciprofloxacin 5-500 4 = 0,0023 + 0,0082 0,9987

Nhan xét cac chat phan tich cd khoang nhom quinolon trong thue pham. Ca 14 chét
tuyén tinh 1 2 ppb dén 500 ppb. Phrrong trinh phan tich quinclon trén déu ¢o khodng tuyén tinh
dwirng chudn cla tat ¢a céc chét phan tich déu rong, hoan toan c6 thé xéc dinh cac chét & mic
c@ gia tri R? > 0,989. Nhw vay phwong phap gi&i han cho phép (MRL) cha ching trong thuc
nay dat yéu cau §é phan tich dw lwong céc chat pham.

y

Hinh 3: Séc dé xdy dung dudng chudn 200 ppb cia cinoxacin va difloxacin

Gidi han phat hién va gi&i han dinh lvong sée ki thwong dwa vao ty sé  tin hicu/nhidu
Cachtinh LOD vaLOQtrong cac phwong phap duing nen (Signal/Nose). Théng thuong:

7 TAP CHI DUGC HOC - 812015 (S0 472\ 3 55)
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100 = ndng d6 irng voi SN =3 va LOQ = néng nghiém mau trang thém chuln & ndng do thap
do ing v&i SN = 10. Két qua phan tich thir thu duge két qua sau;

Bang 6: Két qué phén tich xac dinh LOD va LOQ cia c4c chét

Chit PT LOD (ppb) LOQ (ppb) ChatPT LOD (ppb) L0Q (pph}

Oxglinic acid 20 50 20 50
Nalidiic acid 08 20 L in 06 20
Flumegquin 06 20 Difioxacin 086 20
Cinoxacin 06 20 Danofioxacin 08 20 —
Ciproftoxacin 20 50 Er 20 50
Enoxacin 20 50 Orbifloxacin [+f3] 20
Cftoxacin 086 20 20 50

Nhén xét. Gidi han phat hién va gi¢i han dinh B6 thu héi va dé lEp lai cia phwong phap
lugng cla phuwong phép thdp hon rat nhidu so Tién hanh thém mot Iwgng chudn xac dinh

voi muc Qié’i han tbn du tbi da cho phép (MRL)  ¢iia cac chat phan tich vao nén mau tréng (miu
clia cac chét phén tich trong thuc phém. Vivey g3 xac dinh khang co cac chét cin phan tich) va
phuang phap dat yéu chu vé dd nhay 62 phan  tin hanh x» Ii mau theo quy trinh trén. Phan tich
tich 8bng thel dw lugng clia cac chdt nhom  g3ng thoi 10 mAu song song. K&t qua thu duoc
quinolon trong thuc pham va thike dn chan nudi. nhw sau:

Bang 7: Két qud phan tich 06 lap lai va o thu héi trén nén méu thit lon

" SPE C18-E SPEfiLB

Chét phén tich R(%){T8) RSO (%] R{%0T8] RSD (%)
Akl oxolinic 77.3-88.6(82.4) 4,80 82,3-92,5(86.3) 474
Agid nalidixic 787-90,7 (84,3 533 829-976(89.7) 6.27
Cinoxacin 66,3 81,3 (739 6,15 78,5-93.7 (85, 58
Enoxacin 77.8-88.7 (82,0 518 81,1 93,9 (88 .33
Ofloxacin 76,1 -92,7 (84,6) 537 80,7 -94.7 (86, 62
Lomefloxacin 764934 (85.4) 6,08 82,3—97,8 (86, 61
Dfioxacin 70,7 — 86,4 (79,2 6,39 763-929(831 78
Danofloxacin 753-876(819 542 76,2-91,1{852) .58
Orbifloxacin 78.8-939 (850 6.52 82,1-98,3{894) .53
Sarafloxacin 787 -93.9 (85. 539 80.6-9261(876) .64
Morfloxacin 81,9—96.1(88. 558 82,0-97.9{(90.8) .08
Flumequin 80.5-96.1 (88, 5,69 85,2-98,5(30.8) .56
Ciprofioxacin 743-89.7 (82, 764 784-95.2(84.9) 746
Enrofloxacin 75,0917 (83.8) 75 82.8-925(86.2) 6.36

Bang 8: Két qua phan tich do I8p fai va dp thu hdi trén nén méu thikc an chan nudi
. SPEC18-E SPEHLB

Chit phan tich R (%) 08, RSD (%] OhE) RSD (%)
Acid oxolinic 81.9-930(854) 468 83,6985 (89.8) 578
Acd nalidixic 734-847(80.1) 484 84,3-97.7(802) 502
Cinoxacin 720-896 (80.7) 7869 77,6-953(855) 780
Enoxacin 70.3—84,4 (766) 5.4 77,5-87,2(807) 21
Cftoxacin 63.7— 79,4 (73.8) 5, 815 92,0(36,3) 62
Lamefloxacin 804-945{854) 4, 83,1 96,7 (87,2) 7
Diioxacm 704-79,1{73.2) 5, §7,3-96,5(89.7) 2
Danofloxacin 56.3-69.4 {63,1) . 77.4-91,3(829) .9,
Orbifioxacn 80.3-96.8(86.4) .0 84.3-95.7 (38.9) 9
Sarafloxacin 787-928{859) i 80.1-9271(869) 539
Norfloxacin 702-797 (75.2) Al 750-879(81.1) 529
Fumequin__ 777-93.2 (836) E 56,7 -96,691.3) 488
Cigrofloxacn 757857 (81.0), 489 77.8-892(83.8) 245
Enrofioxacin 76.3--94,0 (83.8) 6.05 82,5-96,5{91,5) 429
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Nhan xét: Theo quy dinh clia FDA va AOAG 12
thi khi phan tich dur lwgng thudc tha y trong thie
pham cac phueng phap phai ¢ d9 thu hdi tai
khoang nbng dd tir 10 ugfkg @én 100 pglkg dat
trong khoang tr 70% dén 110% va do lEp lai

phai co RSD < 15%. Tir cac két qua trén cho
thdy phweng phap phan tich dbng thor du lveng
clia 14 chat nhém quinolon trong thit vé thirs an
chan nudi dugc thdm dinh dat yéu clu cha FDA,
ADAG vé dd thu hdi va g6 1ap lai

Hinh 5: Séc db phan tich d6 1ap Iai, d6 thu héi ciprofloxacin/TACN (SPE C18E)

Két luan

Trong nghién clru nay, ching t&i str dung hé
théng LC-MS/MS hign dai két hop véi qui trinh
xtv li mau da duge nghién ciu, fva chon cac
thang sé didu kién thich hop dé phan tich dbng
thosi du lwgng 14 chat nhém quinolon trong thuc
phém 143 Phuong phap Ga dugc thdm dinh theo
céc tidu chi clia AOAC. Két qua cho thay phuong
phép cd d6 chon lge cao, khoang tuyén tinh rong,
gi6i han phat hién v& gici han dinh luong thép,
d6 iap lai va d6 thu hdi dat yéu ciu. Nhu vay
phuong phap nghién clru ¢6 thé duoc ap dung
38 tridn khai phan tich dw lwong cac chat nhom
quinolon trong cac mAu thye té.
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