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TOM TAT

Dit vin dé: Viéc lam dung khang sinh va quan Iy khang sinh thiéu kiém soat c6 thé dan dén
su ton lueu duw leong ciia chling trén san pham thay san. Muc tiéu nghién cizu: Xay ding, tham dinh
va ing dung quy trinh dinh hrong dong thoi 4 khang sinh nhém fluorogquinolon bang LC-MS/MS
theo huwong dan cua AOAC, EC. Péi twgng va phwong phdp nghién cuu: Enrofloxacin,
ciprofloxacin, sarafloxacin, flumequin va cac mau tom thu thdp tai Kién Giang, xay dung quy trinh
dinh lwong bang hé thang sdc ky léng ghép khei phé LC-MS/MS. Két qud: Cac thdng sé khoi pho
phu hop xdc dinh phan manh cua sarafloxacin (386,02—342), ciprofoxacin (332,03—288),
enrofloxacin (360,06—316), flumequin (261,98—244). Théng sé sdc ky: cét GL InertSustain C18
(4,6%x250mm, 5 um), chwong trinh rira gidi gradient. Phirong phap c6 khodng tuyén tinh réng véi
hé sé tiwong quan R*>0,99, dé thu hoi (87,6—100,06%) va chinh xdc lién ngay (RSD<7,5%) tét, gia
tri LOD va LOQ ldn luot trong khodng 0,03-0,5ppb va 0,125-1,5ppb. Két qua kiém 10 mau tém thj
triwong khong cé du lirong khang sinh phdn tich virot qua LOD Ciia phirong phdp. Két lugn: Pa xdy
dung quy trinh dinh lwong 4 khang sinh nhém fluoroquinolon trong tém bang phwong phdp LC-
MS/MS, tham dinh quy trinh phan tich dat yéu cau theo hirong dan ciia EC 657/2002, két qua phan
tich trén 10 mau tém thu thép tei Kién Giang khong phéat hién dur lrong ciia 4 khang sinh nay.

Tirkhéa: Fluoroquinolon, enrofloxacin, ciprofloxacin, sarafloxacin, flumequin, LC-MS/MS, tém.

ABSTRACT

SIMULTANEOUS DETERMINATION OF FLUOROQUINOLON
IN SHRIMP BY LC-MS/MS

Huynh Huynh Anh Thi %, Pham Doan Vi?, Tho Chau Minh Vinh Do'"
1. Can Tho University of Medicine and Pharmacy
2. Tay Do University
Background: The overuse and the lack of the management of antibiotic can lead to the
persistence of their residues on aquaculture products. Objectives: To develop, validate a procedure
for simultaneous quantitative analaysis of fluoroquinolon in shrimp samples by LC-MS/MS
according to AOAC, EC guidelines; procedure application for shrimp samples in Kien Giang
province. Materials and methods: Enrofloxacin, ciprofloxacin, sarafloxacin, flumequin and shrimp
samples collected in Kien Giang province, develop simultaneous determination procedure by LC-
MS/MS system. Results: The suitable mass spectrometry parameters were used to quantify the
fragment ion of sarafloxacin (386.02—342), ciprofoxacin (332.03—288), enrofloxacin
(360.06—316), flumequin (261.98—244). Suitable chromatographic parameters: GL InertSustain
C18 (4.6 x 250 mm, 5 um), gradient elution program. The method was validated with a wide linear
range with correlation coefficient R>>0.99, good accuracy (87.6-100.06%) and inter-day precision
(RSD<7.5%), LOD and LOQ values were 0.03-0.5ppb and 0.125-1.5ppb, respectively. The
antibiotic residues of 10 shrimp samples were not exceeded the LOD of method. Conclusion:
Developed the analytical procedure for 4 fluoroquinolon antibiotics in shrimp by LC-MS/MS, the
analytical procedure was validated according to EC 657/2002 guidline, the analysis results on 10
shrimp samples collected in Kien Giang did not detect residues of these 4 antibiotics.
Keywords: Fluoroguinolon, enrofloxacin, ciprofloxacin, sarafloxacin, flumequin, LC-MS/MS, shrimp.
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I. PAT VAN BPE

Khéng sinh khong chi ding dé diéu tri bénh cho ngudi ma con dugc sir dung rong
rdi trong ndng nghiép véi muc dich phong, tri bénh cho vat nudi va thuy san. Viéc lam dung
st dung khang sinh cting véi su quan ly sir dung khéng sinh thiéu huéng dan, kiém soét co
thé dan dén su tén luu du lwong cua ching trén san pham thay san vuot qua mac cho phép
lam anh huang nghiém trong téi stiic khoe ctia ngudi tiéu ding va lam gia ting ty 18 dé khang
khang sinh. Két qua khao sat nim 2019 tai An Giang cho thay c6 53% néng dan sir dung
khang sinh trong nudi ca, tom. Trong d6 khang sinh fluoroquinolon chiém dén 25% [9].
Mot bao co khéc tim thay ton du khang sinh flouroquinolon chiém 90% trong cac mau moi
truong nudbi tdm tai cé&c tinh thudc dong bang song Cuu Long [4]. Hién nay, cac cong trinh
nghién ctru du luvgng khang sinh chu yeu xu ly mau bang phuong phap chiét pha ran [6] [10]
hogc loai tap bang dung méi hiru co [11][1], can thiét phai cai tién mot quy trinh xi Iy mau
nhanh, tiét kiém, an toan véi sac khoe va than thién moéi truong trong céc thir nghiém phan
tich du lugng cac khang sinh enrofloxacin, ciprofloxacin, sarafloxacin va flumequin trong
mau tém. Vi vay, nhém nghién ciru thuc hién dé tai “Nghién cau xay dung quy trinh dinh
luong dong thoi khang sinh fluoroquinolon trong tdm bang phuong phap LC-MS/MS” véi
muc tiéu: Xay dung, thim dinh quy trinh dinh luong dong thoi khang sinh fluoroquinolon
trong tém bang phuong phap LC-MS/MS va ting dung phan tich trén nén mau tém thu thap
tai Kién Giang.

II. POI TUQNG VA PHUONG PHAP NGHIEN CUU

Poi twong nghién cieu: Gom 4 khang sinh: enrofloxacin (ENR), ciprofloxacin
(CIP), sarafloxacin (SAR) va flumequin (FLU). Mau tring: Mau tdm tu nudi quan canh
duoc gui kiém khong chira khang sinh chiing nhan béi trung tam Mekong Laboratory. Mau
thur: 10 mau tdm duoc thu thap ngau nhién tai cac siéu thi trén dia ban tinh Kién Giang.

Trang thiét bi: Hé thong sac ky long WATERS ACQUITY UPLC H-Class system,
dau do khéi phd ba lan ta cuc caa Waters (Xevo TQD), can phan tich ABT 220-5DM, bé
siéu am Wisd WUC-D22H, tu lanh sau Sanyo MDF-236, may do pH Consort C1020, may
Vortex VM-10 DAIHAN Scientific, méy li tam Hitech, may khudy tir IKAC-MAG HS 10,
may cd khi nito OA-HEAT ™.,

Héa chat, dung mdi: Chét chuin ENR, SAR, FLU duoc cung cip bai cong ty TRC
(Canada) va CIP do Vién Kiém nghiém thuoc Thanh phé H6 Chi Minh cung cap véi do tinh
khiét trén 99%. Methanol (MeOH), acetonitril (ACN), acid formic (AF), isopropanol (ISP)
dat tiéu chuan HPLC gradient, nudc cat dat tiéu chuan MS caa Merck, .

Phwong phap nghién ciu: Nghién ciru thuc nghiém.

+ Chuan bi mau: Pha dung dich chuan gdc cua 4 khang sinh trong hdn hop dung
moi acetonitril : nudc (1:1) & ndng d6 400 ppm, tir dung dich chuan géc thuc hién pha lodng
dé thu duoc dung dich hdn hop chuan 1am viéc c6 nong dé tir 0,05-600 ppb. Mau tring: mau
tdm quan canh khong chira cac khang sinh ENR, CIP, SAR va FLU chiing nhan bai trung
tam Mekong Laboratory. Mau thur gia lap: mau hdn hop chuan cuaa 4 khang sinh phan tich
duoc thém vao mau trang voi ndng do thich hop dé xay dung va tham dinh phuong phap.

Noi dung nghién ciru

+ Xay dung quy trinh dinh luong: Hon hop chuan ENR, CIP, SAR va FLU dugc
pha trong hdn hop dung moi acetonitril: nuge (1:1) dén nong d6 khoang 200 ppb va bom
tryc tiép vao hé théng khdi phd Xevo TQD, st dung ché do Auto tune trong phan mém
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Masslynx 4.1 dé t6i vu hoa diéu kién khdi phé dé thu duoc ion me va cac phan manh con &
ché 6 MRM (multi-reaction montoring) c6 cudng dé tin hiéu téi wu cia cac khang sinh can
phan tich véi cac thong sb khéi phd can khao sat: ES* hay ES', thé mao quan, thé cone, téc
do dong khi phun (source gas flow), nhiét do budng ion hda, nhiét do khi bay hoi
(desolvation temp), toc do dong khi bay hoi (desolvation gas flow), nang lugng va dap
(collision energy). Dwa vao ciu triic hda hoc cac khang sinh nghién cuu, ky thuat sac ky pha
dao dugc ap dung vai hé dung méi phan cuc bao gom acetonitril, methanol, nudc cd thém
hozc khdng thém chit diéu chinh pH nhu acid formic, acid acetic bang (< 0,1%) dé khao sét
diéu kién sic ky téi wu tach ddng thoi 4 khang sinh trong mau thir gia 1ap.
+ Tham dinh quy trinh theo EC 657/2002
- D6 dic hiéu - chon loc: Panh gia sai khac thoi gian luu cia chat phan tich
trong mau thir so véi mau chuan phai dudi 2,5%, sai khac ty 1¢ ion dudi 20%, khong it hon
4 diém xac nhan theo EC.
- Tinh tuyén tinh: Xay dung duong tuyén tinh voi 8 diém ¢ cac mac nong do
10%, 25%, 50%, 80%, 100%, 120%, 150%, 200% gia tri MRL cua cac chat (véi MRL cua
SAR: 10 ppb; CIP: 100 ppb; ENR: 100 ppb; FLU: 500 ppb).
- Do dung, d chinh x4c: thuc hién trén mau tring thém chuan & 3 ndng d6 80%,
100%, 120% gié tri MRL; mdi ndng d6 thuc hién 7 mau; thuc hién trong 3 thoi diém khéc nhau,
t6ng cong 63 mau. Panh gia dua trén d6 léch chuan twong dbi va do thu hdi cua chét phan tich.
- Giéi han phat hién (LOD), gi¢i han dinh luong (LOQ): pha loang tim gia tri
nong d9 cAc chét thoa man tuong img S/N >3 va S/N > 10; tai cic ndng do nay dugc Xac
nhan la LOD va LOQ khi théa man d6 dac hiéu - chon loc.
+ Ung dung quy trinh phan tich: Ung dung quy trinh da tham dinh phan tich 10
mau tdm thu thap tai cac siéu thi trén trong thanh phd Rach Gia — Kién Giang.
I1l. KET QUA NGHIEN CUU
Xéay dung quy trinh dinh lwgng
- Piéu kién khi phd téi uu: ché do MRM xac dinh hai ion san pham @ng véi mdi
chat. lon ¢ tin hiéu cao va on dinh hon duoc chon 1am ion dinh lugng, ion con lai duoc
dung dé dinh tinh. Céc thong s6 khdi phd t6i wu duoc trinh bay & Bang 1.
Bang 1. Két qua khao sat diéu kién khdi phd ti wu phan tich cac chit

SR in A an % | Nang
chat | Kiéu . _ | Nhigt | Tocdd | 0 | The |\ one | Ghicha
han | fon m/zion | m/zion | d¢ khi dgng cone | Mao va
F;ich héa me con bay hoi | khi bay V) quan da
ESI °C) | hei (I/h) (kV) (\-/")’
245 35 4,0 25 | dinhtinh
ENR 360,06 316 35 4,0 25 | dinh lugng
245 40 4,0 25 | dinhtinh
CIP . 332,03 288 40 4,0 20 | dinh lugng
ES 500 1000 P
SAR 386.02 299 42 4,0 26 dinh tinh
' 342 42 4,0 20 | dinh lugng
202 30 4,0 30 | dinhtinh
FLU 261,98 244 30 4,0 18 | dinh lugng

Nhan xét: Cac chat phan tich déu dam bao ¢6 2 manh con (1 ménh dinh tinh va 1
manh dinh lugng) dap ing du 4 dieém IP theo EC. Cac chat dugc phan tich ¢ diéu kién tin
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higu toi wu cta cac manh.

- Diéu kién sic ky thich hop: Pha tinh: Cot GL InertSustain™ C18 (4,6 x 250
mm, 5 um). Pha dong: acetonitril - nuéc acid formic pH=3,0 theo chuong trinh gradient
duoc trinh bay ¢ Bang 2. Thé tich tiém mau: 10uL. Toc d6 dong: 1 mL/phdt.
Bang 2. Gradient pha dong thich hop

Thoi gian (phut) Toc d6 dong (mL/phut) ACN Nuwéc acid formic pH = 3,0
g p oc do dong p w p ,
2,0 1 5 95
2,1 1 20 80
52 1 40 60
53 1 65 35
9,0 1 80 20
91 1 5 95
762 386.024 > 342 (SARA)]
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Hlnh 1: Sic ky d6 caa hdn hop chuan 4 khang sinh ¢ diéu kién thich hop

Quy trinh xir Iy miu thich hep

Sau khi tham khao cac nghién ctru trude ¢6 nhom nghién ciru tién hanh xa ly mau
theo quy trinh: chiét bang acetonitril c6 acid hoa bang acid formic 5%, loai nudc bang cac
mubi natri sulfat khan va magie sulfat khan, bay hoi dich chiét bang khi nito va hoa lai vao
dung méi acetonitril : nuéc (1:1), dich chiét nay dwoc lam lanh va loc qua mang loc 0,22
um dé loai cac chat kém phan cuc. Quy trinh nay duoc sir dung dé tham dinh va tién hanh
&p dung trén mau thyc. Quy trinh xir ldy mau thich hop duoc trinh bay & so 6 Hinh 2.
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2,0 +0,1 g mau vao 6ng ly tam 50ml

J

+ 3,0 ml acetonitril chra 5% acid

Lac vortex 2 phit
+0,48¢

¢ Lac vortex 2 pht

+ 1,6 g Na2SO4 khan
+ 0,2 g MgSO4 khan
Lac vortex 2 phut

Ly tdm 5000 vong/phat x 5 phat

Lay 1,5 ml dich phia trén

|, Bay hoi dung moi dudi 40°C

Hoa tan vao 1 ml acetonitril : nuéc

Lam lanh trong da 30 phut
Loc qua mang loc 0,22 um

Vial

Hinh 2: Quy trinh xir Iy mau thich hop

Tham dinh quy trinh phan tich theo EC 657/2002
- D¢ dac hiéu — chon loc:

Bang 3. Do dic hiéu — chon loc cua cac chat phan tich

Chit phan tich SAR CIP ENR FLU
Sai khéc thoi gian luu (%) 0,12 0,08 0,1 0,09
Sai khéc ty 1¢ ion (%) 0,72 5,29 1,62 1,49
S6 diém IP 4 4 4 4

Nhan xét: Cac chat phan tich dap ung yéu cau vé sai khac thoi gian luu (< 2,5%), sai

khac ty 1& ion (< 20%) va dat s6 diém IP (> 4). Do d6 dat do dac hidu — chon loc.

o (a)
- " 0s0lF el
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4_Dung moi p
100
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i
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Hinh 3: Sic ky do mau dung moi pha dong (a) dung moi pha mau (b) mau trang (c), mau
chuan (d), mau trang thém chuan (e), mau tring thém chuan lan 2 (f) cua CIP
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- Tinh tuyén tinh cia dwong chuan, LOD, LOQ:

Bang 4. Khoang tuyén tinh, phuong trinh hdi quy, LOD, LOQ

Ao A Khoing tuyén Phuwong trinh Hé s6 twong | LOD | LOQ
Chatphan tich | 4inh (ppb) héi quy quan ()| (ppb) | (ppb)
CIP 10 - 200 y =191,071x + 65,5031 0,995 0,5 15
ENR 10 - 200 y = 614,418 x — 1443,5 0,997 0,03 0,125
SAR 1-20 y = 426,848x — 395,249 0,990 0,125 0,5
FLU 50 - 600 y = 2123,84x — 9534,57 0,997 0,3 15

Nhan xét: Trong khoang nong d6 khao sét ciia cac khang sinh déu dat tinh tuyén tinh voi
gi tri R? > 0,99 vai khoang tuyén tinh bao phu gia tri MRL (SAR: 10 ppb; CIP: 100 ppb; ENR:
100 ppb; FLU: 500 ppb), gia tri LOD (0,03-0,5ppb) va LOQ (0,125-0,5ppb) dac trung cho phan
tich kh0| pho nén dap ting yeu cau tng dung cho mau thu:c té dé xac dinh du luong C4C chat nay.

(@) (b) (9 (d)

Hinh 4: Pudng tuyén tinh cta cua CIP (a), ENR (b), SAR (c) va FLU (d) truy Xuat tir
phan mém Masslynx 4.1
- B¢ dung, do chinh xac trong ngay va lién ngay:
Bang 5. B6 dung, do chinh x&c trong ngay va lién ngay

| Nong Ngay 1 (n=7) Ngay 2 (n=7) Ngay 3 (n=7)

Chét | db Thu | %RSD

phan | them | | Rsp| W | RsD | T | _ |RSD| nai |3ngay

tich | chuén (%) 0‘" (%) 0"‘ ©) | (%) |(M=21)
(ppb) (%) (%)

AR |8 787 | 289 | 9842 | 766 | 472| 9572 | 768 | 473 | 9596 | 417
10 | 928 | 564 | 92,84 | 920 | 417 | 92,04 | 9,61 | 3,87 | 96,07 | 4,77
12 | 10,89 | 495 | 90,76 | 11,18 | 2,88 | 93,20 | 11,77 | 3,55 | 98,07 | 4,94
80 | 80,26 | 6,81 | 100,04 | 79,60 | 2,58 | 99,50 | 80,45 | 1,84 | 100,56 | 4,14

CIP [ 100 | 9591 | 474 | 9591 | 93,63 | 7,50 | 93,63 | 96,38 | 4,96 | 96,38 | 5,69
120 | 110,04 | 521 | 91,70 | 116,90 | 5,07 | 97,41 | 116,75 | 3,73 | 97,29 | 5,30
80 | 7534 | 487 | 9417 | 7883 | 4,94 | 9853 | 7464 | 534 | 93,30 | 5,39

ENR [ 100 | 89,70 | 3,54 | 89,70 | 92,04 | 548 | 92,04 | 91,32 | 432 | 91,32 | 444
120 | 106,19 | 6,91 | 88,49 | 107,12 | 7,26 | 89,27 | 105,07 | 4,65 | 87,56 | 6,12
400 | 382,14 | 3,56 | 9554 | 401,12 | 2,26 | 100,28 | 368,89 | 578 | 92,22 | 5,21

FLU [ 500 | 485,87 | 4,35 | 97,17 | 480,07 | 3,75 | 96,01 | 453,53 | 445 | 90,71 | 5,01
600 | 580,62 | 4,66 | 96,77 | 593,84 | 2,89 | 9897 | 58168 | 568 | 96,95 | 4,43

Nhan xét: Cac gia tri do thu hoi trung binh cua ca 4 chat CIP, ENR, SAR va FLU
déu nam trong khoang 80-110% va gia tri RSD < 23% déap (ng yéu cau cua EC.
Ung dung quy trinh di thAm dinh dé phan tich cac miu tom
Phan tich 10 mau tdm thu thap tai cac siéu thi trén dia ban tinh Kién Giang cho
két qua khong phat hién mau nao c6 ton du du lugng 4 khang sinh CIP, ENR, SAR va FLU.
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Hinh 8: Séic ky d6 phan tich mau T8
V. BAN LUAN

Piéu kién khdi phé va sic ky thich hep

Cac manh con dinh tinh va dinh lwong ctia 4 chat phan tich phi hop véi cac nghién
ctru da cong bd [3][6]. Cau tric dic trung ciia cac chat phan tich phi hop véi kiéu ion hoa
duong (ES+). Cac thong s6 khéi pho duoc tdi wu hoa dé tin hiéu cac manh ghi nhan dugc
cao nhat. Thyuc nghiém cho thay tin hiéu cac chat ting theo nhiét d6 dong khi bay hoi va toc
d6 dong khi bay hoi, t6i vu & gi tri 500°C va 1000 L/gid. Do céu triic twong tu nhau, nén
thé cone phl hop dé bat cac ion nam & khoang 30V dén 40V, dui gia tri nay thé khong du
manh dé hudéng cac chat vao cone sample, trén gia tri nay tin hiéu nén ting cao do bat cac
chat gay nhiéu. H¢ pha dong trong rira giai sac ky ciing dwoc khao sat. Loai pha dong la
methanol cho pic tin hiéu thap va chan pic rong hon [11], v&i pha dong 1a nude (khong co
chat diéu chinh pH), flumequin cho pic dep, can ddi, tuy nhién céc chat sarafloxacin,
enrofloxacin va ciprofloxacin lai kéo dudi nhiéu do khéng chuyén dang hoan toan. Phan
tich ddng thoi cac chat bang dau do khdi phd khong yéu cau tach céac chat trén sic ky do
tong (TIC), tuy nhién dé tang tin hiéu cac chat va giam nhiéu nén, tir d6 ting d6 nhay cua
phuong phép, nhém nghién ciru thyc hién ria giai gradient dé tach hoan toan cac chat trén
cot nhung van dam bao céc pic can ddi va thoi gian mdi miii tiém khong qua dai.

Quy trinh xir Iy miu

Phuong phép xir Iy mau pho bién trong phan tich nén mau thyc pham Ia st dung chiét
pha rin (SPE) [6][10]. Tuy nhién, cac tng dung chiét pha ran bi han ché bai loai chat hap thy
va dic tinh ciia cac thanh phan mau, vat lidu chiét pha ran duoc dong géi chit 1am ting thoi
gian chiét va gay ra ap suat nguoc [7]. DPé khic phuc nhugc diém thoi gian chiét kéo dai va
d& mat mau khi sir dung SPE, nhiéu nghién ciru d sir dung chiét long — 16ng v6i n-hexan dé
loai tap kém phan cuc [1][11]. Két qua phuong phéap ndy cho d6 thu hoi tt hon, tuy nhién
van dé 1on nhét 1a dung méi loai tap n-hexan rat doc hai, anh huong suc khoe con ngudi va
mai truong. Bén canh do, ki thuat chiét 1ong — long néu khong loai bo n-hexan tap kém phan
cuc gan chat trén bén mat C18 c6 thé gay tac cot. Van dé 16n nhat trong xtr Iy mau thyc pham
néi chung va nén mau tdm nai riéng 1a loai bo tap kém phan cuc va chit béo. Trong d6 thanh
phan dang quan tdm trong nén mau tdm 1 astaxanthin (chat tao nén mau d6 cua tdm khi nu
chin), day 1a mét carotenoid kém phan cuc néu khong loai bo tét d& lam do cot va anh huéng
hinh dang pic chat phan tich [8]. Thanh phan nay lai d& dang déng dic & nhiét do thap tuong
tu nhu chat béo. Vi thé nhém nghién ciru dd wng dung tinh chit nay dé dong dic va tach cac
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tap chat nay ra khoi nén mau phan tich. Cac théng sé ty 1& dung méi chiét, pH dung mai chiét,
thoi gian ngam lanh,... ciing duoc khao sat dé t6i wu do thu hdi cac chét. Quy trinh chiét va
lam sach mau khdng nhirng cho dé thu hdi cao ma con ching to wu diém nhanh, tiét kiém
dung moi, than thién véi moi truong va an toan cho nguoi thuc hién.

V. KET LUAN

Nghién ctru da xdy dung thanh cong quy trinh dinh lwong dong thoi du luong 4
khang sinh CIP, ENR, SAR va FLU trong tom bing phuong phap LC-MS/MS. Quy trinh
dinh lugng nay da dugc tham dinh dat theo huéng dan cia AOAC, EC 2002. Quy trinh phan
tich 6 tinh chon loc, chinh xac, tin cdy cao cung véi phuong phap xtr Iy mau nhanh, tiét
kiém, than thién moi truong va do thu hoi cao. Quy trinh duoc ung dung vao thyc té dé kiém
tra trén 10 mau tdm tai Kién Giang. Két qua phan tich 10 mau tém trén thj truong khdng
phat hién mau chaa du lwong 4 khang sinh CIP, ENR, SAR va FLU.
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