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ABSTRACT - Colistin is a last resort antimicrobial agent against multi-drug resistant Gram-negative bacteria.
This study was conducted to develop an analytical method to determine colistin in fish and shrimp. The analytes were
confirmed and quantified via liquid chromatography-tandem mass spectrometry (LC-MS/MS) in the positive ion
mode using multiple reaction monitoring (MRM). The sample was extracted with acidified 5% methanol (containing
0.5% formic acid). Then, solid phase extraction (SPE) was used for cleanup. Matrix-matched calibration curves were
linear over the calibration ranges (0.05-1.2 mg/kg) for all the analytes into blank sample with 7> 0.99. All the values
fulfilled the criteria requested by the Codex guidelines. Average recoveries ranged from 85.9% to 107.9%. The repeat-
ability of measurements, expressed as the coefficient of variation (CV, %), was less than 15%. The limit of detection
(LOD) was 0.02 mg/kg, and the limit of quantitation (LOQ) was 0.05 mg/kg. This improved method showed higher
accuracy and acceptable sensitivity to meet the CAC guideline requirements and is applicable for the analysis of resid-

ual colistin (A+B) in fish and shrimp.
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Table 1. Molecular structure and physico-chemical properties of colistin

Property Content
N-(4-amino-1-(1-(4-amino-1-oxo0-1-(3,12,23-tris(2-aminoethyl)-20-(1-hydroxyethyl)-6,9-diisobutyl-
IUPAC Name 2,5,8,11,14,19,22-heptaoxo-1,4,7,10,13,18-hexaazacyclotricosan-15-Ylamino)butan-2-ylamino)-3-
hydroxybutan-2-ylamino)-1-oxobutan-2-yl)-V,5-dimethyl-heptanamide
Classification Polymyxin antibiotic

Colistin A : C;;H,,(N,O,;

Molecular formula Colistin B : CH,,N O,

Molecular Colistin A : 1169 g/mol
weight Colistin B : 1155 g/mol
pKa 11.6
pKow _24
Solubility Freely soluble (in water)
@ Dﬁ{:\ Gy w LY °3S“/KTN\X
DS e a5 s Sl
N ) I /J /
Q ‘?\nyj ?/ﬂ : Colistin A
K FW : 1169.5
Structure

NH, NH,
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ﬁ o u 0 Q " FA
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H H H
O o " A ou®

o NH
GOSN
r 07 N Yo N
N
il g s
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FW: 11554

Li 5 (2003) AAAZrHETZZ(HPLC) UV 3 37
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HE AXYo|ES #Asen, H4 £5(37°0)%
745 3k Wan 5 (2006)> LC-MS/MS9} 3L
FZW(SPE, solid phase extraction)g &-835}o] Zg|~
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28-S B8 A3 4 2 3% F FE2d A9 Bl
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Sample 2 g <

|

Addition with 0.5% formic acid in
5% methanol 5 mL

Repeat 1 cycle

lCemrifugate( 12,000 G, 10 min, at 4°C)

Taking supernatant

l

Purifying thru
HLB cartridge (200 mg, 6 mL)

l

Sample loading, washing with
5 mL of water

lDry 5 min

- Cartridge conditioning with
5 mL of MeOH and 5 mL of water

Elution with 4 mL of 1% formic acid
in methanol

|

LC-ESI-MS/MS analysis

Fig. 1. Flow chart of analysis procedure for colistin.

ol 9l FFEgAo] 1 X

28 EFES 1589 mgs FI38] gol 100mL &
22 (polypropylene) A& B-FZE e} 50%
2 4835k, 100 mg/L EFHAS A AT o] &
1% 7|m2ke e3-3k veke=2 0.5, 0.75, 1.5, 3, 6, 12 mg/
L 3Aste] A Zol zkzb 200 uL F71slke] Alg2dx g 3
A sl Ag H ZFEHoZ FHEL BFE
dH 3 FEEN e ZYZZ AL Gl Hol YER
FH(-20°C) 3o, FF§NHS AREA | F]Aste] A
ol ALt Adol AL RE AF87E EelZ
2 AHE AT

[kt FH

S )
fifo

12,000 xg, 4°ColA F 1027+ 942e] Bhgict, Aol
2 5omL Ze)Z=gdd 7o)

B 5mLe & SmLE HLB 7IEZA S 4517 &
FZ2dS [~3mL/min®] £522 XA FHA 7L &
SmLE ¥ 22 522 AFsT. o] o, 7stste
S s8] AA & F 3715 TIAA A& 1%
A AakS Rk e 4mLE 15mL =2 A
Ze] FHO §&3tt. o] &9 #A3} g T poly-
tetrafluoroethylene (PTFE) 0.2 um HWEZQ 244 FEH=E
oste] FejZ2 g A He] ufo|gol ol A °
Z ARE-SFA HH(Fig. 1).

Table 2. LC-MS/MS parameter for the analysis of colistin
Waters, UPLC

Waters X-SELECT C,
(2.1 mm i.d. x 150 mm, 3.5 um)

LC system

Column

Column temp. 40°C
Injection vol. 5ulL
Flow rate 0.3 mL/min.

A = ammonium formate : formic acid :

Mobile phase water (1:2.5:497.5 = v/v/v)
B = 1% formic acid in acetonitrile
) Mobile phase
Time (min)
A(%) B(%)
0 100 0
1 100 0
Gradient
8 10 90
9 10 90
9.5 100
12 100

Mass spectrometry ~ Waters, Xevo TQ-S

Ionization mode ESI positive
Capillary temp. 500°C
Spray voltage 3.5kV

Collision gas Ar

77128 =N

g 24 98l AR LC-MS/MS9E B Waters
A}¢] US/Xevo TQ-S (Milford, MA, USA), X-SELECT C,4
(2.1 x 150 mm, 3.5 um, Dublin, Ireland)S Z}z} A1-8-31
th o) A UdEE ZHOlE Rt - E(1:2.5:497.5
=viIv), °15%4 BE 1% 7HuAHS s o EYEEY
< Adelste] 71g7] &8 WAS st 2
o] 23} electro-spray ionization (ESI)H<] fol2r=
(positive ion mode)Z MSFA-S &3} 315.2™, multiple
reaction monitoring (MRM) 7122 E243}% THTable 2).

LOQ)E &35t FaAS Aotk A8 S99k

=5 AEdAY FE3 sdsi AR AgdS o8-8t

o] LC-MS/MS9l FY3ste] dojxl vjaHz oz 7k
S At S T A8 AL FA
2o 77 L71F9 05, 1, 28] TEE EFLANE HU}
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HZ}(relative standard deviation, = IAFHO] AT, AR AR ] B3l v EB] 2 (matrix)
Z3H(Limit of detection, LOD) oAl ZE]2® t)id EZ] &4 o7& At 32
(signal to noise ratio, S/N ratio) 3u} FTEo A gret ygE B4 98] LC-MS/MS
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e 7t A5 o) e
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AAE flste] AP /\]Tﬁ‘?ﬁ 715 (inter-laboratory verifi- A=At FE2Ele Ha ExFEo] 1162 g/moH 7=}
cationyS T TH AFHES AEsH] 28l 2F 5 A =2 olA Y, amine”|(-NH,)7} 21 7§ &315L Log P, &k
6474/\}7]‘4 ASt HE T A VI BE ’d@@}@] T o] 247 FA EAol|7] Wl H7F O]Qﬁr— &l
o, s AEES dHE X3 A | o] AatE wA Hol tirte| 2R g2l & 5 AT
A, 1}01 g A oA FrE AES FIs 7 F ZE =AM, +BM, )] HA Msz=d # 77121
Te AW g9 tig CODEX®] 2F F SE& o Table 20 AN o]&7del AHE dEF EH|EE
OFE AT tigk stol=ale] Ak s protonation enhancer24] ¥4} W] amine”] 4] protonation
o, AR HAES st 53] R, BE 771N < &olatA ste] F=]Z" A9 [M,+2H]*, B [M,+2H]*
27L& FdatA st £ AAs=S stk
%E]/\]f,]_ JJ_T%_o_l]J(SO ug/L)S" = 37437101] xl;g _2'_01
Results and Discussion 3led cone voltage (10-50 V)E Z&ako] 35 VvollA] Huj 7
TE Ueilie A& g9l akirt. Aol (precursor ion)
BMH X MY 2 full scan mode oA A ZHEHS 15y, Z
& AZZA (5335005 LC-MSE o] &3le] B43tE 28l A9 [M+2HP (m/z 585), BS] [M+2HP" (m/z 578)
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Fig. 2. Precursor-products ions full scan mass spectrum of colistin A and B.

Table 3. Selected-ion of LC-MS/MS for colistin

Compound Retention time (min)  Exact mass (m/z) Precursor ion (m/z) Product ion (m/z)  Collision Energy (eV)
101* 30
Colistin A 4.65 1169.5 585 202 13
569 16
101* 30
Colistin B 4.45 1155.4 578 227 20
579 16

*Quantification ion
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FEfC] 0]29] peaks 11 33ATE. MS/MS #241 A] collision
cellf A 9] energys dste] FE|2®l AdAe] 7 =
& e & Hol= AAol2 m/z 101 ([a,y-diaminobutyric
acid-y-NH,]")& A ZFo]-2(quantification ion)SZ &3}z,
ggog I74 AEHE F MY Aol miz 202 ([ouy-
diaminobutyric acid-threonine-H]"), m/z 569 ([M,+2H-H,0]*")
S 444 o] (qualification ion)2E A3} |2
BolA 9] 71 £ ZARE Role Aol m/z 101 ([oy-
diaminobutyric acid-y-NH,|" )& Aol o2 Mdlsta, o
=02 AA AZEHe T MY Aol m/iz 227 ([6-
methylheptanoic acid- o,y-diaminobutyric acid-y-NH,+H]"),
m/z 576 ([M,+2H-H,01" )& FAol2 o= A4 siith(Fig.
2). A" ol #FF A7k Table 3 e AT
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. (No filter) ‘ 1.69e
Colistin A l
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100 4 &
. (No filter) | 2.24¢
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100 +E6
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Fig. 3. Comparison of peak intensity by membrane disc filter type

(0.15 mg/L).
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. 1
| @1) i (b-1)
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1 colistin B | ‘

colistin B !

colistin B

| @2 ! 12

colistin A

(c-2)
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colistin A

! colistin B | 1

colistin B

colistin B

Fig. 4. Chromatograms of colistin A (m/z 585 — m/z 101) and B (m/z 578 — m/z 101) : (a) blank in flatfish, (a-1) matrix matched stan-
dards at 0.15 mg/kg in flatfish, (a-2) colistin MRL (0.15 mg/kg) recovery test in flatfish, (b) blank in eel, (b-1) matrix matched standards
at 0.15 mg/kg in eel, (b-2) colistin MRL (0.15 mg/kg) recovery test in eel, (c) blank in shrimp, (c-1) matrix matched standards at 0.15
mg/kg in shrimp and (c-2) colistin MRL (0.15 mg/kg) recovery test in shrimp.

Table 4. Standard curve range, linearity, correlation coefficients, LOD and LOQ of colistin

Standard curve range

Compound Matrices (me/ke) Linearity r
Flatfish y=44,901.1135x + 4,343.3532 0.9990
Colistin Eel 0.05-1.2 y =58,373.5229x + 3,018.2587 0.9906
Shrimp y =28,294.1862x + 2,005.1642 0.9986
Table 5. Validation results of the analytical method of colistin (A + B) in flatfish, eel and shrimp (n=5)
Concentration flatfish eel shrimp
(mg/kg) Recovery (%) CV (%) Recovery (%) CV (%) Recovery (%) CV (%)
0.075 (1/2MRL) 102 4.64 7.06 95.5 9.38
0.15 (MRL) 102 8.61 7.51 87.6 11.8
0.30 2MRL) 95.7 10.8 8.71 92.7 7.21
T CAC HA7IEE 531, AR E8ds: A1dd injection volume S E% FAFSH 0] AHFAEAS JHT
o] S I  ASATKTable 5). A& A=A T AU
F0E g8 AP AFS AU Huy, B8 A 4EFA AFWS FUEA Ageae 0, ¥4
&3 AUAS WUk A3 AA4e BE 24714 dEd st Aol g2 ot 3|go] Wkt wabA,
o] FAAFTE 099013 o7 FRIEJL, AA BFE 3 SHE AlEES B8l =2 e A8 e B
& 823~111% ©1Nem, CVEEE 0.18~9.91%2 B5F 2 A& 3H3al Fe|2wl A, B AR 255 A8 5
3t T Atk(Table 6). AA e T AR T e S sE e
AR 52042 Z Reke BRRTE TesEl B 2o 88 ¥ 4 YL Ao AmHE vlolt)
Ayl og APARE A2 B0, sA|w F14
FAR Xu § (012)9) ATARS) wmA S W, S AR L FH
g =St 10% ol =2 3 B AR w2 A S =de] AEIAE 717178lA SN ratio 3 o] o=
HEFAAE A8 5 AUT, AFA E3 2 He AYstel FaEe A BAYV0 BE P WAL
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Table 6. Recovery and CV of colistin by inter-laboratory verification (n = 5)

Inter-laboratory verification (colistin)

Fortified
Conc. Laboratory A Laboratory B Laboratory C Total
(mgke)  Recovery (%) CV (%) Recovery (%) CV (%) Recovery (%) CV (%) Recovery (%) CV (%)
0.075 102 4.64 96.7 0.86 96.7 8.17 98.6 4.56
Flatfish  0.150 102 8.61 12 0.61 91.8 3.26 102 4.16
0.300 95.7 10.8 95.7 0.19 85.8 143 92.4 8.45
0.075 85.9 7.06 98.4 0.18 110 5.16 98.0 4.13
Eel 0.150 105 7.51 94.2 0.81 84.7 4.64 94.7 432
0.300 108 8.71 92.4 0.38 83.3 10.2 94.6 6.44
0.075 95.5 9.38 79.5 8.16 103 0.78 92.8 6.11
Shrimp  0.150 87.6 11.8 76.2 2.76 103 15.1 88.9 9.91
0.300 92.7 7.21 82.3 8.96 83.9 6.74 86.3 7.64

0.02 mg/kgel AL, A =FSHA= S/N ratio 10 o]/ do2 4
3t 0.05 mg/kgelAtt. elvete] FibEe] gk F8-
Bl 2535871591 0.15 mg/kge] 12 mjvto g B EA
02 AF387IE =TS WE AL

o=z FAdEoh

* oX

S muw

o

[e]

=
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