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Analytical method study for cephalexin with high-performance liquid
chromatography-tandem mass spectrometry (LC-MS/MS) applicable for
residue studies in the whiteleg shrimp Litopenaeus vannamei
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Cephalexin, a semi-synthetic cephalosporin antibiotic, has long been used in fish aquaculture in
various countries under legal authorization. The drug is thus widely available for use in other aquatic
species except fishes like the crustacean whiteleg shrimp. This study aims to develop a sensitive
method for laboratory residue studies to adopt in withdrawal period determinations. Through repeated
trials from the existing methods developed for other food animal tissues, it was possible to achieve
a sensitive high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
method. The results showed that at a concentration of 0.1 mg/kg, the recovery rate was 81.79%,
and C.V. value was 8.2%, which meet the recovery rate and C.V. recommended by Codex guideline.
After satisfactory validation of analytical procedures, applicability to the shrimp tissue was confirmed
in experimentally cephalexin-treated whiteleg shrimp. As a result, most muscle samples were detected
below the limit of quantification (0.05 mg/kg) after day 3, and most hepatopancreas samples were
detected below the limit of quantification after day 14. In particular, the limit of quantification 0.05
ppm with the presently developed method suggests sufficient sensitive over the current legal maximum
residue limit of 0.2 mg/kg set for fishes.
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Fig. 1. Chemical structure of cephalexin. C;¢H;7N304S
(molecular weight 347.389 g/mol)
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Fig. 2. Schematic representation of cephalexin residue experiments in whiteleg shrimp following oral administration

of cephalexin
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Table 1. HPLC-MS/MS analytical conditions
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Eﬂrlﬂ-/ﬂ 214 A (linearity), 3] 5E-(recovery®2 37},
2 A (coefficient variation, C.V.2 H7}), &3
Al(limit of detection, LOD), % &g A](limit of quan-

System/parameter Condition
HPLC system Agilent, 1260 infinity
Column Waters X-bridge Cis (2.1 x 100 mm, 3.5 um)
Column temperature 25C
Injection volume 2w
Flow rate 200 pl/min
HPLC Mobile phase A, 0.1% formic acid in water
B, 0.1% formic acid in acetonitrile
. . Composition
. Time (min)
Elution A (%) B (%)
5 70 30
Mass spectrometry Agilent, 6420 Triple Quad
Ionization ESI (positive)
Gas temperature 350C
MS/MS Gas flow 7 ml/min
Collision gas N,
Neublizer pressure 30 psi
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Fig. 3. Precursor ion and product ion chromatogram of cephalexin standard according to the screening mode. Fragment
ion species used for quantification was 106.0 m/z produced at 41 eV collision; 157.8 (17 e¢V) and 68.0 m/z (53
eV) were used for reference ions; 348.0 m/z was from the precursor cephalexin
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Fig. 4. Developed analytical method through the study



3l o} 2] A $~(Litopenaeus vannamei)©|| A cephalexin®] 755

2Mo| H=
=N W=} oo

A A EAH ] e A (selectivity), Sol4
(specificity)= AE3t7] A3l FAPES T34

o 2 A, 54 AAel /‘l{r“:’%\_# 7LL =

=] h=3
ARE ZHE oW W BAUE HEHA g AL
2 Yol %%@1%01 =2 25 AEAES

73 & I3t th(Fig. 5a, 5b, 5d, Se).
Az AFRAE AZETY Aol A
S/N ratioS 104} o] %o & dted 0.05 mgkgo & W+
B}, o2 %o thg peak areabl & ©] 83t
AFgAE 2443 Az, AlZE o) ok AaA
() 7F 0.9999] =X E 1] Codex guidelineol Al
AAEE P 7)1F2 0998 F=3E 59 2

#U-& A3 ATH(Fig. 5c, 5.

K1
e

;[—L

Ll

$J3F LC-MS/MS EA4H oA 77

WA sistet 39
o] $E7} HES B
Be A wAssic 2

= A Aggale] v

N F{E
X
o
lo
oxl
o
ox
mlo

N
N
o

X

LopQ 1 o ot o
e N
3N
QL

(o]

o

dob o (e
% E
o T px
xR
mo_@d

_>L_&_°,Lr_>z

Eo&_&é
ox
T

4
=2
-ii
_]\I
o
el

3¢E3 CV.Eo 0104
oA 81.79-86.76% L 5.5-8.2%%

2~ O
-r?-_r‘ﬁ-l

TIIZ;(}_E

A THTable

EoA 3]s
1 7.56%= Codex guideline®]]

AL T AATHTable 3).

mg/kge] &
8213} Codex guideline®ll A A3l= 3
C.Vv.ol &=3sh= A34E Uehdo] &
El-iwg;(ﬂ E_}ﬁ‘\gg] ] 25':}-/‘-]»_4 32]—0]?5_:]_-
2). 23] B§- 005 mg/kg-/]

I+ C.V.gko] 81.23% 5l

22 AL

2 [+ TIC MRM CF=0.000 DF=0.000 (= =

) Blank_02.d

(c)
800000
700000
y =325960x -3248.3
. 600000 R*=0.999
4
2
S 500000
3
o
© 400000
©
@ 300000
<
200000
100000
0
0 01 02 03 0a 07 08 09
Concentratlon ug/mL
(e)

4+ TIC MRM GF=0.000 F=0.000 {* > *'| BS_0 Ipem.

51

[SER X LI PR R R R R R R TREETE RIS

gnEmEuiEEnral

) (b) <03 [+ TICHRNCF-000DF=0000 > )T O gpm

CHOZE3040508070889 1 112134151817 18199 2 2A22232425 28272820 3 11020304 BRIRITIRED 4 41424244 4546474845 8

Caits s heqston i

+TIC MRM CF=0.000 DF=0.000 (** -> **) Blank_02.d

24
22

2
18
16
1.4

02 04 06 08 1 12 14 16 18 2 22 24 26 28 § 32 34 36 38 4 42 44 46 48
Counts vs, Acguisiton Tite {min)

90000

80000

70000
y=112129x - 6156.3

60000 R? =0.9954

50000

40000

Area, counts,

30000
20000

10000

s} 0.1 0.2 0.3 04 0.5 0.6 07 0.8 0.9

Concentration, mg/kg

Fig. 5. Validation of the developed method. (a) blank shrimp muscle (b) shrimp muscle spiked at 0.1 mg/kg cephalexin
(c) standard curve of cephalexin in shrimp muscle (d) blank shrimp hepatopancreas (e) shrimp hepatopancreas spiked
at 0.1 mg/kg cephalexin (f) standard curve of cephalexin in shrimp hepatopancreas
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Table 2. Recovery of cephalexin spiked at different con-
centrations to whiteleg shrimp muscle (n=15)

Concentration Recovery (%) C.V. (%)

Compound

c AL} oA E

U - AAE - s

Table 4. Residue levels of cephalexin in the whiteleg
shrimp administered 40 mg/kg cephalexin orally for 7
days

(mg/kg) (Mean+S.D.) (Mean+S.D.) Residue levels (mg/kg)
0.1 81.79+4.92  8.2+2.15 Ticsues Day 3 after Day 14 after
Cephalexin 0.2 86.36+7.12 6.17+1.28 administration administration
0.4 86.76+12.20 5.5£1.76
V- fici ¢ variafi Individual Mean+ Individual Mean+
.V.: coefficient of variation levels SD. levels SD.
Table 3. Recovery of cephalexin spiked at different con- <0.05 <0.05
centrations to whiteleg shrimp hepatopancreas (n=15) <0.05 <0.05
Compound Concentration Recovery (%) C.V. (%) <0.05 <0.05
P (mg/kg) (Mean£S.D.) (Mean+S.D.) <0.05 <0.05
<0.05 <0.05
0.05 81.23+£5.25 7.56+2.10 <0.05 <005
Cephalexin 0.1 84.69+5.87  6.93%1.50 Muscle 0409 <0'05
0.2 87.70+4.88 5.56+1.38 <0'05 0.04+0.0 <0.05 0.0+0.0
00s ™ g5 @19
Mz £of 3 Z2l0|Me TF 0.07 <0.09
et el A% el 28CAA 2 3 e Dye
A JFst= MBEe w2E SASS 0:09 <0:05
om I AFE Table 4914 YERHATE EA] o] F 0.06 <0.05
R R RIS EAS EREE R I 0.06 <0.05
1Y 13] 797 A5 24 5-40 mgkgelth. whzt 95 17 0.08
/‘1 75“]7]'% kﬂ‘ Ej}/‘\_]_,] ‘g‘a]: = 5]—1— "I‘O# ‘g‘% 15.21 <0.05
40 mgkgl &2 1FYUT A& FAsn. Fo & 21.55 0.07
390] B3RS W AFNAM ] FEE 1943457 17.06 <0.05
mg/kgoﬁ Frs ] =AUl = JpAEY] 28 Fo] Hepato- 12.08 19.43+5.7 0.07 0.03+0.0
— - pancreas 24.03 (n=10) <0.05 (n=10)
TEE Al 5o A A=A (0.05 mg/kg) 20.09 <0.05
o]t = P&vOPS’&E}. 14¥0] 4343 & = % 21.62 0.06
o] s=7t o2 HEF3HA o8t zHRE A, 10.23 0.06
2o E RE AN ABe o] AEHR 27.30 <0.05
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DA oz A =4 ASHE 84
(Faroongsarng et al., 2009; Ma et al., 2018)3} =LA
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In calculation for standard deviations, levels less than
the detection limits were assumed as level zero (0.05
mg/kg)
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