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ABSTRACT - An analytical method for the determination of dexamethasone (DM) in bovine milk samples was
developed and validated using liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS). Milk sam-
ples were extracted by the liquid-liquid extraction based on acetonitrile. The chromatographic separation was achieved
on a reverse phase C,, column with gradient elution using a mobile phase of 0.1% formic acid in 95% acetonitrile. The
procedure was validated according to the Ministry of Food and Drug Safety guideline determining accuracy, preci-
sion, limit of detection (LOD), and limit of quantification (LOQ). Mean recoveries of DM from spiked milk samples
(25,125, and 1,250 ng/mL) were 98.9-109.6%, and the relative standard deviation was between 1.7 and 4.4%. Linear-
ity in concentration range of 12.5-1,250 ng/mL was obtained with the correlation coefficient (r*) of 0.9997. LOD and
LOQ for the investigated DM were 0.15 and 0.5 ng/mL depending on milk samples, respectively. This method was
reliable, sensitive, economical and suitable for routine monitoring of DM residues in bovine milk.
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Materials and Methods

xjet g xj2
DM (= 98.0%)3} FZE]<(cortisone, > 98.0%) HFE-S
Sigma-Aldrich Korea (Yongin, Korea)Z 5 +Y3t] A}
&3Ath. Table 12 DM ©]3}8h=l 542 vehd A
ojth. AT AFSZ AMgE ofA| EU EH (acetonitrile),
W EH-2-(methanol), 7] 7] 4k(formic acid, > 95%) 5 Merck

Table 1. Molecular structure and physico-chemical properties of
dexamethasone

Property Content
(8S,9R,108,11S,13S,14S,16R,17R)-9-
fluoro-11,17-dihydroxy-17-(2-hydroxy-

IUPAC Name acetyl)-10,13,16-trimethyl-6,7,8,11,12,
14,15,16-octahydrocyclopenta[a]phenan-
thren-3-one

CAS No. 50-02-2

Classification Glucocorticoids
Molecular formula C,,H,,FO,
Molecular weight 392.467 g/mol
Boiling point 568.2°C at 760 mmHg
Density 1.32 g/em’
LogP,, 1.81 atpH 7.0
pKa 12.14
Vapor pressure 1.17 x 107" mmHg
Solubility in water 89 mg/L at 25°C

Solubility in solvent

25 mg/mL in ethanol

Structure

(Darmstadt, Germany)oll4] HPLC 5522 T-93ke] AH&
SFaL, o]€e] BAE AoF gl fule 55 B E4E

S AFESFATE B3, 37452 (solid phase extraction, SPE)
7FEZA] (cartridgey= 6 mLe] C,; column (500 mg, HyperSep,
Thermo Fisher Scientific Waltham, MA, USA)E ©]-&3}%
o, @43t HHS AA FEFES TN F &&
= Al AHE-sHAT

ol
-

A& AEE 3F 5 DMo] FiE SEEIES
AR oA 2 AamRE AHT dFE BY A7 W

B3(-20°C)0l) BASA, FA E (blank) A FE #H DM
ol AFEA e WA F AUE AR AU

FZetrad) B, WeeS Akgste] 10 mgle] HxE
FFEAAE AN 24T EFLAS eSS A}
85

[e)

to] dAIH o= 31A3ke] 12.5, 25, 50, 125, 250, 1,250
ngmLel EEGNS 712t Fujslelnh. REANTH HFG

ol 74 §a]gel gl #:C WA nBsTA 47
Z
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FEEEZEQ F=2E<E 50uLet DM ¥FE22 S 47
A713E tFe-, 15% A X vortex mixers ©|-&-3}

o] FAth £ &, 1mLe 20% AAstolEL
S 718F U2 vortex mixers ©|&3le] #23 AlA FSI
T} o]ojA] o] M-S 4000 rpmolA] 108 &<t FAET
1 %, 3F5HE AEF°l(Whatman filter paper No. 1)
A=At JFE G 49 C FFEZAE 5
mLe] WEEH 28 AX3 the, dA AEFTCIE A
&4 4 =

e
hexanes 1 mL/ming =2 E#FJG. o] Fof C, 7}
EAE AxAZ g5l EHEZEES S5mLo ethyl
acetate= &Z3ITE &F NS 40°C heating block 91014
Aa7tag olgste] Ax-FEAZI thy, ZHES 500 uL
acetonitrile® %1 & A E(Nylon) 0.2 um HEZQ &
H=E offelo] f2] uio|gol] Hol Al or ARE-Slith

IR =]

S+ AlE T DM 4<% $I5t] LC-MS/MS (API4000,
AB SCIEX, ON, Canada)E AF&-3}9o™, £ LC-MS/MS
9] LC system Agilent 1260 series (Agilent Technologies,
Waldbronn, Germany), %18 column XTerra MS C,q
(3.0 x 50 mm, 5 um, Waters, Milford, MA, USA)S A3}
PO, column === 30°CE FASIH . &g o5
SlE 95% oM EUEZ Auiks gaiAA 0.1% &
T2 9E g2 AREsI e, flow rate 0.3 mL/mine
2 393, AZrEIHZY total running time 3EC
stk A#EA 7] Triple Quad 4500 System (Agilent
Technologies, Waldbronn, Germany)2 A}-&-3}th &4
& positive ion modeZ DP (Declustering Potential), EP
(Enterance Potential), CE (Collision Energy), CXP (Collision
cell Exit Potential) 5 MS Z}Z}e] parameters 2% 3}t
MRM (Multiple Reaction Monitoring) 7S 2733 Th
(Table 2).

Table 2. Multiple reaction monitoring condition of dexamethasone
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BA G A9 (coefficient of correlation, )& 3Gt A&

A 2 BEFIA =, S T ARNLFI LA 05
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Results and Discussion

LC-MS/MS
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Compound” Q1 mass Q3 mass Dwell (msec) DP? EP¥ CEY CXpP»
361.2 150 70 11 16 19
DM 391.07
307.1 150 70 11 38 25
CTS (IS) 359.045 329 150 85 17 14 15

DM, dexamethasone; CTS (IS), cortisone (internal standard).
YDeclustering Potential volts.

»Enterance Potential volts.

“Collision Energy volts.

dCollision cell Exit Potential volts.
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Fig. 1. LC-MS/MS chromatogram of dexamethasone (m/z 391.07
— 361.2) in standard at the maximum residue limit level (0.30
ng/mL). TIC, total ion chromatogram; DM, dexamethasone; IS,
internal standard (cortisone).

Table 3. Recoveries, relative standard deviations (RSD), limit of
detection (LOD) and limit of quantification (LOQ) of dexametha-
sone from milk by LC-MS/MS

ey oon RSDOD (O e
25 109.6 4.4
125 106.1 2.4 0.15 0.5
1250 98.9 1.7

YMean of 3 replicate studies.

(multiple reaction monitoring) EE2 FA3H o, =
olUx|e] AxE -2 Ao (product ion)] 7+
St AEE 2o, e Aol (precursor
ion)/AyAd ol &S AASIALE Fig. 12 AFEALS 9138 full
scan B=oA DMe| AZvlE IS YEPH Fo|t) &
o] REojA [M+H]"l m/z 391.07°] 7]5=°]2(base ion)
o2 HAEHo] o]& Aol (precursor ion)lE A€ 3}
o, product ion scane F3l m/z 3612 °]°] &
g o]2o® el o585 Aol E AU

1 e

A e 471719 HAEIA 2 B 7S
= 0 5 ng/mLZ FA} F A TH(Table 3).
A& EgolofEe] {871 el it
R U DM94 HoFHFo 87152 03ng/mLi
Tt A, 2 Aol gge BAEE ¢ 5
o] J%’c‘ﬂ%ﬂ% o|3tZ HApHENE=S] ZHF A8t
= SRIE AT} 2] Fe]oFFetx A of
zk = v‘:_"’—‘i AN A ] A E] e
5 A 7Ed] =Y, JFs87]E]
50 ng/mL ©]31Ql A%, A& FFsI8712 12 9]
stolojok s, F&SAl= 10 ng/mL ©]slo]ejof Shrjar
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1 y =0.00125x + 0.00165
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Fig. 2. Standard calibration curve, linearity and correlation coeffi-

cient (1*) of dexamethasone in bovine milk. DM, dexamethasone;
IS, internal standard (cortisone).

L% = corticosteroid 5F° 3] LC-MS/MSZ ©]-&3t
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