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Development of the Analytical Method for Diazepam in Fishery Products
using Liquid and Gas Chromatography-tandem Mass Spectrometry
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ABSTRACT - The aim of this study was to develop an analytical method for the quantification of diazepam res-
idues in fishery products, using liquid and gas chromatography-tandem mass spectrometry (LC-MS/MS and GC-MS/
MS). The sample utilized in the study was extracted from the fish sample (crucian carp) using 0.1% formic acid in
acetonitrile. For the utilization of the purification process, the dispersive solid phase extraction (dSPE) was used for
LC-MS/MS, dSPE and SPE was used for GC-MS/MS, respectively. To be sure, the standard calibration curves
showed a good linearity as the noted correlation coefficients, 7* was > 0.99. The average recoveries for accuracy
ranged in 99.8~124% for the samples which were fortified at three different levels (0.001, 0.002 and 0.010 mg/kg).
The correlation coefficient for the precision effect was measured at a range of 4.01~11.8%. The limit of detection
(LOD) for the diazepam analysis was 0.0004 mg/kg, and the limit of the quantification (LOQ) was 0.001 mg/kg. The
proposed analytical method was characterized with a high accuracy and acceptable sensitivity to meet the established
Codex Alimentarius Commission (CAC/GL71-2009) guideline requirements. We therefore established the optimal
analysis method for the determination of diazepam in the fishery products using LC-MS/MS and GC-MS/MS. It
would be applicable to analyze the diazepam residues in fishery products in further studies on this subject.
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Materials and Methods

Al 9 M=

t]o}A| #(diazepam
T ol A3 HE A 4zl wEt ARSS FAWsken,
Aol opEobAx] o oFEATH FZEE(200 mg/vial, 98%)
S B wol ARESATH(Table 1). & 3 £A4l AHE-
& oM EY E H(acetonitrile), ™ E-2(methanol) 5
Merck (Darmstadt, Hesse, Germany)°ll4] HPLC 5522 A}

L3193, F84tul 1] F(magenssium sulfate anhydrous,
298%), ¥ 3} EE(sodium chloride), primary secondary
amine (PSA)S Z o]9]¢] #4418 Al ¢ §wl= Sigma-

YA SlokE g of vhe}

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

Property Content
IUPAC Name 7-chlor9-l-rr}ethyl-S-phenyl-3H-1,4-
benzodiazepin-2-one
CAS No. 439-14-5

Classification benzodiazepines

Molecular formula C,¢H;;CIN,O

Molecular weight 284.743 g/mol

Melting point 257-259°F

LogP,, 2.82

pKa 3.40

Vapor pressure 2.80 x 10*mm Hg (25°C)
Solubility in water 50 mg/L (at 25°C)

ether: 1 g/ 39 mL, chloroform: 1 g/ 2 mL
soluble in DMF benzene, acetone
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O

Solubility in solvent

Structure

Aldrich (St. Louis, MO, USA)®} Agilent Technologies
(Santa Clara, CA, USAXIA FY3ste] EF = 44
S A8 ES, 3145Z(SPE, solid phase extraction)
7FEZ] A (cartridge)= C,q (6 mL, 500 mg)= Waters (Milford,
MA, USA)lA st ARg-stalon, &4dst A& 7
A FE2ES AT F &&= ol ARSI Al

55 o#3st7] s o3& FH polytetrafluoroethylene
(PTFE) syringe filter= Teknokroma (Sant Cugat Del Valles,
Barcelona, Spain)4l#-2 AM&-3I9 T AlgE A& Al
NA FEEHIL Ae ol ez A4, WS AA
g FR(ZH)NhE EHste] #dstenh 425 AR
= B4 A7 WEI(-20°C)0l] AT BA E (blank)
AEe AA HolAl o] JFFEA F2s IS F AF
& AEE AMESITH

n_‘:'__C_.Q.ng] =X

E 50mgS A= A3 do} 50mL
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LC-MS/MS¢] 73-%- #23kt A 2g& 50mL 944 &
& HstA 0.1% MPAkS FHSF oAIEYEZ 10 mL
£ A7He & A #Aske &, Fediintadlg 1.2¢
= °:‘§ME & lg—a— M 2 7Fekal 37 X'kt ¢
T 4C, 4500g°ﬂ"1 1027 A4l st 4

o] &7l 50 mL °¢j Lol FEste] 42 g5 ¥
1% £ o] 4°C, 4500g°ﬂﬁ 1037+
Feste] A F Avks st A dareEet &
SHEUEZ | mLE 718t FoAES &A1
PTFE HEH ] HEE oste] A|FAE vlo|Y 011 o}

AlggAo 7 3]‘03\1:]’(Fig D).
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Sample 2 g

Addition with 10 mL of
0.1% formic acid in acetonitrile

Addition with 1.2 g
of MgSO, and 1 g of NaCl

-Shaking 3 min

A 4

Centrifugation at 4°C,
10 min in 4,500xg

A

Dispersive SPE Clean-up
(supernatant + 250 mg PSA)

A 4

Taking organic phase 5 mL

A

Evaporation of the extract under

N, stream at 50 °C to dryness

A4

Reconstitution with
1 mL of acetonitrile

v
LC-MS/MS analysis

Fig. 1. Analytical procedure for diazepam in sample.

F3Ah Cpp FHEG A WEE 3mL, B 3mLE A
2 ¥ ST FEAS THER] ] SHAY]
3 50% HEE 89 3mLE AFHE, 70% vES
3mLE ©]&3te &&3Ath &S 50°Ce] 2A
A% A2 559 F, MEYED ImLE olgale] 2
23N Zh. 02 pm PTFE WX JEE o3}
sto] Al el nloldol] Hol A[Pgoo g sith(Fig. 1).
P18 =EA
LC-MS/MS®] 739 F4HE A8 & told 248 9]
3] N F2rtE 2= -A 34 7] (liquid chromatography-
tandem mass spectrometer, LC-MS/MS, US/Xevo TQ-S,
Waters, Milford, MA, USA)E AME-3IR 3L, B8 g
34439 X-SELECT C,q (2.1 x 150 mm, 3.5 pum, Dublin,

Sample 2 g

v

Addition with 20 mL of
0.1% formic acid in acetonitrile

¢ -Sonication 5 min

Centrifugation at 4°C,
10 min in 4,500xg

v

Taking organic phase

v

Evaporation of the extract under N,

stream at 50°C to dryness up to 1 mL

!

Adding 4 mL of water

v

Cys SPE Clean-up

v

Elution with 3 mL of 70 % methanol

v

Evaporation of the extract under

N, stream at 50°C to dryness

v

Reconstitution with 1 mL of
acetonitrile

v

GC-MS/MS analysis

Ireland)E ARSI, 28 2% 40°CE FAIHATH
olFd A= 0.1% 7HPAt, o] & B 5mM EFEr
°lE, 0.1% 7Hr|ate T3k oHEYER S
AstE 71&7] &8 WS AH&skirh
min, FYHFS 5uLE It AFEA ] %
a1 tobAl EE=84(100 ng/mL)S AH&-3ste] 29
A ¥l AFHEA7IR AH Fste] EA 8T o]
23 H e A7) FEFo] 23} (electro-spray ionization, ESI)H
o] FolZE E(positive-ion mode)E AH&-ste] £ A+
o] &(precursor ion)S A8, F =l YA (collision
energy)s 438t ERMo]2(product ion)S A3Ads & A
g 2 HAol&S ZAA 3= multiple reaction monitoring
(MRM)Z7S 8 5F%t(Table 2). LC-MS/MS2] 7]7]%
A %271 Table 39 AAEHATE.
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Table 2. Mass spectrometry parameters for quantification and confirmation for diazepam

Instrument Retention time (min)  Exact mass (m/z) Precursor ion (m/z) Product ion (m/z) Collision energy (eV)

224 23
LC-MS/MS 6.62 286 194* 25

155 25

284

221%* 20
GC-MS/MS 13.1 256 206 40

165 40

*Quantification ion

Table 3. LC-MS/MS parameter for diazepam analysis

Table 4. GC-MS/MS parameter for diazepam analysis

LC system Waters, UPLC

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

Column temp. 40°C

Column

Injection vol. 5 uL
Flow rate 0.3 mL/min.

A = 0.1% formic acid in water

Mobile phase B =0.1% formic acid, 5 mM ammonium
formate in acetonitrile
) ) Mobile phase
Time (min)
A(%) B(%)

0 10 90

Gradient 6 10 90

8 90 10

8.1 90 10

11 90 10

Mass spectrometry ~ Waters, Xevo TQ-S

Ionization mode  ESI positive
Capillary temp. 350°C
Spray voltage 3.8kV

Collision gas Ar

GC-MS/MS®] 7% HolAlg £4& fla Fiks As
FZ2L 53 AR Alg8dS DB-5 (30 m x 0.25 mm,
id. 025 um)E &2ete] topA| o] mFEAHS FHE)

gon, B4 $3te] Agilent AF2] 7890 GC system ©]
Aatel A gEA 7] (Agilent 7010 GC/MS Triple Quad,

Santa Clara, KA, USA)E AF&3ste] 71719 1 uLE ‘Zr?a]
shdch =3, SRbtaE AAN)E 0.9 mL/ming]

o7 FHFAUT AY 25T 150°CA AEE FY }
3, 187F §A23 T, 10°C/mine 2 5238k 290°C7}
A &9 427 HEA FF oS, 10°0C/mine 2 2417
300°C7HA] &8 1087 HEA 3tk FUTY 25
290°CE A3l oM, dwell timeS 133 mseco] AT}t GC-
MS/MS 717184 Z71-& Table 4°] LERN ST}

Agilent 7890 GC system, 7010 GC/MS
Triple Quad

DB-5MS
(30 m x 0.25 mm, i.d. 0.25 um)
150°C (1 min)—>10°C/min—>290°C
(4 min)—>10°C /min—300°C(10 min)

GC MS/MS

Column

Oven temperature

Injector temperature 290°C
Interphase temperature 275°C
Ion source 230°C
Injection volume 1 pL

Carrier gas flow 0.9 mL/min (N,)

HMY H=
1y oo
S E A CODEX 7lo]=2}e](Codex Alimentarius

Commission, CAC/GL-71)"9l| w}g}x] &4 (accuracy), A
A (precision), 21414 (linearity), 71Z3H] (limit of detection,
LOD), A &34 (limit of quantification LOQ), 3]<=E(re-
covery)oll tisll §a4S AS3IAT. LC-MS/MSE ©]&
g HopAlE 24 AT A8 LOQEES] 1, 2, 4,
8, 10, 12, 20817} HE=2 FFLAL o EVEZR 3
A FFEA S 013‘0}0% LC-MS/MS®ll F{ate] dojxl
Ao s Agaxe sty AL LT
GC-MS/MS?| 7-¢- oAl o] &4 A] F4kE A8 v
EY o] Jgg 43} 317] ¢l matrix matched 7 ZF
g AHEET olE 918l LOQ T&9 1, 2, 4, 8, 10,
12017} HEE FARC EFEAS FEHE H7MeH]

_4°“% o]-g&3taitt. F 7171 &
LOQE 71Zo= 1,2 2
3 } & &, 3Jeed dEE
F(relative standard deviation, RSD, %)& 74352,
5H]—£ /\154_& E_o].o:] J§7]_O}M1:].' LOD= 7_} /‘\_]i EH
15-H] (signal to noise ratio, S/N ratio) 3H] °]’3% F%=
Astsld o, LOQE S/N ratio7} 108] o]l T2 A
ekt

]
]
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Results and Discussion

LC-MS/MSE 0] Ot B M W EA
LC-MSMS+= I7t=e] Ad

T8 %F l"?*"ioﬂ 7Hg AR o R ALE-H]
% ShtoltHo. wEbA tlolAlE A S Qg HHo R
7w 9 w23 A3s Ao 7Fs3sk LC-
o] &3tk & EAolA= QUEChERSH S 7|Hte 23
of JFEEAE ARESHA] ot AA o] wig- hetahe,
AR Q= Azl 24] oA 1A17F W2 &5
ol wg- Z&A Wyolgt & Ak {718HE
Aoz ufg A AREEQUTH o] 23PHORE I
F-o] 23U (ESI)2] positive ion mode & multiple reaction
monitoring (MRM) mode 702 FEA =t} HF8
(10 pL/min)& ZZFHZE7]9) AH FY3l cone voltage
(20-50 Vi2EE 53 30 vellA Hd A=E vepdE A
< Rttt Egh, Aol (precursor ion) full scan
mode oﬂ)ﬂ A /\rﬂ]EFH_Q_ ﬂo]g]_oq qo}xﬂrﬂ‘g] e 71-
(exact mass, M)°l| FAZHH+)7F AE [M+H]+ eI
m/z 2862] 0] IRISIATE. MS/MS +4 A] collision
energy = X431 product ion®] ZE9t S/N ratio’}
o] HEE xAson, 2 A3 EE 20S WSt
= precursor/product ion pairS AASACH 1 F P £
L =& Yel = product ionS #0221 miz 1949}
o & AEE UshE miz 224, 1555 AAol
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< 15t FHZA o] MRM 278 gesislon, A4=
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Fig. 2. LC-MS/MS chromatogram of diazepam (m/z 286 — m/z 194) in fishery products sample, chromatogram of diazepam in standard
at 0.001 mg/kg (a), blank fishery products sample (b) and fortified sample at 0.001 mg/kg (c).
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(b) X104 [+E1TIC MRM (* -> *) 20170925 Blank 1.1
134,
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. AP AN A A
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(C) X105 [+E1TIC MRM (* > ) 20170925 Diazepam LOQ 4.0
1

095
09
085
08
075
07
065
06
055
05
045
04
035
03

025
02

015
01

005

0

02 104 106 108 11 T2 14 16 18 12 122 124 126 128 13 132 134 136 138 14 142 144 146 148 15 152 154 156 158 16
Counts vs. Acquision Time (nin)

Fig. 3. GC-MS/MS chromatogram of diazepam (m/z 256 — m/z 221) in fishery products sample, chromatogram of diazepam in standard
at 0.001 mg/kg (a), blank fishery products sample (b) and fortified sample at 0.001 mg/kg (c).
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(area)

(area)

500000 1600000
<stock solution> <stock solution> )
400000 y=10643x +2592 1200000 | y=116073x- 25253 Matrix effect
R?=0.9997 R=0.9915 68%
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200000 -
To”7 y=78763x - 633.86
100000 400000 s R2= 09919
<matrix matched standard>
0 0
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LC-MS/MS

GC-MS/MS

Fig. 4. Standard calibration curve ranges, linearities and correlation coefficients (+%) of diazepam in fishery product.

Table 5. Validation results for the analytical method of diazepam
in fishery product (n = 5)

Concentration LC-MS/MS GC-MS/MS
(mg/kg)  Recovery (%) CV (%) Recovery (%) CV (%)
0.01 (LOQ) 106+£11.1 104  109+6.62  6.02
0.02(2xLOQ) 102+591 579  124+147  11.8
0.1 (10xLOQ) 99.8+7.70 7.72 123+496  4.01

12

FEHAL 1, 2, 18] =7t HES REEAE
te] 3g AHE 53] WSO R Foste] A
AE8E Frletdty. 2 A3 A ARG HokAlR
o 3&37 F LA (coefficient variation, CV)E LC-M
MSe] 739 99.8~106%, 5.79~10.4%, GC-MS/MS2] 73
109~124%, 4.01~11.8%% ZAtE o] Az FUA =
CODEX 7te|=gele] d471Es S53te] Rea89
oFF AlEHe] APAAS IRIT = AUATK(Table 5). F7F
A AW BT CODEX 7tol=glQl S S5dte FFolu
GC-MS/MSE ©]&8 7-¢ matrix effect/} —68%7} A3
3}o] matrix-matched standard calibration®] Q3 Zo =&
AleE T W LC-MS/MSE |83 E4{9o] 714z
g2 EAAZRS ST o gold ZeE HRlth
Lopez-Garcia 579 W=2H 9§ % Ef4e LC-MS/
MSE ©]-&3t 40F9] o%FFS A A, topAEe
S| & 41-62% ol ey, W3+ E 4 (internal
standard)Z HAE 7% 97-105%°] 3|F&S HIh ¥
g ol gt A Zo A F —50%2] matrix effectS L}E}
We gR1E 4 ATt 3 JIAAE F FHo|X <] LC-
MS/MSE ©o]&3t toAlt 2 1 thAlA|e] £ 47} ¢
37-50% oA 9] matrix effect® HAFUTHY, B A
e RS #H5HA7] WZol LC-MS/MSEA] ol A
matrix effect7} YEPA] @Eton}, 5 S4ikEolA o
ofAlE 2 1 tiAKAl AW VI Al matrix effectE 3L
HE Ha7t S Ao AsHn
Baron 5 A3AT oAM= $0](Trout)ol]l theh tjohA|
o] AEF BENAAT RSP, g2 dido

do
3
ol & oo

2]
S

o
5
=
-

W= tjopA| gl 8 tAEAER] SA|E(oxazepam),
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