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Abstract: A new method was developed for the determination of y-hydroxybutyric acid(GHB) in hu-
man blood by gas chromatography — tandem mass spectrometry (GC — MS/MS) with a kind of purifica-
tion column (MPFC — QuEChERS). Effects of sample pretreatment conditions and analytical instru-
ment conditions on the test results were investigated in the round, and the optimal experimental con-
ditions were determined. First of all, GHB — D, was spiked into 0. 1 mL blood sample as the internal
standard, and then the analyte was extracted using ethyl acetate efficiently. After that, the superna-
tant was allowed to flow through the MPFC — QuEChERS purification column and evaporated to dry-
ness. Finally, the dried residue was derivated with trifluoroacetamide (BSTFA) and analyzed in
multi-reaction monitoring(MRM) mode. Experimental results showed that there were linear relation-
ships for the spiked human blood samples in the range of 0 — 1 000 ng/mL(7*> 0.995 1). The limits
of detection (LOD) and limits of quantitation (LOQ) of the method were 0.2 ng/mL and 0. 5 ng/mlL.,
respectively. The inter-day relative standard deviations(RSD) and intra-day RSD were both less than
15%. An extraction recovery of 80. 1% — 84. 7% was obtained for the spiked human blood samples.
The matrix effect ranged from 87. 4% to 94. 4%. The results indicated that the developed method was
improved and optimized by traditional liquid — liquid extraction method, it could be applied to the
rapid and effective determination of GHB in human blood samples of actual cases with its good stabili-

ty and high sensitivity.
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HAj, M- GHB ARSI J7 % 5 B A A AR — HR R (LC - MS/MS) ™ S AH AR - 5t
% (GC - MS) " I A (A3 — = FDUARAT BTl % (GC - MS/MS) "4: | g B Hr K £ 5% FH 2005 1L i
GHB PRI BER RME , IXAE— P2 b E ma s il TR IR 22, MR}, 2 7 A mr b B fe v
RFATHESEAL, AR P TREAAE R BT, SBUMEESOY & . RIS E
ZE2M FERZ T, LC—MS/MS FI GC - MS7E ) RIBUERAR, M RAGEF] 0. 1 mg/LELHE &, 1M
GC - MS/MSIEHEAREE S . kR . PrFPiae IomSeih s, CERIARIR I L RE S, WA 2L
B 1k M BH P4 SR

X BRI, AWETE AR —Fh I TP 2 D8t A4 A AE (MPFC) — QuEChERS i#+{b 1 GC -
MS/MS BRI I H GHB B AT 77 o B LR it o AR AE N VR GHB T 5 25000 8 S AN ff ), il
RACRE SR AR FR S5t 5B 55, SR MPFC — QuEChERS FEG+AV R 0, REMS 1/ BL 5T b 28 oo} 45
FrACES R E , R R R FREARIE RN, % 5 ik i e iff B FD R

1 SRIGERSY

1.1 Us5iKF

GCMS — TQ8050 NX S AH @i — = FEPUARAT BT 54X ( H 78 Shimadzu 23 7)) ; DB — 5ms {435 4E (30 m x
0.25 mm x 0.25 um, [ Agilent 24 ); CUTE MIXER CM — 1000 B 5 3 45 7% #% ( H 78 Tokyo Rikakaka
43T ) 5 Thermo — Fisher Biofuge Primo R Y 6 20 5 W18 1R 25 O WL (S5 Thermo A1) ) 5 B TR MEFE ( B
3L 2R SR S AR W) ) 5 WSO EZR IR AR (At 535 S RHE AR 24 w) ) .

1. 0 mg/mL (Y GHB BNELARUES: . PIARYI GHB — D ANERFRIE S (2 Cerilliant 22 w]) , 4353 F B A
BIE/AE]50, 100, 250, 500, 750, 1000 ng/mL ) GHBARHEZ 5 1 we/mL ) GHB — D AR -

AAEARIRA): N, O-M=HIRLikki i =M ZBENZ (BSTFA, 99%) + = HI KLk (TMCS, 1%) (i3
Bakianl); HEE, 2. CRalE. Bkt . S S (SEE Fisher Scientific A H], fApkal); KT
FEHEE . SAbER . R (434, 2E1E Fisher Scientific 247 ) ; QuSEL ZIWAEEFRUTIE S (MF - 3301, K
HEPRIEFHEAR AT 5 m - PRC B IR R (BT E28) b AE . MPFC — QUEChERS #4bA1: (b3 443
FHERBR AR ) ;5 S8 AR —K . MRS E A AR AT GHB IR A .
1.2 {UE&EH

a3 4t Agilent DB — 5ms 4354 (30 m x 0. 25 mm % 0. 25 pm) ; FHER)F: WIHBIRE60 C, {4
FE2 min, LL10 ‘C/min FFZE 260 °C, PFF2 ming BEFELRE 4260 C; A AEAEZAR(99.999%),
i 156 mL/min; A, HEER: 1 ul.

it SR (BN, &P IR R R 230 °C, BLIREE R 320 °C, I RIRER IR 2y
2 min, FHEFACNZ RV IS (MRM) AR, FH8HIBG 0. 15 s, RSS2 <(99. 999%)
1.3 HmATabiE

BO. 1 mL A IMAESHE T 15 mL 3RO, MIA 10 pL 1 pg/mL 8 GHB — D bRER, B
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0.5 mL pH 1 ~ 2 AL EIRFIEE, IWHEIR2EIMAN 3 mL LR LG, e o8 %E, P85 10 min, LI
8 000 r/min &5.0> 10 min, % b5 & MPFC — QuEChERS @+ bkih , fdi HHEAT2218 T AL AT
FRIEH B E IR, T, M 150 pL LR SEREEH B 2 A WA B RS, A
10 pLATAARIRF BSTFA %58, KRR\ BERT 80 “CRM 20 min, EHIGEGC - MS/MS 7347 .
1.4 RNRERERIE

AL AE B Desharnais 255 JF & B9 AR A H S IE TH, 6 I I RE S b PUUE 1 A GHB ¥ B 315
IE .
1.4.1 TEBRBEMESSMNE R FE—0 RS RNFRKRE 0. 50, 100, 250, 500, 750,
1 000 ng/mL f4 & 53 5 PC AR TAE I (5 100 ng/mL %) GHB - D,), TEfIu i BRI #8554 T
15 RN FE R 20 73 B4 55 P bR ) W TR AR U AR
1.4.2 NBEREBHIKRETENER 15 Ld R0 I0bRA E 5 R B0 53 514 5 N bR g i FR b e
AR NNIERRE H A IE TR, 82 TAEE R /e Ar i) SEbRi i, R SEBRik X GHB 5
GHB — D AU AR LA AT 2RI, 15 BT ISR 2 5 0 T4 28 DT SEB P9 YRR A IE . N TR
B H sh A E T H Gl TR S 1 3 RStudio (K2 5 , https: //www. rstudio. com/) Fll R(4mFEIREE
https: //www. r — project. org/ )gw BB TT, JEREARFIE H5aH 2 W Cik[ 16 ],

2 ZR5WH
2.1 BuiFHrIALKL

W45t AR B 4 100 ng/mLL ¥ GHB 5 GHB — D, i GHB-D,-2TMS
EbRER IR DT NG . (E GC-MS/MS K4 p
R AT BT, K13 GHB AT AR Y e & 12
(GHB-2TMS) 5 GHB-D, fif /£ ¥ (GHB-D,— 8 S g

2TMS) 1 -1 RO R i), 3243 3 B v EL e far
bR BRHAIE -V o 16 5~45 eV I RIEERE
B (CE) BBl N B 5 1Rl il 0, A IE
B P e TAE T8 7, AR 1xf, 53

9.1 9.2 9.3 9.4

t/min

BB T-00FE I E AR ERE 2, m& ik e
B MRM 20 W& 1. 7EAb T, 45 ks K1 GHB 5 GHB - D, fif A1) MRM 42, i 4]

100 ng/mL GHB 5 GHB — D, [ IfiL /e £ 54 9 MRM {4, Fig. 1  MRM chromatograms of GHB and GHB — D derivative
DL 1,
2.2 BIREHENMRL
2.2.1 REBFMMNE R THRCE. Wb, 2. QRO BUT BB EEEEE AP T
X GHB B4R BUR . 455K, LR AKX GHB B R i (K 2A) . H T AR ATRE S5 %,
Pt T, RHRVEA B RRIERN, SRR EE IR CERVE R EE R,
#1 GHB 5 GHB - D #7411 MRM 25
Table | MRM parameters of GHB and GHB — D, derivative

Compound Retention time(min) Quantitative ion pair Qualitative ion pair
mlz CE/eV mlz CE/eV
GHB - 2TMS 9.315 233.0>147.1 9 233.0>73.1, 204.0>147. 1 30, 9
GHB - D, - 2TMS 9.265 239.0>147. 1 9 239.0>73.1,206.0>73.0 27,21

2.2.2 HSRBARpHEMNMEMA CHBIREEMIEHMFE P SEAERE, MIRTERSEREA R
WSS, [E] LAV Wl (2 2E GHB A HLZE6F5 , P58 1 S S A W) pHAE 23 51 R 1 ~ 2,
2~3,3~4,4~5,5~6, 6~7HGHBMFREUGSR,, 25085800, pHIEM/N, GHBBFEHGL M,
pHAE A 1 ~ 2 AR B 2R 0 & v T HoA pHARL (81 2B) o BRI, SEB 4% pH 1 ~ 2 B9 SALERIRFNII h
LT

2.2.3 fTENKFAENRNL FTAEMKHIAESHRE QA , W HSWMRRFY, KRB
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M REE, P, TR BSTFA (1, 5. 10, 15, 20, 25 wL)X}F GHB $2 BRI 20
SRR, ATAEAGRF A BN 1 pL AR DI AR sE 4 F o8 S L i GHB Mg a BV 58 K32
FEITIEAE ; 24 10 pL B GHB AW R AR K (B 2C) o w15 L BORTAE AR IR a4 A 3R 7 GHB fiT 4
6o APMER AT EARRE &, B S, SSEEii A &4 10 pL.
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Fig. 2 Effect of different preparation conditions on extraction efficiency of GHB

A organic solvent type; B: pH value of sample solution; C: amount of derivatization reagent; D: derivatization time; E: purification column type

2.2.4 fTHEURBES®RL B2 TATAELRRE(5, 10, 15, 20, 25 min) % GHBIRBUSCRA N, 45
SRR, PRPCSCR AT A AL T A 38 Inim e Ok, AT AE AR )24 20 min R 25 min B FRBUSCRAH 224
HHIE (E12D) . At AR ab B e e, SEBeBEREATAE AL )24 20 min.
2.2.5 SLAERMRA SERCRA pH 1 ~ 2 EALERIRANA, ARSI R TE R R0, BEse
JI[LEPZ?Z“E’U(%WH}B@ BA, AEMEFRSSEEBR . B, MEFREE S Ny T2
IXER T 5 B A IS ISR O R A AERE e B, e 2RI SR MUIR A, AT SO TR 1
AV AT REEE TR, JF T AR S M I T B SR . e R AR R . S
BIER RBP4, PRSI THE, HARREAE I LRI BCR AN .

L ME-N-P LIRS (PSA) BEMR M HLER . Rl . #E2R%E, C, EZRMHmAEZ M, MeSO, £
HFBRK, ZEERAKE (MWCNTSs) 0 A58 R BRR AR E AL T, AR SE5 R FH A4S € FRIE AT RHGE
5 R PRIE W I L B OIS T . AT, %557 QuSEL 2 IREEH T JERS (MF - 3301) . m — PFC R jE
I CEREZE) b AE . MPFC-QuEChERS ¥kt 3 i & b AR OR , b PR R R 2. $REK
W2 3 Mt ik Ja e ARG AL R BUCR VLR 2E . 253 50K, QuSEL Z2IhREEH R JE 28 A m—PFC P
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R A A R B ETE T 50 mg 1 PSA, AT R RBRIEEURH A 29T, (HAL R B GHB, flifREL
A TRE. MPFC — QuEChERS VAT AR A0,  E GHB IR BUHEER AN K, PRI SE 50 176 45
MPFC — QuEChERS b FEXHE PR B TiEAE

F2 3FRALEERGAC AR R

Table 2 Purification materials and dosage of three purification columns

Product Absorbents
QuSEL(MF -3301) 50 mg PSA
m — PFC(High lipid) 150 mg MgSO, + 15 mg MWCNTs + 40 mg C +25 mg PSA
MPFC - QuEChERS 200 mg MgSO, + MWCNTSs + lon exchange material + Lipophilic materials

2.3 FHEZFWIE

2.3.1 ZMERSKRHR b b NI GHB IIS2N, SEE T E GHB P IR B /NI LT R
i T ORREIE . SR I S o S IR BE 2 0L 50, 100, 250, 500, 750, 1000 ng/mL Y 3R
)35 5 DT B b v TAE IR (2100 ng/mL ) GHB = D,), #% bR A {088 S 47460 (n = 5), LA
GHB I IIFRIR (X, ng/mL) AAEALER, GHB 5 NARIIIERIFRLE (V) AP PRZ Hi TAEIh 4 CREZ &) .
ZER IR, GHBZEO ~ 1 000 ng/mL it iR EEVERB N &R R R IF, LY =0.0139X +6.293 1,
R REL () 240,995 1, B TXELLHR H ELSE A0 28 A IR S, B0 B R ARG BE 2 A 5 ORI R 0)
PR 7 iR R PR o AR r 45 A it ) M 7 L AR R A5 IV i GHB 9 Y DRV B (w,) 247 435. 8 ng/mLL,
MRS 1 000 65 /55 REMIAR AL K R, 5 8RR RATECHUR, W R BRI 2K, X5 S8R
[N, P il S VA AR HBR (LOD) FllE & FRR (LOQ) 4r A2k 0. 2. 0.5 ng/ml., YJIfETF MLIK
FESH GHB By N R

2.3.2 EWERSERYN PG EREEFRON SR SRR, SIS AR S A5
A TR RRZBU DR 25 ZE A it D TR R (PN TR SR B E BR) 7 o R oot s B9 IV A S A 7 PR S5
BE AR BE K534 50 250, 750 ng/mL A BT i B R B2 /KF- 00 GHB AR, TEDuAb S5
THHRATERT 04T (n = 3), I8 T =00 A B ROV (ME) FIF BRI (R) : ME = (B - D)/A x
100%, R=(C-D)/(B-D) x100%.

Hop, A FRPREZR IS HFRY T AR, B 26 7R MLIRORE A B AL BRI v ot 00 55 P 0 TG
L, CFRIRIMIEAE S AE BT IONFRIE S AT AL, D RR A S ZERT AL IS A TR A . 45
RN, GHBMEILEA 80. 1% ~ 84. 7%, FHEJFTRLI M 87. 4% ~ 94. 4% (W3 3) . RWHZ ik A H
W HERTE, AP IRR RBRAR 7R P BB
2.3.3 MEXERERE SRAARTTEN BRSO M EEWE 6 K, ELWE3d, LUREHN .
H T)AH bR i i 22 (RSD) WEAN 77 1200 H AT H )RG5 8 . 30T %0, Jrikiy H N . HIE RSD ¥/
15%, FHFERA R F e R E I

3 GHBMFERNY | DS SAH G bRifE (22

Table 3 Matrix effect, recovery and relative standard deviation of GHB

QC’ concentration(ng/mL) Matrix effect(%) Recovery(%) Inter-day RSD (%) Intra-day RSD (%)
50 88.0 80. 1 3.2 3.3
250 94.4 83.5 1.3 14
750 87.4 84.7 2.4 9.0

*: quality control
2.4 HNEREREEEE

FEFHRAFAENIEPE S BTy, AR dh 26 (FESE00 3R 22 PR BETE I ) B R BN J5 s, 1T X4 26 5t
HAEFEN TR I T, AR 2Bk oS . R 2R84 B 2 i 0 9 TR BEAE SIS R )
TO ] PN P A i i 7 T S, ASCE S ) 2] ) 43 40 i 87 S I A P A T M) N 5 T e JEE e 17 A
PRIk, PR BT AR 2800  #REE (50 K52 K TF 0. ASSEIGRAE Bh P IEH B 5 3hA¢ 1 E T HHE TR
MLEFE S GHB B N JRIRE (x,) 41 435. 8 ng/mL, FEHRAFMIAREE S b A SEPRIRE (R IEIRE, «). HIE
IEMR BRI B2 AR, 5 TAEMZ L PR, NI SE3 P IR AL IE A5 B R E 2tk
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JifEy=0.0139x+0.226 7(#=0.995 1) (E3)., H
U5 B A T G R AR RTH B 1 BRI VA o v N D
GHB 5INB) RGEPEM 22, A AL IE TAF th ZenT LLS8
IR Ah SR 224 1 VA ot GHEB 1) B E & .
3 & i

IRWF5E 3L T MPFC — QuEChERS 45 & GC — MS/
MS € ML GHB 1 77 o 1% 07 1 BAT AR IR
SO EEETETR . REUEEFA, MPFC -
QuEChERS iAW AT A A J7 120 43 A4S i ARG R K
FEAR, TERFEARING, FEC TIEE S 0. iR
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Fig. 3 Calibration curves of GHB before correction(dashed

line) and after correction(solid line)

CEFERIRHE SRS S, S 1R SRS A S E PR MU 5 B2 o SRR BT SR B4 LI i v A
TEWENE GHB,  Z&WIT5 15 vl T SEPR AT ML RS o GHB BOAZIN o 0 T ML i A#7E N I GHB B
RS, sd I SINP IR E A S IE TR, R ACIE R TAE I Zen] DUER 2 B0y, AN ISR
THOFRERS BTS20 E A5 . WIFREROEd B RIMAR A S5k, el iR ez, h

SEPRZEAER A o GHB By HERfE Bt 7 —FFi ik
SE k.
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