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Abstract: GHB (γ-hydroxybutyrate) is becoming popular recreational drugs. As a result of its strong sedative and amnesiac effects, 
GHB has been implicated in a number of DFSA cases. The natural presence of GHB in the human body and its rapid elimination 
after ingestion make it difficult to detect and to evaluate its roles in suspected GHB-facilitated assaults. The paper describes an 
analytical method for the determination of GHB in urine using LC-MS/MS. Samples were acidified by ammonium chloride solution 
and extracted with ethyl acetate, and then the extracts were analysed by LC-MS/MS. The limit of detection was 0.05 μg/mL (S/N = 
3). The intra- and inter-day precision was within 10.0% at three concentrations. The methods were found to be sensitive, accurate, 
rapid and suitable for the forensic toxicology to test GHB in real cases. 
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1. Introduction 

GHB (γ-hydroxybutyrate) is becoming one of the 

most popular recreational drugs. As a result of its 

strong sedative and amnesiac effects, GHB has been 

implicated in a number of DFSA cases [1, 2]. The 

natural presence of GHB in the human body and its 

rapid elimination after ingestion make it difficult to 

detect and to evaluate its roles in suspected 

GHB-facilitated assaults. The chemical structure of 

γ-hydroxybutyrate is in Fig. 1. 

Methods of analysis of γ-hydroxybutyrate using 

rapid colorimetric screening test, GC-MS and 

HPLC-UV have had limited success, which does not 

give the information necessary to identify the drugs 

and may not be sensitive enough to determine GHB 

[3-11]. The authors therefore designed a specific and 

sensitive method using LC-MS/MS (liquid 

chromatography-tandem mass spectrometry). 

However, there are few reports on the determination 

of γ-hydroxybutyrate in human samples. The aim of 

our work is to identify γ-hydroxybutyrate in the 
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human urine in DFSA (drug-facilitated sexual assault) 

case by LC-MS/MS. 

2. Case History 

In a case which happened on campus, three female 

students were stabbed by a strange man. Three victims 

all had symptoms of dizziness, nausea, weakness. One 

of the victims rushed to hospital and the urine sample 

was collected for toxicological analysis. 

3. Materials and Methods 

3.1 Chemicals and Standards  

Chromatographic grade methanol and acetonitrile 

were purchased from Merck (Darmstadt, Germany), 

and γ-hydroxybutyrate standard was purchased from 

Lancaster Synthesis (England). Standard stock 

solution containing 1 mg/mL of γ-hydroxybutyrate 

was prepared in deionized water and stored at -20 °C. 

Working standards were prepared from standard stock 

solution by appropriate sequential dilutions with 

deionized water and stored at 4 °C. All the other 

chemicals used in the experiments were of analytical 

grade. 
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Fig. 1  GHB chemical structure.  

3.2 Extraction Procedure 

For qualitative analysis, 4 mL of acetonitrile was 

added to 1 mL of the samples. The mixture was 

shaken for 1 min with a vortex mixer and was 

centrifuged (10,000 g, 10 min, 4 °C). A 10 μL aliquot 

was used for the analysis. The extract was 

reconstituted in 0.5 mL 50:50 acetonitrile/water and 

analysed. 

3.3 Instrumentation 

The analysis of γ-hydroxybutyrate was performed 

on Waters Xevo TQ MS (Waters, USA). Separation 

was performed with a Acquity UPLC BEH C18 

column, 2.1 × 50 mm, packed with 1.7 μm particles, 

which was maintained at 35 °C. A gradient elution 

using water (with 0.1% formic acid of 10 mM 

ammonium acetate, mobile phase A) and acetonitrile 

(aqueous mobile phase B) at a flow rate of        

0.5 mL/min was shown in Table 1. Total run time was 

4.8 min.  

Mass spectra were obtained using a Acquity  

UPLC ESI (system with electrospray ionization). The 

mass spectrometer was operated in MRM (multiple 

reaction monitoring) mode. Parameters were as 

follows: capillary voltage was set to 2.05 kv, 

desolvation gas to 500 L/Hr, cone gas to 50 L/Hr, 

desolvation temperature to 200 °C and ion source 

temperature to 150 °C. Nitrogen, obtained from a 

nitrogen generator (99.93%) was used for  

desolvation. MRM transitions of m/z 102.88→56.97 

and 102.88→84.90 were monitored for 

γ-hydroxybutyrate at collision energy of 10 V and 15 

V, respectively. 

4. Results and Discussion 

The calibration curve was linear in the range of 

1-1,000 μg⁄mL (too high concentration for 

LC-MS/MS) for γ-hydroxybutyrate, with correlation 

coefficients that were routinely greater than 0.998 in 

all cases. The detection limit of γ-hydroxybutyrate 

was 0.05 μg⁄mL (S/N = 3). To establish the accuracy 

of the calibration curve, samples of low, medium and 

high concentrations of standard solutions were spiked 

with known amounts of γ-hydroxybutyrate and 

measured by the above method. The recovery was 

86.2%-98.6%. The intra- and inter-day precision was 

within 6.5% at three concentrations. 

This study established an LC-MS/MS qualitative 

and quantitative analysis method for 

γ-hydroxybutyrate. The analysis time of this method is 

only 4.8 min. Compared with the traditional methods, 

this method greatly shortens the analysis time and 

improves sensitivity. Since the procedure proved to be 

sensitive, selective and reproducible, the method 

developed was applied to the fatal case presented. In 

this case, the LC-MS/MS results showed the presence 

of γ-hydroxybutyrate in urine. The LC-MS⁄MS 

chromatograms obtained from the extract of the 

victim’s urine are shown in Fig. 2. 
 

Table 1  Gradient profile.  

Time  A% B% 

0 2 98 

0.3 2 98 

2.0 50 50 

2.5 90 10 

4.0 2 98 

4.8 2 98 
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Fig. 2  LC-MS/MS chromatograms with two MRM transitions monitored in the victim’s urine sample of the case report.  
 

5. Conclusions 

The LC-MS/MS method showed to be appropriate 

for screening, identification of γ-hydroxybutyrate in 

biological specimens. The extraction procedure is 

simple and effective. The method is suitable for the 

application to complex matrices like tissue samples. 

The low limit of detection enables the determination of 

γ-hydroxybutyrate even if there was a long period 

after poisoning.  
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