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LCLTLETTER TO THE EDITOR

Use of urine organic acids method for the analysis 
of gamma-hydroxybutric acid (GHB): Importance 
of urease in eliminating urea interference

Use of urine organic acids method analysisU. Garg et al.To the Editor:

We read the letter to the Editor, “Laboratory Diagnosis of 1,4-
BD and GHB Overdose by Routine Urine Organic Acid Anal-
ysis” by Quang et al. (1) with great interest and applaud their
findings, which describe the utility of a urine organic acids
method for the diagnosis of GHB overdose. We agree with the
authors that routine laboratory detection of gamma-hydroxy-
butyric acid (GHB) and 1,4-butanediol (1,4-BD) is not readily
available in the hospital-based toxicology laboratories. Gener-
ally, the hospital laboratories rely on one of only a few refer-
ence laboratories in the country for GHB testing. Due to its
popularity as a date rape drug and frequently observed cases
of overdose, it is desirable to have a GHB assay available in
the clinical laboratories (2–6). In some series, GHB was the
second most common drug (cocaine being the most common)
detected in young people presenting with drug-induced coma
(7). It is recommended that GHB intoxication should be con-
sidered in any patient, particularly any young person, who
presents with rapid onset of coma of unknown cause when
head trauma, metabolic disorders, central nervous system
infection, and increased intracranial pressure have been ruled
out (8). In hospital laboratories, urine organic acids assays are
more readily available than GHB assays and, as shown by
Quang et al. (1), can be used for detection of GHB. In our
present study, we provide additional data to extend the utility
of organic acids method for the diagnosis of GHB overdose.

In Quang et al.’s study (1), the GHB dose administered to
the rats is much higher as compared to the usual doses con-
sumed by humans. In their study, mice were given 600 mg/kg
of 1,4-butanediol. In humans, oral or intravenous doses of
10 mg/kg cause amnesia and hypotonia; doses of 20–30 mg/
kg are sleep-inducing; and doses of 50 mg/kg or higher pro-
duce anesthesia. Illicit use of GHB often involves oral doses
of one teaspoon, which is equivalent to approximately 2.5 g
or 35 mg/kg in a 70 kg adult (9). As their method was
qualitative, it is not known what concentrations of GHB

were present in rat urines, or if they were comparable to the
GHB concentrations reported in human urines in overdose
situations. Oral doses of 1 and 2 g given to a 100 kg man
resulted in urine GHB levels of 17 and 29 mg/L, respec-
tively, at 1.5–2.0 hours (10). A peak urine GHB concentra-
tion of 1100 mg/L was observed within the first 4 hours
after a 100 mg/kg oral dose (11). A woman who ingested
GHB and became a victim of sexual assault had a urine GHB
concentration of 27 mg/L (12). A man who ingested 3 g of
1,4-butanediol and developed coma and seizures for
approximately 3 hours had a reported urine GHB concentra-
tion of 925 mg/L (13). Based on the reported GHB levels in
human urines, we investigated our urine organic acids
method for GHB concentrations of 10 and 100 mg/L.

It is well known that in the common gas chromatographic
mass spectrometric methods of urine organic acids analysis,
silylated urea and GHB co-elute or elute very closely and
produce derivatives with similar chromatographic and mass
spectral characteristics (14). As GHB is a drug of abuse it is
very important that the drug be identified and quantified with
high confidence and urea interference be therefore elimi-
nated. In Quang et al. (1), solid phase extraction was used and
it is assumed to be the methodological step performed to
eliminate urea. This was followed by liquid phase extraction
of organic acids from urine. Generally, urine organic acids
methods involve either solid or liquid phase extraction, but
not both. In a recent American College of Medical Genetics
and College of American Pathologists Biochemical Genetics
Laboratory Survey, only five laboratories used solid phase
extraction and 40 laboratories used liquid phase extraction for
the analysis of organic acids (15). We employed the com-
monly used liquid phase extraction method to investigate
GHB’s detection with our method.

We performed a preliminary study with eight urine sam-
ples to investigate the ability of a liquid phase extraction
method to extract GHB. We also tested the effect of urease in
reducing urea interference. We then chose two urine samples
with creatinine values of 43 and 110 mg/dL (representing
typical urine samples) for more detailed studies. We spiked
these samples with GHB to obtain final concentrations of 10
and 100 mg/L. These concentrations were chosen based on
reported urine levels found in GHB overdoses. To 1 mL of
urine sample 0.1 mL of tropic acid (final concentration
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50 μM) was added as an internal standard. To investigate the
affect of urease in reducing urea interference, the samples
were treated with water or urease (200 units; from Sigma
Chemical Co., St. Louis), and incubated at 37°C for 30 minutes.
The samples were acidified by addition of 0.5 mL of 6N HCl
and then double extracted with 3 mL ethyl acetate. The ethyl
acetate layers were combined and dried in a water bath at
32°C. The residue containing organic acids and GHB was
derivatized using 0.1 mL of BSTFA (Bis(trimethylsily)triflu-
oroacetamide) with 1% TMCS (trimethylchlorosilane)/pyri-
dine (2:1) at 60°C for 30 minutes. The samples were analyzed
on GC 5890/MS 5972 (Agilent Technologies, Wilmington,
DE). Data acquisition and analysis were done using Chemsta-
tion software. The column was 30 meters ZB-1 (Phenomenex,
Torrance, CA). The chromatographic conditions were: 1 μL
splitless injection, helium flow rate of 1 mL/minute, injector
temperature of 250°C, starting temperature 60°C held for 1
minute and then increased, 7°C/minute, to 280°C and held for
3 minutes.

Figure 1 shows the total ion chromatograms of organic
acids including GHB from a sample with and without ure-
ase treatment. The chromatogram A shows two high abun-
dance urea peaks, one of which co-elutes with GHB. The

chromatogram B represents the same sample treated with ure-
ase. The urease treatment completely eliminated the urea
interference. The mass spectra library match in the absence
(A) or presence (B) of urease as compared to the pure GHB
(C) spectrum were 43% and 91%, respectively (Fig. 2). The
data demonstrates with urease treatment, GHB can be identi-
fied with high confidence and urea interference eliminated.

In conclusion, we demonstrate that a liquid phase extrac-
tion method of urine organic acids, with the addition of a ure-
ase treatment step, can be used for the identification of GHB
in urine at clinically relevant concentrations. The additional
urease step is easy to accomplish and adds a significant value
to the assay. The availability of a GHB assay in hospital labo-
ratories is important for medical management, particularly as
potential GHB antidotes are developed (16–18).
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Fig. 1. Total ion chromatograms from a urine sample without (A) or with (B) urea treatment. Note the disappearance of urea with urease
treatment. One mL of sample, with GHB concentration of 100 mg/L, was used for analysis.
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Fig. 2. Mass spectra of a urine sample without (A) or with (B) urea treatment. Sample without urease treatment shows only 43% match
whereas the sample treated with urease shows 91% match to pure GHB (C).

 tnemtaert esaeru tuohtiw elpmaS
 %34 = BHG erup htiw hctam yrarbiL

 tnemtaert esaeru htiw elpmaS
 %19 = BHG erup htiw hctam yrarbiL

 BHG eruP
 artceps

A

C

B


