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ABSTRACT: The analysis of gamma-hydroxybutyric acid (GHB) is problematic because it is hygroscopic, it lacks a good UV chromophore,
and it undergoes heat-induced cyclization. This paper presents a new method utilizing ion-exchange chromatography (IC) with conductivity detection.
The simple sample preparation, rapid analysis time, and inorganic anion detection capabilities are all advantages over the current methods. The detec-
tion of inorganic salts (formed during GHB synthesis) gives insight into the synthetic route utilized and can aid in drug seizure comparison. The
developed method has a detection limit for GHB anions of 0.57 mg ⁄ L and chloride of 0.22 mg ⁄ L. A comparison of this technique with a current
gas chromatography–mass spectrometry technique is presented, and a t-test found that the two methods’ results are not statistically different at the
99.9% confidence level demonstrating the merits of this fast, simple, and informative IC method as a routine screening tool.
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Gamma-hydroxybutyric acid (GHB) occurs naturally in mamma-
lian species and is thought to have neurotransmitter or neuromodu-
lator properties (1). It has been used medically in the treatment of
narcolepsy (2), to induce anesthesia (3), and in the management of
alcoholism (4) and opiate withdrawal (5). Over recent years, GHB
has been used illicitly as a recreational drug and is known for its
connection with sexual assaults facilitated by spiked drinks (1,6,7).
The illicit use of GHB is particularly dangerous owing to its
steep dose–response curve, which increases the risk of accidental
overdose (8).

The synthesis of GHB is readily achieved by mixing gamma-
butyrolactone (GBL) with a strong alkaline base such as sodium
hydroxide, followed by neutralization with an acid (most com-
monly hydrochloric acid). The resulting GHB solution contains a
salt by-product, which varies depending on the acid used. In the
case of hydrochloric acid, a sodium chloride by-product results (1).
Methods for the synthesis are readily available on the internet.

GHB is commonly analyzed using gas chromatography (GC)
and gas chromatography–mass spectrometry (GC-MS) (9–16).
However, these methods are problematic as the hot injection port

of the GC causes heat-induced cyclization of GHB into its lactone
form (GBL), thus affecting the limits of detection (LOD), limits of
quantitation (LOQ), and reproducibility (17). GC methods can
therefore require extensive sample preparation to inhibit the cycliza-
tion and increase detection sensitivity. Trimethyl silyl derivatization
using bis(trimethyl-silyl) trifluoroacetamide (BSTFA) with 1% trim-
ethylchlorosilane (TMCS) is the most commonly utilized sample
preparation technique and has been used for the determination
of GHB in hair, blood, saliva, urine, and beverages (12–16).
Alternative derivatization reagents such as trifluoroacetic anhydride
with 2,2,3,3,4,4,4-heptafluoro-1-butanol (2:1 v ⁄ v) (11), N-(tert-
butyldimethylsilyl)-N-methyltrifluoroacetamide (MTBSTFA) (9),
hexyl–chloroformate with pyridine (1:4 v ⁄ v) (10), and N-methyl-
N-trimethylsilyltrifluoroacetamide (MSTFA) (18) have also been
utilized for the derivatization of GHB.

Another approach for the GC determination of GHB involves
sample acidification to convert all GHB into the lactone form
(GBL) (Fig. 1) and the subsequent analysis of GBL (19–21).

Simpler approaches requiring limited sample preparation (dilu-
tion) have included high-performance liquid chromatography
(HPLC) and nuclear magnetic resonance spectroscopy (NMR).
Mesmer et al. (22) successfully utilized HPLC ⁄ultraviolet–visible
spectrophotometry and HPLC ⁄MS for the separation and quantita-
tion of GHB and GBL in illegal preparations. Chew et al. (23) used
proton and carbon NMR to analyze samples of GHB, GBL, and
mixtures of the two.

While all of these methods can be used to determine GHB in a
sample, none of them are capable of detecting the sodium chloride
by-product. Sodium chloride can be found at high concentrations in
GHB preparations and because of it being an inorganic salt, its
simultaneous detection with GHB by analytical instruments is lim-
ited. By simultaneously analyzing the salt by-product concentration
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and the GHB anion concentration, the comparison of GHB seizures
can be undertaken for drug profiling purposes. Identifying the salt
by-product formed during synthesis can also inform on the chemi-
cals utilized in the clandestine manufacture of the illicit drug, pro-
viding important intelligence to law enforcement agencies. Owing
to the ionic nature of both NaGHB and NaCl, separation and detec-
tion using an ion-exchange chromatography (IC) system are possi-
ble. Here, we report an IC method utilizing conductivity detection
that is capable of detecting the anion of GHB as well as the chlo-
ride anion by-product with minimal sample preparation.

IC is used extensively in the food and beverages industry (24),
for water quality testing (25,26), atmospheric monitoring (27,28),
and in the pharmaceutical industry (29). Examples of forensic
applications include explosives analysis (30), soil analysis (31),
adultered urine determination (32), drug authentication (33), and
drug profiling (34). IC is a well-established technique and has been
the preferred method for the detection of inorganic anions and
small organic anions for the past 20 years (35), making it an ideal
technique for the application to GHB detection.

To our knowledge, the application of IC for the detection of
GHB has not been reported and this is the first application for the
simultaneous analysis of the GHB anion and chloride. The devel-
oped IC technique is able to determine GHB purity quickly and eas-
ily with no sample pretreatment other than dilutions and filtering.

Materials and Methods

Chemicals

Gamma-butyrolactone (GBL) (98.5%) was purchased from Koch
Light Laboratories (Suffolk, England). Sodium chloride (99.9%), L-
ascorbic acid (99%), and hydrochloric acid (36%) were purchased
from Asia Pacific Specialty Chemicals Limited (Seven Hills, NSW,
Australia). Sodium bromide (99%), sodium hydroxide (98%),
sodium carbonate (99.8%), sodium bicarbonate (99%), and ethanol
(analytical grade) were purchased from Chem-Supply (Gillman,
SA, Australia). Sodium gamma-hydroxybutyrate (NaGHB) (99%)
was purchased from National Measurement Institute (NMI) (Pym-
ble, NSW, Australia). Deuterated NaGHB-d6 (1 mg ⁄mL in metha-
nol) was purchased from Cerilliant (Round Rock, TX), BSTFA
with 1% TMCS, potassium benzoate, glycolic acid (99%), and
ammonium formate (99.995%) were purchased online from Sigma
Aldrich. Sodium fluoride (99%), sodium nitrite (97%), ammonium
nitrate (99%), sodium dihydrogen orthophosphate (99%), ammo-
nium acetate (96%), and salicylic acid (99.5%) were purchased
from Ajax chemicals (Sydney, NSW, Australia). Sodium borate
was purchased from A.C. Hatrick Chemicals (Botany, NSW, Aus-
tralia). Ammonium bromate (99%), succinic acid, ammonium tar-
trate (99%), ammonium oxalate (99%), and tri-sodium citrate
(99%) were obtained from the British Drug House Laboratories
(Poole, U.K.). Sodium sulfate (99%) was purchased from Merck
(Kilsyth, Vic., Australia), and water was ultra purified to 18 meg-
ohm cm using a Barnstead� E-Pure� (Thermo Fisher Scientific,
Waltham, MA) water system.

Synthesis of GHB

NaGHB was synthesized in the laboratory by boiling GBL
(2 mL) with sodium hydroxide (0.92 g) and aqueous ethanol (40%
[v ⁄ v], 3 mL) under reflux for 1 h (36). Hydrochloric acid was
added dropwise until the solution reached pH 7. The neutralized
solution was then left to stand at room temperature (25�C) over-
night, resulting in NaGHB precipitation. The solid NaGHB salt
was then filtered under vacuum and was stored in a desiccator until
analysis. Eight different batches of NaGHB were synthesized and
are referred to as GHB 1–GHB 8.

Sample Preparation

Ion Chromatography Samples—Chloride calibration standards
were prepared by dissolving sodium chloride in mobile phase
(1 mM NaHCO3 ⁄ 8 mM Na2CO3) and made up to the required
concentrations with an internal standard concentration of 20 mg ⁄ L
bromide ion. Fifty microliters of each chloride standard was
injected onto the IC column in triplicate. Chloride peak areas rela-
tive to the bromide internal standard peak areas were averaged over
the replicates and plotted against chloride concentration.

GHB anion calibration standards for IC analysis were prepared
from serial dilutions of a GBL standard with mobile phase. An
internal standard concentration of 20 mg ⁄L bromide ion was added.
To ensure the complete conversion from the lactone into the anion,
the standards were left in a 70�C oven for 30 min prior to injecting
50 lL onto the IC column in triplicate. GHB anion peak areas rela-
tive to the bromide internal standard peak areas were averaged over
the replicates and plotted against GHB anion concentration.

Solutions of the laboratory synthesized NaGHB salts were made
by dissolving c. 5 mg of dried drug in 50 mL of mobile phase with
20 mg ⁄L bromide internal standard such that the final NaGHB con-
centration was c. 100 mg ⁄L. Fifty-microliter aliquots of these solu-
tions were then injected onto the column in triplicate.

All salts involved in the interfering anion study were dissolved
in mobile phase (c. 20 mg ⁄ L), before 50 lL was injected onto the
IC column.

Gas Chromatography–Mass Spectrometry Samples—To pre-
pare NaGHB for GC-MS analysis, dry NaGHB was accurately
weighed and dissolved in methanol. Thirty microliters of this solu-
tion, together with 3 lL of deuterated NaGHB internal standard
solution, was evaporated to dryness under a stream of nitrogen.
The dried sample was derivatized with 30 lL of BSTFA with 1%
TMCS and incubated in a 70�C oven for 30 min. One microliter of
this solution was injected onto the GC-MS column. Both standards
and samples were prepared in this way; however, NaGHB standard
solutions were prepared with NMI NaGHB to concentrations
between 1.5 and 60 mg ⁄ L, and synthesized NaGHB samples were
prepared to concentrations of c. 30 mg ⁄L.

Instrumentation

Ion Chromatography—Ion chromatography was performed on
a Dionex ICS-1500 ion chromatography system (Dionex Corpora-
tion, Sunnyvale, CA) composed of a pump, AS40 auto sampler,
column heater, and conductivity detector. The column was a Dio-
nex Ionpac� AS14A anion-exchange column (4 · 250 mm and
7 lm bead diameter). The mobile phase, 1 mM sodium bicarbon-
ate ⁄8 mM sodium carbonate in e-pure water (pH 10), filtered
with a 0.45-lm nylon membrane was used with a flow rate of
0.7 mL ⁄ min and with isocratic elution at 40�C. The suppressor

FIG. 1—The acid catalyzed conversion of GHB into GBL.
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system was a Dionex ASRS 300 (4 mm) anion self-regenerating
suppressor operated at 35�C.

Gas Chromatography–Mass Spectrometry—Validation of the
IC technique was performed on a Varian Saturn 2200 GC-MS-MS
(Varian Inc., Palo Alto, CA). A 1-lL aliquot of the derivatized
sample was injected into the column of a Varian gas chromato-
graph (CP-3800 GC). The flow of the carrier gas (helium) through
the Zebron (Zebron Corporation, Newport Beach, CA) column
(ZB-5MS capillary column, 5%-phenyl-arylene-95%-dim-
ethylpolysiloxane, 30 m · 0.25 mm I.D · 0.25 lm film thickness)
was 2 mL ⁄ min. The injector temperature was 270�C with a split
ratio of 50:1 being employed. The column oven temperature was
programmed at 70�C for the first minute, then +10�C ⁄min to
100�C and held at 100�C for the final 6 min. The detector was a
Varian 2000 Series Ion Trap MS operated in electron ionization
mode. The trap, manifold, and transfer line temperatures were 200,
120, and 250�C, respectively, and the electron multiplier was oper-
ated at 1700 V.

Data were recorded in full scan (40–400 m ⁄ z), and ions moni-
tored were the following: m ⁄ z 233, 204, and 147 and m ⁄ z 239 for
GHB and GHB-d6, respectively (the underlined ions used for
quantitation).

Results and Discussion

Method Development

Interfering Anions—The IC method was optimized to give the
best separation between the GHB anion and various common inor-
ganic anions. Figure 2 shows the seven anions analyzed and their
baseline separation from the GHB anion. Numerous organic anions
were also included in the study as shown in Table 1. Most anions
were baseline separated from the GHB anion with the exceptions
of acetate and formate that co-eluted with the drug. The presence
of these anions in a NaGHB seizure is possible if acetic acid or
formic acid is used instead of hydrochloric acid for the neutraliza-
tion step during synthesis. Acetate and formate can also be present
in beverages into which GHB is commonly dissolved (16). These
interfering anions, therefore, demonstrate the methods susceptibility
to false positives.

Calibration—NaGHB is extremely hygroscopic, making the
drug difficult to weigh accurately (23). For this reason, GBL was
used to prepare the GHB anion calibration standards owing to its
complete conversion into the GHB anion at mobile phase pH (37).
The resulting GHB anion calibration line (y = 0.0062x + 0.0587)
was linear (r2 = 0.9986) over the 3–135 mg ⁄ L range. The percent
relative standard deviations (CV) ranged from 0.5 to 6.2% for the
replicates (n = 3).

The limit of detection for each anion was determined using
equation 1:

LOD or LOQ ¼ KSb

m
ð1Þ

where K is the confidence factor, Sb is the standard deviation of
the blank, and m is the calibration sensitivity (the slope of the
calibration graph). Confidence factors of 3 and 10 were used to
calculate the limit of detection (LOD) and the limit of quantita-
tion (LOQ), respectively. The method for detecting the GHB
anion using IC had a LOD of 0.57 mg ⁄L and a LOQ of
1.9 mg ⁄L.

The chloride calibration line (y = 0.2186x ) 0.6701) was linear
over the 1–210 mg ⁄L calibration range (r2 = 0.9990), with a LOD
of 0.22 mg ⁄ L and a LOQ of 0.73 mg ⁄ L. The percent relative stan-
dard deviation between replicate analyses ranged from 0.25 to
1.86% for the replicates (n = 3), which indicates the high reproduc-
ibility of this developed method.

Differentiation of GHB Samples

Triplicate analysis of the laboratory synthesized NaGHB sam-
ples, with reference to the calibration lines, allowed the GHB anion
and chloride concentrations of each sample to be determined.

Figure 3 shows that differentiation of the eight laboratory syn-
thesized batches based on % GHB anion (w ⁄w) was achieved
after IC analysis with concentrations ranging from <5% (GHB-8)
to >75% (GHB-1). However, the technique’s ability to detect
chloride and other anions simultaneously adds significant discrimi-
natory power to the method. Figure 3 shows how GHB-2, GHB-
7, and GHB-8 contain small amounts of the GHB anion (<10%)
and large amounts of chloride (>30%). This amount of informa-
tion about the purity of a NaGHB sample was achieved in
11 min with simple sample preparation (dilution and filtration).
Reaction times and periods of crystallization may have varied
between batches resulting in the range of compositions seen in
Fig. 3. It is believed that this level of variation would occur in
clandestinely synthesized NaGHB preparations making the

FIG. 2—(A) The chromatogram of a seven anion mixture of common inor-
ganic anions. (B) The same seven anion mixture spiked with a solution of
NaGHB.

TABLE 1—The retention times of the organic anions included in the study.

Anions Retention Time (min)

Ascorbate 4.77
Glycolate 4.85
GHB 5.12
Acetate 5.17
Formate 5.28
Bromate 6.53
Salicylate 9.55
Succinate 12.53
Tartrate 14.60
Oxalate 18.28
Benzoate 50.49
Citrate 107.99
Borate >120
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simultaneous analysis of the GHB anion and chloride useful to
forensic investigations.

Method Validation

The developed IC method was validated using a well-established
GC-MS method analysing the GHB-TMS derivatives (12). All
NaGHB samples were analyzed using both methods with results
plotted against each other as shown in Fig. 4. The GC-MS results
showed good agreement with the IC results for the eight NaGHB
batches. The line, y = x, represents perfect correlation between the
two methods, and most of the samples lie on this line or have error
bars that cross the line. However, GHB-4 and GHB-6 deviated
slightly from the line. The larger IC % GHB anion result of these
two samples could be explained by the presence of coeluting

anions in the sample or more likely, the presence of GBL in the
sample converting into GHB anion in the mobile phase prior to
analysis. Despite the slight deviation from the line for these two
NaGHB samples, a t-test found that the two methods results are
not statistically different at the 99.9% confidence level.

Interestingly, when consumed, GBL is converted into GHB
through metabolic processes, and therefore, GBL has the same bio-
logical effects over the body as GHB does (8). The developed IC
method (in which all GBL present in a sample is converted into
the GHB anion) is therefore reporting on biologically available
GHB anion in a sample, rather than immediate GHB anion concen-
tration, and is therefore a more accurate determination of sample
potency than alternative methods. However, the law surrounding
possession of GHB is different to that surrounding GBL in many
jurisdictions meaning the accurate analysis of a sample’s GHB con-
tent can be necessary.

Conclusion

The developed IC method has an advantage over established
GC-MS procedures because of its simple sample preparation, rapid
analysis time, and inorganic anion detection capabilities. Despite
the simplicity of the method, reported GHB anion concentrations
are in agreement with those determined using the GC-MS derivati-
zation technique. However, the presence of GBL in the NaGHB
sample will cause an overestimation of GHB anion concentration
when analyzed using the IC method. Although this enables the bio-
logical potency of the sample to be determined, the IC method
could be modified to enable the exclusive detection of both GHB
anion and GBL by the addition of a liquid ⁄ liquid extraction step to
the sample preparation before IC analysis. Further modifications to
the method by the incorporation of an alternative stationary phase
capable of resolving the acetate, formate, and GHB anion peaks
could improve the method by eliminating the risk of false
positives.

The reported IC method is therefore well suited as a screening
tool. The limits of detection were 0.57 mg ⁄L and 0.22 mg ⁄L for
the GHB anion and chloride respectively, making the method sen-
sitive enough for the analysis of clandestine preparations. This
method also enables the simultaneous detection of chloride ion
that has the potential to be one of the most concentrated by-prod-
ucts in NaGHB preparations and can be a useful marker for
batch-to-batch variation. As such, the developed method has the
potential not only to be useful for the determination of GHB
anion concentration in a sample but also to help identify samples
from the same batch.
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