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Gamma-Hydroxybutyrate (NaGHB) by Nuclear
Magnetic Resonance Spectroscopy

ABSTRACT: The most common means of identification of gamma-hydroxybutyrate (NaGHB) involves using Fourier transform infrared spec-
troscopy (FTIR) or gas chromatography-mass spectrometry (GC-MS) of a suitable derivative. However, these methods may be complicated by pos-
sible shifts in chemical equilibrium between gamma-hydroxybutyric acid (GHB), GHB salts and the precursor |lactone, gamma-butyrolactone
(GBL). This paper addresses the technique of proton and carbon nuclear magnetic resonance spectroscopy (*H and *C NMR) for the direct and ac-
curate identification of GHB and GBL. The application of *H NMR for GHB quantitation is also discussed.
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Gamma-hydroxybutyrate (NaGHB) is a central nervous system
depressant originally used as an anesthetic adjunct in Europe more
than 30 yearsago (1) (Fig. 1). It isknown to promote the rel ease of
growth hormones and was used both for muscle growth and as a
sleep aid among bodybuilders during the 1980s (2,3). In 1989,
NaGHB abuse began to increase due to its marketing as the re-
placement for L-tryptophan (4). In early 1990, hospital emergency
rooms across the United States reported numerous cases of NaGHB
overdose and related poisoning episodes (5), prompting several
states to ban over-the-counter sales of NaGHB and NaGHB-
containing “supplements” in 1990.

Following the ban, NaGHB was manufactured clandestinely
from gamma-butyrolactone (GBL) (Fig. 2). NaGHB is currently
abused for its hypnotic and euphoric effects and is commonly en-
countered at “rave parties” and in drug-aided sexual assault cases.
There has been a widespread increase of NaGHB-related emer-
gency room visits with 56 recorded visitsin 1994 to 4969 visitsin
2000 (6).

On February 18, 2000, the Hillory J. Farias and Samantha Reid
Date-Rape Drug Prohibition Act of 1999 (Public Law 106-172)
was signed and became Federa law. This law directed DEA to
place GHB into Schedule | of the Controlled Substances Act
(CSA). The final rule issued by DEA became effective on March
13, 2000 (the same day it was published in the Federal Register).
It also placed GBL as a List | chemical. If, however, GBL isin-
tended for human consumption and meets the definition of a Con-
trolled Substance Analog in the CSA (21 USC 802(32), it could be
treated as a Schedule | Controlled Substance. GHB-containing
products manufactured, distributed or possessed in accordance
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with FDA authorized Investigational New Drug exemptions under
the Federal Food, Drug and Cosmetic Act are placed into Schedule
111, if or when they are approved.

The common means of identification of NaGHB involves using
FTIR or derivatization followed by GC-MS. However, samples
containing mixtures of NaGHB, GBL and/or other impurities re-
quire cleanup procedures such as acid/base extraction followed by
evaporation of excesswater prior to FTIR determination (7,8). Be-
cause NaGHB convertsto GBL in heated injection ports, the iden-
tification of the original material by GC or GC-MS cannot be at-
tempted without preliminary derivatization (9,10). In addition,
sample preparation can affect the outcome of the analysis. Thein-
terconversion between NaGHB and GBL (Fig. 3) is very pH de-
pendent, and any equilibrium shift during cleanup and derivatiza-
tion can pose problems in the analysis (11). Although the lactone
cannot be directly derivatized, in some cases, low levels of lactone
may convert into GHB and then be derivatized. This has been de-
tected in some derivatization experiments in the DEA Western
laboratory using trimethylsilylating agents. High Pressure Liquid
Chromatography/Ultraviolet-Visible Spectrophotometry (HPLC/
UV-VIS), and HPLC/thermospray mass spectrometry have been
used for separation and quantitation of GHB, and the latter method
has also been used for confirmation (12). However, these tech-
niques al so have drawbacks since the mobile phase used may result
in shifting the sample equilibria during analysis.

More recently, *H and **C NMR have been used successfully for
GHB and GBL identification without altering the chemistry of the
existing sample. *H and *3C NMR spectra demonstrate sharp char-
acteristic resonance peaks (8,13). In the DEA laboratories, at |east
100 samples have been analyzed using NMR for identification.

NMR can also be used for quantitation of GHB and GBL either
separately or in combination. This technique does not have the
problems associated with other techniques, which include GC (14),
free zone capillary electrophoresis (CE) (15,16) and HPLC
(12,16,17). The GC quantitation method is relatively labor inten-
sive and involves extraction of any free lactone present in the sam-
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ple prior to the analysis. In addition, each of these methods relies
on sample comparison with a known standard; this can be prob-
lematic since NaGHB is extremely hygroscopic and can absorb
enough water from the air to convert it from a powder into aslush-
like material, which will affect the quantitative results. Since NMR
does not necessarily use GHB as an externa standard, measure-
ments are more reliable and consistent.
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FIG. 1—Structure of gamma-hydroxybutyric acid sodium salt.
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FIG. 2—Structure of gamma-butyrolactone.
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FIG. 3—Reaction showing interconversion of GBL to GHB.
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Materials and M ethods
Chemicals

Gammea-hydroxybutyric acid sodium salt was obtained from Fluka
Chemical Corporation (Milwaukee, WI). Gammarbutyrol actone was
obtained from Sigma Chemical Company (St. Louis, MO). Deu-
terium oxide (99.9 atm% D) and 1,4-dioxane (HPL C grade) were ob-
tained from Aldrich Chemical Company, Inc. (Milwaukee, WI).

NMR Spectrometry

Proton spectrawere obtained on aVarian Gemini 2000 FT-NMR
spectrometer using a 5 mm dual-channel room temperature probe
and a proton observation frequency of 300 MHz. A SUN Ultra 5
computer running VNMRX software controlled thesystem. All sam-
ples were prepared in deuterium oxide containing sodium 2,2-
dimethyl-2-silapentane-5-sulfonate (DSS) as the internal reference.
Wilmad 5355 mm X 178 mm (0.19 by 7 in.) sample tubes contain-
ing 0.8 mL deuterated solvent wereused for all datacollection. A 30°
pulseanglewith 16 scanswas applied on all qualitative experiments.

Carbon spectra were obtained using the above Varian NMR
spectrometer at an observation frequency of 75 MHz. Sample con-
centrations were approximately 30 mg/mL. A 45° pulse angle was
applied with 512 scans. All spectra were decoupled.

Homonuclear Correlation Spectra (COSY) (18) were obtained
for both compounds. The parameters are asfollows: 4 scans per in-
crement with 64 increments, relaxation delay 1.000 s, WALTZ-16
decoupling, 0.3 Hz line broadening, FT size 512 X 512.

Heteronuclear Correlation Spectra(HETCOR) (19) were obtained
for both compounds. Thefollowing parameterswere used: 128 scans
per increment with 256 increments, relaxation delay 1.000 s,
WALTZ-16 decoupling, 1.0 Hzlinebroadening, FT size2048 X 512.
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FIG. 4—(a) 'H NMR spectrum of NaGHB, (b) *H NMR spectrum of GBL, (c) *H NMR spectrum of a mixture of NaGHB and GBL, (d) *H NMR spec-

trum of GBL and GHB free acid interconversion.
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TABLE 1—Proton and carbon chemical shift assignments for GHB and GBL individually in D,O, a mixture of GHB and GBL in DO, and GHB free
acid and GBL in D0 with DSS as the reference. Proton-proton coupling constantsin Hertz are in parentheses. Peak multiplicity code: t = triplet,
m= multiplet (five line pattern).

Individually Mixture GHB Free Acid and GBL
GHB GBL GHB GBL GHB GBL
H-2 220t (7.7) 2.60t(8.1) 2.26t(7.7) 2.62t(8.1) 243t (7.7) 2.57t(8.1)
H-3 1.76 m (7.1) 2.31m (7.6) 1.82m(7.1) 2.32m (7.6) 1.82m(7.1) 2.28 m (7.6)
H-4 3561 (6.7) 4.461(7.3) 3.621(6.7) 4.451(7.3) 361t(6.7) 4.431(7.3)
C-2 36.67 30.57 36.78 30.59 32.96 30.52
C-3 31.05 24.21 31.18 24.24 29.41 24.15
C-4 64.15 73.21 64.25 73.21 63.34 73.17
C-1 185.77 185.59 185.53 185.47 180.92 185.58
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FIG. 5—(a) *C NMR spectrum of NaGHB, (b) **C NMR spectrum of GBL, (c) **C NMR spectrum of a mixture of NaGHB and GBL, (d) **C NMR spec-

trum of GBL and GHB free acid interconversion.

Quantitation of NaGHB was accomplished using *H NMR with
a90° pulse angle, a 30 s delay between pulses, and 16 scans. Con-
centrations of NaGHB ranged from 5-100 mg/mL with 1,4-
dioxane (2 mg/mL) astheinternal standard. Figure 7 isthe *H spec-
trum for the quantitation of GHB. The 30 sdelay was used to allow
the resonances to return to equilibrium. This exceeds the 5X T 1max
for the compounds.

Results and Discussion

The H spectra of GHB and GBL each exhibit three principal
resonance signals with very different chemical shifts. The °C
NMR of GHB and GBL may aso be used for spectroscopic identi-
fication. *3C Spectra of GHB and GBL display four carbon reso-
nance peaks, which are easily distinguishable and specific. Even if
co-mingled in asample, the chemical shifts of either compound are

not changed significantly and, except for the carbonyl carbon, do
not coincide.

The interpretation of *H one-dimensional (1D) spectra of
NaGHB and GBL is straightforward with three signals: two triplets
and one five-line multiplet. The triplets are a result of spin-spin
couplings with two protons on the adjacent carbons and not com-
plicated by other adjacent protons. Thefive-line multipletisthere-
sult of rapid conformational averaging by spin-spin couplingsfrom
protons on the adjacent carbons (20—24). The chemical shift of the
H-2 is consistent with a methylene group adjacent to a carboxylic
acid. The H-4 chemical shift agrees with a methylene group adja-
cent to an alcohol. Figure 4 is the *H spectra of GHB (&) and GBL
(b), amixture of NaGHB and GBL (c) and an equilibrium mixture
of GBL and NaGHB showing the partial hydrolysis of GBL into
GHB after a six-month period (d) (11).

The 3C 1D spectra of NaGHB and GBL are straightforward
with four signals. The signal at approximately 185 ppm is the car-
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bonyl (25). The signal in the 65—75 ppm region correlates with a
signal for an alcoholic carbon (C-OH). Table 1 liststhe *H and *3C
chemical shiftsand J-couplingsfor both compounds. Figure5isthe
13C spectra of NaGHB (a) and GBL (b), a mixture of GHB and
GBL (c) and an equilibrium mixture of GBL and GHB freeacidin-
terconversion after six months (d) (11).

The symmetrized COSY spectra show cross correlations be-
tween H2-H3 and H3-H4, but no correlation between H2-H4.
This is consistent with the structure of GHB and GBL (26). Fig-
ures 6 and 7 are the COSY spectra of NaGHB and GBL, respec-
tively.

The HETCOR spectra show the carbon-hydrogen correlations
and are straightforward and unambiguous (27). Figures8 and 9 are
the HETCOR spectra of NaGHB and GBL, respectively.

No significant chemical shift changeswere observed during pro-
ton and carbon NMR experiments on mixtures of GHB sodium salt
and GBL in D0 (see Table 1).

The NMR experiments showed no observable conversion of
GBL to GHB in D,0 solvent for the first 21 days. However, con-
version of GBL into GHB-free acid in D,O did occur after alonger
period of time. GBL/GHB interconversion is shown in Figs. 4(d)
and 5(d) asthe *H and *3C spectra, respectively. The conversion of
GBL to GHB-free acid eventually reached an equilibrium ratio of
2/1, as suggested in some previous studies [e.g., see 11]. Thiswas
confirmed in our NMR experiments. No further difference in the
proportion between the lactone and free acid was observed in the
same sample tested at six months as compared to three months.
GHB-free acid can be easily identified using its chemical shifts
(21), which are markedly different from its salt form, especially on
the H-2 protons and C-1, C-2 and C-3 carbons (see Table 1). The
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FIG. 6—COSY spectrum of NaGHB.
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FIG. 7—COSY spectrum of GBL.

protons of the hydroxyl and the carboxyl group exchange quite
rapidly with the deuterium in the solvent, and give rise to a large
HDO pesk at 4.8 ppm.

Quantitation

Figure 10 shows a *H NMR spectrum of the NaGHB in D,O
acquired with the internal standard 1,4-dioxane represented by
eight protons with a single resonance signal at 3.75 ppm. Quanti-
tation of GHB in the sample (Fig. 11) is determined by compar-
ing integrated signal intensities of the internal standard and the
NaGHB/H-4 protons (Table 2). The calibration curve is linear
from 5-100 mg/mL of NaGHB with a correlation coefficient of
0.99999 for a five-point calibration. The measured values at each
concentration represent the mean value of the three separate
trials.

Precision was determined at each concentration by comparing
the experimental results of three trials. The relative standard devi-
ation (RSD) of the three trials at each concentration ranged from
0.1410 0.88%. Accuracy, expressed in percent error, was measured
by comparing the mean experimental value at each concentration
to the weighed concentration. The percent error ranged from 0.40
to 1.60. The experiments demonstrated a high level of repro-
ducibility as well as accurate quantitative measurements of the
NaGHB sample based on NMR theory (28). The accurate propor-
tionality between the signal intensities and the number of hydrogen
nuclei resonating can be used to accurately determine the concen-
tration of a sample, even though a standard for that compound is
not present (29). In this particular instance, both NaGHB and GBL
can be quantitated simultaneously.
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FIG. 8—HETCOR spectrum of NaGHB.
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FIG. 9—HETCOR spectrum of GBL.



6 JOURNAL OF FORENSIC SCIENCES

_10.00
T
8§ 8.00
55
§3 6.00
g2
¢F
55 4.00
9 £ :
@ 200
o
= 0.00 |

0 20 40

L e Rma S e iy menn s s

2 1 ppR

&
«

ot o
20.62 21.69
21,11 22.36

FIG. 10—'H NMR spectrum of NaGHB in D,O; internal standard 1,4-dioxane.
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FIG. 11—Linearity chart R = 0.999986 for GHB quantitation.

TABLE 2—GHB gquantitation using 1,4-dioxane as internal

standard in D0 on threetrials.

GHB Conc. *Measured
(mg/mL) (mg/mL) RSD (%) % Error
5.04 5.06 0.88 0.40
10.01 10.16 0.73 155
20.01 20.33 0.24 1.60
50.12 50.92 0.14 1.60
100.40 101.00 0.69 0.60

*Mean experimental value.

Conclusion

NMR provides asimple, rapid and sensitive analysis to identify
and quantify NaGHB, GBL, and mixtures of NaGHB and GBL.
The quantitation does not require prior extractions, derivatizations
or manipulations, and therefore does not change the equilibrium of
the sample during analysis. This method also does not require the
use of aNaGHB standard, the use of which can be problematic due
to its hygroscopic nature.

Acknowl edgments

The authors wish to acknowledge Kathleen M. Andrews, Drug
Enforcement Administration forensic chemist at the Western Lab-
oratory, San Francisco, California, for her information and helpful
insights, as well as her exceptional contributions during discus-
sions throughout this research project.

References

1. Lewis A, Smith E. Gamma-hydroxybutyrate: From the 60s to the pre-
sent. Proceedings of the American Academy of Forensic Sciences
2000;6:43.

2. Duchaine D. Underground steroid handbook (11). Update: 1992, Golden,
CO: Mile High Publishing, 1992.

3. Phillips WN. Anabalic reference guide, 6th ed. Golden, CO: Mile High
Publishing, 1991.

4. Auerbach SB. Multistate outbreak of poisonings associated with illicit
use of gamma hydroxybutyrate. MMWR 1999;Nov 39(47):861-3.

5. Drug Enforcement Administration, Gamma hydroxybutyric acid. Wash-
ington, D.C.: Press Release March 2000.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CHEW AND MEYERS ¢ IDENTIFICATION AND QUANTITATION OF NaGHB 7

. Substance Abuse and Mental Health Services Administration, Office of

Applied Sciences. The Dawn Report, Club Drugs, December 2000 (Up-
dated).

. MorrisJA. Extraction of GHB for FTIR analysis and anew color test for

gamma-butyrolactone (GBL). Microgram 1999;32(8):215.

. Krawczeniuk A. The occurrence of gamma-hydroxybutyric acid (GHB)

in asteroid seizure. Microgram 1993;26(7):160-6.

. Blackledge RD, Miller MD. The identification of GHB. Microgram

1991;24(7):172-9.

Blair S, Song M, Hall B, Brodbelt J. Determination of gamma-hydroxy-
butyrate in water and human urine by solid phase microextraction—gas
chromatography/quadrupole ion trap spectrometry. J Forensic Sci
2001;46(3):688.

Ciolino LA. Bridging the gap between GHB and GBL. Proceedings of
American Academy of Forensic Sciences Meeting 2000;6:44.

Mesmer MZ, Satzger RD. Determination of gamma-hydroxybutyrate
(GHB) and gamma-butyrolactone (GBL) by HPLC/UV-VIS spec-
trophotometry and HPL C/thermospray mass spectrometry. J Forensic
Sci 1998;43(3):489-92.

Chew SL. Identification and quantitation of GHB by nuclear magnetic
resonance spectroscopy. Proceedings of the American Academy of
Forensic Sciences, 1999;5:41.

Lettieri JT, Fung H. Evaluation and development of gas chromato-
graphic procedures for the determination of gamma-hydroxybutyric acid
and gamma-butyrolactone in plasma. Biochem Med 1978;(20):70-80.
Krawczeniuk A. Direct detection of gamma hydroxybutyrate (GHB): A
new recreational drug via free zone capillary electrophoresis. Proceed-
ings of American Academy of Forensic Sciences, 1998;4:34.

Garcia AD, Lurie IS, Hulett L, Almirall JR. Quantitation of gamma-
hydroxybutyric acid and gamma-butyrolactone using capillary elec-
trophoresis and high performance liquid chromatography. Proceedings
of the American Academy of Forensic Sciences, 2001;7:28.

Beyerle TH. Optimum high performance liquid chromatography param-
eters for the quantitation of gamma-hydroxybutyrate and gamma-
butyrolactone. Proceedings of American Academy of Forensic Sciences,
2000;6:44.

Aue WP, Bartholdi E, Ernst RR. Two-dimensional spectroscopy: Appli-
cations to nuclear magnetic resonance. J Chem Phys 1976;64:2229-46.
Bax A, MorrisGA. Animproved method for heteronuclear chemical shift
correlation by two dimensional NMR. JMagn Reson 1981;42:501-5.
Stortz CA, Maier MS. Configurational assignments of diastereomeric
~v-lactones using vicinal H-H NMR coupling constants and molecular
modeling. Perkin Trans 2 2000;9:1832—6.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Jaime C, Segura C. Substituted y-lactones with vicinal hydrogen atoms:
conformational study by MM 2 calculations and coupling constant anal-
ysis. JOrg Chem 1993;58(1):154-8.

Thomas SA, Agbaji EB. Molecular conformation of y-lactoneringsfrom
crystal structure data. J Crystallogr Spectrosc Res 1989;19(1):3-23.
Jaime C, Ortuno RM, Font J. Di- and trisubstituted -y-lactones. Confor-
mational study by molecular mechanics calculations and coupling con-
stant analysis. J Org Chem 1986;51(21):3946-51.

Lere-Porte JP, Galsomias J, Petrissans J, Brianso MC. Substituents ef-
fects on the conformation of y-lactones. |. y-Butyrolactone derivatives.
JMolec Struct 1984;118(3-4):277-92.

Pihlgja K, Kleinpeter E. Carbon-13 NMR chemical shifts in structural
and stereochemical analysis. VCH, New York, NY, 1994.

Croasmun WR, Carlson RM. Two-dimensional NMR spectroscopy. Ap-
plications for chemists and biochemists, 2nd edition. VCH, New Y ork,
NY, 1994.

Martin GE, Zektzer AS. Two-dimensional NMR methods for establish-
ing molecular connectivity. VCH, New York, NY, 1988.

Abraham RJ, Fisher J, Loftus P. Introduction to NMR spectroscopy.
John Wiley & Sons, New York, NY, 1988.

Becker ED. High resolution NMR, 2nd edition. Academic Press, New
York, NY, 1980.

For additional information:
Shirley L. Chew, B.S.

Drug Enforcement Administration
Western Laboratory

390 Main St. Room 700

San Francisco, CA 94105

Tel: (415) 744-7051

Fax: (415) 744-7055

E-mail: Jmeyers150@aol.com

For reprint requests:

John A. Meyers, B.S.

Drug Enforcement Administration
North Central Laboratory

536 S. Clark St. Room 800
Chicago, IL 60605

Tel: (312) 353-3640

Fax: (312) 353-9789

E-mail: Jmeyers150@aol.com



