
Abstract. – OBJECTIVE: The aim of this work
is to test the stability of exogenous GHB in whole
blood and urine samples collected from living and
deceased GHB free-users, spiked with known
concentrations of GHB and stored at different
temperatures (–20°C, 4°C and 20°C) up to 4 weeks. 

MATERIALS AND METHODS: GHB was added
to GHB-free ante-mortem blood and urine samples
at the concentration of 5 and 10 mg/L, respectively
whereas in post-mortem blood and urine speci-
mens at 50 and 10 mg/L respectively. All samples
were stored at three different temperatures: –20°C,
4°C and 20°C and extracted and analyzed at three
days, 1 week, 2 weeks, 3 and 4 weeks in duplicate.
No preservatives were added. GHB was quantified
by GC-MS after LLE according to a previously pub-
lished method. 

RESULTS: Post-mortem blood specimens
showed a reduction of GHB levels higher than 10%
only after a period of 4 weeks of storage for sam-
ples kept at +4°C and +20°C, whereas samples
stored at –20°C showed a mean reduction of 8.7%.
In post-mortem urine samples, there was a mean
reduction of GHB levels higher than 20% at all stor-
age temperatures, after 4 weeks of storage. Ante-
mortem blood samples showed a reduction of GHB
levels lower than 10% only after 3 days of storage
at –20°C and at +4°C (samples stored at +20°C
showed a mean reduction of 10.4%). After 4 weeks
of storage, there was a mean reduction of GHB
concentrations higher than 20% at all storage tem-
peratures. Ante-mortem urine samples showed a
reduction of GHB levels higher than 10% after just
3 days of storage for samples kept at all tested tem-
peratures. After 4 weeks of storage, there was a
mean reduction of GHB concentrations higher than
25% at all storage temperatures.

CONCLUSIONS: According to our findings, it
would be useful to perform GHB analysis both in
blood and urine specimens within 3 days of
sampling and the specimens should be stored at
–20°C or 4°C in order to avoid instability issues.
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Introduction

Over the last two decades gamma hydroxybu-
tyric acid (GHB) has been generating an in-
creased notoriety as an euphoric and disinhibit-
ing drug of abuse in particular in certain social
backgrounds. GHB has been used in cases of
drug-related sexual assault and this is why it is
considered a “date rape drug”, it can easily be
added to drinks, in particular when the designed
victim is already vulnerable due to the effect of
sedative substances1-3. Moreover, in the 90s it
was infamously popular among bodybuilders,
who used it as a “steroid-accessory drug”, to in-
crease the release of the growth hormone (GH),
although the scientific evidence supporting this
theory is controversial4-5.

In forensic investigations, it is necessary to de-
termine if any GHB detected is due to endoge-
nous production or exogenous ingestion. As a
consequence of its rapid metabolism and elimi-
nation (within 4-8 hours post ingestion), concen-
trations both in blood and urine can drop very
quickly, this is why the stability of GHB must be
monitored especially in those cases where the in-
vestigation is performed after a long interval of
time. It has been proved that post-mortem inter-
val strongly affects the GHB post mortem pro-
duction both in urine and blood specimens6. 

If GHB and its analogous/precursors (Figure 1)
are compared to other common drugs, it is evi-
dent the small amount of informations available
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regarding the trends of use and their diffusion
throughout the population3,7.

The European Monitoring Centre for Drugs and
Drug Addiction (EMCDDA) reported that al-
though GHB consumption is usually low in Eu-
rope, there are some contexts where it together
with its analogous/precursors are more often used
like for example gay nightclubs8. More recently it
has been also associated to new psychoactive sub-
stances, such as mephedrone, giving rise even to
fatalities9. A study conducted in 2003 in the UK
by the Independent Drug Monitoring Unit (ID-
MU) highlights that the use of GHB first reached
its peak in the years between 1994 and 2002, and
only few people had used it before then10.

The aim of this work is to test the stability of ex-
ogenous GHB in whole blood and urine samples
collected from living and deceased GHB free-users
and stored at different temperatures up to 4 weeks.
GHB was added to ante-mortem blood and urine
samples at the concentration of 5 and 10 mg/L, re-
spectively whereas in post-mortem blood and urine
specimens at 50 and 10 mg/L respectively.

Material and Methods

Reagents
GHB sodium salt in methanol (1.0 mg/mL)

and GHB-D6 sodium salt (0.1 mg/mL) were pur-
chased from Cerilliant-Sigma-Aldrich (St. Louis,

MO, USA); sulphuric acid (98%) and ethyl ac-
etate were purchased from Merck (Milan, Italy);
BSTFA +1% TMCS derivatising agent was pur-
chased from Supelco (Bellefonte, PA, USA).

Extraction and Analysis
The analyses were performed following the

published method suggested by Elliott11, which has
been adapted and revalidated to the conditions of
the present study according to the guidelines of Pe-
ters et al12. A liquid-liquid extraction (LLE) follow-
ing the procedure of Busardò et al6 was used.

The GC/MS analysis was carried out using an
Agilent Technologies (AT) model 6890N GC cou-
pled with an AT mod. 5973 Inert mass selective de-
tector and an AT 7683 Series automatic sampler at
the following chromatography conditions: DB5-
MS capillary column (30 m, 0.32 mm i.d.) with a
temperature gradient starting at 60°C (for 2 min)
and ramping to 180°C (20°C/min for 6 min) then
ramping to 250°C (50°C/min for 1 min) and finally
70°C post-run. Derivatised GHB (GHB-diTMS)
and GHB-D6 (GHB-D6-diTMS) were detected us-
ing the 233 and 239 ion fragments, respectively. 

Sensitivity and Linearity
The lower limit of quantification (LLOQ) for

GHB was defined as the lowest standard on each
calibration curve (2.5 mg/L) with a peak re-
sponse at least 10 times (S/N ≥ 10) that of the
blank response.
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Figure 1. Chemical
structure of GHB and re-
lated compounds.



Two calibration curves were used, one for
blood and one for urine samples and have includ-
ed 7 points, each. The following GHB calibra-
tors: 2.5, 5, 10, 30, 40, 50 and 60 mg/L were pre-
pared in blank (pre-screened) equine plasma for
the analysis of blood samples. The following
GHB calibrators: 2.5, 5, 7.5, 10, 12.5, 15 and 20
mg/L were prepared in human urine (endogenous
GHB concentration determined to be < 0.5 mg/L
by GC-MS) for the analysis of urine samples.
Linear regression, not forced through zero, was
used to produce each calibration curve.

Samples and storage conditions
Different sources of blood and urine were ob-

tained as follow: 10 samples of blood and 10 sam-
ples of urine came from 10 alive GHB free-sub-
jects (mean age 39 years ± 7.19), whereas 10 post
mortem blood samples and 10 post mortem urine
samples were obtained from 10 cadavers (mean
age 45 years ± 9.15), in which the post mortem in-
terval was between 20 and 30 hours. The cause of
death in post mortem cases was not drug related
but due to natural causes in 3 cases, suicide by
hanging in 2 cases, firearms injuries in 2 cases,
stab injuries in 2 cases and major traumas in 1
case. For all cases the endogenous blood and urine
concentrations of GHB were previously detected
and they were below 0.5 mg/L. Pools of blood and
urine were spiked with GHB at the following con-

centrations: 5 and 10 mg/L for ante-mortem blood
and urine samples, respectively and 50 and 10
mg/L for post-mortem blood and urine specimens,
respectively. 1 mL aliquots were transferred in 2
mL Eppendorf capped tubes and all samples were
stored at three different temperatures: –20°C, 4°C
and 20°C and extracted and analyzed at 3 days, 1
week, 2 weeks, 3 and 4 weeks in duplicate. No
preservatives were added to the specimens. 

Statistical Analysis
The statistical analysis of data was performed

by using the analysis of variance in order to com-
pare the three different storage temperatures both
in ante-mortem and post-mortem blood and urine
samples throughout the period of investigation
up to 4 weeks, and paired t-test for the compari-
son of GHB levels between t0 and 3 days, 1, 2, 3
and 4 weeks in each group. A p-value lower than
0.05 (p<0.05) was considered statistically signifi-
cant. The STATA software 11.0 version was used. 

Results

The temporal trend of GHB mean values both
in ante-mortem and post-mortem blood and urine
samples throughout the period of investigation
up to 4 weeks at three different storage tempera-
tures is reported in Figures 2-5. 
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Figure 2. GHB mean values and temporal trend up to 4 weeks of post-mortem blood specimens spiked with 50 mg/L GHB.
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Post-mortem blood specimens spiked with 50
mg/L of GHB showed a reduction of GHB levels
higher than 10% only after a period of 4 weeks
of storage for samples kept at +4°C and +20°C
(mean reduction 10.4% and 12%, respectively)
which was statistically significant (p<0.001),

whereas samples stored at –20°C showed a
mean reduction of 8.7% (p<0.01). At three days
there was a mean reduction of GHB levels of
0.1% for samples stored at –20 and +4°C and a
mean reduction of 0.4% for samples stored at
+20°C. These decreases were not statistically
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Figure 3. GHB mean values and temporal trend up to 4 weeks of post-mortem urine specimens spiked with 10 mg/L GHB.

Figure 4. GHB mean values and temporal trend up to 4 weeks of ante-mortem blood specimens spiked with 5 mg/L GHB.



significant at the 5% level. The mean GHB val-
ues and the temporal trend up to 4 weeks are re-
ported in Figure 2. 

Post-mortem urine samples spiked with 10
mg/L of GHB showed a reduction of GHB levels
lower than 10% only after 3 days of storage for
all samples: 4.2% for samples stored at –20°C
(p<0.01), 4.8% for samples stored at +4°C
(p<0.01) and 8.4% for samples stored at +20°C
(p<0.001).

After 4 weeks of storage, there was a mean re-
duction of GHB levels higher than 20% at all
storage temperatures: 22.1% for samples stored
at –20°C, 23.9% for samples stored at +4°C and
27.9% for samples stored at +20°C. These de-
creases were statistically significant: p<0.001.
The mean GHB values and the temporal trend up
to 4 weeks are reported in Figure 3. 

Ante-mortem blood samples spiked with 5
mg/L of GHB showed a reduction of GHB levels
lower than 10% only after 3 days of storage for
samples stored at –20°C (7%) and at +4°C
(7.2%), whereas for samples stored at +20°C
there was a mean reduction of 10.4% (p<0.001).

After 4 weeks of storage, there was a mean re-
duction of GHB concentrations higher than 20%
at all storage temperatures: 24.5% for samples
stored at –20°C, 25.8% for samples stored at
+4°C and 29.5% for samples stored at +20°C.
These decreases were statistically significant:

p<0.001. The mean GHB values and the tempo-
ral trend up to 4 weeks are reported in Figure 4.

Ante-mortem urine samples spiked with 10
mg/L of GHB showed a reduction of GHB levels
higher than 10% after just 3 days of storage for
samples kept at all tested temperatures: at –20°C
there was a reduction of 12%, at +4°C of 10.8%
and at +20°C a mean reduction of 14.2%. All these
reductions were statistically significant (p<0.001). 

After 4 weeks of storage, there was a mean re-
duction of GHB concentrations higher than 25%
at all storage temperatures: 28.5% for samples
stored at –20°C, 28.7% for samples stored at
+4°C and 32.5% for samples stored at +20°C.
These decreases were statistically significant:
p<0.001. The mean GHB values and the tempo-
ral trend up to 4 weeks are reported in Figure 5.

Finally, taking into consideration that both
ante-mortem and post-mortem urine specimens
were spiked with the same GHB concentration of
10 mg/L, the comparison of the GHB mean lev-
els over 4 weeks did not show any significant
statistical difference at all intervals of time at the
5% level as shown in Figure 6.

Discussion

For forensic purposes, toxicologists are fre-
quently requested to repeat analyses, for this rea-
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Figure 5. GHB mean values and temporal trend up to 4 weeks of ante-mortem urine specimens spiked with 10 mg/L GHB.
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son it is essential to have correct information of
the stability of drugs in biological specimens for
a reliable interpretation of the results obtained.
Taking into consideration the storage conditions
(including time, temperature, the addition or not
of preservatives, etc.), drug concentrations may
change significantly from when they were col-
lected. Some drugs have shown considerable
changes in stability terms during the storage peri-
od, for this reason wrong interpretations can have
numerous legal consequences13-16. 

Due to the high variability of GHB endoge-
nous concentrations as shown in the literature,
even though different cut-offs have been pro-
posed: 10 and 5 mg/L for urine and blood sam-
ples of living subjects11,17-19 and 50 and 10 mg/L
for post-mortem blood and urine samples, re-
spectively19,20, sometimes it is difficult to dis-
criminate between endogenous production and
exogenous administration. For this reason cau-
tion must be used in the interpretation of findings
as suggested by Mari et al in the determination of
a normal ante mortem GHB concentration in
urine specimens21. 

Most studies performed on the formation and
stability of endogenous GHB in post-mortem
samples at different storage conditions, with or
without preservatives, demonstrate findings
which are not always consistent17,22,23. 

On the contrary, this present work has investi-
gated the stability of exogenous GHB spiked at
three different concentrations, taking into ac-
count the suggested cut-off values, in post-
mortem blood and urine samples of subjects
(whose post-mortem interval was between 20
and 30 hours) where the cause of death could ex-
clude GHB exposure and in blood and urine sam-
ples of living GHB-free users. This in order to
provide useful information about storage condi-
tions and the time in which the analysis should
be performed to avoid or reduce the risk of insta-
bility.

In our study, –20°C represents the best storage
temperature after 4 weeks of investigation both
in ante-mortem and post-mortem blood and urine
specimens and there was a statistical significant
difference in comparison to the other two storage
temperatures (p<0.001). 

The comparison of GHB mean values at 3
days for samples stored at –20°C and +4°C has
shown no statistically significant differences at
the 5% level both in ante-mortem and post-
mortem blood and urine specimens. Only in one
case (ante-mortem urine samples) the mean re-
duction of GHB levels was lower for samples
stored at +4°C in comparison to –20°C (10.8%
vs. 12%). Post-mortem blood specimens spiked
with 50 mg/L of GHB have never shown a reduc-
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Figure 6. Comparison of the GHB mean levels between post-mortem and ante-mortem urine samples, over 4 weeks.



tion of GHB levels higher than 10% throughout
all period of investigation (4 weeks). Only at 4
weeks there was a reduction higher than 10% in
samples stored at +4°C and +20°C (10.4% and
12%, respectively). 

Currently, the literature on stability of GHB
in both ante-mortem and post-mortem blood
and urine samples is limited. Only few studies
have been carried out on GHB stability. Chen et
al24 found that plasma GHB is stable at –20°C
and room temperature for up to 9 months and
48 h, respectively. However, for the evaluation
of the long-term (9 months) GHB stability in
plasma at the temperature of –20°C, only three
samples have been tested and two concentra-
tions investigated (5 and 150 mg/L). Moreover,
data obtained from the same study24 suggest that
GHB in processed samples is stable when
stored at room temperature for 5 days and for
15 days at –20°C. 

Jones et al25 investigated the stability of GHB
in 50 whole blood samples from impaired dri-
vers, stored at 4°C for up to one year, using two
different methods. The results obtained illustrat-
ed that blood GHB levels are stable when stored
at 4 °C for up to 6 months. 

Beránková et al22 studied the GHB stability in
blood and urine at 2 different storage tempera-
tures, with and without preservatives. Ante-
mortem and post-mortem blood and urine sam-
ples were stored with and without NaF (1% w/v)
at 4 and –20°C for up to 8 months. Ante-mortem
samples showed no significant GHB production.
GHB concentrations up to 100 mg/L were found
in post-mortem blood after 4 months of storage,
at 4°C without preservatives. Storage at –20°C
with preservatives found to inhibit GHB produc-
tion. In post-mortem urine, only slight temporary
GHB levels were found (up to 8 mg/L). More-
over, in the same report, the GHB stability was
evaluated in 20 post-mortem femoral blood spec-
imens (collected at autopsy from GHB-free indi-
viduals) within a 4-month period. After collec-
tion, samples were stored at 4°C without any
preservation. Just before the analysis all the sam-
ples were treated with NaF (1% w/v), with an in-
terval of 16-27 days from collection to fluorida-
tion of specimens. After initial GHB analysis the
specimens were stored at 4°C and re-analysis
was performed after 2 and 4 months.

Original GHB concentrations of less than 10
mg/L, higher than 25 mg/L and no significant
GHB levels were found in six, one and 13 blood
samples, respectively. Re-analysis after 2 months

of storage showed temporary GHB increase (up
to 30 mg/L) with a subsequent general decrease
in the following 2 months. At the end of the
study the highest GHB level was found to be 6.5
mg/L22. 

Fifty-nine re-analyses were carried out in
whole blood samples, of which 27 were ante-
mortem samples and 32 were post-mortem sam-
ples. The samples were stored at –20°C with
preservatives between 0.4 and 7.2 years. The
GHB levels in 22 of the samples were below cut-
off. In positive ante-mortem samples the mean
concentration change from initial analysis to re-
analysis was –0.8% (range –32.4-21%), while
the corresponding change for the positive post-
mortem samples was –7.1% (–30.4-34.4%). All
negative samples were still negative when re-an-
alyzed. Authors13 concluded that re-analysis of
these samples does not highlight any significant
change in routine practice in GHB levels, when
samples are stored at –20°C with fluoride preser-
vation even up to several years.

Conclusions 

GHB remains a troublesome substance and
stability issues may significantly affect the inter-
pretation of data leading to unreliable conclu-
sions. 

According to our findings, it would be useful
to perform GHB analysis both in blood and urine
specimens within 3 days of sampling and the
specimens should be stored at –20°C or 4°C in
order to avoid instability issues, which have been
highlighted since the first week of investigation
at all storage temperatures both in ante-mortem
and post-mortem samples. Some practical recom-
mendations are reported in Table I. 
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1. Blood and urine specimens should be stored
at – 20°C or 4°C.

2. Blood and urine analysis should be performed 
within 3 days of sampling.

3. Taking into consideration the different cut-offs 
caution should be used in the interpretation of GHB 
levels both in ante-mortem and post-mortem blood 
and urine samples.

4. The comparison of GHB levels both in ante-mortem 
and post-mortem urine specimens did not show any 
significant statistical difference throughout the 
period of investigation (4 weeks).

Table I. Conclusive remarks and practical recommendations. 
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