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Endogenous Level and in Vitro Production of GHB
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Interpretation of GHB Levels Detected in
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The endogenous level of »hydroxybutyric acid (GHB) and the in vitro production of GHB in blood from
healthy humans have been investigated. The endogenous GHB concentrations in aseptically collected whole blood
samples ranged from 5 to 10 ng/ml, which were far below the previously-reported “endogenous’ levels . Also, the
levelsof invitro GHB production during storage for 16 months at 4°C were lower than 0.4 ug/ml, which were much
lower than those in postmortem samples previously reported. Based on the results of this investigation, the authors
concluded that an interpretative cutoff of 1.0 ug/ml would be appropriate for differentiating exogenous from endog-
enous GHB, if only limited to in-life blood specimens that were collected aseptically, stored at 4°C or lower, exam-
ined within two weeks, and excludes the possibility of GHB aciduria.
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INTRODUCTION

Gamma-hydroxybutyric acid (GHB) isacentral
nervous system depressant, which produces notice-
able depressant effects, such as unconsciousness, sei-
Zures, severe respiratory depression, and come at
high dosages.>? In the last decade, GHB has become
one of the most frequently-encountered drugs used
for both abusive and malicious purposes, such as a
club drug and date-rape drug.® Because of the esca-
lating popularity of GHB, it was temporarily desig-
nated as afederally-controlled Schedule | substance
in the United Statesin 2000,% though with its recent
approval for clinical use, prescription GHB is cur-
rently a Schedule |11 substance. Japan’s authorities
also banned this substance in 2001 under the Nar-
cotics and Psychotropics Control Law to prevent its
spread for recreational and malicious use.

In most mammalians, however, GHB occurs as
an endogenous metabolite of GABA (y-aminobutyric
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acid) at nanomolar concentrations in tissues,” and
thus trace-level GHB is found in many foodstuffs,
aswell asin human blood. GHB is extensively me-
tabolized into succinic acid via succinic
semialdehyde, with resultant production of carbon
dioxide and water via the Krebs cycle,® as summa-
rized in Fig. 1. Such endogenous nature and high
metabolism of GHB makes the differentiation of
exogenous GHB in blood from endogenous one
problematic.

Compounding difficulties include the in-vitro
production of GHB in blood during sample storage.
Severa papersreported the “ endogenous’ GHB lev-
elsin blood, but such levels vary widely most prob-
ably depending on the sampl e storage conditions, as
well as on the origin of the sample (i.e., postmortem
blood or blood freshly collected from aliving hu-
man).”® |n fact, notably high levels of GHB (typi-
cally around 10 ug/ml or more) were detected in
postmortem blood samples of non-GHB cases, while
trace-level GHB (typically lessthan 1.0 ug/ml) was
detectable in freshly collected blood from healthy
humans. Also, Elliott demonstrated that mannersin
sample handling and analytical techniques employed
affect on its “endogenous’ level in blood.?

Moreover, the non-controlled equivalents or al-
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Fig. 1. Biochemical Synthetic and Metabolic Pathways of GHB and its Related Compounds

ternatives to GHB, such as y-butyloractone (GBL)
and 1,4-butanediol, have gained popularity instead
of the recently banned GHB. Since such analogs are
biotransformed into GHB in the body and thus act
as GHB,* ™ thereisan increasing need for the analy-
sis of such exogenous GHB in the instances of drug-
facilitated sexual assert (DFSA), driving under the
influence of drugs (DUI), and so on. Thisinforma-
tion indicates further investigation on in-life endog-
enous blood GHB leve, interpretative cutoff settings,
as well as preventive measures for the in-vitro pro-
duction of GHB is required, in order to unequivo-
cally differentiate the intake of GHB or its equiva-
lents from endogenous GHB.

In our previous study, we established a sensitive
and reliable GC-M S procedure for the simultaneous
determination of GHB and itsisomersin urine.*? In
the present study, by using the optimized method
with modification, endogenous blood GHB level has
been investigated in drug-free healthy humans.
Based on the research results, the administrative
cutoff of blood GHB for proving exogenous GHB
in blood from living humans will be investigated.
Because in vitro GHB production is often found
during sample storage, preventive measuresfor such
GHB production has also been investigated.

MATERIALS AND METHODS

Reagents —— GHB sodium salt was purchased
from Sigma Chemical (St. Louis, MO, U.SA)). a-
hydroxybutyric acid (AHB) and g-hydroxybutyric
acid (BHB) were obtained from Wako Pure Chemi-
cal Industries (Osaka, Japan). 2-Hydroxycaproic acid

(HCA) used asan internal standard (IS) was obtained
from Aldrich (Tokyo, Japan). Stock standard solu-
tions of these substances were prepared in metha-
nol, and were diluted with water to appropriate con-
centrations as needed. N,O-bis(trimethylsilyl) tri-
fluoroacetamide (BSTFA) with 1% trimethylchloro-
silane (TMCS) was purchased from Spelco
(Bellefonte, PA, U.SA)).

Specimens —— Whole blood specimens were
anonymously provided and collected from 24 healthy
volunteers (14 males and 10 females, aged between
25 and 55 years). All subjectswere Asians. The speci-
mens were aseptically collected into vacuum stop-
pered polyethylene test tubes and were immediately
cooled and stored at —20°C without adding any pre-
servatives. The specimens were processed within
three hours from sampling and analyzed promptly
as described below. Fortified blood samples used for
method validation were prepared by adding known
amounts of GHB to a healthy volunteer’s blood
sample immediately prior to the use.

Sample Processing—— To 200 ul of whole blood
samples, 100 ul of 0.1 ug/ml aqueous solution of the
IS was mixed, and this was precipitated by adding
methanol (500 ul) and vortex-mixing for 1 min. The
mixture was centrifuged for 10 min at 1500 x g, and
the supernatant wastransferred into a stoppered glass
test tube. Thiswas then evaporated to dryness under
anitrogen stream at 60°C. The residue wastrimethyl-
silylated by mixing with 50 ul of BSTFA (contain-
ing 1% TMCS) and 50 ul of acetonitrile, followed
by incubation at 60°C for 20 min. An aliquot of 2 ul
was injected onto a GC-M S instrument.

I nstrumentation —— A Shimadzu GCM S-QP2010
gas chromatograph mass spectrometer (Kyoto, Ja-
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pan) was operated in the positive electron ioniza-
tion mode utilizing a DB-17 fused-silica capillary
column (30 m x 0.32 mm i.d., film thickness
0.25 um; J & W Scientific, Folsom, CA, U.S.A)).
I njections were made automatically in the splitless
mode at an injection port temperature of 250°C.
Carrier gas was high-purity helium at aflow rate of
3.0 ml/min. The column temperature was initially
held at 60°C for 3 min, and increased to 120°C at
10°C/min, then increased to 300°C at 30°C/min, and
finally held at 300°C for 2 min. The ionization en-
ergy and interface temperature were set at 70 eV and
250°C, respectively. Qualitative analysiswas prima-
rily carried out in the full-scan mode, but selected-
ion monitoring (SIM) mode was employed for a
GHB level of 0.03 ug/ml or lower. Quantitative
analysis was performed by the standard addition
method, employing HCA asthe IS. Two target ions
(m/z 233 for GHB and myz 159 for |S) and the fol-
lowing qualifier ions were monitored in the SIM
mode: m/z 147 and 117 for GHB, and m/z 233 and
147 for IS.

RESULTS

Procedure Optimization

In order to accurately determine the low-nano-
gram-per-milliliter-level endogenous GHB in blood,
ahighly sensitive yet specific procedure should pri-
marily be established. Several solid-phase extrac-
tion, liquid-liquid extraction, and protein precipita-
tion methods were compared, by analyzing aforti-
fied whole blood samplewith GHB at 1.0 ug/ml, for
the recovery effectiveness, chromatographic clean-
liness, and operation expediency. Liquid-liquid ex-
traction gave a maximum recovery of 37% when
ethyl acetate was used and the pH was adjusted to
4.4 with saturated ammonium chloride solution. The
protein precipitation method provided the highest
recovery of 63%, while requiring no tedious sample
handling and pH adjustment. It also provided chro-
matograms with acceptable cleanliness, as will be
shown below. None of common-type solid-phase
extraction cartridges tested retained GHB efficiently.
Although the mixed-mode column CREEN
SCREEN GHB provided afair recovery of 57%, the
protein precipitation method provided somewhat
clearer chromatograms than the other methods,
which was advantageous for analyzing whole blood
samples. By the use of BSTFA containing 1%
TMCS, the derivatization of GHB and HCA (1S)
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Fig. 2. Electron Impact Mass Spectra of the TMS Derivatives
of GHB and HCA (1S)
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Fig. 3. Mass Chromatograms Obtained from (A) a Drug-Free
whole Blood Sample and (B) that Spiked with GHB at
0.1 ug/ml

even in whole blood matrix reached plateaus within
15 min at 60°C, but a more prolonged incubation
resulted in a colored sample mixture. Di-TMS de-
rivatives were exclusively produced after areaction
time of 20 min for the target analyte and IS. Fig-
ure 2 shows the mass spectra of the derivatives of
GHB and IS. The use of amedium polar DB-17 col-
umn provided satisfactory peak separations of GHB
from its isomers, AHB and BHB, as well as from
blood components on the mass chromatograms of
the monitoring ions at m/e 233, 117, and 147, under
the GC conditions described in the experimental sec-
tion. Figure 3 shows the mass chromatographic data
obtained from a drug-free whole blood sample and
aspiked whole blood sample with GHB at 0.1 ug/ml.

Method Validation: The optimized procedure
was validated by analyzing drug-free whole blood
samples fortified with GHB and diluted standard
solutions of GHB at known concentrations. Thelim-
its of detection (LODs), which was estimated from
the detection limits of the target and qualifier ion
peaks on each mass chromatogram (S/N > 3), and
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satisfying the acceptabl e range of the ratio of quali-
fier to target ion responses (+ 20%), were estimated
from the data of a drug-free whole blood sample and
those of appropriately diluted standard solutions. The
L ODswere estimated to be 0.03 and 0.003 ug/ml in
the full-scan and SIM modes, respectively. The re-
covery (%) evaluated using a spiked blood sample
at 1.0 ug/ml was 63%. The recovery was calculated
by comparing the peak area of the analyte extracted
from adrug-free blood sample before and after spik-
ing with GHB at 1.0 ug/ml and that from a 1.0 ug/ml
diluted standard solution. Linearity ranged from
0.003 to 3.0 ug/ml with the correlation coefficiency
of 0.999. Accuracy evaluated at 0.1 ug/ml was 0.096
+ 0.015 ug/ml (average + S.D., n = 5). Within-day
and between-day precisions were 5.3 and 6.1%, re-
spectively (n = 5 each). Thus, the validation data
guaranteed the sensitivity and quantitative efficiency
of the procedure.

Endogenous Blood GHB Levelsin Healthy Hu-
mans

In order to survey the endogenous level of GHB
in blood, whole blood sampl es aseptically collected
from 24 healthy volunteers were analyzed using the
optimized procedure. The samples collected asepti-
cally were processed and analyzed promptly, as de-
tailed in the experimental section. The endogenous
GHB levelsranged from 0.005 to 0.010 ug/ml with
the average of 0.0069 ug/ml and the standard devia-
tion of 0.0020 ug/ml. The averages for males and
females were 0.0067 ug/ml and 0.0072 ug/ml, re-
spectively. No obvious difference was noticed be-
tween male and femal e subjects.

In Vitro GHB Production in whole Blood Samples

Influence of Anticoagulants: Most blood samples
submitted for drug testing are preserved by adding
an anticoagulant. However, several paperst®*'% have
suggested significant in-vitro production of GHB,
especialy in whole blood samples preserved with
sodium citrate.* Thus, to investigate the influence
of anticoagulants, the following commonly-used
anticoagulants, each at a commonly-used concen-
tration indicated in the parentheses, were mixed into
freshly collected whole blood samples (n = 3 each),
and the time course changes in GHB concentration
were examined at 4°C: sodium citrate (0.4%), EDTA
(0.1%), heparin (0.001%), and sodium oxalate
(0.2%). Figure 4 presents the results.

The drug-free, in life whole blood sample used
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Fig. 4. Increasein the GHB Levelsin Drug-Free whole Blood
Samples Preserved with Commonly-Used Anticoagu-
lants and Preservatives

for this experiment originally contained 0.006 ug/
ml of GHB. More than five times higher concentra-
tions were detected in samples preserved with so-
dium citrate and heparin, but no noticeable effects
were observed for sodium oxaate and EDTA.

Short-Term Storage Conditions: The in vitro
GHB production was presumed to be due to the bac-
terial, enzymatic, or spontaneous decomposition of
bioorganic blood components. Among these, bacte-
rial decomposition was presumed to be the prima-
rily source of in vitro GHB. Thus, the effects of so-
dium azide, one of the most popular preservatives,
and storage temperature were examined for a stor-
age period of two weeks. EDTA, which showed less
effect on the GHB level, was also mixed at 0.1% as
an anticoagulant instead of sodium oxalate because
this organic acid may produce similar effect to so-
dium citrate. Figure 5 shows the results. The con-
trol whole blood sample used for this experiment
originally contained 0.008 ug/ml of GHB. No no-
table increases were observed when sodium azide
was used and stored at 4°C, though an obvious in-
creasein the GHB level was detected for the sample
stored at room temperature. Thus, although the use
of sodium citrate or heparin must be avoided, in-life
whole blood samples collected aseptically can be
stored for up to two weeks at 4°C, when EDTA and
sodium azide are added at 0.1% each.

Long-Term Sorage Conditions: Asasubject item
of forensic investigation, biological samples often
need to be stored for long periods of time. Thus,
there is arequirement for investigating appropriate
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Fig. 6. Time Changes in the GHB Concentrations in whole
Blood Samples Collected Aseptically from Three
Healthy Volunteers, under Various Storage Conditions

storage conditions of whole blood samples, with
special attention to the in-vitro production of GHB.
Also, the level of GHB produced during the storage
period should be investigated for appropriate inter-
pretation of analytical results of GHB in blood
samples. In this section, the effect of sodium azide
was further examined for longer periods of storage.
This experiment was carried out by using control
blood samples aseptically collected from three
healthy volunteers (31- and 50-year-old males, and
42-year-old female). Figure 6 depicts the results.
Substantial increases were observed for the storage
at room temperature, while in vitro GHB produc-
tion waslessthan 0.03 and 0.4 ug/ml a —20 and 4°C,
respectively, even after a storage period of
16 months. No remarkable effects were noticed for
the addition of sodium azide in 4°C storage. Thus,
blood samples should be frozen at —20°C, even for
in-life samples collected aseptically, when the
sample is to be stored for more than two weeks.
However, the levels of in vitro GHB production in

antemortem blood samples were found to be far be-
low those in postmortem samples reported previ-
Ous|y.7,8,1&15)

DISCUSSION

Establishment of Procedure

As described above, the protein precipitation
method provided the highest recovery of 63%, while
requiring no tedious sample handling, including strict
pH adjustment because blood is biologically buff-
eredto pH 7.3-7.5. In extracting the acidic substance
GHB by liquid-liquid extraction, the pH should be
adjusted to 4.4, usually with saturated ammonium
chloride solution. However, the tautomeric conver-
sion of GHB into GBL, which promptly occurs un-
der acidic conditions, should carefully be avoided.
In fact, Elliot demonstrated that analytical proce-
dures involving liquid-liquid extraction tended to
give lower GHB levels (mentioned by Elliot as* ab-
solute GHB”) than those involving the conversion
of GHB into GBL with a strong acid and the detec-
tion as GBL"9 (the sum of GHB and GBL ; men-
tioned by Elliot as “total GBL").®) Also, GHB does
not have significant protein-binding properties.t”
These facts most probably contributed to the high-
est recovery of GHB in whole blood by the protein
precipitation method adopted in the present study.
In the present method, thus, GHB was extracted at
an original pH of around 7.4, and was promptly
trimethylsilylated to prevent such conversion to
GBL. Owing to these facts, the present method pro-
vided satisfactory sensitivity in quantifying the low
nanogram-per-milliliter level GHB in blood.

Endogenous Blood GHB Levels

Thelevels of GHB obtained in casework exami-
nation require critical interpretation, not only be-
cause it is a naturally-occurring substance in the
body, but also because of the possible in-vitro pro-
duction of GHB in biological samples. However,
very little research has been undertaken to obtain
trustworthy data for the endogenous level and the
in-vitro production of GHB in blood from drug-free
living humans, though thisis essential in evaluating
such levels of GHB in connection with criminal
cases.
Elliott analyzed 15 serum samples submitted for
toxicological examination and reported that no mea-
surable GHB (less than 2.5 ug/ml) was detected.*®
Elian analyzed 240 antemortem blood samplesfrom
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presumably drug- and GHB-free subjects and re-
ported that the endogenous blood GHB ranged from
0.17 to 1.51 ug/ml, with a mean level of 0.74 ug/
ml.* In our preliminary experiment, however, a
prompt trace-level in vitro GHB production was
regularly observed for freshly- but not aseptically-
collected whole blood samples, even after storage
for onenight at 4°C. Thus, in the present study, whole
blood samples collected aseptically were analyzed
promptly. As a result, the GHB levels measured
ranged far below the“endogenous’ range previously
reported. The obvious difference from the above
mentioned Elian’s results® is probably attributed
primarily to the in-vitro production of GHB before
analysis (which will be discussed below) and differ-
encesin analytical techniques adopted in both stud-
ies, though differencesin the nature of subject popu-
lation, and eating and drinking tendencies must be
included.

Differences between Postmortem and Antemor-
tem Blood Samples

For postmortem blood samples, there has been
increasing data demonstrating significant amounts
of in-vitro production of GHB.”8141 Fieler et al.
documented that GHB was artificially elevated up
to 168 ug/ml in 15 of 20 autopsy blood samples,”
which overlaps the concentrations reported to be as-
sociated with itsfatal reactions. Sakurada et al. ana-
lyzed five postmortem blood specimens from non-
GHB cases and reported that the endogenous levels
were < 0.4-2.6 ug/g.2® More recently, Moriyaet al.
detected 1.33-44.3 ug/ml of GHB (average 9.8 ug/
ml) in 40 out of 43 postmortem blood samples
tested.’® They also demonstrated that alarge part of
the GHB detected is generated during the interval
between death and autopsy.

Generally, in-life blood samples were aseptically
collected by using a sterilized disposable syringe and
a reduced-pressure test tube. In these cases, blood
samples, which are originally bacteria-free in the
body, can be collected aseptically. On the contrary,
blood in a corpse begins degenerating immediately
after death, and thus, postmortem blood samples are
usually contaminated with bacteria, often serioudly.
Also, it is well-established that the putrefaction of
bioorganic substances yields a series of hydroxybu-
tyric acids, including GHB. Thus, the much higher
“endogenous’ GHB levels in postmortem blood
samples can be attributed to the bacterial produc-
tion of GHB, as Moriyaet al. also suggested.'®

Therefore, even though postmortem samples

were cooled or frozen immediately after collection,
contamination of such sampleswith bacteriaand in-
vitro-produced GHB is unavoidable and irremov-
able. In those cases, sodium azide, which inhibits
bacterial activities, should be added, because such
samples may be subjected to freezing and thawing
cycles when used for multiple analyses. However,
as shown in Fig. 6, no remarkabl e effects of sodium
azide were shown for in-life blood samples that were
collected aseptically. Thisimplies that the bacterial
in-vitro production of GHB makes no notable con-
tribution to such in-life samples.

In terms of the effect of sodium citrate, signifi-
cantly high levels of GHB have been frequently ob-
served in postmortem blood preserved with sodium
citrate.®*'¥ Elliot reported GHB concentrations up
to 197 ug/ml in postmortem blood samples preserved
with sodium citrate.*¥ To the contrary, in our sepa-
rate experiment, a GHB level of 0.22 ug/ml was de-
tected in anin-life whole blood sampl e that was col-
lected aseptically and preserved by adding sodium
citrate, even after a two-year storage at 4°C. This
level isfar below those in postmortem samples pre-
served with sodium citrate. Although the exact
mechanism of GHB production has not been identi-
fied, the bacterial production of GHB from citrate
would primarily contribute to such high levels of
GHB. Thus, postmortem and antemortem cases
should be considered separately in the interpreta-
tion of GHB levelsin the blood.

Interpretation of GHB Levels in Antemortem
Blood Samples

Thereisarare genetic disorder called GHB aci-
duria, which results from a deficiency of succinic
semialdehyde dehydrogenase, producing an exces-
sive accumulation of GHB. The endogenous GHB
level in the blood of GHB acidurea patients report-
edly reaches concentrations typically as high as
100 ug/ml.2Y Thus, in proving GHB intake by blood
testing, the possibility of GHB acidurea should not
be excluded. The policy of the authors' laboratory
suggests the collection of asubsegquent blood sample
to quantify the subject’s basal level of GHB when
legal evidence of GHB intake isrequired.

In terms of urine, the endogenous GHB level
ranges between 0.16 and 3.03 ug/ml,*? and the lev-
els of in vitro GHB production are usually compa-
rable to or less than such endogenous levels. To the
contrary, intermsof blood, thelevels of in vitro GHB
production are often much higher than those in in-
life endogenousleves. Thus, ancther difficulty arises
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in the interpretation of blood GHB levels. Elian pro-
posed a 5-ug/ml cutoff for the differentiation of ex-
ogenous from endogenous blood GHB.*® The
present research has been undertaken with special
attention to the endogenous level and in-vitro pro-
duction of GHB in blood aspiratory collected from
living humans. The exogenous GHB level in blood
reportedly increased to around 50 ug/ml after atypi-
cal oral dosage of 2.5 mg/kg GHB sodium salt.?”
Based on thisinformation and the present research,
the authors conclude that a cutoff of 5 ug/ml pro-
posed by Elliott is generally acceptable for in-life
whole blood samples stored at 4°C or lower. How-
ever, in-life blood specimens are usually collected
aseptically in Japan when it is executed based on a
warrant for criminal investigation. Concerning such
aseptic specimens, the maximum in-vitro GHB pro-
duction observed during 14-day storage at 4°C was
0.03 ug/ml, and the possible highest level is esti-
mated to be 0.6 ug/ml when the safety marginis set
at 20. Also, the 99.99% upper confidence limit of
the initial blood GHB level is calculated to be be-
low 0.02 ug/ml, based on the present data (average,
0.0069 ug/ml; standard deviation, 0.0020 ug/ml; n
= 24). Thus, if only limited to such in-life blood
specimens collected aseptically, an interpretative
cutoff of 1.0 ug/ml would be appropriate for differ-
entiating exogenous from endogenous GHB, when
the sampleis stored at 4°C or lower, examined within
two weeks, and excludes the possibility of GHB
aciduria.
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