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AB STRACT: GHB is clas si fied as a nar cotic drug in Swe den but GBL is not. GHB is

to tally and fast trans formed to GBL at high tem per a tures and at a low pH. The trans -

for ma tion pro ceeds more grad u ally at a mod er ate acidic pH. Sev eral meth ods is used

at the fo ren sic lab o ra tory in Swe den (SKL) for the es ti ma tion of GHB and GBL in dif -

fer ent sei zures. An a lyt i cal meth ods used for the de ter mi na tion of GHB and GBL is

both screen ing and ver i fi ca tion anal y sis with GC-FID, GC-MS (with or with out

derivatisation with silylation (TMS) re agents), FT-IR or HPLC tech niques. 
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IN TRO DUC TION

GHB is an en dog e nous sub stance found in most mam ma lian tis sues in -

clud ing the brain. The sub stance has been used clin i cally since 1960 as an

an es thetic and hyp notic agent. The drug has a le gal use in some Eu ro pean

coun tries for treat ment of in som nia, narcolepsy, and in the treat ment of al -

co hol with drawal syn drome. De spite the fact that GHB is an en dog e nous

sub stance it is far from harm less. The sub stance has both ex cit ing and de -

press ing ef fects. Its cen tral ner vous sys tem de pres sant ef fects ap pear to be

po ten ti ated by other psy cho ac tive drugs, par tic u larly al co hol.

The great dan ger with GHB is that the dif fer ence be tween the de sired

dose and an over dose is so small.

At least five deaths have been re ported in Swe den af ter GHB abuse, and

many young peo ple have been res cued in hos pi tals af ter re spi ra tory de pres -

sion. No clin i cally ef fec tive an ti dote is so far avail able.

Un for tu nately GHB is easy to man u fac ture. It is il lic itly man u fac tured

by add ing so dium hy drox ide (NaOH) to g-butyrolactone, an or ganic sol vent

that is easy to ob tain.



ABUSE

GHB is used as an al ter na tive to ec stasy and speed at techno par ties and

it is also used as an al ter na tive to ste roids by bodybuilders due to the in duc -

tion of growth hor mone re lease. How ever, the drug is also used by young

peo ple for the eu phoric ef fect and by am phet amine abus ers to “turn off” and

get a re lax ing sleep.

GHB is of ten abused by in ges tion of a “capful” of liq uid (5–10 ml cor re -

spond ing to 1–6 g of the salt) and the de sired ef fects ap pear within 15–60

min.

In low doses, ef fects of GHB can be eu phoric, higher doses may lead to

sleep i ness and high doses can re sult in dan ger ous con di tions as un con -

scious ness and ces sa tion of breath ing.

ME TAB O LISM

The func tion of GHB in pe riph eral tis sue is un known but in the brain and 

neuronal tis sue it is be lieved to be a neuromodulator. It tem po rarily in hib its

the re lease of dopamin.

GHB stim u lates both growth hor mone and prolactin re lease. It is both

a metabolite and pre cur sor to the neu ro trans mit ter GABA (Fig ure 1). 

PRE CUR SORS, RE LATED SUB STANCES, PRODRUGS

Both g-butyrolactone (GBL) and 1,4-butandiol are prod ucts used in big

quan ti ties by the chem i cal in dus try as sol vents and/or diluters in var i ous

prod ucts and pro cesses.

En zymes in the blood and liver in hu mans rap idly con vert GBL to GHB.

GBL has a half-live of less than 1 min ute in this con ver sion. It is less po lar

then GHB and there fore better ab sorbed af ter oral ad min is tra tion than

GHB. In fact, GBL is con verted to GHB so rap idly af ter ab sorp tion that the

bioavailability of GHB is ac tu ally greater af ter ad min is tra tion of GBL than

af ter ad min is tra tion of an equiv a lent dose of GHB.

As for GBL, there is a rapid con ver sion of 1,4-butandiol to GHB in hu -

mans. Af ter in tra ve nous ad min is tra tion of 1,4-butandiol, GHB lev els

peaked and be gan to de cay within 2 min.

SEI ZURES AND STA TIS TICS

The sei zures of GHB in Swe den have in creased ev ery year since 1995

(Fig ure 2) and a ris ing ten dency is seen even in the year of 2000 de spite the
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Fig. 1. Met a bolic path way for GHB.



fact that (or be cause?) GHB was clas si fied as a nar cotic drug in the 1st of

Feb ru ary 2000.

Dur ing the year of 2000, a screen ing method was used in the qual i ta tive

anal y sis of the sam ples sus pected to be GHB/GBL (Fig ures 3–5). Ap prox i -

mately 30% were ten ta tively iden ti fied as GHB/GBL. In the fol low ing ver i fi -

ca tion anal y sis about 90% of these sam ples were iden ti fied as GHB/GBL.

QUAL I TA TIVE ANAL Y SIS

Be cause of the con ver sion of GHB to GBL in the pres ence of heat, a di rect

anal y sis us ing gas chro ma tog ra phy (GC) is not pos si ble. The prob lem can be

cir cum vented by an ex trac tion that sep a rates the com pounds prior to the

anal y sis or by a derivatisation with a suit able re agent that pre vents the con -

ver sion. 

In the lack of hy phen ated tech niques like LC-MS and CE-MS, we have

de vel oped sev eral meth ods for the de ter mi na tion of GHB and GBL (Fig ure

6). A sim ple GC-FID method, that de mands no clean ing up pro ce dure, is

used for qual i ta tive anal y sis. The method is the same that cur rently is used

in the anal y sis of il lic itly man u fac tured al co hol.
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Fig. 2. The sei zures of GHB, GBL and 1,4-butanediol in Swe den since 1995.
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Fig. 3. A kit for “mea sure -

ment of pH” in cluded

3 bottles with 360 ml of

GBL, 3 bot tles with 180 g

so dium hy drox ide and

pH-sticks. The pack age

was sent from Can ada

and it was con fis cated by

the Swed ish cus toms.

Fig. 4. A “nor mal” sei zure of

liq uid GHB.

Fig. 5. A bot tle with very al ka line GHB

so lu tion (pH 12).
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Fig. 6. Flow chart for anal y sis of “nor mal” GHB/GBL seizures.



When the screen ing anal y sis gives a pos i tive re sult, pH is mea sured to

es ti mate whether GHB or GBL is the dom i nat ing sub stance in the sam ple.

Ex trac tion com bined with evap o ra tion to dry ness is per formed and the iden -

ti fi ca tion is made by anal y sis with FT-IR or GC-MS.

Sam ples with a limit amount of ma te rial is derivatised with BSTFA

–N, O-bis(trimethylsilyl)trifluoroacetamide – be fore anal y sis with GC-MS.

QUAN TI TA TIVE ANAL Y SIS

A quan ti ta tive method for de ter mi na tion of GHB/GBL has been de vel -

oped. The anal y sis of the sam ples is per formed on a Hewlett Packard 1100

HPLC in stru ment. Standardcurves for GHB and GBL is lin ear (Fig ures 7,

8). No clean ing up pro ce dure is needed. The re ten tion of GHB and GBL is

rather poor, and the method needs im prove ment of the chro mato graphic

con di tions.
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Fig. 7. Standardcurve for GHB.

Fig. 8. Standardcurve for GHB.



The con tent of GHB and GBL has been de ter mined in 12 sei zures (Fig ure

9) and the con cen tra tions were found to be in a wide range (39–600 g/l).

This sit u a tion may partly ex plain the dif fi culty for the abus ers to get the

de sir able dos ages. Due to the higher bioavailability to GBL as com pared to

GHB, dif fer ences in pro por tions of GHB and GBL in the sei zures are likely

to be a prob lem for the abus ers.

IN STRU MEN TA TION

GC-FID anal y sis was per formed on a Hewlett Packard 6890 gas

chromatograph (Fig ure 10).

Col umn: Two col umns in se ries

First: 
Hewlett Packard-1 (cross-linked methylsiloxane), 

30 m x 0,25 mm x 0,25µm

Sec ond: 
Hewlett Packard-INNOWAX (cross-linked poly eth yl ene gly col),  

30 m x 0,25 mm x 0,25 µm

Car rier gas: He lium

Flow rate: 30 cm/s

Split: 15:1

In jec tion vol ume: 1 µl
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Fig. 9. The con tent of GHB and GBL de ter mined in 12 sei zures.



The op er at ing con di tions for the anal y sis were:

In jec tion port: 25°C

De tec tor: 275°C

Ini tial oven tem per a ture: 40°C, hold 5 min

Tem per a ture in crease:
Ramp 1: 8°C/min to 80°C

Ramp 2: 30°C/min to 230°C, hold 2 min

To tal time for anal y sis is 17 min.

GC-MSD anal y sis was per formed on a Hewlett Packard 5890 gas chro -

ma tograph (Fig ures 11–12).

Col umn: 
Hewlett Packard 5 MS, 30 m x 0,25 mm x 0,25µm 5% phenyl methyl

sil i cone cross-linked phase

Car rier gas: He lium

Flow rate: 1 ml/min

Split: Splitless

In jec tion vol ume: 1 µl

The op er at ing con di tions for the anal y sis were:

In jec tion port: 250°C

De tec tor: 280°C

Ini tial oven tem per a ture: 50°C, hold 10 min

Tem per a ture in crease: 40°C/min to 280°C, hold 5 min
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Fig. 10. Gas chromatogram of GHB, GBL and 1,4-butanediol.
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Fig. 11. Gas chromatogram for the TMS de riv a tive of GHB.

Fig. 12. GC-MS spec tra for the TMS de riv a tive of GHB.



HPLC anal y sis was per formed on a Hewlett Packard 1100 with au to -

matic in jec tor Hewlett Packard 1050 (Fig ure 13).

Col umn: Hypersil BDS C18 100 mm x 3 mm x 5µm

Col umn temp: 20°C

Mo bile phase: Phos phate buffer/EDTA pH 5.9 and acetonitrile

De tec tor: Di ode ar ray de tec tor

The op er at ing con di tions for the anal y sis were:

Gra di ent: Isocratic, phosphatebuffer 99%, acetonitrile 1%

Flow rate: 1 ml/min

In jec tion vol ume: 20 µl

Wave length: 215 nm

FT-IR anal y sis was per formed on a Perkin-Elmer FT-IR spec trom e ter

Spec trum 2000 us ing a Golden-Gate unit for sam ple ap pli ca tion (Fig ures

14–15).

CE anal y sis was per formed on a Hewlett Packard 3DCE in stru ment

equipped with a di ode ar ray de tec tor (Fig ure 16).
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Fig. 13. HPLC chromatogram of GHB and GBL.
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Fig. 14. FT-IR spec trum of GBL.

Fig. 15. FT-IR spec trum of GHB.
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Fig. 16. CE chromatogram of GHB, GBL and 1,4-butanediol.


