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Abstract-- Brain tissue was shown to he capable of metabolizing [ I-‘~C]j-h~droxqhutvric acid (GHB) to 
succinicacid and amino acids interconVertible with Krebs tricarboxylic acid cycle intermediates after intra- 
ventricular injections iti lit~ into rats under chioral hydrate anesthesia. The extent of GHB ~nel~~bol~~~~~ 
was confirmed by three ditferent methods of analysis and indicated that oxidation to succinic acid is the 
principal if not t.he onlv metabolic pathway for -GHB metabolism in the brain. Analysis of radioactive 
amino acid oroducts a&r administration df both II-‘“ClGHB and “C-labeled succinic acid indicated 

I _  

a similar prck ofamino acid fortuatlon. Simultaneous ilijection of malonate with either GHB or succinic 
acid produced an effective inhibition of succinatc metabolism and a buildup of labeled succinate in the 
GHB experiments. However. simultaneous injection of pyrazoic with GHB had no elkct on the nv%bo- 
listn of GHB. The prodLiction of~-~~i~inobllt~ric acid from GHB was shown to result pj-imarily after GHB 
was metaboiizcd to succinic acid and not by a transal~in~~tioil of succinic scmialdehcde. 

Attention has been focused on the overall ncurophar- 
macology and biochemistry of ;-hydroxybutyric acid 
(GHB) hccausc of the gross behavioral effects pro- 
duccd as well as its more specific cffccts on the life cycle 
of putativc ncurotransmitters such as acctylcholine 
and dopamine. and its close structural resemblance to 
y-aminobutyric acid (GABA). 

GHB appears to produce a general suppressant 
action on the entire cercbrospinal axis. Muscular 
relaxation is produced mainly through spinal cord 
depression rather than by a direct cffcct on the neuro- 
muscular junction [I]. Unlike most other central ner- 
VOLE system depressants. GHB is very well tolerated 
and is toxic to the respiratory system only at very high 
doses. This has led to the use of the sodium salt of 
GHB as an anesthetic or anesthetic adjuvant. 

GHB causes marked increases in the brain levels of 
acetylcholine [ZJ and dopamine [3]. The time course 
of the alteration in the level of acetylcholine is not well 
corrclatcd with the behavioral etrects produced [4], 
whereas the onset and duration of the increase in 
dopumine levels coincides with the anesthetic or seda- 
tive properties of the drug [S. 6). 

GHB is lnetaboiized quite rapidly by the rat. The 
half-life of an anesthetic dose (5.X m-rquiv.!kg) in the 
rat is about I hr [7]. The drug appears to be almost 
completely cleared from the body 4 hr after 
administration. Labeled CO, can be shown to evolve 
from the animal while very little intact drug is found 

* M. Van Woert and R. H. Roth, unpublished data. 

in the urine; thus it appears as if this drug is cleared 
largely by metabolism. The actual route(s) for the 
inetabolism of GHB is open to speculation. Some evi- 
dence has been reported that the initial step in metabo- 
lism involved /I-oxidation [8]. Alternately. GHB could 
cntcr the Krebs cycle via oxidation of the y-hydroxyl 
group to yield first succinic scmialdehydc and then 
succinic acid. Proof of the latter pathway has hcen in- 
direct and based upon the production of small yuanti- 
tics of radiol~lbeled amino acids int~r~onv~rtibl~ ntith 
Krebs cycle intermediates [9]. However, these same 
species of amino acids would appear even if the /{-oxi- 
dation pathway were operable. resulting from the in- 
corporation of labeled acetate into the cycle. Further- 
more. attempts to trap labeled succinate following the 
metabolism of labeled GHB have not been successful 
[S]. The StrLl~t~l~~lly similar endogenous compound, 
GABA. can be produced irz rim from GHB [9. IO]. but 
not in large enough amounts to suggest it is the active 
form of the compound. 

Interest in the metabolism of GHB also arises 
because it has been shown to be a naturally occurring 
metabolite of mammalian brains. present in small but 
significant amounts. For example. 1.45 nmoles/g is 
present in rat brain, 3.23 nmoles/g in cat brain and 
4.10 nmoles/g in guinea-pig brain [ 1 I]. It has also been 
suggested that GHB may act as a regulator of the sleep 
states by altering neuroglial metabolism [ 121. Finallv. 
in view of the interaction of GHB with dopaminer& 
neurons [ 137, the drug has been tested clinically in a 
host of n~urolo~i~~~l disorders [ 14].* 
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Throughout those experiments, maic albino rats 
wc~ghmg from 200~-300 g were anesthetized with a dose 
of chloral hydrate equivalent to 400 mg/kg of body 
weight administered intraperitoneally. Once anesthe- 
tized. they were placed into a sterotaxic assembly and 
an intr~~vcntriclliar injection of radiolabeled GHB or 
succinic acid was made in the follo\hi ing manner. An in- 
cision. 1 to I.5 inch long. was made in the scalp and 
~hc tissue adhering to the skull was scraped away. A 
3-mm burr hole was made 1.4 to I.5 mm to the right 
of the brcgma. The injection of radiolabeled com- 
pound into the lateral ventricle was made after lower- 
ing the tip of a H~llniitoli syringe (blunt tip. 22 garage 
nccdlc) containing 10 20 jtl of compound dissolved in 
Ringer’s solution from 3.7 to 4.0 mtn below the surface 
of the skull. 

described by Spackman et nl. [ 151, using a tc~nper~~t~~r~ 
of 5O- and a flow rate of 40 ml/hr. The effluent was col- 
lected in 2-ml fractions by means of an automatic I&- 
tion collector. 

[I-“‘C]GHB (Na’ salt) and [l-‘4C]succinic acid 
were obtained from the Schwarz/Mann Co. (Orange- 
burg. N.Y.). GHB (sp. act., 8 mCi/m-mole) was dis- 
solved in I ml Ringer’s solution (Cutter Labs, Berkeley, 
Calif.) so that a 20-~1 injection corresponded to 250 
nmoles GHB. Succinic acid (sp. act., 53 mCi/m-mole) 
was also dissolved in 1 ml Ringer’s solution with the 
resulting concentration being 37% nmoles/20 ~1 injec- 
tion. 

Anion-exchange chromatography was performed 
using AG l-X8 anion-exchange resin (Bio Rad Labora- 
tories. Richtnond. Caiif.). The resin, cqli~libr~4tcd with 
0.1 N HCI in 0.25 N NaCI, was packed into a 50-ml 
burette to occupy a bed volume of 5 1 x 1 cm. Just prior 
to adding the sample. 0.5 ml of 0.25 M Tris-HCI. 
pH 7.4 buffer was allowed to settlc into the column and 
@6 ml of dcprotcinized sample. adjusted to pH 7.5. was 
mixed with 0.4 ml of strong Tris-HCI butler to give a 
0.25 M. pH 7.4 mixture. This buffitrcd sample in :I 1 -ml 
volume was added to the column and clutcd with tbc 
HCIL NaCl soltttion dcscrihed above. Fractions con- 
taining 3 ml each were collected every 3.7 min using ~11 

automtic fraction collector. The fractions wcrc counted 
in 17 ml scintillation solution (I liter Triton X- 100. 2 I. 
toluene. 5.5 g PPO and 0.3 g dimethyl POPOP*). 

In several experiments a simultaneous injection of 
sodium ln~lioll~lt~ and GHB or succinic acid was made 
by first preparing 674 mg:‘mi of sodium malonate in 
Rmgcr’s solution and diluting one to one with succinic 
acid or one to two parts of labeled GHB as prepared 
ahovc. Thus 20 111 contained 28.2 ltmoles malonate and 
167 nmolcs GHB and 42.3 ~miolcs malonate and 
189 nmolcs succinate. 

Assay for GHB or succinic acid met~ibolitcs by thin- 
iaycr chromatography (TLC) was conducted using the 
dcproteinized supernatant by spotting 6-10 itI of mcta- 
bolite solution on precoated Silica gel plates (Eastman 
Kodak Co.. Rochester. N.Y., stock No. 6060) and dcvc- 
loping IOcm in butanol-acetic acid-water (5: I :4). 
Migration of the “C activity was monitored by cutting 
the ch~-onlato~ran~ into l-cm sections and placing into 
a counting vial. The Silica gel was scraped from the 
plastic backing and 10 ml of counting solution was 
added. 

RESl LTS 

Iinless the time course for the metabolism of GHB 
was being studied. the rat was sacrificed (by decapi- 
tation) 20 min after making the intraventricular injcc- 
tion. The skull wascut open and the brain immediately 
rcmo\;cd and placed into 4 ml of ice-cold %I”,, ethanol 
and homogenized with a Teflon---glass homogenizer. 
After Ce~ltrifLlgin~ at 12.000<1 for 20 min, the resulting 
sLipcr~i~l~lnt was stored in the freezer (- 5 ) until ready 
for analysis. The supernatant was concentrated by 
tlash evaporation and additional protein was removed 
from the remaining aqueous phase by acidifying to 
pH 1 with 2 N Hc’l and centrifuging at 37,000 y for 
30 min. Altcrnativoly. for some expcrimcnts. 0.5 ml of 
2 M triciilor~~~lcetic acid was added to the supernatant 
bcforc Rash c~-~~i~~~~~tioii to f;icilitate a more etrcctive 
rt3ixx~l of protein. 

Djs~~~~ff~~~i~~~ of’ [ 1 -I ‘C]GHB @<>ilt ~~rui~z. Figure 1 
dcmonstratos that the total radioactiv,ity remaining in 
the brain after an intraventricular tnjcction of [I- 
14C]GHB declines rapidly with time. with half of the 
isotope being removed in less than 5 min. The zero 
time data were obtained by adding the radioactive 
GHB to the excised brain just prior to homogcni/a- 
tion. 

From this experiment, it was decided that allowing 
20 min for metabolism in ko would be suf’ficicnt time 
for GHB metaholites to be produced. Consequently. 
the analysis for GHB mctabolites as described in the 
following sections is based upon the fraction of the 
total GHB that remained at 20 min after the intraven- 
tricular injection. 

The ammo acid analysis was performed on a 
J.E.O.L. JLC-5AH automated amino acid analyzer 
using 500-700 ~tl of the dcprotoiniyed supcrnatant. 
Separation was attained using an OX x 50 cm column 
containing Jeolcx-200 cation-exchange resin of the 
i~ol~styi-cnc type. The sample was cluted with 0.2. N 
sodium citrutc bulI&-s(pH 3.25 and 4.25) in the manner 

This dlsappedrance curve is based upon data 
obtained from one animal at each time point. tiow- 
cvcr. in 26 separate experiments in which the rats wore 
sacrificed 20 min after the intravcntricular injection of 
labeled GHB, 21.2 + 4.5 per cent of the injected label 
was retained in the brain. This compares very well with 
the data presented in Fig. 1 where at 20min approxi- 
mately 20 per cent of the injected radioactivity is stilf 
present in the brain. 

* PPO = 2,S-diphenyloxazole; POPOP = 1.4-bis-Z-(4- Amir~o wid urd~~.si.s oj’[l-‘“C]GHB rr~rl [ l-lSC]s~~~- 
methyl-5-phenyloxazolyl)-benzene. cir~ic ucid arul fhrir metuholifc~.s. Figure 2 demonstrates 
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Fig. I. Total 14C remaining in brain after intraventricular 
injection of [I-‘4C]GHB. Ordinate: total dis/min in super- 
natant after homogenization of the dissected brain (see 
Experimental); abscissa: time (min) allowed for GHB 

metabolism. 

that for each major peak obtainable from [ I-‘4C]suc- 
cinic acid metabolism there is also a corresponding 
peak obtainable when the metabolites from [l- 
14C]GHB arc assayed by amino acid analysis. The 
dual nature of the first peak for the GHB metabolism 
(samples 13 24) was also obtained when samples were 
prepared at zero time and assayed by this method. This 
dual peak is probably a result of the fact that in acid 
solution GHB forms an equilibrium with the lactone 
form, y-butyrolactone (GBL) [16]. There was no evi- 
dence for radioactive peaks in tubes 27. 33 or 41 when 
the rero time sample was run. The peaks at 27, 33, 41 
and 54 correspond to the clution profile for aspartic 
acid. glutaminc. glutamic acid and alanine. respect- 
ively. as judged by standard samples previously run 
through this amino acid analyzer column. The identity 
of the peak at tube 27 was confirmed by mixing 
[‘“Claspartic acid with the GHB metabolites. In this 
instance a single peak greater by the amount of added 
[14C]aspartic acid was obtained. In order to identify 
further the glutamine and glutamate peaks. a Li’ in- 
stead of Na+ buffer was used. In this experiment there 
were two peaks (other than a dual peak representing 
unbound material). one corresponding to aspartic acid 
and the other to gIutamine/glutamate and containing 
the expected combined total of the peaks at 33 and 41 
observed when the column was elutcd with the Na+ 
buffer. 

In addition to the peaks shown, a small quantity of 
radioactivity was eluted in tube 121 where authentic 
GABA was shown to be cluted. This peak was always 

smaller than the peaks at 27, 33 and 41 illustrated in 
Fig. 2. 

The total radioactivity under peaks 27. 33. 41 and 54 
comprises 653 per cent of the total radioactivity found 
in the brain after administration of succinic acid and 
indicates a very rapid breakdown of this compound. 
For GHB. the total under these same peaks reprcscnts 
23 per cent of the total radioactivity clutcd. Thus it 
appears that the initial step of GHB metabolism is 
slow compared to the rapid metabolism of succinic 
acid. 

A77iorl-c~.~chu77y~, c./77.o/77LltoH/.cc/‘/1!. of’Ill(,tLllJO/it(‘.\ ff [ I - 
‘V]CHB Ul7d tl7e 1qpcrs of’ .sotliur77 /77Lllol7~/t~’ 017 tl7cir 

prc7thctio77. The elution pattern of [ I-‘“C]GHB and its 
metabolites from the AG l-X8 anion-exchange column 
is shown in Fig. 3. In a separate experiment. GHB;md 
succinic acid were applied to the column and eluted: 
the tube showing the peak activity for each is marked 
on the abscissa of Fig. 3. This figure shows that for the 
malonate-treated animals there is a reduced produc- 

Fig. 2. Amino acid analysis of the mctabolitcs of [I- 
“C]succinic acid and GHB. Ordinate: radioactivity con- 
tained in each 2-ml fraction. The solid lint Ircprescnts suc- 
cinic acid mctabolites and the data units arc reprcscnted on 
the right. The dashed line represents [I-‘“C]GHB metabo- 
litesand the unitsarc represented on the left. Abscissa: tube 
number; additional fractions were collected out to tube 130. 
A small peak at tube I21 was obtained containing all basic 
radioactive compounds. A small quantity of [‘“C]tyrosine 
was also added to the sample as a radloactive marker and 

it consistently cluted at tube 92. 
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Fig. 3. Anion-cxchangc chromatography of GHB and its 
matabolites. Ordinate: cpm III each fraction: abscissa: frac- 

tion tube number. The tubes that showed the peak for GHB 

and succimc acid radiolabcled standards in separate expcr- 
imcnts arc also dcsignatcd on the abscissa. After tuhc 33. the 

ordinate units are changed to illustrate more clearly the 
small amount of succinic acid produced r&t& to the total 
amount of radioactiblty. Dashed line. GHB and sodium 

malonatc simultaneously injected intrilvcntricularl\ : solid 
lint. GHB and mctaholltcs in untreated animals. 

tion of conlpo~lnds not binding the column (tubes 6- 
I I ) and an increase in succinic acid reiativc to the con- 
trol animal. Table I shows that the atnount of isotope 
not binding the anion-exchange resin very nearly 
equals the amount of isotope binding the cation- 
exchange resin for the six experiments shown. In both 
cases this frslction is representative of the total amino 
acids produced. Table I shows both quantit~~ti~lcly and 
as a percentage that the brain ofmalon~~te-trc~lted ani- 
mals always contains an increase in lab&d succinate. 
The amount of isotope remaining as GHB is a higher 
percentage for the malonatc-treated animal than for 
the controls. This could be due to inhibition of the 
dchydrogenase that first oxidizes GHB or to inhibition 

of succinic sc~li~~ldeh~de dc~l~dro~en~~sc tither dircctlj 
or as a result of a buildup ofcndogenous succinate. 

I/?hihiriorJ o/’ \l/c~iJlic trciti M~rrrhoiiVtl h,l, J??Ll~Oll~if(’ 
ur~d other, trtto~~prs PI i&ihit GHB ~~wtuho/i.srn. As part 
ofan efrort to show that the amino acid profile and tho 
buildup of snccinate caused by malonatc for [i- 
‘“C]GHB metabolism was not due to acetate resulting 
from ~-oxidation products being incorpor~~t~d into the 
Krcbs cycle. intravcntricular in.jcctions of a mixture of 
malonatc and lab&d succinatc were made. For these 
experiments a TLC system was used to assay the 
extent of metabolism. Table I? shows that malonatc in- 
hibits the succinatc metabolism into amino acids by a 
factor 78:‘24 = 3.3. Under similar conditions malonatc 
lowers the extent of GHB n~et~tl~olisil~ into amino acids 
by a factor of 30;%5 = 3.5. indicating that the mctabo- 
lism of both succinate and Gl-113 into amino acids is 
affected to the same degree by malon;~tc 
administration. 

In experiments using a decarboxylasc inhibitor. 
R044602 (seryl-trihydroxyhetl/ylhvdt_azinc) [ 171. and 
pyrazole. an inhibitor of brain alcohol deiiydrogcn~~se 
[ 1 X], no significant inhibition of GHB metabolism was 
obtained. For example, animals treated with R044602 
(I g/kg. i.p.) gave 25 per cent GHB metabolism as com- 
pared with 22 per cent metabolism for its control as 
assayed by amino acid analysts. Two animals treated 
with pyrarolc (56 limo& injected s~In~~~t~~nc(~~~si~ with 
GHB in the same manner used for sodium malonatc 
injection) gave 24 and 25 per cent GHB metabolism as 
compared with the 23.9 + 3.9 per cent average of 15 
controls. indicating that this compound also has no 
significant inhibitor)- effect on GHB metabolism. 

In still another series of cxpcriments. sodium pyru- 
vatc was ~~dministered cithcr intr~~peritone~~~ly ( 1.2 g: 
kg. 20 min prior to intr~~~rentrictilar injection) or intra- 
ventricularly togother with lab&d GHB (2.35 and 
24.3 itmoles sodium pyruvate) in attempts to both alter 
the redox state (increase the availability of NAD) and 
flood the TCA cycle with an available precursor to ace- 
tate. However, as indicated in Table 2, pyruvate had no 

Table I. Analysis of malonate inhibition of [ I-“C]GHB metabolism” 

“,, Amino Total Non-binding 
acids determined activity amino acids GHB Succinic 

by catIon clutcd 

exchange (countslmin) (counts:min) (“,,J (countsmin) (“J (counts:min) (“J 

Controlt 23 94.810 21.530 73 7 1.430 75.3 I x50 241 
Control 31 95.690 31.670 34.2 60.790 635 2230 7.3 
Control 29 79.920 26.380 32 51.860 6.5 I670 7.4 
M,don,ltc” ‘ ‘ 7 73.530 5080 7 64.260 x7.4 4700 5.7 
Malonatc I 0 87.720 8600 9.8 74.7 IO 85 4410 53 
Malonatc 10 69,990 6480 Y.3 59.740 X5.3 3 760 54 

- - 

* The first column represents the per cent of ‘?I after 20 min of [l-‘QC]GHB nlct~holism that hinds to c~tioi~-cxch~lli~e 
resin (i.c. the amino acid fraction). The other columns represent data under the peaks shown in Fig. 3. The non-binding 
component for anion-exchange resin compares with the fraction binding the cation-cxchangc resin and is a mcasurc of the 
total amino acids present. Malonate inhibition was by co-intravcntricular in.jcction with [ I-‘“CIGHB (see Expcrimcntal). 

t Rcprcscnted in Fig. 3. 
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Table 2. Inhibition of labeled GHB and succmatc metabolism* 

Activity remaining Total activity 
Time Total activity as suhstratc for mctabolites <I 

Substrate (min) Inhibitor (counts“min) (counts~inin) (co~~n~s~min) Metabolism 

Succinate 
Succinate 
GHB 
GHB 
GHB 
GHB 
Gf-iB 
GHB 

20 
IO 
20 
20 
20 
20 
20 
20 
20 

nialonate 
malonate 

tnalonatc 
malondte 
pyra7ole 
pyrazole 
pyruvate 

890 
I070 
I 000 
‘)20 

1020 
1200 
760 

1030 
730 

3140 
200 
320 
NO 
I_‘# 
I 00 
240 
380 
310 

78 
16 
34 
30 
10 

24 
2s 
30 

* For these experiments a TLC system was used (see Exporimcntal). On thcsc chromatograms_ succinic acid and GHB 
had an K, value of 0.7. while the potential metabolites (aspartic acid. glutamic acid. glutaminc and paminobutyic aad) 
had R, vrtlues 01‘ 0.05 to 04. All inhibitors were co-inicctcd into the lateral vcntrrcles as a mixture of either [ l-“C]GHB 
or labeled succinate. 

significant effect on GHB metabolism. Animals that 
were given intraperitoncal injections (not shown) gave 
3X. Nand 24 per cent metabolism for [ I-‘4C]GHB. 

DISCLESIOY 

When the products of metabolism of [I-‘“C]suc- 
cinic acid and [I-‘“C]GHB were analyzed by amino 
acid analysis, simiktr patterns of elution of 14C com- 
pounds were obtain& Of thcsc peaks, all could be 
idcntificd with the cxpccted elution of amino acids in- 
tcr~onvcrtible with intcrmedi~~te~ on the tri~~rbox~~lic 
acid cycle or glycoljsis (i.e. aspartic acid, glutamine. 
giutamic acid. alaninc and GABA). 

Owing to the comparably small amount of GABA 
produced and because the malonate-treated animals 
did not product an incrcasc in this compound. it is un- 
likelq that a tr~~ns~~i?~iil~s~ for converting succinic 
scll~j~lld~h~dc to GABA is active in brain. Thus, the 
prcviouslq rcportcd observation suggesting that 
GABA is produced from GHB primarily through the 
Krebs cycle [9] is consistent with the results presented 
hcrc. 

The possibility that a /i-oxidation pathway, as sug- 
gestcd by Wnlkcnstein PI trf. [Xl. is largely responsible 
for GHB ~~~ct~~~~olis~~~ is rendered somewhat unlikely 
by these experiments. although no direct proof is pre- 
scntcd. This implication is supported by the consistent 
appcarancc of a similut- extent of GHB metabolism 
dctcrmincd by three alternate methods of analysis and 
the f&t that GHB metabolism is blocked by malonate. 
Any product(s) of ~~-oxid~~tion would then have to have 
the same chronl~~togr~lphic behavior as GHB in the 
methods used and the enzymes for this pathway would 
have to be susceptible to malonatc inhibition. Specifi- 
call). if a P-oxidation pathwray were active, then in the 
prcscnce of malonatc. production of tho labeled amino 
acids such as glutamine and glutamate would have 
occurred at their normal (control) rate. However. this 
w;is not observed. Instead there was a comparable 

reduction (i.c. a factor of 3.2 to 3.5) in overall metabo- 
lism for both GHB and succinate caused by malonate. 
Alternately, the presence of pyruvatc would have been 
expected to inhibit at icast partially the incorporation 
ofacetate produced by a ~~-oxid~tioi~ pathway into the 
amino acids. but again no such effect was noted. 

The possibility that GHB is metabolized via a direct 
dccarboxylation to propanol is also unlikely. although 
this could not be studied more thoroughly using [I- 
“C]GHB. However, the gross symptomatology of 
propanol intoxication is much different from that of 
GHB. Also 
(R044602) did 

a potent de~rbo~~l~~tion inhibitor 
not effectively inhibit GHB mctabo- 

lism. 
The 22 30 per cent figure for the extent of GHB 

metabolism when 250 nmoles was injected is based 
upon the amount of total isotope that was left in the 
brain at the time the animai was sacrificd. It represents 
an even smaller ~irn~~unt of the total GHB injected into 
the brain. owing to the fact that a large percentage of 
the injected compound was rapidly cleared from the 
brain (ventricle). probably as a result of being pumped 
out via the choroid plexus. 

The enzyme involved in the initial step of GHB 
metabolism to yield succinic acid cannot bc easily 
classified in any of the groups of aicohol dchydro- 
genases found m brain based upon data prescntcd 
above. Alcohol dchydrogenase (EC I. I. I. I ). which oxi- 
dizes ethanol and other alcohols. is known to be prcs- 
ent in rat brain [1X]. This enzyme can be distinguished 
from other dehydrogcnases since it is susceptible to in- 
hibition by pyrazole. This enzyme is indeed involved 
in some aspects of GHB lnet~~~~olisrn. but apparently 
not in the oxidation of GHB to succinate. Fol 
example. the compound 1,4-butanediol can be metabo- 
lized to GHB after intraventricular [ 191 or intraperi- 
toneal [20] injection. This conversion is inhibited by 
pyraLole as attcstcd by the lack of appearance of GHB 
in the blood after ~dministr~tioll of 1.4-b~lt~incdiol to 
rats protreated with pyrazole [20]. Brain high speed 
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supcrnatant can reduce succinic semialdehyde in t)itro 
to GHB by an enzyme inhibited by pyrazole, but the 
reverse reaction cannot be demonstrated [21]. Purified 
preparations of equine liver alcohol dehydrogenasc, 
which readily oxidire 1,4-butanediol and ethanol with 
nearly the same velocity, do not oxidize GHB 1201. 
Tht~s this alcohol dehydrogenase does not appear to bc 
involved in GHB metabolism. This suggestion is 
further supported by the failure of pyrazole co-injected 
with [I-‘“C]GHB to affect the conversion of GHB to 
succinatc. Other cxperimcnts (to be puhlishcd) using a 
more potent pyrarole analog, 4-mcthylpyrazolc, which 
inducts sleep and loss of the righting reflex. also had 

no efTcct on [l-‘4C]GHB metabolism. 
Alcohol dehydrogenases (EC 1. I. 1.2) that have been 

postulated to be related to metabolism of biogenic 
amincs and arc distinguishable from those that meta- 
boliyc ethanol by their apparent insensitivity to pyra- 
/ok arc also prcscnt in brain tissue [?2]. However. this 
cn/ymc will not reduce succinic semialdehyde to GHB 
but prcfcrs long chain aliphatic and aromatic alde- 
hydcs. Efforts to determine more clearly the class or 
classes of dehydrogenascs that convert GHB to suc- 
cinatc are currently underway in this laboratory. 
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