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NEUROCH EMICAL AND PHYSIOLOGICAL ASPECTS 
OF THE ROLE OF y-HYDROXYBUTYRIC ACID 

AS A NATURAL SOPORIFIC 

ABSTRACT 

MIGUEL P ÉREZ DE LA M ORA • 

R ICARDO TAP IA • 

T h e following aspects of the role of y-h ydroxybutyric acid (GHBA) in the CNS are 
reviewed in the presen t paper. 

l. T h e ad ministrat ion o f GHBA or its lactone to mammals p rodu ces a sleep con ­
di tion sim ilar to the natural one. 

2. Elcctrophysiological stuclies have shown tha t the activi ty of the re ticular forma tio n 
is probab ly involvecl in the soporific effcc t o f G HBA, a lthough th is compound cloes 
not seem to act as a synapt ic transmiu er . 

3. GHBA is a norma! constituen t o[ brain tissue. Among the severa! possible b io­
synthe tic path ways wh ich coulcl be responsible for its synthesis in this tissue, the 
y -aminobutyric-acicl-succin ic semialdehyde pathway seems to be the m ost p robable. 

4. GHBA is rapid ly metabolized to C0 9 and H 9 0. T he bioch em ical reactions invol-
ved in this degradation are not know11. -

5. Litt!c is known on the biochemical mechanisms underlying the soporific action 
of GHBA. J t seems possible that mocl ifications of dopamine and serotonin metabo­
lism in cenain arcas of the CNS are involvcd. T h e possiblc participa tion o f othcr 
alcohols deri ved from b iogenic amines in s!eep mechan isms is a lso d iscussed. 

R ESUMEN 

En el presen te trabajo se revisan los siguientes aspectos del papel del ,ícido y-hid ro­
xibutír ico (GH BA) en e l sistema nervioso centra l. 

l. La ad ministració n ele GH BA o ele su lactona a mam íferos produce un estado de 
sueflo muy similar a l na tural. 

2. Mediante estud ios electro Cisio1ógicos se han obtenido datos que ind ican que la 
actividad de la formación reticu lar pa rt icipa como sustra to an atómico en el efecto 
sopor ífico del G HBA. Sin em bargo, este ácido no p arece actuar como transm isor 
sin{1 ptico. 

3. E l GH BA es un constiluyen te normal del tej ido cereb ral. En tre las varias vías 
metabólicas que pudieran ser responsab1cs ele su sín tesis, la vía ;\cido y ·aminobu­
tírico-sem ialdeh ido succin ico parece ser la más probable en el cerebro, in vivo. 

4. El G H BA se metabol iza rápidamen te a C0 2 y H 20. No se conocen las reacciones 
bioqu ímicas invol ucradas e n es ta degradación . 

5. Se conoce muy poco acerca de los mt'can ismos b ioquímicos subyacen tes en la 
acción soporífera del GHBA. Sin embargo, algunos resultad os experimentales sugie-
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ren que e l metabolismo de la seroto11ina y de la dopamina juega un papel en dicho 
efecto. Asimismo, parece posible que otros alcoholes d erivados de aminas biogénicas 
participen en los mecanismos molecula res del suelio. 

l NTRODUCTlON 

Since lhe di covery lhat y-hydroxybutyric 
acid (GHBA) • ca n produce a sleep 
condilion similar to Lhe na tural one (La­
borit el al., 1960), this compound raised 
considerable interest. This interest was 
stimu la ted when it was shown that 
GHBA was a normal constituent of 
brain (Wolff, J 960; Bessman a nd Fish­
bein, J 963) . Due to its small concentra­
lion, however, o nly with the use of sen­
sitive t :!chn iq ues as gas rhroma tography 
was possible Lo ascen a in without any 
doubt its presence in nervous tissue. 
GHB h as been found in the brain o[ 
rat (Bcssman and Fishbein, l 963; Fish­
bein and Bessman, 1964; Rolh a nd Giar­
man, l 970) , ca t ancl guinea-pig (Roth 
and Giarman, 1970) ami man (Bessman 
and Fishbein, J 963; Fi hbein and Bes­
sman, 1964). The GHBA concentra lio n 
in brain has been reported to be JO·º 
M lo lo-a M, depending on the method 
used for its dete rmin alion. The hicrh 

o 
va lues were obtained following a colo-
rimetric procedure, based in Lhe forma­
tion of the corre ponding hydroxamic 
acid from the la ctone derived from free 
GHBA (Bessman and Fishbe in, 1963); 
the low values were obta ined by gas 
chromalographic techniques coupled 
with isotope dilulion methods (Roth ancl 
Giarman, J 970) . 

• Abbreviations used: 

1 :4BD, 1 :4-butanediol; Cl'\S, cen tral nervous 
system; L-DOPA, L-di hydroxypheny!alaninc; 
EPP, 5-eth yl,5-phenyl,2-p yrrolidinone; GA BA, 
y-aminobutyric acid; GBL y-butyrolactone; 
GHBA, y -hydroxybutyric acid; LDH, Jactic 
dehydrogenase; SSA, su ccinic sem ialdeh yde. 

v\Then the regional distri bu tion of 
GHBA in the guinea-pig brain was slu­
died, it was found that the hippocam­
pus, the mesencephalon, the diencepha­
lon and the cerebellum had the highest 
concentra tion (Roth, I 970) . Posunonem 
changes, however, could have occurrec.i 
in lhese studies. On the other hand, sub­
cellula r fractionation stuclies have shown 
that GHBA is a soluble component 
(R oth, 1970), a lthough its possible redis­
tribution during the homogenization ami 
fraclionation cannot be discarded. 

Concentra lions of GHBA smaller Lhan 
those present in b rain have been found 
in li ver (Roth, 1970). Unfortunale!y, 
other organs have not been studicd in 
this r espect. 

METABOLISM OF GHUA 

Biosynlhesis 

GHBA and ils lactone, y-butyrolactone 
(GBL) are rapid ly accumulated in brain 
after their syslemic admin'islralion to 
$everal species, including man (Bessman 
ami Fishbei n, 1963; Giarman and R oth, 
J 964; Bessman ancl Skolnik, J 964; Roth 
ancl Giarman, J 966; H elrich el al., 1964) . 
Under these condilions, GHBA is rapidly 
ancl extensively distributecl a long the 
CNS, with increasingly higher concentra­
tions from the cervical cord to the cere­
bra l cortex, where the highest levels 
have been ob erved, especially in the 
temporal lobe (R oth and Giarman, 
1966). 

These results indicate tha t there is 
practica lly no bldod-brain ba rrier for 
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GHBA and GBL, a very interesting find­
ing in view of the fact that many physio­
logically important substances in the 
C:-.JS, a s y-aminobutyric acid (GABA) 
(Van Gelder and Elliott, 1958) , cate­

cholamines (Whitbey et al., 1961; M:uks 
el al., 1962) and 5-hydroxytryptamine 
(Axelrod ami Inscoe, 1963), d o not 
easily reach the bra in. T he possibility 
exists, therefore, that the small amounts 
of GHBA present in brain a re only the 
result of upta ke from the blood and that 
its format ion occurs in periferic tissues. 
However, there a re no avai lable data on 
the formation of GHBA in extraneural 
tissues. On the other hand, it has becn 
shown that this compound can be syn­
thesized in the CNS, both in vivo (Roth 
and Giarman, 1969) and in vitro (Roth, 
1970) . 

T he most probable metabolic precur­
sor of GHBA in the CNS seems to be 
GABA: R oth and Giarman (1969) have 
isolated radioactive GHBA after the ad­
ministration of 3 H-GABA, and the same 
conversion has been reportee! a lso in rat 
brain slices (Roth, 1970). Since it is 
known that GABA is u·ansamina ted in 
nervous tissue to yield succinic semia l­
dehyde (SSA) (Bessman et al., 1953; Ro­
berts and Bregoff, 1953), it has been 
postulated that the latter compound is 
an intermediate metaboli te in the con­
Yersion of GABA to GHBA. In fact, 
although the main pathway of SSA me­
tabolism is probably its NAD-dependent 
oxiclation to succinic acicl by the corres­
ponding clehyclrogenase (Albers and Sa l­
vador, 1958), the anaerobic utiliza tion 
o [ SSA by rat brain mitochondria (Bes­
sman et al., 1953) and the NADH con­
sumption in the presence of SSA (Bes-
man et al., 1953; Albers and Salvador 

l 958) clearly indica te that some othe;. 
metabolic pa thways for SSA exist. On 
the other hand, it has been reported 
(Fishbein and Bessman, 1964) that SSA 
can be convertecl in v itro to GHBA in 

the presence of a soluble enzyme from 
rat brain; this enzyme seems to be iden­
tical to lactic dehydrogenase (LDH) . 

An alternative biosynthetic pathway 
[or G HBA could be through 1 :4-butane­
cliol (l :4BD) (see Fig. l for structura l 
rela tionships). It has been reported that 
the administration of this compound to 
ra ts produces both an e levation of GH 
BA levels in brain and sorne behavioral 
effects similar to those observed after 
GHBA administration (Roth ancl Giar­
man, 1968) . l :4BD could be a natura l 
metabolite in the CNS or it could be 
tran sported from liver, since in the latter 
tissue it has been found as a normal 
constituent (Bergelson et al., 1966) . 

COOH COOH COOH OH 
1 1 1 1 
CH2 CH2 CH2 CH 2 
1 1 1 1 
CH2 
1 

CH 2 
1 

CH 2 
1 

CH 2 
1 

CH2 CH CH 2 CH 2 1 11 1 1 
NH 2 o OH OH 

GABA SSA GHBA 1:4 80 

l' ig. l. Structura l relationships among GABA, 
SSA, GHBA and 1 :4BD. 

The postulated biosyn thetic pathways 
o [ GHBA are summarized in Fig. 2. 

M etabolic degradatio11 

lt has been shown that GHBA, when 
administered to animals, is rapidly trans­
formed to the corresponding y-butyro­
lactone (GBL), which has been fou nd 
in liver (Bessman and Skolnik, 1964) , 
bra in (Giarman and Roth, 1964; Bes­
sman and Skolnik, 1964; Roth and Giar­
man, 1966) and blood (Roth and Giar­
man, 1966). The inverse reaction has 
also been reportee! to occur after the 
administration of GBL (R oth and Giar­
man, 1966). T his interconversion of 
GBL and GHBA could be catalyzed by 
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a lactonase, which has been detected in 
plasma and liver (Roth and Giarman, 
1966; Fishbein and Bessman, 1966a, 
l 966b). The physiological role of this 
enzyme, however, is doubtful, since the 

tissue concentration of GBL and GHHA 
is very low, whereas the Km of the 
lactonase for these substrates is very 
high (Roth and Giarman, 1966; Fi~h­
bein and Bessman, 1966). 

ACET YL-CoA 

r
GLYCOALDEH YDE ~ 

J 

CITR ATE 
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l. OXALACETATE 

~-- J KREB S 
Jl-oxi dotion? T CY CLE 

~ · Í.NAD T lsucc1NATE ! 
Loctonose 1 ¡ NADH-1 L 

!GBL! !GHBA!.. ==1 ! SSA '=r(X-KETOGLUT.ARATE 

lt 
LDH GABA~ tron sominose 

? ( ' ) ( 1sozymes?) , ,sozymes? · 

U:4 BD! GLUTAMATE IGABA I 
Fig. 2. Mctabolism of GHBA. Description in the tcxt. 

The oxidation of GHBA to C02 oc­
curs apparently very rapidly: sorne res­
p iratory 14C02 can be de tected four mi­
nutes after the administration of 14C­
GHBA to rats, and 2.5 hr later 60% 
of the inj ected radioactivity has becn 
eli minated as 14C02 (Roth and Giar­
man, 1965, 1966). The metabolic path­
ways involved in th is oxidation are un­
known. GHBA can be converted to 
GABA (Mü oma ancl Neubauer, 19G8; 
De Feudis ancl Collier, 1970), although 
the levels of the latter amino acid are 
not increased after GHBA administra­
tion (Mi toma and Neubauer, 1968; Go­
din et al., 1968; Margolis, 1969; see, 
howner, Pietra et al., 1966). This con­
ver ion of GHBA to GABA does not 
eem to occur through glutamic acicl, 

since the specific activity of GABA is 
grea ter than that of glutamic acid after 
the administration of labellecl GHBA 
(Mitoma and Neubauer, 1968; De Feu­
clis and Collier, 1970) ; the possibility 
that a small compartmentalized pool of 

glutamic acid (Berl and Clarke, 1969) 
is the responsible for the latter finding 
seems to be ru led out by the observation 
that thiosemicarbazide, a potent inhibi­
tor of glutamic decarboxylase in v ivo 
(Baxter and Roberts, 1960; Maynert ami 
Kaji, 1962; Tapia et al., 1967), did not 
affect the conversion of 14C-GHBA to 
14C-GABA (Mitoma and Neubauer, 
1968). A direct pa thway for GHBA meta­
bolism could be its oxidation to SSA, (ol­
lowed by transamination of the latter 
compound. As mentioned above, lacti <.: 
dehydrogenase could ca talyze the ox ida· 
tion step (Fishbei n and Bessman, 196-1) 
(specific GHBA dehydrogenases have 
been found on ly in microorga nisms (N i­
renberg and Jakoby, 1960; H ardman , 
1962) ) . If SSA were formecl frorn 
GHBA, however, it would be expected 
that succinic acid shoulcl be also formed, 
because of the activity of SSA clehydro­
genase (Albers and Salvador, 1958) . 
Surprisingly, this conversion of GHB, \ 
to succinic acid does not seem to occur 
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a Iactonase, which has been detected in 
p lasma and Iiver (Roth and G iarman, 
1966; Fishbein a nd Bessman, I 966a, 
I 966b) . The physiological role of this 
enzyme, however, is doubtful, since the 

tissue concen tration of GBL and GHlir\ 
is very low, whereas the Km of the 
lactonase for these substrates is very 
high (R oth and Giarman, 1966; F ish­
bein and Bessman, 1966). 
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Fig. 2. Mctabolism of GHBA. Descrip tion in thc tcxt. 

T he oxidation of GHBA to C0 2 oc­
curs apparently very rapidly: sorne res­
p ira tory 14C0 2 can be detected four m i­
nu tes after the admin istra tion of 14C­
G H BA to rats, and 2.5 hr Iater 60% 
of thc injected radioactivity has becn 
eliminated as 14C0 2 (R oth and Giar­
man, 1965, 1966) . The metabolic path­
ways involved in this oxidation are un­
known. G H BA ca n be converted to 
GABA (Mitoma ancl Neubauer, 1968; 
De Feudis a nd Coll ier, 1970), al though 
the levels of the lat ter amino acid are 
not increasecl after G HBA administra­
t ion (Mi toma and Neubauer, 1968; Go­
cl in el al. , 1968; Margolis, 1969; see, 
howe,·er, Pietra et al., 1966) . T his con­
ver ion of G HBA to GABA does not 
eem to occur through glutamic acid, 

since the specific activity of GABA is 
greater than that o f glu tamic acicl a fter 
the administration of labelled GHBA 
(~li toma and Neubauer, 1968; De Feu­
clis ancl Collier, 1970) ; the possibili ty 
tha t a small compartmentalizecl pool of 

glutamic acid (Berl ancl C la rke, 1969) 
is the responsible for the latter finding 
seems to be ruled out by the observat ion 
that thiosemicarbazide, a potent inh ib i­
tor of glutamic clecarboxylase in vivo 
(Baxter and R oberts, 1960; Maynert ami 
Kaj i, 1962; Tapia et al., 1967), d id not 
a ffect the con version of 14C-GHB A to 
14C-GABA (i\lii toma and Neubauer, 
1968). A d irect pa thway for G HBA me ta­
bolism could be its ox idation to SSA, (ol­
lowed by transamina tion of the latter 
compound. As mention<>d above, lacti c 
dehydrogenase could cata lyze the ox ida­
tion step (Fishbein ancl Bessman, 19G·l) 
(specific GHBA dehydrogenases have 
been fo und only in microorga nisms (Ni­
renberg ancl J akoby, 1960; Hardman , 
l 962) ) . If SS were fonned from 
GHBA, however, i t would be expected 
tha t succinic acid should be a lso formed, 
because of the activity of SSA de hydro­
genase (Albers and Salvador, 1958) . 
Surpris ingly, this con version of G H B:\ 
to succinic acicl does not seem to occur 
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significa ntly in the Ct S (Roth ami 
Giarman, 1965, 1966; vValkenstein et al., 
1964). It is interesting that in rabbits 
1 :4BD can be con verted to succinate in 
a proportion similar to that o [ GHBA 
(Gressner et al., 1960) . 

The metabolic degraclation of GHBA 
to acetate ancl glycoalclehycle through a 
~-oxiclation mechan ism has been also pos­
wlated (Walkenstei n et al., 1964) . Ac­
corcl ing to this idea, the C02 produced 
from GHBA is the result of the oxicla­
t ion of acetate a n<l glycolaldehy<le (Fi~. 
2). 

I sozymes o f GABA transaminase 
(Waksman a nd Bloch, l 968) ancl LDH 
(Cahn et al. , 1962) have been fo und in 
brain ti ssue. It ca n be speculatecl , there­
fore, that some isozymes can be selecti­
velv involved in the interconversion 
bet~een GHBA and GABA, which 
would mean that compartmentalizat ion 
of GHBA metabolism might ex ist. It is 
interesting that under conditions fav<na­
ble to intracellular reduction, as after 
the ingest ion o f ethanol, the syn the~ i~ 
of GHBA is stimulated (Roth, 1970; 
:\ ícCabe et al., 1971). The possible im­
plications o[ these factors in the re~u­
lat ion of GHBA metabolism will haYe 
to be consiclered when the reaction s a JJc! 
c nzymcs involved are better known. 

EFFEC:TS OF G IIIIA 0:,./ BEH A\I IOR 

Slee/J 

Since the initia l stuc.lies of Laborit el 
al. (1960), it is known tha t GHBA acl­
ministration induces a sleep concl itioJJ 
with characteristics similar to those of 
the natural sleep, as well as an anesthe­
t ic effcct (Blumenfelcl et al. , 1962). This 
soporific cffect has been clemonstrale,I 
in rats (Bessman ancl F ishbe in, 19o3; 
Giarman ancl Schmiclt, 1963; G ia rm aJJ 
a ncl Roth, 1964; Goclin et al., 1968; Ban 
et al., 1967), mice (Drakonticles et a! .. 
1962; Bessman ancl F ishbein, 1963; Giar-

man anti Schmidt, 1963; Ban et al., 
l 967) , rabbi ts (Ban et al., l 967) , ca ls 
(Drakontic.les et ni., 1962) and men (La­
bori t et al., 1960, 1961; Bessman ami 
Fishbein, 1963; Giarman and R oth. 
1964; Metcalf et al., l 966) . lt has been 
observed that sorne time a fter the admi­
nistration of GHBA to mice ancl cats, 
the a nimals show c.lecreased spontaneous 
m uscular aclivity, weakness, ataxy, los 
of the righting ren ex ami a dimin ished 
response to sensorial stimuli. T his sleep 
condition in lhe ca l differed from the 
natural one in the lack o( both a cha· 
racteristic posture and the closing o( the 
eyelicls (Drakontides et al., 1962) . Jn 
mice, even low doses of GHBA induce 
a catatonic-like conclition in characte­
ristic postures, accompaniecl b y piloerer­
tion (Pérez e.le la Mora ancl Tapia , 11 11 -

published). I n men, the sleep conclition 
occurs with a decreased respiratory rate, 
ancl increased respiratory ampli tude. 
bradicardia, a slight increase in b lood 
pressure and a climin ishecl response to 
sensorial stim uli (Laborit et al. , 1960: 
B lumenfeld et al., 1962). In ali cases it 
was observed a suelden wakening of the 
indiviclua ls but no late effects (Laborit 
et fil., 1960; B lumen(eld et al., 1962: 
MetcaH et al. , 1966; Ban et al., 1967) . 
Trea tment with insuli n (Mitoma and 
Neu bauer, 1968), or pretrea unent with 
L -DOPA (Rinoli et fil., 1969), increased 
the sleepi ng ti me; in con Lrast. previous 
treatment with B-hyc.lroxybutyric acid 
(Roth ami Giarman , 19G6), pyru,·ate 
(Sprince ,,t al., 1966) or ampheta minc 
(Rolh and Su hr, 1970) decreased it. In 
this regard it is notewonhy that the ad­
ministration o( ethanol potentiated the 
sopori(ic effect o( GHBA lo a nwc!i 
greater extent tha n that expected by the 
sum of the effects of each su bslance (Mc­
Cabe et al., 197 1). T he alreacly mentio­
ned eHect of ethanol on brain GHBA 
levels (Roth, 1970) could be inrnlved 
in this polentiation. In view of these 
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da ta, and since GHBA is a constituent 
of sorne wines (Webb et all., 1967; Webb 
et al. , 1969; McCabe et al., 1971) , it 
is tempting to speculate that there is 
possibly a relationship betwee n the well 
known soporific effect of wine a nd its 
effect on the GHBA system. 

T he possible participa tion of 1 :4BD 
in the metabolism of GHBA has been 
already mentioned. It is of considerable 
interest, therefore, that 1 :4BD induces 
a sleep condi tion very similar to that 
produced by GHBA, both behaviorally 
and electroencephalographica lly (Sprin­
ce et al., 1963; Roth and Giarman , 
1968). 

Conv11lsio11s 

lt has been observed that GHBA can 
produce convulsions in sorne species, as 
rabbits and mice (Ban et al., 1967) . On 
the other hand, it has been shown that 
G HBA and GBL can protect against the 
convulsions induced b y strychnine (La­
bori t et a l. , J 960; Ban et al., 1967) , iso­
n iazide (Laborit et al., 1960), high oxy­
gen pressure (Bertharion and Brue, 
l 967) a mi electroshock (Ban et al. , 
1967) . Contradictory results have been 
obtained when the an ticonvulsive act ion 
o[ GHBA or GBL against metrazol or 
picrotox in was tested (Laborit et al., 
1960; Basil et al. , l 964; Ban et al., J 967). 
l n view of these discrepanci.es, ami sinc:e 
it hacl been shown in our laboratory 
that 5-ethyl,5-phenyl,2-pyrrolidinone (E 
PP). a compone! structurally similar to 
GB L (Fig. 3), is a potent anticonvulsa nt 
aga inst metrazol and electroshock (Car­
n 1jal et al. , 1964), we have ca rried out 
some experimen ts to compare the an ti­
convulsa nt properties of EPP and GBL. 
Preli minary results inclica te that sorne 
diffe rences exist: EPP protects against 
the convulsions induced by p yridoxal 
phosphate-y-glu tamyl h ydrazone, mer­
raptopropionic acid and metrazol, while 
<~BL only modifies the ton ic phase o f 

the convulsions, but does not show a 
clear anticonvulsant act ion. It is inte­
resting that EPP at low doses induces 
a sleep condition deeper (muscular rela­
xation) and longer than tha t inclucecl 
by eq uimolar doses of GBL, but without 
the cata tonic-like concl it ion which is 
observed with GBL or GHBA (Pérez 
de la Mora and Tapia, unpublished). 
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CH2 
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CH2 
1 
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1 -- C1H5 c..___ 
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NH2 

Fig. 3. St ructural 1·elationships among G RL, 
GHBA and EPP. 

lt is also of interest that GHBA and 
its lactone abolish the plantar reflex but 
not the patelar reflex in the descerebra­
ted cat. Since the plan tar reflex is poly­
synaptic, and since the affere nt and e(­
ferent pathways were in tact, i t has been 
suggested tha t GHBA has an effect at 
the level of interneurons in the spi nal 
cord (Basil et al., J 964) . 

ELECTRO PH YSIOLOG ICAL EFFECTS OF GI-I IIA 

As it could have been anticipated, 
concomitantly with its effects on beha­
vior GHBA induces remarkable electro­
physiological changes in the CNS o( 
mammals, as well as in the nervous gan­
glia of invertebrates. Since the early find­
ing h y Rubin and Giarman (1947) tha t 
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G HBA has a depressant action on the 
electrical activity of the cerebra l cortex, 
and the observation of Wolff (1960) 
that G HBA was present in the so-callee! 
factor I of Florey a ncl that this com· 
pound inhibi ted the stretch receptor in 
the crayfish, many publications have 
appeared on this subject. Practically all 
the electrophysiological studies agree 
in the observation tha t GHBA aclmi· 
nistration produces a clepression of spon· 
taneous cerebra l cortex activity in many 
species of mammals, including man 
(Drakon tides et al. , 1962; Metcalf et al., 
1966; Ban et al., 1967; Godin et al. , 1968; 
Liberson et al., 1969) . In the la tter spe· 
cies it has been possible to establish dif· 
(erent well definecl phases of electrical 
activity during the e ffect of GHBA, such 
as the presence o f hypersyncrony a mi 
alpha rhythm followed by theta and 
delta rhythms (Metcalf et al., 1966) . In 
the same study sorne interesting para· 
doxical changes were recorded, as the 
presence of alpha frequencies in sleeping 
subjects, ancl theta and de lta rhythms 
in wakcn subjects. O ther repon ed chan· 
ges a re a diminished response of the 
acti va ting reticular forma tion to electri· 
cal stimuli (Drakonticles et al. , J 962; 
Ban et al. , J 967), an increase in the 
thalamo-cortical recruitment (Drakonti· 
des et al. , 1962), an inhibition of globus 
pa llidus activity (Bertha rion and Brue, 
J 967) , and the presence of paradoxical 
sleep (Win ters and Spooner, 1965) . 

On the basis of these and other neu· 
rophysiological studies, and since the 
reticular formation is considered to play 
an impo rtant role in the mechanisms of 
sleeping and waking (Oswald, 1962), it 
has been ten ta tively concluded that this 
subcortical structure is the primary si te 
of action o f GHBA (Roth and Ciar· 
man, 1965; Metcalf et al., 1966; Ban et 
al., 1967) . Other a uthors, however, con· 
sider tha t GHBA is an epileptogenic 
clrug, rather than a n anesthetic drug, 

beca use of the observed difference bet· 
ween the effects of GHBA ancl those o( 
pento~arbital on the spontaneous elec· 
trical activity ancl on the responses evo· 
ked by "clicks" (Win ters ancl Spooner, 
1965) . On the o ther hand, the effects 
of G HBA on these parameters are simi· 
lar to those induced by a·chlora lose, 
which, according to the d ose used, is 
either ancl anesthetic or a convulsant 
(Winters and Spooner, 1966) . 

BIOCH EMI CAL·P H YS IO LOG ICAL CORR ELATION 

OF T H E EFFECTS OF GH BA 

It has been reponed that GBL ind u· 
ces a sleep condition more ra p idly a ncl 
for longer time than Cree G HBA (Bess· 
man and Skolnik, 1964; Giarman and 
R oth, 1964; R.oth ami G iarman, 1966). 
In view of the possibili ty that GBL may 
be sinthesized from GHBA (Fig. 2), this 
find ing coulcl be interpreted to mean 
tha t GBL is the active form of GHBA. 
Considerable controversy ex ists on this 
point, because while some a uthors have 
reported a good correlation between the 
sleep condition ancl the concentration 
of GH BA in brain a fter its administra· 
tion (G iarman ancl R.oth, 1964; R oth 
a ncl G iarman, 1966) , others have found 
a simila r correla tion with the lactone 
(Bessma n and Skolnik, 1964) . It has 
been shown that administered GH BA 
and GBL are not equally distributed in 
muscle and b rain (Roth ancl G iarman, 
1966) ; these clifferences, as well as sorne 
methodological ones, could be involved 
in this discrepancy. Differential measu· 
rements of G HBA and GBL in the re­
ticular forma tion or other areas related 
to sleep could be useful to solve this 
point. On the other hand, a lthough 
J :4BD shows soporific e ffects similar to 
those o f GHBA (Sprince et al., J 966; 
R oth ancl G iarman, 1968), there is evi· 
dence that GHBA or GBL are involved 
in i ts mechanism of action (Roth ancl 
Giarman, 1968) . 
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,vith regard to the molecular rnecha­
nisrns involved in the sopori(ic e ffect of 
GHBA, little is known, in spi te of sorne 
experirnents in which sorne changes in 
the biochcrnical pattern in brain tissue 
have been found after the acl rninistra­
t ion o( G HBA. The interpretation o( 
this type of experirnents is usually d if­
ficu l t, beca use, when a b iochernica l mo­
dification is fo und, it is necessary to 

provc thal i t was produced by GHBA 
itself, ami not as a conseq uence o( its 
physiologica l e ffect. H the biochernica l 
changc is rea lly produced b y GHBA, 
there is sti II the q uestion of the rela t ion-
h i p between this change and the sopo­

r iEic effect, which could be only coin­
cidcntal. In spite of the e l imitations, 
these studies can give u se(u l informa­
tion on the biochem ical correlates o( the 
soporific action of GHBA. " 'e now wi ll 
review the peninent literature on this 
subject. 

GHB.\ administration induces impor­
tant mod i(i ca tions in the intermecliary 
mctabolism, which are re(lected in the 
whole animal by hyperglycemia (Flem­
ing and La Court, 1965; Mitorna and 
~eubauer, 1968); in sorne instances, 
however, th is ef(ect has not been obser­
vecl (Bessman and Skolnik, 1964; God in 
et al., 1968). In the CNS it seems that 
che Krebs cycle rate is clecreased during 
the GHBA b r GBL-induced sleep. In 
these conditions the bra in glucose levels 
are increased (Fleming and La Court, 
1965; Gocli n et al., J 968; Leonard ancl 
Walkinson, J 97 1) ancl the percentage 
racl ioil ctivity in free amino acicls after 
labeled glucose aclm ini strat ion is de­
creasecl (Godin et al., 1968); these fiml­
ings indicate that glucose ut ilization is 
decreasecl. However, 14CO~ production 
from 14C-U-glucose by rat bra in slices is 
normal after GHBA administration 
(Roth and Giarman, J 966). O n the 
other hand, it is interesting that GHBA 
produced a n increase in the levels of 

glucose 6-phospha te ancl a decrease in 
che concen tration o ( fructose-1,6-d i pho~­
pha te in mouse brain (Leonard ami 
Walkinson, 1971 ) . T hi s fincling suggests 
an e ffect of GHBA on the li miting step 
in gl ycolys is, the phosphofructokina. e 
reaction. 

I t has been fou nd that GHBA clecrea­
ses the 14CO~ production from 1·1C-2-py­
ru va te during the potassium-sti mulatecl 
respiration of rat bra in sl ices (R oth :ind 
Giarrnan, 1966) ; lactate " steacly slateº' 
levels were increasecl (Gocl in et al. , 
] 968) . Measuremen ts of the concentra­
tion of citrate, isocitra te, a-ketogl11 taratc 
and ma late in bra in showed that on ly 
mala te was decreased el u r i ng the e((ect 
o f G H BA (Fleming ami La Coun, 
1965) . H owever, the radioact ivity in 
some intermed iates o( glucose metabo­
lism after labeled-glucose administration 
was greater in GHBA-treated animals 
than in the controls, suggesting an im­
pa irment in the activity oE the Kreb 
cycle as re la ted to other meta bolitcs. 
T his idea is suppor ted by the fincling 
that the incorporation o( rad ioactivity 
frorn glucose to amino acicls, which is 
due to a rapid exchange o f the carbon 
skeleton of amino acids with the Krebs 
cycle intermediates (Van den Berg et al., 
1969), is decreased clu ring GHBA-inclu­
ced sleep, although no changes of am ino 
acid levels were observecl (Godin et al., 
1968; Margolis, 1969) . In this regard it 
is of interest that the brain oxygen con­
suption is decreased during sleep (Kety, 
196 1) and during phenobarbi ta l or pen­
tobarbita l-induced anesthesia (flem ing 
and La Court, 1965; Bache lard 1ml 
L indsay, 1966). 

The effects of GHBA coud be media­
ted by sorne rnodifications o f synaptic 
transrnission in certa in neurones. The­
refore, the metabolism of sorne synaptic 
transmitters has a lso been stuclied in 
an imals treated with GHBA or its lac­
tone. Acetylcholine levels were increa-
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sed in rat an d mouse brain afler GBL 
administration, a nd this increase was 
,re ll correlated with the hypnolic condi­
tion ; these changes were most nota ble in 
the cerebral cortex, whereas in lhe brain 
slem they were observed only in the 
cull iculi and the adjacent reticular for­
ma tion (Giarman and Schmidt, 1963) . 
ln Lhis rega rd it is. illleresting that cho­
linergic mechanisms seem lO be present 
in the latter st ructure (Exley et al. , 
1958). 

.\ p,irt icipa lion o( dopamine in the 
mcchani m of GHBA-incluced sleep is 
~lrongly suggested b y severa! (inclings: 
CHBA and GBL produce an increase 
of dopamine turnover (Spano et al. , 
1970) , o í its formalion from labelecl 
t yrosinc (Roth ancl Suhr, 1970) , and 
of its concentration in rat (Gessa et al. , 
1966, 1968; Roth and Suhr, 1970) and 
rabbit (Gessa et al. , 1966) bra in. The 
Iatter change was correlated with 
the oporific e ffect o( GHBA. Further­
rnorc, this increase in clopamine levels 
" ·as more notable when the animals 
" ·ere pretreated with DOPA and less 
notable after pretreatment with amphe­
Lamine (Gessa el al., 1968), a compound 
that decreases cerebral dopami ne con­
ccntra tion (Roth and Suhr, 1970) . In 
general, the cluration of GHBA-incluced 
slcep is we ll correla ted with the concen­
I ration of dopa mine in brain (Rizzoli et 
a l., 1969) . Al though ali these results sug­
gest that dopamine is involvecl in the so­
pori fic effect of GHBA, sorne others do 
not agree with this postulate. For ins­
tance, it has been repon ed that when 
Lhe increase in dapamine levels is pre­
vented b y the aclministration of a-me­
Lhyl-tyrosine, the sleep condition is not 
modified (Gessa et al., 1968). 

vVith regard to the mechanism of thc 
cleva tion of dopamine concentration 
induced by GHBA, both an inhibition 
of its re lease and a compensatory in­
crease in its synthesis have been postula­
tecl (Roth and Suhr, 1970) . The fincl-

ings which support the blocking o( the 
release are that homovanillic acid-the 
product of degradation of dopamine-is 
decreased in subcortical structures a fter 
G HBA administration (R oth and Suhr, 
1970), while nei ther the activity of mo­
noaminooxidase nor tha t of ca techol-0-
methvl trans(erase are affected in these 
cond (tions (Gessa et al., 1968) . Thal do­
pamine synthesis is increased by GHBA 
is indicated by che finding that the e le­
rntion o [ dopamine levels is blocked by 
a-methyl-tyrosine (Gessa et al. , 1968) and 
that GHBA induces a selective increase 
in the transformation of 14C-tyrosine to 
HC-dopaminc (Roth and Suhr, 1970). 

It is noteworthy that n either lhe levels 
of norepinephrine (Gessa et al., 1966, 
1968) nor those of seroton.in (Giarman 
ancl Schmidt, 1963; Gessa el al., 1966, 
J 968), were modified by GHBA admi­
nistration. H owever, che turnove r of sero­
tonin was increased by GHBA adminis­
tra tion (Spano et al., 1970), a very im­
portant finding in view of the possible 
physiological role of this amine in the 
sleep mechanisms (J ouvet, 1969). 

Before finishing this section, we woulcl 
like to mention sorne very interesting 
observations on the soporific effect of 
other alcohols derived from amines. It 
has been reported that a series of alco­
holic derivatives of tryptophan, such as 
tryptophol, 5-hydroxytryptophol and 5-
methoxytryptophol (Feldstein et al., 
1970) and sorne of the correspond ing al­
deh ydic derivatives (Sabelli et al. , 1969) 
can induce a sleep conclition similar to 
that produced by GHBA. These obser­
vations seem to be important because 
of the similar metabolic rela tionships 
in the systems GABA-GHBA, trypta­
mine-tryptophol and serotonin-5-hydro­
xytryptophol: in a ll cases there is a 
deamination of the amine to the alde­
hyde, followed b y a reduction to the 
alcohol. Since GABA and serotonin are 
probably synaptic transmitters, it is 
interesting to speculate on the possibi-
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lity that, as a general phenomenon, 
alcohols clerivecl from biogenic amines 
with a physiological role in the CNS 
are involved in the biochemical mecha­
nisms of sleep. T his seems not unrea­
sonable in view of the fact that the 
inclole-alcohols are normal constituents 
of brain (Mclsaac et al., 1965), a ncl 
they can be synthesizecl in nervous 
tissue (Mclsaac et al., 1965; Ecclesto n 
et al., 1966; Felclstein and Williamson, 
1968) . Moreover, as in the case of 
GHBA, the adminis tration of ethanol 
[acilitates the formation of 5-hydroxy­
Lryptophol (Davis et al., 1967) ; this 
could be a lso a factor in the soporific 
effect of ethanol. 

With regare\ to the possibility that 
GHBA acts as a synaptic transm itter in 
the CNS, the [ew available data are 
nega tive: iontophoretic application of 
GHBA to cerebral cortex neurons ami 
LO interneurons of the spinal cord did 
not affect either the sponta neous acti­
vity or the discharges evoked by the 
application of excitatory amino acids 
(Crawford and Curtís, 1964). T his typc 
of studies on d ifferent neuronal nuclei 
are most desirable. 

MEDICAL USE OF GHBA 

Because of the speecl at which GHBA 
and its lactone reach the CNS, and 
because of their neuropharmacological 
effects, the sodium salt of GHBA has 
been used as an a nesthetic in severa l 
types o( surgery, including neurological, 
gastrointestinal and obstetrical opera­
tions (L aborit et al., 1960, 1961; Blu-

NOTE ADDED IN l'ROOF 

, ,vhile this article was in press, a pu­
blication appeared (Bustos, G. and R. 
H. Roth, 1972. Effect o( gamma-hydro­
xybutyra te on the release of monoamines 
from the rat striatum. Br. ]. Pharmac. 
44: 817 - 820) indica ting tha t GHBA 
blocks the K +-induced release of newly 
formed dopamine from rat striatum. If 

menfeld et al., 1962; Benoletti et al., 
1969; Jnzir illo et al., 1969). In ali cases 
GHBA was very effective when Lhe 
patient had been adequately premedi­
cated. Sorne advantages of the use of 
GHBA are a notable relaxation o[ the 
jaw, which fac ilitares the enclotrachea l 
intuba tion, its cardiotonic and regula­
tory eHects on ventilation, a rapid 
regain of consciousness, its lack of tox i­
city and the lack of postoperatory pro­
blems (Laborit et aJl. , 1960, 196 1; Blu­
menfeld et al., 1962). T he main disa d­
vantages are the necessity of a good 
anesthetic premedication to avoid the 
waking of the individual by the sur­
gical incision (Blumenfeld et al .. I 9G2), 
and the long latency period to reach 
the maximal a nesthetic effect (approx. 
30 min) (Laborit et al., 1960. 19Gl; 
Blumen feld et al., 1962; H elrich et al., 
1964) . On the other h and, GHBA is a 
potentially useful agen t as a soporific 
drug, alone or in combination with 
other substances (Laborit et al., 1960) . 

It is now recogn ized that good results 
are obta ined in the treatment of Par­
kinson's disease with L-DOPA (God­
win-Austen et al., 1969), most probably 
because it increases dopamine levels in 
the striatum. For th is reason, ancl 
since GHBA administralion induces an 
eleva tion o( dopamine in Lhe caudate 
nucleus (Gessa et al., 1966) , which is 
potentiated by L-DOPA (Gessa et al. , 
J 968) and occurs a t the ne rve endi ngs 
(Aghajanian and Roth, 1970) , GHBr\ 

is also a potencial drug for the treal­
ment of parkinsonism. 

this effect occu rs in man, the i ncrease 
of dopamine levels after GHBA adm i­
nistration <loes not imply a better func­
tion of che dopamine neurons, and con­
sequen tly the suggestion of the therapeu­
tic use of GHBA in Parkinson 's disease 
is prohably wrong. 
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