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Administration of gammahydroxybutyric acid (GHBA) to 4 days old animals caused a dose dependent decrease in locomo- 
tor activity. GHBA also induced a marked hypoventilation, irregular breathing and finally apnea, while heart rate was 
slightly increased. Changes in monoamine neurotransmitter turnover indicated an inhibition of dopamine (DA) neuro- 
transmission. It is concluded that GHBA mechanisms in the neonatal rat brain are biochemically as well as functionally 
mature at an early age and that the effects on locomotor activity and respiratory regulation at least partly may involve 
interactions with central DA neurotransmission. 

Neonate CNS GHBA 

GAMMAHYDROXYBUTYRIC acid (GHBA) is an en- 
dogenous brain constituent with potent neurophysiological 
and neuropharmacological properties [32]. Its actions have 
previously largely been associated with gammaaminobutyric 
acid (GABA) as GHBA may be formed by metabolism of 
GABA in the brain [14,31]. However, recent data indicate 
that GHBA may be formed from important sources other 
than GABA such as polyamines [ 1 l] and the developmental 
time table [33] is different from GABA. This suggests that 
GHBA may play a biologically significant role as a neuroac- 
tive agent with independent actions in neurotransmission or 
neuromodulation. 

The ontogenetic development of endogenous GHBA con- 
centrations in the brain are well described in several species 
[33]. Thus, e.g., in the rat, concentrations are high during 
early development and decrease significantly during 
postnatal development. Previous investigations from our 
laboratory [21,28] have furthermore indicated that central 
GHBA mechanisms are also functionally mature during early 
age. 

Thus, if neuronal pathways for GHBA exist in the brain, 
they demonstrate a high degree of maturity during early age, 
which may infer a role in physiological or pathophysiological 
conditions during the neonatal period. In order to further 
investigate the functional neuromodulatory role of GHBA 
during early age, we have studied the effects on monoamine 
neurotransmission, as well as the effects on heart rate, respi- 
ration and motor behaviour in 4 days old rats. 

METHOD 

Pregnant Sprague-Dawley rats (Anticimex, Stockholm) 
were obtained at the 1617 day of gestation, and housed in 
the department under regulated dark-light conditions (light 
period 6 a.m.-8 p.m.). Parturition occurred at 22? 1 days of 
gestation and the time of delivery was noted within 12 hr. 
Experiments, biochemical as well as behavioural, were per- 
formed on the rat pups at 4 days of postnatal age. 

Locomotor Activity 

In order to measure locomotor activity, the neonatal rats 
were placed in a transparent cage (195x 300 mm, height 245 
mm), put in a ventilated and sound proof box with a one-way 
mirror for observation. Locomotor activity was measured 
using the “M/P 40 Fc Electron Motility Meter” (Motron 
Products, Stockholm) [29]. This instrument is equipped with 
40 photoconductors (5 rows of 8, centre-centre distance 40 
mm) and covered by a translucent floor. The transparent 
cage was placed over the photoconductors, and on top of the 
cage a black-painted “chimney” was mounted in order to 
prevent light scattering. The light source was a 12 V car bulb 
which was placed in the roof of the chamber. Every tenth 
interruption of the photocell beam was recorded as one 
count. The recordings were made for 15 min periods. After a 
15 min control period, GHBA, 750 m&g, was injected SC, 
and locomotor activity was recorded for 90 min. In separate 
experiments, accumulated locomotor activity (60 min) was 
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measured 30 min after increasing doses of GHBA (75-1500 
mg/kg). Control animals received saline. In the experiments,  
4 animals were run together and each animal was used only 
once. 

Heart Rate and Respiratory Frequency 

Measurements were performed before GHBA (750 mg/kg 
SC) or saline injection and at every 10 min interval for one 
half hour after the administration. Heart  rate (HR) was calcu- 
lated from ECG recordings applying electrodes on both front 
and the right back limbs. Respiratory frequency was ob- 
tained from an external inflated rubber device applied 
around the thoracic cage [6]. The volume changes were 
measured by a low pressure transducer (Statham PT 5A) 
connected to a Grass polygraph. 

Biochemistry 

GHBA (750 mg/kg) or saline was administered subcutane- 
ously 90 rain before sacrifice. Animals whose brains were 
analysed for tyrosine, DOPA, tryptophan and 5-HTP were 
given NSD 1015 (3-hydroxy-benzylhydrazine HC1), 100 
mg/kg SC, 30 min before decapitation. NSD 1015 is a potent 
inhibitor of  aromatic L-amino acid decarboxylase in the 
brain and causes increases in the concentrations of the 
monoamine precursors DOPA and 5-HTP. The measurement 
of  these intermediates in the brain is thus a good method to 
estimate the in vivo activity of the rate limiting enzymes,  
tyrosine hydroxylase and tryptophan hydroxylase,  respec- 
tively [10]. Animals intended for analysis of DA, NA, 5-HT 
and 5-HIAA did not receive NSD 1015 injections. 

The rats were killed by decapitation and the whole brain 
was dissected out and immediately frozen on solid CO..,. 
Three brains were pooled per sample for the biochemical 
analyses. All brain samples were stored at -70°C, in no case for 
more than three months. After thawing, the brain samples 
were homogenized in 10 ml 0.4 perchloric acid containing 5 
mg sodium metadisulfite (Na,z S., 03) and 20 mg EDTA. The 
extracts were purified on a strong cation exchange column 
(Dowex 50-X-4) and analysed spectrofluorometrically for 
tyrosine, DOPA, DA, NA, tryptophan, 5-HTP, 5-HT and 
5-HIAA according to previously described techniques [3, 4, 
5, 7, 9, 12, 24, 34]. 

Drugs Used 

The following drugs were used in the study: GHBA 
(sodium form, Sigma Chemical Co., St. Louis,  MO) (NSD 
1015 synthesized in this laboratory).  

Statistical Methods 

Conventional methods were used for the calculations of 
means+s .e .m.  Tests of significance were conducted using 
one way analysis of  variance or Student ' s  t-test, p-Values 
larger than 0.05 were considered non significant. 

RESULTS 

After a single injection of GHBA (750 mg/kg) there was a 
progressive decline in locomotor activity reaching its lowest 
levels after 45 min (Fig. la). After this time, spontaneous 
locomotor activity was almost absent in the GHBA treated 
group. Administration of GHBA (75--1500 mg/kg SC) to the 
neonatal rats, caused a dose-dependent reduction of  locomo- 
tor activity (Fig. lb). 
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FIG. la and b. Locomotor activity in 4 days old rats (accumulated 
counts per 15 min) after a single injection of 750 mg/kg of GHBA (a) 
and accumulated locomotor activity (60 min) in rat neonates 30 min 
after SC injections of increasing doses of GHBA (75-1500 mg) (b). 
Controls received an equal volume of saline• Shown are means+ 
s.e.m, of 7-8 neonates in each group. Statistical comparison with 
t-test. *p<0.05, **px0.01. 

Respiratory frequency (f) was already significantly de- 
creased 10 min after GHBA administration (Fig. 2). After 30 
min, f was approximately 10-15% of the normal value, and in 
some animals marked irregular breathing as well as apnea 
appeared (Fig. 3). At this time, 30-40 rain after injection, 
most animals appeared cyanotic. No spontaneous breathing 
was seen after 40 min and therefore respiratory rate was not 
further followed. In contrast to this, HR increased signifi- 
cantly after GHBA administration (Table 1). Thus, 30 min 
after injection, HR was approximately 20% increased com- 
pared to the preinjection control. 

After GHBA and NSD 1015 there was a significant ap- 
proximately 50% increase in DOPA accumulation concomit- 
ant with an increase in whole brain tyrosine (Table 2). DA 
levels were also increased while NA tended to decrease,  
however not significantly. Whole brain 5-HTP accumulation 
was decreased in the neonatal animals after GHBA and NSD 
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FIG. 2. Respiratory frequency in unanaesthetized 4 days old rats 
after a single injection of GHBA (750 mg/kg SC). Shown are 
means ± s.e.m, of 6 animals. Statistical comparison to initial control 
(0 min) value by t-test. ***p<0.001. 

T A B L E 1  

EFFECT OF GHBA ON HEART RATE IN 4 DAYS OLD RATS 

Time after injection Heart rate (beats/min) 
(min) GHBA (n=5) 

0 361 ± 18.7 
10 411 ± 10.0" 
20 432 ± 14.5t 
30 431 ± 14.97 

Shown are beats/min (means ± s.e.m.) before and at various 
times after administration of GHBA, 750 mg/kg SC. Statistics by one 
way analysis of variance followed by t-test. Significances indicated 
vs. preinjection (0 min) value. *p<0.05, tp<0.01. 

Control 
I I 

10 sec. 

GHBA 

10 min. 20 min. 30 min. 40 min. 

FIG. 3. Replica of an original representative respiratory recording from a 4 days old rat neonate after a SC injection of 
GHBA, 750 mg/kg SC. Inspiration upwards. Note irregular periodic breathing appearing 20 min after injection and apnea at 
40 rain. 

1015, whi le  t r y p t o p h a n ,  5 -HT and  5 - H I A A  levels  r ema ined  
una l t e red  (Table  2). W e  c h o s e  to eva lua t e  the  b iochemica l  
p a r a m e t e r s  at  a t ime  w h e n  the  l o c o m o t o r  effects  were  fully 
deve loped ,  i .e. ,  60 to 90 min  a f te r  G H B A  inject ion.  

DISCUSSION 

G H B A  elici ts  p ro found  b e h a v i o u r a l  e f fec ts  w h e n  ad- 
min i s t e red  to adul t  rats .  Thus  af te r  sy s t emic  admin i s t r a t ion ,  
the re  is p r e d o m i n a n t l y  a r educ t ion  in l o c o m o t o r  ac t iv i ty  [35], 
dec rea se  in b o d y  t e m p e r a t u r e  [26] and  a r e sp i r a to ry  depres-  
s ion [17]. H o w e v e r ,  l i t t le ef fec t  is seen  on  ca r d i ovas cu l a r  pa- 
r ame te r s ,  and  b lood  p re s su re  r em a i ns  essent ia l ly  una l t e red  
[30], whi le  H R  may  be  u n c h a n g e d  or  sl ightly inc reased  
[16,30]• 

In ou r  inves t iga t ion  in neona ta l  rats ,  t he re  were  m a r k e d  
changes  in l o c o m o t o r  ac t iv i ty  indica t ing  a h igh degree  of  
func t iona l  matur i ty  of  G H B A  m e c h a n i s m s  in the  CN S dur ing  
early pos tna t a l  age. The  effects  on  l o c o m o t o r  ac t iv i ty  were  
c lear ly  dose  d e p e n d e n t  and  at the  h ighes t  doses  m a r k e d  re- 
duc t ions  of  s p o n t a n e o u s  l o c o m o t o r  ac t iv i ty  were  seen.  The  
ana tomica l  bas is  for  effects  on  l o c o m o t o r  ac t iv i ty  is no t  
known,  but  could be  the resul t  of, e.g. ,  a direct  effect  due to, 
ac t iva t ion  of  p o s t s y n a p t i c  r ecep to r s  for  G H B A  [8] or  an  indi- 
rec t  effect  due  to inh ib i t ion  of  the  n e r v e  impulse  flow in the  
D A  nigro-s t r ia ta l  n e u r o n a l  p a t h w a y s  [1,35]. 

E x o g e n o u s  G H B A  induced  a p r o f o u n d  hypoven t i l a t i on  in 
the  u n a n a e s t h e t i z e d  neona t a l  rat ,  wh ich  is in a g r e e m e n t  wi th  
p r ev ious  f indings  in a n a e s t h e t i z e d  adul t  an ima l s  [16]. This  
effect  was  not  lethal ,  ind ica ted  by  the  o b s e r v a t i o n  tha t  H R  

T A B L E  2 

EFFECTS OF GHBA ON ENDOGENOUS WHOLE BRAIN 
MONOAMINE LEVELS IN 4 DAYS OLD RATS 

GHBA 
Control (750 mg/kg) p 

Tyrosine 22.8 _ 1.62 (6) 34.2 ± 1.51 (8) <0.001 
(/xg/g) 

DOPA 65 ± 7 (6) 102 _+ 8 (9) <0.001 
(ng/g) 

Dopamine 136 ± 6 (4) 183 _+ 12 (3) <0.05 
(ng/g) 

Noradrenaline 122 ± 12 (4) 87 ± 15 (3) n.s. 
(ng/g) 

Tryptophan 6.1 ± 0.56 (6) 5.7 ± 0.25 (4) n.s. 
(~g/g) 

5-HTP 49 ± 3 (7) 31 _+ 5 (4) <0.05 
(ng/g) 

5-HT 58 ± 16 (5) 72 _+ 15 (5) n.s. 
(ng/g) 

5-HIAA 95 ± 8 (5) 98 ± 8 (6) n.s. 
(ng/g) 

Shown are means ___ s.e.m. GHBA treated animals were injected 
SC 90 min before sacrifice. Conrols received an equal volume of 
saline. At 30 rain before decapitation, all animals analysed for 
tyrosine, DOPA, tryptophan and 5-HTP were given NSD 1015, 100 
mg/kg SC. Statistical comparison by t-test. 
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was increased in the t reated neonates .  In fact, G H B A  in- 
creases  hypoxic  survival  in adult animals [2], when the agent 
is adminis tered in the same dose range as used in this study. 
The beneficial  effect  o f  G H B A  in this respect  was due to a 
decrease  in cerebral  metabol ic  rate for oxygen  [2]. Al though 
not demonst ra ted ,  this mechan i sm is most  probably also 
applicable for the neonatal  animal as the newborn  has an 
even  higher capaci ty  to survive oxygen  depr ivat ion [19,20]. 
The respiratory depressant  effects  induced by G H B A  are 
most  probably  o f  C N S  origin [16,17] al though the potential  
for G H B A  to inhibit respirat ion seems to be more  
p ronounced  when adminis tered by the intraperi toneal  [17] 
compared  to the in t racerebrovent r icu lar  route  [16]. The  res- 
piratory effects  induced by G H B A  also seem to differ qual- 
i tat ively from those elicited by G A B A  or  G A B A  receptor  
agonists  like muscimol  [16,17]. This may indicate that 
G H B A  alters respirat ion through mechan isms  which are in- 
dependen t  o f  those affected by G A B A  as indicated by their  
different effects  on respirat ion in neonatal  animals [17]. This 
assumpt ion may also be supported by the fact that the t ime 
tables for the deve lopmen t  of  G H B A  [33] and G A B A  mech-  
anisms [18] fol low different  profiles. 

The  effects o f  G H B A  on the tu rnover  of  monoamine  
neurot ransmi t te rs  indicated an interrupt ion o f  the nerve  im- 
pulse traffic in DA neurons  as ev idenced  by the increased 
DA levels  and D O P A  accumula t ion  in the brain. This is in 
agreement  with previous  results repor ted  in both adult and 
developing  animals [1, 13, 21, 28]. These  effects  on DA turn- 
o v e r  are probably due to an inhibition of  the nerve  impulse 
f low of  the DA nigrostriatal  neuronal  pa thways  [ 1,13]. There  
was,  however ,  no effect  on N A  neurons,  while 5-HT syn- 
thesis was slightly decreased .  This lat ter  finding may be a 
result  of  the hypoxia  induced by G H B A ,  as oxygen  depriva-  

tion causes  similar changes in 5-HT synthesis  [20]. Adminis-  
trat ion of  G H B A  to adult animals seems to increase 5-HT 
synthesis  [22] and degradat ion [36] in agreement  with the 
effects  on ca techolamine  turnover .  In neonatal  animals,  
however ,  a decrease  has been  found after prolonged admin- 
istration [22]. The effects elicited by G H B A  on catechola-  
mine turnover  ( increased ca techolamine  synthesis  and in- 
c reased  DA levels) are in contrast  unlike those seen after 
hypoxia  (decreased ca techolamine  synthesis ,  unchanged en- 
dogenous  levels  of  DA) [19]. It should also be noted that the 
b iochemical  as well as the behavioural  effects elicited by 
G H B A  were  seen after relat ively high doses.  The  fact that 
effects  can be elicited does  not  necessari ly mean that the 
G H B A  sys tem is operat ing under  physiological  condit ions in 
the neonate  animal.  H o w e v e r ,  f rom data on distribution 
[11,33] and the exis tence  of  binding sites for G H B A  in the 
brain [8], it is tempting to speculate  that this is the case. 

Summariz ing  our  observat ions ,  it can be concluded that 
G H B A  exhibits  marked locomotor  and respiratory effects in 
neonatal  animals,  which partly may be due to direct 
postsynapt ic  effects  and partly due to inhibition of  DA neu- 
rotransmission,  as DA agonists st imulate both locomotor  
act ivi ty  [23, 25, 35] as well as respiratory f requency [15,27]. 
H o w e v e r ,  most  important ly ,  central  G H B A  mechanisms  
during early postnatal  age demonst ra te  a high degree of  
b iochemical  as well as functional maturi ty.  
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