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Abstract-Effects on the sleeping times of male rats under amytal anaesthesia by 
succinate were compared with those of sodium pyruvate, solutions of both salts being 
introduced directly into the brain by intraventricular injection. The results were also 
compared with sleeping times in rats given amytal alone. Sodium succinate (1.0 M) 
reduced the sleeping time by about 70.0 per cent, whereas pyruvate had no effect on 
durationofanaesthesia.Bloodlevelsofbarbituratewerefound tobeunaffected by injection 
of succinate and, at the time of arousal, blood amytal concentration was significantly 
higher in succinate-treated rats than in pyruvate-treated or untreated rats. It was con- 
cluded that these results obtained in vivo corroborate previous conclusions from in 
vitro experiments on the intracellular site of action of the oxybarbiturates. 

EXTENSIVE biochemical studies have been carried out to determine the precise mode 
and site of action of the barbiturate anaesthetics. Such investigations have been 
in vitro, on isolated phosphorylating mitochondrial systems obtained either from 
mammalian liver or cerebral tissue. 

Early work by Brody and Bainl suggested that the mode of action of barbiturate 
in the CNS was mediated by an uncoupling of oxidative phosphorylation. In contrast, 
Aldridge and Parker2 demonstrated an inhibition of respiration by oxybarbiturates 
without a concomitant uncoupling of oxidative phosphorylation in suspensions of 
liver mitochondria. These authors further showed that the use of succinate as sub- 
strate for mitochondrial oxidation abolished the inhibition of respiration caused by 
the oxybarbiturates. They suggested that the site of action of the oxybarbiturates lay 
in the respiratory chain at a stage preceding the entry of succinate. These observations 
were corroborated by Chance and Hollunger’s3 studies on liver mitochondria whereby 
they characterised the action of amytal (Na-5-ethyl-5-isoamylbarbiturate) as combin- 
ing an inhibition of electron transfer between flavin and cytochrome b, with an inhibi- 
tion of energy transfer at the NADH-flavin site of the respiratory chain. 

Since none of these studies had involved in vivo preparations, it was decided to 
investigate the effects of succinate and pyruvate on amylobarbitone-induced anaes- 
thesia in the intact brain in vivo and to administer the carbohydrate metabolites 
directly into brain by injection into a lateral ventricle in the rat. It was expected that 
administration by this route would overcome any effects of transport due to the 
existence of the blood-brain barrier. 

2211 



2212 H. W. READING and J. WALLWORK 

METHODS 

Male rats of the Wistar strain weighing 140-160 g were used throughout. They 
were fasted overnight prior to each experiment which was commenced at approxi- 
mately the same time each morning to reduce possible errors arising from diurnal 
variation. Such variations were observed in exploratory experiments at the beginning 
of the series. The rats were anaesthetised by i.p. injection of sodium amytal in distilled 
water (135 mg/kg). Fifteen ~1 of either l+OM sodium succinate, or I.OM sodium 
pyruvate solution was injected into the right lateral ventricle of the rat brain using a 
specially constructed needle with a depth guard. These injections were made imme- 
diately after the onset of anaesthesia, in a manner similar to that described by Noble 
et n1.4 Sleeping times were measured by observation. The onset of sleep was defined 
as loss of righting reflex and anaesthesia. Determination of the time of arousal was 
more difficult. Although classically defined as return of the righting reflex, in our 
preliminary observations some rats showed no righting reflex when left for long periods 
to recover but would walk when turned on to the abdomen; others would bite the 
observer’s finger placed close to the mouth, whilst still not showing a righting reflex. 
On the other hand, rats obviously more comatose than the above would show pur- 
poseful righting reflexes. It was finally decided to define an end-point to encompass 
as short a sleeping time as possible, since this would tend to reduce errors arising from 
factors of experimental variability, which would have increased the standard deviation. 
The end-point was defined as return of withdrawal reflex to pain and increase in 
muscle tone together with reappearance of muscle reflexes. Although such an end- 
point is to some extent subjective, with a little practice it became possible to measure 
the time of arousal in each group by the same criteria. The employment of control 
groups in all experiments rendered these observations more reliable. As the results 
show, the differences in mean sleeping times between the different experimental groups 
were of such magnitude to render more sophisticated methods of determining arousal 
time (e.g. E.E.G.) unnecessary. 

Estimation of barbiturate Ieuels in blood 
On arousal the rats were decapitated and blood collected in heparinized tubes for 

estimation of barbiturate concentration. A spectrophotometric method was adapted 
to a microscale and gave reproducible results and obeyed Beer’s law over the range of 
concentrations encountered. 

06 ml of whole heparinized blood was shaken with 6 ml chloroform to precipitate 
protein and extract the barbiturate. 5 ml aliquots of the chloroform barbiturate 
extract were shaken with 1 ml 0.0125N NaOH. The mixtures were centrifuged and 
0.35 ml of this alkaline extract (supernatant) were mixed in a microcuvette (1 cm 
light path) with 0.15 ml borate buffer 0.05M pH 10.0 (50 ml 0.05M Borax, 43 ml 
0.2N NaOH, made up to 200 ml). 

The optical density of the resulting solution was determined in an S.P. 800 recording 
spectrophotometer (200-300 mp) against a blank consisting of O-35 ml 0*012.5 NaOH 
and 0.15 ml. pH IO.0 borate buffer. Sample and blank were then both acidified with 
two drops of 6N PI804 and the optical density of the sample re-determined. The 
difference in optical density between the alkali and acid solutions at 239 rnp was 



Oxidation of succinate and pyruvate in rat brain and its effect on barbiturate anaesthesia 2213 

directly proportional to barbiturate concentration. Concentration of barbiturate in 
blood was calculated from the following expression:- 

239 rnp 239 rnp 
E - E 6.5 = mg amytal/lOO mls blood 

alkaline acid 
(Constant is computed from the dilution etc., and the molecular extinction co- 

efficient for amylobarbitone.) 

RESULTS AND DISCUSSION 

The results are shown in Table 1. It can be seen from Table 1 that a marked reduc- 
tion in sleeping time was produced by the intraventricular administration of sodium 
succinate and that such an effect was not observed by giving an equivalent amount of 
sodium pyruvate by the same method of administration. The differences between 
sleeping times and blood concentrations on arousal, for succinate-treated rats and 
those treated with pyruvate or untreated animals have a high degree of statistical 
significance (P < 0.01 in all cases). On the other hand, the differences in sleeping time 
and blood-barbiturate concentration in pyruvate-treated and untreated rats were 
almost negligible (P = 0.7 and O-8 respectively). 

TABLE 1. SLEEPING TIMES OF RATS WITH CORRESPONDING AMYTAL 

CONCENTRATIONS IN BLOOD 

Treatment 
Sleeping time 

(min) 
Blood amytal 

concentration on 
arousal 

(mg/lOOml) 

None 
Sodium succinate 
I5 ~1. 1 .OM intra- 
ventricularly 
Sodium pyruvate 
15 ~1. 1 .OM intra- 
ventricularly 

100~9(12~21) 5.39 (& 0.81) 
29.4 (& 0.64) 7.34 (* 0.05) 

104.3 (C 1.87) 5.48 (* 0.05) 

(s.e.m. given in parenthesis) 

Previously, Soskin and Taubenhauss attempted to use succinate as an antidote 
to toxic doses of nembutal in rats. The results obtained showed a low degree of stad 
tistical significance, but the route of administration of succinate (intraperitoneally 
and intravenously) probably contributed largely to this. These authors suggested that 
further work should be done on the use of succinate in terminating barbiturate 
anaesthesia. This suggestion does not seem to have received much attention over the 
years, and the present authors feel that such a procedure would be well worthwhile 
in cases of acute barbiturate poisoning which do not respond to any of the usual 
methods of treatment. The succinate would probably have to be administered intra- 
cisternally to be effective. 

More recently, Kalyanpur et al.6 studied the effect of pre-treatment of rats with 
vitamins of the B group, steroid hormones and high protein and carbohydrate diets 
on sleeping times induced by pentobarbital and barbital. Mixed results were obtained 
but these workers used female rats which are known to respond more readily than 
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males to barbiturate anaesthesia. Reductions in sleeping time found by Kalyanpur 
and colleages were not .of the same order nor as consistent as those obtained in the 
present experiments obtained by the intraventricular administration of succinate. 

The fact that the concentration of barbiturate in the blood at the time of arousal 
was significantly greater in the case of succinate-treated animals than in pyruvate- 
treated or untreated rats, indicates than the intraventricular administration of succin- 
ate does not affect the rate of metabolism of the barbiturate but acts at the level of 
intracellular oxidation in the neuron. This is corroborrated by the close similarity in 
blood levels of amytal obtained 30 min after the onset of anaesthesia in untreated 
rats and those obtained on arousal (mean sleeping time = 29.4 min) in succinate- 
treated rats. The values were 7.33 (s.e.m. I O-17) mg~lO0 ml in untreated animals, 
and 7.34 (s.e.m. & 0.05) rng~l~ ml in suc~nate-treated rats (P > 0.9). 

This contrasts with the effects of drugs such as SKFS25A which tend to prolong 
hypnosis by retarding the rate of metabolism of the barbiturate in liver. 

The in vivo results obtained in the present experiments confirm the in vitro find- 
ing&a using isolated liver mitochondria, and extend the conclusions to encompass 
brain in vivo. 

The present results strongly support the evidence obtained previously on the 
pharmacological mode of action of the oxybarbiturates. The fact that succinate shows 
such marked antagonistic action to amylobarbitone, in contrast to pyruvate, indicates 
that oxidation of the former substrate by-passes the site of action of the oxybar- 
biturate in the oxidation chain of the electron transfer particle (Lehninger).’ 
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