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ma&r component of the steroid anaesthetic, Althesin, 
isolated from rat brain. The 
was measured after intraperitoneal 
in the brain reached a maximum 

after Tmin, the greatest concentration being found in the mitochondrial fraction. 

accumulation of 45Ca + 
Pre-treatment of at? with Althesin, hexobarbitone or halothane reduced the 

by brain mitochondrial fraotions. The possible involvment 
of calcium ions in the mechanism of action of general anaesthetics is discussed. 

Introduction 
&.ny general anaesthetics have been shown to be inhibitors of 

mitochondrial respiration, and it has been suggested that the maintainance of 

anaesthesia could be due to a depression of ATP synthesis (1). Evidence against 

this hypothesis has resulted from the failure to demonstrate a change in brain 

ATP levels during anaesthesia (Z-4). Criticism of the proposal that the 

mitochondrion is the primary site of action of anaesthetics has overlooked the 

fact that, in addition to the synthesis of ATP, a number of other respiratory 

chain-linked functions, including the uptake of divalent cations, have been 

described (5). In fact, the uptake of Ca*+ ions has been shown to initiate a 

faster rate of mitochondrial respiration than oxidative phosphorylation (6). 

Respiratory chain inhibitors, many of which are general anaesthetics, could 

therefore have a profound effect on Ca 2+ uptake. 

We have previously shown that the steroid anaesthetic, alphaxalone, a 

major component of Althesin, inhibits the oxidation of NAD-linked substrates in 

liver and brain mitochondria (7,8). The present paper shows that alphaxalone 

is a potent inhibitor of mitochondrial Ca uptake in vitro, 

that a redistribution of 45Ca2+ takes p,%: in vivo 

and demonstrates 

, in the presence of the 
anaesthetics, Althesin, hexobarbitone and halothane. 

Methods 

Determination of 45Ca2+ uptake in mitochondria isolated from rat brain. Rat 

brain mitochondria were isolated by the method of Clark and Nicklas (9), and 
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suspended at a protein concentration of 20-30mg/ml in a medium containing 

0.25M-sucrose end 3.&M-tris-HCl buffer, pH 7.4. The mitochondria (3mg protein) 

were incubated at 30°C in 25ml centrifuge tubes in a medium which contained, 

ISi'r-~mol mannitol, 62,5p1101 sucrose, 25Opol potassium chloride, 2f$~.mol tris- 

HC1 buffer, pH 7.4, 15p.mol magnesium chloride, 10~01 potassium phosphate buffer, 

pH 7.4, lO~.~mol sodium glutamate, 10 ~01 sodium malate and 0.3qnol ATP. After 

5min, 1.0~01 45 CaC12 (22.7nCi/pol) was added and the mitochondria were incubated 

for a further 3min in a final volume of jml, The reaction was stopped by placing 

the tubes in an MSE High Speed 18 centrifuge at O'C, setting the speed to maximum 

and applying the brake after jmin. The mitochondrial pellets were rinsed with 

3ml sucrose-tris buffer and solubilized in 0.7ml of 10% (w/v) sodium deoxycholate. 

Aliquots (O.lml) were added to 5ml scintillation fluid (NE 220) and the samples 

were counted using a Nuclear mterprises (NE 8312) liquid scintillation counter. 

Subcellular distribution of 45,,2+ in vivo. Wistar rats of either sex, weighing 

between 200-25Og, were injected intraperitoneally with approximately lO@i 

The total 45Ca2+ 

45CaC12. 

injected was 0,2yg/lOOg body weight. Anaesthetics were given 

in the following manner: Althesin, 12mg/Kg, intravenously; hexobarbitone, 

gOmg/Kg, intraperitoneally; halothsne, 3$, from a Fluotech vapourizer. 45,,2+ 

was injected 30s after the righting reflex was lost and the animals were killed 

by cervical dislocation 5min later. The brains were removed quickly and 

homogenized in 15ml ice-cold medium (0.25M-sucrose and lOmM-tris-HCl, pH 7.4). 

The homogenate was then centrifuged, first at 1,500 x g for 3min, when the 

residue fraction was sedimented, then the post-residue fraction was centrifuged 

at 9,500 x g for 8mi.n to yield a mitochondrial pellet and a post-mitochondrial 

supernatant. At each stage aliquots of the four fractions, namely, homogenate, 

residue, mitochondria and post-mitochondrial supernatant, were removed and 

homogenized in a tight-fitting glass homogenizer. Aliquots (0.5ml) of each 

suspension were solubilized in 2ml of lO$(w/v) sodium deoxycholate. Aliquots 

(1,Oml) of the resultant solutions were added to lOm1 scintillation fluid and 

counted as described above. 

Protein was determined by the method of Gornall et al (10). 
45,,2+ of specific activity 2.52mCi/@ol was obtained from the Radiochemical 

Centre, Amersham, U.K., and scintillation fluid (NE 220) from Nuclear 

Enterprises, Edinburgh, U.K. 

Results 

Table 1 shows that alphaxalone elicited a concentration-dependent 

depression of the uptake of 45Ca2+ by mitochondria isolated from rat brain; 

5C$ inhibition required 13O@'I alphaxalone. 

Preliminary in vivo experiments showed that the injection of 45ca2+ 
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Table 1 

Effect of alphaxalone on 45,,2+ uptake into rat brain 

mitochondria in vitro 

Additions 45Ca2+ uptake (nmol/jmin) 

Control 160 + 4 

ATP 927 _+ 33 

ATP + alphaxalone (65~) 648 + 24 

ATP + alphexalone (13OpN) 458 i 30 

ATP + alphexalone (33Op.M) 296 + 6 

45,,2+ uptake was measured as described in the methods section, except that ATP, 
sodium glutamate and sodium malate were omitted from the controls. Alphaxalone 
was added at the beginning of each incubation at the concentrations shown. The 
values are the mean and standard error of the mean of the results obtained from 
four different preparations. 

produced a rapid rise in the amount of 45,,2+ found in rat brain homogenates. 

The rise reached a maximum level after 3min; this maximum level was maintained 

for a further 5min. It was therefore decided to determine the subcellular 

distribution of 45Ca2+ 5min after injection of the radioisotope, In a group 

of ten control animals, about 70% of the 45C,2+ in the brain was found in the 

mitochondrial fraction; the residue and post-mitochondrial fractions contained 

19% and 11% respectively. Table 2 shows that the mitochondria concentrated 
45,,*+ , on a protein basis, to levels that were more than three times greater 

than those of the wfractionated homogenate. The post-mitochondrial fraction 

had only half the activity of the original homogenate. Carafoli (11) obtained 

similar results with rat liver mitochondria. 

Pre-treatment with Althesin, hexobarbitone or halothane produced a 

marked change in the distribution of 45Ca*+ in the brain compared with control 

experiments in the absence of the anaesthetics (Table 2). The mitochondrial 

fraction contained less 45Ca2+ (P = < 0,0005 for Althesin and hexobarbitone, 
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Table 2 

Effect of Althesin, hexobarbitone and halothane on 45Ca2' distribution 

in subcellular fractions of rat brain in vivo 

Relative content of 45Ca2+ (Homogenate = 1.00) 

Fraction Control Althesin Hexobarbitone Ralothane 
(12w/Kg,i.v.) (9Omg/Kg,i.p.) (3%,in 02> 

Residue 0.90 2 0.05 0.73 + 0.1 0.66 2 0,09 0.69 + 0.12 

Mitochondria 3.17 _+ 0.19 1.59 2 0,ll 1.49 + 0.19 2.45 + 0.17 

Post-mitochondrial 0.49 -f 0.04 0.59 + 0.2 0.60 + 0.07 0.62 + 0.14 
supernatant 

The experiment was carried out as described in the methods set 
content of the fractions was calculated using the figures for 
per mg protein in each fraction. The calcium content of the fractions was then 
related to that of the homogenate, which was arbitrarily set at a value of 1.00. 
The values are the mean and standard error of the mean of ten experiments in the 
case of the controls, Althesin and hexobarbitone , and six experiments using 
halothsne. 

and P = < 0,Ol for halothane) than the controls. The anaesthetics did not 

affect the distribution of protein in the fractions, and the distribution of 

cytochrome oxidase, a mitochondrial marker enzyme, remained the same. Control 

experiments with bemigride, a central nervous system stimulant, showed that 

there was no significant change in the distribution of 45,,2+ in any of the 

fractions. The results therefore indicate that brain mitochondria isolated 

from rats treated with anaesthetics have a reduced ability to accumulate 45,,2+ 

in vivo. This finding is emphasized by a consideration of the ratios of 45ca2+ 

taken up by the mitochondrial fraction to that taken up by the post-mitochondrial 

fraction (Table 3). The anaesthetics brought about a marked fall in the ratio 

which was significant at the P = e 0.0005 level for Althesin (n = 10) and 

hexobarbitone (n = lo), and at the P = <: 0.01 level for halothane (n = 6). 
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Table 3 

Effect of Althesin, hexobarbitone and halothane on the ratio for the 

distribution of 45Ca2+ between mitochondrial and post-mitochondrial 

fractions in rat brain in vivo 

Treatment Relative content of 45Ca2+ 
(mitochondrial fraction/post-mitochondrial fraction) 

Control 6.78 + 0076 

Althesin 2.79 + 0.87** 

Hexobarbitone 2.29 + 0074** 

Ralothane 3.95 + Oo58* 

The experiment was carried out as described in the legend to Table 2. Values 
are the mean and standard error of the mean of experiments using ten animals 
in the case of Althesin and hexobarbitone and six for halothane. 
**Significantly different from controls at P = C 0,0005. 
* Significantly different from controls at P = 4 0.01. 

Discussion 

The results presented in this paper show that the general anaesthetics, 

Althesin, hexobarbitone and halothane, cause a redistribution of 45Ca2+ in vivo 

by decreasing the uptake of 45,,2+ . Into the mitochondrial fraction. This 

observation is correlated with the ability of the compounds to prevent 

mitochondrial Ca*+ uptake in vitro, which is brought about by a specific 

interaction with the mitochondrial respiratory chain. 

Mitochondria have been shown to be important in maintaining the Ca 2+ 

concentration in the cytoplasm at a low level (12). Any interference with the 

process of Ca*+ uptake by the mitochondria would result in an increase in the 

cytoplasmic Ca 2+ levels, which would in turn lead to a modification of those 

membrane and enzyme systems in which Ca 2+ has a regulatory role. According to 

Krnjevic' (13), two effects resulting from an increase in internal Ca 2+ are of 

particular importance in anaesthesia. First, an increase in K+ permeability 
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at the neuronal membrane, which would lead to a reduction in excitability. This 

effect would specifically antagonize the post-synaptic excitatory effect of 

acetylcholine, which acts by decreasing K' permeability, on cortical neurones 
(14). Second, internal Ca*+ has been shown to modify the spontaneous release 

of neurotransmitter substances from pre-synaptic sites (15-18). 

The present findings constitute the first demonstration that there is 

a redistribution of Ca 2+ during anaesthesia in vivo. Whether the redistribution 

is responsible for the induction and maintainance of the anaesthetic state 

remains -ttO be established, however, the mitochondrion should be reconsidered 

as the primary site of action of general anaesthetics. 
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