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Abstract-Isolated rat liver parenchymal cells incubated with anaesthetic concentrations of diethyl ether 
were shown to produce acetaldehyde and ethanol in a dose dependent manner. The acetaldehyde and 
ethanol production from ether was stimulated in hepatocytes derived from phenobarbital treated rats 
and could be only partially inhibited by 4-methyl pyrazole (250 PM). The present results support 
previous su~estions that diethyl ether is metabolized by an inducible microsomal enzyme system which 
cleaves diethyl ether in a reaction analogous to the we11 known 0-dealkylation reactions. 

Although it is now well known that diethyl ether is 
metabolized by mammalian tissues [l-4], the mech- 
anism of its breakdown and the first intermediates 
formed during this process are as yet undefined. 
Several authors have suggested that ethanol and 
acetaldehyde may be the first products of diethyl 
ether metabolism by microsomal enzyme systems 
[l-4], but this idea has been supported mainly by 
studies which have demonstrated enzymic cleavage 
of aromatic and halogenated ethers to produce 
alcohol and aldehyde products [S-7]. However, the 
results of some recent studies have provided more 
direct evidence for the formation of acetaldehyde 
during diethyl ether metabolism. Aune et al. [8] were 
able to measure a~etaldehyde in the blood of diethyl 
ether-anaesthetized humans, and Chengelis and Neal 
[9] demonstrated what appeared to be acetaldehyde 
production by rat hepatic microsomes in vitro in the 
presence of diethyl ether. Unfortunateiy, the ana- 
lytical method employed for the in vitro study was 
not specific for acetaldehyde [lo] and it is very dif- 
ficult to interpret human blood acetaldehyde data 
when large corrections must be made for the spon- 
taneous formation of acet~dehyde occurring during 
treatment of human blood samples prior to assay 
[S, 111. 

In this report, we describe the use of an isolated 
rat hepatocyte system combined with sensitive and 
specific gas ~hromatographic analysis which enabled 
us to observe the production of both acetaldehyde 
and ethanol by hepatocytes exposed to anaesthetic 
concentrations of diethyl ether. 

MATERIALS AND METHODS 

Chemicals. Collagenase (Type I), bovine serum 
albumin (Fraction V, defatted), HEPES (N-2- 
hydroxyethylpiper~ine N’-Z-ethane sulfonic acid) 

* Present address: National Institute of Forensic Toxi- 
cology, Sognsvannsvn. 28, Oslo 3, Norway. 

and cyanamide (carbodiimide) were obtained from 
the Sigma Chemical Company (St. Louis, MO). 
Sodium phenobarbital was obtained from the Nor- 
wegian Drug Monopoly (Oslo, Norway) and 4- 
methyl pyrazole was purchased from Polysciences, 
Inc. (Warrington, PA). Diethyl ether and acetal- 
dehyde were obtained from Merck (Darmstadt, West 
Germany) and were analytical grade. Acetaldehyde 
was redistilled prior to use. 

A~irna~. Male Wistar rats (220-340 g) from Mill- 
legaards Avlslaboratorium (Skensved, Denmark) 
were kept on a 12 hr light-dark cycle. All animals 
were fasted for 18-20 hr prior to sacrifice but had 
free access to rat chow from Felleskjepet A/S, Oslo, 
Norway, and tap water before the fasting period. 

To obtain hepatocytes with barbiturate induced 
enzyme systems, some rats were given intraperito- 
neal doses of sodium phenobarbital (80 mg/kg) in 
isotonic NaCl solution, approximately 44 and 20 hr 
prior to sacrifice. For this study, control animals 
were injected with isotonic NaCl only. 

Liver cellpreparation and incubation. Isolated rat 
liver parenchymal cell suspensions (1.5-5.3 g wet 
wtilO0 ml) were prepared by collagenase perfusion 
of rat livers as described previously [12,13]. Aliquots 
of these suspensions (5, 10 or 20 ml) were incubated 
at 37” under air in sealed flasks (0.5 or 1.0) 1. with 
constant gentle shaking in a medium containing 140 
mM NaCI, 5.4 mM KCl, 0.2 mM MgSO*, 2.0 mM 
CaC12, 0.34 mM Na*HPO+ 0.35 mM KH2P04, 20 
mM HEPES, 5.5 mM glucose and 2 per cent bovine 
serum albumin (pH = 7.5). All incubations lasted 
for 65 min, inhibitor addition (see below) occurring 
at 5 min and ether and ethanol addition at 35 min. 
Dead cells were prepared by freezing and thawing 
cells suspended in the above medium. 

For each experiment involving phenobarbital 
induced hepatocytes, cells from a phenobarbital 
induced rat liver and a control liver were incubated 
simultaneously after matching the test and control 
suspensions with respect to cell concentration. 

Inhibitor, ether and ethanol treatment. The enzyme 
inhibitors cyanamide and 4-methyl pyrazole were 
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added to cell suspensions as 200 x concentrated sol- 
utions in isotonic NaCl to give final concentrations 
of 400 and 250 PM respectively. Pure diethyl ether 
was added to cell suspensions to give the desired 
final concentrations, Ethanol was added as concen- 
trated solutions ranging from 10 mM to 4M, in 
isotonic NaCl. None of the above additions alone 
or in combination increased the suspension volumes 
by more than 2 per cent. 

Sampling and analysis of ether, ethanol and acet- 
aldehyde. After ether or ethanol addition, cell sus- 
pension samples (3 or 2 ml) were taken at intervals 
via a syringe attached to a Venflon@ 3-way stopcock 
(Viggo AB, Helsingborg, Sweden) fitted to an 18 
gauge syringe needle penetrating a rubber stopper 
sealing the incubation flask. The samples were 
immediately injected into 10 ml Venoject@ tubes 
(Terumo Corp., Haasrode, Belgium) containing one 
vol. of ice-cold 1M HClO+ centrifuged at 4” and 
aliquots (2 ml) of the resulting protein-free super- 
natants were analyzed for acetaldehyde, ethanol and 
ether by head-space gas chromatography. Samples 
were kept sealed at 4” and stored for no longer than 
8 hr. 

A Perkin-Elmer F42 head space gas chromato- 
graph equipped with a 1 m X 2 mm i.d. stainless steel 
column packed with Porapak-Q, 1001120 mesh 
(Supelco, Inc., Bellefonte, PA) was used. Operating 
conditions were as follows; sample thermostat: 65”, 
injector temperature: 200”, column temperature: 
150”, detector temperature: 200”, and carrier gas 
(Nz) flow rate: 19 ml/min. 

Aqueous external standards were used for ethanol, 
acetaldehyde and ether and recoveries of these com- 
pounds when added to HC104 treated cell suspen- 
sions were identical to recoveries from aqueous sol- 
utions. Retention times for acetaldehyde, ethanol 
and ether were 1.7 min, 3.1 and 5.2 min respectively. 
Acetone and methanol had retention times of 1.5 
and 4.6 min respectively but of these compounds, 
only acetone was seen in cell samples. Sensitivity 
limits for acetaldehyde and ethanol were 0.5 and 5 
,uM respectively, corresponding to 1 and 10 ,uM in 
the undiluted cell suspensions. 

When liver cell suspensions containing either 
ethanol or ether were treated with HC104 some 
acetaldehyde was generated. Such spontaneous for- 
mation of acetaldehyde from ethanol and ether dur- 
ing deproteinization of biological samples has been 
observed previously [8,11]. In this study, acetalde- 
hyde formed as a result of deproteinization gave 
concentrations no greater than 1.5 PM in the HC104 
supernatants and were determined essentially by the 
method described by Stowell et al. [14]. All acetal- 
dehyde data presented have been corrected for this 
artifact. 

Other analyses. The percentage of viable cells 
existing before and after the 65 min incubation 
periods was estimated by the trypan-blue exclusion 
method [15]. Cells were counted in a Btirker Cham- 
ber. Periodic determinations of cell ATP content 
were also carried out using the enzymic method 
described by Lamprecht and Trautschold [16], 
employing the lower glucose concentration as sug- 
gested by Lund et al. [17]. The total protein con- 
centration of each cell suspension was determined 

using a Biuret method [18], packed cells being hom- 
ogenized prior to protein analysis. 

RESULTS 

Cell viability 

For all experiments, the percentage of viable cells 
in the freshly prepared washed parenchymal cell 
suspensions was 95 * 4 (E ? S.D., N = 27). For 
control 65 min incubations with cyanamide only, the 
percentage of viable cells remaining after the incu- 
bation period was 90 * 7 (X ? S.D., N = 27). None 
of the different treatments used resulted in cell 
viabilities which were significantly different from 
those measured for cells treated with cyanamide 
only. 

Freshly prepared cells were found to have ATP 
concentrations close to those found in vivo, i.e. 
2.5-3.6 ,nmoles/g wet wt and incubation of cells for 
65 min without additions or with cyanamide resulted 
in no more than a 10 per cent decrease in cell ATP 
content. Addition of 20 mM ethanol and 30 mM 
ether to the cell suspensions containing cyanamide 
resulted in mean decreases in cell ATP concentra- 
tions of 4 and 16 per cent respectively compared to 
control cells treated with cyanamide only. The effects 
of ethanol and ether on cell ATP content were 
additive. 

Acetaldehyde accumulation in ether treated hepato- 
cyte suspensions in the absence of enzyme inhibitors 

In the absence of enzyme inhibitors, low concen- 
trations of acetaldehyde (2-5 PM) could be detected 
in cell suspensions incubated with 30 mM ether while 
no acetaldehyde could be detected after incubation 
of cells in medium without ether, or during incu- 
bation of cell-free medium in the presence or absence 
of 30 mM ether. 

As a positive control, cells were also incubated in 
the presence of ethanol (20 mM), a compound known 
to be metabolized via acetaldehyde, but under the 
above conditions no acetaldehyde could be detected 
in the ethanol treated cell suspensions. 

Accumulation of acetaldehyde and ethanol in ether 
treated hepatocyte suspensions in the presence of 
cyanamide 

In view of the above results, an attempt was made 
to optimize conditions for acetaldehyde detection by 
treating the cells with an aldehyde dehydrogenase 
(E.C. 1.2.1.3) inhibitor, cyanamide [19]. In pre- 
liminary experiments with cell suspensions of 2.3 g 
wet wt/lOO ml, cyanamide (400 ,uM) increased the 
half life of added acetaldehyde (200 PM) from 3 to 
18 min and in positive control experiments with 20 
mM ethanol added to cyanamide treated cell sus- 
pensions, acetaldehyde was found to accumulate 
throughout the 30 min incubation period to concen- 
trations ranging from 227 to 399 PM. 

When cyanamide treated cell suspensions (2.3g 
wet wt/lOO ml) were incubated in the presence of 
varying concentrations of ether, a concentration 
dependent production of acetaldehyde was clearly 
observed (Fig. la). In addition, a simultaneous 
accumulation of ethanol was seen (Fig. lb). 

Quantitatively, this accumulation of acetaldehyde 
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Fig. 1. Accumulation of acetaldehyde (a) and ethanol (b) 
in ether treated hepatocyte suspensions in the presence of 
cyanamide. The results were obtained from a single experi- 
ment in which six identical aliquots from a cell suspension 
obtained from a single rat liver were incubated in the 
presence of 400 PM cyanamide plus diethyl ether in the 
absence (M) or presence (O-----O) of 250 
PM 4-methyl pyrazole. The ether concentration (mM) used 
for each incubation is shown near the last point on each 

experimental curve. 

and ethanol varied from experiment to experiment, 
maximum acetaldehyde concentrations in the pres- 
ence of 26 mM ether, ranging from 10 to 43 PM 
(Z = 22 PM, N = 5), with maximum ethanol concen- 
trations ranging from 30 to 100 PM (zZ = 60 PM, 
N= 5). 

The results of only a single experiment are pre- 
sented in Fig. 1, but the results of other identical 
experiments were qualitatively similar. In every case, 
the addition of 4-methyl pyrazole caused some 
inhibition of both acetaldehyde and ethanol 
accumulation. 

In seven experiments with more concentrated cell 

suspensions containing 3.5-5.3 g wet wt cells/l00 ml 
in the presence of cyanamide and 30 mM ether, 
maximum acetaldehyde concentrations ranged from 
16 to 61 PM (n = 31 PM) and maximum ethanol 
concentrations ranged from 50 to 125 PM (n = 85 

PM). 

Control experiments 

The ether used for the present study was found 
to contain contaminating ethanol which was suffic- 
ient to give initial ethanol concentrations in the cell 
suspensions of approximately 10 PM when 30 mM 
ether was used. Therefore, in experiments with cells 
incubated in the absence of the alcohol dehydro- 
genase (E.C.l.l.l.l) inhibitor 4-methyl pyrazole 
[20], some of the accumulated acetaldehyde (maxi- 
mum 10 PM) could have resulted from the oxidation 
of this contaminating ethanol. However, in six con- 
trol experiments in which ether free cells were 
treated with cyanamide and ethanol (50 PM), ace- 
taldehyde was undetectable in all cases after 30 min 
incubation. In addition, when ether free cells were 
treated with cyanamide, ethanol and 4-methyl pyr- 
azole, no acetaldehyde could be detected in the 
presence of ethanol concentrations up to 1 mM. No 
acetaldehyde or ethanol could be detected in cell 
suspensions treated with 4-methyl pyrazole or 
cyanamide alone or in combination. 

Suspensions of dead cells (no cells excluding try- 
pan blue) treated with cyanamide and ether pro- 
duced no detectable concentrations of ethanol or 
acetaldehyde. 

Production of acetaldehyde and ethanol from diethyl 
ether by phenobarbital induced hepatocytes 

Hepatocytes prepared from phenobarbital 
induced livers produced markedly greater concen- 
trations of ethanol and acetaldehyde from ether (17 
mM) than did the non-induced cells (Fig. 2). This 
difference occurred despite the fact that the two 
types of cell suspension were found not to differ 
significantly from each other with respect to mean 
cell viability, mean number and wet wt of cells per 
unit volume of medium or protein concentration. 
There was also no significant difference between the 
mean weights of the control and induced rats from 
which the hepatocytes were obtained. 

As observed in the previous experiments, 4-methyl 
pyrazole markedly reduced the cyanamide enhanced 
acetaldehyde accumulation, but its effect on ethanol 
accumulation was not statistically significant in the 
four experiments conducted with induced and non- 
induced cells in the presence of 17 mM ether. 

Control incubations of both types of cells with no. 
additions or with cyanamide resulted in no detectable 
production of acetaldehyde or ethanol. 

Ether concentrations 

Throughout the 30 min incubation periods, ether 
concentrations in all cell suspensions were found to 
decrease slowly, initial concentrations being reduced 
by up to 15 per cent. The mean decrease was only 
about 5 per cent, however, and no significant dif- 
ferences existed between mean ether concentrations 
in any of the experimental groups represented in 
Fig. 2. 
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Pig. 2. Mean acetaldehyde (a) and ethanol (b) concentrations measured in suspensions of phenobarbital 
induced and non-induced hepatocytes after 30 min incubation in the presence of 17 mM diethyl ether. 
Hepatocytes were prepared and incubated as described in Methods. The significances of differences 
between phenobarbital induced and non-induced cells were determined using Students’ r-test for 
independent variables and are represented as follows: *** = P < 0.001, ** = P < 0.01, * = P < 0.05, 
and n.s. = not significant. Numbers in parentheses at the bottom of the figure refer to number of 

experiments. 

Ether losses from cell free medium were of a 
similar magnitude to those observed in incubations 
containing cells. 

DISCUSSION 

The present results constitute what to our know- 
ledge is the first evidence for a concentration depen- 
dent production of ethanol and acetaldehyde from 
diethyl ether by hepatocytes. The high percentage 
of hepatocytes excluding trypan blue and the close 
to normal cell ATP concentrations were assumed to 
indicate that most of the cells used for the present 
study were metabolically active throughout the 65 
min incubation period employed. If this assumption 
is correct, then the fact that dead cells produced no 
measurable acetaldehyde or ethanol in the presence 
of ether, may be regarded as good evidence for a 
metabolic, rather than a purely physico-chemical 
conversion of ether to acetaldehyde and ethanol. 

Neither the acetaldehyde nor the ethanol meas- 
ured in hepatocyte suspensions after 30 min incu- 
bation with cyanamide and ether could have been 
derived completely from the small amount of ethanol 
found as a contaminant of the ether. The sum of the 
concentrations of accumulated acetaldehyde and 

ethanol was most often more than an order of mag- 
nitude higher than the maximum concentration of 
contaminating ethanol (about 10 ,uM). Furthermore, 
incubation of ether treated cells with 4-methyl pyr- 
azole did not abolish the accumulation of acetalde- 
hyde whereas 4-methyl pyrazole completely 
inhibited acetaldehyde accumulation in hepatocyte 
suspensions containing added ethanol at a concen- 
tration 100 fold higher than the maximum concen- 
tration of contaminating ethanol. In this study, 4- 
methyl pyrazole would be expected to inhibit ethanol 
metabolism by at least 92 per cent [21]. 

The lack of detectable acetaldehyde in cell sus- 
pensions treated with ethanol only (20 mM) was not 
unexpected as other workers have reported similar 
findings [21,22]. It is therefore difficult to explain 
why, in the absence of cyanamide, low but detectable 
acetaldehyde concentrations were found when 
hepatocytes were incubated with ether. This result 
is especially surprising when it is considered that the 
acetaldehyde concentrations resulting from incuba- 
tion of cyanamide treated cells with ethanol (20 mM) 
were about ten fold higher than those produced in 
similar cells treated with ether (30 mM). This dis- 
crepancy might be explained if ether has a weak 
inhibitory effect on mitochondrial acetaldehyde 
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metabolism. This could then represent some general 
inhibitory effect on mitochondrial function, also 
demonstrated by the effect of ether on hepatocyte 
ATP content and the inhibition of mitochondrial 
respiration [23]. 

It has previously been suggested that diethyl ether 
metabolism in mammals may be accomplished by a 
hepatic cytochrome P-450 mono-oxygenase system 
in a reaction analogous to the 0-dealkylation 
observed for compounds such as ethoxycoumarin 
[9]. If this were so, acetaldehyde and ethanol would 
be the expected first products of the oxidative cleav- 
age of diethyl ether. The fact that phenobarbital is 
a potent inducer of this mono-oxygenase system 
[6,24] and that hepatocytes prepared from pheno- 
barbital induced rats produced greater quantities of 
both ethanol and acetaldehyde from ether than did 
control cells, supports the above hypothesis. Since 
the inhibitory effect of cyanamide on aldehyde 
dehydrogenase is not dependent on its metabolism 
[19], it is unlikely that the observed differences 
between control and phenobarbital induced cells 
were the results of faster metabolism of cyanamide 
in the induced cells. Further support for the involve- 
ment of a cytochrome P-450 mediated O-dealkyla- 
tion reaction was obtained in preliminary experi- 
ments with phenobarbital induced hepatocytes and 
metyrapone* (250 PM), an inhibitor of cytochrome 
P-450 mediated 0-dealkylation reactions [6]. The 
build up of both ethanol and acetaldehyde in hepa- 
tocyte suspensions treated with cyanamide and ether 
was inhibited approximately 40 per cent by metyr- 
apone (results not shown). 

The possibility also exists that diethyl ether may 
be converted to two molecules of ethanol, with acet- 
aldehyde being formed as a secondary intermediate 
only. However, this seems unlikely because 4-methyl 
pyrazole would then have been expected to com- 
pletely eliminate acetaldehyde build up. The 4- 
methyl pyrazole mediated inhibition of acetaldehyde 
accumulation (Figs. 1 and 2) may have been due to 
inhibition of the postulated ether cleaving cyto- 
chrome P-450 system rather than alcohol dehydro- 
genase. It has been shown that pyrazole inhibits 
some types of cytochrome P-450 enzyme systems 
[25]. However, our results do not exclude the pos- 
sibility that alcohol dehydrogenase might be involved 
either directly or indirectly in the formation of some 
acetaldehyde from ether. 

If ether cleavage results in the production of equal 
numbers of ethanol and acetaldehyde molecules as 
expected for a dealkylation reaction then equal con- 
centrations of acetaldehyde and ethanol might be 
expected to accumulate. However, the absence of 
equal concentrations of accumulated ethanol and 
acetaldehyde in this study is most likely due to dif- 
ferences between the rates of ethanol and acetal- 
dehyde metabolism. When ethanol and acetaldehyde 
were added to cell suspensions to give concentrations 
similar to those found in the presence of ether, 
acetaldehyde was always seen to decay at a faster 
rate than ethanol, both in the absence and presence 
of cyanamide and especially when 4-methyl pyrazole 
was present (result not shown). 

* 2-methyl-1,2-di-pyridyl-l-propanone. 

In conclusion, our results provide support for those 
previous studies which indicated that diethyl ether 
may be metabolized to acetaldehyde [6,8] and in 
addition, it seems that ethanol is another important 
breakdown product. At present it may only be specu- 
lated whether these findings are related to the sym- 
pathomimetic effect of ether in man [26], an effect 
which is also induced by acetaldehyde [27,28]. 

The metabolism of ether at anaesthetic concen- 
trations [29] to ethanol and acetaldehyde may also 
have important consequences in studies of ethanol 
effects and metabolism performed in uiuo with 
experimental animals under ether anaesthesia. The 
possibility that ether might mimic some of the 
adverse effects of ethanol should not be ruled out, 
especially when the toxicity of acetaldehyde is con- 
sidered [30]. 

Acknowledgemenfs-The authors wish to thank Bj@rn Han- 
sen for expert technical assistance, and Barthold Vonen for 
help in the preparation of hepatocytes from phenobarbital 
treated rats. 

REFERENCES 

1. R. A. Van Dyke and M. B. Chenoweth, Anesthesiology 
26, 348 (1965). 

2. E.‘N. dohen and N. Hood, Anesthesiology 31, 61 
(1969). 

3. E. N. Cohen, Anesthesiology 35, 193 (1971). 
4. I. C. Geddes, Brit. J. Anaesth. 44, 953 (1972). 
5. J. Axelrod, Biochem. J. 63, 634 (1956). 
6. V. Ullrich and P. Webber, Hoppe-Seyler’s Z. physiol. 

Chem. 353, 1171 (1972). 
7. R. D. Lingg, W. H. Kaylor, S. M. Pyle and R. G. 

Tardiff, Toxic. appl. Pharmac. 47, 23 (1979). 
8. H. Aune, H. Renck, A. Bessesen and J. Merland. 

11. A. Stowell, R. M. Greenway and R. D. Batt, Biochem. 
Med. 18, 392 (1977). 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

J. Morland and A. Bessesen, Biochim. Biophys. Acta 
474. 312 (1977). 
M. sitiblorn aid J. Mtirland, Biochem. Pharmac. 28. 
3417<1979). 
A. Stowell, K. E. Crow, R. M. Greenway and R. D. 
Batt, Analyt. Biochem. 84, 384 (1978). 
H. Baur, S. Kasperek and E. Pfaff, Hoppe-Seyler’s Z. 
Phvsiol. Chem. 356. 827 (1975). 
W.’ Lamprecht and I. ?rau&hold, in Methods of 
Enzymatic AnaIysis (Eds. H. U. Bergmeyer and K. 
Gawehn), Vol. 4, p. 2101. Academic Press, New York 
and London (1974). 
P. Lund, N. W. Cornell and H. Krebs, Biochem. J. 
152, 593 (1975). 
E. Layne, in Metho& in Enzymology (Eds. S. P. 
Colowick and N. D. Kaplan) Vol. III, p. 450. Academic 
Press, New York (1957). 
H. Marchner and 0. Tottmar, Acfa pharmac. tax. 43, 
219 (1978). 
R. Blomstrand and H. Theorell, Life Sci. 9.631(1971). 
K. E. Crow, N. W. Cornell and R.-L. Veech, AkohoL 
km: Clin. exu. Res. 1. 43 (19771. 
J. Merland, A. Bessesen aid L. ivendsen, Alcoholism: 
Clin. exp. Res. 4, 313 (1980). 
M. L. Nahrwold and P. J. Cohen, Clin. Anesthesia. 11, 
25 (1975). 

Lancet II, 97 (1978). 
9. C. P. Chengelis and R. A. Neal, Biochem. Pharmac. 

29, 247 (1980). 
10. T. R. Hauser and R. L. Cummins, Analyt. Chem. 36, 

679 (1964). 



1972 A. STOWELL. H. AUNE andJ. MORLAND 

24. W. F. Greenlee and A. Poland, J. Pharmac. exp. Ther. and .I. Adachi. Pharmac. Biochem. Behnu. 10, 303 
205, 596 (1978). (1978). 

25. E. Rubin, H. Gang and C. S. Lieber, Biochem. biophys. 29. H. L. Price and R. D. Dripps, in The Pharmacological 
Res. Commun. 42, 1 (1971). Basis of Therapeutics (Eds. L. S. Goodman and A. 

26. H. L. Price, in The Pharmacological Basis of Thera- Gilman), 4th Edition, p. 82. MacMillan, New York 
peutics (Eds. L. S. Goodman and A. Gilman) 5th (1970). 
Edition, p. 90. MacMillan, New York (1975). 30. K. Lindros, in Research Advances in Alcohol and Drug 

27. E. Asmussen, J. Hald and V. Larsen, Acta Pharmac. Problems (Eds. Y. Israel, F. B. Glaser, H. Kalant, R. 
3, 311 (1948). E. Popham, W. Schmidt and R. G. Smart), Vol. 4, p. 

28. Y. Mizoi, I. Ijiri, Y. Tatsuno, T. Kijima, S. Fujiwara 111. Plenum Press, New York (1978). 


