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Abstract-The effects of nutritional states upon liver alcohol dehydrogenase (ADH) activity and ethanol 
elimination rate in vivo have been examined in the rat. Male Sprague-Dawley rats, 25&280 g, were studied 
in the fed state, after fasting for 24. 48 and 72 hr. and after 9 days of food restriction (5 g food/day). Total 
ADH activity per liver or per animal (2.20 mmmoles/hr in fed rats) decreased after a 24-hr fast and was 1.32 
and 0.94 m-moles/hr after a 48hr fast and food restriction respectively. Cytosolic protein and liver wet 
weight decreased in parallel with total ADH activity, but DNA content exhibited only a 10% decrease with 
fasting and a 20% decrease with food restriction. Ethanol elimination rate in vivo per animal after 
intraperitoneal injection of 2 g ethanol/kg was 1.92, 1.14 and 0.84 m-moles/hr in the fed, 48 hr-fasted and 
food-restricted rats, respectively. These data indicate that the decrease in the ethanol elimination rate with 
fasting and food restriction may be caused by decreasing ADH activity, since the cytosolic free NAD’/ 
NADH in liver after acute administration of alcohol in vivo has been reported to be nearly identical in the fed 
and 48 hr-fasted rats. The close agreement between liver ADH activity and ethanol elimination rate in vivo 
suggests that the total enzymatic activily of liver ADH is an important rate-limiting factor in ethanol 
metabolism under the nutritional conditions examined. 

The conversion of ethanol to acetaldehyde is the rate- 
limiting step in the pathway of ethanol metabolism [ 11. 
The reaction occurs principally in the liver, catalyzed 
by alcohol dehydrogenase (ADH), an NAD’-depend- 
ent enzyme [ 2, 31. It is still a matter of debate whether 
this reaction is rate-limited in vivo by the maximal 
activity of ADH or by the capacity of liver to regenerate 
cytosolic NAD’ 141. Plapp [51 concluded earlier that 
both these components may have rate-determining 
roles since neither appears to be in large excess. In fact, 
a literature review revealed that the maximal activities 
of liver ADH in several species may be about equal to 
or less than the corresponding rates of ethanol elimina- 
tion in vivo [ 51. Crow et al. [ 61 reported recently that 
the maximal activity of rat liver ADH at pH 7.2 is only 
35% higher than the published rates of ethanol elimina- 
tion in vivo and that the level of liver ADH is the major 
rate-determining factor for ethanol oxidation in hepato- 
cytes isolated from 48 hr-fasted rats and incubated with 
pyruvate. 

The present paper extends the observations of 
Plapp [ 51 and Crow et al. [ 61 by correlating in the rat 
the total activities of hepatic ADH in vitro with rates of 
ethanol elimination in vivo during feeding, fasting and 
food restriction. Comparison of these states is import- 
ant because it is generally agreed that fasting decreases 
the rate of ethanol metabolism [ 7- 131. However, there 
is disagreement on the mechanism responsible for this 
decrease. Smith and Newman [ 121 reported that the 
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reported in Fedn Proc. 37, 1350 (1978). 

maximal activity of rat liver ADH did not change with 
24 or 48 hr of fasting. By contrast, Biittner [ 141 found 
that the maximal activity of rat liver ADH decreased 5 3 
and 70% after 19 and 92 hr of fasting respectively. To 
our knowledge, these divergent findings remain 
unresolved. 

A number of recent studies with isolated rat hepato- 
cytes also have examined the effects of feeding and 
fasting on changes in pyridine nucleotide metabolism 
and their roles in regulating the rate of ethanol metabo- 
lism [ 15- 18 I. The findings indicate that the concentra- 
tion of the intermediates of the malate-aspartate shuttle 
for mitochondrial hydrogen transport is rate-limiting in 
ethanol oxidation, particularly in hepatocytes isolated 
from fasted rats. The relationship of such findings to 
ethanol oxidation rates in vivo, however, is unclear, 
because there is extensive depletion of these intermedi- 
ates in hepatocytes from both fed and fasted rats as a 
result of the cell isolation procedure 119-2 1 I. Thus, the 
concentrations of shuttle components seen in isolated 
rat hepatocytes are much lower than those of freeze- 
clamped liver even after 48 hr of starvation [ 20, 2 1 I. At 
present, there is no evidence that extensive depletion of 
shuttle components occurs with fasting in vivo. Indeed, 
Veech et al. [ 221 have shown that the cytosolic ratio of 
free NAD’ to NADH in liver after acute administration 
of alcohol in vivo is nearly identical in fed and in 48 hr- 
fasted rats. 

MATERIALS AND METHODS 

Animals and diets. Male Sprague-Dawley rats (Cox 
Laboratory Supply, Indianapolis, IN) were housed in 
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wire-bottomed cages and a controlled temperature and 
humidity environment with fixed light-dark cycles 
(7.00 a.m. to 7.00 p.m., light and 7.00 p.m. to 7.00 
a.m., dark). In studies of liver ADH activity, the ani- 
mals were divided into five groups: fed, fasted for 24.48 
or 72 hr, or food-restricted. The initial weight of these 
animals was 265 i: 8 g (mean + S.E.M.). Fasting was 
initiated at 8.00 a.m. and all animals were killed at 8.00 
a.m. The food-restricted group was given 5 g food 
(Wayne Lab Blox; Allied Mills, Inc., Chicago, IL) per 
day for 9 days. In the study of rates of ethanol elimina- 
tion in vivo, the rats were divided into three groups: fed, 
48 hr-fasted or food-restricted. The initial weight of 
these rats was 280 + 6 g. 

protein respectively. With 5 mM ethanol and 2.8 mM 
NAD’, and assuming the kinetic constants for an or 
dered BiBi mechanism reported by Cornell et al. 12 1 I. 
the ADH activity measured in 0.5 M Tris-HCI, pH 
7.2, would be 80% of the calculated V,,,, value. In 
addition, liver ADH activities of fed and 48 hrfasted 
rats were assayed as described by Smith and New- 
man [ 121. 

Measurement of liver ADH activity. After exsan- 
guination, the livers were rinsed with cold homogeniza- 
tion medium, blotted and weighed. The livers were 
minced with scissors and then homogenized with 4 vol. 
of 0.05 M HEPES (Na’), pH 8.4, containing 0.33 mM 
dithiothreitol [ 61. The presence of dithiothreitol signifi- 
cantly protected the ADH from inactivation [ 231. 
Homogenization was performed in a Potter-Elvehjem 
vessel, fitted with a teflon pestle, by 12 strokes of the 
pestle to the bottom of the vessel at 400 rev/min and 4’. 
This procedure insured complete extraction of ADH 
activity. The homogenates were centrifuged at 
100.000 g for 60 min at 4O. The supernatant fractions 
were assayed at 37” for ADH activity in the direction 
of ethanol to acetaldehyde as described by Crow et 
al. (61. The reaction mixture, in a final volume of 3 ml. 
contained 0.5 M Tris-HCl buffer, pH 7.2 and I = 0.2. 
2.8 mM NAD’. 5 mM ethanol and 0.025 ml ofrat liver 
cytosol. Tris-HCl served as a trapping agent for acetal 
dehyde, and thus the presence of aldehyde dehydrogen- 
ase in the cytosolic fraction did not interfere with the 
ADH activity assay [ 241. One unit of ADH activity is 
defined as the amount of enzyme that catalyzes an 
initial rate of reduction of 1 pmole NAD’/min. 

Measurement of ethanol elimination rate in vivo. 
Ethanol, 2 g/kg, was injected intraperitoneally as a 
10% (v/v) solution. Tail blood samples were collected 
in heparinized capillary tubes at 30-min intervals 1 hr 
after injection. Blood ethanol concentrations were de- 
termined with a Hewlett-Packard 5734A gas-liquid 
chromatograph and a 3 3 80A reporting integrator. The 
glass columns were packed with 50% Poropak Q and 
50% Poropak R ( lOO/ 120 mesh). An aliquot (0.3 ml) 
of the tail blood was mixed with 0.3 ml of 1.2 M 
perchloric acid containing 1.5 mg/ml of n-propanol, as 
internal standard, and centrifuged. The deproteinated 
supernatant fluid (0.5 ml) was injected into a sealed 25- 
ml serum vial. The vial was incubated at 65” for at least 
30 min, and four headspace samples were obtained 
from each vial for analysis. The rates of blood ethanol 
disappearance were pseudo-zero order, and ethanol 
elimination rates were calculated according to Wid- 
mark’s equation, as described in Ref. 25. 

Other measurements. Protein concentrations were 
determined by the procedure of Lowry et al. I 26 1 with 
bovine serum albumin as standard. DNA concentra- 
tions were assayed by the method of Croft and Lu- 
bran [ 271. 

The effects of other buffer mixtures upon liver ADH 
activity were also examined. The Km values for ethanol 
determined in (1) 0.5 M Tris-HCl; (2) 0.25 M Tris- 
HCl. pH 7.2 and I = 0.1; (3) O.lMNa,HPO,- 
NaH,PO,(NaP,), pH 7.2 and I = 0.2; and (4) 5.4 mM 
K,HPO,-KH,PO,(KP,) buffer containing 129 mM 
KCI, 4.7 mM NaCl and 5.9 mM MgCl,, pH 7.2 and 
I = 0.17, were 0.86, 0.78, 0.35 and 1.32mM respec- 
tively. The extrapolated V,,,,, values in these buffers 
were 0.035. 0.032,O.O 19 and 0.030 pmole min-’ mg-’ 

Materials. All chemicals were reagent grade. The 
coenzymes and other reagents were purchased from the 
Sigma Chemical Co., St. Louis, MO. 

Statistical analysis. Student’s t-test was employed to 
determine the significance of a difference between two 
means. The results are expressed as means & standard 
error. 

The effects of fasting and food restriction on body 
weight, liver weight and liver cytosolic protein and 
DNA content were examined (Table 1). Body weight, 
liver weight and cytosolic protein all decreased mark- 
edly with fasting and food restriction, but the extent to 
which these occurred varied. In the fed state, the liver 
wet weight/body weight ratio was 4.0%. With fasting 

RESULTS 

Table I. Effects of fasting and food restriction on body weight and on hepatic wet weight, cytosolic 
protein and DNA 

Liver 

Group 

__ Liver wet 
Body Wet Cytosolic wtibody 

protein DNA 
N (mg) (mg) 

Fed 9 256 i 3* 10.2 _t 0.2 877 + 15 3 1.8 +- 0.8 4.00 0.05 f 
Fasted 

24 hr 10 213 i 5+ 5.9 _t 0.2t 570 -t 17+ 28.2 + 1.0-i 2.8 0.04-t _t 
48 hr 10 200 i 4-1. 5.3 + 0.1t 520 -f 12t 28.0 i l.lt 2.7 0.03t & 
72 hr 9 192 f 3+ 4.9 i 0.1+ 470 f 9+ 28.7 + 1.6 2.6 + 0.08t 

5 Food/day g 10 148 f 3t 3.6 t_ 0.2-t 372 + 14t 25.0 I 1.4-k 2.4 + 0.08+ 

* Mean t S.E.M. 
+ P < 0.001. compared with fed group. 
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Fig. 1. Effects of nutritional state on total ADH activity and 
on ADH specific activity, expressed as pmoles min-’ per liver 
and per mg of liver DNA respectively. All the values for the 
fasted and food-restricted groups are significantly 

(P 0.001) lower than those for the fed group. 

and food restriction, this ratio decreased to 2.8-2.6% 
and to 2.4% respectively. By contrast, the DNA con- 
tent of liver decreased only 10% with fasting and about 
20% in the food-restricted group. 

Figure 1 shows the effects of fasting and food restric- 
tion on total liver ADH activity and on ADH specific 
activity expressed as units per mg of liver DNA. In 24 
hr of fasting, total ADH activity and specific activity 
(units per mg of DNA) decreased 3 3 and 30% respec- 
tively. With longer durations of fasting, no further 
change was observed. However, after food restriction 
(5 g/day) for 9 days, the specific activity of liver ADH 
(units per mg of DNA) decreased 48% and the total 
activity decreased 58%. Since Smith and Newman [ 121 
reported earlier that the total activity of liver ADH does 
not change with fasting, studies were also performed 
using their assay conditions (pH 9.6). Contrary to their 
report, the total liver ADH activity decreased about 
40% in the 48 hr-fasted rats. 

Specific activities of liver ADH, expressed as units 
per mg of protein or per g wet weight, did not change 
with fasting or food restriction (Fig. 2). This circum- 
stance is the consequence of cytosolic protein content 
and liver wet weight decreasing in parallel with total 
ADH activity during fasting and food restriction (cf. 
Table 1, Fig. 1). 

Table 2 summarizes the effect of nutritional state on 

DAY OF FAST 

Fig. 2. Effects of nutritional state on specific activities of liver 
ADH expressed as units per mg of cytosolic protein and per g 
wet weight. The activities, calculated as pmoles mine* per g 
wet weight, in the 72 h-fasted and food-restricted groups are 
significantly higher than those of the fed group (P < 0.02 

and 0.00 1 respectively). 

the rate of ethanol elimination in vivo, calculated by 
Widmark’s formula. The r value which represents the 
ratio of the volume of distribution for ethanol to body 
mass increased with fasting and food restriction. It is 
apparent from these data that the ethanol elimination 
rate per rat decreased significantly (P < 0.001) with 
48-hr fasting and food restriction for 9 days. The 
decreases are also evident (P < 0.001) when the data 
are expressed as rate per kg body weight. Owing to the 
change in body weight, however, the decreases are 
smaller than when the results are calculated as rate per 
rat. On the other hand, when the data are expressed as 
rate per g of liver, the rates did not decrease with 48 hr- 
fasting and food restriction. 

Figure 3 shows the quantitative correlation of 
ethanol elimination rate with the total liver ADH activ- 
ity in the fed, 48 hr-fasted and food-restricted rats. Both 
measurements decreased in parallel and total liver 
ADH activity exceeded the ethanol elimination rate by 
only lO-15% in each nutritional state. 

DISCUSSION 

The data presented here agree well with those re- 
ported earlier by Biittner [ 141 but they are at variance 

Table 2. Effect of nutritional state on the rate of elimination of alcohol in vivo 

Group (N) 
co* 

(mg ml-‘) 

&II 
bmoles 

ml-’ hr.‘) 

Ethanol elimination rate 
bmoles 

hr-’ @moles hr.’ 
&moles hr-’ per g per kg 

per rat) liver) body wt) 

Fed (7) 2.42 + 0.051) 279 k 14 8.32 & 0.25 0.83 ? 0.01 1922+ 108 175 f 14 6892 + 185 

Fasted, 48 hr (7) 2.32 f 0.06 244 + 15 5.49 + 0.53 0.86 t 0.02 1138 k 105 173 + 14 4713 + 402 

5 g Food/day (5) 2.10 f 0.08 166 & 6 5.38 +_ 0.66 0.96 & 0.04 835 +_ 56 196 f 14 5081 +_ 426 

* Y-intercept. 
+ Body weight. 
t Slope. 
5 Ao/(Co - p), where Ao is the amount (g) of ethanol injected intraperitoneally. 
/I Mean + S.E.M. 
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Fig. 3. Correlation of ethanol elimination rate per animal with 
the total liver ADH activity in the fed, 48 hr-fasted and food- 

restricted rats. 

with those of Smith and Newman / 121. The liver is 
catabolic during fasting with respect to cytosolic pro- 
tein. i.e. the rate of degradation is greater than the rate of 
synthesis [281. While a recent study concluded that 
long-term ethanol treatment does not alter rat liver 
ADH content or degradation rate 1291, no studies ex- 
amining the effect of fasting on ADH synthesis or 
degradation have been reported. Since totai ADH activ- 
ity in liver decreases within 24 hr of fasting, data in this 
regard would be of considerable interest. Assuming that 
the decrease in total ADH activity is due to a decrease 
in enzyme content in liver. it appears that ADH is 
degraded more rapidly in the fasted state but at a rate 
similar to that for total cytosolic protein (Fig. 1, Table 
1). Thus. when specific activity of liver ADH is ex- 
pressed as units per mg of cytosolic protein, it does not 
change significantly in the fed, fasted and food-re- 
stricted rats (Fig. 2). Moreover, because feeding and 
fasting are linked to hormonal changes, the effect of 
hormones on the ADH level in liver will also need 
evaluation. Recent studies have suggested that this 
enzyme can be affected by hormones, e.g. testosterone 
and glucocorticosteroids. in some strains of 
rats i 30, 3 11. 

In this study, specific measures were undertaken to 
insure complete extraction and to prevent inactivation 
of ADH. Temperature, pH and ionic strength were kept 
close to that of the intraceliul~ milieu. The endogenous 
NAD’ “reductases” in the liver cytosolic fraction were 
low, as evidenced by the small blank rate in the absence 
of ethanol. However. both the K,, and I’,,,, values of 
ADH in liver cytosol were dependent upon the compo- 
sition of the assay buffer. Liver ADH activity assayed 
in a phosphate buffer was significantly lower than that 
measured in the Tris-HCl buffer or in the phosphate- 
KC1 medium. These differences, not entirely account- 
able by the aldehyde trapping action of Tris-HCl, have 
been explained by a stimulatory effect of chloride ion 
on the activity of rat liver ADH (N. W. Cornell, 
personal communication). The use of different buffer 
systems may explain some ofthe divergent results in the 
past on the ethanol oxidizing capacity of liver. Of 
course, measurement of ethanol oxidation rates at alka- 

line pH and assays in the direction of acetaldehyde to 
ethanol i 61 or in the presence of lactaldehyde i 321 will 
consistently yield higher activity. 

The data on the effect of nu~it~onal state on ethanol 
elimination rate in viro (Table 2) demonstrate clearly 
that the elimination rate decreases in the fasted and 
food~restri~ted rats when expressed per rat or per kg 
body weight. This observation is in agreement with a 
number of previous reports /7- 10 1. Interestingly, when 
the rate of ethanol elimination per rat or per liver was 
compared directly with total liver ADH activity, they 
decreased in parallel after fasting and food restriction 
(Fig. 3) and. under all conditions examined, total ADH 
activity in liver was only in slight excess. However. 
since the ethanol elimination rate in riro also includes 
contributions by respiratory and urinary excretion and 
extrahepatic oxidation i 33 1. this comparison probably 
underestimated to a certain extent the excess of total 
ADH activity in liver when compared with hepatic 
ethanol oxidation alone. 

Based on the known K, of NADH for rat liver ADH, 
it would appear that the concentration of free NADH in 
hepatic cytosol must serve as a determinant of the rate 
of liver ADH reaction. However. the limitation im- 
posed by the increase in free NADH concentration 
during ethanol oxidation is nearly identical in the fed 
and fasted states 1221. Since total liver ADH activity 
decreases in parallel with the ethanol elimination rate 
following fasting and food restriction and is, in each 
instance, only slightly higher than the elimination rate. 
we concluded that the content of ADH in liver is a 
major rate-determining factor for ethanol elimination in 
the fasted and food-deprived rats. This conclusion does 
not exclude the possibility that the activities of minor 
ethanol-oxidizing enzymes, such as the microsomal 
ethanol-oxidizing system and catalase. also decrease 
with fasting and food deprivation and contribute as 
rate-determining factors. 

Even in the fed state. it is likely that the level of liver 
ADH in the rat also has a rate-determining role. Kaiser 
and Burns I341 and Plapp 15 1 have emphasized that the 
rate of any enzymatic step in a series of reactions must 
affect the overall rate to some extent, such that there 
may be more than one principal rate-limiting step. Since 
the level of liver ADH is not in large excess, this factor 
must influence the overall rate of ethanol elimination. 
Indeed. several attempts have been made in the rat to 
increase the rate of ethanol elimination in viva hv the 
administration of pyruvatc 135. 361. alanine I37l.~ruc- 
tose I 37 1 and dinitrophenol 1381. Unfortunately. two of 
these studies [ 36. 371 did not take into account altera- 
tions in the distribution of body water (r values Table 2) 
and did not transform the rates of fall of blood ethanol 
concentration into rates of ethanol metabolism. as out- 
lined by Widmark 1391. As has been emphasized by 
Hawkins and Kalant i 41, the rate of fall of blood 
ethanol concentration cannot be equated with the rate 
of ethanol metabolism, because the former is dependent 
on the volume of distribution. In the instances where the 
rates of ethanol metabolism were actually determined. 
the effect of pyruvate was nil 1 351 and that of dinitro- 
phenol was only a 2&30% stimulation. Some studies 
in vitro using isolated tissue from rats have demon- 
strated stimulation of ethanol oxidation rates of similar 
or greater magnitudes by these compounds I4&471, 
but in these experiments. the control rates were invaria- 
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bly lower than the expected rate of ethanol oxidation, 3 
Itmoles/min/g of liver [ 61. 

In studies of the ethanol-oxidizing capacity of liver 
and the rate of ethanol elimination in viva, particular 
care should be taken to apply the proper reference base 
when calculating results. Since the wet weight and 
protein content of liver are altered markedly by hor- 
monal and nutritional factors (Table l), the use ofthese 
parameters as reference base can lead to erroneous 
interpretation (Fig. 2). Comparison of enzyme activity 
may best be made on the basis of total activity per liver 
or activity/mg of DNA (Fig. 1). Calculations of 
ethanol elimination rates per g liver wet weight can be 
similarly misleading. Rates of ethanol elimination de- 
termined in vivo are customarily expressed per kg body 
weight. Here, the underlying assumption is that a con- 
stant relationship exists between liver mass and lean 
body weight. It is evident from this study that the liver 
weight/body weight ratio does not remain constant 
(Table 1). Thus, even this manner of expression can be 
misleading, unless the liver weight/body weight ratios 
are known. All these complexities can be removed if 
both enzyme activity and ethanol elimination rate are 
compared simply on the basis of total activity or rate 
per liver (or per animal). Data expressed in this manner 
demonstrates clearly a correlated effect of different 
nutritional states on both ADH activity and ethanol 
elimination rate. 

Acknowledgements-The authors wish to thank Mr. Les 
Magnes and Mr. Ron Minter for their excellent technical 
assistance. 

REFERENCES 

1. K. 0. Lindros, R. Vihma and 0. A. Forsander. Biochem. 
J. 126. 945 (1972). 

2. C. S. Lieber, R. Teschke. Y. Hasumura and L. M. De- 
Carli. Fedn Proc. 34. 2060 (1975). 

3. R. G. Thurman, W. R. McKenna, H. J. Brentzel, Jr. and 
S. Hesse. Fedn Proc. 34, 2075 (1975). 

4. R. D. Hawkins and H. Kalant, Pharmac. Rev. 34, 67 
(1972). 

5. B. V. Plapp, Adv. exp. Med. Biol. 56, 77 (1975). 
6. K. E. Crow, N. W. Cornell and R. L. Veech, Alcoholism: 

Clin. expl Res. 1, 43 (1977). 
7. E. Le Breton, C. r. Seanc. Sot. Biol. 122, 330 (1936). 
8. I. A. Mirsky and N. Nelson, Am. J. Physiol. 127, 308 

(1939). 
9. F. W. Kinard, M. G. Hay and G. H. Nelson. Q. Jl Stud. 

Alcohol 21. 203 (1960). 
10. R. H. Ylikahri and P. H. MaenpZ, Acfa chern. stand. 22. 

1707 (1968). 
11. L. F. Leloir and J. M. Muiioz, Biochem. J. 32, 299 

(1938). 
12. M. E. Smith and H. W. Newman, J. biol. Chem. 234, 

1544 (1959). 
13. J. J. Vitale, J. DiGiorgio, H. McGrath, J. Nay and D. M. 

Hegsted, J. biol. Chem. 204, 257 (1953). 
14. H. Biittner, Biochem. Z. 341, 300 (1065). 
15. A. J. Meijer, G. M. Van Woerkom, J. R. Williamson, and 

J. M. Tager, Biochem. J. 150, 205 (1975). 
16. J. R. Williamson, K. Ohkawa and A. J. Meijer, in Alcohol 

and Aldehyde Metabolizing System (Eds. R. G. Thur- 

man, T. Yonetani, J. R. Williamson and B. Chance), p. 
365. Academic Press, New York (1074). 

17. J. R. Williamson, A. J. Meijer and K. Ohkawa, in Regula- 
tion of Hepatic Metabolism, Proceedings Alfred Benzon 
Symposium (Eds. N. Tygstrup and F. Lundquist), p. 45 7. 
Academic Press, New York (1974). 

18. A. I. Cederbaum, E. Dicker and E. Rubin. Archs 
Biochem. Biophys. 183, 638 (1977). 

19. H. A. Krebs, N. W. Cornell, P. Lund and R. Hems, in 
Regulation of Hepatic Metabolism, Proc. Alfred Benson 
Symp. (Eds. N. Tygstrup and F. Lundquist), p. 726. 
Academic Press, New York (1974). 

20. K. E. Crow. N. W. Cornell and R. L. Veech. Biochem. J. 
172, 29 (1978). 

21. N. W. Cornell, K. E. Crow, M. G. Leadbetter and R. L. 
Veech, in Alcohol and Nutrition, Proc. Workshop Spon- 
sored by the National Institute on Alcohol Abuse and 
Alcoholism (Eds. T-K. Li, S. Schenker and L. Lumeng), 
in press. 

22. R. L. Veech, R. Guynn and D. Veloso, Biochem. J. 127, 
387 (1972). 

23. 0. Markovic, H. Theorell and S. Rao, Acta them. stand. 
25, 195 (1971). 

24. F. M. Dickinson and K. Dalziel, Biochem. J. 104, 165 
(1967). 

25. H. Kalant, in The Biology of Alcoholism (Eds. B. Kissin 
and H. Begleiter), Vol 1, p. 1. Plenum Press, New York 
(1971). 

26. 0. H. Lowrv, N. J. Rosebrough, A. L. Farr and R. J. 
Randall, J. biol. them. 193, 265 (1951). 

27. D. N. Croft and M. Lubran. Biochem. J. 95.612 (1965). 
28. J. C. Gan and H. Jeffray, Biochim. biophys. Ac;a 148, 

448 (1967). 
29, C. Guerri, R. Wallace and S. Grisolia, Eur. J. Biochem. 

86, 581 (1978). 
30. Y. Israel, J. M. Khanna, H. Orrego, H. Kalant, G. 

Rachamin, S. Wahid and R. Britton, Drug Alcohol De- 
pendence, in press. 

31. E. Mezey and J. J. Potter, Life Sci, 22, 1985 (1978). 
32. N. H. Raskin and L. Sokoloff, Science 162, 13 1 (1968). 
33. J. A. Larsen, Nature, Lond. 184, 1236 (1959). 
34. H. Kaiser and J. A. Burns, in Rate Control of Biological 

Processes (Ed. D. D. Davies), Symp. Sot. exp. Biol. Vol. 
27, pp. 56-104. University Press; Cambridge (1973). 

35. G. R. Bartlett and H. N. Bamet. 0. J. Sfud. Alcohol 10. 
381 (1949). 

36. A. H. Owens, Jr. and E. K. Marshall. Jr., J. Pharmac. exp. 
Ther. 115, 360 (1955). 

37. A. K. Rawat, Res. Commun. them. path. Pharmac. 18, 
665 (1977). 

3 8. Y. Israel, K. M. Khanna and R. Lin, Biochem. J. 120,447 
(1970). 

39. E. M. P. Widmark, Die theoretischen Grundlagen und die 
praktische Verwendbarkeit dergerichtlich-medizinischen 
A/koholbestimmung. Urban and Schwarzenberg. Berlin 
(1932). 

40. M. N. Berry, Biochem. J. 123. 40P (1971). 
41. N. Grunnet, B. Quistorff and H. I. D. Thieden, Eur. J. 

Biochem. 40, 275 (1973). 
42. C. J. P. Eriksson, K. 0. Lindros and 0. A. Forsander. 

Biochem. Pharmac. 23, 2193 (1974). 
43. L. Videla and Y. Israel, Biochem. J. 118, 275 (1970). 
44. H. I. D. Thieden and F. Lundquist, Biochem. J. 102, 177 

(1967). 
45. M. N. Berry, Biochem. J. 123, 41P (1971). 
46. A. K. Rawat, Eur. J. Biochem. 9, 93 (1969). 
47. H. I. D. Thieden, N. Grunnet, S. E. Damgaard and L. 

Sestoft, Eur. J. Biochem. 30, 250 (1972). 


