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Inhibition of hexose monophosphate shunt by ethanol-An experimental evaluation 

(Received 29 August 1970; accepted 19 May 1972) 

REALIZING the ubiquitous distribution of the enzymes of the hexose monophosphate shunt (HMP) 
and the importance of this pathway in the probable regulation of the synthesis of nucleotides, Beacons- 
field and Reading’ have attempted to use ethanol as an inhibitor of the HMP. By using ethanol 
and alcohol dehydrogenase (ADH) in the incubation medium, they have shown that the incorporation 
of 32P-labeled phosphate into nucleotides of liver slices and mammary tissue was inhibited. The 
action of the ethanol-ADH system has been interpreted as due to the reduction of NADP and con- 
sequent deprivation of this cofactor for the operation of the shunt pathway. This assumption is based 
on the work of Kini and Cooper,2 who have shown that NADP, in addition to NAD, is a cofactor for 
ADH. Selective inhibition of the pentose phosphate pathway by the ethanol-ADH system, if indeed 
substantiated, is of far reaching significance, since this is in contradiction to the majority of the 
experimental work which points out that ethanol exerts its inhibitions by reduction of NAD causing 
a low NAD-NADH ratio.3*4 All the enzymatic reactions which are favored by a high NAD-NADH 
ratio are inhibited by ethanol. Paradoxically, Higgins5 reports a stimulation rather than inhibition 
of the HMP pathway by ethanol in rat brain minces. 

In view of-these contradictions in the literature, investigations were undertaken to evaluate the 
ADH-ethanol system as an inhibitor of HMP using liver slices. Labeled COZ derived by catabolism 
of [l-‘4C]glucose and [6-‘%]glucose in rat liver slices was measured in the presence of ethanol. Also, 
incorporation of [I-‘%]glycine into proteins of liver slices in the presence of ethanol was measured 
and the magnitude of inhibition by ethanol was compared with the inhibition of catabolism of [l- 
%]glucose and [6-‘%]glucose. 

Wistar male rats (160-180 g) were sacrificed by decapitation, the liver slices were prepared in the 
cold using a Staddie-Rigas microtome, and incubated at 37” in Krebs-Ringer nhosnhate buffer 
containing various conce%ations of ethanol, crystalline horse liver dehydrogeiasd (350 pg/ml) and 
glucose (5 mM) as [I-‘%] or [6-“‘Clglucose (specific activity, 0.5 pc/3.0 ml of medium). The liver 
slices (100-120 mg) from 3 to 4 rats were weighed on a torsion balance and transferred into incubation 
medium. The incubations were carried out in Warburg vessels with KOH in the center wells and O2 
as the gas phase. Labeled CO, was collected by absorption into KOH, converted to BaC03 and assayed 
by counting on an end window gas flow counter.6 

Incorporation of [l-14C]glycine into protein was studied in liver slices (500 mg) using Krebs- 
Ringer bicarbonate medium (pH 7.4). The medium contained 2 mM glycine (417,000 counts/min/ 
3.0 ml of medium), ADH (350 pg/ml) and ethanol (3 %). After incubation for 2 hr, the liver slices 
were collected by precipitation with trichloroacetic acid (15 %); a suspension of protein, free of nucleic 
acids and lipids,’ was plated on aluminum planchets, counted on an end window gas flow counter 
and counts were corrected for infinite self-absorption. 

Low concentrations of ethanol (3 mM) inhibited 14C02 yields from [I-“%] and [6-14C]glucose by 
27 and 67 per cent respectively (Table 1). With 1 M ethanol this inhibition was markedly increased 
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TABLE 1. EFFECTOFALCOHOLDEHYDROGENASEANDETHANOLONTHECATABOLISMOFLABELED 
GLUCOSE TO Co1 IN RAT LIVER SLICES* 

Substrate 
Ethanol (without ADH) ADH + Ethanol 

(M) 14C02 yields &S. E. %O, yields fS. E. P 

[1-r4C]glucose nil 46.0 f 0.85 42.0 f 1.05 0.01 
0.003 33.8 f 0.60 34.0 f 0.95 NW 
0*00.5 27-O f 0.60 25.0 f 1.05 NS 
1GXl 19.7 f 1.05 18.0 f 1.00 NS 

[6-Wlglucose nil 15.0 f 0.60 18.0 & 1.05 NS 
0.003 49 f 0.60 5.0 f 0.50 NS 
0.005 5.0 f 0.60 4.0 f 040 NS 
1 *ooo 2.4 f 040 2.8 f 0.15 NS 

* Liver slices (100-120 mg) were incubated for 1 hr in 3.0 ml of Krebs-Ringer phosphate 
buffer (pH 7.4) containing [l-14C]glucose (5 mM) or [6-Wlglucose (5 mM), ADH (350 pg/ 
ml) and ethanol, using O2 as the gas phase. The yields of r4C01 are expressed as millimicro- 
moles of labeled glucose carbon converted to labeled CO1 per 100 mg of wet tissue. Values 
represent averages of five experiments using 34 animals in each. Statistical analysis by the 
Student’s t-test comparing values obtained with ethanol and ADH + ethanol. 

t NS = P > 0.05. 

to 80 per cent from [6-W]glucose, while it was only about 60 per cent from [l-%$rlucose. In none 
of these experiments did the addition of ADH to ethanol increase the inhibition as reported by 
Beaconsfield and Reading.’ 

Incorporation of [I-%]glycine into the proteins of liver slices was inhibited by ethanol at all 
concentrationsnexamined (Table 2). However, the inhibition was comparable to that of %02 
formation from [6-Wlglucose at high concentrations of ethanol. Thus the inhibition was about 90 per 
cent with 1 M ethanol in the medium. Here again the addition of ethanol did not produce any further 
inhibition of amino acid incorporation. 

TABLE 2. EFFECT OFALCOHOL DEHYDROGENASE AND ETHANOL ON THE INCORPORATION OF 

[1-14C]~~~~~~~~~o RAT LIVER SLICES* 

Addition 
0 

Ethanol (M) 

0003 0.060 1.00 

nil 73.0 f 5.7 51.45 f 6.0 23.5 rt 1.75 45 & 2.5 
ADH 60.4 f 4.9 42.28 & 2.5 19.33 + 1.05 5.3 & 0.29 

P values by the 
Student’s t-test > 0.05 > 0.05 > 0.05 > 0.05 

* Liver slices (500 mg) were incubated for 2 hr in 3.0 ml of Krebs-Ringer bicarbonate 
buffer (pH 7.4) containing [l- Wlglycine (2 mM, 417,000 counts/min), horse liver dehydro- 
genase (350 pg/ml) and ethanol, using O2 and Cot (95:5) as the gas phase. Values are 
expressed as counts per min per milligram of protein &S.E. of the average of five 
experiments with 5-6 animals in each. 

If ethanol were to reduce NADP selectively, depriving the latter for the operation of HMP, one 
would expect a greater inhibition of 14C02 production from [I- 14C]glucose. The experimental evidence 
presented here does not indicate such a selective inhibition of HMP. Furthermore, the concentration 
of ethanol (1 M) employed in the studies by Beaconsfield and Reading’ was rather high and the 
observed effects could be of general toxicity. In essential agreement with results presented here 
(Table l), Majchrowicz and QuasteP have shown that low concentrations of ethanol (3 mlvf) inhibit 
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the rate of 14C02 formation nearly 70 per cent from [6-14C] glucose and only 30 per cent from [l- 
Z4Cfelucose. These results have been interpreted as evidence for the lack of inhibitory action of ethanol 
on ‘%O, derived from labeled glucose &t the shunt pathway. The readiness with which NAD rather 
than NADP is reduced by ethanol in liver has been recently demonstrated.**‘o 

The earliest observation that NADP is an additional cofactor for ADH comes from the work of 
Pullman et al.” However, NADP has been shown to have 100 times less affinity than NAD for horse 
liver ADH, and 30 times less affinity for monkey liver ADH.2 Furthermore, Dalziel and Dickinsonlz 
have demonstrated that NAD is firmly bound to ADH and competes with NADP. In view of this 
kinetic evidence, it is doubtful whether ethanol reduces NADP in preference to NAD and whether 
the small reduction of NADP is of any consequence in the operation of the hexose monophosphate 
shunt. A microsomal enzyme system which can reduce NADP in the presence of ethanol is present in 
the liver, but it requires high concentrations of NADP and ethanol, and is not likely to be of any 
physiological signi&ance, according to Krebs and Perkins. I0 That the degree of inhibition of incor- 
poration of the labeled amino acid into proteins by ethanol is parallel to the inhibition of 14C02 
yields from [6-14C]glucose rather than to that from [l- 14C]glucose is further evidence that the major 
pathways affected are glycolysis and the citric acid cycle, and not HMP. At high concentrations, it 
appears that ethanol inhibits macromolecular synthesis, probabIy by interfering with energy meta- 
bolism.8 Therefore, the inhibition of nucleic acid and protein synthesis by ethanol noted by Beacons- 
field and Reading1 is likely due to the general depressant effect of ethanol on celIular m~hanisms. 
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Transport of isoniazid across rat small intestine in r&o 

(Received 29 March 1972; accepted 24 May 1972) 

MOST drugs are transferred across the mucosa of the gastrointestinal tract as unionized molecules. 
Rates of transfer are related to the proportion of unionized molecules and their lipid solubility.’ 
Using everted sacs of rat small intestine* isoniazid transport was investigated in vifro. Isoniazid was 
measured by a semi-specific calorimetric method.3 


