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the method of Metz et al. [9] in which varying concen- and discussion. H. J. R. was a Wellcome travelling research 

trations of 2-deoxyuridine were added to monolayer cul- fellow of the M.R.C. 

tures stimulated 22 hr previously with EGF in the presence 
of methotrexate or TP. After 1 hr incubation at 37”, 1 &i 
[3H]thymidine was added and after a further 2 hr incuba- 
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tion the cells were processed and harvested as described 
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previously. The results are shown in Fig. 2. 
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Methotrexate is a pseudo-irreversible inhibitor of dihyd- 
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rofolate reductase with high afinity for the enzyme so that 
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the synthesis of thymidylate from deoxyuridine is sup- 
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pressed thereby red&ing the size of the intracellular thymi- 
dine pool. Consequently the incorporation of the exo- 
genous [3H]thymidine is increased. TMP on the other 
hand, does not significantly change the incorporation of 
C3H]thymidine in this system. In two studies on normal 
human bone marrow a small inhibitory effect on dihydro- 
folate reductase has been noted at 1 x 10s4 M TP [lo, 1 l] 
although another study only detected inhibition at 
1 x 10-l Mr121. 

This preliminary data would :ndicate that TP does not 
act to inhibit thvmidine ~n~orKloration into EGF-stimu- 
iated human fib&blasts by virt& of an inhibition of dihyd- 
rofolate reductase. TP is a lipophilic compound and could 
well act directly at the cell membrane: if this is the case 
however it apparently does not affed the active uptake 
of amino acids which occurs during cell stimulation by 
EGF. 
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Subcellular site of acetaldehyde oxidation in monkey liver 

(Received 17 March 1976; accepted 11 June 1976) 

Until recently acetaldehyde was believed to be oxidized 
in the cytosol of the liver [1,2]. Evidence has now accumu- 
lated indicating that its oxidation occurs in mitochondria. 
Mitochondrial activities have been demonstrated in quan- 
tity and with kinetic characteristics adequate to accouht 
for acetaldehyde oxidation under most conditions [3-61. 
Parrilla et ai. 171, from changes in the state of reduction 
of cytosolic and mitochondria~ nucleotides when acetalde- 
hyde is utilized by perfused liver and isolated liver cells, 
concluded that acetaldehyde is oxidized to acetate pre- 
dominantly in mitochondria. Kognstad and Clark 181, 
using isolated liver cells, and our laboratory [9], using liver 
slices and tracing with 3H the fate of the R and S hydro- 
gens of ethanol, have also arrived at this conclusion. Simi- 
larly Grunnet [IO], from incorporation by hepatocytes of 
3H from [1,1-3H-]ethanol into lactate and &hydroxybu- 
tyrate, have concluded that acetaldehyde oxidation occurs 
in the mitochondria as well as in cytosolic compartments 
of the liver cell. In all these studies, the rat was the source 
for liver. Cytosolic and mitochondrial aldehyde dehydro- 
genases have been demonstrated to be in horse liver [ll] 
and aldehyde dehydrogenases have been purified from 

livers of other species, including man and mouse [3], but 
their physiological role is uncertain. 

We have, using slices of monkey liver, now obtained evi- 
dence that in this primate acetaldehyde oxidation is also 
predominantly in the mitochondrial compartment. In our 
approach [9], the R hydrogen of ethanol is accepted to 
be transferred to NAD with the formation of acetaldehyde, 
catalyzed by cytosolic alcohol dehydrogenase, and the S 
hydrogen to be transferred to NAD by acetaldehyde de- 
hydrogenase either in the cytosolic and/or mitochondrial 
compartments. We have compared the incorporation of 
3H of [Rl-‘HIethanol and [Sl-3H]ethanol into lactate, 
lactate dehydrogenase being a cytosolic enzyme, and water, 
since N.ADH is oxidized via the electron transport system 
of the mito~hondrion. 

Livers were removed from three Macaca fasicuiuris 
(monkeys l-3 of Table 1) and one Macaca mulutta (mon- 
key 4 of Table 1). The first two monkeys were killed under 
ketamine anesthesia with a lethal dose of nembutal, the 
third was killed under ketamine anesthesia by exsanguina- 
tion, and the fourth was under nembutal anesthesia at the 
time the liver was removed. Each was fasted overnight and 
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Table 1. Metabolism by monkey liver slices of [R1-3H]ethanol and [S1-3H]ethanol 

% Added 3H incorporated into: 
Hydrogen y0 Ethanol Lactat~~~H~O~ 

labeled uptake 
--_____._ 

Lactate Hz0 Ldctates/H,O, 

R 84.6 12.4 
50.6 s 80.3 1.1 31.8 7.1 

R 
49.4 4.7 40.2 S 48.6 0.6 48.8 9.5 

R 
36.4 4.8 19.7 s 29.4 0.6 21.2 8.6 

R 
39.6 4.0 25.8 s 36.5 1.4 25.4 2.8 

was being used for other purposes. The livers were trans- 
ported in cold saline to the laboratory and slicing began 
within 20-40min affter removal. The procedures were 
essentially those previously detailed using slices of rat 
liver [9], 

Briefly. 5g of slices from the liver of each monkey was 
distribLitcd into each of two flasks. The contents of the 
flasks were identical, containing ethanol and glucose, each 
at a concentration of lOOmg/dl in 30ml of a high potas- 
sium-bicarbonate buffer, except that in one flask the eth- 
anol was labeled with [R1-3H]ethanol and in the other 
~.Sl-~H]~tll~~nol [12]. Two other flasks with identical con- 
tents. except without slices, were incubated and served as 
controls. After 2 hr of incubation with shaking at 37”, 
perchloric acid was added. The slices and incubation media 
wcrc homogenized and determinations made on the super- 
natants obtained after neutralization and ~entrifugation. 
Ethanol uptake was determined enzymatically using alco- 
hol dchydrogenase [13]. The supernatants were distilled 
and the radioactivity was determined in the ethanol in the 
initial fraction of the distillate. The ethanol was isolated 
as its ~-nitrobenzoatc derivative [14]. The 3H activity was 
also determined in a final fraction of the distillate, and 
with correction for the small quantity of ‘H in ethanol 
in this fraction, this was taken as the measure of incorpor- 
ation into water. In later experiments, a known volume 
of water was added to the supernatants so that there was 
a greater volume distilled between collection of the eth- 
anol-containing initial fraction and the final fraction, The 
final fraction was then essentially devoid of ethanol. Acidi- 
fied aliquots of the supernatants were extracted with ether 
and the lactate in the extracts was isolated as its phenacyt 
derivative [IS]; this derivative was assayed for “H activity. 
Radioactivity in the ethyl p-nitrobenzoates, phenylacyl lac- 
tates. and water fractions was determined by combusting 
them in an oxidizer (model 306, Packard Instrument Co., 
Inc.. Downers Grove, Ill.). The water was collected and 
analyzed in a liquid scintillation counter (Series 720, Searle 
Analytic, Inc., Des Plaines, Ill.), using internal standard 
to correct to dis./min. 

The results for each of the four incubations are recorded 
in Table 1. ln support of the adequate pairing, ethanol 
uptake was similar for both flasks of each pair. Of the 
3H in the ethanol taken up, a large percentage was re- 
covered in water. Relative to incorporation into water, 
there was 2.8 to 9.5 times as much incorporation in lactate 
from the R as from the S hydrogen, when as much of 
the S as of the R hydrogen was incorporated into water. 
Thus, the major portion of the S hydrogen is not oxidized 
m the environment of lactate formation as compared to 
the R hydrogen. This result is similar to that observed 
using slices of livers from rats, and indicates that the R 
hydrogen had much greater access to the cytosol than the 
S hydrogen in the course of their oxidation. The signifi- 
cance, if any, of the fact that the lowest ratio, 2.8, was 
obtained with the liver from the M. mulatta is unknown, 

but differences in aldehyde dehydrogenase activities have 
been observed among strains of rats [SJ. 

It seems reasonable to conclude from these data and 
the reports of acetaldehyde dehydrogenase activities in 
mitochondria, although from other species, that in the 
monkey oxidation occurs under our conditions predomi- 
nantly via mitochondrial rather than cytosolic NAD- 
dependent acetaldehyde dehydrogenase(s). The alternatives 
remain that: (1) the oxidation of acetaldehyde occurs by 
other than NAD-dependent acetaldehyde dehydrogenase, 
although at least for rat liver the studies of Parrilla et 
cal. [7] and Lindros et aE. 1161 would make this unlikely, 
or (2) the stereospeciticity of the dehydrogenases are of 
the B rather than the A type, and the NADH has insuffi- 
cient turnover so that unlabeled hydrogen is transferred 
via lactic dehydrogenase, an A-type enzyme. This second 
possibility also seems unlikely in view of the relatively 
small quantity of the nucleotide present in liver 1171 rela- 
tive to the quantity of ethanol utilized, and the fact that 
bovine liver aldehyde dehydrogenase is an A-type enzyme 
and the stereospecificity of a particular reaction is almost 
always inde~ndent of the source of the enzyme which 
catalyzes it [ 181. 
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A simple micro-determination of type B monoamine oxidase 

(Received I April 1916; accepted 2 July 1976) 

The existence of type A and B rn,~no~ine oxidase [mono- 
amine: oxygen oxidoreductase (deaminating), EC 1.4.3.43 
(MAO) is demonstrable both in uitlo and in vitro by their 
substrate specificity and their selective inhibition [l-3]. 
Type A MAO preferentially deaminates 5-hydroxytrypta- 
mine and norepinephrine, while type B MA6 deaminates 
a-ohenvlethvlamine (PEA) and benzylamine. Fdr the deter- 
&at&n oi type A ‘MAO, simple ind sensitiie methods 
are available t4,5], and for that of type B MAO, spectro- 
photometric method using benzylamine as substrate [6] 
and fluorometric method using PEA as substrate [7] are 
available. However, the method for the determination of 
type B MAO using benzylamine is not highly sensitive 
and that using PEA involves an extraction procedure with 
organic solvent. Therefore, we have intended to obtain a 
more simple and sensitive method. The present paper deals 
with the details of a new, simple and sensitive method 
for the determination of MAO activity towards PEA by 
measuring phenylacetaldehyde, the reaction product from 
PEA catalyzed by MAO. 

It has been shown by Samejima et al. [S, 91 that phenyl- 
acetaldehyde reacts with ninhydrin and a primary amine 
to yield a highly fluorescent compound, and this can be 
adopted for a sensitive measurement of pbenylacet~de- 
hyde. However, the substrate, PEA, can also react with 
ninhydrin to yield the same corr.pound [lo]. Accordingly, 
the reaction of PEA with ninhydrin should be suppressed. 
For this purpose, our previous finding that PEA does not 
react with ninhydrin below pH 6 [11] can be successfully 
adopted. 

In the case of crude enzyme preparation such as tissue 
homogenate, the enzymes which destroy phenylacetalde- 
hyde should be inhibited. The responsible enzymes are 
aldehyde dehydrogenase [12], aldehyde oxidase [13], alde- 
hyde reductase and alcohol dehydrogenase [14]. We tested 
the inhibitors of each enzyme, pi;:. chloral hydrate, sodium 
azide, sodium phenobarbital and pyrazole, by adding them 
to rat brain and liver homogenates. However, only the 
addition of chloral hydrate to liver homogenate was effec- 
tive, and the other inhibitors were not effective. It was 
confirmed that chloral hydrate has no effect on MAO acti- 
vity. 

When tissue homogenate was used as an enzyme source, 
the recovery of phenylacetaldehyde was found to be rather 
low. Taking into account the fact that aldehyde derivatives 
are adsorbed onto brain macromolecules [1.5], the low re- 
covery was considered to be ascribed to similar adsorption 

phenomenon in the tissue homogenate, and we tried to 
avoid such adsorption by adding organic solvents. Among 
the organic solvents tested, aiz. acetone, methanol and eth- 
anol, methanol was found to be adoptable. since acetone 
inhibits ninhydrin reaction and ethanol causes turbidity, 
even though they seem to be effective. 

The fluorescence excitation and emission spectra of the 
Ruorescent compound obtained from the product formed 
from PEA by liver homogenate were found to be identical 
with those of the compound obtained from authentic 
phenylacetaldehyde, having the excitation and emission 
maxima at 390 nm and 495 nm, respectively. 

On the basis of the above data, we propose the following 
procedure as a standard method for the determination of 
type B MAO in animal tissues. 

Tissue was homogenized with 0.9?$ NaCI solution in 
a glass homogenizer fitted with a Teflon pestle. The incu- 
bation was carried out in a small centrifuge tube. To 0.5 ml 
of the homogenate containing l-10 mg of the tissue, were 
added 0.15 ml of 0.5 M sodium phosphate buffer (pH 7.4), 
0.1 ml of 0.05 M chloral hydrate solution, and 0.5 ml of 
PEA solution containing 50 pg (final concentration, 
0.25 mM) of PEA-HCl. After incubation at 37“ for 30 min, 
the enzyme reaction was stopped by adding 0.1 ml of 30”,, 
trichloroacetic acid, then mixed with 2 ml of methanol, 
shaken vigorously for 2 min and centrifuged (3,000 rpm. 
5 min). A 0.5-ml aliquot of the supernatant was incubated 
with 1.5 ml of 0.5 M sodium phosphate buffer (pH 5.71, 
0.5 ml of 0.05 M ninhydrin solution and 0.5 ml of 3 mM 
L-leucyl-L-alanine solution at 60” for 60 min in an oil bath, 
and left at room temperature for 15 min. The fluorescence 
intensity of the reaction product was measured with exci- 
tation at 390 nm and emission at 495 nm. As a blank test, 
the reaction mixture without substrate was incubated. and 
mixed with trichloroacetic acid and the same amount of 
PEA solution. Internal standard was taken by adding an 
appropriate amount of phenylacetaldehyde (Aldrich 
Chemical Co., Milwaukee, Wis.) to the assay mixture 
before inculcation to permit direct calculation of results. 
The recovery of phenylacetaldehyde was over 80 per cent. 

Figure 1 shows the relationship between MAO activity 
and the enzyme concentration with liver and brain homo- 
genates as enzyme sources. The linear relationship was 
observed between MAO activity and the amount of 
enzyme in the range from 2.5mg to 10mg of the tissues 
in the assay mixture. 

Figure 2 shows that there is a linear relationship 


