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A~~~e~-Met~an~~ and ethanol were rapidly metabolized to formaldehyde and a~etaldebyd~ in the 
~reseuce of ascorbatG~ ~,l~-pben~tb~~~~ne and either guinea pig hepatic l~,~~ supernatal% or 
~~,~~~ p&et fractions. The specific activity of methanoi oxidation was 1720 amoles fo~a~deb~d~ 
~orrne~m~~m~ protein in the ~~,~~ fraction and 790 ii3 the WBO g p&et fraction. The specific 
activity of erhanaf oxidation was l.590 nmoies acetaldehjde forrn~~~~~‘rng protein in the ~~*~~ 
fmclion and 8% in the ~~,~~~ p&et fraction. Ke activity was enzymatic in that it was linear with 
time, proportional to protein concentration, and sensitive to temperature. Catalasc appeared to be the 
enzymatic component responsible for the oxidation. In this ascorbate-dependent alcohol oxidstiott 
system, oxygen was consumed and W,O, was formed. When purified cataiase and ascorbate were ui;ed, 
complex I was detected and methanol was oxidized. 

There are three p~~~~pl~ etrzymatic ~~th~a~s 
capable of oxidizing methanol or ethanol to thetr 
respective aldehydes [I), These include cyfosohc 
alcohol ~~h~drogenase (AI%, EC 1.1 .Il+l) whicfi 

utilizes NAD*, cytosolic and peroxisomal cat&se 
(EC 1. Z I. I. S> which utilizes ~~~~~~~~ peroxide, and 
the mot% recently described mZcrosomaf ethanol- 
oxidizing system {MEOS) which requires NADPH 
and OZ. 

The effect of ascorbate on aIcohoI metabolism has 
been of interest and has been studied in several 
laboratories f2-4]_ Yunice and Lindeman [Z] found 
thai Mead ethanol ~~R~~~t~~t~~~~ are ~~~~~~c~~t~~ 
lower 1 hr after an intrap~r~tonea~ ~~~~~~~o~ of etha 
noI in rats pretreated with 440 mg ~s~orbat~k~ body 
weight. Tephly and coworkers f3] reported that 
ascorbate promotes ~~thanaI oxidation in mam- 
malian e~ythFo~~t~s. Pawan [ill, however, found that 
200 mg of vitamin C, given to mafe volunteers dairy 
for 40 days prior to a sin@e dose of ethanol, had no 
effect on the rate of ethanol metabotism. 

The present in u&o shdy is concerned with the 
ability of ascorbate to promote methanol and ethanol 
oxidation in guinea pig hepatic subcellular fractions. 
ft describes and characterizes the enzymatic system 
which wtihzes the vitamin in the ~~~vers~~n of the 
alcohols to their aldehydes. 

~e~~~~z~s. Sodium ascorbat~* NAD’ and NADPH 
were purchased from the Sigma Chemical Co. St. 

were presented at a meeting of&e Federation of American 
Societies for Experimental Biology, Chicago. IL, April, 
1983 (R. L. Wick, Jr. and ‘G’. C. Zannoni, Fe& Proc, 42, 
1370 (1983)]. 

+ Correspondence should be addressed to: Dr. Wncent 
C. Zltnnon& Defrartment of ~barrnaco~~~~-~~S~, Uni- 
wrsi&y of .~~c~ig~n Medicat Schaoi. Ann Arbor, Ml 48104. 

Lcmis, MU. ~,l~-P~~~~n~~ruIi~e and h~~~~~~ per- 
oxide were purchased from the Fisher Sc~e~~ti~c Co., 
Fair Lawn, NJ. Sodium azide was purchased from 
Eastman Kodak, Rochester, NY. 3-Amino-i,Z,it- 
triazole was purchased from the Afdrich Chemical 
Co., ~i~~~~k~~, W. Purl&d beef liver cat&se, 
63,ooO uxtitzj’mg, was purchased from Boehringer 
Ma~~h~~rn, ~ndia~ap~l~s, IN, and glucose oxidase, 
1000 axidase units/g, was purchased from the 
Nutritional Riochemicals Corp., Cleveland, OH. 
55% Ethanol was used to make all ethanof solutions. 
Other chemicals used were of reagent grade or 
better. 

~~~~~ti~~~ of ~~~~e~~~~~~~ f~~~tims. Male ‘Hartfey 
guinea p&s (250-350 g) were decapitated, and their 
livers were removed, placed on ice, and homo- 
genized after mincing in 3 vol. of cold 1 mM sodium 
phosphate buffer, pN7.4, with 0.2SM sucrose. A 
T&on homogexaizer was used to make the homa- 
genate. The ~~rn~~enat~ was diluted 1: 10 with 
buffer and filtered through a double Iayer of surg;caI 
gauze. Ahquots were centrifuged at 700 g for 10 min. 
The supernatant fraction was centrifuged at 12,OOOg 
for 20 min, and the resulting supernatant centrifuged 
at 100,000g for HImin. The lZ,UOOp pellet, and the 
~~~,~~~~ pellet used as the microsomaI fraction, 
were made forty times concentrated based on the 
iniriat supematant vohrmo and contained 16-20 mg 
prorei~‘~~. The 12,~~~ and l~~cros~rnal pellets 
were washed one time prior to use, In all of the 
experiments reported. the age of the an~maIs. the. 
preparation of tissue fractions and the length of 
storage of the preparations were ~den~i~I except 
for the pr~~~ratio~s used in Fig. 2. Protein was 
determined by the method of Lowry ef al. 1.53 using 
bovine serum albumin as the standard. 

Enzymatic as.suys. For the as~orbat~~,~~~en~~~~ 
alcohol oxidation, methanol or ethanol was incu- 
bated in the presence of a guinea pig hepatic tissue 
fracnon, asoorbate and I, ~~~~~~~~~~~~~~~~~ at a pH 
of 8.5. The tad w3lume was 1 .D mf in a 25-ml Rask, 
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In the case of ethanol, sealed flasks were used. 
Incubations were carried out in a Dubnoff metabolic 
shaker at 60 oscillations/min for 5 and 10min. The 
alcohol was added to initiate the reaction. The reac- 
tion was terminated by the addition of 0.2 ml tri- 
chloroacetic acid (TCA) containing 32 mM thiourea. 
In all experiments, controls were run with boiled 
protein and the nonenzymatic component was sub- 
tracted. At most. the controls were 10% of the 
enzymatically catalyzed oxidation. Formaldehyde 
was detected by the calorimetric method of Nash 
[6]. Acetaldehyde was detected by a modified gas 
chromatographlc method [7]. After the reaction with 
ethanol was terminated, 0.4 ml of 1.5 mM isopropyl 
alcohol was injected into the flasks as an internal 
standard. Each flask was preheated to 60” for 15 min. 
after which time 5 cc of head space gas was injected 
into a Varion model 3700 gas chromatograph equip- 
ped with a flame ionization detector. The column 
dimensions were 2 m x 4 mm i.d. and packed with 
Porapak Q purchased from the Anspec Co. The 
column temperature was 180”; the detector and injec- 
tor temperatures were 200”. The carrier gas flow rate 
was 17 ml/min. Standard curves were plotted as the 
peak height ratios of acetaldehyde/isopropyl alcohol. 
The method was sensitive to 10 nmoles of acet- 
aldehyde. ADH was assayed under the conditions of 
the ascorbate-dependent alcohol oxidation except 
that glycine buffer, 0.1 M, pH 9.5, and NAD+ were 
used. MEOS was also assayed under the conditions 
of the ascorbate-dependent alcohol oxidation except 
that sodium phosphate buffer, 0.1 M. pH7.5, 
NADPH and guinea pig hepatic microsomes were 
used. In both cases, acetaldehyde and formaldehyde 
were measured as described above. Catalase activity 
was determined by ultraviolet spectrometry accord- 
ing to the method of Chance and Maehly [S]. The 
disappearance of HzOz (26 mM) was measured at 
240nm following the addition of 7.5 pg of either 
100,000 g hepatic supernatant fraction or 12,000 g 
pellet protein. These protein samples were given 
prior exposure to sonication, to rupture the perox- 
isomes, in order to ensure maximum catalase 
activity. The activity is reported as the velocity con- 
stant with units of set-‘. 

H20z detection. Hydrogen peroxide was detected 
with a YSI-Clark 2510 oxidase probe and a YSI 
model 25 oxidase meter. To minimize interfering 
effects of ascorbate or other reducing agents, an 
ultrafine cellulose acetate filter membrane was pre- 
pared and placed between the probe and the more 
porous collagen membrane. The cellulose acetate 
membrane was prepared by pouring a 4% cellulose 
acetate resin (Eastman Kodak 394-60) in cyclo- 
hexanone over still distilled water. Catalase was 
added to all incubations to ensure that H,Oz had 
formed. 

O2 consumption. Oxygen consumption was 
detected with a YSI 5331 oxygen probe and a Gilson 
K-IC oxygraph. 

Catalase complex I. A dual-beam, scanning, 
Varion/Cary 219 spectrophotometer was utilized to 
detect catalase-HzOZ complex I, the catalytically 
active form of catalase [9, lo]. The loss of absorbance 
at 405 nm was used as an index of complex I accord- 
ing to the method of Chance [ll]. The contribution 
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Fig. 1. Subcellular distribution of ascorbate-dependent 
alcohol oxidation activity. Assay conditions: Tris-HCI 
buffer, 0.1 M, + l,lO-phenanthroline. 10 mM, pH 8.5; 
ascorbate, 4 mM; guinea-pig hepatic fraction, 15 pg protein; 
methanol or ethanol. 800 mM; total volume. 1.0 ml. 37”. 
Key: methanol oxidation, nmoles formaldehyde formed/ 
min/mg protein (a); ethanol oxidation, nmoles acet- 

aldehyde formed/min/mg (D). 

of complex II, an inactive species [lo, 121, absorbing 
at 435 nm was subtracted from the change in optical 
density at 405 nm. 

RESULTS 

Methanol and ethanol were rapidly metabolized 
to formaldehyde and acetaldehyde, respectively, in 
the presence of ascorbate. 1 ,lO-phenanthroline and 
either guinea pig hepatic 100,OOOg supernatant or 
12,000g fractions (Fig. 1). There was no significant 
difference in the rates of oxidation of methanol and 
ethanol. The activity was enzymatic in that the rate 
of oxidation with each substrate was linear with time, 
proportional to protein concentration and sensitive 
to temperature. With each substrate the cytosolic 
fraction contained the most activity while the micro- 
somal fraction had the least activity. 

The apparent K, for methanol and ethanol in the 
cytosolic compartment was 0.2 M for methanol and 
1.6M for ethanol. The corresponding maximum 
velocities were 1910 nmoles formaldehyde/min/mg 
protein for methanol oxidation and 2321 nmoles 
acetaldehyde/min/mg protein for ethanol oxidation. 
The apparent affinity for ascorbate was 1.3 x lo-’ M 
with either substrate. 

The specific activity of the ascorbate-dependent 
alcohol oxidation was compared to alcohol dehy- 
drogenase and the microsomal ethanol-oxidizing sys- 
tem (Table 1). The ascorbate-dependent oxidation 
was 280 times more active than MEOS for both 
alcohols and 140 and 570 times more active than 
ADH for ethanol and methanol respectively. Sub- 
sequent experiments to characterize the ascorbate 
system were carried out with methanol as the 
substrate. This was the preferred substrate since the 
detection of its oxidation could be assayed by a rapid, 
sensitive, and readily reproducible method. Studies 
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Table 1. Activities of alcohol dehydrogenase, microsomal ethanol-oxidizing system and 
the ascorbate-dependent alcohol-oxidizing system with methanol and ethanol* 

Substrate 

Methanol 
Ethanol 

Specific activity? 
(nmoles CHzO or CH,CHO/min/mg protein) 

Alcohol Microsomal ethanol- Ascorbate-dependent 
dehydrogenase oxidizing system alcohol-oxidizing system 

3 2 0.6 6+-l 1720 + 200 
11 2 1.0 621 1570 t 140 

* Assay conditions: alcohol dehydrogenase: glycine buffer. 0.1 M, pH 9.5; NAD’. 
1 mg/ml; guinea pig hepatic 1O’g supernatant fraction, 1.0 mg protein; substrate, 12 mM: 
total volume, 1.0 ml, 37”. Microsomal ethanol-oxidizing system: sodium phosphate 
buffer, 0.1 M, pH 7.5; NADPH, 2 mM; guinea pig hepatic microsomes, 1.0 mg protein: 
substrate, 200 mM; total volume, 1.0 ml, 37”. Ascorbate-dependent alcohol-oxidizing 
system: Tris-HC1 buffer, 0.1 M, + 10 mM l,lO-phenanthroline, pH 8.5; ascorbate. 
4 mM; guinea pig hepatic 1O’g supernatant fraction, 15 pg protein; substrate, 800 mM; 
total volume, 1.0 ml, 37”. 

t Values are means of at least three experiments. 

also indicated that there was no difference in the 
subcellular distribution, maximum activity, or nature 
of the enzymatic reaction for either methanol or 
ethanol. 

The specificity for ascorbate was determined and 
the results are given in Table 2. D-Isoascorbate was 
as effective as the vitamin; dehydroascorbate, the 
vitamin’s oxidized form, and ascorbyl palmitate, 
its lipophilic form, were 41 and 32% as effective. 
Ascorbyl-%-SO1 which lacks the reducing capability 
of the vitamin, and gulonolactone, the precursor 
in the synthesis of ascorbate, were both in- 
effective. Reduced 2,6-dichlorophenolindophenol, a 
compound which has the same redox potential as 
ascorbate, was 41% as active as the vitamin. 
Cysteine, glutathione and vitamin E had no effect. 
In addition, there was no detectable activity when 
l,lO-phenanthroline was incubated without 
ascorbate. 

Table 2. Specificity for ascorbate in methanol oxidation* 

Specific activity 
(nmoles CH,O/min/mg 

protein) 

Ascorbate 
D-Isoascorbate 
Dehydroascorbate 
Ascorbyl palmitate 
2,6-Dichlorophenolindophenol 
(reduced) 
Ascorbyl-2-SO, 
Gulonolactone 
Cysteine 
Glutalhione 
Vitamin E 

936 
886 
385 
296 
388 

NDt 
ND 
ND 
ND 
ND 

* Assay conditions: Tris-HCl buffer, 0.1 M, + l,lO- 
phenanthroline, 10 mM pH 8.5; compound tested, 2 mM; 
methanol, 200 mM; guinea pig hepatic 1O’g supernatant 
fractions, 15 pg protein; total volume, 1.0 ml, 37”. There 
was no detectable activity when l,lO-phenanthroline was 
incubated in the absence of ascorbate or compounds that 
can replace ascorbate. The data presented in the table 
represent a typical experiment. 

t Nor detected, less than 15 nmoles CH,O/min/mg. 

Various chelators were substituted for 1 ,lO-phen- 
anthroline (Table 3). Although the chelating agents 
were not necessary for methanol oxidation, a number 
of the chelators caused a 3- to 4-fold increase in 
activity. Dimercaprol, LGhydroxyquinoline, cu,d- 
dipyridyl and bathocuproine could replace 1, lo- 
phenanthroline. On the other hand, 
diethyldithiocarbamate had no effect, and EDTA 
completely inhibited the enzymatic oxidation. 

Since ascorbate is capable of undergoing auto- 
oxidation to form HzOz [13], and the latter can be 
utilized by catalase to oxidize alcohols [14], it was of 
interest to determine the role of catalase, if any, in 
the ascorbate-dependent oxidation. The effects of 
catalase inhibitors such as sodium azide and 3-amino- 
1,2,4-triazole, therefore, were examined on the 
ascorbate-dependent alcohol oxidation (Table 4). 
Methanol was incubated with hepatic 100,OOOg 
supernatant fraction the 12,000g pellet fraction or 
purified catalase with either ascorbate or a hydrogen 
peroxide generating system. Methanol was oxidized 
to formaldehyde in all cases and the reaction was 
essentially completely inhibited by sodium azide. 3- 
Amino-1,2,4-triazole also inhibited the oxidation, 
up to 82%. The inhibition of methanol oxidation 
utilizing the hydrogen peroxide generating system 
was found to parallel that observed with ascorbate. 
In addition, a positive correlation existed between 
methanol oxidation in the presence of the hydrogen 
peroxide generating system and that obtained with 
ascorbate in a number of hepatic cytosolic samples 
with different specific activities (Fig. 2). The specific 
activities varied because these samples were pre- 
pared from animals of different weights (2OG800 g), 
different ages (1-8 months), and were stored at -20” 
for various period of time (1 day to 6 months). In 
view of the above findings, the subcellular dis- 
tribution of the ascorbate-dependent alcohol oxi- 
dation and catalase activity, as measured by H202 
reduction, between the hepatic 100,OOOg super- 
natant and 12,000g pellet fractions was examined. 
The activity of methanol oxidation in the 100,OOOg 
supernatant fraction was 1711 nmoles/min/mg and in 
the 12,000g pellet fraction it was 690 nmoles/min/ 
mg. The ratio of alcohol-oxidizing activity in the 
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Table 3. Methanol oxidation with various chelators in place 
of l,lO-phenanthroline* 

Specific activity 
(nmoles CH*O/min/mg protein) 

No chelator 88 
1 ,lO-Phenanthroline 344 
Dimercaprol 354 
Hydroxyquinoline 302 
oc.oi-Dipyridyl 258 
Bathocuproine 253 
Diethyldithiocarbamate 80 
EDTA NDt 

* Assay conditions: Tris-HCl buffer, 0.1 M, + chelator, 
1 mM, pH 8.5; ascorbate, 2 mM; guinea pig hepatic 10sg 
supernatant fraction, 15 @g protein; methanol, 200 mM; 
total volume, 1.0 ml, 37”. 

f Not detected. 

supernatant fraction to that in the 12,000g pellet 
fraction is 2.5. The same ratio of distribution existed 
for catalase activity between these two compart- 
ments. Catalase activity in the 100,000 g supernatant 
fraction was 1.2 X 10m3 see-’ and in the 12,OOOg 
pellet fraction it was 5.3 x 10-4sec-1. The ratio of 
activity is 2.3. 

Concomitant with these findings, a comparison 
was made of oxygen consumption, hydrogen per- 
oxide production and the extent of methanol oxi- 
dation utilizing either ascorbate or a hydrogen per- 
oxide generating system (Table 5). Hydrogen 
peroxide production was regulated to be rate limiting 
and was essentially equivalent under all conditions. 

soo+ - -7----T 1-_7- --- 7 

,500 2000 2500 ,000 3500 4000 4500 

CH,OH Oxidation with Hydrogen Peroxide 

Fig. 2. Methanol oxidation, in samples of guinea pig hepatic 
100,OOOg supernatant fraction with ascorbate versus an 
H202 generating system. Units of activity: nmoles 
formaldehyde/min/mg protein. Assay conditions: Tris-HCl 
buffer, 0.1 M, + l,lO-phenanthroline, lOmM, pH 8.5; 
ascorbate, 4 mM, or an HzOz generating system, 5.4 mg 
glucose + 0.1 mg glucose oxidase; guinea pig hepatic 
100,OOOg supernatant fractions, 15 ,ug protein; methanol, 

800 mM; total volume, 1.0 ml. 37”. 

As can be seen in Table 5, methanol oxidation was 
also comparable except under the condition of ascor- 
bate in the absence of l,lO-phenanthroline which 
did not enzymatically oxidize methanol. Further- 
more, oxygen consumption coincided with H202 pro- 
duction with the generating system. More oxygen, 
however, was consumed with the ascorbate system 
than can be accounted for by its incorporation into 
hydrogen peroxide. 

Table 4. Inhibition of the ascorbate-dependent alcohol oxidation* 

Specific activity Inhibition 
Assay condition Inhibitor (nmoles CH,O/min/mg) (%) 

Ascorbate 
lo5 g Supernatant No inhibitor 1,484 

Sodium azide (2 mM) ND+ 100 
3-Amino-1,2,4-triazole 547 63 
(100 mM) 

12,000 g Pellet No inhibitor 760 
Sodium azide ND 100 
3-Amino-1,2,4-triazole 258 66 

Purified catalase No inhibitor 45,203 
Sodium azide ND 100 
3-Amino-1.2.4-triazole 12,804 72 

HzOz generatmg system 
105g Supernatant No. inhibitor 867 

Sodium azide 89 90 
3-Amino-1,2,4-triazole 328 62 

12,000 g Pellet No inhibitor 634 
Sodium azide 68 89 
3-Amino-1,2,4-triazole 144 77 

Purified catalase No inhibitor 30,009 
Sodium azide 1,944 94 
3-Amino-1,2,4-triazole 5,468 82 

* Assay conditions: Tris-HCl buffer, 0.1 M, + l,lO-phenanthroline, 10 mM, pH 8.5; ascorbate, 
4 mM, or HzOz generating system, 5.4 mg glucose + 0.1 mg glucose oxidase; guinea pig hepatic 
fraction. 15 pg protein, or purified beef liver catalase, 0.4 pg protein; methanol. 800 mM total 
volume, 1.0 ml, 37”. 

t Not detected. 
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Table 5. Comparison of methanol oxidation, H,02 production, and O2 consumption with an HzOz 
generating system and the ascorbate oxidation system* 

Assay conditions 

Methanol 
oxidation 

(nmoles/min/mg) 

Hz% 
production 

(nmoles/min) 

02 
consumption 
(nmoles/min) 

H,O, generating system 
without l,lO-phenanthroline 
with l,lO-phenanthroline 

Ascorbate 
without l,lO-phenanthroline 
with l,lO-phenanthroline 

218 it 24 (3) 5.0 2 1.2 (4) 4.4 + 0.3 (6) 
223 + 14 (3) 3.9 t 0.9 (3) 4.3 2 0.6 (5) 

NDt (3) 5.8 t 1.9 (4) 10.3 + 3.4 (7) 
247 + 22 (3) 6.9 + 0.4 (4) 23.9 t 1.0 (6) 

* Assay conditions: Methanol oxidation: Tris-HCl buffer, 0.1 M, + l,lO-phenanthroline, 10 mM, 
pH 8.5; ascorbate, 1 mM, or H20, generating system, 30 mM glucose + 0.02 mg glucose oxidase; 
guinea pig hepatic 10sg supernatant fraction, 15 pg protein; methanol, 800 mM; total volume, 
l.Oml, 25”. H,02 production: Tris-HCl buffer, 0.1 M, + l,lO-phenanthroline, lOmM, pH8.5; 
ascorbate, 1 mM, or H20, generating system, 30 mM glucose + 0.04 mg glucose oxidase; boiled 
guinea pig hepatic lo5 g supernatant fraction, 30 pg protein; total volume, 2.0 ml, 25”. Oz consump- 
tion: Tris-HCl buffer, 0.1 M, + l,lO-phenanthroline, lOmM, pH 8.5; ascorbate, 1 mM, or H,Oz 
generating system, 30 mM glucose + 0.03 mg glucose oxidase; boiled guinea pig hepatic IC’g 
supernatant fraction, 22.5 pg protein; total volume, 1.5 ml, 25”. Data are means 2 S.D. Numbers 
in parentheses represent number of experiments. 

t Not detectable. 

It is known that the active oxidizing species of 
catalase and H202 is catalase-H202 complex I 
[lo, 121. The formation of complex I using purified 
catalase in the presence of a hydrogen peroxide 
generating system or ascorbate was ascertained 
(Table 6). Complex I was detected under each con- 
dition and its quantity reduced after the addition of 
methanol. As can be seen in Table 6, the rate of 
methanol oxidation was again comparable under all 
conditions except for ascorbate in the absence of 
l,lO-phenanthroline which did not enzymatically 
oxidize methanol. Although ascorbate in the absence 
of 1 ,lO-phenanthroline was able to produce complex 
I, and this complex I was reduced in quantity by 
addition of methanol, no enzymatic oxidation of 
methanol occurred. 

DISCUSSION 

An enzymatic system utilizing ascorbate and 
guinea pig hepatic 100,OOOg supernatant or 12,000g 

pellet fractions to oxidize methanol or ethanol has 
been described. The addition of l,lO-phenanthroline 
was necessary for maximum activity. The ascorbate- 
dependent alcohol oxidation is at least 140 times 
more active than either the NAD+ alcohol dehy- 
drogenase or the cytochrome P-450 microsomal etha- 
nol-oxidizing system (Table 1). Although the ascor- 
bate system has limited affinity for the alcohols, the 
maximum velocity of the reactions is extremely high 
and this may, in fact, compensate for the low sub- 
strate affinity. 

There is specificity for ascorbate in that other 
reducing agents such as glutathione, cysteine and 
vitamin E were without effect (Table 2). Reduced 
2,6-dichlorophenolindophenol which has the same 
redox potential as ascorbate could replace the 
vitamin. Reducing capability is necessary in that 
gulonolactone and ascorbyl-2-SO,, both of which 
lack a reducing ene-diol moiety, were ineffective. 
Furthermore, analogs of ascorbate which contain 
the ene-diol component, such as D-isoascorbate and 

Table 6. Comparison of methanol oxidation and catalase complex I formation with an H20, generating 
system and the ascorbate oxidation system* 

Assay condition 

Methanol Complex I 
oxidation Before MEOH After MEOH 

(nmoles/min/mg) [AE (cm-’ mM-I)] [Ae (cm-’ mM_‘)] 

H,O, generating system 

without 1 ,lO-phenanthroline 
with l,lO-phenanthroline 

230 r 44 (3) 26 2 10 (4) NDt (4) 

254 2 53 (3) 69 f 22 (3) ND (3) 

Ascorbate 

without l,lO-phenanthroline 
with l,lO-phenanthroline 

ND (3) 62 2 10 (4) 
363 _f 40 (3) 67 k 21 (4) 

19 t 16 (4) 
43 t 27 (4) 

* Assay conditions: Tris-HCl buffer, 0.1 M, + l,lO-phenanthroline, 10 mM, pH 8.5; ascorbate, 1 mM, 
or H,02 generating system, 30 mM glucose + 0.02 mg glucose oxidase; purified beef liver catalase, 15 pg; 
methanol, 800mM; total volume, l.Oml, 25”. Data represent means f S.D. Numbers in parentheses 
represent number of experiments. 

t Not detectable. 



3968 R. L. SUSICK, JR. and V. G. ZANNONI 

ascorbyl paimitate, could replace the vitamin. The 
activity obtained with dehydroascorbate is probably 
due to its reduction to ascorbate. Evidence for this 
was obtained in that ascorbate was formed when 
dehydroascorbate was incubated under our assay 
conditions. This is in keeping with the possibility that 
catalytic amounts of ascorbate may be effective in 
the oxidation of alcohols in viva since it can be 
regenerated from dehydroascorbate after its 
oxidation. 

The data presented indicate that catalase was the 
enzyme involved in the ascorbate-dependent alcohol 
oxidation. For example, the oxidation was sensitive 
to sodium azide and 3-amino-1,2,Ctriazole; purified 
catalase could be substituted for the hepatic 
fractions; the degree of methanol oxidation with a 
hydrogen peroxide generating system paralleled that 
with ascorbate in various hepatic cytosolic samples; 
and the specific activity of the ascorbate-dependent 
alcohol oxidation had the same subcellular com- 
partmental distribution as catalase activity. 

The most likely mechanism by which ascorbate 
promotes the enzymatic oxidation of alcohols in the 
presence of 1, lo-phenanthroline involves the par- 
ticipation of catalase and HzOz. In this mechanism, 
ascorbate is oxidized with the subsequent formation 
of H202 which is then utilized by catalase. We have 
obtained evidence for this by comparing the ascor- 
bate oxidizing system with a hydrogen peroxide gen- 
erating system and demonstrating that comparable 
amounts of H202 and complex I are produced as well 
as the reduction of complex I upon the addition of 
methanol (Tables 5 and 6). Importantly, the extent 
of methanol oxidation was also comparable between 
the two systems (Table 5). The major difference is 
that l,lO-phenanthroline was necessary for maxi- 
mum activity with the ascorbate system while having 
no effect with the hydrogen peroxide generating 
system. Furthermore, oxygen consumption was two 
times greater with ascorbate in the absence of 1 ,lO- 
phenanthroline and five times greater in the presence 
of l,lO-phenanthroline compared to oxygen con- 
sumption with the hydrogen peroxide generating 
system. 

As an explanation for the limited degree of meth- 
anol oxidation with ascorbate in the absence of 1 ,lO- 
phenanthroline is that the vitamin may be inhibiting 
catalase. In keeping with this, Orr fl5] has shown 
that ascorbate can inhibit catalase and that the degree 
of inhibition is increased by catalytic amounts of 
Cu**. Orr postulated that ascorbate and Cu2+ inter- 
act to generate free radicals which are detrimental 
to the protein. The presence of l,lO-phenanthroline 
may prevent the inhibition by forming an “inactive” 
chelate and thus blocking free radical formation. The 
inhibition of methanol oxidation we observed with 
EDTA (Table 4) could be due to the formation of 
hydroxyl radicals, believed to occur when EDTA, 
ascorbate and iron interact [ 161. An additional means 
by which l,lO-phenanthroline is enhancing alcohol 
oxidation could lie in its ability to increase oxygen 
uptake in the presence of ascorbate (Table 5). Others 
have also demonstrated that 1 ,lO-phenanthroline can 
increase the autooxidation of the vitamin [17]. This 
increased oxygen uptake may result in the formation 
of an alternative “oxidant”, perhaps a peroxide 

derivative of ascorbate, which could be utilized by 
catalase to oxidize the alcohols. The existence of 
such an organic peroxide has been postulated by 
Udenfriend et al. and Sippel [ 191. 

The possiblity that the ascorbate-dependent alco- 
hol-oxidizing system could be involved in the in viuo 
metabolism of alcohol warrants investigation. The 
contribution of catalase in ethanol oxidation has 
been primarily discounted because ethanol oxidation 
is virtually unaffected in vivo by a fairly specific 
inhibitor of catalase, 3-amino-1,2,4-triazole [20]. 
Furthermore, in uivo hydro 
(0.05 to 0.10 pmole/g 

en peroxide generation 
liver min) is considered too f 

low to allow catalase to make a contribution [21]. 
More recznt studies, however, by Thurman er al. 
[9] with perfused rat liver indicate that, as ethanol 
concentration is increased, an increasing contri- 
bution of the catalase-F&,02 system is observed so 
that at 80mM ethanol, ethanol metabolism is 
approximately 50% due to alcohol dehydrogenase 
and 50% catalase dependent. In addition, stimu- 
lation of HzOz production with substrates for perox- 
isomal flavoproteins such as glycolate, urate and D- 
amino acids markedly activates ethanol oxidation in 
perfused kidney and liver [22]. In that ascorbate can 
generate H202 and effectively oxidize alcohol via 
catalase in vitro, and that it is a relatively safe, 
natural, dietary substance, it will be of interest to 
examine the contribution it can make to the in viuo 
elimination of this most abused drug. 

REFERENCES 

1. R. D. Hawkins and H. Kalant, Pharmac. Reo. 24, 67 
(1972). 

2. A. A. Yunice and R. D. Lindeman, Proc. Sot. exp. 
Biol. Med. 154, 146 (1977). 

3. T. R. Tephly, M. Atkins, G. J. Mannering and R. E. 
Parks, Jr., Biochem. Pharmac. 14, 435 (1965). 

4. G. L. S. Pawan. Nature, Lond. 220, 374 (1968). 
5. 0. H. Lowry, N. J. Rosebrough, A. L. Farr and R, J. 

Randall, J. biol. Chem. 193, 265 (1951). 
6. T. Nash, Biochem. J. 55, 416 (1953). 
7. C. J. P. Eriksson, H. W. Sippel and 0. A. Forsander. 

Analyt. Biochem. 89, 116 (1977). 
8. B. Chance and A. C. Maehly, in k&hods in Enzy- 

mology (Eds. S. P. Colowick and N. 0. Kaplan), Vol. 
II, p. 764. Academic Press, New York (1955). 

9. R. G. Thurman, N. Oshino and B. Chance. in Akohol 
Intoxication and Withdrawal II (Ed. M. M. Gross). 
p. 163. Plenum Press, New York (1975). 

10. N. Oshino, B. Chance and H. Sies, Arrhs Biochem. 
Biophys. 159, 704 (1973). 

11. B. Chance. Biochem. J. 46, 387 (1950). 
12. D. Keihn and P. Nicholls, 3ioch~~. biophys. Acta 29. 

302 (1958). 
13. A. Weissberger and J. E. LuValle, 1. Am. them. Sot. 

66, 700 (1944). 
14. D. Keilin and E. F. Hartree, Biochem. J. 39, 293 

(1945). 
15. C. W. M. Orr, Biochem. biophys. Res. Comnun. 23, 

854 (1966). 
16. A. E. Martelt, inAsco~b~&Ac~d: Che,~~t~~, metabolic 

and Uses (Eds. P. A. Seib and B. M. Totbert), p. 153. 
American Chemical Society, Washington, DC (1982). 

17. E. S. Younathan and E. Frieden, Biochim. biophvs. 
Acta 46, 51 (1961). 



Ascorbic acid and alcohol oxidation 3969 

18. S. Udenfriend, C. T. Clark, J. Axelrod and B. B. 21. R. N. Zahlten, M. E. Nejtek and J. C. Jacobson, Arch 
Brodie, J. biol. Chem. 208, 731 (1954). Biochem. Biophys. 207, 371 (1981). 

19. H. W. Sippel, Acfa &em. stand. 27, 541 (1973). 22. W. R. McKenna and R. G. Thurman, Fedn Proc. 33, 
20. F. W. Kinard, G. H. Nelson and M. G. Hay, Proc. 554 (1974). 

Sot. exp. Biol. Med. 92, 772 (1956). 


