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In vitro acetaldehyde formation by human colonic
bacteria

K Jokelainen, R P Roine, H Vaananen, M Farkkila, M Salaspuro

Abstract
Incubation of human colonic contents
with various ethanol concentrations
(2.75-44 mM) in vitro at 37°C resulted in
significant accumulation of acetaldehyde
- a toxic and highly reactive compound.
At pH 9-6, all samples produced notable
acetaldehyde concentrations (58 (13) KM;
mean (SEM)) even from the lowest (2.75
mM) ethanol concentration, and the
production of acetaldehyde increased lin-
early with rising ethanol concentration
(r=0.97; p<0.005), reaching a peak con-
centration of 238 (37) p.M at 44 mM
ethanol. The formation of acetaldehyde
took place rapidly, as almost 50% of
acetaldehyde formed during the total
eight hour incubation was detectable after
one hour, and 75% of the total after four
hours. Maximal acetaldehyde production
from 22 mM ethanol occurred at pH 9.6
(160 (35) ,uM) but appreciable concentra-
tions were also seen at pH 7.4 (110 (38)
KM) and pH 6.0 (63 (19) KM). At pH 4-0,
by contrast, acetaldehyde formation was
negligible (17 (5) KM). 4-Methylpyrazole,
a potent inhibitor of alcohol dehydro-
genase, showed a decreasing effect on
acetaldehyde production in vitro but
first at a concentration of 100 mM.
Considerable acetaldehyde production by
human colonic bacteria - if it occurs also
in vivo - could constitute a risk factor for
rectal cancer in heavy drinkers and also
provide a pathogenetic mechanism for
alcohol induced diarrhoea.
(Gut 1994; 35: 1271-1274)
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Alcohol consumption has been incriminated as

a risk factor for oropharyngeal,l 2 laryngeal,3 4
oesophageal5 6 as well as rectal7-9 cancer.

Furthermore, excessive ethanol consumption
has also been related with rapid intestinal tran-
sit time and diarrhoea.10 11 The pathogenetic
mechanisms behind the ethanol associated
gastrointestinal morbidity have, however, not
been fully elucidated.

Acetaldehyde produced by colonic flora
has been suggested to participate in ethanol
associated carcinogenesis of the colon in rats. 12
Furthermore, incubation of human faecal
homogenates with ethanol has been reported
to lead to accumulation of higher alcohols
and other unidentified metabolites.13 Theo-
retically, individual differences in the suscepti-
bility to ethanol induced organ injury
might, consequently, result from differences in
the metabolic products of human colonic
bacteria.'3 Significant in vitro production

of acetaldehyde occurs also when human
bronchopulmonary washings are incubated
with ethanol. This acetaldehyde is thought
to be formed by micro-organisms in the
bronchopulmonary tract, and is suggested
to participate in the pathogenesis of upper
respiratory cancer. 14

This study was aimed at investigating the
kinetics of acetaldehyde production by human
colonic bacterial flora in vitro, by incubating
colonic contents obtained during colonoscopy
in various ethanol concentrations at different
pH values and for different time periods.
Moreover, the effect of a well known alcohol
dehydrogenase inhibitor, 4-methylpyrazole, on
acetaldehyde formation by colonic contents
was tested.

Methods
4-Methylpyrazole was obtained from Aldrich
Chemical Co (Milwaukee, MI, USA). Colonic
contents were collected from 26 patients
(11 females, 15 males) undergoing colonos-
copy for lower gastrointestinal symptoms. The
age of the patients ranged from 24 to 67 years.
Before the procedure bowel preparation was
carried out in a conventional manner including
a 48 hour full liquid diet, total abstinence
from food on the procedure day, and colonic
cleaning by drinking of four to six litres of
Colonsteril, a balanced electrolyte solution
(Medipolar, Oulu, Finland). During the
colonoscopy, about 5-10 ml of colonic content
was aspirated through the fibrescope from the
sigmoid, transverse colon, and the caecum.
The samples were then stored at +4°C (maxi-
mum five hours) in closed vials until they were
pooled and the pH was measured immediately
before the incubation procedure. A 250 p.l
aliquot of the colonic contents (pH ranging
from 7-47 to 8.43) was then incubated in
closed vials for two hours at 37°C with 250 p.l
glycine buffer (pH 9.6) containing different
ethanol concentrations (final concentrations
varying from 0 to 44 mM). The effect ofpH on
acetaldehyde formation was evaluated by
incubating colonic contents with 22 mM
ethanol prepared either in a 1 M citrate
(pH 4.0 and 6.0), a 1 M potassium phosphate
(pH 7.4) or a 1 M glycine (pH 9.6) buffer.
In addition, the velocity of acetaldehyde
formation was studied by incubating three of
the colonic suspensions with 22 mM ethanol in
a similar fashion for different time periods (one
to 8 hours). The effect of 4-methylpyrazole
on acetaldehyde production by the colonic
contents in vitro was tested by incubating
colonic contents with 1 M glycine buffer
(pH 9.6) containing 22 mM ethanol and
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Figure 1: Acetaldehyde formation (mean (SEM)) by colonic contents (n=21) incubated
at various ethanol concentrations atpH 9-6 at 37°Cfor two hours.

increasing drug concentrations (0-100 mM)
at 37°C for two hours. The acetaldehyde
formed during the incubation was immediately
analysed by head space gas chromatography by
heating the vials to a temperature of 37°C as
reported earlier.15 Conditions for analysis
were: Column 60/80 Carbopack B/5%
Carbowax 20 M, 2 mx 1/8" (Supelco Inc,
Bellefonte, PA, USA); oven temperature,
85°C; transfer line and detector temperature,
200°C; carrier gas flow rate (N2), 20 ml/min.
The recovery of acetaldehyde with this method
was tested and it was found to be 100%.

STATISTICS
All values are expressed as mean (SEM).
The dependency between ethanol concentra-
tions and acetaldehyde formation was tested by
simple linear regression analysis.

Results
At pH 9.6, all samples of colonic contents
produced significant acetaldehyde concentra-
tions (58A4 (12.7) ,uM, mean (SEM)) even
from a low (2.75 mM) ethanol concentration
and the amount of acetaldehyde formed
increased linearly with increasing ethanol
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Figure 2: Acetaldehyde formation (mean (SEM)) by
colonic contents (n= 10) incubated at 22 mM ethanol at
various pH values at 37'Cfor two hours.
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Figure 3: The velocity of acetaldehyde production by colonic
contents at 22 mM ethanol atpH 9-6 at 37°C, expressed as
percentage (mean (SEM) of total acetaldehyde detected
after eight hours incubation.

concentration (r=0.97; p<0005), reaching
a peak of 238 (37) KM of acetaldehyde at
44 mM ethanol (Fig 1).
Maximal acetaldehyde production at 22 mM

ethanol occurred at pH 9.6 (160 (35) puM) but
noticeable concentrations were also seen at pH
7-4 (110 (38) ,uM) and pH 6.0 (63 (19) ,uM).
By contrast, at pH 4.0, acetaldehyde formation
was almost negligible (17 (5) ,uM) (Fig 2).
The formation of acetaldehyde took place

rapidly as almost 50% of acetaldehyde formed
during the total of eight hours incubation was
detectable after one hour, and 75% of the total
after four hours at 370C (Fig 3).

Acetaldehyde production was significantly
inhibited by 4-methylpyrazole but first at a high
concentration of the compound (at 22 mM
ethanol acetaldehyde production at 100 mM
4-methylpyrazole 50 (10)% of control, Fig 4).

Discussion
Acetaldehyde, the first metabolite of ethanol
oxidation, is formed in the body mainly by
liver alcohol dehydrogenase. To a smaller
extent, ethanol is also oxidised to acetaldehyde
in other tissues such as kidneys, respiratory
tract, intestine, and bone marrow but until
recently this metabolism has been thought to
be of minor importance.'6 17 The finding that
gastric mucosa can metabolise ethanol in
significant amounts18 19 has, however, again
recently created interest in other sites of
ethanol metabolism as well. This has in
part been a consequence of the fact that
acetaldehyde, as a highly reactive compound,
can be linked to several organ toxic effects of
ethanol, although the exact pathogenetic
mechanisms behind this toxicity have so
far remained obscure.20 21 Recently, however,
acetaldehyde has been shown to bind
covalently with macromolecules and proteins
thus forming acetaldehyde adducts22-24 and
the formation of these adducts is proportional
to the concentration of acetaldehyde.25
Adducts formed can interfere with normal
cellular functions26 - that is, a human DNA
repair protein, 06-methylguanine transferase,
has been shown to be inhibited by acetalde-
hyde at nanomolar concentrations.27 More-
over, adducts also act as neoantigens with
a consequent immune response.2829 Both of
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Figlure 4: 7he effect of 4-methvlpvrazole oni acetaldehyde formation by, colomic conltenlts
incubated at 22 miM ethanol at pH 9 6 at 37"C for tzwo hours, expressed as percentage
(mean (SEM)) of conitrol zvithouit the drug.

these phenomena can lead to cellular destruc-
tion. In this respect, the probability of alcohol
induced organ damage may be proportional to
the organ's capacity to metabolise ethanol to
acetaldehyde.

Earlier studies have shown that oral ethanol
given to rats results in accelerated chemically
induced rectal carcinogenesis30 and also
increased mucosal acetaldehyde concentra-
tions in the descending colon compared with
the ascending colon. 12 This increase in
acetaldehyde concentration was paralleled by a
significant increase in the number of anaerobic
bacteria.'2 Moreover, rats with a jejunal self
filling diverticulum (and consequent bacterial
overgrowth) show a noticeable increase in
portal acetaldehyde concentrations after intra-
gastric ethanol when compared with controls
with a self emptying diverticulum, and incuba-
tion of diverticular contents with ethanol leads
to fairly high acetaldehyde concentrations. 31
These findings strongly advocate the role of
intestinal bacteria in the oxidation of ethanol to
acetaldehyde, which in turn could mediate
some of the gastrointestinal toxicity of ethanol
in laboratory rats.
The concentrations of ethanol in the ileum

after alcohol ingestion are similar to those of the
vascular space.32 Our results show that human
colonic contents are capable of oxidising
ethanol to acetaldehyde in vitro at the compara-
tively low ethanol concentrations known to exist
in the colon during normal drinking. Moreover,
this acetaldehyde formation takes place at a pH
normally found in the colon, although the
production is enhanced by increasing pH.
Colonic bacteria could thus provide a clinically
significant source of acetaldehyde in the large
bowel and this acetaldehyde could possibly lead
to toxic changes in the intestinal wall. Resulting
cellular injury could then lead to compensatory
hyperregeneration, which by itself can favour
carcinogenesis. Furthermore, acetaldehyde pro-
duced in the intestine and reaching the liver by
the portal circulation could also potentiate the
hepatotoxicity of acetaldehyde originating in
the liver, thus making subjects with certain

types of colonic microflora more vulnerable to
alcohol induced hepatic injury than others.
Acetaldehyde might also have an important
role in the pathogenesis of alcohol induced
diarrhoea, a well reported, but poorly
understood symptom among alcoholics. 1 11 33

In this study we had no opportunity to
obtain bacteriological data from the faecal
samples and samples were not stored or
incubated strictly anaerobically, which may
have reduced the ratio of anaerobic/aerobic
organisms. The rather large variation seen in
the acetaldehyde forming capacity in this study
could, therefore, be explained by different
bacterial counts, as well as different bacterial
viability in the samples. Further studies
are, consequently, already in progress in our
laboratory to establish the capacity of various
colonic bacterial strains to metabolise ethanol
to acetaldehyde in vitro.
As described in this paper, colonic acetalde-

hyde production is rapidly reduced with
lowering of the pH. Dietary fibres decrease
the pH of colonic content,34 and also have a
protective role against colonic cancer.35 36 The
mechanism behind this protection could be the
reduced colonic acetaldehyde production.
Therefore, the possible role of dietary factors
in the regulation of colonic pH as well as
in production of acetaldehyde also warrants
further studies.

In this study, 4-methylpyrazole showed
no inhibition on acetaldehyde formation by
the colonic content until at a concentration
of 100 mM. This finding could reflect poor
penetration of 4-methylpyrazole through
the bacterial wall or merely, insensitivity of
the bacterial alcohol dehydrogenase to the
inhibitory effect of 4-methylpyrazole in vitro,
as previously speculated in the case of
Helicobacter pylon.37 Studies on the effect of
aldehyde dehydrogenase inhibitors on
acetaldehyde production by colonic contents
have already started in our laboratory.
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