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ABSTRACT

BACKGROUND: Regular alcohol consumption, e.g. by social drinking, is a potential source of consecutive health problems in many coun-
tries worldwide. A probiotic nutritional supplement (AB0OO1) has been developed to reduce alcohol absorption from the intestine tract and to
mitigate potential health care risks.

METHODS: This randomized placebo-controlled double-blind crossover study was conducted with 24 healthy subjects (13 male, 11 female,
age: 25.4 =7.7years, BMI: 23.6 + 2.5kg/m?). The subjects were randomized to take 2 capsules/day of ABOO1 or placebo for 1week prior to
an alcohol exposure experiment. On the experimental day, they ingested a light breakfast and drank a moderate glass of spirit (0.3 g/kg body
weight). Breath alcohol tests and blood draws for determination of blood alcohol levels were performed for up to 6 hours. After crossover, the
experiment was repeated in the following week. Areas under the curves were calculated to determine alcohol absorption rates.

RESULTS: A significant reduction of blood alcohol levels by 70.3% (P<0.005 vs. placebo) was seen with ABOO1, (breath test: —30.7%;
P<0.005 vs. placebo). No difference was seen in a cognitive function test performed 60 minutes after alcohol ingestion (22.4 + 7.7 seconds
vs. 22.7 = 5.6seconds, n.s.). There were no adverse events or serious adverse events reported in this study

CONCLUSIONS: One week of supplementation with ABOO1 resulted in a substantially reduced absorption of alcohol into the body. Regular
uptake of ABOO1 may help to prevent liver and other organ damage, and may reduce the negative medical and economical impact of social

drinking on the individual and the society.
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Introduction

Over centuries, alcohol has become the most socially-accepted
addictive drug worldwide, and drinking alcoholic beverages is a
common feature of social gatherings.! It is accepted as a legiti-
mate way to celebrate special occasions or just to relax after a
hard day at work. Drinking in moderation tends to be viewed
as a harmless activity. It is only those who are habitually intoxi-
cated who get judged as engaging in dangerous behavior. In
reality, there is no level of alcohol use that can be considered
completely risk free. It is known and accepted that light to
moderate alcohol consumption is beneficial to cardiovascular
health, but heavy drinking often results in organ damage and
social problems.?** While social drinking is commonly accepted,
alcohol abuse is a serious medical and social problem. It has
been shown that alcohol use (and quantity of use) and chronic
health conditions are significant contributors to varying levels

of emergency department visit risk in late middle-aged and
older adults.” But at the end, almost 3.3 million people die from
alcohol abuse each year worldwide accounting for almost 5% of
all deaths.*

Postulated pathomechanisms resulting in alcoholic organ
injuries and diseases, include, but are not limited to direct tox-
icity of ethanol and its main metabolite acetaldehyde, alcohol-
induced oxidative stress, accumulation of fatty acid ethyl esters
and modification of lipoprotein and apolipoprotein particles.
Fatty acid ethyl esters, have been shown to contribute to dam-
age to the heart, liver and pancreas.”® The most important
organ for alcohol metabolism is the liver,” but other organs
including the heart, pancreas, gastrointestinal tract, and the
brain, also participate in ethanol degradation and metabolism
to form acetaldehyde.”10 Acetaldehyde causes mitochondrial
dysfunction and compromises acetaldehyde metabolism
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leading in turn in the accumulation of acetaldehyde—a vicious
cycle. In addition, it reacts with amino, hydroxyl, and sulthy-
dryl groups and interferes or modifys the structure and func-
tion of proteins and enzymes in the body.%1!

It is well known though that alcohol drinking-induced
effects may exhibit large individual variation. Therefore, it is
very difficult to figure out for the individual person where the
line is between social drinking and problem drinking. In any
case, chronic alcohol ingestion or binge drinking may trigger
detrimental organ damage, which is also influenced by many
factors, such as genetics, race, emotional health, and the envi-
ronment.! To avoid alcohol damage, it is essential to under-
stand the drinking problems, the definition of moderate
drinking, alcoholism and alcohol abuse. Strategies to mini-
mize the harmful consequences of alcohol abuse are focusing
on protective general strategies based on, that is, “Limits” or
limiting consumption, and “Avoidance” or avoiding alcohol in
general or specific alcohol situations. However, the social con-
text (i.e., drinking with friends) predicts elevated drinking, but
is unrelated to use of preventive behavioral strategies.!?

Under such circumstances, access to a safe method discretely
inhibiting the absorption of the ingested alcohol into the blood
may be a helpful way to prevent alcohol-induced organ damage.
de Faire Medical AB (Stockholm, Sweden, www.defairemedi-
cal.com) has developed a probiotic nutritional supplement,
which is composed of Bacillus strains. The bacteria are released
from acid-resistant capsules and settle in the upper part of the
intestine tract. Here, they stay for about 1 day before being elim-
inated from the body through the feces. The bacterial strains
were selected to preferably and effectively metabolize ethyl
alcohol into CO, and water, thus reducing the further resorp-
tion of alcohol from the intestine tract. In consequence, less
alcohol is expected to be absorbed by the body, and damage of
organs through alcohol degradation products is expected to be
diminished.

The purpose of this study was to evaluate the decrease in
alcohol absorption into the blood and the breath alcohol levels
when drinking a defined amount of alcohol after 1week of
dietary supplementation with either AB0OO1 or placebo in
healthy subjects. In addition, cognitive function 1 hour after the
alcohol uptake and the tolerability of both interventions was
explored.

Subjects and Methods

The study was conducted in accordance with Good Clinical
Practice guidelines and international and local ethical and
scientific standards. The protocol was approved by the respon-
sible ethical review board (Landesirztekammer Rheinland-
Pfalz, Mainz, Germany), registered with the responsible
national authority (Bundesamt fiir Verbraucherschutz und
Lebenmittelsicherheit) and registered at the German Clinical
Trial Registry (DRKS00023744). Prior to participation, all

subjects signed written informed consent.

The study compounds

ABO001 consists of naturally fermented rice bran containing
Bacillus subtilis, B. coagulans, L-Cysteine and Dextrin (excipi-
ents: magnesium stearate salts, calcium phosphate and potas-
sium phosphate) Contents/dose (800 mg): fermented rice bran
560 mg, L-Cysteine 200 mg, dextrin 4 mg and excipients 36 mg.
The placebo formulation contained 800 mg of rice flour.

Study procedure

Primary objective was the impact of ABOO1 on plasma levels of
alcohol after uptake of a high alcoholic beverage (as compared
to placebo) after 7days of nutritional intervention. Secondary
objectives were the impact of ABOO1 on breath alcohol test
results and cognitive function as well as the tolerability of the
probiotic supplement, as assessed by the number and type of
documented (serious) adverse events.

To be eligible for the study, a healthy subject had to be male
or female and older than 18years, of Caucasian ethnicity, and
not suffering from any major disease. Main exclusion criteria
were present (or history of) alcohol addiction, any acute or
chronic disease, known allergies against probiotic nutritional
supplements, pregnancy or breast feeding, or regular uptake of
any other nutritional supplement. The subjects were not allowed
to drink alcohol in the 7 days prior to the experiments.

At the screening visit, blood was drawn for the safety analy-
sis and for identification of potential exclusion criteria, and the
randomization into the two study arms took place.

Thereafter, the enrolled subjects were asked to participate in
two experimental procedures after 1week each of regular
administration of two capsules per day of placebo or AB0OO1.
After arrival at the study site, they were eating a light breakfast,
and thereafter they ingested 0.3 g alcohol/kg body weight in a
high alcoholic spirit (wodka). A breath test (Driger Alcotest
3820, Driger Safety AG, Liibeck, Germany) and a blood draw
(NaF whole blood) for measurement of alcohol in a central
laboratory (photometric Cer(IV)ammoniumnitrate/ HNO,
method, Labor Augsburg MVZ GmbH, Augsburg, Germany)
at timepoints Ominute, 15minute, 30minute, 45minute,
60 minute, 90 minute, 120 minute, 180 minute, 240 minute,
300 minute, and 360 minute. Prior to drinking the alcohol and
after 60 minute, the participants were asked to perform a num-
ber connection test. The time required for completion of the
test was documented. The experiment was run for at least
120 min, and until no alcohol was seen in the breath test at two
consecutive timepoints. After the second experiment, the
patients were discarded from the study.

Number connection tests (NCT) have been used for many
decades to assess mental performance.’® The NCT measures
cognitive processing speed and is involving psychomotor
responding. The participant receives a sheet of paper with 25
numbers and is asked to draw a continuous line from number
1 to number 25, connecting all numbers in between without
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Figure 1. Mean blood alcohol concentrations after oral uptake of alcohol (0.3 g/kg body weight, n=24).

elevating the pencil from the paper. The time will be recorded
in seconds. In case of a mistake, the investigator/study person-
nel will ask the participant to correct the mistake without stop-
ping the time.

The data was evaluated using methods of standard explora-
tory and descriptive analyses to gain an understanding of the
qualitative and quantitative nature of the collected data. For
quantitative variables arithmetic means, medians, standard
deviations, and minimum and maximum values were presented.
Appropriate parametric and non-paramteric statistical tests
were used to compare the collected results. Students #test was
used to compare the areas under the curve of the blood and
breath alcohol concentrations measured during the two expo-
sure experiments. A P-value < 0.05 was considered to be statis-
tically significant.

Results

As planned, 24 healthy subjects were enrolled into the study
(13 men, 11 women, mean age: 25.4 = 7.7years (range: 18
years—55 years), BMI: 23.6 =2.5kg/m? (range: 19.1kg/m’-
29.1kg/m?). All participants performed the study per protocol
and were included into the safety and efficacy analysis. There
were no systematic differences, for example, with respect to
baseline blood or breath aclohol levels between the two experi-
mental days. In general, the amount of alcohol ingested was
low (47mL to 89mL of a spirit containing 40% of alcohol),
and did not result in measurable blood alcohol concentrations
with any of the two interventions in 6 subjects (25%). From the
remaining participants, 4 did not show a blood alcohol concen-
tration with AB0OO1 or placebo above 0.1 o/oo (>0.124¢/L;
17% of the global population). Breath alcohol levels above
0.10/00 (>0.124 g/L) were detected in 18 subjects (75%).

The mean blood concentrations after 1week of regular
nutritional supplementation with 2 capsules/day of study prod-
uct or placebo are provided in Figure 1. There was no measur-
able alcohol level in the blood detectable beyond 180 minutes
in any of the individual experiments. The AUCy, 4 (0-
180 minutes) was calculated to be 8.5 *+0.6 o/oo*minutes
(10.6 = 0.7 g/L*minutes) from the placebo experiments and
2.5+ 0.2"minutes (3.1 *0.3g/L*minutes) from the verum
experiments (-70.3%; P<0.005). The mean breath alcohol
concentrations measured in parallel are provided in Figure 2.
There was no measurable alcohol level in the breath detectable
beyond 180 minutes in any of the individual experiments. The
AUCk,cath (0-180 minute) a8 calculated from the mean concentra-
tions was 14.0 o/oo*mL (17.4 g/L*minutes) from the placebo
experiments and 9.7 0/o0*mL (12.0 g/L*minute) from the
verum experiments (-30.7 %, P<<0.005).

The uptake of 0.3g/kg bodyweight of alcohol did not
impact the cognitive function of the patients as assessed by
measuring the time required to complete the standardized
number connection test. No difference was seen in the cogni-
tive function test performed at baseline (AB001 vs. Placebo:
21.6+6.8 vs. 23.0+8.2, n.s.) or 60minutes after alcohol
ingestion (22.4 = 7.7 seconds vs. 22.7 * 5.6 seconds, n.s.).

The nutritional supplements were well tolerated, and there
were no adverse events or serious adverse events reported in
this trial. In addition, there were no clinically relevant devia-
tions from normal values observed in the safety biochemistry
panels when taken before and after the study.

Discussion
Probiotics are live microorganisms promoted with claims that
they provide health benefits when consumed, generally by
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Figure 2. Mean breath alcohol concentrations after oral uptake of alcohol (0.3 g/kg body weight, n=24).

improving or restoring the gut flora. Probiotics have been shown
to be effective in varied clinical conditions- ranging from infan-
tile diarrhea, necrotizing enterocolitis, antibiotic-associated
diarrhea, relapsing Clostridium difficile colitis, Helicobacter
pylori infections, inflammatory bowel disease to cancer, female
urogenital infection, and surgical infections.'* Probiotics have
been used to prevent and treat diseases associated with gut-
derived bacterial products and disorders associated with gut
leakiness. Indeed, “probiotic” Lactobacillus has been successfully
used to treat alcohol-induced liver injury in rats. This improve-
ment was associated with reduced markers of intestinal and liver
oxidative stress and inflammation and preserved gut barrier
function.’® These animal studies provide a scientific rationale to
test probiotics for treatment and/or prevention of alcoholic liver
disease in man. In this study, we employed a nutritional supple-
ment (AB001), which is predominantly composed of Bacilli
species (13 million cfu/g), fermented rice bran, dextrin, fatty
acid magnesium salts and calcium phosphate. The bacterial
strains were selected to preferably and effectively metabolize
ethyl alcohol into CO, and water, thus reducing the further
resorption of alcohol from the intestine tract. Another mecha-
nism of action may be a reduction of intestinal oxidative stress,
which normalizes the barrier function of the intestinal mucosa
and may result in less alcohol absorption.1¢

In our study, a substantial reduction of alcohol absorption
into the blood by more than 70% was observed after 1 week of
ABO001 supplementation as compared to placebo. The reduc-
tion of measurable alcohol in the breath was also reduced sig-
nificantly but to a lower extent (by ~30%). It is well known
that breath and blood alcohol have a high correlation, but the
results of breath-alcohol measurement are more prone to
physiological variations such as body and breath temperature,

pulmonary function, and pattern of breathing prior to exhala-
tion.!” It is therefore well possible that the final alcohol con-
tent in breath is normally more driven by the alcohol that is
early absorbed in the upper ingestion tract, that is, in the buc-
cal mucosa and in the stomach. This would explain, why the
measured impact with AB001, which is only active in the
intestine tract, was more pronounced in the blood tests than in
the breath tests.

One limitation of our study is that the amount of alcohol
ingested (0.3 g/kg body weight) did not lead to measurable rel-
evant alcohol concentrations in the blood in 10 cases (42%), and
the data of these individuals could therefore ultimately only be
used for the safety and tolerability analysis. The amount of alco-
hol to be administered in this study was defined by the IRB in
the study approval process. It should be considered in future
studies that a higher amount of alcohol uptake may be required
to investigate the effect of AB0OO1 in an appropriate fashion.
This notion is also underlined by the finding that the ingested
amount of alcohol did not influence cognitive function in any
way. In a placebo-controlled follow-up study (data not shown),
we showed that the impact of a single dose of AB0O1 taken
prior to drinking twice the amount of alcohol still resulted in a
significant reduction of blood and breath alcohol levels but to a
lesser extend (-10% and -7%, respectively). Taken together
these findings suggest that a better effect can be achieved if the
bacteria contained in AB0O1 are given sufficient time and dos-
ing support to proper settle in the intestine tract.

Another limitation is the small study size with a lot of age
variation in the test subjects, and the fact that finally only data
from 14 subjects could be included into the efficacy analysis.
We have tried to minimize the impact of this variability by
means of the cross-over study design. By this design, each
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parcticipant serves as his/her own control, which practically
eliminates the majority of potential interfering conditions.

Conclusion

One week of regular supplementation with AB0OO1 resulted in a
substantially lower uptake of alcohol into the blood and hence
into the metabolism. Intake of AB0O1 as a nutritional supple-
ment may therefore help to prevent liver and other organ dam-
age known to be associated with regular alcohol uptake and may
reduce the negative medical and economical impact of social
drinking on the individual and the society. It is important to
emphasize that this product is not intended to be used in the
treatment of alcohole abuse. Primarily the aim of this pilot study
was to scientifically demonstrate an interesting effect of this
probiotic compound, which may be of potential importance for
human health.
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