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ABSTRACT
Background: Alcohol use, even in moderation, causes hangover discomforts. It has been reported that alcohol-associated
symptoms can be improved by either probiotics or medicinal plant extracts to some extent. However, the effects of a

combination of multi-strain probiotics, prebiotic, and plant extracts have not been fully explored.

Objective: Our main goal is to assess behavioral responses and alcohol metabolism in zebrafish treated with a

combination of multi-strain probiotics, prebiotic, and plant extracts after ethanol administration.

Methods: In this study, the zebrafish were first treated with the probiotic-prebiotic-plant extract mixture, and then was
exposed to different levels of ethanol. The moving distance and activities of alcohol dehydrogenase (ADH) and aldehyde

dehydrogenase (ALDH) of zebrafish were measured after ethanol treatment.

Results: This probiotic-prebiotic-plant extract mixture significantly improved total distance moved and activities of ADH
and ALDH in zebrafish treated with either 1.5% or 4.0% ethanol. In particular, the mixture outperformed plant extracts
(both at 250ug/mL) in total distance moved under 1.5% ethanol administration and degrading acetaldehyde under 4.0%

ethanol treatment.

Conclusion: A combination of probiotics, prebiotic, and plant extracts effectively mitigated hangover symptoms in cases

of moderate and heavy alcohol use and demonstrated superior performance in acetaldehyde metabolism compared to

plant extracts alone after heavy drinking, based on a zebrafish model.
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INTRODUCTION

Alcohol consumption is a prevalent activity for social,

cultural, recreational, stress-relief, and relaxation
purposes. It varies largely between countries and regions.
Europe exhibits the highest alcohol consumption with
more than 12 liters of pure alcohol per person per year,
while North Africa and the Middle East consume a
notably lower amount of alcohol, ranging between 0 and
2 liters per person per year [1]. In China, each adult
approximately consumes 6 to 8 litter pure alcohol
annually [1]. Drinking can cause a series of uncomfortable
physiological and psychological symptoms, including
headache, nausea, diarrhea, fatigue, and shivering, along
with reduced cognitive and visual abilities, and impaired
ability to drive a vehicle or operate machinery; these
symptoms are collectively termed as a hangover [2-3]. It

is noteworthy that even moderate alcohol use can result

in hangover symptoms.

Probiotics, as suggested by numerous studies,
confer various health benefits to the host by regulating
the gut microbiota, restoring intestinal barrier, reducing
luminal endotoxin, and activating the immune response
[4]. characteristics

These functional may enable

probiotics, such as Lactobacillaceae (including
Lacticaseibacillus and Lactobacillus), Bifidobacterium,
Lactococcus, Saccharomyces, to potentially address
alcohol-relevant health issues. Nosova et al. found that
Lacticaseibacillus ~ rhamnosus  exhibited  excellent
capability in degrading ethanol and acetaldehyde in vitro
[5]. Recently, Vatsalya et al. found that a one-month
intervention with Lacticaseibacillus rhamnosus GG
significantly improved the severity of liver injury in
patients with alcohol use disorder and alcohol-related

hepatitis, though the study being a pilot one without
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dose-response evaluations [6]. Furthermore,
Lacticaseibacillus casei, another bacterium belonging to
the family Lactobacillaceae, was reported to regulate
lipid metabolism in both alcohol-treated rats and
patients with alcohol liver injury [7-8]. Additionally,
Lactobacillus acidophilus modulated colonic
inflammation-related phenylalanine metabolism in mice
with alcohol-associated liver injury [9]. Bifidobacterium
animalis subsp. lactis KV9 directly reduced duration of
loss of righting reflex and blood ethanol levels in alcohol-
treated mice [10], while Pediococcus pentosaceus
decreased inflammatory cytokines, improved intestinal
barrier, and restored microbial communities in mice with
ethanol-induced liver injury [11]. Moreover, Huang et al.
observed quicker alcohol elimination in participants who
consumed daily 10 colony-forming units (CFU) of
Bacillus coagulans TCI711 for one week, as indicated by
breath alcohol tests [12]. Though being less studied,
prebiotics, which are non-digestible carbohydrates (e.g.,
fructo-oligosaccharides and inulin), seem to enhance the
ability of probiotics to alleviate hangover [13].

Apart from probiotics, several medicinal herbs
(e.g., Hovenia dulcis, kudzu root, and curcumin) have long
been recognized for their role in relieving hangover
symptoms. For instance, Hovenia dulcis has been shown
to reduce alcohol-induced liver injury in mice and
improve hangover symptoms in human participants [14].
This relief may be attributed to dihydromyricetin, a
flavonoid enriched in Hovenia dulcis, which regulates the
BZ sites on GABAx receptors in the brain [15]. The anti-
alcohol intoxication role of kudzu root is not only
documented in classic texts of traditional Chinese
medicine (i.e., Huang Di Nei Jing and Shang Han Lun) [16],
but also supported by recent animal and clinical research
[17-18]. Curcumin alleviates hangover discomfort by
reducing oxidative stress and quickly removing reactive
oxygen species [19].

To date, the effects of a combination of probiotics,
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prebiotics, and plant extracts on hangover improvement,
particularly on behavioral changes, have not been
explored in subjects without alcohol-associated disorders
or diseases. Because of the high degree of genetic [20],
neurological, and behavioral resemblance of zebrafish
with human [21-22], we applied a zebrafish model to
exploring ethanol-related problems of human. This study
aims to investigate how such a mixture improves
hangover symptoms in alcohol-treated zebrafish models,
focusing on behavioral responses (i.e., total distance
moved) and alcohol metabolism (i.e., activities of
enzymes involved in ethanol and acetaldehyde

degradation).

METHODS

Study design: A wild type zebrafish model of the AB strain
(5 days postfertilization) was used in this study, of which
the sex was not specified as sexual differentiation of
zebrafish is initiated between 20 and 25 days
postfertilization [23]. The zebrafish was housed in static
environment, meeting the requirements of temperature
at 28°C, conductivities ranging from 450 to 550 uS/cm,
pH at 6.5 to 8.5, and water hardness between 50 to 100
mg/L CaCOs.

A mixture of probiotics (including Lacticaseibacillus
rhamnosus, Lacticaseibacillus  casei, Lactobacillus
acidophilus, Bifidobacterium animalis, and Pediococcus
pentosaceus), prebiotic (i.e., fructooligosaccharide), and
plant extracts (including ingredients derived from
Hovenia dulcis containing 2% dihydromyricetin, kudzu
root containing 5% puerarin, curcumin, and rice bran
containing 78% long chain fatty alkanols) was evaluated
in relieving ethanol-induced hangover outcomes in the
zebrafish  (ratio, the mixed probiotic powder:
fructooligosaccharide: Hovenia dulcis: kudzu root:
curcumin: rice bran = 2x10%° colony-forming units: 20mg:
75mg: 20mg: 5mg: 2.56mg). In addition, a plant-extract

only group was included in this study for comparisons.



Functional Foods in Health and Disease 2024; 14(10): 728-738 FFHD

Since hangover outcomes induced by ethanol are
dose-dependent (e.g., low levels of ethanol results in
hyperactivity, while high levels of ethanol induce
hypoactivity) [24-27], we included two ethanol doses
(1.5% and 4.0% v/v) when exploring hangover-alleviating
effects.

The study was approved by Institutional Animal
Care and Use Committee (IACUC-2024-8587-01) and
conducted according to the standards of Association for
Assessment and Accreditation of Laboratory Animal Care

(001458).

Determining maximum tolerated concentrations
(MTCs): To explore the MTCs, we measured mortality
rates in normal control (no intervention and no ethanol
treatment), the probiotic-prebiotic-plant extract (PPP:
with intervention of the mixture of probiotics, prebiotic,
and plant extracts, as well as ethanol treatment), and the
plant extract (PE: with intervention of plant extracts and
ethanol administration) groups. Five concentrations
were tested for both PPP and PE, including 125, 250, 500,
1000, and 2000pg/mL. Each group contained 30
zebrafish. The zebrafish were treated with different
concentrations of PPP or PE for 24h, followed by ethanol
treatment (1.5% or 4.0% v/v) for 1h. After that, the

mortality rates were immediately measured.

Assessing total distance moved: In addition to normal
control, ethanol control (no intervention but with
ethanol treatment), PPP, and PE groups, we included a
positive control group by using 100ug/mL RU-21. RU-21
is a commercial hangover-relief vitamin dietary
supplement, widely used as a positive control in alcohol-
related study [28-31]. The concentrations of PPP and PE
were chosen based on MTC tests. The zebrafish (N=30 in

each group) were first treated with RU-21, PPP, or PE, for
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24h. Then, N=10 zebrafish were randomly selected and
treated with ethanol (1.5% or 4.0% v/v) for 1h. During this
period, total distance moved (path length, mm) was
measured by zebrafish behavior system (Zebra Lab

3.22.3.31, Viewpoint, France).

Measuring enzyme activities of alcohol dehydrogenase
(ADH) and aldehyde dehydrogenase (ALDH): When
measuring ADH and ALDH, the most effective doses of
PPP and PE were chosen in accordance with total
distance moved results. The zebrafish (N=30 in each
group; repeated for three times) were treated with RU-
21, PPP, or PE, for 24h, followed by ethanol
administration (1.5% or 4.0% v/v) for 1h. The zebrafish
were collected in Eppendorf tubes added with 100uL
saline solution (0.9% NaCl) and 5 to 8 glass beads (1mm).
Samples were then homogenized in an automatic
homogenizer (JXFSTPRP-24L, Jingxin, China) for 2 min at
room temperature and 60Hz. Homogenized samples
were centrifuged for 4 min at 4°C and 12,000g. The
supernatant of samples was kept and used for the
determination of ADH and ALDH by ELISA kits and ELISA

Analyzer (SPARK, TECAN, Austria).

Statistical analyses: Total distance moved after being
normalized and levels of ADH and ALDH were analyzed
and visualized by GraphPad Prism 8.0.2, with p<0.05

indicating significance.

RESULTS

MTCs in an ethanol-treated zebrafish model: To explore
the MTCs, mortality rates were compared between
groups (Table 1). Acceptable mortality rates (i.e., no more
than 5%) were observed at the MTC of 250ug/mL of
either PPP or PE in both 1.5% and 4.0% ethanol-treated

zebrafish models.
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Table 1. MTCs in 1.5% and 4.0% ethanol-treated zebrafish models.

Group Concentration of PPP  Ethanol%
or PE (ug/mL)
Normal control 0 0
PPP? 125 1.5
250 1.5
500 1.5
1000 1.5
2000 1.5
PE? 125 1.5
250 1.5
500 1.5
1000 1.5
2000 1.5
Normal control 0 0
PPP 125 4.0
250 4.0
500 4.0
1000 4.0
2000 4.0
PE 125 4.0
250 4.0
500 4.0
1000 4.0
2000 4.0

Probiotic-prebiotic-plant extracts.

2Plant extracts.

PPP and PE improved total distance moved of zebrafish
with ethanol exposure: The treatments of 1.5% ethanol
induced more motor activities as indicated by increased
total distance moved of zebrafish, while 4.0% ethanol
suppressed such movements as shown by reduced path
length (Figure 1A and 1B).

In 1.5% ethanol models, all studied levels of PPP
(i.e., 62.5, 125, and 250ug/mL) recovered the total
distance moved to a normal level (Figure 1C). This
improvement of total distance moved was comparative
to the effectiveness of the positive control RU-21. As for

PE, only groups at 125 and 250ug/mL significantly

Mortality rates% Chi-square p

(vs normal control)

0% (0/30) ;

3% (1/30) 0.313
3% (1/30) 0.313
27% (8/30) 0.002
83% (25/30) <0.001
100% (30/30) <0.001
0% (0/30) :

0% (0/30) -

83% (25/30) <0.001
100% (30/30) <0.001
100% (30/30) <0.001
0% (0/30) B

0% (0/30) -

0% (0/30) -

53% (16/30) <0.001
100% (30/30) <0.001
100% (30/30) <0.001
0% (0/30) .

0% (0/30) -
100% (30/30) <0.001
100% (30/30) <0.001
100% (30/30) <0.001

improved total distance moved. It is noteworthy that PPP
outperformed PE at the concentration of 250ug/mL
(Unpaired t test, p=0.038).

In 4.0% ethanol models, all measured levels of PPP
alleviated total distance moved compared with ethanol
control, but did not retrieve this behavioral outcome to a
normal condition (Figure 1D). As for PE, it is like the
results in 1.5% ethanol models that only 125 and
250ug/mL groups ameliorated total distance moved after
ethanol treatment. No differences were observed

between PPP and PE at the same concentration.
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Figure 1. Total distance moved of zebrafish treated with ethanol. The moving trajectory of (A) 1.5% and (B) 4.0% ethanol-treated zebrafish

models. Normalized path length of zebrafish administrated with (C) 1.5% and (D) 4.0% ethanol in reference to normal control. PPP, probiotic-prebiotic-

plant extracts. PE, plant extracts. Differences were compared between groups by using Unpaired t tests when data follows normal distribution (or

Nonparametric tests when data do not follow normal distribution). Comparisons of normal control with other groups are shown in black. Comparisons of

ethanol control with RU-21, PPP, and PE groups are shown in grey. Comparisons of positive control RU-21 with PPP and PE groups are shown in brown.

NS, not significant; *, #, T, p < 0.05; **, ##, p <0.01; ***, ###, p <0.001.

PPP and PE regulated ethanol metabolism by increasing
ADH and ALDH activities: To depict ADH and ALDH
activities with ethanol administration, the highest levels
of PPP and PE (i.e., 250ug/mL) were used in zebrafish
models. Compared with normal control, ethanol
significantly reduced both ADH and ALDH activities in

1.5% and 4.0% ethanol models (Figure 2).

In 1.5% ethanol models, PPP restored ADH and
ALDH activities to control group levels, while PE did not
(Figure 2A and 2B). Moreover, PPP exhibited similar
efficacy in improving ADH and ALDH to the positive
control RU-21. Though no differences of ADH were
observed between PPP and PE at the concentration of

250pg/mL, PPP contributed more improvements of ALDH
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than PE, despite insignificant (Unpaired t test, p=0.066). 21 and PE but did not reach full restoration compared
In parallel with the results in 1.5% ethanol models, with normal control. Furthermore, PPP increased more
PPP significantly improved ADH and ALDH activities to ALDH activities than PE (Unpaired t test, p=0.018), along
normal in 4.0% ethanol models (Figure 2C and 2D). with a trend towards better performance in ADH
Similar improvements of ALDH were also observed in RU- recovery (Unpaired t test, p=0.065).
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Figure 2. ADH and ALDH activities in ethanol-treated zebrafish models. (A) ADH and (B) ALDH under 1.5% ethanol treatment. (C) ADH
and (D) ALDH under 4.0% ethanol administration. Differences were compared between groups by using Unpaired t tests when data follows normal
distribution (or Nonparametric tests when data do not follow normal distribution). Comparisons of normal control with other groups are shown in black.
Comparisons of ethanol control with RU-21, PPP, and PE groups are shown in grey. Comparisons of positive control RU-21 with PPP and PE groups are

shown in brown. NS, not significant; *, #, p <0.05; **, ##, p <0.01; ***, p <0.001.
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DISCUSSION

The present study gained insight into the anti-hangover
effects of a mixture of probiotics, prebiotic, and plant
extracts in a model of zebrafish. In response to two
different levels of ethanol (i.e., 1.5% and 4.0%), zebrafish
exhibited excitation and inhibition on moving behavior,
respectively. The probiotic-prebiotic-plant extract
mixture improved the total distance moved by zebrafish
in both ethanol models (comparative to the effectiveness
of RU-21), directly indicating the mixture's hangover-

alleviating effects in the cases of moderate and heavy

alcohol use. This efficacy may be attributed to increased
activities of ADH and ALDH following the intervention.
Importantly, the mixture demonstrated more profound
improvements in total distance moved (1.5% ethanol
models) and ALDH activity (4.0% ethanol models)
compared to the plant extracts alone, suggesting
potential positive interactions between probiotics,
prebiotic, and plant extracts.

Consistent with previous research, our study using a
mixture of probiotics, including Lacticaseibacillus
rhamnosus, Lacticaseibacillus  casei, Lactobacillus
acidophilus, Bifidobacterium animalis, and Pediococcus
pentosaceus, showed profound improvements on
hangover in zebrafish exposed to ethanol. Among these
five bacteria, the first three Lactobacillaceae genera were
mostly reported in ameliorating alcohol-induced
symptoms. Lacticaseibacillus rhamnosus demonstrated
resistance to high levels of ethanol and production of
enzymes that metabolize ethanol and acetaldehyde [5],
with clinical evidence supporting its role in relieving liver
injury in patients with alcohol-related disorders and
diseases [6]. Lacticaseibacillus casei and Lactobacillus
acidophilus improved alcohol-induced liver injury by
regulating lipid metabolism and inflammatory conditions,
respectively  [7-9].  Additionally,  Bifidobacterium
animalis, another widely recognized probiotic, led to

faster behavioral and cognitive recovery from alcohol-
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induced hangover in mice [10]. Although Iless
investigated compared with Lactobacillaceae and
Bifidobacterium, Pediococcus pentosaceus is attracting
increasing attention as a promising probiotic, due to its
antimicrobial abilities in producing bacteriocins, which
can be extended to the functions of detoxification and
anti-inflammation after alcohol use [11, 32].

It is noteworthy that the combination of probiotics
and the plant extracts used in this study (i.e., Hovenia
dulcis, kudzu root, and curcumin) boosted ALDH activity
to a higher level than the plant extracts alone under 4.0%
ethanol exposure. This may imply increasingly synergistic
effects between the plant extracts and the probiotics at
a high alcohol dose. The plant extracts contain several
active ingredients, such as flavonoids, polyphenols,
polysaccharides. These compounds, along with
probiotics, can help maintain the integrity of the gut
barrier under ethanol exposure by suppressing the
growth of gastrointestinal pathogens [33]. Moreover,
polyphenols are increasingly recognized as prebiotics, as
certain probiotics possess the enzymatic capability to
transform  complex polyphenols into  phenolic
metabolites with increased bioavailability and
antioxidative bioactivity [34]. During this procedure,
polyphenols also aid the growth of beneficial microbes,
thereby regulating the composition and function of the
gut microbiota.

Importantly, in this study, we observed that the
improving effects of the probiotic-prebiotic-plant extract
mixture on behavioral response and ethanol metabolism
of zebrafish were comparable to the effectiveness of a
commercial hangover-relief vitamin dietary supplement
RU-21, under both 1.5% and 4.0% ethanol treatments.
This was like findings of previous studies comparing
turmeric extracts [29], chicken hydrolysates [31], or
traditional medicines with RU-21 [28]. Given that high
doses of synthetic vitamin supplement may result in
hypervitaminosis and intoxication [35], a combination of

probiotic-prebiotic-plant extract is considered as a safer
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approach in relieving hangover symptoms. Moreover,
probiotics can adhere and colonize to the intestinal
mucosa and therefore confer long-term benefits to host
health through the gut-X axis [13, 36]. The benefits of
taking probiotics in the format of fortified foods and
dietary supplements mainly include supporting gut
health, boosting immune system, and improving
metabolic disorders [37—40]. In addition, as probiotics
are alive microorganisms, suitable pH and low water and
oxygen levels are required during processing and storage
[41].

This present study was with some limitations: (1)
Apart from ADH and ALDH activity measured in this
study, in-depth analysis of the effects of the studied
mixture on ethanol-related metabolism (e.g., levels of
alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, and malonaldehyde, along with
the activity of superoxide dismutase) needs to be
conducted in future. (2) Though zebrafish was an ideal
model in exploring alcohol-induced hangover symptoms,
translational difficulties from animals to human must be
taken into consideration. Therefore, the results of this
study require further validations in exquisite-designed
human studies. (3) The gut microbiota, which plays an
intermediary role between dietary supplements (e.g., the
combination of probiotic-prebiotic-plant extract mixture
as mentioned in this study) and host health was not

assessed in this study.

CONCLUSION

The supplementation of a mixture of probiotics,
prebiotic, and plant extracts protected zebrafish exposed
to moderate and heavy levels of ethanol from developing
hangover symptoms. The anti-hangover effects of this
mixture were ascribed to improved alcohol metabolism,
as demonstrated by increased degradation of ethanol
and acetaldehyde. These findings suggest that the
combined use of probiotics, prebiotics, and plant extracts

could be an effective strategy for mitigating the adverse
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effects of alcohol consumption.
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