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Abstract 

Purpose: To assess the therapeutic potentials of Thai Mucuna pruriens (T-MP) seed aqueous extract in 
mitigating acute ethanol-induced behavioral and motor dysfunction in mice. 
Methods: The mice were orally administered either water or T-MP seed extract (600 mg/kg). One hour 
after this initial treatment, the mice were given either distilled water or 6 g/kg of 30 % (w/v) ethanol. 
Thirty minutes following the second treatment, the mice were subjected to behavioral and motor function 
tests, comprising of the exploratory test, rotarod test, footprint analysis, elevated plus maze (EPM), and 
tail suspension test (TST), respectively. 
Results: Ethanol treatment significantly increased anxiety-like behaviors, as evidenced by the 
exploratory and EPM tests, and depressive behavior, as indicated by prolonged immobility time in the 
TST (p < 0.05). It also reduced the time spent on the rod in the rotarod test and heightened gait 
abnormalities observed in gait analysis, indicating impaired motor functions. Treatment with T-MP 
significantly alleviated these ethanol-induced behavioral and motor dysfunctions (p < 0.05). 
Conclusion: Thai Mucuna pruriens seed extract effectively mitigates neurological and behavioral 
dysfunctions induced by acute ethanol intoxication in mice, highlighting its potential as a neuroprotective 
agent. Further studies are required to elucidate T-MP's mechanisms in combating symptoms of acute 
ethanol intoxication, which is crucial for advancing medical and neuropharmacological treatments. 
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INTRODUCTION 
 

Worldwide, the brain's susceptibility to alcohol, 
particularly ethanol found in beverages such as 
beer, wine, and liquors, presents significant 
health concerns. In contrast, other forms of 
alcohol are either toxic metabolites or used for 
non-consumable purposes. The World Health 
Organization reports that alcohol is associated 
with 3.3 million deaths yearly, about 6 % of 

global fatalities [1]. Ethanol, a potent neurotoxin, 
is rapidly absorbed into the bloodstream and 
transported to the central nervous system. It 
readily crosses the blood-brain barrier, exerting a 
range of effects that vary depending on the 
dosage. Ethanol alters the activity of various 
neurotransmitters, among them being an 
increased effect of Gamma-Aminobutyric Acid 
(GABA) through binding to a specific allosteric 
site on the GABA-A receptor complex, and an 
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inhibition of NMDA receptor activity, reducing the 
excitatory effects of glutamate. It enhances 
dopamine release in the nucleus accumbens by 
inhibiting GABAergic interneurons in the ventral 
tegmental area, contributing to a positive 
reinforcement effect [2]. Furthermore, ethanol-
induced disruptions in the brain's oxidative 
balance may result in inflammation and extensive 
neuronal damage, leading to a range of effects 
from euphoria to severe motor and cognitive 
deficits. These changes further impact neuronal 
function, contributing to psychomotor depressive 
disorders, impairments in information storage 
and logical reasoning, as well as motor 
incoordination [3]. Mucuna pruriens (L.) DC., an 
established Ayurvedic herb, contains several vital 
compounds, comprising of the levodopa, 
flavonoids, and polyphenols [4]. The seed extract 
demonstrates various therapeutic potentials, 
encompassing neuroprotection against 
Parkinson's disease, antioxidant activity, 
antidepressant and anxiolytic effects, as well as 
anticonvulsant properties [5]. A local variety of 
Mucuna pruriens found in Thailand, Thai Mucuna 
pruriens (L.) DC. var. pruriens (T-MP), has long 
been recognized in traditional medicine for its 
diuretic, aphrodisiac, and wound-healing 
properties. Additionally, T-MP extract has shown 
the potential to prevent reproductive impairment, 
enhance sexual function [6]. Building on previous 
findings that demonstrated the protective effects 
of T-MP seed extract against prolonged ethanol-
induced mood disorders [7], this study 
hypothesizes that T-MP may also exhibit 
protective potential against acute ethanol-
induced disturbances. This suggests that T-MP 
could alleviate not only long-term 
neurobehavioral deficits but also mitigate the 
immediate neurological impairments associated 
with acute ethanol. Accordingly, this study aims 
to investigate hangover symptoms caused by 
acute ethanol intoxication, along with the 
potential neuroprotective and behavioral benefits 
of T-MP seed extract on acute ethanol-induced 
behavioral and motor dysfunction in mice. 
 

EXPERIMENTAL 
 
Animals  
 

Male Mlac: ICR mice (weighing 25 – 35 g), aged 
between 6 – 8 weeks, were obtained from Khon 
Kaen University's Northeast Laboratory Animal 
Center, Thailand. The animals were housed in 
controlled conditions under a 12-hour light/dark 
cycle, at 22 ± 1 °C and relative humidity of 50 – 
55 %. The mice received food and water ad 
libitum feeding. All animals received humane 
care, and all experiments followed the “Basic 
Principles for Animal Use” Association for the 
Assessment and Accreditation of Laboratory 
Animal Care (AAALAC) International and the 
study was approved by Khon Kaen University's 
Animal Research Ethics Committee (IACUC-
KKU-42/65; Ref no. 660201.2.11/285 (48). 
 
Plant material 
 
The aqueous extract of T-MP seeds was 
generously provided by Professor Sitthichai 
Iamsaard, Department of Anatomy, Faculty of 
Medicine, Khon Kaen University, Thailand. The 
preparation according to the method described 
previously, the yield has been determined  to be 
16.29 % and has been verified to have 
antioxidant activity [6,8]. 
 
Acute ethanol treatment 
 
Thirty-two male ICR mice were randomly divided 
into four groups (eight per group) through the 
peroral (PO) treatment: Group I: (Normal control, 
Con) mice received distilled water, Group II 
(Ethanol, EtOH) mice received 6 g/kg of 30 % 
w/v EtOH, Group III (Thai M. pruriens, T-MP) 
mice received T-MP seed extract (600 mg/kg), 
and Group IV (T-MP + EtOH) mice received a 
combination of 600 mg/kg T-MP extract and 6 
g/kg of 30 % w/v EtOH. The treatment regimen 
consisted of administering distilled water or T-MP 
extract, followed by distilled water or ethanol one 
hour later. Behavioral assessments were 
performed 30 minutes after the second treatment 
and included the exploratory test, elevated plus 
maze (EPM), tail suspension test (TST), rotarod 
test, and gait analysis. The administration 
volume for all groups was standardized at 0.05 
mL per 10 g of body weight. The doses of T-MP 
seed extract and ethanol were selected following 
previous studies [8,9]. 
 

 

 
 
Figure 1:  Experimental procedures to determine the effect of T-MP on acute ethanol exposure 
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Exploratory test 
 
Rodent hyperactivity was assessed with a 40 × 
40 cm white acrylic hole board surrounded by 25 
cm high walls. The board was divided into 36 
squares with black lines, each with a hole (1 cm 
in diameter and 1.5 cm deep) at the center. Over 
a 3-minute observation period, an observer 
recorded the duration of nose-poking behavior 
(defined as both eyes positioned within a hole), 
frequency of square crossings (requiring all four 
limbs to enter different squares), grooming 
(specifically, fur cleaning with the forepaws), and 
rearing (defined as standing on the hind legs or 
forelegs) [10]. 
 
Elevated plus maze (EPM) 
 
EPM is a widely used test to evaluate anxiety-
related behaviors in mice. It was constructed 
from wood, and it consisted of two opposing 
pairs of arms measuring 6 cm wide × 65 cm long, 
radiating from a central platform of 6 × 6 cm. The 
maze was elevated 50 cm above the ground. 
Each mouse was placed at the maze center 
facing an open arm, and its activity was observed 
for 5 minutes. The time used in open arms (in 
seconds) and the frequency of arm entries were 
documented. An increase in the time spent in the 
open arms and/or the frequency of open-arm 
entries was interpreted as indicative of reduced 
anxiety [11]. 
 
Tail suspension test (TST) 
 
The TST is a widely used method for evaluating 
behavioral despair, depression-like behavior, and 
learned helplessness in rodents, as well as for 
evaluating the efficacy of antidepressant 
treatments. In this test, each mouse was 
suspended by the tail in a plastic tail suspension 
box, with the tail secured to a swing suspended 
from above. The period of immobility, defined as 
the absence of escape-oriented behaviors, was 
recorded over a 5-minute duration. A longer 
immobility time is considered indicative of a more 
pronounced depressive-like [12]. 
 
Rotarod test 
 
The rotarod test assesses the balance and motor 
coordination of rodents. Mice were acclimatized 
to the apparatus during one or two sessions 
before the test day. The test involved mice 
walking on a rotating rod, 25 cm off the ground 
and 2.5 cm in diameter, at 12 rotations per 
minute. Observers recorded the duration each 
mouse remained on the rod in 1 min, with a full 
minute indicating optimal motor coordination and 

balance, while shorter times indicated motor 
deficits [13]. 
 
Footprint analysis 
 
Footprint analysis was employed to assess 
ataxia and gait abnormalities. Mice were allowed 
to walk down a 60-cm long, 7-cm wide runway 
enclosed by 10-cm high walls. Their forepaws 
and hind paws were painted blue and red, 
respectively, and a white paper was placed at the 
start and black at the end to encourage 
movement. The paper was then removed, and 
the footprint pattern, focusing on the middle six 
steps, was analyzed. The following parameters 
were measured in the six middle steps: forelimb 
stride length, hindlimb stride length, stride width, 
and overlap of left and right paws. An ataxic gait 
is characterized by a significant increase in stride 
lengths and width and increased distance 
between the overlap of the left and right paw 
[14]. 
 
Statistical analysis 
 
Data analysis was conducted using IBM SPSS 
Statistics for Windows, Version 29.0 (IBM Corp., 
2023), licensed to Khon Kaen University. All data 
are presented as the mean ± standard error of 
the mean (SEM). One-way analysis of variance 
(ANOVA) followed by a post-hoc Tukey's test 
was used to compare the effects of acute ethanol 
intake among experimental groups. A two-tailed 
Student's t-TEST was employed where 
appropriate.  
A p-value of less than 0.05 was considered 
statistically significant. 
 

RESULTS 
 
Anxiolytic effects of T-MP seed extract 
against acute EtOH-induced anxiety in mice 
 
Figure 2 illustrates the effects of T-MP on acute 
ethanol-cause anxiety-like symptoms in the 
exploratory test. EtOH treatment significantly 
increased locomotor activity, as evidenced by a 
marked increase in the number of crossings 
(Figure 2 A) and a concomitant decrease in 
rearings and nose pokes (Figure 2 B and C) 
compared with the control group. No significant 
differences were observed between the T-MP 
group and the control, indicating that T-MP did 
not exert any intrinsic effects on exploratory 
activity. However, co-administration of T-MP with 
EtOH significantly reduced the number of 
crossings, suggesting a potential mitigating effect 
of T-MP on EtOH-induced hyperactivity. Notably, 
the number of rearing and nose pokes in the T-
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MP + EtOH group did not differ significantly from 
the control group (Figure 2 B and C). 
 
Figure 3 illustrates the T-MP effect on acute 
ethanol intoxication in mice during an EPM test. 
The EtOH group exhibited heightened anxiety, 
characterized by a significant reduction in the 
time spent in the open arms (Figure 3 A), fewer 
open arm entries (Figure 3 B), and an increase in 
entry to the closed arm (Figure 3 C) compared to 
the control group. In contrast, T-MP treatment 
alone did not produce significant differences from 
the control group in any of the measured 
parameters. Moreover, the combination of T-MP 
with EtOH induced significantly longer times in 
the open arms (Figure 3 A) and fewer entries in 
the closed arms (Figure 3 C) compared to the 
EtOH group, suggesting a potential anxiolytic 
effect of T-MP under ethanol-induced anxiogenic 
conditions. However, no significant differences in 

the number of entries into the open arm between 
the T-MP and ethanol group and the controls 
(Figure 3 B). 
 
Antidepressant-like activity of T-MP seed 
extract in response to acute-EtOH exposure 
 
Figure 4 illustrates that acute EtOH exposure 
induced depressive-like behaviors in TST, as 
evidenced by a significant increase in immobility 
time compared to the control group. The T-MP-
treated exhibited immobility times comparable to 
the control, indicating that T-MP alone did not 
influence depressive-like behaviors. Notably, co-
administration of T-MP with EtOH resulted in a 
significant reduction in immobility time compared 
to the EtOH group, suggesting that T-MP may 
mitigate the depressive-like effects associated 
with acute EtOH exposure. 
 

 
 

 
Figure 2:  Effect of acute ethanol intoxication on exploratory behavior in mice. (A) The number of crossings, (B) 
number of rearing, and (C) number of nose-poking. Data are presented as the mean ± SEM. (*p < 0.05 vs control 
group, and #p < 0.05 vs EtOH group) 
 
 

 
Figure 3:  Effect of acute ethanol intoxication on Elevated plus maze in mice. (A) Time in the open arms (sec), 
(B) The number of open arm entries, and (C) The number of closed arm entries. Data are presented as mean ± 
SEM. (*p < 0.05 vs control group, and #p < 0.05 vs EtOH group) 
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Figure 4: Effect of acute ethanol intoxication on tail 
suspension test in mice, represented the immobility 
time (sec). Data are presented as mean ± SEM. (*p < 
0.05 vs control group, and #p < 0.05 vs EtOH group 

 
T-MP seed extract ameliorates acute EtOH-
induced motor coordination impairment 
 
In the rotarod test (Figure 5), control mice 
demonstrated normal coordination, maintaining 
balance on the rotarod for more than 60 
seconds. In contrast, EtOH-intoxicated mice 
exhibited significant motor incoordination, 
resulting in a marked reduction in time spent on 
the rod compared to the control group. The T-
MP-treated group did not differ significantly from 
the control, indicating that T-MP alone did not 
impair motor function. Interestingly,  
Co-administration of T-MP with EtOH 
significantly improved motor coordination, as 
evidenced by increased time on the rod 
compared to the EtOH group. 
 
The footprint analysis (Figure 6), EtOH exposure 
resulted in gait abnormalities, characterized by 
increased stride lengths of the forelimbs and 
hindlimbs (Figure 6 C), increased hindlimb stride 
width (Figure 6 D), and an increased overlap 
between left and right limbs (Figure 6 E) 
compared to the control group, indicating 
impaired motor coordination.  
T-MP treatment alone did not significantly differ 
from the control group, suggesting no inherent 
effect on gait. In contrast, the step patterns of 
animals treated with T-MP with EtOH showed 
significant improvement in hindlimb stride width 
compared to the EtOH group (Figure 6 D), 
suggesting the beneficial effect of T-MP on 
ethanol-induced motor dysfunction. However, no 
significant differences in stride length or limb 
overlap were observed between the T-MP + 
EtOH-treated mice and the control group (Figure 
6 C and E). 
 
 

 

 
Figure 5: Effect of acute ethanol intoxication on the 
rotarod test in mice. The figure represented the Time 
on rod (sec). Data are presented as mean ± SEM. (*p 
< 0.05 vs control group, and #p < 0.05 vs EtOH group) 
 

DISCUSSION 
 
The findings demonstrate that acute ethanol 
intoxication (6 g/kg of 30 % w/v) significantly 
enhanced anxiety-like behaviors, as indicated by 
increased locomotor activity and decreased 
exploratory actions, such as nose-poking and 
rearing, in an exploratory test. These changes 
suggest heightened nervousness and reduced 
curiosity. In the EPM test, ethanol exposure 
significantly reduced the time spent in the open 
arms and the number of entries, further indicating 
anxiety-related behaviors. In the TST, ethanol 
exposure resulted in a marked increase in 
immobility time, reflecting depressive-like states. 
The Motor function was also impaired, as shown 
by reduced endurance on the rotarod test and 
deteriorated gait characteristics during footprint 
analysis. These results suggest that ethanol 
effectively simulates hangover symptoms, 
encompassing both motor dysfunction and mood 
disturbances, including anxiety and depression. 
Treatment with T-MP seed extract exhibited 
potent anxiolytic and antidepressant properties, 
fully ameliorating the behavioral and motor 
deficits observed. This recovery underscores the 
therapeutic potential of T-MP in mitigating the 
adverse effects of acute ethanol exposure, likely 
due to bioactive components, such as phenolic 
compounds, which may counteract oxidative 
stress and restore normal neurological function.  
 
As with previous reports, the data showed that 
acute exposure to ethanol produced a dose-
dependent influence on animal locomotion such 
that lower doses amplified and higher doses 
diminished movement [15]. It also affected 
changes in rearing behavior and was associated 
with learning and memory deficits as well as 
ataxia and motor incoordination. 
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Figure 6: Acute ethanol intoxication effected on footprint analysis in mice. (A) Parameters were observed in the 
footprint analysis, with dotted lines indicating the direction of progression. (B) Representative examples of mouse 
footprints were recorded on paper from each group. (C) Forelimb and hindlimb stride length. (D) Forelimb and 
hindlimb stride width (E) Overlap between left and right limbs. Data are presented as mean ± SEM. (*p < 0.05 vs 
control group, and #p < 0.05 vs EtOH group) 
 

Ethanol disrupts synaptic plasticity by 
potentiating inhibitory GABA-A receptor activity 
and attenuating the effects of glutamate on 
NMDA receptors, resulting in anxiety-related 
effects. Depressive symptoms, including 
sedation and loss of the righting reflex, become 
particularly pronounced 30 minutes after ethanol 
administration, highlighting ethanol's substantial 
neurological impact [16]. Additionally, ethanol 
impairs the brain's oxidative balance, leading to 
increased oxidative stress characterized by 
elevated reactive oxygen species (ROS) 
generation [3]. 
 
The data underscores the idea that T-MP seed 
extract may modulate the behavioral effects of 
acute ethanol intake, potentially through its 
potent antioxidant properties. The results also 
demonstrate that even a single dose of ethanol 
causes motor dysfunction, as evidenced by 
performance deficits in the rotarod test. These 
impairments are likely due to ethanol's adverse 
effects on cerebellar function and neuronal 
activity within the cerebellar cortex [17]. 
Furthermore, ethanol exposure resulted in 
depressive-like behaviors, characterized by 
increased immobility time, which were 
significantly mitigated by T-MP treatment, 
indicating its antidepressant-like properties, and 
interestingly The higher doses of ethanol have 
been shown to exacerbate depressive 
symptoms, including sedation and ptosis [16]. 

The study also confirmed that acute high-dose 
ethanol exposure leads to ataxia and gait 
disturbances, reinforcing the concept that ethanol 
intake causes cerebellar ataxia, manifesting as 
impaired motor coordination and balance. 
 
This study demonstrated that the T-MP seed 
extract effectively mitigated anxiety-like and 
depressive-like behaviors, motor incoordination, 
and gait abnormalities caused by acute ethanol 
exposure. These results align with prior findings 
on the anxiolytic, antidepressant, and antioxidant 
properties of T-MP seeds [5,7]. Notably, the 
extract’s ability to reduce oxidative stress—a key 
contributor to ethanol-induced brain damage and 
inflammation—was particularly significant. 
Ethanol-induced oxidative stress is known to 
impair neuronal function and behavior, 
highlighting the role of T-MP in restoring 
oxidative balance in the brain [3]. The protective 
effects of T-MP are attributed to its high phenolic 
content, including isoflavones, flavonoids, and 
tannins, which are recognized for their 
neuroprotective properties [4]. Furthermore, 
glutathione, a key component of T-MP seeds, 
likely contributed to maintaining neuronal health 
by neutralizing oxidative damage caused by 
reactive oxygen species such as superoxide 
anions and hydrogen peroxide [18]. These 
findings underscore the therapeutic potential of 
T-MP phenolic compounds in counteracting the 
detrimental effects of ethanol on neurological and 
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behavioral functions. However, to fully 
understand the intricate mechanisms behind 
these protective effects, further detailed study is 
necessary. 
 
Overall, this study highlights the properties 
through which T-MP exerts a protective effect 
against hangover symptoms induced by acute 
ethanol intoxication. The phenolic compounds 
present in T-MP, known for their potent 
antioxidant activities, play a key role in alleviating 
oxidative stress, a major contributor to ethanol 
hangover symptoms. This study, therefore, 
underscores the potential of T-MP phenolic 
components in counteracting the negative effects 
of high ethanol doses, including anxiety- and 
depressive-like behaviors as well as motor 
dysfunctions affecting neurological and 
behavioral functions. However, to fully elucidate 
the complex mechanisms by which these 
phenolic compounds provide protection, further 
detailed investigations are warranted. 
 

CONCLUSION 
 
Administration of 30 % w/v ethanol at 6 g/kg 
induced anxiety-like behaviors in the exploratory 
and EPM tests, as well as depressive-like states 
in TST. Motor coordination deficits were evident 
in the rotarod and footprint analysis tests, 
highlighting the extensive neurological and 
behavioral effects of ethanol exposure. 
Administration of T-MP seed extract 
counteracted these effects, highlighting its 
potential in preventing ethanol hangover 
symptoms. Further studies are required to 
elucidate T-MP's mechanisms in combating 
symptoms of acute ethanol intoxication, which is 
crucial for advancing medical and 
neuropharmacological treatments. 
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