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A B S T R A C T   

The current study was designed to evaluate the protective effect of fenugreek seed powder against As-induced 
neurobehavioral and biochemical perturbations using a mouse model. Mice exposed to arsenic at 10 mg/kg 
body weight showed development of anxiety-like behavior and memory impairment compared to control mice in 
elevated plus maze and Morris water maze tests, respectively. A significantly decreased acetyl and butyr-
ylcholinesterase, superoxide dismutase and glutathione reductase activities and brain-derived neurotrophic 
factor levels were found in the brain of arsenic-exposed mice compared to control mice. Interestingly, supple-
mentation of fenugreek seed powder to arsenic-treated mice significantly restored the activity of cholinesterase 
and antioxidant enzymes (e.g. superoxide dismutase, glutathione reductase) as well as brain-derived neuro-
trophic factor levels in the brain tissue of arsenic-exposed mice. Consequently, reduced anxiety-like behavior, 
improved learning and memory were observed in fenugreek supplemented arsenic treated mice compared to only 
arsenic-exposed mice group. Thus, this study suggests that fenugreek seed powder reduces arsenic-induced 
neurotoxicity in mice.   

Introduction 

Arsenic (As) is one of the most toxic metals that exists naturally at 
high levels in many countries’ ground water, including Bangladesh 
(Argos et al., 2010). In Bangladesh, chronic As-exposure has not only 
caused human suffering, but also created socio-economic problems. The 
main source of drinking water in Bangladesh is tube well water. It is 
likely that millions of people are exposed to As mainly through drinking 
contaminated tube well water (WHO, 2002; Biswas et al., 2019). Daily 
consumption of high levels of As-contaminated drinking water is asso-
ciated with various malignant and non-malignant diseases including 
peripheral neuropathy, skin diseases, cardiovascular disorders, diabetes 
etc. (Tyler and Allan, 2014; Mitra et al., 2020; Medda et al., 2020; Xu 
et al., 2020; Rangel-Moreno et al., 2022). Preclinical and clinical studies 
have demonstrated that As is a key player in the development of 
neurotoxicity (Vahidnia et al., 2007). In general, arsenic bind to gluta-
thione followed by methylation, which is involved in the development of 
oxidative stress in animals and humans (Thomas et al., 2004; Kumagai 

and Sumi, 2007). Arsenic can accumulate in various parts of the brain 
and induce the generation of ROS (reactive oxygen species) and thus, 
modulate the oxidative stress-mediated pathways, resulting in reduce 
locomotor activity (Von Ehrenstein et al., 2007). A selective accumu-
lation of As in the hippocampus and cerebral cortex of As-exposed ju-
venile mice brains was found to be associated with learning locomotor 
behavior and brain monoamine levels (Markowski et al., 2011). Con-
sumption of contaminated drinking water induces anxiety-like behavior, 
impaired learning and spatial memory in experimental mice (Aktar 
et al., 2017; Biswas et al., 2020). In addition, associations between 
prenatal As exposure and children’s neurocognitive development have 
also been reported (Von Ehrenstein et al., 2007; Hamadani et al., 2011; 
Chen et al., 2023). 

Plants have been used since ancient times for diverse purposes in 
every part of the world. In particular, they are used as food for human 
nutrition, and medication for various illness. Herbs and spices generally 
play an important role in improving the overall health and well-being of 
people. The herb relieves nutritional deficiencies and restores proper 
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functioning of the body. Among them, fenugreek is a popular herb, 
which is widely distributed in South Asia including Bangladesh. It has 
many applications commonly used in cooking, to make medicine or to 
hide the taste of other medicines in different countries. A significant 
number of health benefits of fenugreek have been observed in both 
humans and laboratory animals such as anti-diabetic, hypocholester-
olemia, anti-lipidemia, antioxidant, hepatoprotective, anti- 
inflammatory and neuroprotective effects (Kodumuri et al., 2019; 
Almatroodi et al., 2021; Salam et al., 2023). Fenugreek is also consid-
ered a rich source of dietary fiber and other important nutrients required 
for proper growth and development. Studies have also confirmed the 
nutraceutical and pharmacological properties of fenugreek, supporting 
the potential application of fenugreek in the development of numerous 
functional food products and pharmaceutical products (Wani and 
Kumar, 2018). Bioactive phytochemicals such as alkaloids, carbohy-
drates, steroid, saponins, amino acids and minerals are rich in Fenu-
greek. Therefore, it has the potential to be used as nutritional and 
dietary supplement along with pharmacological applications (Khor-
shidian et al., 2016). Its seeds have widely been using as a flavoring 
agent in various classical cuisines and have a free radical scavenging 
activity on lipid peroxidation (Hilles and Mahmood, 2017; Akbari et al., 
2019). Furthermore, saponins extracted from plant sources (Trichosan-
this kirilowii Maxim) showed a neuroprotective effect by increasing the 
activity of antioxidant enzymes and inhibiting the expression of p-p38 
and p53 in experimental animals (Chen et al., 2015). Together, phyto-
chemical analysis reveals that fenugreek seed contain bioactive com-
pound such as saponins, steroids, alkaloids, thus, we hypothesized that 
its powder may have protective functionality against As-induced 
toxicity. Therefore, this study was undertaken to evaluate the protec-
tive effect of fenugreek seed powder against As-induced neuro-
behavioral and biochemical changes using a mouse model. 

Materials and methods 

Animal maintenance 

Swiss Albino mice of 4 weeks of ages (average body weight 20–25 g) 
were distributed into four groups: a) Control, b) Arsenic treated (As), c) 
Fenugreek, and d) As + Fenugreek. Each group was consisted of ten (10) 
mice and were kept in the animal house at the Department of 
Biochemistry and Molecular Biology, Rajshahi University in controlled 
conditions (25 ± 2 ◦C) with natural light and dark cycle. Sodium arse-
nite was provided to As and As + Fenugreek groups animals with 
drinking water at a concentration of 10 mg per kg body weigh per day 
for 60 consecutive days before the behavioral test, while the control and 
Fenugreek groups received normal drinking water and food pellets (ad 
libitum) during the experiment. The doses of As was selected according 
to the previously studies (Aktar et al., 2017; Biswas et al., 2020). Mice 
from Fenugreek, and As + Fenugreek groups received fenugreek seed 
powder containing standard pelleted diet (5 % w/w) all through the 

experimental period. All behavioral tests were performed between 9.00 
a.m. and 3.00p.m. during light cycle. The doses of fenugreek seed 
powder and crushing process were as chosen according to the literature 
(Arafa et al., 2014). The animal experimental design and timeline is 
shown in Fig. 1. Institutional ethical approval of the protocol of the 
animal experiment was collected from the Institute of Biological Sci-
ences, Rajshahi University, Rajshahi-6205, Bangladesh (No: 126/320/ 
IAMEBBC/IBSc). 

Qualitative phytochemical screening of fenugreek seeds 

The fenugreek seeds powder has been tested for identifying the 
presence of potent phytochemicals. The presence of saponins, alkaloids, 
tanins, phenolic and flavonoid compounds in Fenugreek seed powder 
tested according to the previously published protocols (Islam et al., 
2023). 

Assessing anxiety of experimental mice in the elevated plus maze 

The elevated plus maze (EPM) is used to evaluate anxiety in labo-
ratory animals. The EPM is a plus sign shaped experimental tool, consists 
of two arms (50 × 10 cm) and two closed arms (5 × 10 × 40 cm) raised 
50 cm height above the floor (Aktar et al., 2017). Mice were placed in 
the center of the platform independently in front of closed arms to travel 
the maze (5 min), and the time spent in the individual arms was 
recorded as previously described (Aktar et al., 2017; Biswas et al., 2019). 
Four paws of a mouse inside the enclosure were considered an entry 
(Schneider et al., 2011). To prevent any biased results for olfactory cues, 
70% ethanol was used for cleaning after each test. The time spent in 
open arms and closed arms were used to study the anxiety-like behaviors 
of mice (Anjum et al., 2019). 

Morris water maze for evaluation of spatial memory and learning in the 
mice 

This test is broadly used laboratory tool in behavioral neuroscience 
for the evaluation of spatial memory and learning in rodents. The maze 
is a circular water pool (diameter 150 cm, height 60 cm and water depth 
30 cm) with black interior and water kept in room temperature (25 ±
2 ◦C). A platform of black color (28 cm height) was positioned in the 
center of the North-East (NE) quadrant approximately 1 cm lower the 
water surface. A colored cue was placed on the wall of the maze and 
mice were placed in the pool from different starting points for each trial. 
The location of the platform was recognized to the mice by two days 
training. A maximum time of 60 s (cut-off time) was given to locate the 
water submerged platform and permitted to remain on it for 20 s. A 
mouse that was unable to identify the water-hidden platform within the 
given time was placed on the platform by an experimenter for 20 s. 
Three trials were conducted at 30-min intervals per day as described 
(Barnhart et al., 2015). After each maze test, mice were manually dried 

Fig. 1. Graphic diagram and schedule of animal 
experiment Arsenic (As) and As + Fenugreek groups 
received As-water, while Control and Fenugreek mice 
groups received normal water. The Fenugreek, and 
As + Fenugreek groups received fenugreek seed 
powder containing food pellets. Morris water maze 
test including 2 days training and probe trail was 
conducted from day 61 to day 70. Thereafter, all the 
experimental mice were sacrificed, and serum and 
brain tissues homogenate were prepared for further 
analysis.   
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with a towel, placed in a warmed cage (5 min) and then return to the 
original cage. The mean latency time of the animal for each day was 
calculated from the three trials of escapes latency time to reach the 
platform. The animals did not meet the learning criteria within 7 days 
were excluded from the study. A significant decrease in latency times as 
compared with the 1st session was reflected as effective learning. At the 
end of the seven days training, a probe test was carried out without 
platform, and the residence time in the desired quadrant was recorded 
within 60 s. More time spent in the target quadrant designated better 
performance during the probe trial. 

Biochemical analysis from serum and brain tissue homogenates 

Diethyl ether was used to anesthetize the experimental mice, and 
blood was taken from the thoracic artery a few days after the behavioral 
experiments. Blood was kept for 30 min at room temperature for coag-
ulation and serum was separated after centrifugation at 4000 rpm for 15 
min at 4 ◦C and kept at − 80 ◦C until use (Biswas et al., 2019). Butyr-
ylcholinesterase (BChE) assay kit (RANDOX, UK) was used to analyze 
the activity of BChE in serum using an analyzer (Humalyzer-3000, 
Germany) according to the manufacturer’s protocols. 

An electronic balance was used to weigh the cleared whole brain and 
then homogenized in 0.5% Triton-X100 (Sigma Aldrich) containing 
phosphate buffer (100 mmol/L, pH 7). After the supernatant was 
collected followed by centrifugation at 5000 rpm (at 4 ◦C) and subjected 
to various biochemical tests as mentioned in Reza et al. (2018). 
Acetylcholinesterase (AChE) and BChE activity, and total protein in 
brain tissue homogenates were analyzed according to the methods 
described in previously published article (Islam et al., 2022; Islam et. al., 
2023). The activities of superoxide dismutase (SOD) and glutathione 
reductase (GR) in brain tissue homogenates were analyzed following the 
methods described in Islam et al. (2023). Brain derived neurotrophic 
factor (BDNF) protein was estimated using BDNF ELISA kit (Elabscience, 
USA) following the protocol of the manufacturer. Every sample was 
analyzed twice, average values were used for analysis. Data from two 
mice that did not meet learning criteria in the behavioral tests were not 
included in all experimental analyses. 

Statistical analysis 

All data are expressed as mean ± SEM (standard error of mean) as 
indicated. Welch’s test and ordinary one-way ANOVA tests were used to 
assess the statistical significance among the different groups. P value <
0.05 was thought to be statistically significant. Data was evaluated and 
graph was made with GraphPad Prism 7.05. 

Results 

Phytochemicals in fenugreek seed powder 

The findings of fenugreek seed powder’s phytochemical screening 
tests showed that fenugreek contains significant amounts of several 
phytochemicals, including phenols, tannins, flavonoids, alkaloids, sa-
ponins, and coumarins. These phytochemicals are responsible for the 
therapeutic efficacy of fenugreek against As-induced neurotoxicity. 

Attenuating effects of fenugreek against As-induced anxiety-like behavior 
in mice 

Percent of time spent of experimental mice in open and closed arms 
of EPM test was shown in Fig. 2. Time percentage spent in open arms of 
a) Control b) As-treated c) Fenugreek and d) As + Fenugreek groups 
were 58.46 ± 1.95, 40.38 ± 1.95, 57.21 ± 1.41, and 55.46 ± 1.33, 
respectively. As-treatment significantly decreased time spent in open 
arms and increased time spent in closed arms when compared to control 
mice (p < 0.0001). On the other hand, fenugreek seed powder 

supplementation to As-exposed mice significantly increased the time 
spent in open arms and decreased the time spent in closed arms 
compared to only As-exposed mice (p < 0.001). 

Protective effect of fenugreek on As-induced spatial memory and learning 
impairment 

Morris water maze (MWM) test was performed on 61st day after the 
start of the experiment to assess the protective effect of fenugreek on As- 
induced learning and spatial memory impairment. Fig. 3A presented the 
results of MWM task. The figure shows the escape latency to find the 
platform. In the beginning of the experiment, all the mice tended to 
swim around the boundary looking for a way to escape, however, after 
being placed on a platform at the end of each experiment, the mice 
gradually learned that there was a platform, and escape latency gradu-
ally decreased for 7 days training course. The results of this study 
showed that the mean escape latency (mean ± SEM) of the control group 
mice to find the hidden platform was 30.96 ± 2.67 s on day-1 and 
gradually decreased over the 7-days training course and average escape 
latency was 13.50 ± 1.12 s on day-7. However, the mean latency on day 
7 of learning was greater in the As-treated groups (Fig. 3A). A significant 
difference between As-treated and control groups was noted from day-3 
to day-7 (p < 0.01). However, fenugreek supplementation reduced the 
time latency in the As + Fenugreek mice group indicating the attenua-
tion of As-induced learning and memory impairment (p < 0.01). 

Seven days later, the platform was removed from the maze and 
a probe trail was performed to understand the spatial memory and 
learning of mice about the platform location. In the 60 sec trail, the time 
spent in the target quadrant of the Control, As treated, Fenugreek and As 
+ Fenugreek groups were 45.38 ± 3.54, 27.38 ± 2.22, 44.25 ± 2.40 and 
42.63 ± 1.68 sec, respectively (Fig. 3B). The results showed that the 
control as well as the mice of the Fenugreek group spent more time in the 
desired quadrant compared with the As-treated group (p < 0.001). 
However, the supplantation of fenugreek to the As-exposed mice 

Fig. 2. Effect of fenugreek on percentage of time staying in the open arms 
and closed arms of the EPM The staying time in open and closed arms of 
Control, Arsenic (As), Fenugreek, and As + Fenugreek treated mice is indicated 
in box plots. Data were expressed as Mean ± SEM, where n = 8 for each group 
of mice. The maximum, minimum, and median values are indicated by the 
upper and lower limits of the boxes, as well as the middle line across the boxes. 
Welch’s t-test was used to compare groups (****p < 0.0001) and ordinary one- 
way ANOVA (p < 0.0001). 
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increased the time spent in the target quadrant compared with the As 
treated mice (p < 0.001), showing a protective effect of fenugreek seed 
powder against As-induced learning and memory disorders. 

Ameliorating effect of fenugreek on BChE activity of As-induced mice 

Reduced BChE activity implies the association between neurotoxicity 
and dementia in experimental mice (Fig. 4A). A significant reduction of 
BChE activity noted in serum of As-exposure mice compared to control 
and fenugreek treated groups mice (p < 0.0001). However, fenugreek 
seed powder treatment restored the BChE activity in As-exposed mice 
significantly (p < 0.0001). On the other hand, BChE activity in brain 
tissue were 39.1 ± 2.60, 22.42 ± 1.78, 41.05 ± 1.77 and 31.63 ± 1.17 
mU/mg in Control, As-treated, Fenugreek and As + Fenugreek group 
mice brain, respectively (Fig. 4B). Similarly, BChE activity in brain tis-
sue of As-treated mice group significantly reduced when compared to 
control group (p < 0.0001). Interestingly, treatment with fenugreek also 
significantly restored the activity of BChE in the brain tissue of the As- 
exposure group (p < 0.01). 

Effects of fenugreek on brain enzymes activity in As-induced mice 

To evaluate whether fenugreek seed powder could reduce the dis-
order of neurotransmitter system, we measured AChE activity in brain 
tissues of mice (Table 1). It was noted that activity of AChE reduced 

significantly in brain tissue of As-exposed mice in comparison to that of 
control animals (p < 0.0001). Interestingly, AChE activity was found to 
be restored in the brain tissue of Fg supplemented As-exposed mice 
group compared to As-exposure mice (p < 0.01). 

The antioxidant system in the animal body plays a decisive role in 
preventing any damage caused by free radicals, but exposure to heavy 
metals alters the antioxidant defense system. Two crucial enzymes such 

Fig. 3. Protective effects of fenugreek on As- 
induced learning and spatial of mice in MWM 
A. Time latency of the experimental mice. Latency 
time of Control, Arsenic (As), Fenugreek, and As +
Fenugreek were expressed as Mean ± SEM, where 
n = 8 for each group of mice. *Significantly 
different from control group at p < 0.05 in Welch’s 
t-test. #Significantly different from control group 
at p < 0.05 in ordinary one-way ANOVA. 
§Significantly different from Arsenic (As) group at 
p < 0.05 in both Welch’s t-test and ordinary one- 
way ANOVA. B. Morris water maze probe trial for 
experimental mice. Time spent in the NE quadrant 
of Control, Arsenic (As), Fenugreek, and As +
Fenugreek mice were stated as Mean ± SEM 
values, where n = 8 for each group of mice. The 
boxes and bars are as in Fig. 1. Group assessments 
were performed by Welch’s t-test (***p = 0.0001, 
****p < 0.0001) and ordinary one-way ANOVA (p 

< 0.0001).   

Fig. 4. Protective effect of fenugreek on BChE activity in serum (A) and brain tissue (B) of experimental mice The results from Control, Arsenic (As), 
Fenugreek, and As + Fenugreek treated mice were expressed as Mean ± SEM, where n = 8 for each group of mice. Significantly different among means were 
calculated by Welch’s t-test (**p < 0.01, ***p < 0.001 ****p < 0.0001) and ordinary one-way ANOVA (p < 0.0001). 

Table 1 
AChE, GSH and SOD activities in the brain tissues of the experimental mice.  

Enzyme 
activity 

Experimental groups  
p-value Control As Fenugreek As +

Fenugreek 

AChE 
(mU/ 
mg) 

143.53 
± 3.10 

89.58 
± 5.35a 

145.39 ±
5.58b 

127.22 ±
5.80c 

ap < 0.0001, 
bp < 0.0001, 
cp = 0.0032 

GSH 
(umol/ 
mg) 

3.73 ±
0.14 

2.77 ±
0.05a 

4.12 ±
0.19b 

3.53 ±
0.13c 

ap < 0.0001, 
bp < 0.0001, 
cp = 0.0002 

SOD(U/ 
mg) 

6.93 ±
0.34 

4.53 ±
0.17a 

7.84 ±
0.86b 

5.94 ±
0.12c 

ap = 0.0002, 
bp = 0.008, cp 
< 0.0001 

Data are expressed as Mean ± SEM, n = 8 for each group of mice. aSignificantly 
different from control, and b,cSignificantly different from Arsenic (As) group. 
Group comparisons were performed by Welch’s t-test and ordinary one-way 
ANOVA (p < 0.0001). 
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as SOD and GR, whose antioxidant activities were determined in brain 
tissue of mice (Table 1). The activity of SOD in Control, As-treated, 
Fenugreek and As + Fenugreek group mice were 6.93 ± 0.34, 4.53 ±
0.17, 7.84 ± 0.86 and 5.94 ± 0.12 U/mg, respectively. In As-exposure 
mice the SOD activity was significantly reduced in brain in compari-
son to control animals (p < 0.0001), however, supplementation of 
fenugreek seed powder significantly restored the activity of SOD in As +
Fenugreek mice in comparison to that of As-treated mice (p < 0.0001). 
The GR level in brain tissues of Control, As-treated, Fenugreek and As +
Fenugreek groups mice were found as 3.73 ± 0.14, 2.77 ± 0.05, 4.12 ±
0.19, and 3.53 ± 0.13 umol/mg, respectively. A significantly reduced 
GR activity was found in As-treated mice compared to control mice (p <
0.0001), while activity of GR was significantly recovered in As +
Fenugreek group mice in comparison to that of As-treated mice (p <
0.001). 

Protective effect of fenugreek on BDNF level in the brain tissue of As- 
induced mice 

In this study, we found that BDNF levels were 333.16 ± 13.81, 
195.29 ± 11.20, 361.79 ± 13.82 and 281.08 ± 12.13 pg/mg in brain 
tissue of Control, As-treated, Fenugreek and As + Fenugreek group mice, 
respectively (Fig. 5). BDNF level was significantly reduced in As-exposed 
mice compared to control mice (p < 0.0001). However, co- 
administration of fenugreek with As significantly increased the BDNF 
level in brain of As + Fenugreek group mice compared to As-exposed 
animals (p < 0.001). 

Discussion 

Plant materials such as herbal products are a good choice for the 
prevention of many diseases, including metal-induced toxicity, as they 
have no or very few side effects. Recently, researchers have been paying 
great attention, focusing on the use of antioxidants from natural sources 
such as plant materials, which can protect the human body from free 

radical-mediated oxidative damage, especially brain tissues (Hassan 
et al., 2017; Islam et al., 2022). Like other phytochemical plants/herbs, 
fenugreek is a popular herb with numerous health benefits, demon-
strated in both humans and laboratory animals. In brain tissue, reduced 
activity of antioxidant enzymes and elevated level of ROS in As-exposed 
experimental animals reflect brain damage. It is reported that As- 
exposure induces lipid peroxidation as well as inhibits the body’s anti-
oxidant mechanisms, which indirectly lead to elevated ROS and oxida-
tive stress (Jomova et al., 2011). Disruption of the antioxidant defense 
system is a major cause of memory impairment and development of 
anxiety-like behavior in in As-induced rodents (Salim, 2017; Fedoce 
et al., 2018). It was reported that As-exposure persuades anxiety-like 
behavior, learning and memory impairment in experimental animals 
(Aktar et al., 2017; Zhang et al., 2022). Thus, As is a crucial player for 
the development of anxiety-like behavior, learning and memory 
impairment in mice. Earlier, we showed that As-exposed mice have 
anxiety-like behavior in the EPM test and take longer to find the hidden 
platform during the MWM test, indicating arsenic-induced memory 
impairment (Biswas et al., 2019; Islam et al., 2022). However, in the 
present study, we observed that administration of fenugreek in As- 
exposed mice dramatically restored learning and memory impairments 
and reduced the development of anxiety in As-treated mice. It has been 
reported that bioactive compounds found in vegetables and fruits have a 
great capacity to attenuate scopolamine-induced learning and memory- 
impairment in experimental animals (Carrillo et al., 2019). 

Exposure of As, even at a lower dose could modulate the cognitive 
and motor functions, and the alterations are linked with adverse con-
sequences of cholinergic system (Tyler and Allan, 2014). Cholinesterase 
enzymes are involved in hydrolyzing the neurotransmitter acetylcholine 
into choline and acetic acid, allowing cholinergic neurons to return its 
resting stage after activation. Perinatal As-exposure has been reported to 
be associated with inhibition of normal development of the cholinergic 
neuron in the brain (Chandravanshi et al., 2019). Decreased BChE ac-
tivity in serum is also associated with inflammation and oxidative stress 
that imply the progression of neurotoxicity and eventually memory loss 
as well as β-amyloid (Aβ) plaque formation in experimental animals with 
Alzheimer’s disease (Peres et al., 2016). Studies shown that cognitive 
function is closely linked to the central cholinergic system, and 
decreased cholinesterase activity indicates the development of inflam-
mation, oxidative stress, and neurotoxicity (Santarpia et al., 2013; Bono 
et al., 2015; Lockridge, 2015; Darvesh, 2016). Another study suggested 
that chronic As-exposure impairs spatial memory by modulating the 
NR2A and β-subunits of the glutamate receptor N-methyl D-aspartate 
(NMDAR) (Ramos-Chávez et al., 2015). In addition, exposure to As af-
fects cholinergic function, and cholinergic dysfunction is correlated with 
reduced cholinesterase activity in the brain of laboratory animals and 
also learning and memory impairments (Flora et al., 2009; Chan-
dravanshi et al., 2019; Anjum et al., 2019). Our present data demon-
strated a significant reduction of BChE enzyme activity not only in blood 
serum, and but also in the brain of As-exposed mice. Furthermore, AChE 
activity reduced in the brain of As-exposed animals. Intriguingly, supply 
of fenugreek to As-treated animals showed a potential neuroprotective 
effect by attenuating the reduction of cholinesterase activity both in 
serum and brain tissues. Moreover, Islam et al. (2022) stated that mul-
berry leaves juice is rich in phenolic acids, flavonoids, flavonols etc., and 
supplementation of mulberry leave juice prevent the reduction of 
cholinesterase activity in As-exposure mice. 

The generation of oxidative stress is a natural cellular phenomenon, 
caused by an imbalance between the production and accumulation of 
ROS in cells and tissues, and antioxidant enzymes regulate ROS levels to 
protect cells (Pizzino et al., 2017). As-exposure induces the formation of 
intracellular ROS, which mediate many changes in cellular behavior by 
modifying signaling pathways and epigenetic alterations or inducing 
direct oxidative damage to molecules (Hu et al., 2020). Oxidative stress 
is the most ubiquitous mechanism that explains As-induced toxicity, and 
several reports have shown that increased levels of ROS are associated 

Fig. 5. Protective effect of fenugreek on BDNF level of brain tissue in 
experimental mice Control, Arsenic (As), Fenugreek, and As + Fenugreek mice 
were stated as Mean ± SEM, where n = 8 for each group of mice. A method 
significantly different among the means of different groups were performed by 
Welch’s t-test (***p = 0.0001 ****p < 0.0001) and ordinary one-way ANOVA 
(p < 0.0001). 
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with anxiety-like disorders, hippocampus-dependent and hippocampus- 
independent memory formation, synaptic plasticity-related signaling 
molecules, receptors, and channels including the N-methyl-D-aspartate 
(NMDA) receptor (Flora et al., 2009; Betzen et al., 2009; Massaad and 
Klann, 2011). In experimental animals, ROS play crucial roles in As- 
induced oxidative stress, which in turn induces numerous pathophysi-
ological conditions. Also, decreased activity of antioxidant enzymes may 
influence oxidative damage to the brain and other stored organs of As- 
exposure mice (Betzen et al., 2009; Sharma et al., 2010). Similar to 
the other enzymes of antioxidant system, GR and SOD could play 
important roles in nullifying ROS, thus, aggregate As-methylation for 
cellular uptake (Vahter, 2002; Medina et al., 2023). Antioxidants pre-
vent free radical attacks and may improve cognitive function in Alz-
heimer’s disease. In the present study, a significantly reduced SOD and 
GR activity was detected in the brain tissue of As-exposed mice. How-
ever, a marked recovery of both enzyme activities was found in brain 
tissue of As-exposed mice those received fenugreek supplemented 
normal diet. Moreover, the results of the neurotransmitter systems as 
well as antioxidant enzymes activity related to behavioral tests indicated 
that fenugreek seed powder neutralized As-induced ROS in the brain 
tissue of mice. From the above findings, we hypothesized that fenugreek 
has the ability to neutralize As-induced ROS generation in mice brain. 
Therefore, fenugreek can be used to alleviate As-induced pathophysi-
ology and restore the activity of antioxidant enzymes in the brain. 
Antioxidant enzymes are endogenous proteins that have specific free 
radical scavenging properties (Bora and Sharma, 2011). SOD acts as a 
front-line defense against superoxide radicals and neutralize oxidative 
stress-induced ROS (Fukai and Ushio-Fukai, 2011). Mathews et al. 
(2012) reported that tissue accumulation of As leads to decreased an-
tioxidants and antioxidant enzymes in serum and tissue. Another study 
reported that GR is almost exclusively present in fairly high concentra-
tions in humans and is directly or indirectly involved in the removal of 
ROS (Espinosa-Diez et al., 2015). Thus, fenugreek may provide a pro-
tective function against As-induced neurotoxicity by enhancing antiox-
idant properties. We assumed that active compounds present in 
fenugreek seed powder can plausibly bind and enhance the activity of 
antioxidant enzymes. In this study, we found that fenugreek seed pow-
der is rich in flavonoids. A previous study reported that flavonoids 
modulate oxidative stress by reducing lipid peroxidase and increasing 
glutathione levels in liver cells (Boadi et al., 2021). 

BDNF is an important factor in learning and memory, and also reg-
ulates gene expression involved in memory formation (Rahn et al., 2013; 
Leal et al., 2014). In the present study, significantly decreased BDNF 
level was detected in the brain tissue of As-exposure mice in comparison 
to that of control animal, and co-administration of fenugreek with As 
significantly regained the level of BDNF in brain tissue compared to As- 
exposed mice. Considering the present results, we hypothesized that the 
reduction of BDNF levels in the brain of the experimental mice group 
supports our behavioral data, where As-exposure mice showed weaker 
learning and spatial memory compared to control mice in the MWM test. 
Previously we and other groups revealed that As-exposure disrupts 
learning and memory functions and the reduction of BDNF level is 
associated with cognitive decline (Sun et al., 2015; Srivastava et al., 
2018; Biswas et al., 2019; Karim et al., 2019; Mehta et al., 2021). 
Another study also stated that decreased BDNF levels found in depressed 
patients and decreased level of BDNF indicates lessened synaptic plas-
ticity (Karege et al., 2005). It is also hypothesized that several important 
antioxidants and bioactive compounds present in fenugreek seed pow-
der may prevent As-induced neurotoxicity in experimental mice. Fenu-
greek seeds contain various alkaloids such as trigonelline, gentianine, 
carpaine, flavonoids and higher concentration of saponin (Kumar et al., 
2012; Srinivasa et al., 2021). Flavonoids upregulate the CREB-BDNF 
pathway through interactions with receptors for ion channels, NMDA, 
and TrkB, and ultimately improve cognitive and memory functions 
(Sharma et al., 2019). Saponins, an active compound in fenugreek seeds 
activate NMDR receptors and NMDR receptors play an important role in 

learning and spatial memory (Wang et al., 2019; Zhou et al., 2020). 
Previous reports have shown that fenugreek seed powder, mixed with 
standard rodent diet, restores pyridoxine-induced nerve fiber function, 
and also prevents aluminum-induced memory and learning impairment 
in experimental animals (Moghadam et al., 2013; Prema et al., 2016; 
Almatroodi et al., 2021). Recently we have shown that Clerodendrum 
viscosum leaves are rich in saponin along with many other flavonoids 
and inhibit the reduction the neurochemicals and cholinergic enzymes 
activity through upregulation of BDNF levels in the brain tissue of metal- 
exposed mice (Islam et al., 2023). Furthermore, another study reported 
that saponin improved hindlimb motor function through upregulation of 
BDNF in rodents (Wang et al., 2015). In this study, we also found the 
presence of saponin in the fenugreek seeds powder. However, further 
research is necessary to elucidate the precise molecular mechanisms of 
the active compounds present in fenugreek seed powder to prevent As- 
induced neurobehavioral and biochemical alterations. 

Conclusion 

In conclusion, the present study showed that fenugreek seed powder 
supplementation reduced anxiety-like behavior, memory impairment 
and biochemical alterations in experimental mice. In addition, the 
presence of antioxidant and anti-inflammatory substances in fenugreek 
seeds suppresses As-mediated toxicity by increasing antioxidant en-
zymes activity, neurochemical system and upregulation of BDNF in 
brain. Thus, our data will provide a bridge between clinicians and basic 
scientists from which help to develop effective and specific strategies to 
reduce As toxicity. 
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