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Abstract:

Plants constituents are a reliable source of the remedial need of humanity for ages by being the basis of the
traditional medicinal system and often serving as the prototype for designing modern medicine. Several
plants are used in traditional medicine for ages without proper administration guidelines in terms of
dosages. Several toxicological analyses revealed side-effects of such therapies beyond a specific dose. One
such plant is Alstonia scholaris, widely used in numerous traditional medicines to treat diseases like ulcers,
asthma, diabetes, etc. The present study investigated the neurotoxic effect of the plant extract through
oxidative stress in Swiss albino mice. The treated mice showed anxiety, neophobic and depression-like
properties compared to control mice. The biochemical parameters show an increase in Malondialdehyde
(MDA) concentration while decreasing the total protein content in different brain regions of treated mice.
The Glutathione Reductase (GR) activity shows an increase in treated mice compared to the control one.
The study indicates that Alstonia scholaris may cause severe damage to the central nervous system when

administered without a proper guideline.
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1. Introduction:

Traditional medicines that primarily include plant-based preparations are the most commonly used
source of inexpensive and accessible remedies in many developing countries[1]. In developed countries,
they are used as alternative medicines either with current therapies for synergistic effect or as a substitute
for expensive treatments[2]. The low therapeutic index of many modern drug formulations also aided
traditional medicines' popularization in treating chronic illnesses[3]. Several clinically successful plant-
based compounds and their derivatives are administered directly as alternative medicine or in combinational
therapies to treat life-threatening diseases like Cancer, Diabetes, Alzheimer's, etc. [4][5]. These compounds
include taxols (Larotaxel, Paclitaxel, Cabazitaxel)for cancer treatment [6][7], Arteether/ Artemotil (an
artemisinin derivative) as anti-malarial[8], Galantamine for Alzheimer's-related dementia[9], Apomorphine
(a morphine derivative) for Parkinson's disease[10], and Tiotropium (an atropine derivative) for pulmonary
diseases[11]. The toxicological limitations of such clinically administered plant-based drug formulations
are well-documented and followed extensively. However, no specific toxicological guideline is followed
for plant-based preparations in traditional therapies that might have serious consequence[12][13][14]. Some
recent studies proposed that several extensively used herbal formulations showed nephrotoxicity,
neurotoxicity, cardiotoxicity, hepatotoxicity and reproduction-related side effects when used without a

proper guideline of administration[15][16][17][18].

Alstonia scholaris, or the devil tree, belonging to the plant family Apocynaceae is a tropical tree
commonly found in tropical South-East Asia, including India, China, Bangladesh up to the African and
Australian continent[19]. In Indian Traditional Medicinal Systems (Ayurveda, Siddha, and Unani), the
plant's parts are used extensively to treat fever, chronic diarrhoea, dysentery, gout, rheumatism, skin
diseases, malaria, jaundice, cancer, etc. [19][20]. In Chinese traditional medicine, the plant's parts are used
to treat respiratory diseases, such as cough, asthma, phlegm, and COPD[19]. Additionally, its preparations
are widely used in several countries and among several ethnic groups as a cost-effective alternative
treatment for antipyretics in malaria, rheumatic pains, diabetes, and placenta expel after childbirth[19].

Although the plant's preparations are used widely in traditional therapies, some reports suggest that the
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plant’s extracts may have several acute and chronic toxicity, including oral toxicity[21] and developmental
toxicity[22] when used beyond a specific limit. Besides, Baliga et al. (2004) reported that high doses of
Alstonia scholaris cause severe damage to all major organs of experimental rodent models[23]. The present
study preliminarily evaluates the neurotoxic effect of the methanolic extract of the plant and the
corresponding behavioural changes in experimental animals. The specific findings might help consider the
neurotoxic side-effects while using the plant’s preparations in traditional therapies and regularising standard

administration doses.

2. Methodology

2.1 Preparation of plant extract:

The leaf samples were collected from different locations of the Cachar district of Assam, India. The samples
were dried under shade for seven days. The plant materials were extracted by following the methods
described by Bello et al.(2016)[24] with a few modifications. Briefly, the dried samples were ground to
powder and loaded in a cellulose thimble for extraction using a soxhlet apparatus. The repetitive extraction
was carried out at 40°C using methanol as a solvent until the colourless solvent was observed. The collected
extract was filtered through Whatman filter paper (No. 1). Further, the filtrate was concentrated by
removing the solvent using a vacuum rotary evaporator. The extracted materials were kept in a -20°C
refrigerator for further experiments. Later, two doses of the extract (100 and 300 mg/ml) were prepared as

a low and high dose by dissolving them in distilled water for oral administration.

2.2 Experimental Animals:

Twenty-one (21) Swiss albino mice, about 8-10 weeks old (weighing between 25 and 30g), were obtained
from the College of Veterinary Sciences at Assam Agriculture University, Guwahati, India. The animals
were acclimatized to standard laboratory conditions for seven days before commencing the experiments.
They were housed in large, clean polypropylene cages in a temperature-controlled room with 12 hrs light
and dark cycle, free access to water ad libitum and fed with a standard diet. Approval was obtained from

the Institutional Animals Ethics Committee of Assam University, and all the ethical guidelines were
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followed strictly. After acclimatization, the animals were divided into three groups (n=7): Group A (served
as standard control, administered with distilled water for seven days.), Group B (administered with ASME
low dose) and Group C (administered with ASME high dose). The two concentration of the extract
dissolved in distilled water were administered via oral gavage. The experimental animals were kept under
regular and individual observation for body weight changes, behavioural changes and toxicity signs for the
next seven days. Upon completing the experiments, the mice were sacrificed, and the blood/tissue samples

were collected for biochemical assays.

2.3 Behavioural studies:

2.3.1 Elevated Plus Maze Test:

The Elevated Plus Maze (EPM) Method is a regularly used behavioural assay for rodents that helps to
estimate the anti-anxiety effects of pharmacological agents and steroid hormones[25]. The method has been
employed in several recent impactful reports [26][27][28] that reflects the efficiency of the technique in
accessing neurotoxicity-induced anxiety-related behaviour in rodents. The experiment was performed
following the protocol described by Casarrubea et al. (2013)[29]. Briefly, the animals were transferred from
the animal house to the experiment room in home-cages to minimize the transfer effect. They were
acclimatized for another 30 minutes to overcome any possible visual and olfactory influences. The EPM
apparatus consisted of two open arms (16 cmx5 cm) and two covered arms (16cmx5 cmx12 cm). The arms
extended from a central platform (5 cmx5 cm), and the maze was elevated to a height of 25 cm from the
floor. Each animal was placed in the central platform, facing an open arm, and allowed to explore for 5 min
freely. The EPM apparatus was cleaned with ethyl alcohol (10%) after each observation to remove scent
cues left from the preceding animal. The time spent by animals in the open arms, in the central platform

and in the closed arms was calculated minute-by-minute and recorded for further analysis.

2.3.2 Modified Hole Board Test:

The Modified Hole Board Method (mHB) is another powerful method widely accepted to measure multiple

dimensions of unconditioned behaviour in rodents[30]. Recently, many researchers used this method to
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validate their findings on the neurotoxic effect of different plant infusions that alters the locomotion and
exploratory behaviour of experimental animals[31][32][33]. The grey wooden mHB box (60 cm % 60 cm
x 25 cm) with sixteen equidistant holes (3 cm in diameter) on the floor was raised 28 cm above the ground
on a stand. Each equidistant hole was 28 cm from the nearest wall of the box. The box was divided into
squares of (20 cm x 20 cm). This experiment was performed by following the protocols described by
Pyrzanowska et al. (2021)[33] with few modifications. Briefly, the experimental animal was placed in the
corner facing the wall and allowed to explore for 5 minutes freely. The total number of heads-dips recorded.
A mouse was considered to make a head-dip if both eyes disappeared into the hole. The box was cleaned

with 10% alcohol after each observation to avoid any bias based on olfactory cues.

2.3.3 Forced Swim Test:

The Forced Swim test (FST) is a rodent behavioural test used to evaluate the depression-like symptoms and
stress-coping behaviour in experimental animals when treated with new compounds/drugs or neurotoxic
agents[34][35][36]. The FST was performed according to the method described by Tanaka et al. (2020)[37]
recently. Briefly, the individual mice were placed in a cylindrical glass container of 12 cm in diameter and
30 cm in height and left there for 5 min. The cylinder was filled with water (25%1 °C) to a height of 20 cm.
The duration of swimming and immobility was recorded. Freshwater was used for each mice. A mouse was
judged to be immobile when it ceased struggling and remained floating motionless in the water, making

only those movements necessary to keep its head above water[38].

2.4 Biochemical Assays:

Following the behavioural studies, the mice were sacrificed immediately, and the brain tissues (cerebral
cortex) were isolated by dissection. The tissues were washed with ice-cold saline, blot dry with filter paper,
weighed and homogenized in a cool environment. The homogenates were used for the biochemical

analyses.
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2.4.1 Lipid peroxidation (LPO) Assay:

Lipid peroxidation by reactive oxygen species (ROS) is a well-established detrimental mechanism for
several acute and chronic brain disorders[39]. The thiobarbituric acid assay (TBA test) developed by
Ohkawa et al. (1979)[40] is still used as a robust biochemical assay for detecting lipid peroxides in animal
tissues. Thiobarbituric acid (TBA) reacted with malondialdehyde (MDA), which resulted in a colour
compound. Briefly, to 0.2ml of the test sample, 0.2 ml of SDS, 1.5 ml of acetic acid and 1.5 ml TBA was
added. The mixture was made up to 4 ml with water and then heated in a water bath at 95°C for 60 minutes.
After cooling, Iml of water and Sml of n-butanol/pyridine mixture was added and shaken vigorously. After
centrifuging at 4000 rpm for 10 minutes, the organic layer was formed, and its absorbance was measured
spectrophotometrically at 532 nm. The level of lipid peroxidation was expressed as nmoles of MDA
released per gram of wet tissue. The concentration of MDA was expressed using the formula: Absorbance
at 532 nm x D /L x €, where L= light path (1cm), D= dilution factor and, €= extinction coefficient (1.56x

105 M-1.cm-1).

2.4.2 Total protein estimation:

The total protein content of the samples was assessed using Folin-Lowry’s method of protein
estimation[41]. The absorbance of standards was measured at 550 nm against the blank, and a standard

curve was generated. From this standard curve, the protein concentration for samples was calculated.

2.4.3 Glutathione reductase (GR) activity assay:

The GR activity in the experimental tissue samples was determined spectrophotometrically at 340 nm by
following Carlberg and Mannervik (1975) method[42]. Briefly, the GR activity was determined by
measuring the oxidation of NADPH at 340 nm in a reaction mixture containing 1.8 ml phosphate buffer,
300 pl each of EDTA, NADPH, oxidized glutathione (GSSG) and enzyme extract. The unit of GR activity
was expressed as the amount that catalyzes the consumption of 1 pumol of substrate per minute, using a

molar extinction coefficient of 6.2 mM™! cm™' for NADH/NADPH.
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3. Results:

3.1 Change in Body weights:

Body weights of both the control and treated animals were measured on an alternative day until the
experiments. The body weights of LD-treated and HD-treated animals showed a 2.58% and 0.23%
increased in weight, respectively. In contrast, control animals showed a 5.18% weight gain on the 7"-day

than the initial body weight (Figure 1).
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Figure 1: Effect of Alstonia scholaris Low-dose(LD) and High-dose (HD) on the body weights of
the treated mice in comparison to the control (CON) mice.

3.2 Elevated Plus Maze Test:

EPM test was performed to understand the variation of anxiety that occurred in different treated groups.
The anxiety is estimated by the difference between the time spent in the open arm and the closed arm. More
time spent in the closed arm indicates more anxiety, i.e. anxiogenic mice. The observations were cross-
validated by treating the mice with diazepam, a popular anxiolytic drug. Diazepam treatment reduced the
anxiety symptoms in ASME-treated mice as the mice marked more occurrence in the open arms of the EPM
apparatus. On day one, no significant change in anxiety-related behaviour was observed in any group after
ASME treatment. However, after extended exposure, the treated mice showed an increase in anxiogenic

behaviour than the control. On day four, the LD-treated and HD-treated mice showed a 1.3 and 1.29 fold
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increase in anxiogenic behaviour, respectively. On day seven, the anxiogenic behaviour in HD-treated mice
increased significantly by 1.19 fold, whereas the LD-treated group showed only a 1.03 fold surge. The time
spent (in seconds) by different groups in the closed arm and open arm of the EPM apparatus is shown in
Figure 2 and Figure 3. These observations indicate that ASME could induce anxiety in rodents in a dose

and duration-dependent manner.
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Figure 2: Showing the effect of ASME treatment on the anxiogenic behaviour of experimental animals: The
time spent (in seconds) by different groups in the open arm of the EPM apparatus.
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Figure 3: Showing the effect of ASME treatment on the anxiogenic behaviour of experimental animals: The
time spent (in seconds) by different groups in the open arm of the EPM apparatus.

3.3 Modified Hole Board Test:

The Modified Hole Board (mHB) test is a measure of exploratory (neophilia/neophobic) behaviour. The
exploratory behaviour (EB) was measured by the number of head-dips made by the animals into the hole
when kept in a new/unknown environment. The EB of the animal varied marginally on the 1% day of ASME

exposure. However, on prolonged exposure, the mice showed signs of anxiety and reduced EB. On day
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four, the EB of LD-treated and HD-treated mice marked a 23.16% and 34.74% fall from control,
respectively. The anxiety-induced decrease in EB was higher on the 7* day as well, and the mice showed
neophobic activity with 31.31% (LD-treated) and 36.36% (HD-treated) reduced exploratory activity
compared to the control (Figure 4). However, diazepam treatment improved the exploratory behaviour in

the experimental groups, indicating that anxiety caused the neophobic signs in those mice.
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Figure 4: Showing the effect of ASME treatment on the exploratory behaviour of experimental animals: The Y-
axis ressembels the no.of head-dips in Sminutes on a mHB test.

3.4 Forced Swim Test:

The Forced Swim Test (FST) was performed to explore the effect of ASME treatment on inducing
depression-like symptoms on experimental animals. An increased immobility time in FST indicates
depression signs in rodent models[43]. The test was performed on the 7" day of the experimental setup
before sacrificing the mice. The LD-treated and HD-treated mice exhibited a respective 1.85 and 2.06 fold
increase in immobility and an increased floating time compared to the control group (Figure 5). Moreover,
normal swimming tendency was observed in the experimental animal on treating with fluoxetine, an

approved antidepressant. These observations indicate that ASME could induce depression-like symptoms

in mice in a dose-dependent manner.
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Figure 5: ASME treatment induced depression-like symptoms on experimental animals: The figure indicating
the immobility time of animal in FST after treatment with low-dose and high-dose of ASME.

3.5 Lipid Peroxidation (LPO) Assay:

The lipid peroxidation was estimated spectrophotometrically by measuring the concentration of
malondialdehyde (MDA) formed in the tissue samples. A higher value of MDA indicates elevated lipid
peroxidation that leads to several chronic and acute brain ailments[44][45]. The MDA concentrations in the
mice cortex tissue homogenates of the control, LD-treated and HD-treated groups were found to be 37+£1.53,
51.47+£6.26 and 53.67+1.86 uM/g, respectively (Figure 6). The MDA concentration elevated in the LD-
treated and HD-treated groups by 1.39 and 1.45 fold, respectively, compared to the control. MDA
concentrations were also found to be elevated in the cerebellum tissues by 1.46 and 1.53 fold than the
control. The LD and HD-treated groups exhibited 49+7.37 and 51.6+£3.95 uM/g MDA, where control
groups showed only 33.67+0.88 uM MDA per gram of tissue homogenate (Figure 6). The results indicate
that ASME treatment significantly increases the lipid peroxidation in the mice brain tissues that may have

resulted in anxiety and depression like symptoms in the treated groups.
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Figure 6: Effect of ASME on Malondialdehyde (MDA) level in the brain of Swiss albino mice.
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3.6 Total protein estimation:

The total protein content of different tissues also showed a subsequent decline from the control to the higher
doses. The protein content of the cortex tissues for the control, LD and HD-treated groups were found to
be 113.57+4.46, 110£1.89 and 73.57£15.67 mg/g, respectively. Although the low dose of ASME declined
the protein content by only 3.14% compared to the control, a high dose reduced them significantly by
35.22%. In cerebellum tissues, the total protein content was reduced by 27.42% to 64.29+6.19 mg/g by the
low dose of ASME and 51.61% to 42.86+£3.27 mg/g by the high dose as compared to the control
(88.57+1.89 mg/g). Thus, ASME treatment dramatically reduced the total protein content of the brain in a
dose-dependent manner.
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Figure 7: Effect of ASME on the total protein content of the brain of Swiss albino mice.

3.7 Glutathione reductase (GR) activity assay:

Glutathione reductase (GR) is an antioxidant enzyme that plays a vital role in regulating cellular redox
homoeostasis by controlling the cellular level of ROS[46]. Usually, the cellular GR level increases as a
response to stress induced by ROS-generating agents[47]. The GR levels in the mice cortex tissues were
found to be 0.038+0.002, 0.043+0.001 and 0.052+0.004 uM/min/mg protein, respectively for the control
group, LD and HD-treated group. The values for the LD and HD-treated groups were raised by 1.13 and
1.37 fold compared to the control. The cerebellum tissues also showed similar trends of elevated GR levels

with the values 0.051+0.001, 0.05940.005 and 0.068+0.004 puM/min/mg protein from lower dose to the
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higher dose groups (Figure 8). The elevated GR level might be a response to the ROS generated by ASME

treatment.
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Figure 8: Effect of ASME treatment on the glutathione reductase activity in the cortex and cerebellum
tissues of Swiss albino mice.

4. Discussion:

Traditional and complementary medicines are widely used globally, especially in India and China. The
Indian Traditional Medicinal system of Ayurveda and Chinese Traditional Medicine (CTM) primarily uses
plant-based preparations for treating almost every disease. Because plant-based therapies are mainly used
as food or supplement, their use is not adequately regulated as the modern synthetic drugs. Ethnomedicinal
research primarily reports the pharmacological activity of plants based on their ethnic or historical use but
lack proper toxicological analysis of those plant extracts. The toxicological risk assessment (TRA) of any
experimental chemical or drug mainly includes evaluating its toxic effect on the major organs like the brain,
heart, kidneys and liver[48]. The toxicity risk associated with the central nervous system (CNS), known as
neurotoxicity, is a significant step in the TRA process that determines the adverse effect of any
chemical/toxin/drug on the normal functioning of the CNS[49]. Also, it is essential to determine the
neurotoxic effect of a chemical because the CNS regulates many other body systems like the digestive
system, the circulatory system and the immune system in a very complex way[49]. It is found that several
herbal medicines possess neurotoxins resulting from misidentification of the parent plant, insufficient
processing, or adulteration[16]. When administered without a proper TRA and guideline for doses, these

formulations can cause severe damage to the functioning of the CNS.
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In the present study, some behavioural and biochemical parameters were observed in Swiss albino mice
after treating them with 100mg/ml (LD) and 300mg/ml (HD) of Alstonia scholaris methanolic extract. The
treated mice showed some fluctuation in their body weight, where the HD-treated mice showed significant
weight loss compared with the control group. This significant body weight loss indicates an adverse effect
of the high dose of ASME[50]. The doses also demonstrated significant behavioural changes in the treated
mice. The observation in the EPM is widely used for screening potential anxiolytics and their effect on the
exploration, anxiety, and motor behaviour of rodents [51]. The anxiogenic rodent tries to avoid the open
arms of the maze and hides in the arms enclosed by protective walls[51]. Both the experimental groups (LD
and HD-treated) showed similar anxiogenic behaviour, which was then cured by treating with diazepam.
Since diazepam acts by enhancing the calming effect of gamma-aminobutyric acid (GABA) by facilitating
the opening of the GABAA-activated chloride channels, it can hypothesize that ASME constituents block
the action of GABA. Similar anxiety and depression-like signs were displayed by both the treated group in
mHB and FST. Although the degrees of behavioural changes were consistently higher in the HD-treated
group, suggesting that the neurotoxic effect of ASME is dose-dependent. The recovery of behavioural
changes to normalcy after treatment with anxiolytic drug diazepam in all test cases confirms the onset of
anxiety and depression-like symptoms induced by ASME doses. Similar anxiogenic results were observed
by Elsas et al. (2010)[52] and Sonavane et al.(2002)[53] in male Sprague-Dawley albino rats treated with

the extracts of Passiflora incarnata L and Myristica fragrans, respectively.

The high levels of lipid peroxidation (measured by malondialdehyde levels) and glutathione reductase
in the cortex and cerebellum region of the brain indicate that ASME induces neurotoxicity through ROS-
generation. The harmful reactive oxygen species or ROS are constantly generated through normal oxidative
metabolism or incomplete metabolism of foreign chemicals by the liver. ROS play a central role in the
onset of several neurodegenerative diseases by causing progressive loss of neurons[54]. Lipid peroxidation
in the brain is a typical response to high ROS levels that severely damage the polyunsaturated fatty acids
rich neuronal membranes[55]. Malondialdehyde (MDA) is the most abundant lipid peroxidation-specific

aldehyde and is highly reactive with proteins, DNA, and phospholipids, causing harmful effects[55]. The
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thiobarbituric acid (TBA) assay is performed widely to measure the red pigmentation formed by the adduct
of TBA with MDA[55]. The high MDA levels estimated in the present study demonstrates oxidative stress-
induced lipid peroxidation in the mice brain tissues. Consequently, high levels of antioxidant enzyme
glutathione reductase (GR) were also recorded in the mice brain tissues, a detoxification mechanism against
oxidative stress[56]. The study results also demonstrated that ASME extracts altered neuroprotein levels in
the mouse cerebral cortex and the cerebellum, indicating that prolonged high doses may disturb

neurodevelopment.

In conclusion, the study found that Alstonia scholaris extract dose-dependently induces neurotoxicity,
resulting in signs of anxiety and depression in Swiss albino mice. Further, high doses of the plant extract
may increase lipid peroxidation and oxidative damage to mice brain. The information obtained from this
study may help to choose more appropriate test doses of Alstonia scholaris in future pharmacological
studies to report results of greater clinical relevance. Lastly, caution and safety measures must be followed

while using Alstonia scholaris for therapeutic or nutraceutical purposes.
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