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Abstract

Ethnopharmacological relevance: Leptadenia hastata (Pers.) Decne (Asclepediaceae) is a plant widely used by
traditional healers in several African countries to treat oxidative stress, depression, arterial hypertension, headaches
and other conditions. This study aims to determine the therapeutic efficacy of Leptadenia hastata (L. hastata) against
scopolamine-induced neurotoxicity.

Aim of the study: To evaluate the pharmacological effects of L. hastata against scopolamine-induced neurotoxicity in
Mus Musculus Swiss white mice.

Materials and methods: L. hastata leaf extract was tested on the central nervous system of animals with scopolamine-
induced cognitive deficits. Different doses (19; 38 and 76 mg/kg p.o.) of the extract and piracetam (200 mg/kg i.p.) were
administered to the animals one hour before scopolamine (1 mg/kg i.p.) for 15 consecutive days of treatment. T-maze
and object recognition tests were used for 3 days to assess the animals' behavioral performance.

After behavioral testing, all animals were sacrificed by cervical decapitation and the brains harvested for analysis of
oxidative stress parameters.

Results: Administration of the plant extract resulted in a significant behavioral performance, significantly inhibited the
reduction of locomotor significantly inhibited the reduction in locomotor and exploratory abilities in scopolamine-
treated animals. The 19 and 38 mg/kg of the extract significantly reduced catalase (CAT), reduced glutathione (GSH)
and reduced glutathione (GSH) and an increase in Malondialdehyde (MDA) levels induced by scopolamine. L. hastata
extract significantly counteracted the increase in cerebral of acetylcholinesterase (AchE) in animals after 15 days of
consecutive treatment with scopolamine.

Conclusion: Leptadenia hastata, leaf extract has neuroprotective properties that facilitate memorization and correct
scopolamine-induced cognitive deficits in white mice. All the results obtained in this article justify the use of L. hastata

extract in traditional medicine.
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1. Introduction

Brain degeneration in the elderly is implicated in several central nervous system diseases [1, 2]. Scopolamine-induced
neurotoxicity is at the root of neurodegenerative diseases such as dementia, Alzheimer's disease, Parkinson's disease,
Schizophrenia, etc. [3, 4]. Nootropic agents such as vitamins C and E are mainly used to improve memory, mood and
behavior [5]. They are also thought to be used to alleviate age-related neurodegenerative diseases [6, 7]. However,
adverse effects associated with these agents have limited their use [8]. Despite the availability of various therapeutic
molecules, natural plant products remain one of the best sources of new drugs [9]. It is therefore interesting to explore
the usefulness of medicinal plants in the treatment of various cognitive disorders. Previous pharmacological studies on
L. hastata have shown that all parts of L. hastata are used by people in tropical areas to treat several diseases. The leaves
are used to treat patients suffering from sexual impotence, malaria, agalactia, pain, diarrhoea and trypanosomiasis [10].
L. hastata has demonstrated anti-inflammatory, analgesic, antioxidant and antipyretic activity [10, 11]. Phytochemical
analysis of L. hastata leaves reveals the presence of secondary metabolites such as tannins, flavonoids, alkaloids,
saponosides, coumarins, steroids and terpenoids [12]. Scientific research into the pharmacological properties of L.
hastata has shown that aqueous extracts of trunk bark, twigs and leaves have proved effective as antioxidants,
antipyretics and antidiabetics [13].

To our knowledge, the pharmacological activity of L. hastata on the central nervous system has not yet been the subject
of extensive scientific studies. To better validate its use in folk medicine to treat brain degeneration, the present study
aims to evaluate the pharmacological effect of L. hastata against scopolamine-induced neurotoxicity and oxidative
stress.

2. Material and methods

2.1. Plant material and extract preparation

Samples of L. hastata were collected in the morning of May 2023 in Moundou, province of Logone Occidental in southern
Chad. Species identification was carried out at the National Herbarium in Ndjamena (Chad), where a specimen was kept
under number: AG1147. The leaves of L. hastata were ground to a powder. A volume of 2.5 g of powder was boiled in
50 ml of distilled water for 20 minutes on a hot plate set at 100°C. After cooling, the mixture was filtered through a
Wattman n°1 filter paper, and the filtrate recovered constituted the stock solution.

To determine the mass yield, the filtrate obtained (25 mL stock solution) was evaporated in an oven at 40°C. A mass of
0.19 g of dry extract was obtained in 1.9% yield, with a stock solution concentration of 7.6 mg/mL. Given an
administration volume of 10 mL/kg, the initial dose of the extract was 76 mg/kg. Two other solutions of different doses
(19 and 38 mg/kg) were prepared from the dry extract.

2.2. Phytochemical characterization tests on Leptadenia hastata

Preliminary phytochemical characterization tests on L. hastata were carried out using qualitative colorimetric methods
[14] to determine the main chemical groups.

2.2.1. Alkaloid test

1 mL of the extract, prepared at 0.3 mg/mL, was taken into a test tube, then 1 mL of HC], prepared at 5%, and 3 drops
of Dragendorff's reagent were added. The formation of a white or orange precipitate indicates a positive test [15].
2.2.2. Tannin test

1 mL of the extract, prepared at 0.3 mg/mL, was taken into a test tube and 3 drops of FeCl3, prepared at 1%, were added.
The formation of a blue-blackish coloration confirmed the presence of tannins [16].

2.2.3. Flavonoid test

1 mL of the extract, prepared at 0.3 mg/mL, was taken into a test tube, then 3 magnesium chips and 1 mL concentrated
hydrochloric acid were added. Orange coloration indicates the presence of flavones, red of flavonols and violet of
flavonones [17].
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2.2.4. Test for triterpenes or steroids

1 mL of the extract, prepared at 0.3 mg/mL, was taken into a test tube. 1 mL chloroform, 1 mL concentrated H2S04 and
1 mL acetic anhydride were added. The formation of a violet or blackish-green coloration confirms that the test is
positive [17].

2.2.5. Anthraquinone test

1 mL of the extract, prepared at 0.3 mg/mL, was taken into a test tube. 2 mL mixture (petroleum ether/chloroform) and
2 mL NaOH, prepared at 10%, were added to the extract. The formation of a red coloration indicates a positive test [17].

2.2.6. Phenolics test

1 mL of L. hastata extract prepared at 0.3 mg/mL was taken from a test tube and 3 drops of FeCl3 prepared at 10% were
added. The formation of a green or bluish coloration confirms the presence of phenolic compounds [18].

2.3. Determination of the content of bioactive compounds in Leptadenia hastata extract

2.3.1. Determination of polyphenol content

Polyphenols were assessed by the spectrophotometric method using the Folin-Ciocalteu reagent described by [19]. A
mass of 0.3 g of L. hastata was placed in a tube, to which 15 mL of 70% (v/v) ethanol was added; leave under agitation
for 1 h and centrifuge at 3500 rpm for 20 min. Approximately 0.02 mL of extract (0.2 mg/mL) was added to a 10 mL
test tube, followed by 1.38 mL distilled water and 0.2 mL Folin-Ciocalteu reagent. After a 3 min rest, 0.4 mL sodium
carbonate (Na2CO3 7.5%) was added to the mixture. Tubes were vortexed and incubated for 20 min in a water bath at
40°C, and absorbance was read against a blank at 760 nm. Calibration was carried out using a freshly prepared aqueous
solution of gallic acid (0.2 mg/mL).

The amount of polyphenol (Q) was expressed as mg gallic acid equivalent per gram of dry matter, referring to the
calibration curve and the regression equation DO = ax+b according to the formula:

Q=CoxVoxF/ m

With Q the polyphenol content; Co the extract concentration obtained from the calibration line; Vo the final volume of
the daughter solution; F the dilution factor and m the extract mass.

2.3.2. Determination of tannin content

Tannins were determined spectrophotometrically, using catechin as the standard [20, 21]. Approximately 1 g of extract

sample was placed in an Erlenmeyer flask and 15 mL acetone (10% acetic acid) added. The mixture was stirred with a
bar magnet for 15 min, then filtered. The filtrate obtained was diluted 20-fold with distilled water prior to assay. 1 mL
of diluted filtrate was introduced into each test tube covered with aluminum foil to exclude light, followed by the
addition of 3 mL of a freshly prepared solution of 4% catechin vanillin in ethanol (w/v). After shaking, 1 mL of
concentrated hydrochloric acid was added to each test tube, which was then left to stand at room temperature for 15
min, and the absorbance was read at 500 nm against a blank. At the same time, catechin (5 mg/mL) was prepared as a
reference sample and used to plot the calibration curve. Tannin content was expressed as mg of catechin per gram of
dry matter using the tannic acid calibration curve.

2.3.3. Determination of triterpene content

The amount of triterpenes was determined according to the protocol used by [22] with a few modifications. Lupeol was

used as the standard, and the stock solution was prepared at a concentration of 100 pg/mL. Test tubes were successively
filled with 100, 200, 400, 600 and 800 pL of the stock solution and kept in a water bath (85°C) until dry, followed by the
addition of 250 pL of Vanillin solution (50 mg/mL) and 500 pL of sulfuric acid (99.5%) in that order. Test tubes were
heated in a water bath (60 + 1°C) for 30 min, then transferred to an ice bath followed by the addition of 2500 pL acetic
acid (99.7%). The resulting solutions were kept under chilling for 20 min at room temperature. The same procedure
was followed after adding 75 pL of L. hastata decoction to test tubes. A blank solution was prepared in a similar way,
but the sample and absorbances were read at 548 nm using a spectrometer and the total triterpene content was
calculated by linear regression of the lupeol calibration curve and expressed as pgEqLu / 100g extract.
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2.4. Determination of the free radical scavenging capacity of Leptadenia hastata extract

2.4.1. Diphenyl-picryl-hydrazyl method

Antioxidant capacity is determined by the ability of a given antioxidant to scavenge a free radical or donate a hydrogen
atom according to the method of Zhang et [23] with a few modifications. In the analytical protocol, 2 mL of DPPH (0.1
mM prepared in methanol) was introduced into a test tube containing 0.5 mL of the extract (0.1 to 1 mg/mL). The
mixture was then shaken well for 5 min and incubated in the dark for 60 min at room temperature (20°C). For the
control tube, methanol was used instead of extract. The reference used was ascorbic acid at concentrations of 0.1 mg/mL
to 1 mg/mL. Absorbance was read at 517 nm. The antioxidant activity of the extract was expressed as a percentage of
inhibition.

% IP = [(Ablanc - Aéch) /Ablanc] x 100
Where IP denotes percentage inhibition, Ablanc the absorbance of the control and Aéch the absorbance of the sample.

2.5. Behavioral tests

2.5.1. Animal model

Naive white mice, Mus Musculus Swiss (Murideae), aged between eight and ten weeks, of two genera and weighing
between 25 and 30 g were used in this study [24]. The mice were supplied by the Laboratoire National Vétérinaire
(LANAVET) du Cameroun (Garoua, Cameroon). They were acclimatized for one week at the Laboratoire des Plantes
Médicinales, Santé et Formulation Galénique of the University of Ngaoundéré before the start of the experiments [24].
These animals were housed in standard cages, at room temperature, on a 12/12-hour light-dark cycle, consuming tap
water and granules ad libitum. Experiments were conducted in accordance with the International Guidelines for the
Care and Use of Laboratory Animals published by the National Institutes of Health, USA (NIH Publication No. 85 - 23,
revised 1996) and with the guidelines of the Cameroon National Ethics Committee (No. FWA-IRB00001954, October
22,1987).

For each test, mice were divided into 6 homogeneous batches of 5 mice and treated for 15 days as follows: a first batch
received distilled water (10 mL/kg p.o.) [25] and served as a negative control batch, a second batch received piracetam
(200 mg/kg i.p.) and served as a positive control batch [26]. The other three batches received the different doses (19;
38 and 76 mg/kg, p.o.) of the plant and served as test batches [27]. All these batches received scopolamine (1 mg/kg)
one hour after the first treatment, to induce neurotoxicity [28]. A sixth batch was added, and this received distilled water
(10 ml/kg p.o.) only, serving as a normal control batch. On test day, 30 minutes after the last treatment, the animals
were subjected to the various behavioral tests [27].

2.5.2. T-maze test

The effects of L. hastata on the level of exploration and memory in naive mice (unmanipulated mice) placed in the T-
maze were evaluated [29, 30]. Two days before the start of the experiments, the animals were progressively deprived
of food to maintain them at 80-85% of their body weight. The animals were divided into 6 homogeneous batches of 5
animals each. The animals received distilled water for the negative control batch, Piracetam (200 mg/kg) for the positive
control batch and different doses of L. hastata extract for the test batches. Mice were placed one after the other in the
starting arm of the T maze one hour after administration of the various substances. This task was carried out in three
phases: habituation, acquisition and retention.

In the first or habituation phase, the mice were familiarized with the device for a period of 5 minutes. Food is placed in
each corridor to encourage exploration. The experimenter places the mice in the starting compartment. After 15
seconds, he opens all the guillotine doors. The animal can then choose one or other of the lanes, indicating its preference.
The parameters recorded were: latency time to choose an arm (the arm that will be the animal's preferred arm
throughout the test), time spent and number of entries in the preferred arm and the discriminated arm, and number of
returns to the starting arm.

The second or acquisition phase begins 24 hours after the habituation phase. The corridor of the arm discriminated by
the animal is closed, then a reinforcer (food) is placed in the arm chosen by the animal. The experimenter places the
mouse in the starting compartment and lets it move towards the open corridor (preferred corridor during habituation).
This phase takes 5 min for each animal. The following parameters are recorded: latency to retrieve food, time spent and
number of entries into the preferred arms, and number of returns to the starting arm. Finally comes the retention phase,
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24 hours after the acquisition phase. Each animal is placed in the device for 5 min, this time with all arms open. The
experimenter places the food in both arms of the maze. The parameters recorded are: latency time to find the preferred
arm, time spent and number of entries in the preferred arm and the discriminated arm, and number of returns to the
starting arm. After 5 min of experimentation

2.5.3. Object Recognition Task in Open Field

The object recognition test was performed using the method described by Ennaceur and Delacour [31]. This test was
conducted in an open field box (50 x 50 x 40 cm) and is comprised of three phases. At the end of the treatment, the mice
were allowed to explore the open field for 5 min during the habituation phase. During the acquisition phase (T1), two
identical objects (red cubes 4 x 4 x 4cm) were placed in two corners of the open field at 10cm from the sidewall. The
mice were placed in the middle of the open field and allowed to explore these two identical objects for 5 minutes. After,
they were put back in their cages. Subsequently, 24 hours after T1, the test “choice” (T2) was made. During T2, a new
object (blue cone) has been introduced and mice were reexposed to the two objects: the familiar (F) and the new (N).
The time spent by the mice in the exploration of each object during T1 and T2 was manually recorded using a stopwatch.
A discrimination index (DI) was then calculated as follows:

DI= (TN - TF / TN + TF) x 100

We used the discrimination index (DI) to evaluate the curiosity of mice towards new objects. The DI was defined as the
percentage of time spent on a novel object to the total time spent on familiar and novel objects, where TN is time spent
with the novel object and TF is time spent with the familiar object.

2.6. Biochemical analysis

2.6.1. Brain sampling and preparation of homogenates

Homogenates were prepared on day 15. Immediately after behavioral testing, previously established animal models of

neuroinflammation were sacrificed individually by cervical decapitation. Brains were harvested, rinsed in NaCl (9%o)
solution, wrung out and weighed. The brains were placed in a ceramic mortar. A total of 500 pL of PBS solution was
added to each brain in the mortar, and the mixture was ground. The prepared homogenate was then centrifuged at
10,000 rpm for 15 minutes at 4°C. A 20 mg volume of the supernatant was pipetted into a new tube and labeled for
markers of oxidative stress and neuroinflammation.

2.7. Determination of oxidative stress markers in the brain

2.7.1. Determination of malondialdehyde levels

The concentration of malondialdehyde (MDA) in the brain was determined in the homogenate using the thiobarbituric
assay (TBA). To 1 mL homogenate, 0.5 mL thiobarbituric acid (20%) and 1 mL thiobarbituric acid (0.67%) were added.
The mixture was heated in a water bath at 100°C for one hour. After cooling, the mixture was centrifuged at 3000 rpm
for 15 minutes and the absorbance of the homogenate was read spectrometrically at 530 nm. The amount of MDA was
calculated using Beer Lambert's formula and an extinction coefficient of 1.56x105 M/cm [32].

2.7.2. Determination of catalase activity

Catalase activity (CAT) was determined by the method of Sinha [33]. 50 pL of brain homogenate sample was mixed with
750 uL of 0.1M phosphate buffer (pH 7.5) and 200 uL of H202. The reaction was stopped by adding 200 L of acid reagent
(dichromate/acetate). All tubes were heated for 10 minutes and absorbance read by spectrometry at 620 nm. CAT
concentration was expressed in terms of mmol H202/mg protein.

2.7.3. Determination of reduced glutathione levels

The level of reduced glutathione (GSH) in brain was determined in homogenate following the protocol described by
Ellman [34]. 20 pL of brain homogenate was mixed with 3 mL of Ellman's reagent at room temperature. After one hour,
the absorbance of the yellow compound was read by spectrometry at 412 nm. The amount of glutathione was calculated
using the Beer Lambert formula.

2.7.4. Determination of superoxide dismutase levels

The determination of SOD was carried out according to the method described by Beyssiri et al [34]. In the control tube,
1666 pL of carbonate buffer (0.05 M, pH 10.2), 0.2 mL of adrenaline solution (0.3mM) and 134 L of distilled water were
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introduced to calibrate the spectrophotometer. Next, 134 uL of homogenate and 1,666 L of carbonate buffer are added
to the spectrophotometer. Once the spectrometer has been calibrated, the reaction is started by adding 0.2 mL of
adrenaline solution to the reaction mixture, followed by homogenization. The optical density (OD) is read after 20 s and
at 80 s at 480 nm.

[0)
mk_ . Dijlution factor

L. . Number unit of 302
SOD activity = (U/mg protein) = (| —— =2

mg protein

SOD unit = (100 - ((A DOessay x 100)) / ADOwhite = % inhibition; 50% inhibition corresponds to 1 SOD unit; OD
variation: ADOmin = DO20s - DO80s.

2.8. Assessment of the cholinergic system

2.8.1. Determination of acetylcholinesterase activity

Acetylcholinesterase (AchE) activity was assessed using method [35]. A volume of 0.05 mL supernatant was added to a
cuvette containing 3 mL phosphate buffer (0.1 M, pH 8), 0.1 mL 5,5'dithio-bis (Ellman's reagent) and 0.1 mL
acetylthiocholine iodide. The contents of the cuvette were thoroughly mixed by bubbling air. Absorbance was read at
412 nm for 2 minutes at 30-second intervals. Enzyme activity was calculated according to the Beer-Lambert law.

2.9. Statistical analysis of data

Data were analyzed by descriptive statistics: using Microsoft Excel 2016 software to determine the mean * Standard
Error on the Mean (SEM), analysis of variance (ANOVA) followed by Tukey's multiple comparison test were performed
using Graph Pad Prisme software version 8.3.1. Values are considered significant at p < 0.05

3. Results

3.1. Qualitative phytochemical screening of Leptedania hastata extract

The results of phytochemical characterization tests on L. hastata extract reveal the presence of the following major
chemical families: polyphenols, tannins, anthraquinones, alkaloids, saponins and triterpenes. These results are shown
in Table 1 below.

Table 1 Major chemical families of Leptedania hastata

Chemical compounds | Absence or presence
Phenolic compounds | ++

Flavonoids -

Tannins ++

Anthraquinones +

Alkaloids +

Saponins +

Triterpenes ++

Steroids -

++: Quite abundant; +: Not abundant; -: Absent

3.2. Content of bioactive compounds in Leptadenia hastata

The results of the bioactive compound assay of L. hastata extract show a high polyphenol content of 194.75 + 0.05
mgEAG/g extract, followed by a tannin content of 6.65 + 0.30 mgEqCat/g extract. On the other hand, triterpene content
is relatively low at 1.60 * 0.29 mgEqLu/g extract.
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3.3. Anti-free radical activity of Leptedania hastata extract

3.3.1. Diphenyl-picryl-hydrazyl test

The antioxidant power of Leptadenia hastata using the DPPH method is shown in Table 2 below.

Table 2 Percentage inhibition in (%) and IC50 in (mg/ml)

Decoction and reference compound | Percentage of Inhibition (%) | ICso (mg/ml)

Vitamin C 95,78 £ 0,00 6,52

Leptedania hastata extract 89,46 £ 0,02 5,51

3.4. Effects of Leptadenia hastata on scopolamine-induced neurotoxicity in white mice in the T-maze test

3.4.1. Effects on latency to enter the first arm

After 15 days of treatment, scopolamine induced a significant increase (P < 0.001) in the latency time for preferred arm
choice (Fig. 1) in all 3 phases (habituation, acquisition, retention), ranging from 9.4 + 2.55 seconds in normal control
mice to 19 + 0.83 seconds in negative control mice. L. hastata extract antagonizes the effects of scopolamine, significantly
(P < 0.001) reducing this time to 2.8 + 0.88 seconds and 4 * 0.83 seconds in animals treated with 76 mg/kg and
piracetam (habituation); from 7.8 + 1.88 seconds in normal control mice to 16 + 2.16 seconds in negative control mice.
L. hastata counteracts the effects of scopolamine by significantly (P < 0.001) decreasing this time to 2.4 + 0.88 seconds
and 3.2 # 1.55 seconds in animals treated with 76 mg/kg and piracetam (acquisition); from 5.4 + 0.88 seconds in normal
control mice to 12.4 + 0.5 seconds in negative control mice. L. hastata reverses the effects of scopolamine, significantly
(P < 0.001) decreasing this time to 1.8 + 0.66 seconds and 2.6 + 0.44 seconds in animals treated with 76 mg/kg and
piracetam (retention).
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Figure 1 Effects of Leptadenia hastata extract on latency of preferred arm choice in the T-maze

Each column represents mean + SEM of five animals. The data analysis was performed using one-way ANOVA followed
by Turkey multiple comparisons test. ***p < 0,001 vs. Scopolamine treated group (DW + SCOP); DW: distilled water;
LH19, LH38, LH76: Doses of Leptadenia hastate; SCOP: Scopolamine; PIRA: Piracétam.

3.4.2. Effects on the number of returns to the starting arm

Similarly, scopolamine significantly (P < 0.001) increases the number of returns to the starting arm (Fig. 2) from 5.2
1.66 in normal control animals to 7.6 + 1.83 in negative control animals. L. hastata extract inhibits the effects of
scopolamine, significantly (P < 0.001) reducing this number to 2.4 + 1.11 and 2.6 * 1.14 in mice treated with 38 mg/kg
and piracetam (habituation); from 8.8 + 1.50 in normal control animals to 10.8 + 1.50 in negative control animals. L.
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hastata inhibits the effects of scopolamine by significantly (P < 0.001) reducing this number to 1.8 + 0.66 and 3.2 + 1.33
in mice treated with 38 mg/kg and piracetam (acquisition); from 11 * 0.55 in normal control animals to 14.4 + 0.88 in
negative control animals. L. hastata inhibits the effects of scopolamine, significantly (P < 0.001) reducing this number
to 1.4 £ 0.5 and 1.8 + 0.66 in mice treated with 38 mg/kg and piracetam (retention).
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Figure 2 Effects of Leptadenia hastata extract on the number of returns in the T-maze

Each column represents mean + SEM of five animals. The data analysis was performed using one-way ANOVA followed
by Turkey multiple comparisons test."p < 0,05, ***p < 0,001 vs. Scopolamine treated group (DW + SCOP); DW: distilled
water; LH19, LH38, LH76: Doses of Leptadenia hastata; SCOP: Scopolamine; PIRA: Piracétam.

3.4.3. Effects on time spent in the preferred arm

After 15 days of treatment, it was found that scopolamine significantly (P < 0.001) decreased the time spent in the
preferred arm (Fig. 3) from 117.4 + 1.44 seconds in normal control animals to 88.2 + 1.22 seconds in negative control
animals. L. hastata inhibits the effects of scopolamine by significantly (P < 0.001) increasing this time to 172 * 0.55
seconds and 150.4 + 0.66 seconds in mice treated with 76 mg/kg and piracetam (habituation); from 78.6 + 1.33 seconds
in normal control mice to 69 * 1.33 seconds in negative control mice. L. hastata counteracts the effects of scopolamine
by significantly (P < 0.001) increasing this time to 195.4 + 0.66 seconds and 159 * 0.66 seconds in animals treated with
76 mg/kg and piracetam (acquisition); from 5.4 + 0.88 seconds in normal control mice to 12.4 + 0.5 seconds in negative
control mice. L. hastata reverses the effects of scopolamine, significantly (P < 0.001) reducing this time to 1.8 *+ 0.66
seconds and 2.6 * 0.44 seconds in animals treated with 76 mg/kg and piracetam (retention); from 57.8 * 0.64 seconds
in normal control animals to 49 + 0.66 seconds in negative control animals. L. hastata inhibits the effects of scopolamine
by significantly (P < 0.001) increasing this time to 203.6 + 0.44 seconds and 186 * 0.83 seconds in mice treated with 76
mg/kg and piracetam (retention).
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Figure 3 Effects of Leptadenia hastata extract on time spent in the preferred arm of the T-maze

Each column represents mean = SEM of five animals. The data analysis was performed using one-way ANOVA followed
by Turkey multiple comparisons test. ***p < 0,001 vs. Scopolamine treated group (DW + SCOP); DW: distilled water;
LH19, LH38, LH76: Doses of Leptadenia hastata; SCOP: Scopolamine; PIRA: Piracétam.

3.4.4. Effects on the number of entries into the preferred arm

The number of entries into the preferred arm (Fig. 4) fell from 18.4 + 0.77 in normal control animals to 4.4 + 0.66 in
negative control animals. L. hastata inhibits the effects of SCOP by significantly (P < 0.001) increasing this number to
21.2 £ 0.44 and 13 * 0.83 in mice treated with 205 mg/kg and PIRA (habituation); from 15.6 + 0.83 in normal control
mice to 7.9 + 0.77 in negative control mice. L. hastata counteracts the effects of scopolamine by significantly (P < 0.001)
increasing this number to 33.2 £ 0.61 and 16.8 * 0.28 in animals treated with 102.5 mg/kg and piracetam (acquisition);
from 10 + 0.33 in normal control animals to 4.2 + 0.66 in negative control animals. L. hastata inhibits the effects of
scopolamine, increasing this number to 40.6 + 0.66 and 19.2 + 0.61 in mice treated with 102.5 mg/kg and piracetam
(retention).
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Figure 4 Effects of Leptadenia hastata extract on the number of entries in the preferred arm of the T maze
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Each column represents mean + SEM of five animals. The data analysis was performed using one-way ANOVA followed
by Turkey multiple comparisons test."p < 0,05, ***p < 0,001 vs. Scopolamine treated group (DW + SCOP); DW: distilled
water; LH19, LH38, LH76: Doses of Leptadenia hastata; SCOP: Scopolamine; PIRA: Piracétam.

3.5. Effects of Leptadenia hastata on scopolamine-induced neurotoxicity in white mice in the open field object
recognition test

3.5.1. Effects on exploration time for objects A and B in the open field

Following 15 days of treatment, scopolamine produced a significant (P < 0.001) increase in exploration time for familiar
object A, from 9.8 + 0.54 seconds in normal control mice to 17.8 + 0.64 seconds in negative control mice. Conversely, a
significant decrease (P < 0.001) for novel object B, from 26 + 0.40 seconds in normal control animals to 11.4 + 0.88
seconds in negative control animals. L. hastata extract inhibits the effects of scopolamine by significantly (P < 0.001)
decreasing this time by 4.8 £ 0.96 and 8.6 + 0.48 seconds in animals treated with 38 mg/kg and piracetam for familiar
object A. In parallel, L. hastata extract significantly (P < 0.001) increased this time by 39.4 + 0.48 and 22.8 + 0.64 seconds
in both 38 mg/kg and piracetam-treated mice (Fig. 5).
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DW + DW DW + SCOP LH19 + SCOP LH38 + SCOP LH76 + SCOP PIRA + SCOP
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m Object A mObjectB

Figure 5 Effects of Leptadenia hastata extract on the exploration time of objects A and B in the open field

Each column represents mean + SEM of five animals. The data analysis was performed using one-way ANOVA followed
by Turkey multiple comparisons test. ***p < 0,001 vs. Scopolamine treated group (DW + SCOP); DW: distilled water;
LH19, LH38, LH76: Doses of Leptadenia hastata; SCOP: Scopolamine; PIRA: Piracétam.

3.5.2. Effects on discrimination index

Daily administration of scopolamine causes a significant (P < 0.001) increase in the new object recognition index, which
ranges from 57.8 + 0.83% in normal control mice to 60 * 0.70% in negative control mice. L. hastata extract counteracts
the effects of scopolamine by significantly (P < 0.001) increasing the new object recognition index at all doses, with
optimal values of 91.6 + 0.54 and 91.6 + 0.89% in animals treated with 410 mg/kg and piracetam (Fig. 6).
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Figure 6 Effects of Leptadenia hastata extract on the recognition index of the new object in the open field

Each column represents mean + SEM of five animals. The data analysis was performed using one-way ANOVA followed
by Turkey multiple comparisons test. ***p < 0,001 vs. Scopolamine treated group (DW + SCOP); DW: distilled water;
LH19, LH38, LH76: Doses of Leptadenia hastate; SCOP: Scopolamine; PIRA: Piracétam.

3.6. Effect of Leptadenia hastata on oxidative stress parameters

Daily administration of scopolamine for 15 days causes a significant (P < 0.001) increase in MDA concentration from
4.95 * 0.04 mol/g tissue in normal control mice to 10.54 + 0.12 mol/g tissue in negative control mice. L. hastata extract
inhibits the effects of scopolamine, significantly (P < 0.001) lowering this concentration to 8.54 + 0.14 and 5.24 + 0.08
mol/g tissue in 19 mg/kg and piracetam-treated animals (Table 3). At the same time, scopolamine significantly (P <
0.001) decreased CAT levels from 13.55 * 0.70 mol/g tissue in normal control mice to 8.89 + 1.55 mol/g tissue in
negative control mice; GSH from 0.06 + 0.00 mol/g tissue in normal control mice to 0.04 + 0.00 mol/g tissue in negative
control mice and SOD from 4.57 + 0.31 SOD/mg in normal control mice to 4.16 + 0.38 SOD/mg in negative control mice.
L. hastata extract reverses the effects of scopolamine and significantly (P < 0.001) increases CAT levels to 15.55 * 1.29
and 14.53 £ 1.25 mol/g tissue in 19 mg/kg and piracetam-treated animals, GSH at 0.06 + 0.00 mol/g tissue in animals
treated with 38 mg/kg and piracetam, and SOD of 5.25 + 0.08 and 4.97 + 0.14 SOD/mg in animals treated with 19 mg/kg
and piracetam (Table 3).

Table 3 Effects of Leptadenia hastata on oxidative stress parameters

TRAITMENT | MDA CAT GSH SOD

(mg/kg) (mol/g tissue) | (mol/g tissue) | (mol/g tissue) | (SOD/ mg protein)
DW + DW 4,95+ 0,04*** | 13,55+ 0,70*** | 0,06 + 0,00*** | 4,57 +0,31

DW + SCOP 10,54+ 0,12 8,89 + 1,55 0,04 + 0,00 4,16 + 0,38
LH19+SCOP | 8,54 +0,14*** | 15,5+ 1,29%* | 0,05+ 0,00%** | 5,25+ 0,08***
LH38+SCOP | 9,69 +0,07*** | 11,69 +0,91** | 0,06 +0,00** | 4,8+0,31*
LH76+SCOP | 10,51 0,20 11,32 + 0,94* 0,04 £ 0,00 5,09 £ 0,38***

PIRA + SCOP | 5,24 +0,08*** | 14,53 +1,25*** | 0,06 + 0,00*** | 4,97 + (0,14**

Results are expressed as mean + SEM for five animals. The data analysis was performed using one-way ANOVA followed by Turkey multiple

comparisons test. *p<0,05, **p<0,01, ***p < 0,001 vs. Scopolamine treated group (DW + SCOP). DW, distilled water; LH, L. hastate; SCOP,

Scopolamine; PIRA, Piracétam.

3.7. Effect of Leptadenia hastata on the scopolamine-induced cholinergic system

3.7.1. Effect on acetylcholinesterase concentration

Following 15 days of treatment, Fig.7 shows that scopolamine significantly (P < 0.001) increases AchE concentration
from 0.10 # 0.01 uM/mg/min in normal control mice to 0.17 + 0.01 puM/mg/min in negative control mice. L. hastata
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decoctate inhibits the effects of scopolamine by significantly (P < 0.001) decreasing this concentration at all doses, with
minimum values of 0.10 * 0.01 and 0.08 + 0.01 uM/mg/min in animals treated with 38; 76 mg/kg and piracetam
compared with negative control.
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Figure 7 Effects of Leptadenia hastata extract on acetylcholinesterase levels in mice

Each column represents mean + SEM of five animals. The data analysis was performed using one-way ANOVA followed
by Turkey multiple comparisons test. ***p < 0,001 vs. Scopolamine treated group (DW + SCOP); DW: distilled water;
LH19, LH38, LH76: Doses of Leptadenia hastata; SCOP: Scopolamine; PIRA: Piracétam.

4. Discussion

Scopolamine is a competitive inhibitor of muscarinic acetylcholine receptors, inducing depressive effects on cognitive
functions and the learning process [28]. It also causes degeneration of the cholinergic system in the cerebral cortex [36,
37]. Scopolamine has been implicated in the pathophysiology of Alzheimer's disease through its ability to aggravate
oxidative stress and neurotoxicity [37]. The neurotoxicity associated with scopolamine in human subjects is also
supported by animal studies indicating behavioral alterations caused by prolonged scopolamine administration [37].
One of these animal studies demonstrated that daily administration of scopolamine causes cognitive dysfunction and
particularly central nervous system neurotoxicity [36]. The present study demonstrated that prolonged administration
of scopolamine results in loss of spatial memory and object recognition memory assessed in the T-maze and open field
respectively. The results obtained from this study reveal, in the T-maze test, a decrease in latency to enter the preferred
arm in mice given L. hastata decoctate. The decrease in latency indicates an improvement in working memory [38].
The increase in time spent in the preferred arm and the decrease in the number of returns to the starting arm suggest
an increase in exploration and hence in memory faculties [39, 40]. The object recognition test revealed a significant
increase in the time spent exploring the novel object, as well as in the discrimination index in mice treated with L.
hastata extract. However, the increase in time to explore the novel object and the discrimination index show the
curiosity of rodents to develop a performance towards the novel object [41]. This analysis suggests an improvement
in episodic memory. According to Koutseff (2011), L. hastata extract has memetic effects that can improve learning
capacity and memory recall. Assays of scopolamine-induced oxidative stress markers show a decrease in MDA levels
and an increase in GSH, SOD and CAT concentrations in mice treated with L. hastata extract, characterizing the
protection of brains against oxidative stress [42]. Thus, L. hastata extract is thought to possess antioxidant effects that
may counteract the neurodegenerative effects associated with scopolamine. Numerous clinical studies have reported
that oxidative stress is closely involved in the pathogenesis of Alzheimer's disease [43]. Acetylcholinesterase, a
fundamental enzyme identified in the process of memory loss [44]. The current therapeutic strategy is to seek drugs
against memory loss based on AchE inhibition [45]. AchE inhibition, diet in the form of fruit and vegetables rich in
vitamins C and E, carotenoids, ubiquinone, flavonoids or lipoic acid play an important role in the prevention and
treatment of memory loss [46,47]. In this study, L. hastata extract was shown to significantly reduce
acetylcholinesterase levels in mice compared with negative control batches. The decrease in acetylcholinesterase
levels in mice treated with L. hastata extract indicates neuroprotection of the brain [48]. These results confirm those
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observed by Lee et al, (2016) in their work on the effects of Aronia melanocarpa against scopolamine-induced memory
impairment. L. hastata extract therefore has neuroprotective effects.

5. Conclusion

At the end of this study, we can conclude that L. hastata extract counteracts the effects of neurotoxicity, altered behavior
and oxidative stress induced by scopolamine. These results may at least explain the widespread use of this plant in
traditional medicine for the treatment of central nervous system disorders. Nevertheless, to understand the exact
mechanism by which this plant exerts mnesic and neuroprotective effects, investigations on other animal models
specific to cognitive disorders would be necessary.
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