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ABSTRACT 

Background: Datura stramonium (DS) is a potent plant with psychoactive and anticholinergic properties used 
to treat human ailments. However, its toxicity or insult can cause cognitive impairments. The present study 
aimed to determine whether donepezil could mitigate this deficit and elucidate the potential mechanisms in-
volved in male Wistar rats  

Methods: Rats were randomly divided into seven groups (n = 5/group). While group 1 received distilled water 
(10 mL/kg), groups 2–4 received graded doses of DS (50, 100, 200 mg/kg), and groups 5–7 were co-
administered with donepezil and graded doses of DS. The treatments were given orally and lasted 28 days. Af-
terward, behavioral testing in the Y maze paradigm and biochemical assays in plasma were performed. Chroma-
tography and Mass Spectrometry (GC-MS) were used for the phytochemical characterization of DS.  

Results: GC-MS analysis revealed 33 phytochemical compounds in DS, including scopolamine, atropine, and 3, 
6-epoxytropane tropane alkaloids. DS insult reduced spatial memory performance compared to the control group 
(p<0.05). But donepezil administration mitigated the effect of the DS insult. Donepezil elevated the cholinergic 
system affected by DS by boosting acetylcholine levels (p<0.05).  

Conclusion: Donepezil possibly protects rats from DS-induced spatial memory impairment, possibly through its 
ability to up-regulate the cholinergic system and decrease oxidative processes. 
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1.0 INTRODUCTION 

Datura stramonium (DS), commonly known as jim-
sonweed or devil's snare, is a fascinating botanical mem-
ber of the Solanaceae family present across various re-
gions, including India, the USA, Nigeria, Canada, Tai-
wan, Mexico, and beyond [1]. This plant holds notable 
ethnomedicinal advantages, supported by a convergence 
of evidence highlighting its potential to contribute to hu-
man well-being. Among its various ethnomedicinal val-
ues, its remarkable ability to expedite wound healing, 
potent anti-inflammatory effects, and efficacy in alleviat-
ing conditions like asthma, bronchitis, rheumatism, and 
gout stand out [2-5]. Nevertheless, it's crucial to 
acknowledge the well-documented adverse effects associ-
ated with this plant. Previous studies have revealed the 
potential for misuse due to the psychoactive effects of 
DS, serving as a cautionary reminder of its inherent risks 
[6]. Thus, the plant's distinctive characteristics evoke fas-
cination while necessitating careful consideration. 

The plant's phytoconstituents, encompassing alkaloids, 
saponins, flavonoids, terpenoids, phenolics, and glyco-
sides, have undergone comprehensive study [7, 8]. Owing 
to its psychoactive properties, the prolonged use or abuse 
of DS seeds or leaves can lead to potential toxicity and 
neurological impacts. These effects primarily result from 
the presence of tropane alkaloids such as scopolamine, 
hyoscyamine, and atropine within the plant [9-11]. Nota-
bly, the accumulation of scopolamine and atropine inter-
feres with the normal functioning of the cholinergic sys-
tem, leading to cognitive impairments and biomarker im-
balances [12, 13]. 

DS toxicity affects the central nervous system (CNS) and 
results in symptoms like delirium, hallucinations, confu-
sion, and memory impairment [14]. These effects are be-
lieved to occur by either inhibiting acetylcholine recep-
tors or reducing the concentration of acetylcholine in cru-
cial brain areas like the hippocampus and cerebral cortex. 
These regions play a pivotal role in learning, memory, 
and perception [12]. Furthermore, prolonged exposure to 
scopolamine may lead to neuronal damage, synaptic dys-
function, and impaired neuroplasticity [12, 15], resulting 
in enduring cognitive deficits [16, 17]. 

Spatial memory, a critical aspect of cognitive function, is 
essential for an organism's ability to remember and navi-
gate its surroundings [18]. Dysfunctions in the choliner-
gic system and oxidative stress are known contributors to 
disruptions in spatial memory, potentially exacerbating 

cognitive decline and neurodegenerative disorders [19-
21]. Research in animal models suggests that oxidative 
stress, inflammation, and excitotoxicity could be mecha-
nisms responsible for the brain damage caused by tropane 
alkaloids [22-24], ultimately leading to neuronal cell 
death and worsening cognitive impairments. 

Recently, scientists have explored potential therapeutic 
interventions to counteract the adverse effects of anticho-
linergic insults on spatial memory. Donepezil, a cholines-
terase inhibitor, has been extensively studied for its abil-
ity to enhance cholinergic transmission and improve cog-
nitive function, particularly in conditions like Alzheimer's 
[25]. Beyond its primary action, donepezil has demon-
strated antioxidant properties that could mitigate oxida-
tive stress in Alzheimer's disease [25-27]. Treatment with 
donepezil may modulate antioxidant enzyme activities, 
including superoxide dismutase (SOD), catalase, and glu-
tathione peroxidase, enhancing cellular defence against 
oxidative damage. Additionally, donepezil has been 
found to reduce lipid peroxidation, a marker of oxidative 
stress, in animal models of Alzheimer's disease [28]. 

The use and dependence of certain plants by adolescents 
and young adults has reached epidemic proportions, often 
combined with other illicit drugs. The growing trend of 
experimenting with plant extracts or brews from the Da-
tura species, which are flowering plants from the night-
shade family Solanaceae, is contributing to the substance 
abuse crisis in Nigeria [29]. D. Stramonium and Datura 
metal plants, native to Nigeria, contain tropane alkaloids 
like atropine, scopolamine, and hyoscyamine, which have 
significant anticholinergic and hallucinogenic activity. 
These plants' high tropane alkaloid content increases their 
therapeutic value and makes them susceptible to abuse. 
DS and Datura metal are native to Nigeria [11]. 

 Importantly, there is a lack of prior (pre) clinical investi-
gations exploring the potential interaction between sub-
acute administration of DS insult and donepezil. Hence, 
this study aimed to examine the ameliorative role of 
donepezil in mitigating Datura stramonium-induced spa-
tial memory deficits in rats. The hypothesis posits that 
administering donepezil could enhance cholinergic func-
tion and alleviate oxidative stress, ultimately restoring 
spatial memory in the experimental animals. 

 

2.0 METHODOLOGY 

2.1 Animals 
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Male Wistar rats weighing approximately 160 ± 10 g 
were sourced from a university Central Research Animal 
Holding Facility. They were housed in polystyrene cages 
with five rats per group, following standard housing con-
ditions. The environmental conditions were controlled to 
maintain a temperature range of 22-25°C, with a 12-hour 
light-dark cycle (lights on at 7 a.m. and off at 7 p.m.). The 
relative humidity was kept within 30% to 70%. The rats 
had free access to standard rodent feed and water ad libi-
tum. Before starting the experimental protocol, the ani-
mals were acclimatised in the laboratory for seven days. 
To assess cognitive deficits, the Y-maze test was conduct-
ed in a quiet, temperature-controlled room maintained 
between 22-25°C.  

2.2 Ethical Approval 

All experimental procedures adhered to the institutional 
protocols by the National Guideline for Laboratory Ani-
mal Care (NIH Publication No. 85-23). The Research 
Ethics Committee of the University of Medical Sciences 
Ondo approved the study. The approval number was 
NHREC/TR/UNIMED-HREC-Ondo St/22/06/21 

2.3 Plant Material 

Fresh leaves of the DS plant were collected. The authenti-
cation process was performed by Angiosperm Taxono-
mist A.J Ogunkunle (Ph.D), Department of Biology, La-
doke Akintola University of Technology, Ogbomoso, Ni-
geria.  

The plant was successfully identified, and the LAUTECH 
Herbarium assigned the identification number LH 588 for 
future reference. Subsequently, the leaves of DS were 
washed and left to air-dry for thirty days at room tempera-
ture. Afterwards, the dried leaves were broken into small 
fragments and soaked in distilled water (70 g to 700 mL). 
The resulting solution was separated after 24 hours. The 
filtrate underwent evaporation at 40°C using a rotary 
evaporator until completely dry, resulting in a crude aque-
ous extract of DS. A portion of the extract was subjected 
to phytochemical screening to identify secondary metabo-
lites such as alkaloids, flavonoids, tannins, saponins, 
triterpenoids, cardiac glycosides, and steroids. The 
screening process adhered to the established protocol 
[30]. To explore potential bioactive metabolites or iso-
lates in more depth, an additional portion of the DS ex-
tract was analysed using the GCMS method, as previous-
ly documented [31]. The remaining larger portion of the 
extract was stored in a desiccator until needed. Before 
administering the desiccated extract to the experimental 

animals, the extract was measured and dissolved in dis-
tilled water to achieve the desired concentration. 

2.4 Treatments and Drug Preparations  

The doses of DS (50, 100, and 200 mg/kg) [32, 33], as 
well as donepezil (4 mg/kg) [34], were determined from 
preliminary and earlier preclinical findings conducted. 
Both DS and donepezil were dissolved in a vehicle 
(distilled water) and administered orally to rats at a vol-
ume of 10 mL/kg body weight using oral gavage [35].  

2.4 Experimental Design  

A total of 35 male Wistar rats weighing between 150 and 
170 grams were randomly assigned to 7 groups, each con-
sisting of 5 animals. The rats in group 1 were adminis-
tered distilled water (10 mL/kg), while rats in groups 2–4 
received different doses of DS (50, 100, 200 mg/kg). Rats 
in groups 5–7 were co-administered with donepezil and 
graded doses of DS. All treatments were given orally and 
lasted for 28 days. On the final day of the experiment, one 
hour after the treatment, the rats underwent the Y-maze 
paradigm to assess their cognitive behaviour. Twenty-four 
hours after the maze test, the rats were sacrificed by quick 
cervical dislocation [35]. Blood samples were collected 
and processed to obtain plasma, which was subsequently 
used to assess the levels or activities of acetylcholine, cat-
alase, glutathione peroxidase, malondialdehyde, and re-
duced glutathione. All procedures were conducted in 
compliance with approved institutional protocols and 
within the provisions for animal care and use prescribed 
in the scientific procedures on living animals, European 
Council Directive (EU2010/63). 

2.6 Behavioral Test 

Y-Maze Test (YMT) evaluated cognitive function based 
on alternation behaviour [34]. The YMT apparatus con-
sists of three identical wooden arms (labelled A, B, and 
C), measuring 33×11×12 cm. The arms are symmetrically 
separated at 120° angles from each other. Alternation be-
haviour was defined as the occurrence of entries into all 
three arms in consecutive visitations within a 5-minute 
duration. Specifically, alternation behaviour could be rep-
resented by sequences such as ABC, CAB, or BCA but 
not by repeated entries into the same arm (e.g., BAB). To 
calculate the percentage of alternation, the total number of 
alternations was divided by the total number of entries 
minus two and then multiplied by 100 [35].  

2.6 Biochemical Assays 

2.6.1 Determination of acetylcholine concentration 
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The plasma concentration of acetylcholine, a neurotrans-
mitter involved in cholinergic function, was measured 
using an enzyme immunoassay based on the guidelines 
provided by the manufacturer (Biovision Inc., Milpitas, 
CA, USA). The concentration of acetylcholine was ex-
pressed in units of µM. 

2.6.2. Determination of lipid peroxidation 
(malondialdehyde) concentrations 

To evaluate lipid peroxidation, the malondialdehyde 
(MDA) concentration in plasma samples was determined 
using the thiobarbituric acid-reactive species (TBARs) 
assay, following the protocol established by Ohkawa et 
al. [36]. In this method, reactive substances of thiobarbi-
turic acid react with free MDA present in blood or tissue, 
forming a coloured complex known as TBAR-MDA ad-
ducts. The absorbance of this complex was measured at a 
wavelength of 532 nm. The concentration of MDA was 
quantified and expressed as μmol/L. 

2.6.3 Determination of reduced glutathione concen-
tration 

The concentration of reduced glutathione was assessed 
using the method outlined by Moron et al. [37]. In this 
method, reduced glutathione forms a yellow-coloured 
complex with Ellman's reagent (DTNB), which exhibits 
absorbance at 412 nm. The concentration of reduced glu-
tathione (GSH) was expressed as nmol/mL [37]. 

2.6.4 Determination of catalase activity 

The catalase activity was determined using the method 
described by Aebi [38]. The assay involved measuring 
the decomposition of hydrogen peroxide (H2O2). As hy-
drogen peroxide decomposes, the absorption spectra de-
crease, starting from approximately 240 nm. The catalase 
activity was quantified by measuring the difference in 
extinction per unit of time. The activity of catalase was 
expressed as U/mL [39]. 

2.6.5 Determination of glutathione peroxidase activity 

Glutathione peroxidase (GPx) is an enzyme that plays a 
crucial role in reducing hydroperoxides, specifically hy-
drogen peroxide. The method developed by Hafemann et 
al. [40] was employed to determine the activity of GPx. 
This enzyme facilitates the breakdown of hydrogen per-
oxide in the presence of reduced glutathione (GSH), pro-
ducing oxidised glutathione (GSSG) and water: H2O2 + 
2GSH/GSSG + H2O2. To quantify the remaining GSH, it 
was reacted with Ellman's Reagent (DTNB), which dis-
plays absorbance at 412 nm. The activity of GPx was 
expressed as U/mL [38]. 3.10. 10 GC-MS Analysis of the 

Aqueous Extract of Datura Stramonium Leaf 

2.6.6 Gas chromatography-mass spectroscopy (GC-
MS) analysis 

Gas chromatography-mass spectroscopy (GC-MS) analy-
sis was performed on a Perkin ElmerTurbo Mass Spec-
trophotometer (Norwalk, CTO6859, USA), comprising a 
Perkin ElmerAuto sampler XLGC. The column used was 
a Perkin Elmer Elite 5-capillary column measuring 30m 
× 0.25 mm with a film thickness of 0.25 mm composed 
of 95% dimethyl polysiloxane. The carrier gas used was 
helium at a flow rate of 0.5 mL/min, and a 1 μL sample 
injection volume was used. The inlet temperature was 
maintained at 250°C. The oven temperature was initially 
automated at 110°C for 4 minutes, then increased to 240°
C and programmed to increase to 280°C at a rate of 20 °
C, ending with a 5-minute run time of 90 minutes. The 
MS transfer line was maintained at a temperature of 200°
C. The source temperature was maintained at 180°C. 
GCMS was analysed using electron impact ionisation at 
70 eV, and the data was evaluated using total ion count 
(TIC) for compound identification and quantification. 
The spectra of the components were compared with the 
database of spectra of known components stored in the 
GC-MS library. Measurement of peak areas and data pro-
cessing were carried out by Turbo-Mass OCPTVS-Demo 
SPL software. The phytochemical analysis was done at 
the Nigeria Institute of Medical Research (NIMR), Yaba 
Lagos. 

2.7 Statistical Analysis 

Data analysis was conducted using one-way analysis of 
variance (ANOVA), followed by Tukey’s post hoc test 
using GraphPad Prism version 8.04. Data were presented 
as Mean ± SEM, and statistical significance was deter-
mined at a significance level of p < 0.05.  

 

3.0 RESULTS 

3.1 Phytochemical Screening 

A preliminary phytochemical evaluation was performed 
on the aqueous extract obtained from DS leaves, encom-
passing qualitative and quantitative assessments. These 
unveiled the existence of several chemical components in 
the extract, such as tannin, flavonoid, alkaloid, saponin, 
steroid, cardiac glycoside, reducing sugar, and phenol 
(Figure 1). Moreover, during the GC-MS analysis, 33 
isolates or bioactive metabolites were detected in the ex-
tract (Table 1). Among these, tropane alkaloids such as 
2,5-Methano-2H-furo[3,2-b] pyrrole,hexahydro-4-methyl 
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6beta,7beta-epoxy-1alphaH,5alphaH tropan-3alpha-
ol; and 1 benzene acetic acid, alpha-(hydroxymethyl-
8-methylAzabicyclo{3.3.2} oct-3-yl ester were iden-
tified.  These specific tropane alkaloids are 3,6-
Epoxytropane, Scopolamine, and Atropine, respec-
tively. The corresponding retention times and area 
percentages for these compounds were as follows: 
7.064 and 6.78 for 3,6-Epoxytropane, 13.478 and 
6.03 for Scopolamine, and 14.606 and 7.21 for Atro-
pine, as outlined in Table 1. 

 

SN Compound Name Synonyms Molecular Formula Retention Time Area% 
1 Tetraethyl silicate Chloro(trimethyl)silane C11H29ClO4Si2 3.167 6.85 
2 1-(2 Adamantylidene) semicarbazide 2-Adamantanone semicarbazone C11H17N3O 3.310 0.68 
3 Triethoxysilanol SCHEMBL57766 C6H16O4Si 3.402 1.10 
4 1-Dodecene Adacene 12 C12H24 5.668 5.42 
5 7-Azabicyclo[4.1.0]heptane - C6H11N 6.131 0.80 
6 2,5-Methano-2H-furo[3,2-b]pyrrole, hexahy-

dro-4-methyl 

Deoxyoscine; Deoxyscopoline; 

3,6-Epoxytropane 

C8H13NO 7.064 6.78 

7 Hexanoic acid, 1-methylethyl ester Isopropyl heptanoate C10H20O2 7.241 0.55 
8 9-Octadecene, (E)- (E)-octadec-9-ene C18H36 8.008 10.20 
9 2,4-Pentadien-1-ol, 3-ethyl-, (2Z) (2E)-3-Ethyl-2,4-pentadien-1-ol C7H12O 9.954 1.51 
10 9-Eicosene, (E)- Icos-9-ene; 9-Icosene C20H40 10.097 9.24 
11 6-Amino-1-methylpurine 1H-Purin-6-amine C6H7N5 10.286 0.70 
12 Phenol, 2-amino-4-(1H-1,2,3,4-tetrazol-1-yl) - C7H7N5O 10.297 0.72 
13 Acetic acid, trifluoro-, dodecyl ester Trifluoroacetic acid C14H25F3O2 11.962 5.94 
14 7-Oxabicyclo[4.1.0]heptane, 3-oxiranyl- - C9H16O2 12.374 0.63 
15 Cyclooctene, 3-ethenyl- 3-Ethenylcyclooctene C10H16 12.443 0.61 
16 cis,cis,cis-7,10,13-Hexadecatrienal USMAGXMGZXKLHT-

PDBXOOCHSA-N 

C16H26O 12.695 0.95 

17 7-Oxabicyclo[4.1.0]heptane, 3-oxiranyl- - C9H16O2 13.032 1.34 
18 9,12-Tetradecadien-1-ol, acetate, (Z,E)- - C16H28O2 13.112 1.15 
19 6beta,7beta-epoxy-1alphaH,5alphaH tropan-

3alpha-ol 

Scopolamine; 

(-)-Hyoscine 

C17H21NO4 13.478 6.03 

20 Octanoic acid, ethyl ester Ethyl caprylate C10H20O2 13.656 5.53 
21 9,12-Octadecadienoic acid (Z,Z)- Methyl octadec-9,12-dienoate C19H34O2 14.423 3.32 

22 Ethyl 6,9,12-hexadecatrienoate MZCUMMBTDLDIGZ-

QNEBEIHSSA-N 

C18H30O2 14.463 2.18 

23 9,17-Octadecadienal, (Z)- SCHEMBL3966133 C18H32O 14.508 3.30 

24 1 benzene acetic acid, alpha- (hydroxymethyl

-8-methylAzabicyclo{3.3.2} oct-3-yl Ester 

endo-(±)- 

Atropine; Hyoscyamine; Tropyl 

tropate 

C17H23NO3 14.606 7.21 

25 Ethyl 6,9,12-hexadecatrienoate MZCUMMBTDLDIGZ-

QNEBEIHSSA-N 

C18H30O2 14.686 1.07 

26 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- Linolenic acid; Industrene 120 C18H30O2 14.755 1.70 
27 1,5-Cyclodecadiene, (E, Z)- Cyclodeca-1,5-diene C10H16 14.846 1.31 
28 Oleic Acid 9-octadecenoic acid; Elaidoic 

acid 

C18H34O2 15.006 5.70 

29 Cyclododecyne DTXSID30150209 C12H20 15.184 2.95 
30 10-Undecyn-1-ol ω-Undecenyl alcohol; 11-

Hydroxy-1-undecene 

C11H22O 15.395 0.51 

31 4-Nitrophenyl laurate p-nitrophenyl dodecanoate 

SCHEMBL1916980 

C18H27NO4 17.301 0.61 

32 Dodecanoic acid, 1,2,3-propanetriyl ester Laurin, Glycerin trilaurate C39H74O6 17.684 0.60 
33 Mono(2-ethylhexyl) phthalate 1,2-Benzenedicarboxylic acid C16H22O4 18.846 2.82 

Table 1. Phytochemical composition of DS extract  
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Figure 1. Quantitative analysis of the aqueous extract of DS leaf 
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3.2 Donepezil attenuated spatial memory deficit in-
duced by Datura stramonium in rat 

As depicted in Figure 2, untreated groups persistently 
exposed to DS at all dose levels (50, 100 and 200 mg/kg; 
p.o) experienced a reduction (p < 0.05) in the spontane-
ous alternation [F (6, 35) = 51.00; P<0.0001], which is an 
index of spatial memory function in the Y maze para-
digm. However, the administration of donepezil (DPZ, 4 
mg/kg; p.o.) attenuated (p < 0.05) the impact of DS at 50 
and 100 mg/kg but not at 200 mg/kg. 

3.3 Donepezil mitigated decrease in brain acetylcho-
line level in rats insulted with Datura stramonium  

As depicts in Figure. 3, the oral administration of DS at 
various dose levels (50, 100, and 200 mg/kg) resulted in 
a decrease (p < 0.05) in acetylcholine levels [F (6, 28) = 
28.76; P<0.0001], which is an index of cholinergic func-
tion. It is worth noting that the effect of DS at doses of 
100 and 200 mg/kg was counteracted (p < 0.05) by the 
oral administration of donepezil at a dose of 4 mg/kg. 
However, the lower dose of DS at 50 mg/kg did not show 
this mitigating effect (p > 0.05) when combined with 
donepezil. 

3.4 Donepezil exerted anti-oxidant effect in rats chal-
lenged with Datura stramonium 

Figure 4 depicts the components participating in the reg-
ulation of oxidative stress, including the levels of pro-
oxidant (MDA), alongside the activity of enzymatic anti-
oxidants (GPx and CAT) and non-enzymatic antioxidant 
(GSH).  

The continuous oral administration of DS at 100 and 200 
mg/kg resulted in elevated levels (p < 0.05) of MDA [F 
(6, 28) = 23.06; P<0.0001], an indicator of lipid peroxi-
dation in animals. However, the treatment with 
donepezil, effectively reversed (p < 0.05) the effect of 
DS (50, 100 and 200 mg/kg), suggesting the antioxidant 
properties of donepezil (4 mg/kg) (Figure 4 A).  

Furthermore, it was noted that the animals exposed to DS 
(50, 100, and 200 mg/kg p.o.) exhibited a decrease (p < 
0.05) in the activity of GPx [F (6, 28) = 71.42; 
P<0.0001]. But, when donepezil and DS (100 and 200 
mg/kg) were administered together, the activity of GPx 
was observed to be enhanced (p < 0.05) in these animals, 
providing additional evidence for the antioxidant capaci-
ty of donepezil (Figure 4 B). Administration of DS at 
doses of 50, 100, and 200 mg/kg resulted in diminished 
activity (p < 0.05) of CAT [F (6, 28) = 17.65; P < 
0.0001]. However, the decline in CAT activity was effec-
tively reversed (p < 0.05) upon administration of 
donepezil (Figure 4 C). Surprisingly, in contrast to previ-
ous findings regarding endogenous antioxidants, a note-
worthy decrease (P < 0.05) in GSH levels [F (6, 28) = 
16.00; P<0.0001] was observed exclusively when DS at 
50 mg/kg was administered independently. No alterations 
(p > 0.05) were noted when DS at 50 mg/kg was co-
administered with donepezil. Additionally, a decrease (p 
< 0.05) in GSH levels was noticed when donepezil and 
DS at a dosage of 100 mg/kg were co-administered in the 
animals (Figure 4 D).  
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Figure 2. Donepezil ameliorated spatial memory deficit induced by 
DS 142 in Y- the Y-maze test. Data represents mean ± S.E.M (n = 5/
group). *p < 0.05 vs vehicle control, β1p < 0.05 vs DS (50 mg/kg), 
β2p < 0.05 vs DS (100 mg/kg). VEH = Vehicle control, DS = Datura 
stramonium, DPZ = Donepezil 
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Figure 3. Donepezil mitigated decrease in brain acetylcholine level 
in rats exposed to Datura stramonium. Data represents mean ± 
S.E.M (n = 5/group). *p < 0.05 vs vehicle control, β2p < 0.05 vs DS 
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DS = Datura stramonium, DPZ = Donepezil  
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4.0 DISCUSSION  

The findings of this study demonstrate that DS insult in-
duces spatial memory deficits in rodents, potentially me-
diated by cholinergic dysfunction and increased oxida-
tive stress. Our findings further support earlier data that 
DS contains phytoconstituents with the potential to cause 
toxicity [39, 40], particularly tropane alkaloids of which 
some (e.g., scopolamine and atropine) act as antagonists 
of acetylcholine receptors to cause cognitive deficit and 
neurochemical derangement when accidentally used [41, 
42, 43]. However, donepezil, through its cholinesterase 
inhibitory properties, effectively ameliorated spatial 
memory impairments caused by DS persistent intake. 
The enhanced cholinergic function observed in the 
donepezil-treated group may contribute to improved spa-
tial memory performance. Moreover, the suppression of 
oxidative stress by donepezil suggests its potential neuro-
protective role in mitigating cognitive impairments.  

DS is a highly toxic plant that has been used for various 

purposes throughout history [44]. While it may have 
some medicinal properties, it is crucial to be aware of the 
potential risks associated with its use. Several previous 
studies have investigated the impact of DS on the brain, 
particularly concerning motor and memory functions 
[45]. In the current investigation, DS was found to con-
tain tannin, flavonoid, alkaloid, saponin, steroid, cardiac 
glycoside, reducing sugar, and phenol bioactive second-
ary metabolites, which is consistent with previous find-
ings that revealed DS to contain a class of alkaloids 
called tropane alkaloids including scopolamine and atro-
pine [46].  These tropane alkaloids overload via blocking 
acetylcholine receptors has been implicated in the deple-
tion of acetylcholine concentrations and disruption of 
cholinergic functions in the body [47]. Acetylcholine is a 
neurotransmitter that is indispensable to learning and 
memory functions, and its disruption can cause cognitive 
impairment. In the present study, animals exposed to DS 
persistent intake without intervention experienced cogni-
tive abnormalities, including spatial difficulty with  
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Figure 4. Donepezil exerted plasma anti-oxidant effect in rats challenged with Datura stramonium. A) MDA, B) GPx, C) CAT and D) GSH. 

Data represents mean ± S.E.M (n = 5/group). *p < 0.05 vs vehicle control, β1p < 0.05 vs DS (100 mg/kg), β2p < 0.05 vs DS (100 mg/kg), β3p < 

0.05 vs DS (200 mg/kg). VEH = Vehicle control, DS = Datura stramonium, DPZ = Donepezil, MDA = Malondialdehyde, GPx = Glutathione 

peroxidase, CAT = Catalase, GSH = Reduced glutathione. 
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memory in Y maze paradigms along with low plasma 
levels of acetylcholine. Similarly, Ogunsuyi et al. [46] 
showed in their report that rats exposed to DS extract 
exhibited reduced memory index and other behavioral 
impairments [43]. Of course, the possible mechanism of 
the decline in cognition observed in the study may be 
linked to the decrease in cholinergic function. Studies 
have shown that manipulations of the cholinergic system 
can influence performance in the Y-maze task. For in-
stance, impairments in the cholinergic system, such as 
reduced acetylcholine release or cholinergic receptor 
dysfunction, can lead to cognitive deficits in the Y-maze 
task [48]. However, boosting acetylcholine levels in the 
brain with donepezil, a cholinesterase inhibitor, im-
proved working memory performance in the Y-maze in 
rats given both donepezil and DS. These findings are in 
agreement with earlier reports that evidenced donepezil's 
beneficial effects on cognitive function and memory 
[49]. Donepezil is a drug that is often used to treat Alz-
heimer's disease, a neurodegenerative ailment that causes 
cognitive decline and memory impairment. It functions 
by inhibiting an enzyme responsible for breaking down 
acetylcholine [50]. This inhibition leads to increased lev-
els of acetylcholine, facilitating better communication 
between neurons and thereby enhancing cognitive abili-
ties, including working memory. The improved working 
memory performance reported in rats treated with both 
donepezil and DS shows that there may be a competitive 
interaction between these two agents in the brain. Hence, 
donepezil reduced the detrimental impact of prolonged 
DS treatment on cognitive function. However, a decrease 
in alternation behavior could be caused by behavioral dis
-inhibition, DS may affect emotion rather than cognition 
[51].  

Additionally, chronic administration of Datura stramoni-
um, a plant renowned for its scopolamine content, has 
been associated not only with cognitive impairments and 
cholinergic dysfunction but also with oxidative stress. 
This study further demonstrates an elevation in MDA 
levels, indicating increased lipid peroxidation, [reactive 
oxygen species (ROS) and pro-oxidant] levels, alongside 
decreased activities of glutathione peroxidase and cata-
lase, which are antioxidants, in Datura stramonium-
untreated rats. This imbalance between the generation of 
pro-oxidants or ROS and the body's antioxidant defense 
system, favoring the former, ultimately leads to oxidative 
stress. Lines of evidence have indicated that scopola-
mine, abundantly present in cases of DS overdose, can 
induce oxidative stress in the brain [1]. Scopolamine has 

been found to enhance ROS production and hinder anti-
oxidant systems, resulting in cellular damage and oxida-
tive stress. Oxidative stress can detrimentally affect neu-
ronal function and synaptic plasticity, crucial for normal 
cognitive processes. The excessive production of ROS 
and the resultant oxidative damage to proteins, lipids, 
and DNA can disrupt cellular signaling and impede neu-
ronal communication [52]. Hence, we postulate that the 
inhibitory activity of DS on the cholinergic system, as 
well as the emergence of oxidative stress, may contribute 
to the observed cognitive impairments in this study. 
However, we also observed that the biochemical de-
rangements in the oxidative pathway induced by DS 
were ameliorated in rats treated with donepezil. These 
findings align with the earlier reports, where they high-
lighted the inhibitory effects of donepezil on oxidative 
stress markers such as ROS levels and lipid peroxidation 
in experimental models of Alzheimer's disease, where 
cognitive decline is the hallmark symptom. Furthermore, 
donepezil enhances the activity of antioxidant enzymes, 
thus promoting a more beneficial redox equilibrium [25]. 
Although the exact mechanisms through which donepezil 
exerts its protective effects are not fully elucidated, it is 
hypothesized that the drug's ability to enhance choliner-
gic neurotransmission and modulate inflammatory re-
sponses contributes to its antioxidative properties [21].  
Of note, the potential of donepezil to ameliorate oxida-
tive pathway derangement holds promising implications 
for various disorders associated with oxidative stress. 
Beyond its established role in Alzheimer's disease, 
donepezil may find utility in conditions characterized by 
excessive oxidative stress, such as neurodegenerative 
disorders, cardiovascular diseases, and even aging-
related processes.  

It is essential to highlight that, in addition to conducting 
quantitative and qualitative phytochemical analyses on 
DS, we also subjected it to GC-MS analysis. Our re-
search not only confirmed the existence of known sco-
polamine and atropine tropane alkaloids in the DS ex-
tract, but it also unveiled several other bioactive metabo-
lites. Of particular significance, our investigation led to 
the discovery of a previously unidentified phytochemical 
within the tropane alkaloid class in the DS extract. This 
novel compound was identified as 2,5-Methano-2H-furo
[3,2-b] pyrrole, hexahydro-4-methyl, commonly known 
as Deoxyscopoline, 3,6-Epoxytropane, or 3,6-
Dioxoheptyl benzoate. Interestingly, this compound pos-
sesses a unique epoxy group at positions 3 and 6 within 
its bicyclic ring system and shares structural similarities  
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with cocaine, as both compounds have a common tro-
pane nucleus and belong to the same chemical family.  

Currently, 3,6-epoxytropane is known to be present in 
DS leaves, while cocaine, another tropane alkaloid, is 
derived from the leaves of the coca plant (Erythroxylum 
coca). It is important to note that cocaine is a potent stim-
ulant drug known to exhibit a wide range of pharmaco-
logical effects. However, it is crucial to recognize that 
improper usage of cocaine has been associated with an 
increased risk of addiction, adverse impacts on mental 
well-being, and physical harm [53]. Therefore, the dis-
covery of this new tropane alkaloid in DS extract war-
rants cautious consideration of its potential effects and 
implications, especially in light of concerns surrounding 
similar compounds like cocaine. Furthermore, this find-
ing also supports previous reports indicating the presence 
of Amphetamine-3-methyl, 3-Methoxyamphetamine, 2,5
-Dimethoxy-4-(methylsulfonyl) amphetamine [46] and 
hallucinogenic compounds including scopolamine, and 
atropine in DS [54, 55] that the toxic effects of DS, par-
ticularly on the central nervous system, may be attributa-
ble to its bioactive constituents known to have hallucino-
genic activities. 

 Limitations 

There are several limitations in this study that should be 
acknowledged. Firstly, the study lacks immunohisto-
chemistry analysis of brain regions crucial to cognitive 
formation, which represents a notable gap in our under-
standing. By utilizing this technique, valuable insights 
into the specific neural mechanisms underlying the ob-
served effects of DS could have been gained. Secondly, 
the study's exclusive focus on the effects of DS on spatial 
memory deficits and oxidative stress restricts our under-
standing of its potential impact on other cognitive func-
tions. Exploring the effects of DS on a broader range of 
cognitive abilities would lead to a more comprehensive 
understanding of its overall influence. Lastly, although 
the study identified bioactive components of DS using 
GCMS, a more detailed investigation involving the isola-
tion of these components, especially those uncommon, 
through methods like HPLC, could strengthen the basis 
underlying the toxic effects of DS on rats experiencing 
cognitive deficit and biochemical derangement. This ad-
ditional analysis would enhance the understanding of 
DS's mechanisms and the potential factors contributing 
to its effects. 

Taken together, the study demonstrates that sub-acute 
intake of DS leads to spatial memory deficits in rodents, 

possibly due to cholinergic dysfunction and increased 
oxidative stress. The presence of toxic alkaloids in DS, 
such as scopolamine and atropine, is implicated in the 
disruption of cholinergic function and cognitive impair-
ment. However, treatment with donepezil, a cholinester-
ase inhibitor, effectively improves spatial memory im-
pairments caused by DS intake. Donepezil enhances cho-
linergic function and reduces oxidative stress, suggesting 
its potential neuroprotective role in mitigating cognitive 
impairments. It is important to be aware of the toxic 
properties of DS and consider the risks associated with 
its use. Moreover, these findings highlight the potential 
of donepezil in treating cognitive impairments and oxida-
tive stress-related conditions beyond Alzheimer's disease. 
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