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ABSTRACT   

INTRODUCTION: Datura stramonium is a psychoactive plant with several active phytochemicals which 

includes tropane alkaloids such as atropine, scopolamine and hyoscyamine and other phytoconstituents reported 

to have mind-altering effects. The cerebellum is involved in motor and non-motor functions, consisting of 

cognition and affective states.  

MATERIALS AND METHODS: Twenty (20) rats were blindly randomized into four groups (A, B, C and D; 

n=5/group). Distilled water (5 mL/kg; p.o) was administered to the control group (A), while 100, 150 and 200 

mg/kg (p.o) doses of DSE was administered to the test groups B, C and D respectively for a period of 21 days.  

RESULTS: The biometric and behavioral results showed that DSE in a dose-dependent fashion markedly 

increased percentage body weight gain and number of foot slips but reduced the number of alternation, 

percentage of alternation and average speed. The neurotoxicity of DSE also showed a dose dependent 

histomorphological changes in cerebellar cortex.  

CONCLUSION: This study shows that DSE decreases locomotion, equilibration and balance, spatial memory, and 

cognition in treated rats.  
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INTRODUCTION  

Datura stramonium (D. Stramonium), commonly referred to 

as thorn apple in English, is an annual and herbaceous plant 

that belongs to the circle of relatives of solanaceae [1,2]. It is 

highly rich in alkaloids, tannins, saponins, glycosides, 

flavonoids, carbohydrates, proteinsand phenolic compounds 

[3]. Earlier research mentioned that this plant possesses a 

number of pharmacological properties such as anti-microbial, 

anti-cholinergic, anti-inflammatory, anti-asthmatic, antiulcer, 

anti-cancer, analgesic and lot more, used for the remedy of 

numerous diseases [4]. Nonetheless, the toxicity of this plant 

especially the tropane alkaloids (atropine, scopolamine and 

hyosciamine) and other phytoconstituents showed to have 

adverse effects on the nervous system; causing loss of 

memory, induction of hallucination, and anxiety [5]. 

Physical interplay and few clinical cases reports have 

revealed the purposeful use of D. Stramonium amongst 

adolescents specifically for its central nervous system (CNS)   

stimulating effects [6]. In addition, instances of unintended 

D. Stramonium-induced toxicity in humans are mostly via 

consumption of contaminated farm products [7].  

The cerebellum (also called “little brain”) is the largest part 

of the hindbrain anatomically located at the posterior part of 

the brain, underlying the occipital and temporal lobes of the 

cerebral cortex [8]. It is dorsal to the pons and medulla, and 

its median region is separated from them by means of the 

fourth ventricle [9]. Although the cerebellum accounts for 

about 10-11% of the brain’s volume, it contains over 50% of 

the total number of neurons in the brain [10].  

The cerebellum is typically regarded for its involvement in 

motor coordination [11]. However, lines of evidence revealed 

cerebellum to play significant roles in non-motor activities 

like emotion, learning, cognition and maintenance [12-14]. 

Furthermore, cerebellar networks show long-term synaptic 

plasticity, which indicates that experiment-dependent 

adaptation and learning processes are also a prominent feature  
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of cerebellar function [15,16]. The characteristic adaptive 

capacity is a key feature of many current theories of cerebellar 

functions [17]. Animal studies showed that cerebellar injuries 

might cause movement incoordination, difficulty in balance 

and interrupt learning on cognitive task. Here we evaluated 

the changes in motor coordination, spatial memory, cognition 

and cerebellar histomorphology of D. stramonium-treated rats 

using Ymaze and beam walking tests, and H&E histological 

assessment.  

MATERIALS AND METHODS  

All experimental procedures were strictly carried out in 

conformity with the “Guidelines for Care and Use of 

Laboratory Animals” prepared by the National Academy of 

Science and sanctioned by the Ethical Research Committee of 

the University of Ilorin, Nigeria.  

Morphometric measurements  

The sample of D. stramonium seeds were harvested from the 

botanical garden of the University of Ilorin, Nigeria. 

Botanical identification was done at the Department of Plant 

Biology, Faculty of Physical Sciences, University of Ilorin, 

Nigeria.   

The extraction was carried out according to the method of 

Fatoba et al., 2012 with modifications. The seed pods were 

plucked, left for three days to crack before the seeds were 

collected. Subsequently, the seeds were air-dried at room 

temperature and grounded into fine powder. 500g of the fine 

powder was soaked in 10L of distilled water for three days to 

extract its constituents. The preparation was then filtered and 

the residue was discarded while the filtrate was evaporated to 

dryness over the oven at a temperature of 60–80°C for 5-6 

hours per day for 2 weeks. D. stramonium solution of 0.1g per 

ml concentration was prepared, kept in a freezer (-20oC) to 

avoid fermentation and deterioration [18]. The lethal dose 

(LD50) of D. stramonium seed extract was 400 mg per kg body 

weight [19]. In this study, the extract doses range between ¼ 

and ½ of the lethal dose which are 100, 150 and 200 mg/kg 

body weight, administered to groups B, C and D respectively.  

Experimental animals  

Adult female Wistar rats (20) weighing 200±20 g were 

obtained from the animal holding of the University of Ilorin, 

Nigeria, kept and observed for general well-being in the 

animal house the Department of Anatomy, University of 

Ilorin. They were housed in plastic cages, maintained under 

standardized conditions (12-h light/dark cycle, 27-30º C, 50-

80% relative humidity), fed with standard rodent pelleted diet 

(Ace Feeds, Ilorin, Nigeria) and water ad libitum. The rats 

were acclimatized in the laboratory for 14 days before the 

commencement of the study [20]. 

Experimental design  
The rats were randomly divided into two groups; the control 

(n=5) and test (n=15) groups. The control group (A) received 

distilled water (5 mL/kg) while the test group was further 

divided into three subgroups (n=5/subgroup; B, C and D), 

which received DSE at varying doses of 100, 150, and 200 

mg/kg body weight respectively (Figure 1). Both distilled 

water and DSE were administered via intra-gastric gavage 

daily for 3 weeks.  

Sub-acute neurobehavioral assessments  
The rats were subjected to neurobehavioural tests on 14th and 

20th day of the administration in order to access motor 

cognitive functions (Figure 1). The Y-maze and beam 

walking tests were carried out on the 14th and 20th day 

respectively after three consecutive trials for a period of 3 

days per test. The Y-maze test was used to evaluate the effect 

of DSE on spatial cognitive ability of the rodents. The 

apparatus comprised three arms (75 cm × 25 cm × 15 cm) 

labeled A, B and C, which are symmetrically separated at 

120°. The procedure involved the placement of individual rat 

in the Y-maze apparatus at the end of arm A, allowed it to 

explore all the three arms freely for 5 minutes and recorded 

the number of arm visits and alternation of arm visits visually 

[21]. Sequence such as ABC, BCA or CAB was identified as 

correct alternation; the percentage alternation is used as an 

index of spatial memory which was calculated as shown 

below:  

 

The beam walking test is an experimental measure used to 

assess the balance and motor coordination of the rodents 

under the influence of drug treatment [22]. In this study, 

individual rat was placed on a white, brightly lit platform and 

was allowed to walk across a narrow wood beam to reach an 

enclosed safety dark box end of the beam with pelleted diet 

inside. To evaluate the motor coordination and balance, time 

taken by the rat to traverse the distance; number of foot slips 

and turns that occurred during the process were recorded. 

Average speed was calculated as the rate of distance covered 

to traverse the beam per unit time, expressed in cm/s.  

Measurement of body weight  
The rats were weighed with the electrical balance at day 1 and 

21 prior to the first administration and the sacrifice of the rats 

respectively. The percentage of weight gain per rat was 

calculated using the following arithmetical equation:  

Histomorphological study  
At day 21, the rats were euthanized by intra-peritoneal 

injection of 0.2ml/100g of ketamine and intracardially 

perfused with 0.9% normal saline followed by 4% 

paraformaldehyde (PFA). Brain tissues were excised, rinsed 

in 0.25 M sucrose 3 times for 5 min each and post-fixed in 
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10% phosphate-buffer formalin for five days. Thereafter, 

cerebrellar tissues were sectioned, mounted and stained with 

Haematoxylin and Eosin (H and E) as described by Imam et 

al. (2016) for histological evaluation [23]. Specimens were 

examined under a light microscope (magnification, ×200).  

Data analysis  

Statistical evaluations were done using GraphPad Prism 

version 5.0 (GraphPad Software, San Diego, CA, USA). 

Behavioural and body weight groups of data were compared 

with an analysis of variance (ANOVA) followed by Turkey 

multiple comparison tests. All data are expressed as mean ± 

S.E.M. Analysis was statistically significant at a two tailed p 

value of < 0.05.  

RESULTS  

Aqueous extract of Datura stramonium seeds (DSE) 
enhances body weight gain in rats  

The effect of DSE on body weight gain is illustrated in Figure 

2A. The percentage body weight gain shows that there was 

significant increase (p < 0.05) in body weight of rats that 

received DSE (150 and 200 mg/kg) when compared to control 

rats. There was no significant difference (p > 0.05) in body 

weight of rats that received 100mg/kg DSE when compared 

to control rats.  

Aqueous extract of Datura stramonium seeds (DSE) 
reduces spatial memory and locomotion performance of 
rats in Y-maze  

The effect of DSE on the number and percentage of 

alternation in rats subjected to Y-maze test is shown in 

Figures 2B and 2C respectively. DSE (150 and 200 mg/kg) 

treatment caused disruption in locomotion by significantly 

decreasing (p < 0.05) the number of alternations while the 

exposure of 100 mg/kg DSE showed no effect (p >0.05) on 

locomotion when compared to rats that received distilled 

water. Treatment with all doses of DSE significantly reduced 

(p < 0.05) the sequence of percentage alternations when 

compared to distilled water treated rats. The result of Y-maze 

test showed deficits in locomotion, spatial working memory 

or the readiness of rat to explore a new terrain when treated 

with DSE.  

 

Figure 2. Aqueous extract of Datura stramonium seed enhances body weight gain, and impairs motor-cognitive functions in female Wistar 

rats as depicted by: A) percentage body weight gain, B) percentage spontaneous alternation, C) average speed on beam and D) numbers of 

foot slips. DSE exposure significantly increases body weight gain.  The results were expressed as the mean ± S.E.M. (n=5), ᶲP <0.05 versus 

the control group. 
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Figure 3. Representative photomicrograph: Aqueous extract of Datura stramonium seed (DSE) deranges cerebellar histoarchitecture in a 

dose graded pattern.  Rats in the following groups received (A) Distilled water, and shows normal histomorphology (B) DSE-100 mg/kg, 

shows normal histomorphology with no visible change cellular arrangement. (C) DSE-150 mg/kg, formation of vacuoles, loss of cells in 

Purkinje layer and (D) DSE 200 mg/kg, disruption of cellular organization in the cerebellar cortex. P: Purkinje; ML: molecular layer; GL: 

granular layer; stain: hematoxylin and eosin; magnification: x200 

Aqueous extract of Datura stramonium seeds (DSE) 
alters performance of rats in beam walking test  

The effect of DSE on average speed of rats away from the 

beam and the number of foot slips in rats subjected to beam 

walking test is shown in Figures 2D and 2E respectively. 

Treatment of rats with DSE significantly decreased (p < 0.05) 

the average speed on beam except 100 mg/kg DSE that had 

no significant change (p > 0.05) when compared to distilled 

water treated rats. In addition, all the DSE treated rats (100, 

150 and 200 mg/kg) showed significant increase in the 

number of foot slips (p < 0.05) which affected the balance 

pattern when compared with distilled water treated rats. The 

result of beam walking test showed impairments of balance 

and motor coordination in DSE treated rats.  

Aqueous extract of Datura stramonium seed (DSE) alters 
cerebellar histoarchitecture in rats  

The effects of DSE on cerebellar tissue were observed to be 
toxic in a dose graded patterns as shown in Figure 3A-D. The 

histomorphological examination of the cerebellum in control 

rats that received distilled water showed normal 
histoarchitecture as the arrangement of the three cerebellar 

layers and neuronal morphology were all intact (A). 100 

mg/kg DSE showed no visible change in the Purkinje cell 
layer and retained normal arrangement (B). Meanwhile, DSE 

at 150 mg/kg led to atrophy of Purkinje cell layer and 

shrunken nuclei of the neurons in the molecular layer with 
disruption of fibers orientation while in granular layer, there 

was formation of vacuoles in the cells of the cerebellum 
suggesting degeneration of the nerve cells (C). Furthermore, 

DSE at 200 mg/kg caused total distortion of the cellular 

arrangement in molecular and granular layers, indicating 
neuronal degeneration (D). The histopathological result of this 

study showed that DSE at 150 and 200 mg/kg provoked 

cerebellar degeneration. 

DISCUSSION  

D. stramonium is a hallucinogenic plant of the family 

solanaceae, widely found in city and rural areas and commonly 
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used in alcoholic beverage due to its pharmacological 

properties [4,24]. It contains a variety of phytochemicals that 

are worthwhile in the treatment of certain diseases [25]. 

Notwithstanding its medicinal usefulness, its toxicity at low 

dosage keeps putting the user at an awesome risk.  

After a sub-acute oral administration of 100, 150 and 200 

mg/kg doses of DSE, there were remarkable changes in both 

physical and structural assessment respectively. DSE 

increased weight gain across the treated groups. This is 

similar to the report of Uddin et al., 2017 where gain in weight 

was observed at the lowest dose (50 mg/kg) but reduces with 

higher doses (100 mg/kg and 200 mg/kg) respectively [23]; 

when solvated DS leaf extracts were administered to evaluate 

its toxic effect in rats. The   underlying mechanism behind the 

weight gained by the rats is unclear. Perhaps, DS may have 

stimulating impact on appetite centre of hypothalamus 

thereby increasing the feeding dependency of rats.  

The locomotor activity and spatial memory decreased across 

the groups in a dose dependent manner. As observed in the 

total number of alternation and percentage alternation 

assessments on Y-maze test, the result obtained from these 

behavioral tests shows that DSE caused impairment of 

locomotion, memory and cognitive function in the treated 

rats. This observation accord with the report of Tijani et al. 

(2015), whose study revealed the neuro-toxicological 

consequences of Datural metel; another plant of the family 

solanaceae with a common active secondary metabolites 

(atropine and scopolamine respectively). Datural metel 

caused motor dysfunction, reduced total locomotive activity 

and induced memory deficit in treated mice [26].   

Furthermore, the cerebellum is termed the head of ganglion of 

the proprioceptive system as it receives general impulses from 

the limbs and trunk through the spinocerebellar tract and 

accessory cuneate nuclei while the special impulses from 

semicircular canal system is through the vestibular nerve 

[27,28]. Upon information provided by these impulses the 

cerebellum is competent to exert a controlling influence on 

posture and by regulation of muscular tone to effect the 

harmonious coordination of all individual muscles required 

for the production of voluntary movement [29,30]. Thus, the 

possible explanations for the observation are: lack of adequate 

input from afferent impulses to cerebellum; interruption of 

signaling pathway(s) to the cerebellum; defect in vestibular 

nerve transmission or disturbance in semicircular canal; 

injury or inflammatory responses along the tracts; impaired 

integrity of neuronal membrane and substantial neuronal 

derangement and loss (supported by histomorphological 

changes figures 3C and 3D).  

From the beam walking test, the locomotor activity also 

decreased across the groups (examined by average speed of 

rats on beam), whilst the balance was altered (examined by 

number of foot slips) in a dose dependent fashion. This result 

shows that DS aqueous extract causes significant lack of 

muscle coordination, the motor muscle coordination 

deficiency of these rats could be ascribed primarily to the 

dysfunctions of the cerebellar Purkinje cell synapse 

formation. The Purkinje cells are the exclusive efferent 

neurons of the cerebellar cortex among other four cells 

(molecular layer, Golgi cell, Mossy fibre and granule cells) 

and essential to cerebellar cortical information processing 

[31,32].   

Interestingly, the histological studies revealed the progressive 

loss of normal arrangement of cellular layers and atrophy of 

cell bodies in Purkinje layer of the cerebellum. The rats 

treated with 150 mg/kg and 200 mg/kg of aqueous extract of 

DS seeds displayed moderate to severe histoarchitectural 

distortion, substantial cell death and neuronal degeneration. 

This neurodegeneration may be due to interference involving 

a cascade of neurochemical signaling pathways in the 

cerebellum [33,34], evidenced by loss of Purkinje layer, the 

only efferent pathway of cerebellum.  

CONCLUSION  

Sustained oral administration of aqueous extract of D. 

stramonium seeds, based on the dosage used in this study, 

increased body weight, but decreased locomotion, spatial 

memory and cognition. It also caused changes in cerebellar 

histoarchitecture, as well as disturbances of equilibration and 

balance (ataxia) in treated animal model in a dose dependent 

manner.  
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