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Background: Datura metel is reported to induce hallucinations and mental disorders.
Objective: This study investigates the neurotoxic effects of Datura metel stramonium hydroethanolic root extract on the hippocampus 
and cerebral cortex of adult rats using biochemical, histological and immunohistochemical techniques.
Methodology: Twenty five adult rats were assigned to 5 groups (n = 5 each). Group A - negative control, group B (lead positive 
control). Groups C, D, and E exposed to 150 mg/kg, 300 mg/kg and 600 mg/kg body weight of extracts for 14 days once daily, 
respectively. Histology, biochemistry and immunohistochemical techniques were used to study cell injury in the brain tissue.
Results: Biochemical alterations were observed in superoxide dismutase (SOD), Malondialdehyde (MDA), Glutathionine 
S-transferase (GST) and Catalase among the experimental groups. Catalase was statistically significant at P<0.05. Histology reveals 
neurons damage, depletion and vacuolation. NFP and NSE were over expressed in the experimental groups.
Discussion: Oral administration of Datura metel root extracts at high concentration alters the antioxidant enzymes activity and body 
weight. Extracts cause cortex and hippocampus neurotoxicity through heightened oxidative stress.
Conclusion: Datura metel root extract is a neurotoxic agent and causes depopulation of hippocampus and cerebral cortex neurons. 
The use of this plant should be highly regulated to reduce neuropathies associated with consumption.
Keywords: Datura metel, oxidative stress, neuronal damage

Introduction
The abuse of herbal plants poses several burdens across all nations, race, age, and socioeconomic status.1 Drug abuse in 
adolescence is a known health problem across the globe, particularly among handicaps,2,3, an etiologic factor of neurode-
generative disorders in adulthood.4 Approximately 50% of drug users worldwide live in Africa,5 as reported by the UN Office 
of Drugs and Crime.6 Though the exact figure may be difficult to predict. This is because certain regions in Africa cannot be 
reached due to poor road network, and the inadequate record keeping of drug use and abuse throughout the continent.6 

Recently addicts are forced to import novel psychoactive drugs (NPS) from plants, due to tight laws prohibiting the usage of 
heroin, amphetamines, and cannabis.6 The most common NPS among Nigerians youths is Datura metel plant extracts (roots, 
seeds, leaves, and stem bark). Tropane alkaloids present in Datura metel have been shown to induce hallucinations and 
metabolic disorders in rats7 and disorders of hippocampus development in rats.8 There have been reports of unintentional  
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Datura metel poisoning in some households.1,9,10 A case study of a family that made a revitalizing drink using a product 
bought from an apothecary (made from dried leaves and stems of Datura metel) recorded drug poisoning within five minutes 
of its consumption. Despite the potential benefits of herbal remedies, this inadvertent poisoning highlights the need for close 
monitoring of the plant distribution11–13. Human and animal studies have shown high levels of toxicity and poisoning of  
Datura metel14,15, with some tribes of Nigeria presenting with hallucinations, restlessness, and heavy falls after consuming 
the seeds of Datura metel.16 In addition, agitation, confusion, and mydriasis were recorded in children who consume the 
seeds.17 According to Maharazu et al,18,19 the fundamental role played by the cerebellum in motor coordination and learning 
has long been known. However, since the Pharmacokinetics and pharmacodynamics of medicinal plants in humans is not yet 
fully understood, the mechanism on how Datura metel causes brain disorders was studied using standard techniques.

Materials and Methods
The current study used tissue homogenization assays (biochemical), histology, and immunohistochemistry markers to 
study the effects of Datura metel root extracts on the hippocampus and cerebral cortex of adult rats.

Collection and Processing of the Plant
The plant was collected in its entirety in the Amassoma forest in Bayelsa State, Nigeria, in August 2023. The plant was 
correctly identified and verified by Dr. Godwin Alade of the Department of Pharmacognosy, Faculty of Pharmacy, Niger 
Delta University Wilberforce Island, Nigeria, and was assigned a voucher number NDUP/24/02. The fresh Datura metel 
roots was cleaned with water, allowed to air dry, and then ground to fine particles before being subjected to standard 
Soxhlet extraction. The extraction (hydroethanolic) of the roots was carried out using the methods of Adekomi et al.7,20 

The muggy mass of the extract was collected and kept refrigerated. The dehydrated extract was concentrated to obtain the 
desired doses of 150 mg/kg, 300 mg/kg, and 600 mg/kg body weight and administered orally.

Dosage Calculation
The dosages were determined using the formula.

Dose = [Weight of Rat/1000] x Dosage. This amount of the extract was weighed and dissolved in 2.4 mL of distilled 
water and given to each rat in group 3, 4 and 5 according to the OECD guidelines (2001).21

Experimental Design
The rats were kept in clean cages at room temperature, with an adequate light source, and were allowed to acclimatize for 
14 days and were assigned into five (5) groups. The administration of drug and extract was orally using gastric tube for 
14 days once daily.

Group A served as control group and allowed to standard feed and water (negative control).
Group B were given 0.5 mL of 100mg/kg body weight of lead (a known neurotoxicant) (positive control).
Group C rats received 0.5 mL of 150 mg/kg body weight of Datura metel root extract (low dose).
Group D received 0.5 mL of 300 mg/kg body weight of Datura metel root extract (medium dose).
Group E received 0.5 mL of 600 mg/kg body weight of Datura metel root (high dose).

Ethical Approval
The study was approved by the Ethical Committee on Animal Use of the Faculty of Basic Medical Sciences, College of 
Health Sciences Niger Delta University Wilberforce Island Bayelsa State Nigeria with approval number FBMS/REC/23/ 
A/0053. The voucher number NDUP/24/02 was deposited at the Herbarium of the Department of Pharmacognosy and 
Herbal Medicine, Faculty of Pharmacy, Niger Delta University, Wilberforce Island, Bayelsa State, Nigeria. The OCED 
(2001) guidelines for animal care was adopted for use in animal care.

Animal Sacrifice
The Sacrifice was carried out on the 15thday. The 2013 guidelines for the euthanasia of animals established by the 
American Veterinary Medical Association were adopted. Eight milliliters (8 mL) of 100mg/kg body weight of sodium 
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pentobarbital (PB) was administered intraperitoneally (IP). The rats were allowed to undergo sedation and loss of 
consciousness before the brain was harvested. The organ (brain) was washed with saline to remove excess blood and 
fixed in 10% formal saline solution for 72 hrs for histological and immunohistochemical analysis. Brain tissues for 
oxidative stress study were immediately homogenized and stored for biochemical examination at 4°c.

Determination of Biochemical Parameters
The brain tissue was rinsed in normal saline and homogenized in 10 mm potassium phosphate buffer (pH 7.4) that 
contained 30mM potassium chloride. The mixture was centrifuged for 10 min at 1000rpm. The antioxidant activities of 
Catalase, Superoxide dismutase (SOD), Malondialdehyde (MDA), and Glutathionine S-transferase (GST) were deter-
mined. Malondialdehyde (MDA) was determined using the methods of Lucky and Oboma and Adam and Seregi11,22. 
30% TCA (0.5 mL) was added after 0.4 mL of the homogenate and 1.6 mL of KCl buffer was mixed. After adding 
Thiobarbituric acid, the mixture was placed in an 80°C water bath for 45 min. Following cooling, the mixture was 
centrifuged at 3000 g and measured using a calorimeter.

The method described by Sighn23 was adopted for catalase estimation.19mL of distilled water was combined with 
1 mL of homogenate,4mL of hydrogen peroxide and 5 mL of phosphate buffer (pH 7.0). Using a gently swirling motion, 
the reaction mixture was quickly mixed with 1 mL of the diluted sample at room temperature. At 60 s intervals, 1 mL of 
the reaction mixture was aspirated and blasted into 2 mL of the dichromate/acetic acid reagent. The Misra and Fridovich 
method24 was utilized to assess the activity of superoxide dismutase (SOD). 1 mL of the sample was mixed with 9 mL of 
distilled water to create 1:10 dilution. To equilibrate in the spectrophotometric, 0.2 mL of the diluted sample was added 
to 2.5 mL of 0.05 M carbonate buffer (pH 10.2). Followed by 0.3 mL of freshly prepared 0.3 mm adrenaline to the 
mixture, swiftly mixed by inversion. The method previously described was utilized to evaluate the activity of glutathio-
nine S-transferase (GST).25

Histological Methods
After, The brain tissue was fixed in 10% formal saline for 72 hours sectioned, and stained with hematoxylin and Eosin 
technique using the methods of 26–28

Hematoxylin and Eosin Method
This procedure involved dewaxing, where the tissue slides were placed in hot oven at 65°C for 1 min and placed in 2 
changes of xylene. Slides were drained and hydrated by passing through decreasing concentration of alcohol baths 
(100%, 90%, 80%, 70%) and then water. Then slides were stained in Ehrlich hematoxylin bath for 15 minutes. Washed in 
running tap water until sections were clean for 2 minutes. Then the tissue section (slides) were dipped in 1% acid alcohol 
(1% HCl in 70% alcohol) for a few seconds for differentiation and rinsed in running tap water, blued in Scott tap water 
for 2 min. Counter-staining was done using 1% Eosin for 1 min. Then washed in running tap water for 1 min. Dehydrated 
by increasing concentration of alcohol. Tissue slides were cleared in two changes of xylene and mounted using DPX. 
Slides were examined under a high-resolution microscope (Olympus BX60MF, Japan), and photomicrographs were taken 
at a magnification of x400.

Immunohistochemistry
Immunohistochemical staining was performed for neuronal filament proteins (NFP) and neuron-specific enolase (NSE) 
using the method described by Lucky and Oboma.11 The identification of the antigen in the formalin fixed paraffin 
embedded (FFPE) tissues was carried out using the above stated antibody. The antigen and antibody complex was 
achieved using an enzyme coupled (HRP) secondary antibody with specific lock to the primary antibody. The complex 
formed was then visualized by the enzymatic activation of a chromogen resulting in a visible colored reaction product at 
the antigenic site. Each and each step involves precise time and optimal temperature and the results are interpreted using 
a light microscope.

Heat retrieval under steam pressure for 15 min using EDTA (pH 8.0), for optimal retrieval of the epitopes and 
solution was allowed to cool at the room temperature. Endogenous peroxidase was blocked using 3% hydrogen peroxide 
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for 15 mins. The slides were transferred to the primary antibody at room temperature followed by the secondary antibody. 
Colour was developed using DAB chromogen for 10 mins and counter stain with hematoxylin for 3 min. Brownish 
colouration was indications of over-expression and reported as positive result when compared with the control.

Statistical Analysis
All statistical analysis was performed using SPSS soft ware. Unless otherwise specified, results were expressed as mean 
standard deviation (SD). Regression analysis was used to compare group data. A p value <0.05 was considered 
statistically significant.

Results and Discussion
Effect of Datura metel Hydroethanolic Root Extracts on Body Weight
There was reduction in body weight in all experiment groups though not statistically significant at <p.005 (before and 
after treatment with extract) see Figure 1. Alkaloids have striking pharmacological effects on body weight29–31. The 
impact observed in weight (Figure 1) may also be linked to the presence of alkaloids in Datura metel. The observed 
reduction in the body weight of animals might be due to changes in the biochemical parameters observed after extracts 
was administered. Biochemical analysis for markers of oxidative stress is presented as the Mean ±SD. Regression 
analysis showed the degree of impact of the extract on dependent variables such as SOD, Catalase, MDA, and GST.

Effect of Hydroethanolic Root Extracts of Datura metel on SOD
Superoxide dismutase (SOD) transforms radicals into safe molecules, shielding cells from the damaging effects of 
oxidative stress. Elevated SOD levels protect against cell injuries and deficiency causes cell injury. Assessment of the 
effect of hydroethanolic root extracts on SOD revealed that the negative control and lead groups had a Mean ±SD of 8.29 
±0.18 and 5.59±0.59. By contrast, the experimental groups administered with varying doses (low, medium and high) of 
root extracts showed reduced Mean ±SD values of 7.64±0.57, 7.12±0.54, and 7.01±0.38 compared to the negative group. 
Regression analysis of the root extract confirmed that a 0.14 increases in SOD accounted for a unit increase in the root 
extract dosage. However, the root extract had a 7% impact on the tissues (R2 = 0.73; p = 0.605), see Table 1. This result 
disagrees with a study by,32 which found that at 24 and 48 hours, superoxide dismutase activity in cells treated with 
Datura extract increased in a statistically non-significant manner compared to control cells.

* P > 0.05

Figure 1 Bar chart showing mean weights of animals before and after extract’s administration. 
Notes: Weight of animals before extract administration (g) Weight of animals after extract administration (g).
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Effect of Hydroethanolic Root Extract of Datura metel on Catalase
Catalase enzymes play a central role in opposing cellular oxidative stress. This action is pivotal for protecting cells 
against the oxidative damage caused by chronic psychological stress.33 Elevated catalase activity is usually associated 
with enhanced protection against cell injury. The normal group showed mean ±SD = 5.56 ± 0.59, lead group = 2.35 ± 
0.38, low dose group = 3.17 ± 0.08, medium group 3.17 ± 0.08, and high-dose group = 3.81 ± 0.09. Regression analysis 
revealed that as the dosage of the root increases, catalase increases by 0.33 units, alongside a size effect of 68%, see 
Table 1. After Datura metel root extract was administered, a significant dose-dependent drop in the level of catalase was 
recorded, indicating cell damage. The reduction in catalase levels observed in this study might be due to heightened 
stress, which results in oxidative stress by contributing to cellular toxicity.

Effect of Hydroethanolic Root Extract of Datura metel on Malondialdehyde (MDA)
Malondialdehyde (MDA) is a biomarker of lipid peroxidation, which is caused by ongoing oxidative stress and toxicity. 
Lipid peroxidation induced by cellular excitotoxicity causes cyclooxygenase or nitric oxide synthase to produce more 
free radicals.34 Elevated MDA levels in tissue indicate oxidative stress and potential cell damage. MDA level was 
increased in experimental groups exposed to Datura metel extract, MDA level of 13.88±0.08 was observed for the 
negative control (normal), 28.29 ± 0.24 for lead (neurotoxicant), while the root extract groups for low, medium, and high 
had 18.89 ± 0.12, 19.45 ± 0.32, and 21.52 ± 0.84 respectively. Analysis showed that a unit increase in the dosage of the 
root resulted in a 0.31 increase in MDA, with a 19% impact, see Table 1. Similarly, oral administration of Datura 
metel extract increased the levels of MDA and nitric oxide (NO) in mice in a dose-dependent manner as observed in the 
study by Igben et al.35 Lipid peroxidation in a significant dose-dependent rise in MDA concentration in the brain of 
Datura metel treated mice compared to the normal groups was indicated by the observed increase in MDA levels in the 
rats administered different dosages of Datura metel. Furthermore, Mu et al,34 reported that elevated MDA levels are risk 
factors for a number of different brain disorders.

Effects of Hydroethanolic Root Extract of Datura metel on 
Glutathionine-S-Transferase (GST)
A reduction in GST makes cells more vulnerable to damage, which hinders their defence against oxidative stress. 
Regression analysis revealed a non-significant decrease. All experimental animals given Datura Metel showed a statis-
tically significant dose-dependent increase in oxidative stress and a decrease in antioxidant state.

Effects of Hydroethanolic Root Extract of Datura metel on Histomorphology of the 
Brain
Microscopic Assessment of the Hippocampus
Figure 2 shows the transverse section of the hippocampus tissue showing the CA3 neuronal population, dentate gyrus, 
and pyramidal cells at x100 and x400 magnification, respectively, and a scale Bar of 50um. The administration of Datura 
metel resulted in a significant dose-dependent increase in the inter-cellular distance of the pyramidal cells, with 
a corresponding significant dose-dependent decrease in the area, length, width, and perimeter of the hippocampus 
pyramidal cells compared with the control group. Tissue morphology showed that the neuronal population decreased 

Table 1 Effect of Hydroethanolic Root Extract of Datura Metel on Biochemical Markers

Parameter Normal Lead Low (�X � SD) Medium (�X � SD) High (�X � SD) B R2 P-value

SOD (U/mg) 8.29±.18 5.59±.59 7.64±.57 7.12±.54 7.01±.38 0.137 0.073 0.605

Catalase (U/mg) 5.56±.59 2.35±.38 3.17±.08 3.17±.08 3.81±.09 0.333 0.679 0.044*

MDA (μMol/mg) 13.88±.08 28.29±.24 18.89±.12 19.45±.32 21.52±.84 0.310 0.194 0.382
GST (μMol/mg) 2.05±.156 2.03±.09 2.06±.11 2.03±.16 2.02±.17 0.023 0.029 0.748

Note: *statistical significant P >0.05.
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from a low dose to severe degeneration in the high-dose group compared to that in the control group. The root extract 
caused severe neuronal damage at higher concentrations. The effects of the leaf extract on the morphology of 
hippocampus pyramidal cells have been documented by Igben et al.35 Rats that received the highest dose of Datura 
metel showed a higher increase in the inter-cellular distance of the pyramidal cells with a corresponding decrease in the 
area, length, width, and perimeter of the hippocampus pyramidal cells compared to the control group.

The administration of Datura metel resulted in cellular hypoplasia, loss of dendritic arborization, and neuronal 
degeneration in the frontal cortex and hippocampus regions. Furthermore, we noted a noteworthy reduction in the 
number of neurons in a dose-dependent manner. Neuronal degeneration in the hippocampus pyramidal cells was 
observed in the hippocampus of rats given oral Datura metel. Furthermore, cells exposed to Datura metel exhibit 
lysis,35 pyknosis, and a loss of cellularity. The current result also supports a prior study8 that found hippocampus 
impairment in foetus exposed to ethanolic Datura metel leaf extract. This study demonstrates that Datura metel exposure 
results in neurotoxicity, which alters the hippocampus neuronal structure and function. In a behavioral context, Igben 
et al35 investigated the effects of graded oral administration of Datura metel methanolic extracts on memory and 
cognition. They also studied the neurotoxicity of Datura metel in the medial prefrontal cortex and hippocampus of 
mice. According to the study, oral administration of Datura metel caused neuronal degeneration in the medial prefrontal 
cortex and the hippocampus, along with a loss of dendritic arborizations and an increase in cell quantity (hypoplasia) as 
shown in Figure 2.

Microscopic Examination of the Cerebral Cortex
The Purkinje layer of the normal group in Figure 3 shows active Purkinje cells per high-power field. The granular cell 
layer exhibited an even cell distribution. Conversely, photomicrograph of the cerebellar cortex from the low-dose 
(150 mg/kg) Datura metel. The histology shows a granular cell layer, molecular layer, and Purkinje layer. The 

Figure 2 Photomicrographs of the Hippocampus tissue exposed to hydroethanolic root extracts of Datura metel and stained with hematoxylin and Eosin (x100 and x400). 
Scale bar= 50um.
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Purkinje layer displayed active Purkinje neurons per high power field. The granular cell layer showed an even 
distribution of cells, similar to that of the molecular layer. Plate 3 represents the cortex of rats exposed to (300) extract 
showed less active Purkinje neurons and neuronal cell death per high-power field with vacuolation. In addition, the 
granular material proliferated into a molecular layer. Furthermore, the rats were exposed to a high dose (600 mg/kg) of 
scanty granular cell layer, molecular layer, and Purkinje layer. The Purkinje layer shows damage to Purkinje neurons per 
high-power field with vacuolation.

Effects of Hydroethanolic Root Extract of Datura metel on Immunohistochemical 
Markers
Expression of Neurofilament Protein and Neuron Specific Enolase
Immunohistochemical staining for neurofilament proteins as shown in Figures 4 and 5. The photomicrograph represents the 
normal group, the low, medium, and high doses of hydroethanolic extracts of Datura metel root. The findings revealed mild 
expression of neurofilament proteins in the low group compared with the control group. The medium dose resulted in 
moderate expression of neurofilament proteins, whereas the high dose resulted in marked expression of NFP. Neurofilament 
has been found in the cell bodies and proximal axons of damaged neurons in some pathological situations.36,37 One 
characteristic of neuronal pathological lesions is NFP buildup. The results of the study showed that, in comparison to the 
control group, the low group had milder expression of neurofilament proteins. Neurofilament proteins were moderately 
expressed at the medium dose, while NFP was significantly expressed at the high dose. The expression of neurofilament 
proteins is an indication of injury and increases from low to high doses as presented in Figure 4. The study findings suggest 

Negative

Low Dose

Medium dose

HIGH dose

X100

X100

X400

X400

X100

X400

X100 X400

Figure 3 Photomicrographs of the cerebral cortex tissue exposed to hydroethanolic root extracts of Datura metel and stained with hematoxylin and Eosin (x100 and x400). 
Scale Bar 50um.
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a dose-dependent increase in neurofilament proteins, which is in line with.36 The dendrites and cytoplasm of neurons and 
neuronal endocrine cells contain NSE. The brain neuronal damage indicator NSE is highly sensitive. Neuron-specific 
enolase may leak from the cytosol into the extracellular space because of modifications in membrane integrity that occur 
after neuronal damage.38,39 Figure 5 displays immunohistochemical labeling of neuron-specific enolase in the prefrontal 
cortex. The dendritic processes are dark brown. Neuron-specific enolase was not expressed in the low- and medium-dose 
groups and was over-expressed in the high-dose group as shown in Figure 5.

Conclusion
This study assessed the levels of SOD, Catalase, MDA and GST on adult rats exposed to different doses of Datura metel 
root extracts. The results showed that oral administration of Datura metel root extracts at high concentrations altered 
antioxidant enzyme levels, indicating that the body reacts to the elevated levels of oxidative stress. The current study 
indicates that Datura metel extract causes brain neurotoxicity through increased oxidative stress and changed proteins 
like neuron-specific enolase and neurofilament filament proteins, though the exact mechanism by which Datura metel 
root extracts induce neurotoxicity in the hippocampus and medial prefrontal cortex is still unknown. Findings from the 
hippocampus of rats orally administered Datura metel revealed degeneration of neurons in the hippocampus pyramidal 
cells. The Purkinje layer of the cerebellar cortex exhibits neuronal death and vacuolation. The study findings from 
Immunohistochemical staining revealed a mild expression of neurofilament proteins in the low dosage group when 
compared to that of the control group. The medium dose demonstrated moderate expression of neurofilament proteins, 
whereas high doses showed marked expression of NFP, and neuron-specific enolase (NSE) was moderately expressed in 
rats exposed-to high doses.

Negative

Medium dose

Low dose

High dose

Figure 4 Brain tissue stained with Neurofibrillary protein antibody(NFP) x 400 magnification and Scale Bar of 50um showing positive dark brown deposits.

s

Low dose

Medium dose High dose

Negative

Figure 5 Brain tissue stained with Neurone specific Enolase antibody (NSE) x 400 magnification and Scale Bar of 50um showing positive dark brown deposits.
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Limitation of Research of Recommendation
This study is limited to crude extraction. Pure extraction of the compounds should be use in future research. Molecular 
methods should be employ to highlight the molecular and cellular alteration.

Disclosure
The authors report no conflicts of interest in this work.

References
1. OlakunleIshola A, AminuImama M, Ajao MS. Effects of datumetineon hippocampal NMDAR activity. Toxicology Rep. 2021;8:1131–1142.
2. Loveday UZ, Moses WB, Yibala IO, Ikhide GI. Tramadol abuse and addiction: effects on learning, memory and organ damage. Egyptian 

Pharmaceut J. 2022;21(1):75–83. doi:10.4103/epj.epj_58_21
3. I. OY, Priscile NJ, E.b E. Cigarette smoking among handicapped and non-handicapped youths in Yenagoa metropolis, Bayelsa state Nigeria. Sky 

JMed Med Sci. 2013;1(6):25–28.
4. Nestler EJ, Malenka RC. The addicted brain. Scientific American. 2004;290(3):78–85. doi:10.1038/scientificamerican0304-78
5. Ndinda L.Illegal Drug Use on the Rise in Africa. DW Made for Minds. Available from: https://p.dw.com/p/17i47. Accessed January 22, 2025.
6. United Nations Office on Drugs and Crime UNODC. Global Synthetic Drugs Assessment: Amphetamine-Type Stimulants and New Psychoactive 

Substances. UNODC Research; 2017.
7. Damilare AA, Tijani AA, Ghazal OK. Some effects of the aqueous leaf extract of Datura metel on the frontal cortex of adult Wistar rats (Rattus 

norvegicus). Eur J Anat. 2010;14(2):83–89.
8. Ishola AO, Adeniyi PA. Retarded hippocampal development following prenatal exposure to ethanolic leaf extract of datura metel leaves in Wistar 

rats. Nig Med J. 2013;54(6):413–416.
9. Niloofar K-R, Heydari M, Mohammadi K, Mashayekhi M, Sahraei Z, Gholami K. Datura poisoning in a family: case series and literature review: 

clinical case reports. 2022;10:e06091. doi:10.1002/ccr3.6091
10. Arefi M, Barzegari N, Asgari M, Soltani S, Farhidnia N, Fallah F. Datura poisoning, clinical and laboratory findings. Report of five cases. Rom 

J Leg Med. 2016;24(4):308–311. doi:10.4323/rjlm.2016.308
11. Legbosi Nwidu L, Ibor Oboma Y. Telfairia occidentalis (Cucurbitaceae) pulp extract mitigates rifampicin isoniazid- induced hepatotoxicity in an 

in vivo rat model of oxidative stress. J Integr Med. 2019;17(1):46–56. doi:10.1016/j.joim.2018.11.008
12. Maibam Devi R, Meenakshi Bawari SBP, Sharma GD. Characterization of the toxic effects induced by datura stramonium leaves on mice: a 

behavioral. Biochem Approach Asian J Pharm and Clin Res. 2012;5:143–146.
13. Bastürk M, Içer M, Güloğlu C, Ertekin S, Doğan S. Anticholinergic toxicity related to the use of datura in- noxia. AkadAcil Tip 

OlguSunumlariDerg. 2017;8(2):24–26.
14. Adegoke S, Alo L. Datura stramonium poisoning in children. Niger J Clin Pract. 2016;16(1):1168.
15. Alam W, Khan H, Khan SA, Nazir S, Akkol EK. DaturaMetel: a review on chemical constituents, traditional uses and pharmacological activities.  

Curr Pharm Des. 2020;27:2545–2557. doi:10.2174/1381612826666200519113752
16. Adeola BS. Datura metel L. Analgesic or Hallucinogen?“Sharo Perspective. Middle East J Sci Res. 2014;21(6):993–997.
17. Doan UV, Wu ML, Phua DH, Mendez Rojas B, Yang CC. Datura and brugmansia plants related antimuscarinic. toxicity: an analysis of poisoning 

cases reported to the Taiwan poison control center. ClinToxicol. 2019;57(4):246–253.
18. Murtala Musa M, Ibrahim Mohammed B, Umar M. Histological studies on the effects of aqueous seeds extract of Datura metel on the cerebellar 

cortex of adult Wistar rats. Bayero J Biom Sci. 2020;5(1):605–611.
19. Asuquo GO, Udonkang MI, Oboma YI, et al. Gongronema latifolium ethanol crude leaf extract ameliorates organ injuries via anti-inflammatory 

and anti-diabetic mechanisms in streptozotocin-induced diabetic rats. Trop J Nat Prod Res. 2023;7(7):3823–3828.
20. Etibor TA, Ajibola MI, Buhari MO, Safiriyu AA, Akinola OB, Caxton-Martins EA. DaturaMetel Administration Distorts Medial Prefrontal Cortex 

Histology of WistarRats. World J. Neurosci. 2015;5:282–291.
21. OCED. Annual reports guidelines for laboratory animals. 2001. doi:10.1787/annrep-2001-en
22. Adam Vizi V, Seregi M. Receptor dependent stimulatory effect of noradrenaline on Na+/K+ ATPase in rat brain homogenate. Role Lipid 

Peroxidation Biochem Pharm. 2231–2236.
23. Sinha AK. Colorimetric assay of catalase. Anal. Biochem. 1971;47(2):389–394. doi:10.1016/0003-2697(72)90132-7
24. Misra HP, Fridovich I. The role of superoxide anion in the autoxidation of epinephrine and a simple assay for superoxide dismutase. J Biol Chem. 

1972;247(10):3170–3175. doi:10.1016/S0021-9258(19)45228-9
25. Habig WH, Pabst MJ, Jakoby WB. Glutathione S- transferases: the first enzymatic step in mercapturic acid formation. J Biol Chem. 1974;249 

(22):7130–7139. doi:10.1016/S0021-9258(19)42083-8
26. Bancroft JD, Gamble M. Theory and practice of histological techniques. Churchill Livingstone, Elsevier; 2008.SixthISBN: 978-0-443-10279-0
27. God’sman C, Eberechukwu, Ike A, Okwusike G, Pepple I. The effect of rapid tissue processing on fixation time using microwave techniques.  

J Applied Health Sci Med. 2023;3(1):10–20.
28. Ibor Oboma Y, Jackson Borobuebi O. Combined aqueous extracts of garlic and ginger reduces neuronal damage by gfap and p53 protein alterations 

in rats exposed to lead acetate. j Med Med Sci. 2019;10(1):79–85.
29. Firdaus N, Viquar U, Kazmi MH. Potential and pharmacological actions of Dhaturasafed (Datura metel L.): as a deadly poison and as a drug: an 

overview. Int J Pharm Sci Res. 2020;11:3123–3137.
30. Verma SK, Srivastava A, Gangwar NK, Singh R, Prabhu SN. Clinicohaemato-biochemical alterations in rats exposed to Datura stramonium seed 

toxicity. J EntomolZool Stud. 2020;8(4):1130–1137.
31. Musa Fakai I, LukmanAngo A, Sani I, et al. Alterations in Marker Enzymes and Kidney Function Indices in Datura Metel Aqueous Seed Extract 

Treated Albino RatsPerspective of Recent Advances in Medical Research. Vol. 8. 2023.

Substance Abuse and Rehabilitation 2025:16                                                                                      https://doi.org/10.2147/SAR.S490392                                                                                                                                                                                                                                                                                                                                                                                                      21

oboma and Eberechukwu

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.4103/epj.epj_58_21
https://doi.org/10.1038/scientificamerican0304-78
https://p.dw.com/p/17i47
https://doi.org/10.1002/ccr3.6091
https://doi.org/10.4323/rjlm.2016.308
https://doi.org/10.1016/j.joim.2018.11.008
https://doi.org/10.2174/1381612826666200519113752
https://doi.org/10.1787/annrep-2001-en
https://doi.org/10.1016/0003-2697(72)90132-7
https://doi.org/10.1016/S0021-9258(19)45228-9
https://doi.org/10.1016/S0021-9258(19)42083-8


32. Pandey M, Saraswati S, Agrawal SS. antiproliferative effects of datura innoxia extract in cervical hela cell line. J Pharm Res. 2011;4(4):1124–1126.
33. Forman HJ, Zhang H. Targeting oxidative stress in disease: promise and limitations of antioxidant therapy. Nat Rev Drug Discov. 2021;20 

(9):689–709. doi:10.1038/s41573-021-00233-1
34. Mu S, Yang W, Huang G. Antioxidant activities and mechanisms of poly-saccharides. ChemBiol Drug Des. 2021;97(3):628–632. doi:10.1111/ 

cbdd.13798
35. Vincent Onoriode I, Josiah Iju W, Adrian Itivere O, ChukwumaOyem J, Akpulu PS, Ahama EE.Peter sundayAkpulu, Efe Endurance ahama.datura 

Datura metel stramonium exacerbates behavioral deficits, medial prefrontal cortex, and hippocampal neurotoxicity in mice via redox imbalance.  
Lab Animal Res. 2023;39. doi:10.1186/s42826-023-00162-

36. Lui YLG, Xu YS, L. W, et al. Alteration of neurofilaments in immune-mediated injury of spinal cord motor neurons. Spinal Cord. 
2009;47:166–170. doi:10.1038/sc.2008.90

37. Szaro BG, Strong MJ. Post-transcriptional control of neurofilaments: new roles in development, regeneration and neurodegenerative disease. Trends 
in Neurosciences. 2010;33:27–37. doi:10.1016/j.tins.2009.10.002

38. Wunderlich MT, Lins H, Skalej M, Wallesch CW, Goertler M.Neuron-specific enolase and tau protein as neurobiochemical markers of neuronal 
damage are related to early clinical course and long-term outcome in acute ischemic stroke. Clin Neurolog Neurosurg. 2006;108(6):558-63. 
doi:10.1016/j.clineuro.2005.12.006

39. Lucky Legbosi N, Yibala Ibor O.Nauclea latifolia stem-bark extract protects the prefrontal cortex from valproic.acid-induced oxidative stress in 
rats: effect on b-cell lymphoma and neuron-specific enolase protein expression. GSC Biol Pharmaceut Sci. 2019;07(01):044–061. doi:10.30574/ 
gscbps.2019.7.1.0067

Substance Abuse and Rehabilitation                                                                                           

Publish your work in this journal 
Substance Abuse and Rehabilitation is an international, peer-reviewed, open access journal publishing original research, case reports, editorials, 
reviews and commentaries on all areas of addiction and substance abuse and options for treatment and rehabilitation. The manuscript management 
system is completely online and includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real 
quotes from published authors.  

Submit your manuscript here: http://www.dovepress.com/substance-abuse-and-rehabilitation-journal

Substance Abuse and Rehabilitation 2025:16 22

oboma and Eberechukwu                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1111/cbdd.13798
https://doi.org/10.1111/cbdd.13798
https://doi.org/10.1186/s42826-023-00162-
https://doi.org/10.1038/sc.2008.90
https://doi.org/10.1016/j.tins.2009.10.002
https://doi.org/10.1016/j.clineuro.2005.12.006
https://doi.org/10.30574/gscbps.2019.7.1.0067
https://doi.org/10.30574/gscbps.2019.7.1.0067
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Collection and Processing of the Plant
	Dosage Calculation
	Experimental Design
	Ethical Approval
	Animal Sacrifice
	Determination of Biochemical Parameters
	Histological Methods
	Hematoxylin and Eosin Method

	Immunohistochemistry
	Statistical Analysis

	Results and Discussion
	Effect of Datura metel Hydroethanolic Root Extracts on Body Weight
	Effect of Hydroethanolic Root Extracts of Datura metel on SOD
	Effect of Hydroethanolic Root Extract of Datura metel on Catalase
	Effect of Hydroethanolic Root Extract of Datura metel on Malondialdehyde (MDA)
	Effects of Hydroethanolic Root Extract of Datura metel on Glutathionine-S-Transferase (GST)
	Effects of Hydroethanolic Root Extract of Datura metel on Histomorphology of the Brain
	Microscopic Assessment of the Hippocampus

	Microscopic Examination of the Cerebral Cortex
	Effects of Hydroethanolic Root Extract of Datura metel on Immunohistochemical Markers
	Expression of Neurofilament Protein and Neuron Specific Enolase


	Conclusion
	Limitation of Research of Recommendation
	Disclosure

