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Abstract

Aim: Datura stramonium (DS) is a known hallucinogen and depressant of the central nervous sys-
tem, but it is commonly used in alcoholic beverages to increase intoxication. Pharmacological,
physiological and ultra-structural studies have demonstrated the neurotoxicity of this drug in-
animals and humans at high doses. The present study investigated the histological patterns of
neurodegeneration of frontal cortex (FC) neurons in Wistar rats treated with high doses of DS seed
extract. Materials and methods: Ethanolic extract of DS dried seeds was diluted in normal saline
and administered to male and female Wistar rats weighing 200 g - 250 g. The animals were first
placed in three groups which were further sub-divided into four sub-groups. The treated sub-groups
received intraperitoneal administration (i.p.) of 750 mg/kg of diluted DS seed extract once daily in
group 1, twice daily (1500 mg/kg/day) in group 2 and thrice daily (2250 mg/kg/day) in group 3.
The treatment was carried out for 4 weeks while the control groups received normal saline during
the same period. The rats were euthanized and sections of the frontal cortices of the brain were
histologically processed from all groups. Silver impregnation stain for degenerating axons and
neurons was used to elucidate the pattern of degeneration induced by DS seed extract on the neu-
rons of the FC. Results: The results of intraperitoneal administration of DS extract showed no
changes in groups 1 & 2 treated rats while group 3 showed a significant pattern of histological
changes like axonal atrophy, vacuolization and neuronal deaths in the frontal cortices neurons
compared to the controls. Conclusion: DS may have a specific pattern of neurodegeneration at
higher doses of administration. This could provide a useful model in understanding how DS in-
toxication can affect frontal cortex neurons with an implication of neurological disorders, mental
diseases and behavioural deficits.
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1. Introduction

Datura stramonium (DS), also referred to as Jimson weed, bears several other names based on different cultures
because of its wide distribution and usage as a tropical shrub. It is a typical example of a hallucinogen with wide
and varied uses. Some medicinal uses of the plant are its anti-inflammatory property found in all parts of the
plant, stimulation of the central nervous system, respiratory decongestion, and treatment of dental and skin in-
fections, alopecia and toothache [1]. It has been documented to be useful in the treatment of cough, chest pain,
asthma, epilepsy, etc. [2]. In some cultures, it is used in alcoholic beverages to increase intoxication, and
smoked in like manner as tobacco due to its psychoactive properties. It has also been reported to treat impotence
and diarrhoea, kill parasites and act as a tipyretic for the control of fever [3].

Cases of poisoning have been reported after eating the berries [4]. Death may occur from heart failure after
ingesting 125 seeds because the seeds contain the highest concentration of tropane alkaloids. The wide distribu-
tion, strong toxicity and potential for occurrence in foodstuffs are responsible for the numerous incidents of tox-
icity in humans [4]. Datura genus is distributed over tropical and warm temperate regions of the world. About
ten species of Datura are found, of which Datura anoxia and D. stramonium are the most important drug plants.
All parts of the plant are said to be toxic, most especially the seed. The toxins in Datura stramonium are tropane
alkaloids. The major ones present include: hyoscine, atropine, scopolamine and hyoscyamine [5]. There possess
strong anticholinergic properties, with scopolamine being a potent cholinergic blocking hallucinogen [5]. Over
consumption of any part of the plant can, therefore, result in severe anti-cholinergic toxicity.

In addition, Datura stramonium has been documented to cause permanent short term memory loss, and is said
to impair learning because it also contains a compound known as gamma-I-glutamyl-I-aspartate [6]. Moreover,
due to its psychoactive properties, it is one of the major drugs implicated in the development of neurological
disorders. These, according to WHO, are diseases of the central and peripheral nervous system, commonly referred
to as mental disorders or “psychiatric illnesses” [7], and affect hundreds of millions of people worldwide [8].

Maibam et al. (2012) [9] found in their study that the administration of DS leaf extract at a certain concentra-
tion induced neurotoxicity in the cerebral cortex, as observed in electron photomicrographs which showed dam-
aged and ruptured mitochondria as well as non-uniform broken nuclear membranes in the two experimental
groups when compared with the control groups.

The human cerebral cortex contains network of neurons related to the initiation of movement, sensation from
the body and the special sensory organs. It is the substrate for functions that include: comprehension, cognition,
communication, reasoning, problem-solving, abstraction, imagination, planning and memory. The frontal cortex
is the part of the cerebral cortex which extends from the central sulcus to the frontal pole. It is made up of 2-4
mm thick of highly convoluted sheath of grey mater with six layers which characterized the neocortex. The py-
ramidal cells are the main efferent neurons and their axons project to different areas of the central nervous sys-
tem. Therefore, damage to these cells and their axons may lead to neurological disorder and behavioural deficits.
It is one of the sites in the human brain vulnerable to the toxic effects of drugs. Studies in animals have revealed
extensive axonal degeneration detectable in frontal cortices of rats following administration of d-amphetamine
sulfate [10]. This indicates that several substances, such as drugs and tropical shrubs like DS, can affect the
neurons of the frontal cortex and alter their morphology and roles.

Though pharmacological, physiological and ultra-structural studies of the frontal cortex have elucidated the
possible neurotoxicity of DS seed, the effects of high doses of DS seed extract on the histological pattern of
frontal cortex neurons and their degeneration have not been investigated. We, therefore, investigated the effects
of high doses of DS seed extract on the neurons of the frontal cortices in male and female treated rats, and ob-
served the pattern of degeneration to further understand the neurotoxic effect of this drug on the histology of the
frontal cortex.

We hypothesize, in this work, that since the range of toxicity of the DS seed is highly variable and unpredict-
able (due to the varying concentrations of specific alkaloids with species, cultivation, environment, temperature,
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moisture and storage [11] [12]), excessive ingestion of high doses of DS seed extract may cause certain histo-
logical patterns of neuronal degeneration and cell loss.

2. Materials and Methods
2.1. Plant Material Handling

Datura stramonium (DS) seeds were harvested in Samaru, Zaria, Nigeria and identified in the herbarium of Bi-
ological Sciences, Ahmadu Bello University (A.B.U) and the Department of Pharmacognosy, Faculty of Phar-
maceutical Sciences, A.B.U., Zaria. The seeds were extracted with 96.5% ethanol and phytochemical analysis
conducted to identify the chemical composition of the extract. Dragendorff’s reagent was used to confirm the
presence of the major alkaloids and thin layer chromatography (TLC) was used to identify scopolamine, hyos-
cine, atropine and hyoscyamine as the major alkaloids.

2.2. Animal Preparation for Experimentation

Adult male and female Wistar rats, weighing 200 g - 250 g were used in this study. The animals were obtained
from the animal houses of the Anatomy Department and the Veterinary Faculty, both of Ahmadu Bello Univer-
sity, (A.B.U), Zaria. The rules and regulations governing animal handling at A.B.U were strictly adhered to, and
the experiment was conducted in accordance to the ethical committee guidelines.

A total of 48 experimental animals were randomly assigned to three groups of 16 animals per group. The
groups were further sub-divided into four sub-groups, labelled A-D, of 4 animals per sub-group. Sub-groups A
and C served as controls for both male and female rats in each group and received normal saline, while sub-groups
B and D served as treatment sub-groups for both male and female rats respectively.

Bania et al. (2004) [13] proposed a pretreatment dose of 7.5 mg/kg atropine equivalent of DS seed extract as a
protective agent in severe organophosphate toxicity. This was used as a reference for the calculation of the
treatment doses. To induce intoxication, 7.5 mg/kg was increased tenfold since LDsy was found to be above
5000 mg/kg. (The choice of this treatment was to establish the fact that high doses of this drug could lead to
neuronal degeneration and the pattern of this degeneration in the neurons of FC). In the location where this study
was carried out, many youth use this drug recreationally. Sub-groups B and D in each group were treated with
different doses of DS extract. Group 1 received 750 mg/kg, i.p. once daily, group 2 received 750 mg/kg, i.p.
twice daily (1500 mg/kg/day) and group 3 received 750 mg/kg, i.p. thrice daily (2250 mg/kg/day) respectively.

This treatment was continued for 4 weeks, after which the animals were sacrificed by decapitation. Four
weeks of treatment was employed to show that prolonged usage of this drug as in the case of addiction in high
doses could produce histological changes in the morphology of the neurons of the FC, which also may contri-
bute to many mental illnesses observed in the community in which the study was carried out.

The brains were dissected and the frontal cortices carefully removed from the rest of the brain, cut into pieces
and fixed in 10% formalin for histological processing. The histological study was limited to the microscopic
observations of the frontal cortices neurons in both male and female rats.

2.3. Histology

The tissues were processed in the Histology unit of the Anatomy Department at A.B.U., Zaria, Nigeria. The
brain tissues were dehydrated in different grades of alcohol and cleared in xylene using an automatic processing
machine (Shandon Southern Duplex Processor). The tissues were then infiltrated with paraffin wax and blocked
in the coronal plane. Serial sections of the blocks were taken at 8um with a (Leitz Wetzlar) microtome, mounted
on glass slides and allowed to dry overnight. The staining technique employed was Glee’s ammonia silver im-
pregnation method for neurons and degenerating axons in paraffin sections [14]. Sections were then observed
under a light microscope (SERICO, China) at low and high magnifications and micrographs taken with the help
of video camera eyepiece (DCE-1 or DN-200M, China). Sections of the frontal cortices were observed in each
of the male and female treated rats and compared to the controls.

3. Results

The histology of the frontal cortex neurons was examined under the microscope. Figure 1(a) and Figure 1(b)
show the frontal cortices of the control male rats: (a) shows the general histological structure of the frontal cor-
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tex in low magnification, and in high magnification (b), neuronal cell bodies (yellow arrow) and axon (orange
arrow) are seen. Figure 1(c), Figure 1(d) and Figure 1(e) show treated sub-groups of the three groups; Figure
1(c) and Figure 1(d) show that there were no significant changes in the cell bodies and axons while Figure 1(e)
shows dead cells (red arrow), axonal atrophy (green arrow) and cytoplasm vacuolization (blue arrow).

Figure 2(a) and Figure 2(b) show the frontal cortices of the female control rats. Figure 2(a) shows the gen-
eral section of the female frontal cortex under low magnification while Figure 2(b) is a higher magnification of
the same section which shows the cell bodies (yellow arrow) and axon (orange arrow). Figure 2(c) is a high
magnification of treated group 1 which shows that there were no significant changes in the cell bodies and axons,
shown by the yellow arrow and orange arrow respectively, compared to the control. Figure 2(d) shows a large
number of thick axons in the treated group 2, indicating no axonal atrophy or significant changes compared with
the control. Figure 2(e) is a high magnification of treated group 3 and shows cell death (red arrow), axonal
atrophy (green arrow) and cytoplasmic vacuolization (blue arrow).

The results showed that thrice daily intraperitoneal administration of DS seed extract (2250 mg/kg/day) for 4
weeks induced certain patterns of alterations in the histology of the frontal cortices’ neurons of both male and
female rats compared to the controls.

Male Treated Rat Groups

KEY
=) cell body
mmm)  axons

mm) cell death
mmm) vacuolization

axonal atrophy

Figure 1. Effect of the DS extract treatment on the male Wistar rats’ frontal cortices in Silver stain. (a) Coronal section of
the control male rats’ FC at low magnification (40x) showing general section of FC in male rat; (b) Coronal section of
magnified section of the FC (mag.400x) showing prominent cell bodies of the neurons (yellow arrow) and thick axons
(orange arrow); (c) Coronal section of FC in treated rats of group 1 FC (400x) showed prominent cell bodies (yellow arrow)
and thick axons (orange arrow); (d) Coronal section of FC in treated rats group 2 with 1500 mg/kg/day of DS seed extract at
750 mg/kg twice daily showed numerous thick axons (orange arrow) and cell bodies (yellow arrow) at magnification of
400x; (e) Coronal section of FC in the treated rat group 3 which received 2250 mg/kg/day at 750 mg/kg thrice daily show-
ing cell death (red arrow), vacuolization (blue arrow) and axonal atrophy (green arrow) 400x.
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Female Treated Groups
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Figure 2. Effect of DS treatment on the female Wistar rats’ frontal cortices in Silver stain. (a) Coronal section taken from
control rats’ FC at magnification of 40x. It showed general structure of female rats’ FC; (b) Coronal section of FC at a
magnification of 400x It showed prominent cell bodies (yellow arrow) and thick axons (orange arrow); (c) Coronal section
of FC of group 1 treated rat’s FC showing prominent cell bodies of the neuron (yellow arrow) and thick axons (orange ar-
row) as in control (400x); (d) Coronal section of FC of rats treated with 1500 mg/kg/day at 750 mg/kg twice daily of DS
extract. It showed numerous and prominent ramifications of axons (orange arrow) 100x; (e) Coronal section of the FC of
rats treated with 2250 mg/kg/day at 750 mg/kg thrice daily of DS extract. It showed cell death (red arrow), axonal atrophy
(green arrow) and vacuolization (blue arrow) (400x).

4. Discussion

The treated sub-groups in group 1 which received 750 mg/kg of DS seed extract, i.p. once daily for 4 weeks and
group 2 which received 750 mg/kg of DS seed extract, i.p. twice daily (1500 mg/kg/day) for 4 weeks did not
show any significant changes in the histology of the neurons of the frontal cortices in both males and females,
compared to their respective controls. Therefore, there were no definite patterns of neuro-degeneration recorded
in the FC neurons of these groups compared to the controls. Also, there was no significant difference between
male and female rats in these groups. This could imply that lower dosages may not produce a clear pattern of
neurodegeneration in the frontal cortex neurons.

This result confirms the work of [15] carried out to study the effects of acute, subacute and chronic adminis-
tration of alkaloids (atropine and scopolamine), the main constituents of the active component of D. stramonium.
After acute i.p. administration of 100 mg/kg of total alkaloids in the seeds of D. stramonium, there were no re-
markable changes in general appearance and no deaths occurred in any experimental group. Bouzidi et al. (2011)
[16] conducted a chronic study using synthetic alkaloids administered i.p. at daily doses of 4.2 mg/kg of atropine
and 1.6 mg/kg of scopolamine. These did not produce death. However, diarrhoea and hypoactivity were ob-
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served. The relative weight of the liver was significantly less than that of the control group. This shows that
doses less than 2250 mg/kg of DS seed extract may not induce any significant changes in the histology of the
frontal cortex neurons.

At such doses stated above, DS may actually have some benefits in treating certain diseases as documented in
several literatures. Bania et al. (2004) [13] proposed a pretreatment dose of 7.5 mg/kg atropine equivalent of DS
seed extract as a protective agent in severe organophosphate toxicity. Ardila and Moreno, (1991) [17] docu-
mented the medicinal uses of DS at low doses to include induction of mydriasis (pupillary dilation) and cyclop-
legia (paralysis of the eye focusing muscle) when used as eye drops. It is also used primarily in the treatment of
eye disorders such as uveitis, iritis and iridocyclitis [17]. In dosage form, hyoscine, one of its alkaloid exists as
tablets, drops, elixir, and injection and is used for the treatment of bladder spasms, peptic ulcer disease, diverti-
culitis, colic, irritable bowel syndrome, cystitis and pancreatitis [18].

On the other hand, treatment group 3 showed extensive atrophy of axons, vacuolization and cell death in both
the male and female treated rats [750 mg/kg of DS seed extract, i.p. thrice daily (2250 mg/kg/day) for 4 weeks].
The patterns of these degenerative signs were the same in both male and female treated rats.These events could
actually contribute to the clinical signs of excessive ingestion of DS seeds documented by [18], which include:
headache, nausea, vomiting, blurred vision, dilated pupils, hot dry skin, dizziness, dryness of the mouth, diffi-
culty in swallowing and CNS stimulation. In a study conducted by [9], they showed that administration of the
DS plant extract at concentrations of 20 mg/kg and 40 mg/kg were found to induce neurotoxicity in the cerebral
cortex, including the frontal cortex, as observed in the electron photomicrographs which showed damaged and
ruptured mitochondria and non-uniform broken nuclear membranes in the two experimental groups when com-
pared with the control groups. They also confirm the fact that the neurotoxicity of DS extract in their study
showed a dose dependent damage. Adekomi et al. (2011) [19] found from their studies that exposing Sprague
Dawley rats to the smoke of DS leaves induced histological changes in certain organs of the body compared to
the control rats. Bihagi et al. (2009) [20] showed that exposure to AICI3 causes histopathological lesions in the
cerebral cortex, including neuronal degeneration such as cytoplasmic vacuolization, hemorrhage, precellularo-
dema and gliosis. DS seed extract may act through one of its components to induce neuronal cytoplasmic vacuo-
lization as seen in the ALCI3 exposure in both male and female rats.

Maryam et al. (2013) [21] showed in their work that Vinca alkaloid, which has medicinal value for the treat-
ment of certain diseases including the treatment regimens for testicular carcinoma, was found to be neurotoxic at
higher doses. The primary pathologic effect observed was related to axonal degeneration and a decrease in
axonal transport. Fowler (2014) [22], using histological analysis combined with stereological technique, demon-
strated that the prefrontal cortex (PFC) which is part of the FC is vulnerable to chronic, alcohol-induced oxida-
tive stress and neuronal cell death. Excessive oxidative stress and subsequent DNA damage can be responsible
for neuronal apoptosis and neuronal dysfunction associated with different neurological pathologies [23]-[25].
The tropane alkaloids present in DS, like Vinca alkaloid, may have exerted their influence on the FC neurons
causing axonal degeneration and neuronal cell death in both male and female treated rats. This confirms the fact
that DS, which is like alcohol, is a CNS depressant, may cause neuronal cell death and loss in the FC.

Yagihashi et al. (1990) [26] also showed that axonal atrophy was related to a proportional loss of axonal neu-
rofilaments in diabetic nerves. They asserted that the universal reduction of axonal size in diabetic nerves may
be accounted for by impaired supply of neurofilaments or reduced neurofilament synthesis. Such cytoskeletal
defects may, in turn, lead to distal axonal degeneration or contribute to the susceptibility of neurons to various
external noxi, including ischemia and hypoglycemia [26]. Axonal atrophy observed in the neurons of the FC in
both sexes could have been caused by loss of neurofilaments or reduction in their cytoskeletons, as in diabetic
nerves. Studies in animals have also revealed extensive axonal degeneration detectable in the frontal cortices of
rats following administration of d-amphetamine sulfate [10]. Because of the many chemical compounds in the
DS, one or more of these components could have acted to produce axonal degeneration found in the neurons of
the FC seen in this work. This indicates that, drugs such as DS, might induce axonal atrophy as one of the dege-
nerative changes in the neurons of the frontal cortex and alter their roles.

Forrester (2006) [27] conducted a clinical and behavioral study in Texas from 1998-2004 on DS. He ex-
amined the patterns of human exposures to DS intoxication. The most reported clinical effects and behavioral
deficits were hallucinations and confusion. Both clinical and experimental studies support a role of frontal cor-
tical involvement in neuropsychological deficits in alcoholics, particularly those with Korsakoff’s psychosis [28].
These behavioral deficits include dysfunction in emotional control, problem solving ability, and attention. Elec-
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trophysiologic studies using electroencephalograms and event related potentials have suggested that alcoholics
have difficulty differentiating relevant and irrelevant, easy and difficult, and familiar and unfamiliar stimuli [29].

DS, which is sometimes used to increase intoxication in beverages like alcohol may exert its effect in a simi-
lar way as alcohol when ingested excessively. This may lead to atrophy of axons, cytoplasmic vacuolization and
neuronal cell death observed in the frontal cortex and associated with certain behavioral deficit found in our so-
ciety

5. Conclusion

In conclusion, the ethanolic extract of DS seeds given in excessive dosages was found to cause definite patterns
of histological changes in the neurons of frontal cortices of the Wistar rats, such as cytoplasmic vacuolization,
neuronal cell death and axonal atrophy in both males and females. These changes show that DS seed extract may
have a histological pattern of neurodegeneration in the neurons of the FC of both male and female treated rats.
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