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addition to hydroethanolic extract of D.metel leaves at doses of 250, 500, 1000 mg/kg and vitamin E
at 50mg/kg/day, p.o . On the 8" day, the animals were sacrificed, and organs (kidney, heart, liver) were
taken for histopathological analysis. The phytochemical analysis and acute toxicity studies were also
determined.

Results: Phytochemical analysis revealed the presence of alkaloid, saponin, phenol, flavonoid,
anthraquinone and steroid. No observable signs of delayed toxicity and mortality for 14 days post-
treatment up to a maximum dose of 8g/kg/p.o. The intraperitoneal LD,, value was estimated as
3076.1mg/kg/i.p. Post-treatment with D. mete/ ameliorated the nicotine induced pathomorphological
changes .

Conclusion:The dose related attenuation of pathomorphological changes is suggestive of D.metel's
protective ability. A basis for further exploration of the potential of D.metel as a possible therapeutic
agent in human nicotine induced toxicity can be deduced.

1. Introduction

Acute poisoning accounts for a small percentage of cases
presented in the emergency units' Despite its importance,
there is a paucity of information on the adult population in
Nigeria’. Annually, the pattern of acute poisoning in adults
is indirectly accountable for about a million
illnesses’.Poison exposure may occur in multiple settings
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including occupational, environmental, recreational, or
medicinal’. The various routes of exposure by which poison
is introduced into the body system are oral and non-oral
routes: inhalation, insufflation, ingestion, cutaneous,
mucous membrane, and injection’. The toxic effects range
in their intensity from mild, moderate to lethal symptoms.A
general approach to acute poison management is
administering intravenous fluids to induce diuresis to
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eliminate the poison, activated charcoal to bind the poison,
antidotes for poison reversal, anxiolytics to calm the
patient, antiseizure to abort seizures and a ventilator to
assist respiration’.

Nicotine, a member of the Solanaceae family, is a volatile,
naturally occurring alkaloid, derived from tobacco leaves’.
It is the major toxic, pro- carcinogenic and addictive
psychoactive constituent of tobacco’. Historically,
nicotine-based insecticides caused most cases of nicotine
intoxication’. However, the rampant use of e-liquid
containing nicotine from the electronic form of cigarettes
has catalysed a market for highly concentrated nicotine that
has reported undesirable events such as seen in accidental
ingestion in children'’. Furthermore, a condition known as
green tobacco sickness following cutaneous exposure or
undesired ingestion during tobacco harvesting in young,
inexperienced tobacco harvesters who do not consume
tobacco has also been established'. Consequent effects of
fatal overdoses of nicotine though rare can potentially be
life-threatening °. Nicotine poisoning tends to produce
symptoms that follow a biphasic physiologic response'. At
low doses, nicotine causes stimulatory effects (i.c.,
hyperactivity) on nicotinic-type acetylcholine receptors,
and inhibitory effects (i.e., hypokinesis and akinesis) in
higher doses or on prolonged exposure to the
neuromuscular junction causing neuromuscular blockade .
Acute nicotine ingestion exhibits early symptoms such as
nausea and vomiting, excessive salivation, abdominal pain,
pallor, sweating, hypertension, tachycardia, ataxia, tremor,
headache, dizziness, muscle fascinations, and seizures.
This is followed by hypotension and bradycardia,
progressive muscular weakness and/or paralysis,
respiratory failure, central nervous system depression,

coma, and death™"

. Conversely, basic knowledge of
pharmacology using plant-derived therapeutic agents in
human and animal studies suggests that early antagonism of
nicotine toxicity is associated with a better outcome. The
rapid and effective intervention and treatment of nicotine-
poisoned patients during hospital admission reduces the
number of deaths and improve the prognosis for surviving
patients. Atropine is the mainstay of treatment in nicotine-
induced toxicity mediated by blockade of muscarine-
sensitive receptors though not so effective at the nicotine-
sensitive synapses'’. The important Datura species include
the following : Downy thorn apple (D.metel synonym
D fastuosa),
(D.discolor), jimson weed (D.stramonium) all belonging to

angel's trumpet (D.innoxia), moon flower

the Family Solanaceae"™.
D.metel is one of the folklore medicinal herbs used in
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traditional Chinese and Indian Ayurveda medicine”. Just
like other variants of Datura plants, it contains tropane
alkaloids such as scopolamine, hyoscyamine, and atropine
predominantly in its seeds and flowers which is responsible
for its broad spectrum of pharmacological properties™.
Admist the safety concerns , the ethnopharmacologic
importance of D.metel still remains helpful clinically. A
diverse unorthodox clinical application has found it
successful as narcotic, analgesic, antihelminthic, cytotoxic,
wound healing and antiinflammatory”. Herbicidal activity
of D.metel via allelopathic effect on the noxious weed,
Parthenium hysterophorus L has been established from
literature”. However, it is noteworthy that the ingestion of
D. metel in any form is dangerous and banned in some
countries due to the tropane alkaloid content, hence should
be treated with extreme caution™. Further studies to
ascertain the possible use of D. metel as a potential
therapeutic agent in nicotine intoxication in humans is
therefore advocated. This study aimed to evaluate the
protective effect of the hydroethanolic extract of Datura
metel leaves against nicotine-induced toxicity in albino
rats.

2.0 Materials and Methods

2.1 Materials

Ethanol (Emsure® ACS, ISO, Reag. Ph Eur), Nicotine
(Sigma Aldrich, Germany), Vitamin E (Emzor
Pharmaceutical Industries Limited), Light Microscope
(Leica DM- 500, Leica Microsystems, Germany), Leica
Tissue Processor (Microm STP 125, Thermofisher, USA)
Haematoxylin & Eosin (Haematoxylin Stain Sigma
Aldrich, Germany), Coverslips and glass slides (eltech
microscope frosted slides), Rotary Microtome (Microm

HM 325, Thermofisher, USA).

2.1.1 Collection and identification of Datura metel
plant

Fresh leaves and stems of D.metel were collected from,
Yaba, Lagos Nigeria with Latitude 6.5037°N and Longitude
3.3684° E . The botanical identification and authentication
of the plant were carried out at the herbarium unit of the
Department of Botany, University of Lagos Mr 0.0
Oyebanji and a voucher specimen was deposited with an
allotted number (LUH 6590). The experimental procedures
adopted in this study was approved by the Health Research
Committee of the College of Medicine , University of
Lagos, Nigeria (CMUL/HREC/10/19/558).
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2.2 Preparation and extraction of Datura metel

Fresh leaves of D. metel were thoroughly washed under
running water to remove dirt and soil, cut into tiny pieces,
and air-dried under shade at room temperature and optimal
ventilation. A preliminary method using 3.5g of the powder
to determine the most homogenous solvent was done using
distilled water/ethanol/hydro-ethanol (70:30) at room
temperature and at 100° C in a water bath. The powder
dissolved best in hydro ethanol (70:30) forming the basis of
using it for our experiment. 100g of the fine powdered
sample was macerated in 2.5 L of 70% hydro ethanol (70%
ethanol, 30% distilled water) with continuous stirring for
72h. The homogenate was then filtered through a muslin
cloth followed by Whatman no. 1 filter paper . The filtrate
was then transferred to an aerated oven preset at 40°C for
48hrs and completely dried until a deep brown, aromatic
solid residue was obtained. The residue, thus obtained, was
stored in air and moisture tight container and was freshly
reconstituted when needed™.

2.3 Experimental animals

Fifty -five bred animals (rats; weighing 150-200g and mice
weighing 20-25g; 10-12week old), were obtained from the
Laboratory Animal Centre of the College of Medicine,
University of Lagos, Nigeria. The animals were properly
housed in transparent plastic cages padded with wood
shavings under standard conditions (2842 °C) temperature,
55+5% relative humidity and 12h light: 12h dark cycle.
Animals were maintained on standard rodent pellets
(Livestock Feeds PLC, Ikeja, Lagos, Nigeria), and
provided with water ad libitum. The rats were acclimatized
for fourteen days prior to commencement of experimental
procedures which were per the provisions of the
Experimentation Ethics Committee on animal use of the
College of Medicine, University of Lagos, Nigeria and the
United States National Academy of Sciences guide for the
care and use of laboratory animals™.

2.4 Acute toxicity testing (LD,, determination) of D.
Metel in mice

Twenty-five albino mice were employed for the oral acute
toxicity testing. Five groups of five mice were fasted for 12
h and administered D. metel at doses of 500, 1000, 2000,
4000, 8000mg/kg/p.o. The intraperitoneal acute toxicity
testing was carried out using fifteen animals of which five
mice were administered D. metel hydroethanolic extract at
doses of 2000, 2500, and 3000 mg/kg/i.p. Behavioural
changes, as well as symptoms of toxicity, were observed for

THE NIGERIAN JOURNAL OF PHARMACY | VOL57, ISSUE(1) 2023

the first 2 h and then, 24 hours post-treatment for mortality.
The mice were monitored for 14 days for any signs of
delayed toxic reactions or mortality. The median lethal dose
(LD,,) was estimated using the log-dose probit analysis
method according to Miller and Tainter™.

2.5 Phytochemical analysis of the hydroethanolic
extract of D. Metel

The hydroethanolic extract of D.metel was analysed via
series of chemical tests to determine the phytochemical
compounds it contained according to methods adopted by
Adeneye and Adeyemi with slight modifications™.

2.6 Determination of D. metel leaves activity in
nicotine-induced toxicity

The assay was carried out with slight modifications
according to the prorocol adopted by Das et al”*. Nicotine
(1mg/kg/day, i.p) was administered to five groups, A-E of
six rats (n=6) for seven days. Hydroethanolic extract of D.
metel leaves was administered to groups, B,C and D at
doses 250, 500, and 1000 mg/kg while vitamin E
(50mg/kg/day, p.o) was administered to the group E as a
negative control. The groups were as follows:

Group A (Control): Nicotine (1mg/kg body mass'day”,
ip.)

Group B: Nicotine/ Datura metel: Nicotine (1mg/kg, i.p.) +
Datura metel (250mg/kg body mass "day”, p.o)

Group C: Nicotine/ Datura metel: Nicotine (1mg/kg) +
Datura metel (500mg/kg body mass'day ™, p.o)

Group D: Nicotine/ Datura metel: Nicotine (1mg/kg) +
Daturametel (1000mg/kg body mass"day”, p.o)

Group E: (Control) Nicotine/ Datura metel: Nicotine
(Img/kg) + Vitamin E (50mg/kg body mass™"day, p.o).

The rats had regular daily food and water intake,
and their general well-being was observed. On the 8" day,
the animals were humanely sacrificed, and organs (kidney,
liver, heart) were perfused with cold normal saline before
being harvested and stored in formal saline for
histopathological analysis.

2.7 Statistical Analysis

Data are expressed as the mean + standard error of the
mean (SEM). Using Graph-Pad Prism 6 (Graph-Pad
Software Inc., California, United States of America), a
probit vs log dose graph was plotted and the LD,, was
calculated using linear regression analysis. Statistical
significance was considered at p<0.05.
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3. Results

3.1 LD, determination of D. metel

Result ofacute toxicity testing of the hydroethanolic extract
of D. metel treated mice at a maximum dose of 8000 mg/kg,
p-o. exhibited the following behaviours in the initial 2-hrs
post-treatment observation period: calmness, sedation and
reduced locomotion. However, this did not result in death or
observable delayed toxic symptoms in the experimental
group up until 14days post-treatment. However, the
intraperitoneal administration as shown in Figure 1
estimated the LD,, to be the antilog of 3.488
(3076.1mg/kg/i.p).

0.8 -
0.6 -
LD 4,=3.488
0.4 -
£ —1.129%
£ 02 Y =1.129*%X - 3.438
0.9187
0.0 '/ T T T 1
3.0 3.2 3.4 3.6 3.8
0.2 - Log dose mg/kg
Figure 1: Estimation of LD, of intraperitoneally

administered hydroethanolic extract of Datura metel
leaves

3.2 Phytochemical analysis of hydroethanolic leaf
extract of D. metel

Qualitative and Quantitative phytochemical analysis of the
hydroethanolic leaf extract of D. metel revealed the
presence of alkaloid (20.445), saponin (8.205), phenol
(39.81), flavonoid (9.855).

3.3 Effect of D. metelleaves in nicotine-induced toxicity
on the kidney, liver and heart

The histopathological analysis of the kidney showed the
protective role of D. metel extract in a dose-dependent
manner. The effect shown by the doses of 500 and 1000
mg/kg are comparable to the effect shown by the Vitamin E
which served as the positive control (Figure 3). The
histopathological analysis of the liver showed the
protective role of D. metel extract. The protective effect was
only conspicuous at the dose of 500 mg/kg (Figure 4). The
histopathological analysis of the heart showed the
protective role of D. metel extract. The protective effect was
only conspicuous at the doses of 500 and 1000 mg/kg
(Figure S).
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Figure 2: The histolopathological effect of the
hydroethanolic extract of D-metel on the kidney of rats
(A) Nicotine Kidney with an increased width of space
around the glomeruli (B) Nicotine Kidney + Ext.250 mg/kg
with a reduced width perivascular space around the
glomerulus and the taft of the glomerulus not as thick as A
(C) ) Nicotine Kidney+ Ext. 500 mg/kg with normal
appearing glomeruli G and tubules T (D) Nicotine Kidney+
Ext. 1000 mg/kg(showing normal appearing glomeruli, G
and tubules, T (E) Nicotine Kidney+ Vit.E at 50 mg/Kg

Showing normal appearing glomeruli G

Figure 3: The histolopathological effect of the

hydroethanolic extract of D. metel on the liver of rats
(A) Nicotine Liver with distension of central vein (B)
Nicotine Liver + Ext. 250 mg/kg with necrotic hepatocytes
(C) Nicotine Liver+ Ext. 500 mg/kg with well preserved
architecture and hepatocyte (D) Nicotine Liver + Ext. 1000
mg/kg with necrotic hepatocyte (E) Nicotine Liver+ Vit.E.
50 mg/kg showing a normal liver
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Fig 4 showing the histolopathological effect of the

hydroethanolic extract of D-metel on the heart of rats
(A) Nicotine heart with a necrotic myocardial muscle, M
and extensive hemorrhage, H (B) Nicotine Heart+ Ext. 250
mg/kg with distortion of cyto- architecture of the cardiac
muscle (C) Nicotine Heart+ Ext. 500 mg/kg with a well
preserved myocardial muscle (D) Nicotine Heart+ Ext.
1000 mg/kg showing normal myocardial muscle, M (E)
Nicotine Heart + Vit.E 50 mg/kg with well preserved
myocardial muscle

4. Discussion

Nicotine, a psychoactive component of tobacco, maintains
smoker's addiction and is responsible for the multiple
toxidromes that underlie nicotine toxicity”. It activates and
desensitizes nicotinic cholinergic receptors which
demonstrate a bewildering heterogeneity in structure,
function and distribution within the nervous system
mediating the complex symptoms observed in nicotine
poisoning™. About four-fifth of the world population
(4bllion people) use traditional medicine at the level of
primary health care according to The World Health
Organization (WHO)"' . Ethnopharmacology has revealed
various sources of many pharmaceutical drugs to evolve
from secondary metabolites derived from plants.

Members of the Datura species including Datura metel,
contain a copious quantity of belladonna alkaloids such as
scopolamine and atropine; that can produce both local and
systemic anticholinergic toxicity’’. The observed
discrepancy in the toxicological dose-response effect of the
different species may be due to the varying levels of toxic
metabolites contained in them.This study focuses on the
protective effectiveness with post-treatment of
hydroethanolic extract of Datura metel leaves to increase
survival following nicotine toxicity in rats. In this study,
the acute toxicity of hydroethanolic extract of Datura metel
leaves was evaluated by intraperitoneal administration with
an LD,, estimated to be 3076.1 mg/kg/i.p. Additionally, the
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extract showed no mortality when administered orally up to
a maximum dose of 8000 mg/kg/po. This shows that D.
metel is relatively safe upon oral ingestion and this is in
tandem with the results obtained from Ganesh et a/ where
Datura fastuosa was found to be safe up to dosage of 2000
mg/kg body weight with no symptoms of toxicity or
mortality™.

The phytochemical constituents in our study revealed the
presence of alkaloid, saponin, phenol, flavonoid,
anthraquinone and steroid. These findings are similar to a
study by Akharaiyi et al** that demonstrated the presence of
the aforementioned in the phytochemical analysis of
Datura metel leaf aqueous and ethanol extract.Conversely,
this was similar to the preliminary phytochemical
investigation was performed on methanolic and
hydroalcoholic extract of Datura fastuosa (syn: Datura
metel) revealed the presence of alkaloids, tannins, cardiac
glycosides, flavonoids, carbohydrates, amino acids and
The study showed the
histopathological findings of the nicotine treated rats

phenolic compounds®.

revealed significant pathomorphological alterations in the
kidney such as widening of space around the glomeruli and
thickening of the glomeruli tuft and adhesion to bowman's
capsule. Administration of the D. metel extract at a dose of
500mg/kg effectively reduced pathological changes
induced by nicotine damage showing normal appearing
glomeruli and tubule.

This contrasts with a study by Imo e al** where the results
showed that some parts of Datura metel (leaf, seed and
fruits) posed mild toxic effect, while other parts exhibited
nephroprotection by regulating the kidney function of male
albino rats. Studies have demonstrated that blockage of
central and peripheral cholinergic neurotransmission by the
parts of the Datura species have severe anticholinergic fatal
adverse effects”. From our study, the liver of the nicotine -
treated rats showed a distention of the central vein and
distortion of the general cytoarchitecture of the liver. The D.
metel treated rats at 500mg/kg showed a well-preserved
architecture and hepatocyte. This differs from a study by
Sanni ef al”* which demonstrated the histological analysis
revealed the presence of intracellular accumulations
(glycogen or lipids) in the liver suggesting that the palm
wine extract of Datura stramonium had the potential to
cause liver damage.

Similarly, toxicological assessment of the pretreatment of
rats with extract of Datura fastuosa seed through
histological evaluation demonstrated a decrease in the
necrotic changes in the liver architecture”. The histological
analysis of the heart of nicotine-treated rats exhibited a
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necrotic myocardial muscle with extensive haemorrhage
was seen. The D. metel treated rats  at 500mg/kg showed a
well-preserved myocardial muscle. This was not in tandem
with the vacuolization and degenerative changes of cardiac
myofibers observed in a study by Verma et al’ on the
pathomorphological effect of Datura stramonium seeds
extract in rats. The pathomorphological changes were
either reversed or blocked in the kidney, liver, and heart by
the D. metel extract dose at 500 mg/kg and at a milder effect
at 1000 mg/kg (except in liver). The protective effect of D.
metel seen on the studied organs could be attributed to the
phytochemicals present in the plant extract. A study by
Wink, demonstrated that alkaloids act as antagonists (and
agonist) to a variety of neurotransmitter systems via, direct
binding to neuroreceptors and impinging on the
neurotransmitter metabolism (e.g., cholinesterase
inhibition)". Nicotine toxicity whose effect is elicited by
binding to acetylcholine brain receptors, resulting in
smoking's rewarding and reinforcement effects is
antagonised by alkaloid-containing plant extracts such as
D. metel”. This suggests that plants with alkaloid secondary
metabolites could be used in further research as
psychotropic medicines, or social drugs studies either as
simple tools for the modification of specific
neurotransmitter targets or in models of drug abuse and
addiction®. Varying investigations employing animal
models have established that berry extracts with high levels
of anthocyanins or other polyphenols can reverse brain
insult”. Phenols and flavonoids are potent antioxidant and
anti-inflammatory compounds® which help to scavenge
free radicals and could also serve as cytoprotectants in
nicotine-induced production of free radicals and reactive
oxygen species that caused damaged cell and tissue
structure®. The cytoprotective effect demonstrated by our
study may be due to the presence of these bioactive agents.
Limitations of the study was that quantitative analysis of
the effect of nicotine on the organs studied was not done due
to absence of appropriate equipment. Also, the
extrapolation to humans was not done in this experiment.
Policy limitations were due to the fact that the plant is only
used as a folklore medicinal herb in traditional Chinese and
Indian Ayurveda medicine for now, probably due to the
extreme care the practitioners must possess as a result of the
fatal adverse effect in improper use.

5. Conclusion

The phytochemistry, acute toxicity and histopathology
analysis of Datura metel documented in this current study
suggests a protective role against nicotine induced toxicity
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in rats. In view of its multiple uses, more activity screening
and structural relationship studies are yet to be explored
further. However, information presented in this review
could be helpful in promoting research aimed at the search
and development of new agents for medical application
using plant derived products .
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