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a b s t r a c t 

Background: Phyto-medicine represents a vast pool of novel drug development, but understanding their safety 
requires elaborate, multifaceted approaches, including toxicity studies. 
Objective: This study investigated the effects of 90 days of oral administration of Datura stramonium (DSE) leaf 
extract in Rats. 
Methods: In the oral acute toxicity study, mice were treated with a single oral gavage of DSE at 500, 1000, 
and 2000 mg·kg -1 /d, po and observed for signs of acute toxicity for 14 days. In the sub-chronic study, rats 
were randomized into four Groups (A–D). Group A received distilled water (10 mL·kg -1 , po) while groups B–
D received DSE (10, 50 and 250 mg·kg -1 /d, po, respectively) orally for 90 days uninterrupted. Animals were 
weighed weekly, with food and water measured daily and relevant parameters assayed at the end of the 90days 
administration. 
Results: In acute toxicity studies, oral administration of up to 2 g·kg -1 /d, po of DSE did not elicit any semblance 
of toxicity or mortality within 24 h to 14 days. In the 90days studies, DSE (250 mg·kg -1 /d, po) decreased the 
body weight, brain weight, and food intake in female rats. DSE (10–250 mg·kg -1 /d, po) increased the red blood 
cell (RBC), packed cell volume (PCV) and hemoglobin (Hb) in both sexes. DSE (10–250 mg·kg -1 /d, po) increased 
the triglycerides (TG), cholesterol and low-density lipoprotein (LDL); and decreased HDL in both sexes. DSE (10–
250 mg·kg -1 /d, po) increased the white blood cells (WBC) and platelets in female rats. DSE (10–250 mg·kg -1 /d, po) 
decreased the alkaline phosphatase (ALP) and alanine transaminase (ALT) in both studies. Serum urea level was 
decreased in both sexes. DSE (250 mg·kg -1 /d, po) decreased male rats’ serum sodium ion levels. Liver, brain, 
testes and kidney showed severe lesions at 250 mg·kg -1 /d, po of the extract. 
Conclusion: D. stramonium is safe on acute exposure and relatively safe on sub-chronic oral administration. How- 
ever, prolonged use, especially at high doses, could cause Liver, brain and kidney toxicities; and abnormal lipid 
metabolism. 
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. Introduction 

Ethno-medicine represents a vast pool of novel drug development,
ut investigating and understanding their safety requires elaborate,
ultifaceted approaches, including toxicity studies ( Atanasov et al.,
015 ; Raclariu et al., 2018 ). Herbal medicine is a credible health-
are option which has, in recent years, been entrenched in our
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ociety and has provided the basis for the use of plant or natu-
al substances in managing many ailments in both poor and rich
ations ( Raclariu et al., 2018 ; Lim et al., 2021 ). The blanket as-
umption by rural dwellers that herbal products are free of adverse
eactions may have occasioned huge patronage for their healthcare
 Lim et al., 2021 ; Okaiyeto and Oguntibeju, 2021 ). This erroneous
elief has led to several internal organ damages and death cases
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 Shaban et al., 2016 ). Moreover, ( Okaiyeto and Oguntibeju, 2021 )
ighlighted the role of toxic bioactive compounds, heavy metals and
esticide contaminations in herbal toxicities, which negatively impact
he users’ health ( Berrin et al., 2006 ). Moreover, validated herbal-
elated multi-organs toxicities, including nephrotoxicity, hepatotoxicity
nd cardiotoxicity to hypersensitivity mediated/induced phytotoxic-
ty —documented respiratory and gastrointestinal toxicities in a com-
ination therapy study involving herbal medicine and antihypertensive
rugs ( Aydin et al., 2016 ). Using phytomedicine alongside pharmaceuti-
al agents could cause adverse drug reactions such as increased liver en-
ymes, gastrointestinal distortions and hepatic damage ( Awortwe et al.,
018 ). Reports have also suggested that the biotransformation of
erbal components to anthraquinones during long-term exposure may
nduce carcinogenic effects on the liver and intestine ( Dunnick and
yska, 2013 ). Recently, multi-organ toxicities have also been reported

n individuals who consume herbal products indiscriminately. Against
hese backdrops, there is a need to intensify studies on the safety of
ommonly used herbal products to guide the public on their proper
onsumption. 

Datura stramonium (DS) Linn. (jimsonweed) is a medicinal plant
elonging to the family Solanaceae. It is an erect, readily branching
nnual flowering plant with a height range of about 90 cm–125 cm and
istributed across all continents. Its flowers are trumpet-shaped, white
o creamy, with a fragrant odor. The root is long, thick and whitish,
hile the yellow to the green stem is smooth, erect and leafy. The

eaves are moderately long and smooth, nauseating taste; its anterior
urface is dark green, while the posterior surface is light green. The
eed is egg-shaped and covered with spines. Datura stramonium plant
rows well in warm and temperate regions of the world. D. stramonium
erb contains toxic and dangerous levels of anticholinergic alkaloids,
hich could result in anticholinergic poisoning in cases of overdose
 Glatstein et al., 2016 ). Traditionally, Datura stramonium is used for
iverse human health problems. The leaf of Datura stramonium is used
opically for treating skin disorders, wound healing, baldness, boils and
wellings ( Sayyed and Shah, 2014 ). The seeds of DS are used for body
ains, asthma, tonsillitis and sedation ( Khan et al., 2013 ; Sayyed and
hah, 2014 ). Its flower juice is employed for managing cough, asthma,
ever, earache, and dandruff and as a purgative ( Sayyed and Shah, 2014 ;
lam et al., 2021 ; Dayar et al., 2021 ). Modern medicine has several ther-
peutic potentials, including antimicrobial, nematicidal, antifungal, in-
ecticidal, anti-diabetic, anti-asthmatic, anti-inflammatory, antioxidant,
nalgesic, anticancer, wound healing, and neurological activities of
atura stramonium have been reported ( Al-Snafi, 2017 ; Cornelius et al.,
019 ). However, information about the safety profile of D. stramonium
s still inadequate despite its usefulness in traditional and modern
edicines. In addition, because Datura stramonium is one of the plants

ommonly abused, it is imperative to properly understand its pattern of
oxicity to advise policymakers on the consumption of the plant. Besides,
ost of the toxicity studies conducted on Datura stramonium were usu-

lly between 14 and 28 days, and the outcomes from these studies may
ot necessarily represent the toxicity status of D. stramonium. Hence, the
eed for sub-chronic (90 days) studies is urgent. Accordingly, this study
xtensively investigated the safety profile of sub-chronic (90 days) oral
dministration of hydroethanolic leaf extract of Datura stramonium in
ats. 

. Materials and Methods 

.1. Datura stramonium plant 

Datura stramonium leaves were obtained from the Odogbolu area of
gun state, Nigeria. The plant was identified and verified at the De-
artment of Botany, Faculty of Science, University of Lagos, Nigeria.
 voucher specimen was deposited in the university herbarium (LUH:
019). 
2 
.2. Extraction 

Freshly procured Datura stramonium leaves were kept in an ade-
uately aerated room to air dry the leaves. The dried leaves were
round, weighed (655 g) and soaked in 2 L of distilled water and ethanol
70%) in a ratio of 1:1 for 72 h. After that, it was drawn off and sieved
ith muslin cloth and Whatman filter paper. The residue was soaked
gain in two cycles to ensure increased extraction. At a reduced pres-
ure of about 40 ◦C, the filtrates were dried off (evaporated) to produce
 solid extract (8.7% yield) ( Akindele et al., 2015 ). Different working
oncentrations (1, 5 and 25 mg·kg − 1 ) of the extract dissolved in dis-
illed water were prepared and appropriate volumes were administered
o the animals corresponding to different doses of the extract used in
his study. 

.3. Animals 

Sixty-four Wistar rats (male and female) with a weight range of about
25 g–190 g were acquired from the Laboratory Animal centre of the
aculty of Basic Medical Sciences, Olabisi Onabanjo University, Ogun
tate, Nigeria. The animals were housed in standard, adequately ven-
ilated, clean cages and kept in a sterile and decent environment. The
nimals were provided with standard rodent feeds and clean water ad
ibitum. A conventional 14 days period of acclimatization was observed
or the rats before the study commenced. Ethical approval was obtained
rom the Health Research Ethics Committee (HREC) of the College of
edicine, University of Lagos, Nigeria. The rights and welfare of the

nimals were protected in line with the Guidelines for the Care and Use
f Laboratory Animals. 

.4. Acute toxicity test 

Two separate groups of Swiss mice consisting of five animals (male
nd female) each were denied food for about 12 h before the start of
he experiment. For the acute oral test group, Datura stramonium ex-
ract was given orally up to 2 g·kg -1 /d, po ( Murtala et al., 2021 ). Re-
arding the acute intraperitoneal test group, various doses (150, 300,
00 and 1200 mg·kg -1 /d, ip.; five animals each, respectively) of the ex-
ract were administered to the mice intraperitoneally ( Matsuo et al.,
002 ). The control groups in both toxicity studies received distilled
ater (10 mL·kg − 1 ). Two hours post-treatment, the animals were ob-

erved for behavioral expressions and signs of toxicity. Mortalities in
ach group were noted within the first 24 h, and those that did not die
ere observed for additional seven days for signs of delayed toxicity.
he median lethal dose (LD 50 ) was estimated using the Behrens-Karber
ethod ( Matsuo et al., 2002 ). 

.5. Sub-chronic toxicity test 

Sixty-four Wistar rats were, without bias, assembled into four differ-
nt groups of 16 mice each (8 males and females). According to their
ex, eight separate cages of two per group were used to house the rats.
aily oral treatment of the four groups of rats with distilled water (con-

rol) and extract doses of 10, 50 and 250 mg·kg -1 /d, po was done for 90
ays consecutively. Dose selection in this study was predicated on the
herapeutic dose of 50 mg·kg -1 of D. stramonium extract as established
n a previous study conducted by ( Murtala et al., 2022 ) on the antide-
ressant and anxiolytic activities of the extract. The three extract doses
mployed in this study were sub-therapeutic ( × 1/5), therapeutic ( × 1),
nd supra-therapeutic ( × 5) by the methods and procedures of ( Akindele
t al., 2015 ) and ( Murtala et al., 2021 ). Weekly body weight changes of
he rats in each group were recorded for the entire study duration. Food
nd water consumption for each rat were calculated and noted, and this
as done daily for 90 days. On the night of the 90th day, each rat’s urine

ample was collected with a metabolic cage for a urine test. Twenty-four
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ours after the 90th day of the extract administration, rats were anaes-
hetized using ether (1.9%), and blood samples were collected through
he retro-orbital plexus vein of the rat eye. Ethylenediaminetetraacetate
EDTA), lithium heparin and plain specimen bottles were used for hema-
ological, biochemical and hormonal assays, respectively. Cervical dis-
ocations were employed to sacrifice the rats. Blood in the plain bottles
as allowed to coagulate and centrifuged at 3500 r/min for 10 min. Se-
en was collected from the testes and epididymis of each male rat after

acrificing ( Akindele et al., 2015 ; Ogli et al., 2009 ; Kale et al., 2019 ). 

.5.1. Vital organs/internal structures 

The animals were dissected, and internal structures (Heart, liver, kid-
ey, brain, pancreas, spleen and testes) were carefully removed. The
emoved organs were weighed (standardized to 100 g body weight of
ndividual rats). Each vital organ sample was fixed in a 10% buffer solu-
ion for histopathological assessment ( Worasuttayangkurn et al., 2019 ).

.5.2. Hematological analysis 

Blood samples collected in the EDTA bottles were used for full blood
ount analyses. These include red blood cell (RBC) count, packed cell
olume (PCV), hemoglobin (Hb), white blood cell (WBC), and it is dif-
erential (neutrophils, basophils, monocytes, eosinophils and lympho-
ytes) count and platelet count using automated hematology analyzer
 Haghighi et al., 2014 ). 

.5.3. Biochemical parameters 

The blood samples in lithium heparin bottles were analyzed for liver
unction test (LFT) (alkaline phosphatase (ALP), aspartate transaminase
AST), alanine transaminase (ALT); Kidney function test (KFT) (urea
nd creatinine); lipid profile test (LPT) (total cholesterol, triglycerides,
igh-density lipoprotein (HDL) and low-density lipoprotein (LDL); elec-
rolytes (sodium ion, potassium ion, chloride ion, bicarbonate ion
nd hydrogen ion); total protein, albumin, total bilirubin and conju-
ated bilirubin using standard diagnostic test kits (Randox Laboratories,
rumlin, UK) on Automated Clinical System (Synchron Clinical Systems,
odel: CX5PRO; Beckman Coulter Inc., Galway, Ireland) ( Olayode et al.,
020 ). 

.5.4. Sperm test 

Semen was collected from the testes and epididymis of each male
at after sacrificing according to the methods of ( Akindele et al., 2015 ;
gli et al., 2009 ) and ( Kale et al., 2019 ). Sperm analysis (sperm motility,

perm count and sperm morphology, i.e.% abnormality) was carried out.

.5.5. Urine test 

Fresh urine samples collected from individual rats on the 89th/90th
ay for 12 h (8:00 pm–8:00 am, i.e. from dusk to dawn) with the aid
f metabolic cages were analyzed for glucose, bilirubin, ketone, specific
ravity, pH, protein, urobilinogen, nitrite, and blood using automatic
rine analyzer and commercial urine analysis strips Cybow 

TM ( DFI Co

td, Korea ). This procedure was carried out by ( Donkor et al., 2014 ) and
 Li et al., 2019 ). 

.5.6. Hormonal test 

The blood samples in the plain sample bottles were allowed to
oagulate for about 1 hour and later centrifuged at 3500 rpm for
0 min to obtain plasma/serum. The serum generated was used to
nalyze follicle-stimulating hormones (FSH), Luteinizing hormone
LH), progesterone, prolactin and testosterone levels. This procedure
as conducted in line with the submissions of ( Brandão-Costa et al.,
016 ) and ( Njan et al., 2019 ). 

.5.7. Histopathological assessment 

Internal structures, including the brain, testes, liver and kidney, were
emoved for cytoarchitectural examinations. They were preserved in
0% buffered formalin, dehydrated in graded alcohol, embedded in
3 
araffin, and cut into two 𝜇m thick sections. The sections were stained
ith haematoxylin-eosin for the photo-microscopic assessment using a
odel N-400ME photomicroscope (CEL-TECH Diagnostics, Hamburg,
ermany) ( Yuet et al., 2013 ; Akindele et al., 2015 ). 

.6. Statistical analysis 

Values were represented as mean ± standard error of the mean
SEM.) One-way ANOVA alongside Dunnett’s posthoc tests was em-
loyed to compare the data. Graph-Pad Prism 6 Software was used
 Graph-Pad Software Inc., CA, USA). Results were considered significant
t P < 0.05. 

. Results 

.1. Acute toxicity 

In the acute oral toxicity study, oral administration of up to 2 g/kg
.wt /day/ p.o. of D. stramonium did not elicit any semblance of toxicity
r even mortality within 24 h to 14 days in mice. Intraperitoneal admin-
stration of leaf of D. stramonium did not elicit apparent clinical signs of
oxicity at 150–300 mg/kg b.wt /day/ i.p. There was 100% mortality
t 1200 mg/kg b.wt /day/ i.p., though dullness, inactivity, hypokinesia,
ifficulty in breathing, tachycardia and lacrimation were noted before
heir death. The intraperitoneal LD 50 was estimated to be 630 mg/kg
.wt /day/ i.p. 

.2. DSE decreased bodyweight and food intake in female rats; and 

ncreased food and water intake in male rats 

In male rats, the extract did not produce any significant changes
 P > 0.05) in the body weights of the animals relative to the control.
n feeding pattern, D. stramonium (10 mg·kg -1 /d, po) produced a sig-
ificant increase ( P < 0.05) in food intake compared to the vehicle.
egarding water consumption, the extract (10 & 50 mg·kg -1 /d, po)

ncreased ( P < 0.001) the water intake relative to the distilled wa-
er ( Table 1 ). In female rats, D. stramonium (250 mg·kg -1 /d, po) sig-
ificantly decreased ( P < 0.01) the body weight compared to the con-
rol. The extract at all doses reduced ( P < 0.01, 0.0001) the food con-
umption of the distilled water. However, water intake was not sig-
ificantly affected ( P > 0.05) by the extract compared to the control
 Table 1 ). 

.3. DSE increased weight of heart, liver and kidney; and decreased weight 

f brain in female rats 

In the male, D. stramonium did not elicit any significant changes ( P
 0.05) in the weights of all the internal organs compared to the vehicle
 Table 2 ). However, in female rats, the extract (10–250 mg·kg -1 /d, po)
roduced a significant increase ( P < 0.05–0.001) in the weights of
he heart, liver and kidney relative to the control. In comparison to
istilled water, the extract (50–250 mg·kg -1 /d, po) produced a de-
rease ( P < 0.05–0.001) in the weights of the pancreas and brain
 Table 2 ). 

.4. DSE increased most hematological parameters in male and female 

tudies 

In male rats, Datura stramonium non-significantly increased ( P > 0.05)
he WBC and its differentials except neutrophils which showed a de-
rease ( P < 0.05) at 20 mg/kg b.wt /day/ p.o. and increase ( P < 0.0001)
t 250 mg·kg -1 /d, po Relative to the control. Meanwhile, the extract (10–
50 mg·kg -1 /d, po) produced a significant increase ( P < 0.05, 0.0001) in
CV, RBC and Hb compared to distilled water. Datura stramonium did
ot elicit any significant alteration ( P > 0.05) on platelets against the
ontrol ( Table 3 ). In female rats, Datura stramonium (10–250 mg·kg -1 /d,
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Table 1 

Assessment of Hydroethanol Leaf Extract of Datura stramonium Activities on Bodyweight, Food 
and Water Intakes in Male and Female rats. 

MALE 
Treatment Dose (mg·kg -1 ) Change in bodyweight (g) Food intake (g) Water intake (L) 

Distilled water 10 35.85 ± 11.96 52.86 ± 4.68 27.45 ± 2.97 
D. stramonium 10 20.46 ± 5.32 69.46 ± 3.78 ∗ 53.61 ± 5.84 ∗∗∗ 

D. stramonium 50 18.15 ± 4.45 66.79 ± 3.90 51.79 ± 4.96 ∗∗∗ 

D. stramonium 250 17.23 ± 5.77 62.99 ± 4.34 35.70 ± 3.64 

FEMALE 
Treatment Dose (mg·kg -1 ) Change in bodyweight (g) Food intake (g) Water intake (L) 

Distilled water 10 52.25 ± 8.14 110.20 ± 4.42 49.03 ± 4.37 
D. stramonium 10 44.25 ± 6.48 79.26 ± 4.28 ∗∗∗∗ 60.88 ± 4.13 
D. stramonium 50 43.92 ± 6.16 88.76 ± 4.34 ∗∗ 62.10 ± 4.14 
D. stramonium 250 19.42 ± 2.43 ∗∗ 64.68 ± 3.99 ∗∗∗∗ 38.04 ± 4.39 

Analyzed values showcased as mean ± Standard Error Mean ( n = 8). 
∗ P < 0.05,. 
∗∗ P < 0.01,. 
∗∗∗ P < 0.001,. 
∗∗∗∗ P < 0.0001 vs. distilled water (One way ANOVA by Dunnet’s multiple comparison test). 

Bodyweight changes, food and water intakes were calculated for 90 days. 

Table 2 

Assessment of Hydroethanol Leaf Extract of Datura stramonium Activities on weight of internal structures in Male and Female rats. 

MALE 
Treatment Dose (mg·kg -1 ) Heart (g) Liver (g) Pancreas (g) Spleen (g) Brain (g) Kidney (g) Testes (g) 

Distilled water 10 0.69 ± 0.01 4.51 ± 0.48 0.47 ± 0.05 0.53 ± 0.02 1.36 ± 0.17 1.12 ± 0.16 1.64 ± 0.19 
D. stramonium 10 0.62 ± 0.05 4.32 ± 0.55 0.36 ± 0.04 0.36 ± 0.02 1.11 ± 0.13 0.85 ± 0.04 1.30 ± 0.08 
D. stramonium 50 0.66 ± 0.04 5.04 ± 0.07 0.38 ± 0.05 0.45 ± 0.02 1.21 ± 0.16 0.98 ± 0.06 1.43 ± 0.07 
D. stramonium 250 0.65 ± 0.01 4.55 ± 0.22 0.67 ± 0.12 0.43 ± 0.18 1.21 ± 0.03 1.45 ± 0.04 1.82 ± 0.12 

FEMALE 
Treatment Dose (mg·kg -1 ) Heart (g) Liver (g) Pancreas (g) Spleen (g) Brain (g) Kidney (g) 

Distilled water 10 0.46 ± 0.01 4.19 ± 0.14 0.46 ± 0.03 0.56 ± 0.01 1.13 ± 0.03 0.96 ± 0.03 
D. stramonium 10 0.59 ± 0.03 ∗ 5.65 ± 0.26 ∗∗ 0.49 ± 0.02 0.58 ± 0.02 1.26 ± 0.05 1.17 ± 0.05 ∗ 

D. stramonium 50 0.62 ± 0.04 ∗∗ 5.34 ± 0.37 ∗ 0.33 ± 0.05 ∗ 0.60 ± 0.03 0.85 ± 0.05 ∗∗ 1.02 ± 0.06 
D. stramonium 250 0.58 ± 0.03 ∗ 5.43 ± 0.28 ∗ 0.24 ± 0.01 ∗∗∗ 0.64 ± 0.03 1.08 ± 0.06 0.98 ± 0.05 

Analyzed values showcased as mean ± Standard Error Mean ( n = 8). 
∗ P < 0.05,. 
∗∗ P < 0.01,. 
∗∗∗ P < 0.001 vs . distilled water (One way ANOVA by Dunnet’s multiple comparison test). 
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o) increased ( P < 0.05–0.0001) the WBC, monocytes and lymphocytes
ompared to the control. However, the extract at 20 and 250 mg·kg -1 /d,
o It has elicited a significant decrease in neutrophils ( P < 0.05) and
ymphocytes ( P < 0.01), respectively, relative to the vehicle. As regards
CV, RBC and Platelets, the extract (10–250 mg·kg -1 /d, po) produced
 significant increase ( P < 0.05–0.001) in the levels of these parame-
ers against the control. Meanwhile, there was no significant change ( P
 0.05) in Hb by the extract compared to the vehicle ( Table 3 ). 

.5. DSE increased cholesterol, LDL and decreased HDL, ALP, ALT and 

rea in male and female rats 

On cardiovascular function indicators, the extract (10–
50 mg·kg -1 /d, po) produced a significant increase ( P < 0.01–0.001)
n cholesterol and LDL and a decrease in HDL compared to the control
n male rats ( Table 4 ). Meanwhile, in female rats, the extract (10–
50 mg·kg -1 /d, po) elicited an increase ( P < 0.01–0.001) in cholesterol,
G and LDL relative to the control. However, HDL was not affected
 P > 0.05) by the extract ( Table 4 ). On liver function test indices, D.

tramonium (10–250 mg·kg -1 /d, po) produced a significant decrease
 P < 0.0001) in ALP and ALT, while AST, TB and CB levels were not
ffected ( P > 0.05) by the extracted relative to the control in male
ats ( Table 4 ). In female rats, AST, ALP, TB and CB levels were not
ignificantly ( P > 0.05) affected by the extract compared to the vehicle.
4 
eanwhile, the extract (10–250 mg·kg -1 /d, po) produced a decrease
 P < 0.01) in ALT against the control (Table 8). On kidney function
arameters in male rats, D. stramonium (50 mg·kg -1 /d, po) elicited a
ecrease in the concentration of urea in the blood against the distilled
ater, while creatinine was not affected ( P > 0.05) by the extract
 Table 4 ). In female rats, there was a decrease ( P < 0.05, 0.001) in urea
oncentration against the control by the extract (10 & 250 mg·kg -1 /d,
o), but creatinine level was not significantly altered ( P > 0.05) by
he extract (Table 8). On electrolytes, most of the parameters were not
ignificantly altered ( P > 0.05) by the extract in both male and female
ats ( Table 4 ). However, the extract (250 mg·kg -1 /d, po) produced a
ignificant decrease ( P < 0.01) in sodium ions compared to the vehicle
n male rats ( Table 4 ). 

.6. DSE showed no effect on sperm parameters 

Against the control, D. stramonium (250 mg·kg -1 /d, po) produced a
on-significant decrease ( P > 0.05) in sperm motility and sperm count
 Table 5 ). 

.7. DSE Elicited no changes on urine parameters 

In both male and female animals, D. stramonium produced no sig-
ificant changes in the pH, specific gravity and glucose. There were
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5 
o traces of protein, blood, ketone, nitrite, bilirubin and urobiliru-
in in the extracted treated groups in both male and female animals
 Table 6 ). 

.8. Hormonal assay DSE Elicited no changes on sex hormones 

In both male and female rats, D. stramonium (10–250 mg·kg -1 /d, po)
roduced a non-significant change ( P > 0.05) on all the hormones eval-
ated in this study relative to the control ( Table 7 ). 

.9. Histopathology 

Liver, kidney, brain and testes exhibited mild to moderate cytoarchi-
ectural distortions in male and female animals ( Figs. 1–4 ). 

. Discussion 

Previous studies have documented the traditional and modern uses
f D. stramonium . However, extensive toxicological evaluation of D. stra-

onium is imperative to predict its effects or possible damage following
ong-term exposure correctly. Therefore, a sub-chronic (90 days) toxi-
ological evaluation of the hydroethanolic leaf extract of D. stramonium

as investigated in this study. In the oral acute toxicity study, oral ad-
inistration of up to 2 g·kg -1 /d, po of D. stramonium did not elicit any

emblance of toxicity or mortality within 24 h to 14 days in mice. The in-
raperitoneal LD 50 was estimated to be 900 mg·kg -1 /d, ip. It has been re-
orted that an acute oral LD 50 estimate of more than 2000 mg·kg -1 /d, po.
f the extract is considered safe and nontoxic ( Ugwah-Oguejiofor et al.,
019 ; Alelign et al., 2020 ; VK et al., 2021 ). Absence of abnormal changes
n the general behavior of animals, such as difficulty in breathing,
achycardia, hypokinesia, dullness, inactivity, lacrimation and death
pon acute oral LD 50 estimate of 2–5 g·kg -1 /d, po of the extract
s considered harmless and safe ( Nugroho et al., 2020 ; Degu et al.,
021 ). Accordingly, D. stramonium can be said to be relatively
afe. 

Bodyweight, food, and water intake changes are preliminary signs of
oxicity, disease development and signs of improvement upon treatment
 Silva et al., 2012 ; Abebe et al., 2021 ). In male rats, the extract non-
ignificantly decreased the body weight gain of the animal. However,
ood and water intakes were increased at the lower doses of the extract.
eanwhile, in female animals, D. stramonium decreased the body weight

f the animals at 250 mg·kg -1 /d, po and food intake at all doses of the
xtract. In one of the previous toxicity studies conducted on D. stramo-

ium , ( Uddin et al. ) submitted that D. stramonium leaves decreased the
ody weight of rats after 14–28 days of administration ( Uddin et al.,
017 ). This observation agrees with our data, especially on female rats,
hich significantly reduced body weight gain. However, the lack of sig-
ificant changes in the body weight of male rats seems to agree with the
ubmissions of Abdelouahab et al. and Gidado et al. ( Uddin et al., 2017 ;
bdelouahab et al., 2011 ; Gidado et al., 2007 ). who reported no changes

n the body weight gain of male rats after 120 days of administration
f D. stramonium extract. According to the previously reported findings,
he reduction in body weight and food intake in female animals sug-
ests toxicity, which links the loss of appetite and body weight to drug-
nduced toxicity ( El Fakir et al., 2021 ). The decreased body weight and
ood intake in female animals could be attributed to the physiologic
ifferences that affect drug activity ( Whitley and Lindsey, 2009 ). De-
reased intestinal enzymatic activity and glomerular filtration rate in
emales could be responsible for the D. stramonium toxicities on female
ats’ body weight and appetite ( Anderson, 2008 ). The increase in water
onsumption in male animals does not indicate toxicity, which agrees
ith the findings of ( Ahmad et al., 2020 ), which reported an increase

n water consumption due to regular physiological changes. Elevation
n food consumption in male animals indicates no sign of toxicity but
ather the tendency of the extract to augment appetite, as previously re-
orted by ( Kognou et al., 2018 ). Therefore, the above findings suggest
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Table 4 

Assessment of Hydroethanol Leaf Extract of Datura stramonium Activities on Biochemical Parameters in Male and Female rats. 

MALE 
TM Dose 

(mg·kg -1 ) 
CHOL 
(mmol·L -1 ) 

TRIG (mmol·L -1 ) HDL (mmol·L -1 ) LDL (mmol·L -1 ) ALB 
( 𝜇mol·L -1 ) 

TP (g·dL -1 ) TB 
(μmol·L -1 ) 

CB 
(μmol·L -1 ) 

ALP (u/L) AST (u/L) ALT (u/L) 

Distilled water 10 65.33 ± 5.78 43.33 ± 2.33 29.67 ± 2.90 26.33 ± 5.45 5.16 ± 1.30 5.96 ± 0.02 0.08 ± 0.03 0.03 ± 0.00 62.50 ± 6.67 9.33 ± 1.45 30.25 ± 2.65 
D. stramonium 10 87.67 ± 6.38 ∗ 49.67 ± 2.90 12.33 ± 1.45 ∗∗ 56.33 ± 5.81 ∗ 5.96 ± 1.39 6.84 ± 1.64 0.11 ± 0.03 0.03 ± 0.01 23.50 ± 3.17 ∗∗∗∗ 14.33 ± 1.45 8.25 ± 1.37 ∗∗∗∗ 

D. stramonium 50 124.30 ± 4.33 ∗∗∗ 56.33 ± 3.18 20.33 ± 1.45 84.33 ± 4.91 ∗∗∗ 7.23 ± 1.39 9.00 ± 1.47 0.10 ± 0.04 0.02 ± 0.01 20.40 ± 2.72 ∗∗∗∗ 14.67 ± 2.60 9.75 ± 1.75 ∗∗∗∗ 

D. stramonium 250 103.70 ± 5.20 ∗∗ 53.67 ± 7.44 14.33 ± 3.52 ∗∗ 76.67 ± 7.12 ∗∗∗ 6.80 ± 1.68 7.3 ± 1.56 0.11 ± 0.04 0.02 ± 0.01 18.75 ± 3.19 ∗∗∗∗ 12.33 ± 2.33 7.50 ± 1.55 ∗∗∗∗ 

FEMALE 
TM Dose 

(mg·kg -1 ) 
CHOL 
(mmol·L -1 ) 

TRIG (mmol·L -1 ) HDL (mmol·L -1 ) LDL (mmol·L -1 ) ALB 
( 𝜇mol·L -1 ) 

TP (g·dL -1 ) TB 
(μmol·L -1 ) 

CB 
(μmol·L -1 ) 

ALP (U·L -1 ) AST (U·L -1 ) ALT (U·L -1 ) 

Distilled water 10 46.67 ± 5.23 14.67 ± 2.33 20.25 ± 4.64 26.33 ± 4.09 5.73 ± 1.53 7.43 ± 1.03 0.05 ± 0.01 0.05 ± 0.01 8.92 ± 1.68 8.25 ± 1.49 27.67 ± 4.05 
D. stramonium 10 91.67 ± 4.05 ∗∗ 46.67 ± 2.96 ∗∗∗ 21.50 ± 2.78 59.67 ± 8.11 ∗∗ 5.70 ± 0.92 8.76 ± 1.59 0.04 ± 0.01 0.06 ± 0.01 11.83 ± 1.33 14.00 ± 2.55 11.67 ± 1.85 ∗∗ 

D. stramonium 50 111.30 ± 7.44 ∗∗∗ 54.70 ± 3.18 ∗∗∗∗ 20.50 ± 3.08 84.33 ± 5.36 ∗∗∗ 4.78 ± 0.70 7.53 ± 1.56 0.05 ± 0.01 0.05 ± 0.01 13.83 ± 1.33 13.75 ± 1.88 10.33 ± 1.66 ∗∗ 

D. stramonium 250 102.70 ± 9.38 ∗∗ 51.33 ± 4.09 ∗∗∗ 17.00 ± 3.36 74.67 ± 4.09 ∗∗∗ 3.12 ± 1.09 5.53 ± 1.50 0.03 ± 0.01 0.04 ± 0.02 14.13 ± 1.43 11.50 ± 1.32 10.67 ± 2.02 ∗∗ 

MALE 
Na + (mmol·L -1 ) K + (mmol·L -1 ) Cl + (mmol·L -1 ) H 

+ (g·L -1 ) HCO 3 
− (mEq/L) Urea (mg·dL − 1 ) Creatinine (μmol·L -1 ) 

141.80 ± 2.20 3.68 ± 0.41 98.67 ± 1.76 7.10 ± 1.44 19.33 ± 1.45 51.33 ± 2.02 1.65 ± 0.08 
136.70 ± 1.48 3.06 ± 0.29 96.33 ± 1.45 6.93 ± 1.02 18.68 ± 1.60 46.67 ± 1.76 2.00 ± 0.25 
141.30 ± 1.45 3.70 ± 0.11 101.30 ± 1.45 8.16 ± 1.20 22.72 ± 1.61 39.00 ± 1.15 ∗∗ 1.83 ± 0.26 
129.30 ± 1.50 ∗∗ 3.90 ± 0.14 98.67 ± 1.76 7.63 ± 1.54 20.52 ± 1.62 46.00 ± 1.52 1.73 ± 0.14 

FEMALE 
Na + (mmol·L -1 ) K + (mmol·L -1 ) Cl + (mmol·L -1 ) H 

+ (g·L -1 ) HCO 3 
− (mEq/L) Urea (mg·dL − 1 ) Creatinine (μmol·L -1 ) 

142.30 ± 1.45 5.61 ± 0.35 96.90 ± 0.63 6.80 ± 0.47 19.83 ± 0.73 57.52 ± 1.62 1.80 ± 0.05 
132.50 ± 1.32 4.63 ± 1.62 101.70 ± 2.02 7.50 ± 1.05 21.33 ± 1.45 48.58 ± 1.68 ∗ 2.20 ± 0.83 
153.80 ± 22.10 4.33 ± 1.45 102.30 ± 0.66 8.63 ± 1.59 18.85 ± 1.08 52.62 ± 1.71 2.60 ± 1.17 
136.20 ± 1.74 4.43 ± 1.51 98.83 ± 1.64 7.73 ± 0.61 20.58 ± 1.68 41.52 ± 1.44 ∗∗∗ 2.06 ± 0.78 

Analyzed values showcased as mean ± Standard Error Mean ( n = 8). 
∗ P < 0.05. 
∗∗ P < 0.01. 
∗∗∗ P < 0.001. 
∗∗∗∗ P < 0.0001 vs . distilled water (One way ANOVA by Dunnet’s multiple comparison test). TM: Treatment, DW: Distilled water, DS: Datura stramonium , CHOL: Cholesterol, TRIG: Triglycerides, HDL: High density 

lipoprotein, LDL: Low density lipoprotein, ALB: Albumin, TP: Total protein, TB: Total bilirubin, CB: Conjugated bilirubin, ALP: Alkaline phosphatase, AST: Aspartate transaminase, ALT: Alanine transaminase, Na + : 
Sodium ion, K + : Potassium, Cl + : Chloride ion, H 

+ : Hydrogen ion, HCO 3 
− : Bicarbonate ion. 
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Fig. 1. Photomicrograph of male (A-D) and female (E-H) rat liver tissue. 
A. Control group (10 mL·kg -1 /d, po) with liver tissue showing normal appearance and histomorphology of the central vein (black thick arrow), hepatocytes (yellow 

circle), sinusoids with kupfer cells (red thin arrow) and hepatic plate (black arrow head) 
B. Treated group with DSE 10 mg·kg -1 /d, po.. showed no severe morphological changes, the hepatic plate (black arrow head), hepatocytes (red circle), slight 
congestion of the central vein (red thick arrow) and sinusoids (black thin arrow) 
C. Treated group with DSE 50mg·kg -1 /d, po. extract showed mild morphological changes and irregularity of the hepatic plate (yellow arrow head), constricted 
sinusoid (yellow thin arrow), microveside hepatocyte (blue circle) with a clear central vein (blue thick arrow) 
D. Treated with DSE 250 mg·kg -1 /d, po. extract showed severe necrotic degeneration of the tissue (red thin arrow), enlarged central vein (black thick arrow), and 
hepatic plate irregularity (red arrow head) with loss of function. H/E ×400; DSE: Datura stramonium extract. 
E. Control group (10 mL·kg -1 /d, po) with liver tissue histology showed normal histomorphology of the central vein (black thick arrow), hepatocytes (yellow circle), 
sinusoids housing the kupfer cells (red thin arrow) and the hepatic plate (black arrow head) were well defined 
F. Treated group with DSE 10 mg·kg -1 /d, po. extract showed slight morphological changes, irregularity of the hepatic plate (black arrow head), slight congestion of 
the central vein (red thick arrow), sinusoids with reduced kupfer cells (black thin arrow) and hepatocytes (black circle) 
G. Treated with DSE 50 mg·kg -1 /d, po. extract showed mild morphological changes, congested central vein (yellow thick arrow), microvesides hepatocytes (blue 
circle), constricted sinusoids with reduced kupfer cells(black thin arrow)and hepatic plate (red arrow head) 
H. Treated with DSE 250 mg·kg -1 /d, po. extract shows degradation and hydropic degeneration of the hepatocytes (red circle), congested central vein (black thick 
arrow), and dilated sinusoids (black thin arrow) with loss of function. H/E ×400; DSE: Datura stramonium extract. 

Fig. 2. Photomicrograph of male (A-D) and female (E-H) rat renal tissue. 
A. Control (10 mL·kg -1 /d, po) group showing normal histoarchitecture of renal tissue. The glomerulus (black thick arrow), capsular space (CS), epithelia cells (black 
thin arrow) and the proximal convulated tubules (PCT) and distal convulated tubules) DCT) appeared normal 
B. Treated group with DSE 10 mg·kg -1 /d, po. extract showed no significant morphological changes, the glomerulus (black thick arrow), epithelial cells (black thin 
arrow), capsular space (CS), and the proximal and distal convulated tubules (PCT and DCT) were well organized without any loss of function 
C. Treated group with DSE 50 mg·kg -1 /d, po. extract showed distorted glomerulus (black thick arrow), constricted distal convulated tubules (DCT), capsular space 
(CS) with dilated proximal tubules (PCT) 
D. Treated group with DSE 250 mg·kg -1 /d, po. extract showed collapsed glomerulus (black thick arrow), dilated capsular space (CS) and dilated proximal and distal 
tubules (PCT and DCT) with loss of function. H/E ×400; DSE: Datura stramonium extract. 
E. Control (10 mL·kg -1 /d, po) group showing normal histoarchitecture of renal tissue. The glomerulus (red thick arrow), capsular space (CS), epithelia cells (black 
thin arrow) and the proximal convulated tubules(PCT) and distal convulated tubules) DCT) appeared normal 
F. Treated group with DSE 10mg·kg -1 /d, po. extract showed no significant morphological changes, the glomerulus (black thick arrow), epithelial cells (black thin 
arrow), constricted capsular space (CS), the proximal and distal convulated tubules (PCT and DCT) were well organized without any loss of function 
G. Treated group with DSE 50 mg·kg -1 /d, po. extract showed distortion of the glomerulus (blue thick arrow), dilated distal and proximal convulated tubules (DCT 
and PCT) and irregular capsular space(CS) 
H. Treated group with DSE 250 mg·kg -1 /d, po. extract showed collapsed and extrusion of the glomerulus (yellow thick arrow), dilated capsular space (CS) and severe 
dilated proximal and distal tubules (PCT and DCT) with loss of function. H/E ×400; DSE: Datura stramonium extract. 
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Fig. 3. Photomicrograph of male (A-D) and female (E-H) rat brain histology. 
A. Control (10 mL·kg -1 /d, po) group showing well differentiated layers of brain tissue, the molecular layer (red arrow head), granular layer (black thick arrow) and 
the purkinje cells at the purkinje layer (black thin arrow) were well organized 
B. Treated group with DSE 10 mg·kg -1 /d, po.. of extract showed no significant morphological changes the molecular layer (blue arrow head), the granular layer (red 
thick arrow) and the purkinje cells (yellow thin arrow) were well organized without any lesion 
C. Treated group with DSE 50 mg·kg -1 /d, po. extract showed slight purkinje layer cells (blue thin arrow) distortion, vacoulation of the neuroglia cells at the molecular 
layer (yellow arrow head) and granular layer (yellow thick arrow). 
D. Treated group with DSE 250mg·kg -1 /d, po. showed degenerating neurons and neuroglia cells on the molecular layer (black arrow head), hyperchromatic granular 
layer (black thick arrow) and purkinje cells (red thin arrow) distortion with loss of functions. H/E ×400; DSE: Datura stramonium extract. 
E. Control (10 mL·kg -1 /d, po) group showing well differentiated layers of brain tissue, the molecular layer (red arrow head), granular layer (black thick arrow) and 
the purkinje cells at the purkinje layer(black thin arrow) were well organized 
F. Treated group with DSE 10 mg·kg -1 /d, po. of extract showed no significant morphological changes at the molecular layer (blue arrow head), the granular layer 
(red thick arrow) with slight distortion at the purkinje cell layer (yellow thin arrow) without any visible lesion 
G. Treated group with DSE 50 mg·kg -1 /d, po. extract showed slight constriction of the purkinje layer (black thin arrow) distortion of the neuroglia cells at the 
molecular layer (red thick arrow) and granular layer (black arrow head). 
H. Treated group with DSE 250mg·kg -1 /d, po. showed reduced degenerating neurons and neuroglia cells on the molecular layer (black thick arrow), hypochromatic 
granular layer (black arrow head) and purkinje cells (blue thin arrow) distortion with loss of functions. H/E ×400; DSE: Datura stramonium extract. 

Fig. 4. Photomicrograph of testicular tissue histology. 
A. Control (10 mL·kg -1 /d, po) testicular tissue showing normal testicular morphology, the seminiferous tubules (black thick arrow) housing the spermatozoa, sertoli 
cells (yellow circle), spermatogonia cells (black thin arrow) and the leydigs cells at the interstitial layer (IL) were well defined 
B. Treated group with DSE 10 mL·kg -1 /d, po extract showed no significant morphological changes. The seminiferous tubule (red thick arrow) housing the spermatozoa, 
sertoli cells (blue circle), spermatogonia cells (yellow thin arrow) were well defined with slight distortion at the interstitial layer housing the leydigs cells (IL) 
C. Treated with DSE 50 mg·kg -1 /d, po. extract showed severe distortion and dilation of the seminiferous tubules (blue thick arrow) with drastic reduction of the 
spermatozoa, sertoli cells(red circle), interstitial layer housing the leydig cells (IL) 
D. Treated with DSE 250 mg·kg -1 /d, po. extract showed severe degradation of the tissue, dilated seminiferous tubules (black thick arrow) with loss of spermatozoa 
cells, distorted interstitial layer housing the leydig cells(IL), reduction of spermatogonia cells (Red thin arrow) and sertoli cells(yellow circle) with loss of function. 
H/E ×400; DSE: Datura stramonium extract. 

Table 5 

Semen Evaluation of Hydroethanol Leaf Extract of Datura stramonium in Male rats. 

Treatment Distilled water Datura stramonium Datura stramonium Datura stramonium 

Dose 10 mL·kg -1 10 mg·kg -1 50 mg·kg -1 250 mg·kg -1 

Sperm motility (%) 91.50 ± 2.84 96.40 ± 3.98 95.33 ± 4.64 80.83 ± 3.63 
Sperm count ( × 10 6 ) 30.63 ± 1.76 34.50 ± 4.10 27.27 ± 3.31 20.68 ± 1.49 
% Abnormality ( × 10 6 ) 93.90 ± 3.35 91.92 ± 0.79 89.97 ± 4.64 86.68 ± 2.41 

Analyzed values showcased as mean ± Standard Error Mean ( n = 8). ∗ P < 0.05 vs. distilled water (One 
way ANOVA by Dunnet’s multiple comparison test). 

8 
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9 
hat long-term administration of D. stramonium may be more toxic to
emale than male subjects. 

Alterations in the internal organs’ weight and histopathology are in-
icators for assessing toxicities and the general health status of animals
n toxicological studies ( Porwal et al., 2017 ; Tiwari et al., 2020 ). Cellu-
ar constriction or swelling, which could result in a decrease or increase
n the weight of organs respectively, may indicate potentially harmful
endencies of chemicals/drugs ( Tabasum and Khare, 2019 ). ( Muia et al.,
020 ) reported that a decrease in the mean body weight and animal food
onsumption might stem from drug-induced toxicity, which could neg-
tively impact the weight of the internal organs. In male animals, evi-
ence of any significant alteration in the weight of the internal organs by
he extract was not observed, suggesting any toxicity in this regard. This
utcome agrees with the observations of ( Abdelouahab et al., 2011 ) and
 Gidado et al., 2007 ), who, in their evaluations, submitted that D. stra-

onium did not elicit any changes in the internal organs of the male rats.
owever, in female rats, the extract increased the heart, liver and kidney
eights, suggesting toxicity; it also decreased the weight of the pancreas
nd brain, indicating toxicity. The decrease in the brain’s weight may be
uggestive of the extract’s neurotoxic effect, which agrees with the find-
ngs of ( Ogunmoyole et al., 2019 ). The histopathological findings sup-
orted the internal organ toxicities observed in female rats in our study,
hich revealed some cytoarchitectural distortions in the liver, kidney
nd brain. Internal organ toxicity in female animals could be linked to
educed pharmacokinetic activities in female animals ( Anderson, 2008 ).
ased on the above outcomes, D. stramonium is relatively safe in male
ats but toxic in female rats. 

Determining hematological parameters is an important index to pre-
ict the toxicity of drugs ( Christian et al., 2017 ; Bariweni et al., 2018 ).
tudies have shown that ingesting toxic drugs/plants can alter blood
iomarkers ( Arome and Chinedu, 2013 ; Zahmati and Shokooh, 2016 ;
layode et al., 2020 ). In male animals, D. stramonium non-significantly

ncreased the WBC and its differentials. Meanwhile, the extract (10–
50mg·kg -1 /d, po) significantly increased the PCV, RBC and Hb. In fe-
ale animals, D. stramonium (10–250 mg·kg -1 /d, po) significantly in-

reased the WBC, its differentials, PCV, RBC and platelets. In the 14–28
ays toxicity studies conducted by ( Uddin et al., 2017 ), a reduction in
he hematological parameters by D. stramonium was reported, which
oes not agree with our observations in this study. However, an in-
rease in hematological parameters upon administration of D. stramo-

ium seed to West African Dwarf bucks for about ten days had been
eported ( Fatoba et al., 2013 ). This finding corroborates our observa-
ions on the hematological parameters after 90 days of oral ingestion
f D. stramonium extract. The non-significant increase in WBC and its
ifferentials in male rats suggested that the extract could initiate an in-
ammatory process. This is evident in the submission of ( Olayode et al.,
020 ), who linked increased leukocytes with C-reactive protein (CRP),
n inflammation biomarker, to inflammation. However, the increased
BC and its differentials in female animals suggest inflammatory reac-

ions, indicating a possible toxicity sign. A decrease in PCV, RBC, Hb,
CV, MCH and MCHC suggests anemia ( Nigatu et al., 2017 ; Rehan et al.,

018 ). Therefore, an increase in PCV, RBC and Hb by the extract in both
tudies suggests no toxicity but rather the extract’s tendency to stimulate
rythropoiesis possibly. Stimulation of bone marrow by thrombopoietin,
n amino acid glycoprotein, can induce platelet release ( Olayode et al.,
020 ). Increased circulating platelets have been linked to severe haem-
rrhages and inflammation mediated by toxic compounds ( Arika et al.,
016 ). Therefore, an increase in female animal platelets may suggest an
nflammatory response. Based on the above findings, D. stramonium can
e toxic in female rats but relatively safe in male rats. 

Liver and kidney function tests, lipid profile and electrolytes assay,
re essential biochemical screenings for organ function ( Adedapo et al.,
007 ; Arika et al., 2016 ; Nigatu et al., 2017 ). Regarding the lipid pro-
le assay, the extract (10–250 mg·kg -1 /d, po) increased the choles-
erol and LDL; and decreased the HDL in male animals. In female an-
mals, D. stramonium increased cholesterol, triglycerides and LDL levels.
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Table 7 

Gonadal Hormone Assay of Hydroethanol Leaf Extract of Datura stramonium in Male and Female rats. 

MALE 
Treatment Dose (mg·kg -1 ) FSH (U·mg -1 ) LH (U·mg -1 ) Progesterone (U·mg -1 ) Testosterone (U·mg -1 ) 

Distilled water 10 0.65 ± 0.27 0.78 ± 0.04 5.50 ± 1.34 0.87 ± 0.01 
D. stramonium 10 0.68 ± 0.01 1.30 ± 0.11 6.48 ± 1.50 1.78 ± 0.29 
D. stramonium 50 0.87 ± 0.06 1.82 ± 1.06 7.34 ± 1.45 1.74 ± 0.34 
D. stramonium 250 1.66 ± 0.69 0.96 ± 0.07 5.40 ± 1.47 1.76 ± 0.32 

FEMALE 
Treatment Dose (mg·kg -1 ) FSH (U·mg -1 ) LH (U·mg -1 ) Progesterone (U·mg -1 ) Testosterone (U·mg -1 ) 

Distilled water 10 0.70 ± 0.01 0.79 ± 0.01 4.62 ± 1.35 0.79 ± 0.01 
D. stramonium 10 0.76 ± 0.07 1.63 ± 0.99 6.29 ± 1.75 0.34 ± 0.15 
D. stramonium 50 0.80 ± 0.05 0.76 ± 0.01 5.35 ± 1.83 0.44 ± 0.14 
D. stramonium 250 0.77 ± 0.01 0.81 ± 0.02 6.46 ± 1.50 0.37 ± 0.16 

Analyzed values showcased as mean ± Standard Error Mean ( n = 8). ∗ P < 0.05 vs. distilled water (One way 
ANOVA by Dunnet’s multiple comparison test). 
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he increase in total cholesterol, triglycerides and low-density lipopro-
eins (LDL) by the extract in this study indicates distortions in lipid
etabolism. The body’s inability to effectively regulate membrane lipids

ould emanate from temporary liver injury, oxidative stress and lipid
eroxidation ( Aberare et al., 2011 ). Significant elevation in serum LDL,
holesterol and triglycerides and a decrease in HDL undermine heart
unction and could lead to cardiovascular degeneration and thicken-
ng of the arterial walls ( Owoade et al., 2018 ). Based on these find-
ngs, the increase in cholesterol, triglycerides and LDL levels in male
nd female studies suggests toxicity to the heart. These findings sup-
ort the reports of ( Ogunmoyole et al., 2019 ) on D. stramonium seed
xtract. 

Regarding liver function, D. stramonium (10–250 mg·kg -1 /d, po) sig-
ificantly decreased ALP and ALT, while AST, total bilirubin, total pro-
ein and conjugated bilirubin were not altered in male animals. In female
nimals, serum ALT level was significantly decreased by the extract (10–
50 mg·kg -1 /d, po), while other parameters were unaffected. AST, ALP
nd ALT are important intrinsic biomarkers for evaluating liver damage,
nd an increase in the circulating liver enzymes indicates liver toxicity
 Salasanti et al., 2014 ; Prasanth et al., 2015 ). The significant decrease
n ALP and ALT in both male and female animals does not indicate tox-
city, which is consistent with the submission of ( Aljarba et al., 2021 ),
ho linked increased levels of SGOT, SGPT, ALP, and Bilirubin in the

arcinogen control group to liver damage. Therefore, it is suggested that
he extract can be safe on the liver. 

Meanwhile, this finding is at variance with the observation of
 Abdelouahab et al., 2011 ) and ( Ogunmoyole et al., 2019 ), who reported
n increased ALP and AST following 14–28 days of D. stramonium admin-
stration. As observed in our study, the decrease in ALP and ALT levels
ould be linked to the regenerative ability of the liver and its capacity to
andle or break down toxic compounds following long-term exposure.
owever, evidence of alterations was found in the histopathological
valuation of the liver at the supra-therapeutic dose, suggesting that the
xtract is unsafe at a high dose. Creatinine (unwanted product of mus-
le metabolism) and urea (unwanted product of protein metabolism)
re biomarkers for evaluating kidney damage; an increase or decrease
n serum levels of these parameters suggests the state of the kidney
 Akindele et al., 2015 ; Abbas et al., 2018 ). In this study, serum urea
evels decreased in male and female rats. 

Meanwhile, there was no significant change in the creatinine level.
his finding suggests that the extract did not cause any significant dam-
ge to the kidney. ( Ogunmoyole et al., 2019 ) reported decreased serum
rea levels in the aqueous extract of D. stramonium and increased serum
rea levels in the methanol leaf extract. ( Imo et al., 2019 ) submitted
hat there was no significant change in serum urea level after ten days
f administration of D. metel extract. Our findings in this study are con-
istent with the observations of the above authors, except for the D.

tramonium methanol extract study, where increased urea level was at-
10 
ributed to an increased level of toxic alkaloids in methanol extraction.
erum electrolytes are bio-indicators for evaluating the viability of the
idneys and heart functions ( Burton, 1997 ; Abbas et al., 2018 ). Eleva-
ion or depletion in the level of any of these ions may indicate kidney
r heart toxicity ( Imo et al., 2019 ; Amagon et al., 2020 ). In this study,
. stramonium did not alter the levels of most of the electrolytes in both
ale and female animals except sodium ion, which showed a significant
ecrease at 250 mg·kg -1 /d, po of the extract in male animals. Based on
hese findings, the decrease in the serum level of sodium ion in male
ats at 250 mg·kg -1 /d po of the extract could indicate distortions in the
idney or heart function. The stability in the potassium, chloride, hydro-
en and bicarbonate ions indicates the absence of nephrotoxicity and
ardiotoxicity. 

A semen function test (sperm count, motility and morphology) is a
onventional procedure to evaluate testicular/sperm abnormalities or
nfertility ( Muhammad et al., 2018 ).In this study, there was a non-
ignificant decrease in the percentage of sperm count and motility at
upra-therapeutic dose. Based on these findings, D. stramonium could
e slightly toxic on the testes at high doses. This finding agrees with
he histological examination of the testes, which showed distortions of
he testicular cells at supra-therapeutic dose. This is consistent with the
ndings of Alwirfli (Alwirfli, 2021) , who reported some abnormal his-
ological alterations in the testes of Swiss albino mice. 

Urinalysis and serum electrolytes evaluations could index kid-
ey and liver functions ( Tan et al., 2018 ). No significant changes
ere observed in the treated animals’ urine parameters. Therefore, it

ould be submitted that the extract did not elicit any toxicity in the
rine. 

Histopathological examination of rat liver and kidney revealed some
ytoarchitectural distortions at 250 mg·kg -1 /d, po of the extract in both
ale and female studies, suggesting that the extract could be toxic at

upra-therapeutic dose. The brain of both sexes showed severe neuronal
egeneration and necrosis at 250 mg·kg -1 /d, po of the extract, suggesting
eurotoxicity at the high dose of the extract. The testes at 250 mg·kg -1 /d,
o the extract showed severe tissue degradation, dilated seminiferous
ubules with loss of spermatozoa cells, distorted interstitial layer hous-
ng the Leydig cells, reduction of spermatogonia cells and Sertoli cells
ith loss of function, suggesting testicular toxicity at a supra-therapeutic
ose of the extract. Qualitative phytochemical screening of D. stramo-

ium revealed the presence of saponins, flavonoids, phenols, reducing
ugar, steroids, terpenoids, alkaloids, and tannins ( Murtala et al., 2022 ).
uantitative phytochemical investigation of the extract showed a high

evel of alkaloids ( Alwirfli, 2021 ; Murtala et al., 2022 ). Alwirfli (Al-
irfli, 2021) , ( Ogunmoyole et al., 2019 ) and ( Abdelouahab et al., 2011 )

stablished the toxic effects of D. stramonium on various organs by link-
ng it with a high level of alkaloids in the plant. Therefore, the toxicities
roduced by D. stramonium on various organs in this study can be at-
ributed to the high level of alkaloids. 
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. Conclusion 

The hydroethanolic leaf extract of D. stramonium is nontoxic on acute
xposure and relatively safe at lower doses after sub-chronic oral ad-
inistration. However, at very high doses, the plant may induce lipid
etabolism, cardiotoxicity, nephrotoxicity and neurotoxicity distortion.
he extract could suppress appetite and cause loss of body weight at a
ery high dose. In addition, the extract could also cause internal bleed-
ng (haemorrhages) and inflammation at high doses. In male rats, the
xtract can attack testicular cells, which could affect the quality and
uantity of sperm at high doses. Therefore, the plant should be used in
oderate doses to avoid loss of appetite, loss of body weight, and brain,
eart, testes and kidney toxicities. However, a further investigation that
ay involve 180 days of administration is recommended to understand

ts toxicity pattern following prolonged use fully. 

thical Approval 

Ethical approval was procured from the Health Research Ethics Com-
ittee (HREC) of CMUL, and the handling of animals was by the provi-

ions of the United States National Academy of Sciences Guide for the
are and Use of Laboratory Animals. 

ata Availability 

Nil 

unding 

Nil. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial
nterests or personal relationships that could have appeared to influence
he work reported in this paper. 

RediT authorship contribution statement 

Abdullahi A. Murtala: Conceptualization, Formal analysis, Data cu-
ation, Writing – original draft, Writing – review & editing, Funding
cquisition. Oyinloye E. Oladapo: Conceptualization, Formal analy-
is, Data curation, Writing – original draft, Writing – review & editing,
unding acquisition. Aderonke A. Aderionla: Conceptualization, For-
al analysis, Data curation, Writing – original draft, Writing – review
 editing, Funding acquisition. Wasiu E. Olooto: Conceptualization,
ormal analysis, Data curation, Writing – original draft, Writing – re-
iew & editing, Funding acquisition. Oluwatosin O. Soyinka: Method-
logy, Writing – review & editing, Project administration. Royhan O.

olarin: Methodology, Writing – review & editing, Project adminis-
ration. Farouk A. Oladoja: Methodology, Writing – review & editing,
roject administration. Oluwatoyin O. Shonde: Methodology, Writing
review & editing, Project administration. Luqmon E. Osipitan: For-
al analysis, Data curation. Emmanuel B. Adegbe: Formal analysis,
ata curation. Julius A. Abolarinwa: Formal analysis, Data curation. 

cknowledgement 

The authors appreciate Mr Luqmon Osipitan and Mr Busayo Ka-
umu of the Department of Pharmacology and Toxicology, Olabisi Ona-
anjo University, Ago-Iwoye, Ogun State, Nigeria, for their commitment
uring the bench work. The authors also thank Mrs Adeniyi Abimbola
aiwo of the Hematology Department, Olabisi Onabanjo Teaching Hos-
ital, Sagamu, Ogun State, Nigeria, for their technical assistance during
his research. 
11 
RCID 

Abdullahi A. Murtala, https://orcid.org/0000-0003-4894-9170 . 

upplementary Materials 

Nil. 

eferences 

bbas, M.Y., Ejiofor, J.I., Yakubu, M.I., 2018. Acute and chronic toxicity profiles of the
methanol leaf extract of Acacia ataxacantha DC (Leguminosae) in Wistar rats. Bull.
Fac. Pharm. Cairo Univ. 56 (2), 185–189 . 

bdelouahab, B., Nadia, M., Nabila, K., 2011. Toxicity studies of alkaloids of seeds of
Datura stramonium and synthesis alkaloids in male rats. J. Med. Plants Res. 5 (15),
3421–3431 . 

bebe, M.S., Asres, K., Bekuretsion, Y., Abebe, A., Bikila, D., Seyoum, G., 2021. Sub-
chronic toxicity of ethanol leaf extract of Syzygium guineense on the biochemical pa-
rameters and histopathology of liver and kidney in the rats. Toxicol. Rep. 8, 822–828 .

berare, O.L., Okuonghae, P., Mukoro, N., Dirisu, J.O., Osazuwa, F., Odigie, E.,
Omoregie, R., 2011. Triglycerides, total cholesterol, high density lipoprotein choles-
terol and low density lipoprotein cholesterol in rats exposed to premium motor spirit
fumes. N. Am. J. Med. Sci. 3 (6), 277–280 . 

dedapo, A.A., Abatan, M.O., Olorunsogo, O.O., 2007. Effects of some spurge family plants
on haematological and biochemical parameters in rats. Vet. Arh. 77 (1), 29–38 . 

hmad, N., The, B.P., Halim, S.Z., Zolkifli, N.A., Ramli, N., Muhammad, H., 2020. Eu-

rycoma longifolia —infused coffee —an oral toxicity study. Nutrients 12 (10), 3125 . 
kindele, A.J., Unachukwu, E.G., Osiagwu, D.D., 2015. 90 Days toxicological assessment

of hydroethanolic leaf extract of Ipomoea asarifolia (Desr.) Roem. and Schult. (Con-
volvulaceae) in rats. J. Ethnopharmacol. 174, 582–594 . 

lam, W., Khan, H., Khan, S.A., Nazir, S., Akkol, E.K., 2021. Datura metel : a review on
chemical constituents, traditional uses and pharmacological activities. Curr. Pharm.
Des. 27 (22), 2545–2557 . 

lelign, T., Chalchisa, D., Fekadu, N., Solomon, D., Sisay, T., Debella, A., Petros, B.,
2020. Evaluation of acute and sub-acute toxicity of selected traditional antiurolithiatic
medicinal plant extracts in Wistar albino rats. Toxicol. Rep. 7, 1356–1365 . 

ljarba, N.H., Ali, H., Alkahtani, S., 2021. Synergistic dose permutation of isolated alkaloid
and sterol for anticancer effect on young swiss albino mice. Drug Des. Dev. Ther. 15,
4043–4052. Aljarba, N.H., Ali, H., Alkahtani, S., 2021. Synergistic Dose Permutation
of Isolated Alkaloid and Sterol for Anticancer Effect on Young Swiss Albino Mice. Drug
Des. Devel. Ther. 15: 4043-4052. 

l-Snafi, A.E., 2017. Medical importance of Datura fastuosa (syn: datura metel) and Datura

stramonium -a review. IOSR J. Pharm. (2) 43–58 . 
lwirfli, S.M., 2021. Datura stramonium leaf extract toxic effects on testis in swiss al-

bino mice mus musculus. Sci. J. Faculty Sci. Sirte Univ. 1 (1), 2. Retrieved from
https://journal.su.edu.ly/index.php/jsfsu/article/view/29 . 

magon, K.I., Wannang, N.N., Bukar, B.B., Falang, K.D., Kolawole, J.A., Ajima, U.,
Damen, J.G., Agabi, Y.A., Kutshik, R.J., Longdet, I.Y., Gomerep, S.S., 2020. Evalu-
ation of serum haematological and electrolyte changes in wistar rats administered
some polyherbal preparations. Eur. J. Biol. doi: 10.24018/ejbio.81 . 

nderson, G.D., 2008. Gender differences in pharmacological response. Int. Rev. Neuro-
biol. 83, 1–10. Anderson, G.D., 2008. Gender differences in pharmacological response.
Int. Rev. neurobiol. 83: 1-10. 

rika, W.M., Nyamai, D.W., Musila, M.N., Ngugi, M.P., Njagi, E.N., 2016. Hematological
markers of in vivo toxicity. J. Hemat. Thromboembolic Dis. (2) 4–10 . 

rome, D., Chinedu, E., 2013. The importance of toxicity testing. J. Pharm. Biosci. 4,
146–148 . 

tanasov, A.G., Waltenberger, B., Pferschy-Wenzig, E.M., Linder, T., Wawrosch, C.,
Uhrin, P., Temml, V., Wang, L., Schwaiger, S., Heiss, E.H., Rollinger, J.M., 2015.
Discovery and resupply of pharmacologically active plant-derived natural products: a
review. Biotechnol. Adv. (3) 1582–1614 . 

wortwe, C., Makiwane, M., Reuter, H., Muller, C., Louw, J., Rosenkranz, B., 2018. Critical
evaluation of causality assessment of herb–drug interactions in patients. Br. J. Clin.
Pharmacol. 84 (4), 679–693 . 

ydin, A., Aktay, G., Yesilada, E., 2016. A guidance manual for the toxicity assessment of
traditional herbal medicines. Nat. Prod. Commun. 11 (11), 1763–1773 . 

ariweni, M.W., Yibala, O.I., Ozolua, R.I., 2018. Toxicological studies on the aqueous leaf
extract of Pavetta crassipes (K. Schum) in rodents. J. Pharm. Pharmacogn. Res. 6 (1),
1–6 . 

errin, Y., Ali, Ö., Umut, S., Meltem, E., Murat, B., Barut, Y., 2006. Multi-organ toxicity
following ingestion of mixed herbal preparations: an unusual but dangerous adverse
effect of phytotherapy. Eur. J. Intern. Med. 17 (2), 130–132 . 

randão-Costa, R.M., Araújo, V.F., Neves, E., Correia, M.T., Porto, A.L., das Graças
Carneiro-da-Cunha, M., 2016. Sub-chronic effects of a Phthirusa pyrifolia aqueous
extract on reproductive function and comparative hormone levels in male rats. Asian
Pac. J. Trop. Biomed. 6 (3), 202–210 . 

urton, D.R., 1997. Chemical Base and Electrolyte Disorders. International Students Edn.
Kagakusila Ltd. and Mc Graw-Hill Co., New York, p. 191 . 

hristian, A.G., Kechi, E.L., Oshie, N.C., John, A.D., Nwakaego, E.M., Ahunna, A.G., Nwo-
bodo, N.N., 2017. Haematological and biochemical changes after exposure to Maerua
crassifolia ethanol leaf extract in rats. J. Appl. Pharm. Sci. 7 (6), 136–140 . 

ornelius, G., Lohiya, G., Sharma, R., 2019. Chemical constituents and pharmacological
properties of Datura stramonium (thorn apple) —a review. Int. J. Eng. Res. Technol.
IJERT 8, 512–515 . 

https://orcid.org/0000-0003-4894-9170
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0001
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0002
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0003
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0004
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0005
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0006
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0007
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0008
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0009
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0011
https://journal.su.edu.ly/index.php/jsfsu/article/view/29
https://doi.org/10.24018/ejbio.81
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0015
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0016
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0017
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0018
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0019
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0021
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0022
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0023
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0024
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0025
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0026


A.A. Murtala, O.E. Oladapo, A.A. Aderionla et al. Clinical Complementary Medicine and Pharmacology 3 (2023) 100090 

D  

 

D  

 

D  

 

D  

E  

 

 

F  

 

G  

 

G  

 

H  

 

 

I  

 

 

K  

 

K  

K  

 

 

L  

 

L  

M  

 

M  

 

M  

 

M  

 

 

 

M  

 

 

 

N  

 

 

N  

 

N  

 

 

O  

 

O  

O  

 

O  

 

O  

 

P  

 

P  

 

R  

 

R  

 

S  

 

S  

S  

S  

 

T  

 

T  

 

T  

 

U  

 

U  

 

 

V  

 

W  

W  

 

 

Y  

 

Z  
ayar, E., Cebova, M., Lietava, J., Panghyova, E., Pechanova, O., 2021. Antioxidant effect
of Lonicera caerulea L. in the cardiovascular system of obese zucker rats. Antioxidants
10 (8), 1199 . 

egu, S., Abebe, A., Gemeda, N., Bitew, A., 2021. Evaluation of antibacterial and acute
oral toxicity of Impatiens tinctoria A. rich root extracts. PLoS One 16 (8), e0255932 .

onkor, K., Okine, L.N., Abotsi, W.K., Woode, E., 2014. Acute and sub-chronic toxicity
studies of aqueous extract of root bark of Cassia sieberiana DC in rodents. J. Appl.
Pharm. Sci. 4 (4), 084–089 . 

unnick, J.K., Nyska, A., 2013. The toxicity and pathology of selected dietary herbal
medicines. Toxicol. Pathol. 41 (2), 374–386 . 

l Fakir, L., Bourhia, M., Salamatullah, A.M., Alzahrani, A., Ullah, R., Ezzeldin, E.,
Mostafa, G.A., Bari, A., Alaoui, T., Gmouh, S., Benbacer, L., 2021. Acute and repeated
dose 60-day oral toxicity assessment of chemically characterized Berberis hispanica
Boiss. and reut in wistar rats. Open Chem. J. 19 (1), 686–695 . 

atoba, T.A., Adeloye, A.A., Soladoye, A.O., 2013. Effect of Datura stramonium seed ex-
tracts on haematological parameters of West African Dwarf (WAD) bucks. Eur. J. Exp.
Bio. 3 (4), 1–6 . 

idado, A., Zainab, A.A., Hadiza, M.U., Serah, D.P., Anas, H.Y., Milala, M.A., 2007. Toxic-
ity studies of ethanol extract of leaves of Datura stramonium in rats. Afr. J. Biotechnol.
6, 1012–1015 . 

latstein, M., Alabdulrazzaq, F., Scolnik, D., 2016. Belladonna alkaloid intoxication: the
10-year experience of a large tertiary care pediatric hospital. Am. J. Ther. 23 (1),
e74–e77 . 

aghighi, M., Sharif Rohani, M., Samadi, M., Tavoli, M., Eslami, M., Yusefi, R., 2014. Study
of effects Aloe vera extract supplemented feed on hematological and immunological
indices of rainbow trout (Oncorhynchus mykiss). Int. J. Adv. Biol. 2 (6), 2143–2154 .

mo, C., Arowora, K.A., Ezeonu, C.S., Yakubu, O.E., Nwokwu, C.D., Azubuike, N.C., Sal-
lah, Y.G., 2019. Effects of ethanolic extracts of leaf, seed and fruit of Datura metel L.
on kidney function of male albino rats. J. Tradit. Complement. Med. 9 (4), 271–277 .

ale, O.E., Awodele, O., Akindele, A.J., 2019. Acridocarpus smeathmannii (DC.) Guill. &
Perr. Root enhanced reproductive behavior and sexual function in male Wistar rats:
biochemical and pharmacological mechanisms. J. Ethnopharmacol. 230, 95–108 . 

han, J., Khan, R., Qureshi, R.A., 2013. Ethnobotanical study of commonly used weeds of
District Bannu, Khyber Pakhtunkhwa (Pakistan). J. Med. Plants Stud. 1 (6), 1–6 . 

ognou, A.L., Tchamgoue, A.D., Tchokouaha, L.R., Ngima, D., Nthenge-Ngumbau, P.V.,
Tchinda, A.T., Gueiffier, C.E., 2018. Acute and sub-chronic toxicity studies of
Dichaetanthera africana (Hook. F.) Jacq. Fel. (Melastomataceae) stem bark ethanol
extract. J. Appl. Pharm. Sci. 8 (6), 147–155 . 

i, Y., Kandhare, A.D., Mukherjee, A.A., Bodhankar, S.L., 2019. Acute and sub-chronic oral
toxicity studies of hesperidin isolated from orange peel extract in Sprague Dawley rats.
Regul. Toxicol. Pharmacol. 105, 77–85 . 

im, X.Y., The, B.P., Tan, T.Y., 2021. Medicinal plants in COVID-19: potential and limita-
tions. Front. Pharmacol. 12, 611408 . 

atsuo, T., Tanaka, T., Hashiguchi, M., Izumori, K., Suzuki, H., 2002. Effects of oral acute
administration and subchronic feeding of several levels of d -psicose in rats. J. Nutr.
Sci. Vitaminol. 48 (6), 512–516 . 

uhammad, H., Omar, M.H., Isa, M.L., Thani, N.S., Rasid, E.N., Awang, N., 2018. Male
reproductive toxicity studies of Orthosiphon stamineus aqueous extract in Sprague
Dawley rats. J. Med. Plants 6 (5), 07–14 . 

uia, B.M., Mbaria, J.M., Kanja, L.W., Gitahi, N., Okumu, P.O., Okumu, M.O., 2020. Acute
and sub-acute toxicity study of the root extracts of Fagaropsis hildebrandtii in mice
and evaluation of their antimicrobial effects. F1000Research 8, 1444 . 

urtala, A.A., Oyinloye, E.O., Alabi, A., Aderinola, A.A., Ogunjimi, L.O., Omoloye, A.A.,
Odusote, A.A., Olusola, J.O., Adebayo, O.O., Olooto, W.E., 2021. Toxicological evalu-
ation of hydroethanolic leaf extract of Pupalia lappacea (Linn.) Juss.(Amaranthaceae)
in rodents. Drug Metab. Pers. Ther. 1–17. doi: 10.1515/dmpt-2021-
0115 . 

urtala, A.A., Oyinloye, O.E., Alabi, A.O., Aderionla, A.A., Ogunjimi, L.O., Adesina, A.O.,
Farouk, A.O., Shonde, O.O., Osipitan, L.E., 2022. Datura stramonium abrogates
depression-and anxiety-like disorders in mice: possible involvement of monoaminer-
gic pathways in its antidepressant activity. Drug Metab. Pers. Ther. 37 (3), 305–314.
doi.org/10.1515/dmpt-2021-0166 . 

igatu, T.A., Afework, M., Urga, K., Ergete, W., Makonnen, E., 2017. Toxicological inves-
tigation of acute and chronic treatment with Gnidia stenophylla Gilg root extract on
some blood parameters and histopathology of spleen, liver and kidney in mice. BMC
Res. Notes 10 (1), 1–3 . 

jan, A.A., Olaoye, S.O., Afolabi, S.O., Ejimkonye, B.C., Soje, A., Olorundare, O.E.,
Iwalewa, E.O., 2019. Safety effect of fractions from methanolic leaf extract of Oci-
mum gratissimum on reproduction in male wistar rats. Toxicol. Rep. 6, 496–504 . 
12 
ugroho, R.A., Aryani, R., Manurung, H., Rudianto, R., Prahastika, W., Juwita, A., Al-
farisi, A.K., Pusparini, N.A., Lalong, A., 2020. Acute and subchronic toxicity study of
the ethanol extracts from Ficus deltoidea leaves in male mice. open access maced. J.
Med. Sci. 8 (A), 76–83 . 

gli, S.A., Enyikwola, O., Odeh, S.O., 2009. Evaluation of the efficacy of separate oral
supplements compared with the combined oral supplements of vitamins C and E on
sperm motility in Wistar rats. Niger. J. Physiol. Sci. 24 (2), 129–135 . 

gunmoyole, T., Adeyeye, R.I., Olatilu, B.O., Akande, O.A., Agunbiade, O.J., 2019. Mul-
tiple organ toxicity of Datura stramonium seed extracts. Toxicol. Rep. 6, 983–989 . 

kaiyeto, K., Oguntibeju, O.O., 2021. African herbal medicines: adverse effects and cy-
totoxic potentials with different therapeutic applications. Int. J. Environ. Res. Public
Health 18 (11), 5988 . 

layode, O.A., Daniyan, M.O., Olayiwola, G., 2020. Biochemical, hematological and
histopathological evaluation of the toxicity potential of the leaf extract of Stachy-

tarpheta cayennensis in rats. J. Trad. Compl. Med. 10 (6), 544–554 . 
woade, A.O., Adetutu, A., Airaodion, A.I., Ogundipe, O.O., 2018. Toxicological as-

sessment of the methanolic leaf extract of Bridelia ferrugelia . J. Phytopharm. 7 (5),
419–424 . 

orwal, M., Khan, N.A., Maheshwari, K.K., 2017. Evaluation of acute and subacute oral
toxicity induced by ethanolic extract of Marsdenia tenacissima leaves in experimental
rats. Sci. Pharm. 85 (3), 29 . 

rasanth, K.M., Suba, V., Ramireddy, B., Srinivasa, B.P., 2015. Acute and subchronic oral
toxicity assessment of the ethanolic extract of the root of Oncoba Spinosa (Flacour-
tiaceae) in rodents. Trop. J. Pharm. Res. 14 (10), 1849–1855 . 

aclariu, A.C., Heinrich, M., Ichim, M.C., de Boer, H., 2018. Benefits and limitations
of DNA barcoding and metabarcoding in herbal product authentication. Phytochem.
Anal. 29 (2), 123–128 . 

ehan, T., Tahira, R., Ullah, H., Tareen, U., Rehan, T., Anees, M., Murtaza, I., Sultan, A.,
2018. In-vitro bioactivities and subacute toxicity study of O. basilicum, T. vulgaris and
R. officinalis . Turk. J. Biochem. 43 (4), 447–455 . 

alasanti, C.D., Sukandar, E.Y., Fidrianny, I., 2014. Acute and sub chronic toxicity study
of ethanol extract of Anredera cordifolia (Ten.) v. Steenis leaves. Int. J. Pharm Sci. 6
(5), 348–352 . 

ayyed, A., Shah, M., 2014. Phytochemistry, pharmacological and traditional uses of
Datura stramonium L. Rev. J. Pharmacogn. Phytochem. 2, 123–125 . 

haban, N.S., Abdou, K.A., Hassan, N.E., 2016. Impact of toxic heavy metals and pesticide
residues in herbal products. Beni Suef Univ. J. Basic Appl. Sci. 5 (1), 102–106 . 

ilva, S.D., Abreu, I.C., Silva, G.F., Ribeiro, R.M., Lopes, A.D., Cartágenes, M.D.,
Freire, S.M., Borges, A.C., Borges, M.O., 2012. The toxicity evaluation of Syzygium

cumini leaves in rodents. Rev. Bras. Farmacogn. 22, 102–108 . 
abasum, S., Khare, S., 2019. Sub-chronic toxicity assessment of orally administered

methanol (70%) seed extract of abrus precatorius L. in Wistar Albino Rats. Turk. J.
Pharm. Sci. 16 (1), 88 . 

an, Y.J., Ren, Y.S., Gao, L., Li, L.F., Cui, L.J., Li, B., Li, X., Yang, J., Wang, M.Z., Lv, Y.Y.,
Xu, X.L., 2018. 28-Day oral chronic toxicity study of arctigenin in rats. Front. Phar-
macol. 9, 1077 . 

iwari, R., Siddiqui, M.H., Mahmood, T., Farooqui, A., Bagga, P., Ahsan, F., Shamim, A.,
2020. An exploratory analysis on the toxicity & safety profile of Polyherbal combina-
tion of curcumin, quercetin and rutin. Clin. Phytosci. 6 (1), 1–8 . 

ddin, F., Hossain, A., Das, R., Rahman, A.M., Akanda, R., Islam, S., 2017. Evaluation of
toxic effects of Datura Leaves ( Datura stramonium ) in rat. Int. J. Agric. Environ. Res.
3 (4), 3486–3497 . 

gwah-Oguejiofor, C.J., Okoli, C.O., Ugwah, M.O., Umaru, M.L., Ogbulie, C.S., Mshe-
lia, H.E., Umar, M., Njan, A.A., 2019. Acute and sub-acute toxicity of aqueous extract
of aerial parts of Caralluma dalzielii NE Brown in mice and rats. Heliyon 5 (1), e01179 .

K, M.A., Kalaichelvan, V.K., Venkatachalam, V.V., 2021. Acute and subacute toxicity
assessment of ethyl acetate extracts from aerial parts of clerodendrum thomsoniae
balf. F in rodents. Biointerface Res. Appl. Chem. 11 (6), 13952–13961 . 

hitley, H.P., Lindsey, W., 2009. Sex-based differences in drug activity. Am. Fam. Phys.
80 (11), 1254–1258 . 

orasuttayangkurn, L., Nakareangrit, W., Kwangjai, J., Sritangos, P., Pholphana, N.,
Watcharasit, P., Rangkadilok, N., Thiantanawat, A., Satayavivad, J., 2019. Acute oral
toxicity evaluation of Andrographis paniculata-standardized first true leaf ethanolic
extract. Toxicol. Rep. 6, 426–430 . 

uet, P.K., Darah, I., Chen, Y., Sreeramanan, S., Sasidharan, S., 2013. Acute and sub-
chronic toxicity study of Euphorbia hirta L. methanol extract in rats. Biomed. Res. Int.
2013: 1-14 doi: 10.1155/2013/182064 . 

ahmati, M., Shokooh, S.A., 2016. The evaluation of deferasirox on hematological param-
eters after lead administration. Asia Pac. J. Med. Toxicol. 5 (4), 124–129 . 

http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0027
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0028
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0029
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0030
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0031
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0032
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0033
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0034
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0035
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0036
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0037
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0038
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0039
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0040
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0041
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0042
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0043
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0044
https://doi.org/10.1515/dmpt-2021-\penalty -\@M 0115
http://doi.org/10.1515/dmpt-2021-0166
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0047
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0048
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0049
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0050
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0051
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0052
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0053
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0054
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0055
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0056
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0057
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0058
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0059
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0060
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0061
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0062
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0063
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0064
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0065
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0066
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0067
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0068
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0069
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0070
http://doi.org/10.1155/2013/182064
http://refhub.elsevier.com/S2772-3712(23)00012-8/sbref0072

	Sub-chronic (Ninety Days) Toxicity Study of Hydroethanolic Leaf Extract of Datura stramonium L. in Rodents
	1 Introduction
	2 Materials and Methods
	2.1 Datura stramonium plant
	2.2 Extraction
	2.3 Animals
	2.4 Acute toxicity test
	2.5 Sub-chronic toxicity test
	2.5.1 Vital organs/internal structures
	2.5.2 Hematological analysis
	2.5.3 Biochemical parameters
	2.5.4 Sperm test
	2.5.5 Urine test
	2.5.6 Hormonal test
	2.5.7 Histopathological assessment

	2.6 Statistical analysis

	3 Results
	3.1 Acute toxicity
	3.2 DSE decreased bodyweight and food intake in female rats; and increased food and water intake in male rats
	3.3 DSE increased weight of heart, liver and kidney; and decreased weight of brain in female rats
	3.4 DSE increased most hematological parameters in male and female studies
	3.5 DSE increased cholesterol, LDL and decreased HDL, ALP, ALT and urea in male and female rats
	3.6 DSE showed no effect on sperm parameters
	3.7 DSE Elicited no changes on urine parameters
	3.8 Hormonal assay DSE Elicited no changes on sex hormones
	3.9 Histopathology

	4 Discussion
	5 Conclusion
	Ethical Approval
	Data Availability
	Funding
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgement
	ORCID
	Supplementary Materials
	References


