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ABSTRACT
In the present study, the acute, subchronic, and neurodevelopmental toxicity of Rhus pentaphylla, a Moroccan medicinal plant,
was investigated in Swiss albino mice. HPLC analysis showed the presence of phenolic compounds with rutin as the principal
component. The ethanolic leaf extract showed low acute toxicity with a lethal dose 50 (LD50) of more than 5 g/kg. In subchronic
toxicity tests, the extract resulted in an increase in body weight without affecting the biochemical parameters or tissue structure
and architecture of the liver and kidneys. In addition, complete inhibition of postcoital pregnancy was observed at doses of
300 mg/kg and above. Finally, neurodevelopmental toxicity assessment revealed improved offspring body weight and behavioral
performance. These results suggest that R. pentaphylla has promising potential as a natural fertility control product due to its
significant postcoital contraceptive effects and favorable toxicity profile.

1 Introduction

The use of medicinal plants is widespread, particularly in devel-
oping countries, where they are perceived as natural and less toxic
[1, 2]. However, their safety is not always guaranteed, especially
during pregnancy, a period highly sensitive to the potential effects
of phytocompounds [3]. Several studies have highlighted harmful
effects of certain plants on reproduction and fetal development
[4, 5], such as fenugreek Trigonella foenum-graecum, which is
known for its teratogenic and abortifacient properties [6, 7],
as well as Momordica charantia, Origanum vulgare [8, 9], and
other plants known to causemalformations andmiscarriages [10,
11]. Other plants, including Moringa oleifera, Persea americana,
and Centella asiatica, have shown neuroprotective potential pro-

moting early neurological development [12–15]. These findings
emphasize the need for rigorous evaluation of medicinal plants’
effects on pregnancy and neurodevelopment.

Rhus pentaphylla, a species belonging to the Anacardiaceae
family, is commonly used in both food and traditional medicine.
Locally known as tizgha or sumac in some regions of Morocco,
it typically grows in non-agricultural areas and is found across
several Mediterranean countries, including Morocco, Algeria,
Tunisia, and Spain [16–18]. R. pentaphylla is rich in flavonoids,
tannins, and coumarins, and exhibits various pharmacological
properties such as anti-inflammatory, antimicrobial, antifungal,
antimalarial [19], and antidiarrheal activities [20]. Traditionally,
it is used in the form of decoctions prepared from its roots, leaves,
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bark, and fruits, primarily to relieve gastric and gastrointestinal
disorders [21].

Due to its beneficial effects on digestion, R. pentaphylla is
sometimes used by pregnant women to alleviate digestive dis-
orders related to hormonal imbalances. However, preliminary
observations from our laboratory suggested that it may interfere
with reproductive processes. Indeed, inhibition of pregnancy
development postmating was observed in mice treated with a
leaf extract of R. pentaphylla, indicating a potential postcoital
contraceptive effect. This use raises concerns regarding the
safety of the plant during physiologically sensitive periods such
as pregnancy. To date, no comprehensive toxicological studies
have been conducted, particularly in pregnant females, making
rigorous scientific evaluation essential to ensure safe usage.

Interestingly, alongside this inhibitory effect on gestation, the R.
pentaphylla extract was also associated with improved physical
and behavioral development of the offspring. This dual activ-
ity, both contraceptive and neurodevelopmental, suggests the
involvement of endocrine or neurohormonal mechanisms that
may influence both embryonic implantation and maturation of
the central nervous system. The presence of bioactive compounds
in the plant could thus play a role in simultaneously modulating
fertility and brain development, opening new perspectives on the
pleiotropic effects of traditionally used medicinal plants.

In this context, the search for plant-based contraceptives is of
major strategic importance, not only to diversify family planning
options but also tomeet the growing demand for natural solutions
perceived as safer and culturally acceptable. Despite increasing
interest, scientific data on the efficacy and safety of contraceptive
plants remain limited. This study aims to fill this gap by investigat-
ing the postcoital effects of R. pentaphylla extract while assessing
its impact on offspring development, with the goal of identifying
molecules with dual action: fertility regulation and promotion of
neurological development.

The primary objective of this study was to assess the safety of
the ethanolic leaf extract of R. pentaphylla in Swiss albino mice
through acute, subchronic, and neurodevelopmental toxicologi-
cal analyses, in a context where no scientific data had previously
guaranteed its innocuity. However, during experimentation, an
unexpected inhibition of pregnancy development was observed,
leading to a secondary objective: to investigate the extract’s
postcoital contraceptive effect. Through this integrated approach,
ourwork aims to provide rigorous data on the safety and potential
effects of R. pentaphylla on both fertility and the neurobehavioral
development of offspring, thus clarifying its traditional use and
identifying potential bioactive compounds with dual action.

2 Results and Discussion

2.1 High-Performance Liquid Chromatography
Analysis

High-performance liquid chromatography (HPLC) analysis iden-
tified the polyphenols in the ethanolic extract of R. pentaphylla
leaves based on the retention times of standard compounds. The
polyphenols detected in this extract include gallic acid, epicate-

chin, caffeic acid, p-coumaric acid, ferulic acid, hesperidin, rutin,
and kaempferol (Figure 1).

2.2 Acute Toxicity

The acute toxicity study showed that R. pentaphylla leaves caused
no clinical signs of toxicity in any of the animals, and nomortality
was observed during the 14-day monitoring period. Therefore,
the LD50 of R. pentaphylla leaves is greater than 5 g/kg when
administered orally.

2.3 Subchronic Toxicity

2.3.1 Assessment of BodyWeight and Biochemical
Parameters

To investigate the subchronic toxicity effect of R. pentaphylla
treatment, we analyzed various physical and biochemical param-
eters. Chronic oral administration of R. pentaphylla leaves to
mice at doses of 100, 300, or 1500 mg/kg resulted in a significant
increase in body weight on Days 30 and 45 in the group treated
with 100mg/kg. However, no increase was observed in this group
on Day 60. At a dose of 300 mg/kg, a significant increase in body
weight was observed on Days 30 and 60 compared to the control
group, while a dose of 1500mg/kg caused a significant increase in
body weight on Day 60. The weight gains thus varied according to
the administered doses. No significant differences were observed
in the biochemical parameters of the mice (Figure 2; Table 1).
Macroscopic examination of the organs revealed no lesions or
changes in appearance or color.

2.4 Histopathological Examination

Histological sections of the kidneys and liverwere carefully exam-
ined under a light microscope to detect any signs of toxicity or
lesions. However, no alterations or abnormalities were observed
at the microscopic level in these tissues. The cellular structures,
tissue arrangements, and overall architecture of the kidneys and
liver were intact, indicating the absence of toxicity or damage at
the microscopic level. These results suggest that treatment with
R. pentaphylla leaf extract did not cause significant histological
disturbances in these organs (Figure 3).

2.5 Neurodevelopmental Toxicity

2.5.1 Maternal Reproductive Performance and
Offspring Viability

Throughout the treatment period, no deaths were observed in the
females. However, it was noted that doses of 300 and 500 mg/kg
of the ethanolic extract ofR. pentaphylla leaf completely inhibited
gestation in the treated females, resulting in a pregnancy index of
0%. In contrast, females treated with 100 mg/kg of the ethanolic
extract exhibited a significant decrease in the pregnancy index,
dropping to 33.33% compared to the control group (Table 2).
Despite these effects, no toxic impacts were detected through
crude visual inspection or in the body weight of the animals.
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FIGURE 1 HPLC chromatogram of ethanolic extract of Rhus pentaphylla leaf. (1) Gallic acid; (2) epicathechin; (3) caffeic acid; (4) p-coumaric acid;
(5) ferulic acid; (6) hesperidin; (7) rutin; (8) kaempferol.

TABLE 1 Biochemical parameters of the mice.

Biochemical
parameters

Groups

Control 100 mg/kg 300 mg/kg 1500 mg/kg

Glycemie 2.75 ± 1.13 1.44 ± 0.04 1.56 ± 0.15 1.78 ± 0.07
Urea 0.70 ± 0.14 0.69 ± 0.05 0.59 ± 0,03 0.76 ± 0.01
Creatinine (mg/L) 1.66 ± 0.66 1.33 ± 0.33 1.32 ± 0.04 1.00 ± 0.00
ALT (UI/L) 72.66 ± 2.33 71.33 ± 1.45 44.00 ± 3.78 36.00 ± 2.00
AST (UI/L) 303.66 ± 19.07 309.66 ± 20.86 254.00 ± 13.00 246.50 ± 16.50
ALP (UI/L) 107.33 ± 18.11 89.66 ± 12.11 106.66 ± 11.31 164.00 ± 15.00

Note: The data are presented as mean ± SEM.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase.

TABLE 2 Reproductive performance parameters of pregnant mice administered by ethanolic extract of Rhus pentaphylla leaf.

Parameters

Groups

Control 100 mg/kg 300 mg/kg 500 mg/kg

Pregnancy index (%) 100 33.33 0 0
Abortion index (%) 0 0 — —
Deliverance index (%) 100 100 — —

At the end of the treatment, we examined the uteri of nonpreg-
nant females and found no implants (Figure 4), indicating that
treatment with the extract from R. pentaphylla likely inhibits
implantation. When we repeated the experiment, the nonpreg-
nant females were mated again, resulting in pregnancy and nor-
mal litters, suggesting that the effect of the extract was reversible.

Pregnant mice receiving 100 mg/kg of R. pentaphylla extract did
not show vaginal bleeding or fetal discharge compared to the
control group. In addition, there were no significant differences
in body weight or pregnancy duration. The birth, viability, and
lactation indices of the 100 mg/kg treated group were also similar
to those of the control group. However, the significant reduction
in the number of fetuses in the treated group is associated with
a decreased pregnancy index of 33.33% compared to 100% in
the control group. Fetal viability and litter size did not differ
significantly from the control group (Table 2).

2.6 Offspring Neurodevelopment Evaluation

Since R. pentaphylla extract inhibited pregnancy at the follow-
ing doses: 300 and 500 mg/kg, only control pups and pups
pretreated with 100 mg/kg were subjected to evaluation for
neurodevelopmental toxicity.

2.6.1 Morphological Parameters

No external malformations were observed in the newborns in
the pretreated groups with R. pentaphylla extract. In addition,
prenatal exposure to the plant extract does not delay the timing
of incisor eruption and the appearance of hair, eyes, and ear
canal openings (Table 3).

It is remarkable that the weight and size of the offspring are
significantly increased by the pretreatment with R. pentaphylla at
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TABLE 3 Effect of pretreatment with ethanolic extract of Rhus pentaphylla leaves on developmental parameters and viability of pups.

Parameters

Groups

Control 100 mg/kg 300 mg/kg 500 mg/kg

No. of pups examined 40 13 0 0
Incisor eruption PD8 ± 0 PD6 ± 0.1 — —
Appearance of hair PD5 ± 0 PD6 ± 0.31 — —
Opening of auditory canal PD12 ± 0 PD11 ± 0.34 — —
Eye opening PD14 ± 0 PD13 ± 0.4 — —
Viability index (%) 100 100 — —
Lactation index (%) 100 96.22 — —

Note: The results are presented as the mean ± SEM.
Abbreviation: PD, postnatal day.

FIGURE 2 Effect of Rhus pentaphylla leaf on the body weight
variation in mice treated for 60 consecutive days. The data are shown as
mean ± SEM. ***p < 0.001, **p < 0.01, *p < 0.05 versus control.

100 mg/kg. Indeed, the weight is very significantly increased on
days PD6, PD9, and PD12, and moderately significantly on days
PD18 and PD21. In addition, the size is significantly increased by
the Rhus extract on days PD6 and PD9, slightly significantly on
day PD12, and moderately significantly on day PD21 compared to
the control group (Figure 5).

2.7 Neurobehavioral Tests

2.7.1 Surface Righting Test

The results of the surface righting test, illustrated in Figure 6,
show that the extract of R. pentaphylla leaf at a dose of 100 mg/kg
has no significant effect on the neurological integrity and motor
coordination of the newborns. The time required for them to
return to their normal quadruped position on the third, fourth,
and fifth postnatal days (PDs) did not show any notable changes.

2.7.2 Negative Geotaxis Test

In the negative geotaxis test, one-way ANOVA revealed that
maternal exposure to R. pentaphylla leaf extract appears to
enhance the sensorimotor performance and behavioral response
to gravity in the newborns. This allowed them to turn over on

an inclined surface, significantly reducing the time required to
perform this reaction. This improvement was observed for both a
90◦ turn on the 6th day and on the 8th day and a 180◦ turn on the
6th, 8th, and 10th days (Figure 7).

2.7.3 Rotarod Test

Balance and motor coordination, assessed using the Rotarod test,
were significantly improved in pups exposed to R. pentaphylla
extract compared to controls on the 23rd day. However, this
improvement was not observed on the 24th and 25th PDs
(Figure 8).

2.8 Histopathological Sections of the Brain

The study aimed to evaluate the potential toxicity of the ethanolic
extract from the leaves of R. pentaphylla in Swiss albino mice. We
monitored body weight, conducted comprehensive biochemical
analyses, and performed histological examinations on treated
mice to detect any adverse effects. In addition, the research
extended to assessing the neuroreproductive toxicity of this
extract (Figure 9).

The results indicate that the ethanolic extract of R. pentaphylla
leaves did not cause mortality or toxicity in the mice, whether
at acute or subchronic doses. The median lethal dose (LD50) is
greater than 5 g/kg.

Our findings suggest that the ethanolic extract of R. pentaphylla
leaves induced an increase in body weight in mice, indicating the
presence of active compounds that may influencemetabolism. At
the administered dose of 100mg/kg, this weight gain could reflect
a pharmacological effect of the extract, possibly through stim-
ulation of appetite, improved nutrient absorption, or metabolic
modulation. Importantly, no alterations were observed in hepatic
biochemical parameters (alanine aminotransferase [ALT] and
aspartate aminotransferase [AST]) or liver histopathology, sug-
gesting that the weight gain is not related to toxicity but rather to
a biological activity of the plant. This hypothesis requires further
investigation. Sumac, particularly Rhus coriaria, also possesses
this capability. For example, the addition of sumac to the diet

4 of 11 Chemistry & Biodiversity, 2025



FIGURE 3 Histological analysis of the kidneys and liver of control mice (A and A1) and mice treated with ethanolic extract of Rhus pentaphylla
leaves at doses of 100 mg/kg (B and B1), 300 mg/kg (C and C1), and 1500 mg/kg (D and D1). Gm, glomerulus; Hp, hepatocyte; T, tubule.

FIGURE 4 Uterus of Swiss albino mice.

could potentially improve food intake in older adults, thereby
aiding in effective malnutrition management [22]. Previous stud-
ies, such as that of Mansoub [23], have shown that the use of
different levels of sumac had significant effects on feed intake
and weight gain in broiler chickens. Another study revealed that
the polyphenolic extract of R. coriaria fruits led to a significant
increase in body weight and body mass index in mice [24]. This
improvement was attributed to the active compounds present in
sumac [25]. Among the compounds in R. pentaphylla that may
contribute to this weight gain is caffeic acid, as confirmed by
several studies. Caffeic acid has been shown to induce weight
gain in diabetic animals [26]. Another study demonstrated that
the intake of caffeic acid mitigated body weight loss in diabetic
mice [27]. The body weight of the caffeic acid-treated group
increased throughout the experimental period in db/dbmice [28].
However, no significant differences in biochemical parameters
were observed between the groups exposed to R. pentaphylla
extract and the control group.

Histological analyses of tissues from mice treated with the
ethanolic extract of R. pentaphylla leaves revealed no significant
changes in tissue architecture compared to tissues from control
mice.

It should be noted that most species of Rhus do not exhibit toxic
effects on rodents. For example, the fermented stem bark extract
of Rhus verniciflua showed no significant toxic effects in Sprague
Dawley rats after a single and repeated oral administration for 90
days [29].

Acute toxicity tests on other Rhus species have also yielded
negative results. The hydromethanolic extract of Rhus tripartita,
the ethanolic extract of Rhus javanica, and the methanolic
extract of Rhus vulgaris showed no visible clinical signs in albino
rats, rodent and non-rodent animal models, and albino mice,
respectively [30–33].

Some other species of Rhus, such as Rhus chinensis (ethanolic
and aqueous extracts of the fruits), Rhus trilobata (decoction),
and Rhus retinorrhaea (flavonoid suspension), are generally
considered nontoxic at normal concentrations. However, at high
doses of 2500 or 3000 mg/kg and over extended periods, they
may cause adverse effects [34–36]. Nevertheless, this is a common
observation, as any substance can become toxic when consumed
in excessive amounts.

Although plants are generally considered safe for long-term use
and offer health benefits, they can pose risks during pregnancy.
For example, fenugreek is widely used by the population due to
its numerous benefits, such as stimulating breastmilk production
in breastfeeding women, regulating blood sugar levels, benefi-
cial for women with gestational diabetes [37] and its positive
effects on hormonal health, including alleviating symptoms of
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FIGURE 5 Effect of Rhus pentaphylla leaf on offspring’s body weight (A) and size (B). The data are expressed as mean ± SEM. ***p < 0.001,
**p < 0.01, *p < 0.05 versus control.

FIGURE 6 The turnaround time of pups treated prenatally with
ethanolic extract of Rhus pentaphylla leaf in the surface righting test.
Results are presented as mean ± SEM. PD, postnatal day.

premenstrual syndrome and menopause [38]. Fenugreek also
has antioxidant and anti-inflammatory properties [39]. However,
despite these benefits, fenugreek carries risks during pregnancy,
such as the possibility of spontaneous abortion and the potential
for congenital malformations in mice [6, 7].

According to our observations, although the ethanolic extract of
R. pentaphylla leaves does not exhibit toxic effects even at high
doses or with long-term use in mice, it does have an inhibitory
effect on gestation at doses of 300 and 500 mg/kg, and reduces
gestation at 100 mg/kg.

In addition, as mentioned in the literature, several species of
Rhus are associated with fertility alterations in traditional uses.
For instance, a decoction of R. trilobata leaves was traditionally
consumed to promote impotence as a contraceptivemeasure [40].
Similarly, R. coriaria, when dissolved in wine, was used to tighten
the entrance of the uterus due to its astringent properties [41].
Finally, Rhus mysorensis is reputed for its antifertility properties
[42]. This reputation of Rhus as a contraceptive motivated us to
evaluate the reproductive toxicity of R. pentaphylla, which had
never been assessed in this context.

Although R. pentaphylla inhibits gestation at doses of 300 mg/kg
and above, this effect is reversible. Upon repeating the experi-
ment, the nonpregnant females were mated again, resulting in
pregnancies and normal litters, suggesting that the effect of the
extract was reversible.

The observed antifertility effect could be attributed to an unfavor-
able uterine environment for blastocyst implantation. In addition,
this property may result from the chemical composition of the
extract, primarily composed of phenolic compounds such as
flavonoids, tannins, and phenolic acids, identified by Benamar
and Bennaceur [43]. Some flavonoids have been reported to
have contraceptive properties by disrupting estrogen levels [44].
Indeed, in the literature, flavonoids are known for their antifer-
tility activity, as observed with flavonoids isolated from Striga
orobanchiodes and Striga lutea, which exhibit estrogenic and
antifertility activities [45]. Similarly, the methanolic extract of
Thevetia peruviana leaves, rich in flavonoids such as kaempferol
and quercetin, demonstrates antifertility properties by lowering
progesterone levels in female Sprague Dawley rats [46]. Fur-
thermore, the flavonoid extract of Portulaca oleracea exhibits
anti-implantation, abortive, and estrogenic properties in female
albino rats [47]. Phenolic acids, such as lithospermic acid and its
oxidized derivative, found in the roots of Lithospermum ruderale,
may also exert an antigonadotropic effect [48].

Although R. pentaphylla has demonstrated contraceptive effects,
our study revealed a significant enhancement in sensorimotor
development in pups pretreated with a low dose of 100 mg/kg
of R. pentaphylla leaf extract. Moreover, some species of Rhus,
such as Rhus chirindensis, have shown the ability to reduce the
severity of febrile seizures in pups by regulating plasma IL-1
levels [49]. For example, the extract ofRhus dentata protected 47%
of Wistar pups against seizures induced by N-methyl-d-aspartic
acid and significantly delayed the onset of seizures induced by
pentylenetetrazol [50]. These findings highlight the potential of
extracts from various Rhus species in the field of neuroprotection.

Flavonoids extracted from R. verniciflua could constitute effec-
tive neuroprotective agents, potentially helping to mitigate the
progression of Alzheimer’s disease and other neurodegenerative
conditions [51]. In contrast, the glabtan isolated from Rhus
glabra showed no effect on early postnatal physical development
parameters of offspring in rats [52]. Despite these results, the exact
mechanism underlying the antifertility property ofR. pentaphylla
leaf extract remains unclear.

3 Conclusions

In summary, this study demonstrates that the R. pentaphylla leaf
extract does not cause overt toxicity or adverse effects on the
general reproductive health of mice. In addition, it enhances the
physical and neuronal development of the offspring. However,
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FIGURE 7 The effect of prenatal treatment with ethanolic extract of Rhus pentaphylla leaf on latencies to turn to 90◦ (A) and to turn to 180◦ (B)
in the negative geotaxis test. Results are presented as mean ± SEM (*p < 0.05, **p < 0.01, ***p < 0.001). PD, postnatal day.

FIGURE 8 The effect of prenatal treatment with ethanolic extract
of Rhus pentaphylla leaf on falling time in the Rotarod test. Results are
presented as mean ± SEM (**p < 0.01). PD, postnatal day.

FIGURE 9 Microscopic observation of the posterior parietal cortex
in the offspring pretreated with ethanolic extract of Rhus pentaphylla leaf
after staining with cresyl violet: (A) control group, (B) group pretreated
with R. pentaphylla leaf extract (100 mg/kg). Images were captured under
a light microscope (magnification, ×200 (A, B); scale bar = 50 µm).

the extract exhibits contragestive properties by inhibiting gesta-
tion at certain doses, indicating its potential as a contraceptive
agent. Consequently, due to its ability to interfere with pregnancy
at higher doses, the use of R. pentaphylla should be contraindi-
cated during pregnancy, especially at doses of 100 mg/kg or

above. Nevertheless, at lower doses below 100 mg/kg, it may
be possible to benefit from the plant’s positive effects without
the risk of contraception, although further reproductive safety
evaluations are needed. Further studies are necessary to clarify
the mechanisms behind these effects.

4 Experimental Section

4.1 Experimental Animals

Healthy, mature Swiss albino female and male mice (8–10 weeks
old), weighing between 22 and 35 g, were randomly selected. They
were provided by the central animal facility of the Faculty of
Sciences-Semlalia, Cadi Ayyad University, Marrakesh, Morocco.
The animals were maintained under controlled conditions with a
temperature of 22± 3◦C, a 12-h light/dark cycle, and free access to
food and water. The mice were acclimated to the laboratory for at
least 5 days before the experiment.Maximumeffortsweremade to
minimize the number of experimental animals. All animals were
treated according to accepted international standard procedures
for the use of animals in laboratories, as reported in the Scientific
Procedures on Living Animals Act 24.11.1986 (European Council
directive: 86/609/EEC).

The euthanasia procedure complied with international stan-
dards outlined by the Organization for Economic Co-operation
and Development (OECD), the American Veterinary Medical
Association (AVMA), and the European Directive 2010/63/EU.
They also aligned with the ethical frameworks recommended
by institutions such as the Canadian Council on Animal Care
(CCAC) and the Office of Laboratory Animal Welfare (OLAW).
All measures were taken to adhere to the principles of the 3Rs.

4.2 Plant Material

Leaves of R. pentaphylla were collected in April from the
Sidi Rahal region, Morocco, at the geographic coordinates
31◦35′05.5″ N, 7◦28′11.3″ W. The botanical identification of this
plant was authenticated by Professor Ahmed Ouhammou from
the Laboratory of Environment and Ecology (L2E, CNRST
Associated Research Unit, URAC 32), Regional Herbarium
MARK, Faculty of Sciences-Semlalia, Cadi Ayyad University,
Marrakech, Morocco.
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4.3 Preparation of the Ethanolic Extract

The leaves ofR. pentaphylla underwent coldmaceration. Initially,
the leaves were dried at room temperature in the shade and then
roughly powdered. Seventy grams of the powdered leaves were
subjected to extraction using ethanol for 24 h with continuous
stirring by a magnetic bar. The macerates were then filtered and
concentrated using a rotary evaporator at 45◦C, resulting in a yield
of 22% ethanolic extract of R. pentaphylla leaves.

4.4 Materials and Reagents

The chemicals used in this study include ethanol, formaldehyde,
and chloral hydrate, all purchased from Sigma-Aldrich (St. Louis,
MO, USA). For histological analyses, hematoxylin and eosin
(H&E) as well as cresyl violet stains, both from Sigma-Aldrich
(Germany), were used for tissue section staining. Biochemical
analyses were performed using a COBAS C 311 automated
analyzer (Roche). Tissue sectioning was carried out with a Leica
Biosystems CM1860 cryostat.

4.5 HPLC-Based Analysis

The phenolic compounds in the ethanolic extract of R. penta-
phylla leaves were separated and identified using an HPLC sys-
tem. The setup included a Shimadzu (Japan) SCL-10A pumping
unit, an SIL-10AD automated injector, and a Shimadzu UV-Vis
detector (SPD-10A) with a wavelength range of 200–700 nm, with
data collection and analysis carried out using Shimadzu software.
Chromatographic separations were conducted on a reverse-phase
RP-18 column (Agilent Technologies, 250 mm × 4.6 mm, 5.0 µm),
with anAgilent RP-18 pre-column (10mm× 4.6mm),maintained
at 25◦C. The analysis employed two solvents in a gradient
program at a flow rate of 1 mL/min, with an injection volume
of 10 µL. The first solvent was a mixture of 5% acetonitrile and
95% water, while the second was a phosphate buffer (pH 2.6) in
water. All solvents were of HPLC grade. Phenolic compounds
were identified by comparing their retention times with those of
standard reference compounds [53].

4.6 Acute Toxicity

For the evaluation of acute oral toxicity, 20 mice were randomly
divided into 4 experimental groups (n = 5 per group). Three
groups received a single dose of ethanolic extract ofR. pentaphylla
leaves at 1000, 2000, or 5000mg/kg via oral gavage using a gavage
syringe fitted with a metal feeding tube, appropriate for the size
of the mice. The control group received distilled water by the
same administration route. After treatment, the animals were
monitored for 24 h to observe signs of toxicity or mortality, and
the dose that killed 50% of the animals (LD50) was calculated [54].
Observations continued for 14 days to detect any abnormalities or
delayed mortality.

4.7 Subchronic Toxicity

For the assessment of subchronic toxicity, 20mice were randomly
divided into four experimental groups (n = 5 per group). Three
groups received daily oral gavage of R. pentaphylla leaf ethanolic

extract at doses of 100, 300, or 1500 mg/kg/day for 60 days. The
control group received distilled water by the same administration
route. Body weight variations were recorded every 15 days during
the 60-day treatment period. The treated animals were supervised
daily.

4.8 Biochemical Analysis

After 2months of treatment, themicewere anesthetized and then
euthanized. Blood samples were collected by cardiac puncture
from all tested mice and centrifuged at 3000 RPM for 10 min
to separate the plasma. The plasma was then used to measure
levels of urea, creatinine, AST, ALT, and alkaline phosphatase
(ALP) using commercial kits on a Roche Diagnostics Cobas C311
analyzer.

4.9 Histopathological Examination

The kidneys and liver were fixed in 10% formalin, then frozen
and sectioned using a Cryostat Leica Biosystems CM1860. The
sections, 4-µm thick, were mounted on gelatin-coated slides,
stained with H&E, and examined under a light microscope at
400×magnification.

4.10 Neurodevelopmental Toxicity

4.10.1 Mating Process

Adult female Swiss albino mice were housed with fertile males in
cages, using one male per two females. The following morning,
mating was confirmed by the presence of a vaginal plug, which
was designated asDay 0 of pregnancy. Femaleswith a vaginal plug
were thenhoused individually and divided into four groups of five
each for treatment.

4.10.2 Gestation Period

Pregnant control mice received distilled water. The other three
groups were treated with the ethanolic extract of R. pentaphylla
leaf orally at increasing doses of 100, 300, and 500 mg/kg daily
throughout the all-gestational period. The females were moni-
tored throughout the experimental period, with daily bodyweight
measurements taken from the day the vaginal plug appeared
until parturition. Their condition was observed to detect any
signs of toxicity or effects such as premature birth, abortion,
morbidity, or mortality. During the gestation period, two indices
were calculated: the pregnancy index (the percentage of pregnant
females showing a vaginal plug) and the abortion index (the
percentage of spontaneously aborted offspring).

On Day 21, in nulliparous females, a laparotomy was performed,
and the uterine hornswere exteriorized and extended to check for
the presence of dead fetuses.

4.10.3 Second Reproduction Phase

We repeated the same experiment conducted previously, but
instead of sacrificing the nonpregnant females on the 21st day, we
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initiated a new reproduction phase. At the end of the treatment
period, the nonpregnant females were reintroduced into cages
with males for another reproduction trial.

4.10.4 Offspring Development

The progeny of females who gave birth were examined for
noticeable physical malformations. Body weight and length were
measured on PD 0, 3, 6, 9, 12, 15, 18, and 21. Developmental
milestones such as hair appearance, incisor eruption, and the
opening of eyes and ears were recorded. Several indices were
calculated: the delivery index (percentage of females giving birth
among pregnant mice), the viability index (live litters on the
fourth day of lactation as a percentage of live litters), and the
lactation index (number of live offspring onDay 21 as a percentage
of the number of live offspring). In total, 40 offspring were
obtained from the control group, composed of 5 females, whereas
only 13 offspring were recorded in the group pretreated with
100 mg/kg of R. pentaphylla extract, also composed of 5 females.

4.11 Offspring Neurodevelopment Tests

4.11.1 Surface Righting Test

This experiment was carried out on PND 3, 4, and 5. Each neonate
was placed on its back on a smooth horizontal surface, and the
time taken for all four limbs to make contact with the surface was
measured. The duration of this test was 2 min in total [16].

4.11.2 Negative Geotaxis Test

We conducted the experiment on PND 6, 8, and 10. The pups were
positioned head down on a 45◦ inclined plane, and the time taken
to turn 90◦ and 180◦with their head upwas recorded. Each animal
was observed for a maximum of 2 min [55].

4.11.3 Cliff Avoidance Test

We performed experiments on PND 6, 8, and 10. The offspring
were placed on a platform elevated 10 cm above a table, with their
forepaws and muzzle positioned at the edge. The time taken for
them to turn back to avoid falling was recorded, with a maximum
observation period of 2 min [16].

4.11.4 Rotarod Test

On PND 23, 24, and 25, the pups were placed on a rotarod device
with a diameter of 6 cm, rotating at 20 RPM. This test assessed
the motor skills and coordination of the neonates by measuring
the duration they could remain on the rotating apparatus without
falling. The test lasted for 5 min [56].

4.11.5 Histopathological Sections

Histopathological studies were executed to examine the effects
of the ethanol extract of R. pentaphylla leaf on brain function.

The pups were anesthetized and perfused intracardially with
0.9% physiological saline, followed by 10% formalin. The brains
were then removed, fixed in 10% formalin, frozen, and sectioned
using a Cryostat Leica Biosystems CM1860. Sections (40 µm)
weremounted on gelatin-coated slides, stainedwith Cresyl violet,
and analyzed under a light microscope. The overall histological
appearance of the brain was assessed.

4.12 Statistical Analysis

The data were analyzed using Sigma Plot for Windows, version
12.5. Results are presented as means ± SEM. Statistical analysis
was performed using one-way ANOVA followed by Tukey’s post
hoc test. p < 0.05 was considered statistically significant.
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