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Abstract: Toxicological studies on medicinal plants are essential to ensure their safety and effective-
ness in treating various diseases. Despite the species Chrysobalanus icaco L. being popularly used in the
treatment of several diseases due to the pharmacological properties of its bioactive compounds, there
are few studies in the literature regarding its toxicity regarding reproduction. Therefore, the purpose
of this study was to assess the potential embryotoxic and teratogenic effects of the aqueous extract of
C. icaco leaves (AECi) on Wistar rats. Animals were given AECi at doses of 100, 200, and 400 mg/kg
during the pre-implantation and organogenesis periods. Data were analyzed using ANOVA followed
by Tukey’s test and Kruskal–Wallis. Pregnant rats treated during the pre-implantation period showed
no signs of reproductive toxicity. Rats that received AECi at 100, 200, and 400 mg/kg during organo-
genesis did not exhibit any signs of maternal systemic toxicity or significant differences in gestational
and embryotoxic parameters. Some skeletal changes were observed in the treated groups. Therefore,
it can be suggested that AECi at doses of 100, 200, and 400 mg/kg is safe for treated animals and does
not induce reproductive toxicity under the experimental conditions applied, but it also caused low
systemic toxicity.

Keywords: toxicity; Chrysobalanus icaco; embryogenesis; organogenesis

1. Introduction

During the prenatal and postnatal period, exposure to factors such as stress, food
deprivation, insecticides, chemicals, and disease can affect fetal development and lead to
birth defects in neonatals [1–4].

Phytotherapy is used worldwide as a therapeutic resource by various populations,
including pregnant women. However, most plants with phytotherapeutic potential do not
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receive adequate attention related to their toxicity, i.e., for most of them, there are no data
about their safety of use, especially during pregnancy [5,6].

Several tests have been used to evaluate the potential toxicity of substances since the
16th century. However, in the 1990s, the use of animals in toxicological tests increased
exponentially, especially after the establishment of the lethal dose protocol of 50% (DL50).
After that, regression analyses were developed to adjust the dose–response effects in
animals, aiming at the calculation of the LD50. During the 20th century, several other
methods of toxicological tests using laboratory animals were developed, many of which
are still used today, such as embryotoxicity tests. For more than 40 years of development,
the methodologies of toxicological evaluations have remained relatively unchanged and
cover many well-known and widely used models in the scientific community [7].

Chrysobalanus icaco L., belonging to the Chrysobalanaceae family and popularly known
as “Abajuru”, “Guajuru”, and “Ajuru”, among others, is native to both America and
Africa [8]. In the Americas, Chrysobalanus icaco L. is distributed mainly along coastal areas
from Florida (USA) to southern Brazil [9]. It is a medium-sized bushy plant, with alternate
and simple leaves; pentamerous flowers and usually white or purple; and dry fruit or
fleshy drupe and planoconvex cotyledons [10]. Riverside populations consumed its fruit in
natura [11], while its roots and leaves are used in traditional medicine in the form of tea,
especially for the treatment of diseases such as hemorrhage and chronic diarrhea [12].

Tests in rodents have reported that the aqueous extract of the bark and leaves of C. icaco
have analgesic properties [13,14]. Other pharmacological studies have also been reported,
for example, on the anti-inflammatory activity of the aqueous extract of its bark [13], the
antimicrobial activity of the methanolic leaf extract, and the hypoglycemic activity of the
aqueous extract of its leaves [15,16]. Additionally, the aqueous extract of C. icaco leaves
can prevent weight gain and liver fat accumulation in hypercaloric diet-induced obese
mice [17,18].

Despite the already published pharmacological effects and traditional use of C. icaco,
to our knowledge, there are no commercial products based on this plant; in addition,
the reports of its toxicological potential are limited, especially on the interferences in
the animal reproductive period. Some studies have shown that the administration of
the aqueous extract of leaves and bark of C. icaco does not induce signs of toxicity at a
dose of 2000 mg/kg [13,19]. However, Ribeiro et al. [19] (2020) demonstrated that the
administration of the aqueous extract of C. icaco leaves at doses of 100, 200, and 400 mg/kg,
over 28 days, caused mild hepatic and renal toxicity.

The search for new products of natural origin that benefit the health and well-being of
the population has grown in recent years. Furthermore, the development of novel forms of
treatment not only contributes to strengthening national science through the accumulation
of know-how, but also to building a sustainable economy based on native ecological balance
and the local income.

Considering that maternal–fetal toxicological studies play a fundamental role in un-
derstanding the risks associated with pregnancy and the neonatal consequences, studies
dealing with these issues are highly relevant. Thus, the evaluation of the toxicological safety
of C. icaco can guide on its use during pregnancy and depict this natural product as a new
form of treatment by combining environmental, socioeconomic, and innovation aspects.
Given this, this study was developed to analyze the embryotoxic and teratogenic effects of
the oral administration of the aqueous extract of C. icaco during the pre-implantation and
organogenesis periods in Wistar rats.

2. Materials and Methods
2.1. Plant Material

The leaves of C. icaco were collected from Itamaracá Island (7◦46′39.29′′ S/34◦50′4.27′′ W),
which is located in the state of Pernambuco, Brazil, in July 2017. The authenticity of a
species sample was confirmed by Dr. Leidiana Lima, from the Federal Rural University of
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Pernambuco, who also deposited a voucher specimen of C. icaco L. at the herbarium under
reference number 83131.

2.2. Plant Extract Preparation

To obtain the aqueous extract, the leaves were dried at 40 ◦C in an aerated stove and
ground in knife mills. The powder (50 g) was subjected to extraction by infusion in distilled
water (1000 mL) at 100 ◦C for 15 min. The extract was filtered, concentrated in a rotary
evaporator under reduced pressure, and then lyophilized. The sample was stored at 4 ◦C
and afterwards solubilized in saline at the desired concentrations (100, 200, and 400 mg/kg)
minutes before the experiments were performed.

2.3. Animals

Ninety-day-old female rats (Rattus norvegicus) were acquired from the animal facility
of the Department of Antibiotics at the Federal University of Pernambuco (UFPE). The rats
were provided with water and LABINA Purina Brazil feed ad libitum and were maintained
at a temperature of 22± 2 ◦C and humidity of 60± 1% levels and kept to a 12/12 light/dark
cycle. The handling and procedures for the animals were authorized by the Ethical Com-
mittee for Animal Research of UFPE, Brazil (Protocol number 23076.016550/2016-38).

2.3.1. Mating Period and Experimental Groups

To initiate the mating process according to OECD Guideline 421 [20], nulliparous
females were placed in contact with adult males in a 2:1 ratio at the onset of the dark phase
cycle. After 12 h (at the start of the light phase), vaginal lavage was performed using 0.9%
NaCl for microscopic analysis. Mating was confirmed by the presence of sperm in the
collected wash, which indicated the estrous phase of the estrous cycle and determined
day 0 of pregnancy [21]. Mating continued until enough pregnant rats were obtained
(n = 80). After identifying pregnancy, the rats were randomly assigned to eight experimental
groups (n = 10/group), with four groups treated during the pre-implantation phase (day 0 to
day 6 of gestation) and four treated during the organogenesis phase (6th day to 15th day
of gestation). The rats received water as a control vehicle (5 mL/kg/day) or the aqueous
extract C. icaco leaf (AECi) at doses of 100, 200, and 400 mg/kg/day, by gavage, at specific
times. The selection of these doses was based on previous research studies [22].

2.3.2. Analysis of Maternal Toxicity

Daily observations were made to assess clinical signs of toxicity, including but not
limited to diarrhea, piloerection, stress, changes in motor activity, and bleeding. The feed
and water consumption of the dams as well as their weight gain were also monitored [20].

2.3.3. Evaluation of the Maternal Reproductive Performance
Pre-Implantation Period

On the 7th day of pregnancy, the rats in the pre-implantation group (n = 40) were
intraperitoneally anesthetized (i.p.) with ketamine hydrochloride (60 mg/kg) and xylazine
hydrochloride (6 mg/kg). Subsequently, a laparotomy was conducted to extract the uterine
horns and assess the number of implantations. The ovaries were also retrieved and their
weight was recorded, along with a count of their corpus luteum. The pre-implantation loss
rate was calculated using the formula:

Pre-implantation losses = [(Number of corpora lutea − number of implantations)/Number of corpora lutea] × 100. (1)

The maternal organs (thymus, heart, lungs, liver, kidneys, pancreas, adrenals, and
spleen) were collected, weighed, and evaluated for the presence of macroscopic changes.
Relative weight was calculated as the ratio between organ weight and female body weight
on the day of sacrifice × 100.
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Organogenesis Period

On the 21st day of gestation, the rats were subjected to anesthesia as described in the
Pre-Implantation Period section and subsequently underwent laparotomy. They were then
euthanized by making an incision in the heart. Macroscopic examinations were conducted
in the uterine horns to determine the viability of the fetuses and to identify any instances
of early or late resorption. The implantation index, resorption rate, and post-implantation
loss were calculated using the following formulas:

Implantation index = (total number of implantation sites/total number of corpora lutea) × 100 (2)

Resorption index = (total number of resorption sites/total number of implantation sites) × 100 (3)

Post-implantation loss rate = (number of implants − number of live fetuses/number of implants) × 100 (4)

Maternal organs (thymus, heart, lungs, liver, kidneys, pancreas, adrenals, and spleen)
were collected, weighed, and analyzed for macroscopic malformations. After the hysterec-
tomy, the fetuses were weighed and sexed by observing the anogenital distance (distance
between the animal’s genital area and anus): the female’s distance is shorter than the male’s.
The placental index and the sex ratio were calculated according to the following equations:

Placental index = (placental weight (g)/fetal weight (g)) − 100 (5)

Sex ratio = (number of males/number of females) (6)

2.3.4. Visceral Analysis in Organogenesis

Half of each litter was fixed in a Bouin’s solution (50 mL formaldehyde, 50 mL acetic
acid, 752 mL 95% ethyl alcohol, and 148 mL distilled water) for one week for subsequent
visceral examination using Wilson’s [23] (1965) serial section method. Detailed analyses of
the sections of the head, thorax, and pelvis were performed.

2.3.5. Skeletal Analysis in Organogenesis

After conducting external examinations of the fetuses, the remaining half of each
litter was immersed in 70% alcohol for 24 h, followed by acetone for another 24 h, and
then eviscerated and stained with alizarin red (0.5 mg) in 200 mL of 1% KOH (w/v) for
the purpose of investigating skeletal changes using a method adapted from Staples and
Schenell [24] (1964). The number, shape, and position of bones were examined to confirm
fetal abnormalities and malformations based on the criteria proposed by Solecki et al. [25]
(2001), and the counting and analysis of ossification points were performed according to
Aliverti et al. [26] (1979).

2.3.6. Histological and Morphometric Analysis

Following laparotomy, the implantation sites were extracted and preserved in 10%
(v/v) formalin for 24 h. Subsequently, the specimens were rinsed with running water and
soaked in 70% alcohol (v/v) until histological examination. Histological analysis of the
implantation sites was carried out with the aid of an Olympus® Bx50 microscope (Olympus
Corporation, Tokyo, Japan), coupled with a Sony® video camera (Sony Group Corporation,
Tokyo, Japan).

To perform the morphometric analysis of the placenta, two slides from each group were
utilized and the placental disc regions were examined. Only the labyrinth, trophospongium,
and trophoblastic giant cell regions were measured. The images were captured with a
Sony® Video camera (Sony Group Cortoration, Tokyo, Japan) attached to the Olympus®

Bx50 microscope (Olympus Corporation, Tokyo, Japan). The line morphometry application,
calibrated in micrometers, was employed to measure the total area of the placental disc and
its layers. The Optimas® 6.2 program for Windows was utilized for the morphometry. To
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quantify the constituent elements of the placental disc layers, a 110-point graticule was used
to identify the structures and cells, which were classified as (1) maternal vascularization;
(2) small trophoblastic cells, undifferentiated (in contact with fetal vessels); (3) intermediate
cells (in contact with maternal vessels); (4) giant trophoblastic (binucleated) cells; (5) syncy-
tial cells (near the trophoblast region); and (6) mesenchyme, in the trophospongial region.
In the labyrinth region, they were classified as (1) syncytial trophoblast; (2) fetal vessel wall;
(3) lumen of fetal vessels; and (4) labyrinthine vascular bed (maternal vessel), and were
analyzed with the 40× objective, with 10 fields randomly chosen per slide, and with three
repetitions, making a total of 1100 points [27,28].

2.4. Statistical Analysis

Data normality was analyzed using the Shapiro–Wilk test and the results were ex-
pressed as mean ± standard deviation. Differences between groups were determined
using analysis of variance (ANOVA), followed by Tukey’s test or a Kruskal–Wallis test,
followed by Dunn’s post-test when applicable. Morphometric data were analyzed using the
Kruskal–Wallis test, where the means were compared using the Wilcoxon–Mann–Whitney
test. Statistical analysis was performed using the Graph Pad Prism 6.0 software and the
significance level was set at p < 0.05.

3. Results
3.1. Maternal Toxicity

Table 1 shows that the treatment with AECi during the period of embryogenesis and
organogenesis did not affect the body weight and feed consumption of the pregnant rats;
also, water consumption was not affected. Additionally, no clinical signs of toxicity, such as
piloerection, diarrhea, salivation, bleeding, or death were observed.

Table 1. Effect of the aqueous extract of C. icaco leaves, orally administrated, on the body weight of
female Wistar rats during the pre-implantation period and organogenesis.

Pre-Implantation

Day 0 Day 6

Control 200.03 ± 8.04 a 210.50 ± 9.19 a

AECi 100 mg/kg 199.25 ± 8.70 a 201.50 ± 11.01 a

AECi 200 mg/kg 202.18 ± 7.00 a 209.26 ± 13.04 a

AECi 400 mg/kg 199.47 ± 6.51 a 204.00 ± 6.23 a

Organogenesis

Day 6 Day 21

Control 209.14 ± 5.00 a 305.30 ± 10.15 a

AECi 100 mg/kg 207.50 ± 10.60 a 310.5 ± 10.70 a

AECi 200 mg/kg 219.00 ± 15.88 a 314.75 ± 15.02 a

AECi 400 mg/kg 212.50 ± 14.97 a 305.60 ± 11.00 a

Means followed by the same letter in the lines do not differ significantly from each other using the ANOVA test
followed by Tukey’s test. Values represent the mean ± standard deviation of the mean (n = 10/group).

Absolute and relative organ weights of the pregnant rats treated with AECi during
the pre-implantation and organogenesis period (Tables 2 and 3, respectively) did not differ
from the control animals; no macroscopic signs (texture and color) of toxicity were observed
in the organs of the animals treated with the extract.

3.2. Reproductive Parameters of the Pre-Implantation Period

No differences were observed in the number of corpora lutea, number of implanta-
tion sites, or pre-implantation losses of rats treated with the C. icaco extract in the pre-
implantation period when compared to the control group.
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Table 2. Effect of the aqueous extract of C. icaco leaves, orally administrated, on the absolute (g) and
relative (%) organ weights of Wistar rats during the pre-implantation period.

Organs Control AECi

100 mg/kg 200 mg/kg 400 mg/kg

Liver (g) 11.22 ± 2.07 a 11.36 ± 1.43 a 11.09 ± 0.80 a 11.96 ± 1.82 a

Liver (%) 4.42 ± 0.62 a 3.67 ± 0.27 a 3.83 ± 0.28 a 3.58 ± 0.32 a

Kidney (g) 1.54 ± 0.15 a 1.47 ± 0.22 a 1.54 ± 0.21 a 1.44 ± 0.16 a

Kidney (%) 0.54 ± 0.05 a 0.49 ± 0.04 a 0.49 ± 0.06 a 0.49 ± 0.03 a

Spleen (g) 0.82 ± 0.11 a 0.72 ± 0.10 a 0.79 ± 0.10 a 0.79 ± 0.09 a

Spleen (%) 0.23 ± 0.30 a 0.22 ± 0.03 a 0.20 ± 0.05 a 0.24 ± 0.02 a

Heart (g) 0.78 ± 0.08 a 0.77 ± 0.15 a 0.77 ± 0.08 a 0.76 ± 0.07 a

Heart (%) 0.28 ± 0.04 a 0.24 ± 0.00 a 0.25 ± 0.02 a 0.26 ± 0.01 a

Lungs (g) 1.17 ± 0.17 a 1.38 ± 0.15 a 1.46 ± 0.18 a 1.44 ± 0.16 a

Lungs (%) 0.51 ± 0.08 a 0.53 ± 0.22 a 0.49 ± 0.03 a 0.46 ± 0.05 a

Pancreas (g) 0.72 ± 0.13 a 0.77 ± 0.15 a 0.74 ± 0.09 a 0.75 ± 0.17 a

Pancreas (%) 0.26 ± 0.02 a 0.24 ± 0.01 a 0.22 ± 0.02 a 0.23 ± 0.02 a

Adrenals (g) 0.08 ± 0.00 a 0.07 ± 0.01 a 0.07 ± 0.00 a 0.07 ± 0.00 a

Adrenals (%) 0.03 ± 0.00 a 0.02 ± 0.00 a 0.02 ± 0.00 a 0.02 ± 0.00 a

Thymus (g) 0.36 ± 0.03 a 0.32 ± 0.02 a 0.33 ± 0.03 a 0.31 ± 0.01 a

Thymus (%) 0.36 ± 0.03 a 0.11 ± 0.02 a 0.10 ± 0.03 a 0.10 ± 0.02 a

Ovary (g) 0.08 ± 0.00 a 0.07 ± 0.01 a 0.07 ± 0.00 a 0.07 ± 0.00 a

Ovary (%) 0.04 ± 0.01 a 0.03 ± 0.00 a 0.03 ± 0.01 a 0.03 ± 0.00 a

Uterus (g) 0.94 ± 0.15 a 0.94 ± 0.12 a 0.95 ± 0.08 a 0.91 ± 0.14 a

Uterus (%) 0.46 ± 0.02 a 0.46 ± 0.01 a 0.47 ± 0.03 a 0.45 ± 0.01 a

Means followed by the same letter in the lines do not differ significantly from each other using the ANOVA test
followed by Tukey’s test. Values represent the mean ± standard deviation of the mean (n = 10/group). Relative
weight was calculated as the ratio between organ weight and female body weight on the day of sacrifice × 100.

Table 3. Effect of the aqueous extract of C. icaco leaves, orally administrated, on the absolute (g) and
relative (%) organ weights of Wistar rats treated during the period of organogenesis.

Organs Control AECi

100 mg/kg 200 mg/kg 400 mg/kg

Liver (g) 12.98 ± 1.37 a 11.17 ± 0.77 a 12.36 ± 0.94 a 11.06 ± 1.26 a

Liver (%) 4.42 ± 0.62 a 3.67 ± 0.27 a 3.83 ± 0.28 a 3.58 ± 0.32 a

Kidney (g) 1.60 ± 0.19 a 1.51 ± 0.14 a 1.58 ± 0.10 a 1.33 ± 0.52 a

Kidney (%) 0.54 ± 0.05 a 0.49 ± 0.04 a 0.49 ± 0.06 a 0.49 ± 0.03 a

Spleen (g) 0.70 ± 0.09 a 0.68 ± 0.12 a 0.65 ± 0.24 a 0.76 ± 0.10 a

Spleen (%) 0.23 ± 0.30 a 0.22 ± 0.03 a 0.20 ± 0.05 a 0.24 ± 0.02 a

Heart (g) 0.84 ± 0.18 a 0.74 ± 0.03 a 0.83 ± 0.08 a 0.80 ± 0.06 a

Heart (%) 0.28 ± 0.04 a 0.24 ± 0.00 a 0.25 ± 0.02 a 0.26 ± 0.01 a

Lungs (g) 1.53 ± 0.27 a 1.62 ± 0.22 a 1.61 ± 0.10 a 1.22 ± 0.54 a

Lungs (%) 0.51 ± 0.08 a 0.53 ± 0.22 a 0.49 ± 0.03 a 0.46 ± 0.05 a

Pancreas (g) 0.78 ± 0.15 a 0.63 ± 0.17 a 0.68 ± 0.10 a 0.71 ± 0.12 a

Pancreas (%) 0.24 ± 0.01 a 0.22 ± 0.01 a 0.20 ± 0.01 a 0.24 ± 0.02 a

Adrenals (g) 0.09 ± 0.01 a 0.09 ± 0.00 a 0.08 ± 0.00 a 0.08 ± 0.00 a

Adrenals (%) 0.03 ± 0.00 a 0.02 ± 0.00 a 0.02 ± 0.00 a 0.02 ± 0.00 a

Thymus (g) 0.37 ± 0.03 a 0.37 ± 0.03 a 0.35 ± 0.03 a 0.31 ± 0.05 a

Thymus (%) 0.10 ± 0.01 a 0.11 ± 0.00 a 0.11 ± 0.01 a 0.10 ± 0.01 a

Means followed by the same letter in the lines do not differ significantly from each other using the ANOVA
followed by Tukey’s test. Values represent the mean ± standard deviation of the mean (n = 10/group). Relative
weight was calculated as the ratio between organ weight and female body weight on the day of sacrifice × 100.

3.3. Histopathology of Implantation Sites

The implantation sites of all experimental groups demonstrated good preservation ap-
pearance and were fully inserted into the uterine wall, with good development (Figure 1A–G).
It was also possible to find evidence of cytotrophoblasts and several trophoblasts in mitosis
(Figure 1B–H).
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3.4. Reproductive Parameters of the Organogenesis Period

During organogenesis, it was observed that the treatment with AECi at different doses
did not affect the gestational parameters compared to the control group (Table 4).

Table 4. Effect of the aqueous extract of C. icaco leaves, orally administrated, on the reproductive
parameters of Wistar rats treated during the period of organogenesis.

Reproductive Parameters Control AECi Treatment

100 mg/kg 200 mg/kg 400 mg/kg

Pregnant rats 10 10 10 10
Number of live fetuses 102 (100%) 105 (100%) 100 (100%) 93 (100%)

Number of death fetuses 0 0 0 0
Number of implantations 104 106 102 94

Number of resorption sites 2 1 2 1
Number of corpora lutea b 10.5 ± 1.84 a 10.6 ± 1.26 a 10.5 ± 1.22 a 9.5 ± 1.35 a

Implantation index (%) c 99.04 a 100 a 98.07 a 98.94 a

Resorption index (%) c 1.92 a 0.94 a 1.96 a 1.06 a

Post-implantation loss rate (%) b 1.96 a 0.94 a 1.96 a 1.09 a

Ovaries absolute weight (g) b 0.14 ± 0.04 a 0.15 ± 0.01 a 0.14 ± 0.01 a 0.14 ± 0.03 a

Ovaries relative weight (%) b 0.04 ± 0.01 a 0.05 ± 0.00 a 0.04 ± 0.00 a 0.04 ± 0.01 a

Male body weights (g) b 5.54 ± 0.40 a 5.46 ± 0.51 a 5.34 ± 0.65 a 5.43 ± 0.44 a

Female body weights (g) b 5.20 ± 0.44 a 5.20 ± 0.57 a 5.37 ± 0.36 a 5.12 ± 0.48 a

Placental weight b 4.99 ± 0.71 a 5.26 ± 0.68 a 5.06 ± 0.64 a 4.50 ± 0.59 a

Values followed by the same letter in the lines do not differ significantly from each other using the ANOVA test
followed by Tukey’s test (b) and the Kruskal–Wallis test, followed by the Dunn’s (c) post test. Implantation index
(total number of implantation sites/total number of corpora lutea× 100); resorption index (total number of resorp-
tion sites/total number of implantation sites × 100); post-implantation loss rate (number of implants-number of
live fetuses/number of implants × 100); and placental index (placental weight (g)/fetal weight (g) × 100). Values
are expressed as mean ± SEM (a) or median (b). Statistical analyses were performed using ANOVA, followed by
a Tukey’s test (parametric data) and Kruskal–Wallis test, followed by Dunn’s post test (nonparametric data).
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3.5. Teratogenicity

The administration of AECi did not cause malformations or anomalies (external or
internal) in the viscera of the analyzed neonatals. In the differential analysis of skeletal
anomalies and malformations, it was possible to evidence some alterations; for example,
agenesis in the anterior and posterior proximal phalanges was observed in the groups
treated with 100 and 400 mg/kg of AECi, and agenesis of the caudal vertebrae was observed
in all treated groups. Although diagnosed, these alterations did not present statistical
differences when compared to the control group (Table 5).

Table 5. Effect of the extract of C. icaco leaves, orally administrated, on neonatal skeletal changes in
pregnant Wistar rats treated during the period of organogenesis.

Skeletal Malformations Control AECi

100 mg/kg 200 mg/kg 400 mg/kg

Agenesis of anterior phalanges 1/51 (1.78%) 1/53 (1.88%) 0/50 (0%) 2/47 (4.2%)
Agenesis of posterior phalanges 2/51 (3.57%) 2/53 (3.77%) 1/50 (2%) 2/47 (4.5%)

Cervical vertebrae agenesis 0/51 (0%) 0/53 (0%) 0/50 (0%) 0/47 (0%)
Caudal certebrae agenesis 2/51 (3.57%) 3/53 (5.66%) 2/50 (4%) 2/47 (4.5%)

Sternebrium agenesis 0/51 (0%) 0/53 (0%) 0/50 (0%) 0/47 (0%)
Absence of xiphoid process 0/51 (0%) 0/53 (0%) 0/50 (0%) 0/47 (0%)

Enlarged fontanelle 0/51 (0%) 0/53 (0%) 0/50 (0%) 0/47 (0%)
Wavy ribs 0/51 (0%) 0/53 (0%) 0/50 (0%) 0/47 (0%)

The results of fetal skeletal malformations were organized based on the ratio between the number of affected
fetuses/total number of analyzed fetuses. Values in parentheses represent the percentage of observed skeletal
malformations. Statistical differences between the control and treated groups were calculated using Pearson’s
chi-square test.

The values of the ossification points of the fetuses from pregnant rats treated with
AECi were similar to those of the control group (these values were in accordance with the
values for the species).

3.6. Placental Histopathology

In all experimental groups, the placental disc was well developed, with a very charac-
teristic labyrinth, trophospongium, and giant trophoblastic cell layers. In the labyrinth layer,
the outermost and thickest region, numerous gaps were found containing maternal and
fetal vessels. In the trophosponge layer, undifferentiated trophoblasts were observed. The
last layer is formed of giant trophoblastic cells, which mix with the decidua (Figure 2A–D).

3.7. Placental Morphometric Analysis

The morphometric analysis demonstrated a reduced (p < 0.05) area in the total placental
region for animals treated with 400 mg/kg (254.21 µm2) when compared to the control
group (309.32 µm2). Furthermore, only the group that received the highest dose of AECi
showed a significant reduction in the total area of the placental disc layers—without,
however, differing in the quantification of its constituents (Tables 6–8).

Table 6. Effect of the aqueous extract of C. icaco leaves, orally administrated, on the measurement of
the areas (µm2) of placental disc layers in experimental groups.

Layers Control AECi

100 mg/kg 200 mg/kg 400 mg/kg

Labyrinth 133.50 ± 7.14 a 130.77 ± 5.98 a 129.32 ± 8.69 a 101.73 ± 5.12 b

Trophospongium 91.09 ± 4.45 a 89.37 ± 3.05 a 90.82 ± 5.15 a 68.19 ± 6.76 b

Giant Trophoblastic Cells 23.15 ± 1.17 a 22.60 ± 2.10 a 22.16 ± 2.84 a 18.93 ± 1.00 b

Means followed by the same letter in the lines do not differ significantly from each other using the Wilcoxon–
Mann–Whitney (p < 0.05) test. Values represent the mean ± standard deviation.
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Table 7. Effect of the aqueous extract of C. icaco leaves, orally administrated, on the counting of
elements in the labyrinth region of the placental disc of animals in the experimental groups.

Layers Control AECi

100 mg/kg 200 mg/kg 400 mg/kg

Syncytial trophoblast 16.20 ± 4.92 a 14.53 ± 5.34 a 12.47 ± 6.61 a 11.06 ± 3.31 a

Fetal vessel wall 21.1 ± 5.30 a 19.45 ± 1.69 a 20.12 ± 3.14 a 18.23 ± 5.81 a

Fetal vessel lumen 46.3 ± 13.26 a 42.22 ± 11.87 a 39.68 ± 12.01 a 48.26 ± 3.16 a

Maternal vessel 16.6 ± 7.89 a 15.43 ± 9.17 a 14.98 ± 7.77 a 17.36 ± 6.95 a

Means followed by the same letter in the lines do not differ significantly from each other using the Wilcoxon–
Mann–Whitney (p < 0.05) test. Values represent the mean ± standard deviation.

Table 8. Effect of the aqueous extract of C. icaco leaves, orally administrated, on the counting of
elements in the trophospongium region of the placental disc.

Layers Control AECi

100 mg/kg 200 mg/kg 400 mg/kg

Maternal vascularization 14.43 ± 3.65 a 13.98 ± 2.02 a 11.54 ± 3.21 a 15.39 ± 2.76 a

Undifferentiated trophoblastic cells 8.11 ± 1.03 a 9.44 ± 1.72 a 7.48 ± 2.90 a 8.31 ± 2.12 a

Intermediate cells 5.30 ± 1.20 a 3.18 ± 1.57 a 4.47 ± 2.65 a 4.07 ± 3.83 a

Giant trophoblastic cells 1.62 ± 0.19 a 1.13 ± 0.14 a 0.99 ± 1.95 a 1.01 ± 0.75 a

Syncytial cells 0.52 ± 0.06 a 0.49 ± 0.17 a 0.50 ± 0.11 a 0.50 ± 0.13 a

Mesenchyme 75.34 ± 9.33 a 70.69 ± 6.66 a 73.71 ± 4.49 a 71.03 ± 4.80 a

Means followed by the same letter in the lines do not differ significantly from each other using the Wilcoxon–
Mann–Whitney (p < 0.05) test. Values represent the mean ± standard deviation.

4. Discussion

The use of natural products for different disease treatments has increased over the
years; furthermore, studies on the effects of these products on the reproductive performance
of females is of fundamental importance [29]. The C. icaco species is widely used in
traditional medicine as an alternative and natural treatment of diseases [30,31]; however, to
the best of our knowledge, no studies have been found reporting on the safety of its species
during the gestational period. Therefore, several reproductive parameters were evaluated
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after the administration of the aqueous extract of C. icaco leaves to obtain more information
about its reproductive toxicity.

In previous studies carried out by our research group, the phytochemical analysis per-
formed by UPLC-DAD-ESI-QTOF-MS/MS identified the presence of terpenes, aglycones,
and glycosylated flavonoids derived from myricetin and quercetin in the aqueous extract
of C. icaco leaves (AECi) [19]. Phenolic compounds are substances included in the group
of phytoestrogens capable of performing estrogen-like activities. Some phytoestrogens
can cross the placental barrier and promote harmful effects on neonates [32,33]. At high
concentrations, phytoestrogens have anti-estrogenic activity, and decreased estrogen levels
can affect the development of placental cells [34–36].

Rodents are excellent models for the study of reproductive physiology due to their
small size, high reproduction rate, and the ease of obtaining inbred lines [37]. The gen-
eral health of females in the gestational period provides relevant information about the
reproductive toxic effects of a substance [38]. Behavioral changes, variations in food con-
sumption, and changes in body and organ weights during this phase can be used as an
important indicator of systemic toxicity [39]. Our results showed that there was no behav-
ioral change in rats treated with AECi when compared to the control group. Furthermore,
no changes were observed in food consumption, water consumption, and body or or-
gan weights, indicating that the administration of different doses of AECi (100, 200, and
400 mg/kg) does not cause systemic maternal toxicity. Ribeiro et al. [19] (2020) showed
that the aqueous extract of C. icaco presented low toxicity as the single administration of a
2000 mg/Kg dose did not affect the intake of water and food or body weight of the treated
animals. These authors also found that animals treated with AECi at doses of 100, 200,
and 400 mg/kg for 28 consecutive days showed no death or signs of toxicity (piloeration,
diarrhea, or changes in locomotor activity).

In female rats, the process of implantation of the blastocyst in the endometrium occurs
from the 1st to the 5th day of gestation and, during this period, the embryo is quite suscepti-
ble to lethality [40]. The success of pregnancy depends on the maintenance of progesterone
and estrogen levels. Estrogens produce a suitable environment for fertilization, implan-
tation, and nutrition, while progesterone is responsible for maintaining the conditions of
the endometrium for a possible pregnancy. The corpus luteum is the primary source of
these hormones, which are very important in the process of preparing the uterine mucosa
to receive the embryo [37,41].

Successful implantation is closely related to endometrial cell proliferation, decidual-
ization, and increased blood flow [42,43]. Various xenobiotics can interfere with mitotic
division, thus interrupting the pregnancy. These substances can interfere before and after
the implantation process, resulting in pre- and post-implantation embryo loss, develop-
mental delay, malformations, and even fetal death [44,45]. In the literature, it is possible
to find several toxic plants that affect the fertilization and implantation process, such as
Coleus barbatus, Jatropha curcas, and Indigofera suffruticosa [46–48]. In the present study, it is
possible to affirm that the treatment with AECi did not change the number of corpora lutea
and the number of implantation sites when compared to the control group. These data
revealed the absence of embryotoxic effects of AECi, suggesting a normal developmental
capacity of implanted blastocysts.

The study of the placenta is an essential tool to assess placental toxicity and its subse-
quent effects on the fetus. The adequate supply of nutrients through the placenta is directly
linked to fetal development in the uterine environment, as any placental dysfunction pro-
motes a higher incidence of fetal distress [49,50]; given this, parameters such as fetal weight,
placental weight, and placental index feature in the evaluation of embryofetotoxicity. In
this present study, it was observed that fetal body weight, placental weight, and placental
index were not affected by the administration of AECi, thus confirming the extract safety
for the fetus.

Rat placenta is hemochorial (discoidal) and divided into a fetal part composed of the
labyrinth and junctional zone (basal zone), and a maternal part, in this case composed of the
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decidua and metrial gland. Maternal–fetal exchanges of nutrients, metabolites, and gases
occur in the labyrinth and, in this region, a layer of trophoblasts separates the maternal
from the fetal blood. The basal zone, which forms below the labyrinth, is composed
of cells containing glycogen, spongiotrophoblasts, and giant trophoblastic cells; it plays
an important role in the metabolism of chemicals. The decidua, the maternal portion,
consists of decidual cells of the mesometrium and the metrial gland, formed by fibroblasts,
trophoblasts, fibroblasts, and natural killer cells [51–53].

Despite the reduction in the total area of the placental disc of the animals treated
with 400 mg/kg of AECi and that observed in their layers, no difference was observed
in its constituents. It is possible that flavonoids exert an antiestrogenic role and thereby
interfered with the total area of the placenta and placental constituents.

The absence of changes in both the ossification points and the viscera of animals
treated with AECi suggests that the extract does not possess teratogenic effects. As a future
perspective, we will consider the elucidation of the results reported in the topic “Placental
morphometric analysis” of this work.

5. Conclusions

Based on the results, we can affirm that the oral administration of the aqueous extract
of C. icaco (AECi) at different doses (100, 200, and 400 mg/kg) did not affect body weight
and water and feed consumption of pregnant rats during the period of embryogenesis and
organogenesis. Additionally, no clinical signs of toxicity (piloerection, diarrhea, salivation,
bleeding, and death) were observed. After euthanasia, the absolute and relative organ
weights of the treated rats were like the control ones; neither presented macroscopic signs of
toxicity in the organs. Results were also similar for treated and control animals, considering
the periods of pre-implantation and organogenesis. Finally, the administration of AECi did
not cause malformations or anomalies in the viscera of neonates from treated rats. There
is a lack of research on studies reporting C. icaco toxicity, during the gestational period or
any other. Thus, it is possible to affirm that AECi did not induce any changes in maternal
toxicity and reproductive performance, highlighting the importance of this investigation
and suggesting that, under the experimental conditions used in this study, the extract does
not cause reproductive toxicity.

Author Contributions: Conceptualization, T.G.d.S.; Data curation, P.B.S.d.A., F.M.R.d.S.J. and
J.B.N.F.S.; Formal analysis, N.E.R.R., J.B.N.F.S. and Á.A.C.T.; Funding acquisition, T.G.d.S.; Investiga-
tion, N.E.R.R. and A.G.W.; Methodology, N.E.R.R., A.R.d.S.O., D.M.N. and Á.A.C.T.; Project adminis-
tration, T.G.d.S.; Supervision, T.G.d.S.; Visualization, M.d.G.C.d.C. and F.M.R.d.S.J.; Writing—original
draft, N.E.R.R., S.M.d.A.L. and P.B.S.d.A.; Writing—review and editing, M.d.G.C.d.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This study was supported by National Council for Scientific and Technological Develop-
ment (CNPq)—Number 312087/2019-5.

Institutional Review Board Statement: The animal study protocol was approved by the Ethics Com-
mittee for Animal Research of the Federal University of Pernambuco (UFPE), Brazil (23076.016550/2016-
38, 30 August 2016).

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to the National Council for Scientific and Technological
Development (CNPq) for the financial support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Boersma, G.J.; Bale, T.L.; Casanello, P.; Lara, H.E.; Lucion, A.B.; Suchecki, D.; Tamashiro, K.L. Long-term impact of early life

events on physiology and behaviour. J. Neuroendocrinol. 2014, 26, 587–602. [CrossRef] [PubMed]

https://doi.org/10.1111/jne.12153
https://www.ncbi.nlm.nih.gov/pubmed/24690036


Curr. Issues Mol. Biol. 2023, 45 7628

2. LaKind, J.S.; Anthony, L.G.; Goodman, M. Review of reviews on exposures to synthetic organic chemicals and children’s neurodevel-
opment: Methodological and interpretation challenges. J. Toxicol. Environ. Health Part B Crit. Rev. 2017, 20, 390–422. [CrossRef]

3. Nassr, A.C.; Arena, A.C.; Toledo, F.C.; Bissacot, D.Z.; Fernandez, C.D.; Spinardi-Barbisan, A.L.; Pires, P.W.; Kempinas, W.G. Effects
of gestational and lactational fenvalerate exposure on immune and reproductive systems of male rats. J. Toxicol. Environ. Health
Part A 2010, 73, 952–964. [CrossRef] [PubMed]

4. Rosen, E.M.; Muñoz, M.I.; McElrath, T.; Cantonwine, D.E.; Ferguson, K.K. Environmental contaminants and preeclampsia: A
systematic literature review. J. Toxicol. Environ. Health Part B Crit. Rev. 2018, 21, 291–319. [CrossRef] [PubMed]

5. Araújo, M.C.P.M.; Barcellos, N.M.S.; Vieira, P.M.A.; Gouveia, T.M.; Guerra, M.O.; Peters, V.M.; Saúde-Guimarães, D.A. Acute
and sub chronic toxicity study of aqueous extract from the leaves and branches of Campomanesia velutina (Cambess) O. Berg. J.
Ethnopharmacol. 2017, 201, 17–25. [CrossRef]

6. Rodrigues, H.G.; Meireles, C.G.; Lima, J.T.S.; Toledo, G.P.; Cardoso, J.L.; Gomes, S.L. Embryotoxic, teratogenic and abortive effects
of medicinal plants. Rev. Bras. De Plantas Med. 2011, 13, 359–366. [CrossRef]

7. Fischer, I.; Milton, C.; Wallace, H. Toxicity testing is evolving! Toxicol. Res. 2020, 9, 67–80. [CrossRef]
8. Dahlgren, R.M.T. A revised system of classification of angiosperms. Bot. J. Linn. Soc. 1980, 80, 91–124. [CrossRef]
9. Feitosa, E.A.; Xavier, H.S.; Randau, K.P. Chrysobalanaceae: Traditional uses, phytochemistry and pharmacology. Rev. Bras. De

Farmacogn. 2012, 22, 1181–1186. [CrossRef]
10. Onilude, H.A.; Kazeem, M.I.; Adu, O. Chrysobalanus icaco: A review of its phytochemistry and pharmacology. J. Integr. Med. 2021,

19, 13–19. [CrossRef]
11. Céspedes, P.B.; Valenzuela, J.R.C. Neotropical and introduced fruits of special taste and consistency consumed in Colombia. Rev.

Fac. Nac. De Agron. Medellín 2015, 68, 7589–7617. [CrossRef]
12. Ferreira-Machado, S.; Rodrigues, M.; Nunes, A.P.; Dantas, F.J.; Mattos, J.C.; Silva, C.; Moura, E.; Bezerra, R.J.A.; Caldeira-de-

Araujo, A. Genotoxic potentiality of aqueous extract prepared from Chrysobalanus icaco L. leaves. Toxicol. Lett. 2004, 151, 481–487.
[CrossRef]

13. Oliveira, T.; Júnior, C.H.R.C.; Mota, F.V.B.; Araújo, L.C.C.; Maia, M.B.S.; Randau, K.P.; Nascimento, S.C.; Silva, T.G. Anti-
inflammatory and antinociceptive effects of the aqueous extract of the bark of Chrysobalanus icaco linnaeus. Br. J. Pharm. Res. 2014,
4, 1253–1268. [CrossRef]

14. Araújo-Filho, H.G.; Dias, J.D.; Quintans-Júnior, L.J.; Santos, M.R.; White, P.A.; Barreto, R.S.; Barreto, A.S.; Estevam, C.S.;
Araujo, S.S.; Almeida, J.R.; et al. Phytochemical screening and analgesic profile of the lyophilized aqueous extract obtained from
Chrysobalanus icaco leaves in experimental protocols. Pharm. Biol. 2016, 54, 3055–3062. [CrossRef]

15. Castilho, R.O.; Kaplan, M.A.C. Phytochemical study and antimicrobial activity of Chrysobalanus icaco. Chem. Nat. Compd. 2011, 47,
436–437. [CrossRef]

16. Presta, G.A.; Pereira, N.A. Abajerú activity (Chrysobalanus Icaco Lin, Chrysobalanaceae) in experimental models for the study of
hypoglycemiant plants. Rev. Bras. De Farmácia 1987, 68, 91–101.

17. White, P.A.S.; Araújo, J.M.D.; Cercato, L.M.; Souza, L.A.; Barbosa, A.P.O.; Quintans Junior, L.J.; Machado, U.F.; Camargo, E.A.;
Brito, L.C.; Santos, M.R.V. Chrysobalanus icaco L. Leaves normalizes insulin sensitivity and blood glucose and inhibits weight gain
in high-fat diet-induced obese mice. J. Med. Food 2016, 19, 155–160. [CrossRef]

18. White, P.A.S.; Cercato, L.M.; Batista, V.S.; Camargo, E.A.; De Lucca, W.; Oliveira, A.S.; Silva, F.T.; Goes, T.C.; Oliveira, E.R.A.;
Moraes, V.R.S.; et al. Aqueous extract of Chrysobalanus icaco leaves, in lower doses, prevent fat gain in obese high-fat fed mice. J.
Ethnopharmacol. 2016, 179, 92–100. [CrossRef]

19. Ribeiro, N.E.; Pereira, P.S.; Oliveira, T.B.; Lima, S.M.A.; Silva, T.M.S.; Santana, A.L.B.D.; Nascimento, M.S.; Santisteban, R.M.;
Teixeira, A.A.C.; Silva, T.G. Acute and repeated dose 28-day oral toxicity of Chrysobalanus icaco L. leaf aqueous extract. Regul.
Toxicol. Pharmacol. 2020, 113, 1–12. [CrossRef] [PubMed]

20. OECD. Test No. 421: Reproduction/Developmental Toxicity Screening Test, OECD Guidelines for the Testing of Chemicals, Section 4;
OECD Publishing: Paris, France, 2016. Available online: https://read.oecd-ilibrary.org/environment/test-no-421reproduction-
developmental-toxicity-screening-test_9789264264380-en#page1 (accessed on 19 August 2022).

21. Cooper, R.L.; Goldman, J.M.; Vandenbergh, J.G. Monitoring of Estrous Cycle in the Laboratory Rodent by Vaginal Lavage. In
Methods in Toxicology, 3rd ed.; Academic Press: New York, NY, USA, 1993; pp. 45–56.

22. Barbosa, A.; Silveira, G.D.; de Menezes, I.; Neto, J.; Bitencurt, J.; Estavam, C.D.; de Lima, A.; Thomazzi, S.M.; Guimaraes, A.G.;
Quintans, L.J.; et al. Antidiabetic effect of the Chrysobalanus icaco L. aqueous extract in rats. J. Med. Food 2013, 16, 538–543. [CrossRef]

23. Wilson, J.G. Methods for administering agents and detecting malformations in experimental animals. In Teratology: Principles
and Techniques, 1st ed.; Warkany, J., Wilson, J.G., Eds.; University of Chicago Press: Chicago, IL, USA, 1965; pp. 262–277,
ISBN 9780226900490.

24. Staples, R.E.; Schnell, V.L. Refinements in rapid clearing technique in the KOH-Alizarin Red S method for fetal bone. Stain Technol.
1964, 39, 61–63. [PubMed]

25. Solecki, R.; Bürgin, H.; Buschmann, J.; Clark, R.; Duverger, M.; Fialkowski, O.; Guittin, P.; Hazelden, K.P.; Hellwig, J.;
Hoffmann, E.; et al. Harmonisation of rat fetal skeletal terminology and classification. Report of the Third Workshop on the
Terminology in Developmental Toxicology. Reprod. Toxicol. 2001, 15, 713–721. [CrossRef] [PubMed]

26. Aliverti, V.; Bonanomi, L.; Giavini, E.; Leone, V.G.; Mariani, L. The extent of fetal ossification as an index of delayed development
in teratogenic studies on the rat. Teratology 1979, 20, 237–242. [CrossRef]

https://doi.org/10.1080/10937404.2017.1370847
https://doi.org/10.1080/15287391003751745
https://www.ncbi.nlm.nih.gov/pubmed/20563929
https://doi.org/10.1080/10937404.2018.1554515
https://www.ncbi.nlm.nih.gov/pubmed/30582407
https://doi.org/10.1016/j.jep.2017.02.043
https://doi.org/10.1590/S1516-05722011000300016
https://doi.org/10.1093/toxres/tfaa011
https://doi.org/10.1111/j.1095-8339.1980.tb01661.x
https://doi.org/10.1590/S0102-695X2012005000080
https://doi.org/10.1016/j.joim.2020.10.001
https://doi.org/10.15446/rfnam.v68n2.50948
https://doi.org/10.1016/j.toxlet.2004.03.014
https://doi.org/10.9734/BJPR/2014/8742
https://doi.org/10.1080/13880209.2016.1204618
https://doi.org/10.1007/s10600-011-9953-x
https://doi.org/10.1089/jmf.2015.0034
https://doi.org/10.1016/j.jep.2015.12.047
https://doi.org/10.1016/j.yrtph.2020.104643
https://www.ncbi.nlm.nih.gov/pubmed/32199870
https://read.oecd-ilibrary.org/environment/test-no-421reproduction-developmental-toxicity-screening-test_9789264264380-en#page1
https://read.oecd-ilibrary.org/environment/test-no-421reproduction-developmental-toxicity-screening-test_9789264264380-en#page1
https://doi.org/10.1089/jmf.2012.0084
https://www.ncbi.nlm.nih.gov/pubmed/14106473
https://doi.org/10.1016/S0890-6238(01)00179-4
https://www.ncbi.nlm.nih.gov/pubmed/11738525
https://doi.org/10.1002/tera.1420200208


Curr. Issues Mol. Biol. 2023, 45 7629

27. Lemos, A.J.J.M.; Silva, F.C.A.; Melo, I.M.F.; Silva-Junior, V.A.; Teixeira, Á.A.C.; Wanderley-Teixeira, V. Placental morphometry and
histochemistry in rats treated with dexamethasone in early pregnancy. Pesqui. Veterinária Bras. 2014, 34, 703–708. [CrossRef]

28. Silva, F.C.A.; Teixeira, A.A.C.; Teixeira, V.W. The effect of constant illumination on the placenta in rats: A morphological,
morphometric and immunohistochemical study. Arq. Bras. De Med. Veterinária E Zootec. 2015, 67, 698–706. [CrossRef]

29. Lee, F.K.; Lee, W.L.; Wang, P.H. Medicinal plants and reproduction. J. Chin. Med. Assoc. 2019, 82, 529–530. [CrossRef]
30. Agra, M.D.F.; Freitas, P.F.; Barbosa-Filho, J.M. Synopsis of the plants known as medicinal and poisonous in Northeast of Brazil.

Rev. Bras. De Farmacogn. 2007, 17, 114–140. [CrossRef]
31. Albuquerque, U.P.; Monteiro, J.M.; Ramos, M.A.; Amorim, E.L.C. Medicinal and magic plants from a public market in northeastern

Brazil. J. Ethnopharmacol. 2007, 110, 76–91. [CrossRef]
32. Omar, A.R.; El-Din, E.Y.S.; Abdelrahman, H.A. Implications arising from the use of Cymbopogen proximus; proximal on placenta of

pregnant Albino rats. Braz. Arch. Biol. Technol. 2016, 59, 1–8. [CrossRef]
33. Vaya, J.; Tamir, S. The relation between the chemical structure of flavonoids and their estrogen-like activities. Curr. Med. Chem.

2004, 11, 1333–1343. [CrossRef]
34. Aiyer, H.S.; Warri, A.M.; Woode, D.R.; Hilakivi-Clarke, L.; Clarke, R. Influence of berry polyphenols on receptor signaling and

cell-death pathways: Implications for breast cancer prevention. J. Agric. Food Chem. 2012, 60, 5693–5708. [CrossRef] [PubMed]
35. Feng, Y.; Zhang, P.; Zhang, Z.; Shi, J.; Jiao, Z.; Shao, B. Endocrine Disrupting Effects of Triclosan on the Placenta in Pregnant Rats.

PLoS ONE 2016, 11, e0154758. [CrossRef] [PubMed]
36. Ichikawa, A.; Tamada, H. Ketoconazole-induced estrogen deficiency causes transient decrease in placental blood flow associated

with hypoxia and later placental weight gain in rats. Reprod. Toxicol. 2016, 63, 62–69. [CrossRef]
37. Accialini, P.; Hernandez, S.F.; Abramovich, D.; Tesone, M. The Life Cycle of the Corpus Luteum. In The Rodent Corpus Luteum,

1st ed.; Meidan, R., Ed.; Springer: Cham, Switzerland, 2017; pp. 117–131, ISBN 978-3-319-43236-6.
38. Calliari-Martin, R.T.; Lemonica, I.P. Effects of prenatal exposure to restraint stress and monocrotophos on behavioral and physical

development in the rat. Genet. Mol. Biol. 1998, 21, 171–173.
39. Volpato, G.T.; Francia-Farje, L.A.; Damasceno, D.C.; Oliveira, R.V.; Hiruma-Lima, C.A.; Kempinas, W.G. Effect of essential oil

from Citrus aurantium in maternal reproductive outcome and fetal anomaly frequency in rats. Acad. Bras. De Ciências 2015, 87,
407–415. [CrossRef]

40. Silva, W.E.; Melo, I.M.F.; Albuquerque, Y.M.L.; Mariano, A.F.D.S.; Wanderley-Teixeira, V.; Teixeira, Á.A.C. Effect of metronidazole
on placental and fetal development in albino rats. Anim. Reprod. 2019, 16, 810–818. [CrossRef]

41. Oliveira, M.S.; Fernandes, M.Z.L.C.M.; Mineiro, A.L.B.B.; dos Santos, R.F.; Viana, G.E.N.; Coelho, J.M.; Ribeiro, S.M.;
Cunha, A.P.G.P.; Costa, J.F.; Fernandes, R.M. Toxicity effects of ethanol extract of Simarouba versicolor on reproductive parameters
in female Wistar rats. Afr. J. Biotechnol. 2016, 15, 221–235. [CrossRef]

42. Dimitriadis, E.; Menkhort, E. New generation contraceptives: Interleukin 11 family cytokines as non-steroidal contraceptive
targets. J. Reprod. Immunol. 2011, 88, 233–239. [CrossRef]

43. Mourik, M.S.M.; Macklon, N.S.; Heijnen, C.J. Embryonic Implantation: Cytokines, adhesion molecules, and immune cells in
establishing an implantation environment. J. Leukoc. Biol. 2009, 85, 4–19. [CrossRef]

44. Rocha, C.F.; Lima, Y.M.S.; Carvalho, H.O.; Pinto, R.C.; Ferreira, I.M.; Castro, A.N.; Lima, C.S.; Carvalho, J.C.T. Action of the
hydroethanolic extract of the flowers of Acmella oleracea (L.) R.K. Jansen on the reproductive performance of Wistar females rats:
A popular female aphrodisiac from the Amazon. J. Ethnopharmacol. 2018, 214, 301–308. [CrossRef]

45. Gopinath, C. Toxicology and pathology of female reproductive tract. Cell Biol. Toxicol. 2013, 29, 131–141. [CrossRef]
46. Almeida, F.C.G.; Lemonica, I.P. The toxic effects of Coleus barbatus B. on the different periods of pregnancy in rats. J. Ethnopharmacol.

2000, 73, 53–60. [CrossRef] [PubMed]
47. Goonasekera, M.M.; Gunawardana, V.K.; Jayasena, K.; Mohammed, S.G.; Balasubramaniam, S. Pregnancy terminating effect of

Jatropha curcas in rats. J. Ethnopharmacol. 1995, 47, 117–123. [CrossRef]
48. Leite, S.P.; Medeiros, P.L.; Silva, E.C.; Souza Maia, M.B.; Lima, V.L.M.; Saul, D.E. Embryotoxicity in vitro with extract of Indigofera

suffruticosa leaves. Reprod. Toxicol. 2004, 18, 701–705. [CrossRef] [PubMed]
49. Omer, H.A.; Kutub, M.A.; Kataabi, H.A. Histopathological changes in placenta of rat induced by levtricetam. Int. J. Neurorehabilit.

2014, 1, 1–6. [CrossRef]
50. Noor, U.; Afsheen, A.; Arshad, H.; Qamar, K. Effect of daily oral supplementation on histomorphology of rat placenta. Pak. Armed

Forces Med. J. 2019, 69, 15–20.
51. Enders, A.C.; Blankenship, T.N. Comparative placental structure. Adv. Drug Deliv. Rev. 1999, 38, 3–15. [CrossRef] [PubMed]
52. Furukawa, S.; Kuroda, Y.; Sugiyama, A. A comparison of the histological structure of the placenta in experimental animals. J.

Toxicol. Pathol. 2014, 27, 11–18. [CrossRef]
53. Furukawa, S.; Tsuji, N.; Sugiyama, A. Morphology and physiology of rat placenta for toxicological evaluation. J. Toxicol. Pathol.

2019, 32, 1–17. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1590/S0100-736X2014000700016
https://doi.org/10.1590/1678-4162-7726
https://doi.org/10.1097/JCMA.0000000000000113
https://doi.org/10.1590/S0102-695X2007000100021
https://doi.org/10.1016/j.jep.2006.09.010
https://doi.org/10.1590/1678-4324-2016160165
https://doi.org/10.2174/0929867043365251
https://doi.org/10.1021/jf204084f
https://www.ncbi.nlm.nih.gov/pubmed/22300613
https://doi.org/10.1371/journal.pone.0154758
https://www.ncbi.nlm.nih.gov/pubmed/27149376
https://doi.org/10.1016/j.reprotox.2016.05.011
https://doi.org/10.1590/0001-3765201520140354
https://doi.org/10.21451/1984-3143-AR2018-0149
https://doi.org/10.5897/AJB2014.14358
https://doi.org/10.1016/j.jri.2010.12.002
https://doi.org/10.1189/jlb.0708395
https://doi.org/10.1016/j.jep.2017.12.024
https://doi.org/10.1007/s10565-013-9244-3
https://doi.org/10.1016/S0378-8741(00)00275-0
https://www.ncbi.nlm.nih.gov/pubmed/11025139
https://doi.org/10.1016/0378-8741(95)01263-D
https://doi.org/10.1016/j.reprotox.2004.04.004
https://www.ncbi.nlm.nih.gov/pubmed/15219632
https://doi.org/10.4172/2376-0281.1000134
https://doi.org/10.1016/S0169-409X(99)00003-4
https://www.ncbi.nlm.nih.gov/pubmed/10837743
https://doi.org/10.1293/tox.2013-0060
https://doi.org/10.1293/tox.2018-0042

	Introduction 
	Materials and Methods 
	Plant Material 
	Plant Extract Preparation 
	Animals 
	Mating Period and Experimental Groups 
	Analysis of Maternal Toxicity 
	Evaluation of the Maternal Reproductive Performance 
	Visceral Analysis in Organogenesis 
	Skeletal Analysis in Organogenesis 
	Histological and Morphometric Analysis 

	Statistical Analysis 

	Results 
	Maternal Toxicity 
	Reproductive Parameters of the Pre-Implantation Period 
	Histopathology of Implantation Sites 
	Reproductive Parameters of the Organogenesis Period 
	Teratogenicity 
	Placental Histopathology 
	Placental Morphometric Analysis 

	Discussion 
	Conclusions 
	References

