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Abstract: Piper glabratum Kunth is a plant traditionally used to treat pain and inflammation in the
Mato Grosso do Sul, Brazil. Even pregnant women consume this plant. Toxicology studies of the
ethanolic extract from the leaves of P. glabratum (EEPg) could establish the safety of popular use
of P. glabratrum. Thus, the effects of the ethanolic extract of leaves of P. glabratum (EEPg) on the
reproductive performance and embryofetal development of Swiss mice were evaluated. Pregnant
female mice were treated with 100, 1000 and 2000 mg/kg throughout the gestational period by gavage
(p.o). The control group received the EEPg vehicle (Tween 80–1%) in the proportion of 0.1 mL/10 g
(p.o.). The results demonstrated that EEPg has low maternal toxic potential and does not alter the
reproductive performance of females. However, it altered embryofetal development and caused fetal
weight reduction (increasing the frequency of small-for-gestational-age fetuses) at the two highest
doses. In addition, it interfered with placental weight, placental index and placental efficiency. The
frequency of visceral malformations increased by 2.8 times for the lowest dose of EEPg, and skeletal
malformations increased by 2.48, 1.89 and 2.11 times for doses of 100, 1000 and 2000 mg/kg of EEPg,
respectively. It is noteworthy that 100% of the offspring treated with EEPg showed changes in the
ossification process. Thus, it is considered that the EEPg has low maternal toxic potential; it does not
alter the reproductive performance of females. However, it is teratogenic and interferes, mainly, in
the ossification process, and therefore its use is contraindicated in the gestational period.

Keywords: Piperaceae; medicinal plant; malformation; bone; embryofetal development; Piper glabra-
tum Kunth

1. Introduction

The genus Piper, belonging to the Piperaceae family, is popularly known as “pimenta”,
“pariparoba caapeba” and “falso jaborandi” [1–4]. This genus has about 2000 species
geographically distributed in tropical and subtropical regions [2,3,5]. Generally, these
plants are shrubs with simple alternate leaves and segmented branches united by nodes [5].

Pharmaceuticals 2023, 16, 430. https://doi.org/10.3390/ph16030430 https://www.mdpi.com/journal/pharmaceuticals

https://doi.org/10.3390/ph16030430
https://doi.org/10.3390/ph16030430
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://orcid.org/0000-0003-3276-4198
https://orcid.org/0000-0002-9020-8002
https://orcid.org/0000-0001-9146-7068
https://orcid.org/0000-0002-8075-9716
https://orcid.org/0000-0002-8998-9219
https://orcid.org/0000-0003-3514-3346
https://doi.org/10.3390/ph16030430
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com/article/10.3390/ph16030430?type=check_update&version=1


Pharmaceuticals 2023, 16, 430 2 of 14

One of the species of this genus is Piper glabratum Kunth. This species, which occurs in Mato
Grosso do Sul, Brazil, is popularly used in that state to treat pain and inflammation [4].

A seller of homemade remedies and medicinal plants (traditional culture) from the
Municipal Market of Campo Grande, MS, Brazil, considered the use of leaf decoction (tea)
of P. glabratum for all ages and for pregnant women. For the method of preparation, specific
quantities are not described (one tablespoon of powdered dry leaves (5 g) for one liter of
water was mentioned), and the population collects this plant in the forest (or buys the
dried leaves) to prepare the tea. The mode of use in folk medicine is to take a liter of tea
throughout the day and night.

There have been relatively few studies on this species. However, Branquinho et al.
(2017) [3] demonstrated the anti-inflammatory effects of the essential oil from the leaves of P.
glabratum evaluated in Swiss mice, confirming the ethnopharmacological indication of this
plant. Later, Leitão et al. [4] showed that the ethanolic extract of the leaves of this species,
particularly the hexane fraction, has antihyperalgesic and anti-inflammatory properties.

For this species, the antiparasitic activity against Leishmania sp. and Trypanosoma
cruzi are recorded [6]. The literature also records that methanolic extract from the roots
of P. glabratum has a diuretic effect and can be hepatotoxic in Wistar rats when used in
high doses intraperitoneal [2]. However, the LD50 orally is greater than 3000 mg/kg (for
males and females) and intraperitoneally is 2426.216 mg/kg for females and greater than
3000 mg/kg for male animals [2].

The essential oils of P. glabratum leaves have no acute toxicity up to a dose of 5000 mg/kg
and no subacute toxicity up to a dose of 1000 mg/kg in female Swiss mice [3]. The LD50
in Wistar rats is greater than 2000 mg/kg for the ethanolic extract of the leaves. However,
the animals showed signs of central nervous system depression, such as drowsiness, in the
first 6 h after treatment with the ethanolic extract [4].

The chromatographic fractionation of the hexane fraction demonstrated the presence
of Phytol and a mixture of Stigmasterol and β-sitosterol. The hydroalcoholic fraction
indicated the presence of glycosylated flavanols [4]. The crude extract studied by Leitão
et al. [4], which has an antihyperalgesic and anti-inflammatory effect, was the same one
tested in the present research.

As observed in the literature review, some important biological properties have been
already demonstrated by the ethanolic extract such as being antihyperalgesic and anti-
inflammatory (previously described by our group) [4]. Pregnant women are affected
by inflammatory processes and pain. Therefore, they are candidates to be exposed to
substances present in medicinal plants popularly indicated to treat pain and inflammation.
Given the above, it is important to establish the safety of using the ethanolic extract obtained
from P. glabratum during pregnancy. Given the above, the present research aimed to evaluate
the effects of the ethanolic extract of P. glabratum on the reproductive performance and
embryofetal development of Swiss mice.

2. Results
2.1. Biometric Parameters

Initial weight and net weight gain did not vary between experimental groups (p > 0.05).
The final weight, weight gain and uterus weight increased (p < 0.05) in the group EEPg
100 mg/kg compared to the groups EEPg 1000 and 2000 mg/kg. However, EEPg 100 mg/kg
and the control group did not show differences between them (p > 0.05) (Table 1).

The absolute weight of the heart, lungs, liver, kidneys and spleen and the relative
weight of the heart, kidneys and spleen did not differ (p > 0.05) between the experimental
groups. However, the relative lung weight increased (p < 0.05) in the EEPg 1000 and
2000 mg/kg groups compared to the control and EEPg 100 mg/kg groups. The relative
liver weight increased (p < 0.05) in the EEPg 2000 mg/kg group compared to the other
experimental groups (Table 2).
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Table 1. Mean values ± standard error of the mean of the biometric parameters of females treated
with the ethanolic extract of P. glabratum (EEPg).

Biometric Parameters (g)

Experimental Groups Initial Weight Final Weight Weight Gain Uterus Weight Net Weight Gain

Control 36.56 ± 1.31 a 53.72 ± 1.47 a,b 17.16 ± 1.93 a,b 17.65 ± 1.28 a,b −0.50 ± 1.31 a

EEPg 100 mg/kg 35.42 ± 2.00 a 55.97 ± 1.42 b 20.55 ± 1.27 b 18.95 ± 0.48 b 1.60 ± 1.10 a

EEPg 1000 mg/kg 34.51 ± 1.00 a 48.62 ± 1.75 a 14.28 ± 2.03 a 14.40 ± 1.49 a −0.11 ± 0.98 a

EEPg 2000 mg/kg 35.04 ± 2.01 a 47.73 ± 1.92 a 12.69 ± 1.11 a 14.11 ± 1.03 a −1.42 ± 0.78 a

g—grams. EEPg—ethanolic extract of Piper glabratrum. Different letters indicate statistically significant differences.
Mean + Standard error of the mean (Statistical Test: Anova/Tukey; p < 0.05).

Table 2. Mean values± standard error of mean absolute and relative weights of the organs of females
treated with the ethanolic extract of P. glabratum (EEPg).

The absolute weight of organs (g)

Experimental Groups Heart Lungs Liver Kidney Spleen

Control 0.20 ± 0.01 a 0.25 ± 0.01 a 2.44 ± 0.11 a 0.44 ± 0.02 a 0.19 ± 0.02 b

EEPg 100 mg/kg 0.18 ± 0.01 a 0.23 ± 0.01 a 2.45 ± 0.04 a 0.42 ± 0.02 a 0.17 ± 0.02 a,b

EEPg 1000 mg/kg 0.18 ± 0.01 a 0.27 ± 0.01 a 2.37 ± 0.06 a 0.41 ± 0.03 a 0.13 ± 0.01 a,b

EEPg 2000 kg/kg 0.17 ± 0.01 a 0.26 ± 0.01 a 2.62 ± 0.07 a 0.39 ± 0.02 a 0.12 ± 0.01 a

Relative weight of organs

Experimental Groups Heart Lungs Liver Kidney Spleen

Control 0.0037 ± 0.0002 a 0.0047 ± 0.0001 a 0.045 ± 0.0018 a 0.0081 ± 0.0003 a 0.0036 ± 0.0004 a

EEPg 100 mg/kg 0.0032 ± 0.0001 a 0.0041 ± 0.0002 a 0.044 ± 0.0009 a 0.0075 ± 0.0002 a 0.0030 ± 0.0004 a

EEPg 1000 mg/kg 0.0038 ± 0.0003 a 0.0056 ± 0.0003 b 0.049 ± 0.0015 a 0.0085 ± 0.0006 a 0.0027 ± 0.0002 a

EEPg 2000 mg/kg 0.0035 ± 0.0001 a 0.0054 ± 0.0002 b 0.055 ± 0.0019 b 0.0083 ± 0.0003 a 0.0025 ± 0.0002 a

g—grams. EEPg—ethanolic extract of Piper glabratrum. Different letters indicate statistically significant differences.
Mean + Standard error of the mean (Statistical Test: Anova/Tukey; p < 0.05).

2.2. Reproductive Performance

The number of pregnant female animals, implants, live and dead fetuses and resorp-
tion as well as fetal viability, rate of post-implantation losses, rate of resorption and sex
ratio did not vary (p > 0.05) between different experimental groups (Table 3).

Table 3. Mean values ± standard error of mean parameters related to reproductive performance of
females treated with ethanolic extract of P. glabratum (EEPg).

Parameters
Experimental Groups

Control EEPg 100 mg/kg EEPg 1000 mg/kg EEPg 2000 mg/kg

Number of pregnant females 10 10 10 10
Implants 13.50 ± 1.07 a 14.40 ± 0.34 a 12.89 ± 1.41 a 13.10 ± 1.08 a

Live fetuses 12.10 ± 0.90 a 13.20 ± 0.44 a 11.22 ± 1.36 a 11.10 ± 0.85 a

Dead fetuses 0.10 ± 0.10 a 0.30 ± 0.15 a 0.11 ± 0.11 a 0.10 ± 0.10 a

Fetal Viability 90.85 ± 3.28 a 91.80 ± 2.69 a 88.40 ± 4.97 a 85.62 ± 2.96 a

Resorption 1.30 ± 0.52 a 1.00 ± 0.37 a 1.56 ± 0.73 a 1.90 ± 0.53 a

RPIL 9.15 ± 3.28 a 8.20 ± 2.69 a 11.60 ± 4.97 a 14.38 ± 2.96 a

RR 8.56 ± 3.28 a 6.82 ± 2.50 a 10.86 ± 4.87 a 13.79 ± 3.08 a

Sex ratio 1.43 ± 0.16 a 2.68 ± 1.03 a 2.32 ± 1.00 a 1.11 ± 0.23 a

RPIL—Rate of post-implantation losses; RR—Reabsorption rate. EEPg—ethanolic extract of Piper glabratrum.
Equal letters indicate an absence of statistically significant differences. Mean + Standard error of the mean
(Statistical Test: Anova/Tukey; p > 0.05).
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2.3. Embryo-Fetal Development

Fetal weight decreased (p < 0.05) in the EEPg 1000 and 2000 mg/kg groups, which
consequently led to an increase (p < 0.05) in the number of fetuses classified as small for
gestational age (SGA). Placental weight decreased (p < 0.05) in the EEPg 1000 mg/kg group
compared to the other experimental groups. For this same group, a reduction (p < 0.05) of
the placental index and an increase (p < 0.05) of the placental efficiency were observed. An
increase in the placental index was also observed for the EEPg 2000 mg/kg in relation to
the other groups (Table 4).

Table 4. Mean values ± standard error of mean parameters related to embryofetal development of
females treated with ethanolic extract of P. glabratum (EEPg).

Parameters
Experimental Groups

Control EEPg 100 mg/kg EEPg 1000 mg/kg EEPg 2000 mg/kg

Fetal weight * 1.12 ± 0.11 b 1.13 ± 0.12 b 1.02 ± 0.17 a 1.02 ± 0.01 a

Placenta weight 0.075 ± 0.002 b 0.075 ± 0.001 b 0.059 ± 0.002 a 0.075 ± 0.001 b

Placental Index 0.067 ± 0.001 b 0.067 ± 0.001 b 0.059 ± 0.002 a 0.076 ± 0.002 c

Placental Efficiency 15.77 ± 0.35 a 15.61 ± 0.27 a 19.32 ± 0.73 b 14.23 ± 0.40 a

SGA 3.31% 6.11% 32.67% * 24.32% *
SUGA 92.56% 91.60% 62.38% 74.77%
LGA 4.13% 2.29% 4.95% 0.90%
AWPA - AWPA AWPA AWPA

CFWGA—classification of fetal weight according to gestational age; SGA—small for gestational age; SUGA—
suitable for gestational Age; LGA—large for gestational age. AWPA [7]—adequacy of weight to pregnancy
age. EEPg—ethanolic extract of Piper glabratrum. Different letters indicate statistically significant differences.
*Significant difference compared to the control group. Mean + Standard error of the mean (Statistical Test:
Anova/Tukey; p < 0.05).

The external malformations observed in the different experimental groups were Hy-
dropsy, kyphosis, hyperflexion and hyperextension of the unilateral anterior and posterior
limb, hyperflexion and hyperextension of the bilateral posterior limb, small paws and a
bent tail. The frequency of malformed fetuses and the percentage of malformations did
not vary (p > 0.05) between the experimental groups, except for the frequency of kyphosis
that occurred more (p < 0.05) in the EEPg 100 mg/kg group compared to the control group
(Table 5).

Visceral malformations observed were mild, moderate and severe hydrocephaly,
choanae hyperplasia, bifurcated tongue and enlarged ventricular chamber (heart). In
the individual analysis of the malformations, an increase (p < 0.05) in the frequency of
moderate hydrocephalus was observed in the EEPg 2000 mg/kg in relation to the control
group. For all other malformations, no significant differences were observed (p > 0.05).
However, there was a 2.8× increase (p < 0.05) in the global frequency of malformations in
the EEPg 100 mg/kg compared to the Control group. The percentage of malformed fetuses
was 18.87%, 45.16%, 16.42% and 33.33% for the Control, EEPg 100, 1000 and 2000 mg/kg
groups, respectively (Table 6).

The skeletal malformations observed in the head were right interparietal and orbito-
transphenoid agenesis and reduced ossification of the frontal, interparietal, maxilla, nasal,
parietal, premaxilla, supraoccipital and zygomatic bones. In the trunk, agenesis of the
sternebral center and xiphoid process, arthrogryposis, misshapen sternebra, bifurcated rib,
hyperkyphosis, hyperkyphosis with anteriorization of the head, reduced ossification of the
rib, sternebra and xiphoid process and torsion of the vertebral centers were observed. In
the limbs, agenesis of the phalanges, of the metacarpal and of the caudal arch and alteration
of the nucleus of ossification of the knee and elbow were observed (Table 7).
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Table 5. Absolute number and percentage of external malformations found in the offspring of females
treated with the ethanolic extract of P. glabratum (EEPg).

Parameters
Experimental Groups

Control EEPg 100 mg/kg EEPg 1000 mg/kg EEPg 2000 mg/kg

External Analysis

Analyzed fetuses 121 131 101 111
Normal fetuses 106 109 94 100
% 87.60 83.21 93.07 90.10

Hydropsy 0 0 0 1
% 0.00 0.00 0.00 0.90
Kyphosis 1 10 * 1 4
% 0.83 7.63 0.99 3.60
Unilateral forelimb hyperflexion 1 3 1 0
% 0.83 2.29 0.99 0.00
Unilateral hindlimb hyperflexion 0 1 3 1
% 0 0.76 2.97 0.90
Bilateral hind limb hyperflexion 0 0 1 1
% 0.00 0.00 0.99 0.90
Unilateral forelimb hyperextension 2 1 1 0
% 1.65 0.76 0.99 0.00
Unilateral hind limb hyperextension 7 2 0 0
% 5.79 1.53 0.00 0.00
Bilateral hind limb hyperextension 0 1 0 0
% 0.00 0.76 0.00 0.00
Small paw 0 2 0 1
% 0.00 1.53 0.00 0.90
Bent tail 4 2 0 2
% 3.31 1.53 0.00 1.80

Frequency of external malformation 15 22 12 11
% external malformation 12.40 16.79 6.93 9.90

%—Percentage of fetuses with malformations. EEPg—ethanolic extract of Piper glabratrum. * Statistically significant
difference compared to Control. Absolute numbers (Statistical Test: Chi-square; p < 0.05).

Table 6. Absolute number and percentage of visceral malformations found in the offspring of females
treated with the ethanolic extract of P. glabratum (EEPg).

Parameters
Experimental Groups

Control EEPg 100 mg/kg EEPg 1000 mg/kg EEPg 2000 mg/kg

Visceral Analysis

Analyzed fetuses 53 62 53 45
Normal fetuses 43 34 39 30
% 81.13 54.84 73.58 66.67

Severe hydrocephaly 1 2 2 1
% 1.89 3.23 3.77 2.22
Moderate hydrocephaly 0 3 3 6 *
% 0.00 4.84 5.66 13.33
Mild hydrocephaly 9 18 8 8
% 16.98 29.03 15.09 17.78
Choanae hyperplasia 0 1 0 0
% 0.00 1.61 0.00 0.00
Forked tongue 0 2 0 0
% 0.00 3.23 0.00 0.00
Enlarged ventricular chamber 0 2 1 0
% 0.00 3.23 1.89 0.00
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Table 6. Cont.

Parameters
Experimental Groups

Control EEPg 100 mg/kg EEPg 1000 mg/kg EEPg 2000 mg/kg

Visceral malformation frequency 10 28 * 14 15
% visceral malformation 18.87 45.16 16.42 33.33

Percentage of fetuses with malformations. EEPg—ethanolic extract of Piper glabratrum. * Statistically significant
difference compared to Control. Absolute numbers (Statistical Test: Chi-square; p < 0.05).

Table 7. Absolute number and percentage of skeletal malformations found in the offspring of females
treated with the ethanolic extract of P. glabratum (EEPg).

Parameters
Experimental Groups

Control EEPg 100 mg/kg EEPg 1000 mg/kg EEPg 2000 mg/kg

Skeletal Analysis

Analyzed fetuses 57 67 51 57
Normal fetuses 30 0 0 0
% 52.63 0.00 0.00 0.00

Head

Interparietal agenesis 1 0 0 0
% 1.75 0.00 0.00 0.00
Right orbitotransphenoid agenesis 1 0 0 0
% 1.75 0.00 0.00 0.00
RO Frontal 0 16 * 40 * 57 *
% 0.00 23.88 78.43 100.00
RO Interparietal 3 43 * 31 * 46 *
% 5.26 64.18 60.78 80.7
RO Maxilla 0 2 0 0
% 0.00 2.99 0.00 0.00
RO Nasal 2 43 * 50 * 57 *
% 3.51 64.18 98.04 100.00
RO Parietal 2 43 * 48 * 57 *
% 3.51 64.18 94.12 100.00
RO premaxilla 0 2 2 0
% 0.00 2.99 3.92 0.00
RO supraoccipital 0 15 * 7 * 10 *
% 0.00 22.39 13.73 17.54
RO zygomatic 0 2 0 0
% 0.00 2.99 0.00 0.00

Trunk

Agenesis of sternebral center 0 1 6 * 5
% 0.00 1.49 11.76 8.77
Agenesis of the Xiphoid Process 1 0 0 0
% 1.75 0.00 0.00 0.00
Arthrogryposis 0 0 0 1
% 0.00 0.00 0.00 1.75
Misshapen sternebra 9 34 * 20 * 21 *
% 15.79 50.75 39.22 36.84
Forked rib 0 0 0 1
% 0.00 0.00 0.00 1.75
Hyperkyphosis 0 1 0 0
% 0.00 1.49 0.00 0.00
Hyperkyphosis with head forward 0 1 0 0
% 0.00 1.49 0.00 0.00
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Table 7. Cont.

Parameters
Experimental Groups

Control EEPg 100 mg/kg EEPg 1000 mg/kg EEPg 2000 mg/kg

RO Rib 0 0 0 2
% 0.00 0.00 0.00 3.51
RO sternebra 6 12 19 * 16 *
% 10.53 17.91 37.25 28.07
RO Xiphoid Process 0 2 3 3
% 0.00 2.99 5.88 5.26
Rotation of the vertebral bodies 0 1 0 5
% 0.00 1.49 0.00 8.77

Members

Phalanx agenesis 1 2 17 * 15 *
% 1.75 2.99 33.33 26.32
Agenesis of the metacarpal 1 0 0 0
% 1.75 0.00 0.00 0.00
Agenesis of the caudal arch 0 0 0 2
% 0.00 0.00 0.00 3.51
Alteration of the nucleus of ossification
of the knee and elbow 0 0 0 2

% 0.00 0.00 0.00 3.51

Frequency of skeletal malformation 27 67 * 51 * 57 *
% skeletal malformation 47.37 100 100 100

%—Percentage of fetuses with malformations; RO—Reduced Ossification. EEPg—ethanolic extract of Piper
glabratrum. * Statistically significant difference compared to Control. Absolute numbers (Statistical Test: Chi-
square; p < 0.05).

There was an increase (p < 0.05) in the frequency of reduced ossification of the frontal,
interparietal, nasal, parietal and supraoccipital regions in the groups treated with EEPg
compared to the control group. There was also an increase (p < 0.05) in the frequency of the
misshapen sternebra for these same groups in relation to the Control (Table 7).

There was also an increase (p < 0.05) in the frequency of reduced sternebral ossification
and phalanx agenesis for the EEPg 1000 and 2000 mg/kg groups compared to the control
group. The increase (p < 0.05) of agenesis of the sternebral center was observed only for the
EEPg 1000 mg/kg group in relation to the Control group (Table 7).

A global analysis of the frequencies of skeletal malformations showed an increase
(p < 0.05) of 2.48, 1.89 and 2.11 times for the EEPg at doses of 100, 1000 and 2000 mg/kg in
relation to the control group, respectively. The percentage of malformed fetuses was 47.37%
for the control group and 100% for the groups treated with EEPg (Table 7).

3. Discussion

The use of medicinal plants is an important strategy for providing Primary Health
Care, and, in line with the World Health Organization and the United Nations Children’s
Fund (UNICEF), the Unified Health System has developed public policies and national
regulations regarding the use of traditional remedies with proven efficacy and the possible
incorporation of this knowledge into primary health care activities [8,9].

Currently, the National List of Medicinal Plants of Interest for the SUS has about
70 species that are under analysis [10]. However, Brazilian populations, especially those
far from large centers and who have difficulty accessing treatments, make continuous use
of other species [11]. P. glabratum is not on the Renisus list. However, this plant is used to
treat pain and inflammation according to traditional medicine in Mato Grosso do Sul [4] by
different populations, including pregnant women.

The ethnopharmacological indication of this plant has already been proven [3,4].
However, there is no safety record of its use during pregnancy. This fact demonstrates the
originality, the pioneers and the need for this study. We chose to test the EEPg described by
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Leitão et al. [4] and not the tea conventionally prepared by decoction by the population.
The ethanolic extract can facilitate the bioprospecting of a standardized extract because this
solvent is relatively safe for human consumption [12,13]. The standardized extracts have
greater stability to be stored and consumed besides concentrating the active principles.
Stability (chemical, physical, microbiological, therapeutic and toxicological) is the period in
which a product retains, even when stored, the properties and characteristics it had at the
time of its production [14]. This strategy is important for populations that do not have easy
access to allopathic medicines [15].

Our data indicate that EEPg has low maternal toxic potential since it did not signif-
icantly alter biometric parameters and the relative and absolute weight of the organs. A
slight reduction in the final weight, weight gain and uterine weight were observed in
animals treated with the lowest dose of EEPg (100 mg/kg). A reduction in the absolute
weight of the spleen was also observed. However, this difference was not maintained in the
evaluation of relative weight. Thus, it is inferred that this difference is not due to treatment
but is instead due to the size of the animals. An increase in the weight of the lungs was
also observed for the two highest EEPg doses (1000 and 2000 mg/kg) and of the liver for
the highest dose (2000 mg/kg). These results suggest attention.

Despite using another species, Leitão et al. [4] reported that at 2000 mg/kg in Wistar
rats, it did not cause death or signs of toxicity in the acute toxicity test. It is also noteworthy
that these animals did not show changes in the observed Hippocratic parameters, such
as piloerection, tearing, changes in mucous membranes, eyes or feces or induced motor
response such as tremors, irritability, contortion, convulsions and changes in breathing. In
the macroscopic analysis of organs, no change (color, size and texture) was observed in
relation to the control group. In our study, we performed the same evaluations and did
not find changes over the eighteen consecutive days of treatment (corresponding to the
gestational period). We point out that the extract used by Leitão et al. [4] and the one used
in this study is the same. Furthermore, we highlight that these previously reported signs
are important indicators of toxicity [16].

The EEPg did not alter the reproductive performance since no alteration was observed
in the number of pregnant females, of implantations, of live and dead fetuses and of
resorptions nor in the rates of post-implantation losses, resorption rate, fetal viability
and sex ratio. These parameters are those considered by the literature in the area to
predict the possible deleterious effect of extracts and/or compounds on the performance of
females [17–22]. However, EEPg altered embryofetal development.

The EEPg reduced fetal weight for the two highest doses (1000 and 2000 mg/kg).
Fetal weight reduction at a dose of 1000 mg/kg is associated with reduced placental
weight, reduced placental index and increased placental efficiency. Reduction in fetal
weight at a dose of 2000 mg/kg is associated with increased placental index without
interfering with placental weight and placental efficiency. These facts resulted in an
increase in fetuses classified as small for gestational age according to Soulimane-Mokhtari
et al. [23]. This indicates an important effect of this extract on embryo-fetal development.
No similar results were found in the consulted literature. However, in general, fetuses
reduce their growth and/or stop gaining weight when there is a reduction in placental
efficiency. However, the literature indicates different correlations between fetal weight,
adequacy of weight for gestational age, placental weight, placental index and placental
efficiency [17–19,21,22,24–30].

Placental efficiency refers to the ratio of fetal weight to placental weight in grams. This
relationship establishes the weight of the fetus produced by the weight of the placenta
that worked on this production of body mass [31–34]. This calculation estimates the
maternal–fetal relationship established during the gestational period and is a determinant
of intrauterine growth, since the placenta and its performance are responsible for the
nutritional and hormonal supply that determines fetal growth and weight gain [29–31].
It is also known that the supply capacity of the placenta is directly influenced by its size,
morphology, blood flow and transport efficiency [32–36]. In this context, fetuses that are
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growing less and that are generally associated with lower placental weights tend to trigger
increased placental efficiency as a compensatory mechanism.

At the intermediate dose (EEPg 1000 mg/kg) there was a reduction in fetal weight
associated with a reduction in placental weight and placental index and an increase in
placental efficiency. This fact corroborates what was previously described. Thus, the out-
come of these changes can lead to a reduction in fetal weight [34] which can determine an
inappropriate weight for gestational age [23,37]. This fact was observed for this experi-
mental group, as small-for-gestational-age fetuses increased by 9.87 times. The same fact
was not observed for the highest dose (EEPg 2000 mg/kg); that is, for this group, there
was a reduction in fetal weight and a 7.35 times increase in the number of fetuses small
for gestational age in relation to the control group. However, for this group, there was
no change in placental weight. However, an increase in the placental index was observed
without alteration of placental efficiency.

EEPg also had a teratogenic effect, which corroborates the previously reported al-
terations for embryo-fetal development. External malformations did not differ between
groups. However, the group treated with the lowest dose (EEPg 100 mg/kg) had a total
frequency of malformations higher than that observed for the control group and the other
doses. This fact is important and requires attention. However, a dose–response relationship
was expected; that is, as the dose of EEPg increased, the frequency of malformations should
increase until a plateau was reached where all fetuses were malformed or died and would
be computed as post-implantation losses. However, this was not verified; that is, even with
an increase in the dose of EEPg, there was no increase in malformations or the rates of post-
implantation losses. According to the present design, this fact cannot be fully elucidated.
However, a fact that drew attention is that the highest frequency of malformations is of the
mild hydrocephaly type. This type of malformation can regress at birth and can be detected
in the offspring of mothers whose pregnancies were terminated early. Thus, prematurely
collected fetuses may present these variants of normality [17,18,38]. We collected fetuses on
the 18th gestational day, which, despite being early given that the pregnancy can last up to
the 21st gestational day, is the day recommended by the specialized literature [17,18,38]).

Regarding skeletal malformations, it was observed that, in general, 47% of fetuses
in the control group had one or more malformations. In general, these can be considered
variants of normality, in particular, because the pregnancy was terminated early, and it
is known that the last days and hours of pregnancy are crucial for the advancement of
the ossification process. In general, these variants of normality are reduced ossifications,
especially of the phalanges [25,39]. However, in the present experiment, 100% of the
offspring treated with EEPg showed a delay in the ossification process, and this fact is
very important and indicates a teratogenic effect, including the agenesis of bones such as
interparietal, orbitotransfernoid, sternebria, xiphoid process and phalanges. Except for the
agenesis of the phalanges, the other agenesis is not described as variants of normality.

4. Materials and Methods
4.1. Piper Glabratum Extract Plant Material

Leaves of Piper glabratum Kunth were collected in February 2017 in Dourados, Mato
Grosso do Sul (latitude 2.209′37.7′′ south and longitude 54055′03.2′′ west). The collected
plant material with flowers was prepared as an herbarium followed by standard methods.
After that, we submitted to the identification process based on the characteristics features
of the plant: shrub, erect stem, petiole with sheath basal leaves, smooth surface, acuminate
apex and eucamptodromous venation. The inflorescence spike-type flower formed as bracts
and was floral-rounded and fringed the lower portion (https://floradobrasil.jbrj.gov.br/
FB12782). The species were identified by Prof. Elsie Frank-lin Guimarães from the Botanical
Garden of Rio de Janeiro, RJ, Brazil, and deposited (DDMS 4412) in the herbarium of the
Federal University of Grande Dourados (UFGD), MS, Brazil. The research activity was
registered in the National Genetic Heritage Management System—SisGen (no. AD5B086
and no. A3C3205). The ethanolic extract of P. glabratum was prepared according to the

https://floradobrasil.jbrj.gov.br/FB12782
https://floradobrasil.jbrj.gov.br/FB12782
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instructions by Leitão et al. [4]. Even the extract tested in this research is the same as that
tested by Leitão et al. [4] and therefore has the same constitution.

4.2. Animals

Sixty Swiss mice (Mus musculus) of both sexes at reproductive age were used, 40
females with an average weight of 35 g and 20 males with an average weight of 36 g. The
animals were obtained from the UFMS Central Animal Facility. All animals underwent a
7-day adaptation period and were placed in mini-isolators (Alesco® ventilated rack, São
Paulo, SP, Brazil), lined with Pinus sp. Males were kept in isolation, and females were kept
in pairs using a mini-isolator. The animals were fed standard commercial feed (Nuvital®,
Curitiba, PR, Brazil) and filtered water under a free access system. The light was controlled
by photoperiod (12 h light/12 h dark). Temperature was maintained at 22 ± 2 ◦C, and
humidity was maintained at 55 ± 10.

The research was carried out in accordance with the protocols of the Universal Dec-
laration of Animal Rights and with the approval of the Commission for Ethics in the Use
of Animals (CEUA) of the Federal University of Mato Grosso do Sul (UFMS), under the
protocol number 965/2018.

4.3. Experimental Design

The animals were mated overnight at a ratio of 2 females: 1 male. Pregnancy de-
tection was performed by observing the vaginal plug, which is considered day zero of
pregnancy [7,17,18,24,25,38]. The pregnant animals were randomly distributed among the
experimental groups (n = 10): Control—the animals received the EEPg vehicle (Tween
80–1%) in the proportion of 0.1 mL/10 g of body weight (b.w.), orally (p.o.), from the 1st
to the 18th gestational day (g.d.); EEPg 100, 1000 and 2000 mg/kg group—the animals
received EEPg at doses of 100, 1000 and 2000 mg/kg (p.o/b.w), from the 1st to the 18th g.d.,
respectively. The choice of the 100 mg/kg dose was based on the effective dose described
by Leitão et al. [4]. Based on the effective dose, a 10 times higher dose (1000 mg/kg) and a
20 times higher dose (2000 mg/kg) were defined, following the recommendations of the
area’s guidelines [40–42].

4.4. Biological Tests

On the 18th g.d. the animals were submitted to euthanasia followed by laparotomy,
hysterectomy, omphalectomy and thoracotomy for collection, weighing and proper storage
of organs (lung, heart, spleen, liver, kidneys, placenta) and fetuses.

The collected fetuses were weighed and underwent systematic analysis of external
malformations and sexing. They were then randomly assigned to two subgroups, each
comprising approximately 50% of the litter. Fetuses from the first subgroup were fixed in ab-
solute acetone for at least seven days and destined for skeletal analysis using the technique
described by Staples and Schnell [43] and modified by Oliveira et al. [7]. After fixation, the
fetuses were eviscerated and immersed in a KOH solution (0.8%) for the diaphanization
process. Then, four drops of Alizarin Red were added. This solution was changed every
24 h for four consecutive days. After staining the fetuses, the KOH solution was replaced
by the bleaching solution (1 L of glycerin: 1 L of ethyl alcohol: 0.5 L of benzyl alcohol)
and changed every 24 h for five consecutive days. Malformations were classified based on
studies by Taylor [1], Manson et al. [44], Wise et al. [45], Damasceno et al. [46] and Oliveira
et al. [7]. Fetuses from the second subgroup were fixed in Bodian’s solution (distilled water
(142 mL), acetic acid (50 mL), formaldehyde (50 mL) and 95% alcohol (758 mL)) for at least
seven days and sent for analysis visceral [19] through microdissection with strategic cuts,
for the study of the thorax and abdomen, proposed by Barrow and Taylor [47], and for the
study of the head, according to Wilson [48], with alterations proposed by Oliveira et al. [49],
Damasceno et al. [46] and Oliveira et al. [7]. The classification of visceral and skeletal
alterations was the basis of the work of Taylor [50], Manson and Kang [51], Wise et al. [45],
Damasceno et al. [46] and Oliveira et al. [7]. Analyzes of viscera and fetal skeletons were
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performed using a stereomicroscope (Nikon®—SMZ 745T, New York, NY, USA) with a
4×magnification.

4.5. Biometric Parameters

The biometric parameters were calculated according to data on initial weight (weighed
females on day zero), final weight (weighed females on the 18th g.d.), weight gain (final
weight–initial weight), uterine weight and net weight gain (weight gain–uterus weight), in
addition to data on absolute and relative weights (organ weight / final weight) of the heart,
lung, spleen, kidneys and liver.

4.6. Reproductive Performance and Embryofetal Development

The reproductive parameters related to the number of implants (number of live fetuses
+ number of dead fetuses + number of resorptions) and number of live fetuses were
quantified and/or calculated; fetal viability (no. of live fetuses *100/no. of implants), post-
implantation loss rate ((no. of implants—no. of live fetuses) *100/no. of implants), number
of resorptions, resorption rate (no. of resorptions *100/number of implants), placental
weight, fetal weight, placental index (placental weight/fetal weight), placental efficiency
(fetal weight / placental weight) and sex ratio (number of male fetuses *100/number of
female fetuses) were also quantified or calculated.

Classification of fetal weight according to gestational age (CFWGA) was carried out in
two ways: (I) according to Soulimane-Mokhtari et al. [23], fetuses were considered suitable
for gestational age (SUGA) when they did not differ more than ± 1.7× standard deviation
(SD) from the mean of control fetuses, were considered small for gestational age (SGA)
when they present body weight less than 1.7× standard deviation in relation to the mean
of fetuses in the control group and were considered large for gestational age (LGA) when
they present body weight greater than + 1.7× standard deviation in relation to the mean of
the control group, and (II) according to Oliveira et al. [7], fetuses were classified as fetuses
with appropriate weight for age at pregnancy (AWAP) when the weight of the fetus was
between the mean weight of the fetuses in the control group plus or minus the standard
deviation, were classified with low weight for the age of pregnancy (LWAP) when the
weight of the fetus is lower than the mean weight of fetuses in the control group minus the
standard deviation of this same group and were classified with high weight for the age of
pregnancy (HWAP) when the weight of the fetus is greater than the mean weight of fetuses
in the control group plus the standard deviation of this same group. Soulimane-Mokhtari
et al. [23] classify the weights of fetuses individually, and Oliveira et al. [7] classify the litter
in general.

4.7. Statistical Analysis

The ANOVA/Tukey test and the Chi-square test were used to compare frequencies be-
tween groups. Data were presented as mean± standard error of mean or mean ± standard
deviation, and the established significance level was p < 0.05.

5. Conclusions

In view of the above, it is considered that EEPg has a low maternal toxic potential
and does not alter reproductive performance. However, it has teratogenic potential. The
teratogenic effect was evidenced mainly by the interference in the ossification process.
Therefore, EEPg is contraindicated for use during pregnancy.

Author Contributions: R.C.S.N.—Methodology, Validation, Formal analysis, investigation; S.C.d.N.—
Methodology, Validation, Formal analysis, investigation, Writing—Review and Editing; F.R.S.—
Methodology, Validation, Formal analysis, investigation; M.L.B.V.—Formal analysis, investigation;
V.A.d.N.—Writing—Review and Editing; K.A.—Writing—Review and Editing; R.d.S.G.—Formal
analysis, investigation; C.A.L.K.—Formal analysis, investigation; J.d.S.M.—Formal analysis, in-
vestigation; R.J.O.—Conceptualization, Formal analysis, Investigation, Visualization, Resources,



Pharmaceuticals 2023, 16, 430 12 of 14

Writing—Original Draft, Supervision, Funding acquisition. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by CNPq, FUNDECT, CAPES and UFMS.

Institutional Review Board Statement: The research was carried out in accordance with the protocols
of the Universal Declaration of Animal Rights and with the approval of the Commission for Ethics
in the Use of Animals (CEUA) of the Federal University of Mato Grosso do Sul (UFMS), under the
protocol number 965/2018.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Acknowledgments: The authors would like to acknowledge the CNPq, FUNDECT, CAPES and
UFMS. We are grateful to Elsie Franklin Guimarães, Botanical Garden of Rio de Janeiro—RJ—Brazil
for plant species identification and authentication.

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

Abbreviations

AWPA adequacy of weight to pregnancy age;
b.w body weight
CEUA commission for Ethics in the Use of Animals
CFWGA classification of fetal weight to gestational age;
EEPg ethanolic extract of Piper glabratrum
g grams.
g.d gestational day
HWAP high weight for the age of pregnancy
LD50 lethal dose 50
LGA large for gestational age.
LWAP low weight for the age of pregnancy
RO reduced Ossification
RPIL rate of post-implantation losses;
RR reabsorption rate
SD standard deviation
SGA small for gestational age
SUGA suitable for gestational Age;
UFMS Federal University of Mato Grosso do Sul
Unicef United Nations Children’s Fund

References
1. Kato, M.J.; Furlan, M. Química e evolução das piperáceas. Quím. Pura Apl. 2007, 79, 529–538.
2. Prando, T.B.L.; Baciquete, T.D.F.; Vieira, J.A.C.; Bressan, J.; Gasparotto, F.M.; Jesus, D.R.; Cardozo Junior, E.L.; Lourenço,

E.L.B.; Gasparotto Junior, A. Amides fromPiperas a Diuretic: Behind the Ethnopharmacological Uses ofPiper glabratumKunth.
Evidence-Based Complement. Altern. Med. 2014, 2014, 615109. [CrossRef] [PubMed]

3. Branquinho, L.S.; Santos, J.A.; Cardoso, C.A.L.; da Silva Mota, J.; Junior, U.L.; Kassuya, C.A.L.; Arena, A.C. Anti-inflammatory
and toxicological evaluation of essential oil from Piper glabratum leaves. J. Ethnopharmacol. 2017, 198, 372–378. [CrossRef]
[PubMed]

4. Leitão, M.M.; Radai, J.A.; Ferrari, I.C.; Negrão, F.J.; Silva-Filho, S.E.; Oliveira, R.J.; Mota, J.D.S.; Kassuya, C.A. Effects of an
ethanolic extract and fractions from Piper glabratum (Piperaceae) leaves on pain and inflammation. Regul. Toxicol. Pharmacol.
2020, 117, 104762. [CrossRef] [PubMed]

5. Dyer, L.A.; Palmer, A.N. Piper: Um Gênero Modelo para Estudos de Fitoquímica, Ecologia e Evolução; Kluwer Academic/Plenum: New
York, NY, USA, 2004.

6. Flores, N.; Jiménez, I.A.; Giménez, A.; Ruiz, G.; Gutiérrez, D.; Bourdy, G.; Bazzocchi, I.L. Benzoic Acid Derivatives from Piper
Species and Their Antiparasitic Activity. J. Nat. Prod. 2008, 71, 1538–1543. [CrossRef] [PubMed]

7. Oliveira, R.J.; Salles, M.J.S.; Silva, A.F.D.; Kanno, T.Y.N.; Lourenço, A.C.D.S.; Freiria, G.A.; Matiazi, H.J.; Ribeiro, L.R.; Mantovani,
M.S. Effects of the polysaccharide β-glucan on clastogenicity and teratogenicity caused by acute exposure to cyclophosphamide
in mice. Regul. Toxicol. Pharmacol. 2009, 53, 164–173. [CrossRef]

http://doi.org/10.1155/2014/615109
http://www.ncbi.nlm.nih.gov/pubmed/25101133
http://doi.org/10.1016/j.jep.2017.01.008
http://www.ncbi.nlm.nih.gov/pubmed/28109914
http://doi.org/10.1016/j.yrtph.2020.104762
http://www.ncbi.nlm.nih.gov/pubmed/32805323
http://doi.org/10.1021/np800104p
http://www.ncbi.nlm.nih.gov/pubmed/18712933
http://doi.org/10.1016/j.yrtph.2008.12.007


Pharmaceuticals 2023, 16, 430 13 of 14

8. Brasil. Ministério da Saúde. Secretaria de Ciência, Tecnologia e Insumos Estratégicos. Departamento de Assistência Farmacêutica.
Política e Programa Nacional de Plantas Medicinais e Fitoterápicos / Ministério da Saúde, Secretaria de Ciência, Tecnologia
e Insumos Estratégicos, Departamento de Assistência Farmacêutica. – Brasília: Ministério da Saúde. 2016. Available online:
https://bvsms.saude.gov.br/bvs/publicacoes/politica_programa_nacional_plantas_medicinais_fitoterapicos.pdf (accessed on
10 March 2023).

9. Brasil. Plantas Medicinais e fitoterápicos no SUS. Ministério da Saúde. 2017. Available online: https://www.gov.br/saude/pt-
br/composicao/sctie/daf/pnpmf/plantas-medicinais-e-fitoterapicos-no-sus (accessed on 30 November 2022).

10. Brasil. Ministério Da Saúde. Portal Da Saúde: Programa Nacional De Plantas Medicinais E Fitoterápicos. 2009. Available online:
https://bvsms.saude.gov.br/bvs/publicacoes/programa_nacional_plantas_medicinais_fitoterapicos.pdf (accessed on 10 March
2023).

11. Macedo, E.V.; Gemal, A.L. A produção de fitomedicamentos e a Política Nacional de Plantas Medicinais e Fitoterápicos. Rev. Bras.
Farm. 2009, 90, 290–297.

12. Premanath, R.; Sudisha, N.J.; Devi, N.L.; Aradhya, S.M. Antibacterial and Anti-oxidant Activities of Fenugreek (Trigonella
foenum graecum L.) Leaves. Res. J. Med. Plant 2011, 5, 695–705. [CrossRef]

13. Tiwari, P.; Kumar, B.; Kaur, M.; Kaur, G.; Kaur, H. Phytochemical screening and extraction: A Review. Int. Pharm. Sci. 2011, 1,
98–106.45.

14. United States Pharmacopeial Convention. The United States Pharmacopeia, 24th ed.; Sup.2 29th rev.; Mack: Rockville, MD, USA,
2006.

15. da Silva Miguéis, G.; da Silva, R.H.; Guarim-Neto, G.; Junior, G.A.D. Medicine bottled (garrafada): Rescue of the popular
knowledge. J. Med. Plant. Res. 2018, 12, 325–335.

16. OECD. Test No. 425: Acute Oral Toxicity: Up-and-Down Procedure, OECD Guidelines for the Testing of Chemicals, Section 4; OECD
Publishing: Paris, UK, 2008; Volume 4. [CrossRef]

17. Ishikawa, R.B.; Vani, J.M.; das Neves, S.C.D.; Rabacow, A.P.M.; Kassuya, C.A.L.; Croda, J.; Cardoso, C.A.L.; Monreal, A.C.D.F.;
Antoniolli, A.C.M.B.; Laura, A.L.C.; et al. The safe use of Doliocarpus dentatus in the gestational period: Absence of changes in
maternal reproductive performance, embryo-fetal development and DNA integrity. J. Ethnopharmacol. 2018, 217, 1–6. [CrossRef]

18. Vani, J.M.; Monreal, M.T.F.D.; Auharek, S.A.; Cunha-Laura, A.L.; Arruda, E.J.D.; Lima, A.R.; Silva, C.M.D.; Antoniolli-Silva,
A.C.M.B.; Lima, D.P.D.; Beatriz, A.; et al. The mixture of cashew nut shell liquid and castor oil results in an efficient larvicide
against Aedes aegypti that does not alter embryo-fetal development, reproductive performance or DNA integrity. PLoS ONE
2018, 13, e0193509. [CrossRef]

19. Vani, J.M.; Schweich, L.D.C.; Oliveira, K.R.W.D.; Auharek, S.A.; Cunha-Laura, A.L.; Antoniolli-Silva, A.C.M.B.; Nazario, C.E.D.;
Oliveira, R.J. Evaluation of the effects of the larvicides temephos on reproductive performance, embryofetal development and
DNA integrity of Swiss mice. Pestic. Biochem. Physiol. 2018, 148, 22–27. [CrossRef]

20. Cruz, L.L.; Silva, B.S.F.; Araujo, G.G.; Leal-Silva, T.; Paula, V.G.; Souza, M.R.; Soares, T.S.; Moraes-Souza, R.Q.; Monteiro, G.C.;
Lima, G.P.P.; et al. Phytochemical and antidiabetic analysis of Curatella americana L. aqueous extract on the rat pregnancy. J.
Ethnopharmacol. 2022, 293. [CrossRef] [PubMed]

21. Vani, J.M.; de Carvalho Schweich-Adami, L.; Auharek, S.A.; Antoniolli-Silva, A.C.M.B.; Oliveira, R.J. Pyriproxyfen does not cause
microcephaly or malformations in a preclinical mammalian model. Environ. Sci. Pollut. Res. 2021, 28, 4585–4593. [CrossRef]
[PubMed]

22. Pessatto, L.R.; Auharek, S.A.; Gonçalves, C.A.; David, N.D.; Monreal, A.C.D.; Kassuya, C.A.L.; Antoniolli-Silva, A.C.M.B.;
Stefanello, M.A.; Oliveira, R.J. Effects of dichloromethane and butanol fractions of Gochnatia polymorpha subsp. floccosa in
maternal reproductive outcome, embryo-fetal development and DNA integrity in mice. J. Ethnopharmacol. 2017, 200, 205–208.
[CrossRef]

23. Soulimane-Mokhtari, N.A.; Guermouche, B.; Yessoufou, A.; Saker, M.; Moutairou, K.; Hichami, A.; Merzouk, H.; Khan, N.A.
Modulation of lipid metabolism byn−3 polyunsaturated fatty acids in gestational diabetic rats and their macrosomic offspring.
Clin. Sci. 2005, 109, 287–295. [CrossRef]

24. Gonçalves, C.; Silva, N.; Mauro, M.; David, N.; Cunha-Laura, A.; Auharek, S.; Monreal, A.; Vieira, M.; Silva, D.; Santos, F.; et al.
Evaluation of mutagenic, teratogenic, and immunomodulatory effects of Annona nutans hydromethanolic fraction on pregnant
mice. Genet. Mol. Res. 2014, 13, 4392–4405. [CrossRef]

25. David, N.D.; Mauro, M.D.O.; Gonçalves, C.A.; Pesarini, J.R.; Strapasson, R.L.B.; Kassuya, C.A.L.; Stefanello, M.A.; Cunha-Laura,
A.L.; Monreal, A.C.D.; Oliveira, R.J. Gochnatia polymorpha ssp. floccosa: Bioprospecting of an anti-inflammatory phytotherapy
for use during pregnancy. J. Ethnopharmacol. 2014, 154, 370–379. [CrossRef] [PubMed]

26. Sene, L.d.B.; Damasceno, D.C.; Rocha, R.; Iessi, I.L.; Peraçoli, J.C.; Volpato, G.T. Influence of Swimming Program on the Blood
Pressure of Pregnant Hypertensive Rats and Their Fetuses. Reprod. Sci. 2021, 28, 3440–3447. [CrossRef] [PubMed]

27. Sinzato, Y.K.; Klöppel, E.; Miranda, C.A.; Paula, V.G.; Alves, L.F.; Nascimento, L.L.; Campos, A.P.; Karki, B.; Hampl, V.; Volpato,
G.T.; et al. Comparison of streptozotocin-induced diabetes at different moments of the life of female rats for translational studies.
Lab. Anim. 2021, 55, 329–340. [CrossRef]

28. Klöppel, E.; Sinzato, Y.K.; Rodrigues, T.; Gallego, F.Q.; Karki, B.; Volpato, G.T.; Corrente, J.E.; Roy, S.; Damasceno, D.C. Benefits
of Vitamin D Supplementation on Pregnancy of Rats with Pregestational Diabetes and Their Offspring. Reprod. Sci. 2022, 1–16.
[CrossRef]

https://bvsms.saude.gov.br/bvs/publicacoes/politica_programa_nacional_plantas_medicinais_fitoterapicos.pdf
https://www.gov.br/saude/pt-br/composicao/sctie/daf/pnpmf/plantas-medicinais-e-fitoterapicos-no-sus
https://www.gov.br/saude/pt-br/composicao/sctie/daf/pnpmf/plantas-medicinais-e-fitoterapicos-no-sus
https://bvsms.saude.gov.br/bvs/publicacoes/programa_nacional_plantas_medicinais_fitoterapicos.pdf
http://doi.org/10.3923/rjmp.2011.695.705
http://doi.org/10.1787/9789264071049-en
http://doi.org/10.1016/j.jep.2018.01.034
http://doi.org/10.1371/journal.pone.0193509
http://doi.org/10.1016/j.pestbp.2018.03.010
http://doi.org/10.1016/j.jep.2022.115287
http://www.ncbi.nlm.nih.gov/pubmed/35421527
http://doi.org/10.1007/s11356-020-10517-5
http://www.ncbi.nlm.nih.gov/pubmed/32948939
http://doi.org/10.1016/j.jep.2017.02.042
http://doi.org/10.1042/CS20050028
http://doi.org/10.4238/2014.June.11.3
http://doi.org/10.1016/j.jep.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/24727192
http://doi.org/10.1007/s43032-021-00617-z
http://www.ncbi.nlm.nih.gov/pubmed/33987823
http://doi.org/10.1177/00236772211001895
http://doi.org/10.1007/s43032-022-01056-0


Pharmaceuticals 2023, 16, 430 14 of 14

29. Salustriano, F.R.; Monreal, A.C.D.; das Neves, S.C.; de Oliveira, G.M.; de Oliveira, D.D.M.; Vilela, M.L.B.; do Nascimento,
V.A.; Martins, A.C.F.; Saroja, B.; Karuppusamy, A.; et al. The Ethanolic Extract of Gomphrena celosioides Mart. Does Not Alter
Reproductive Performance or Embryo-Fetal Development, nor Does It Cause Chromosomal Damage. Pharmaceutics 2022, 14,
2369. [CrossRef]

30. Sinzato, Y.K.; Paula, V.G.; Gallego, F.Q.; Moraes-Souza, R.Q.; Corrente, J.E.; Volpato, G.T.; Damasceno, D.C. Maternal Diabetes
and Postnatal High-Fat Diet on Pregnant Offspring. Front. Cell Dev. Biol. 2022, 10. [CrossRef]

31. Milson, M.E.; Ford, S.P. Comparative aspects of placental efficiency. Reprod. Suppl. 2001, 58, 223–232.
32. Fowden, A.L.; Sferruzzi-Perri, A.N.; Coan, P.M.; Constancia, M.; Burton, G.J. Placental efficiency and adaptation: Endocrine

regulation. J. Physiol. 2009, 587, 3459–3472. [CrossRef] [PubMed]
33. Guimarães, C.F.; Meirelles, M.G.; Fernandes, C.B. Placental efficiency in the equine species: Which factors may be related? Braz. J.

Vet. Res. Anim. Sci. 2015, 52, 98–105. [CrossRef]
34. Moraes-Souza, R.Q.; Soares, T.S.; Carmo, N.O.L.; Damasceno, D.C.; Campos, K.E.; Volpato, G.T. Adverse effects of Croton

urucurana B. exposure during rat pregnancy. J. Ethnopharmacol. 2017, 199, 328–333. [CrossRef]
35. Sibley, C.P.; Turner, M.A.; Cetin, I.; Ayuk, P.; Boyd, C.A.; D’Souza, S.W.; Glazier, J.D.; Greenwood, S.L.; Jansson, T.; Powell, T.

Placental Phenotypes of Intrauterine Growth. Pediatr. Res. 2005, 58, 827–832. [CrossRef] [PubMed]
36. Brett, K.E.; Ferraro, Z.M.; Yockell-Lelievre, J.; Gruslin, A.; Adamo, K.B. Maternal–Fetal Nutrient Transport in Pregnancy

Pathologies: The Role of the Placenta. Int. J. Mol. Sci. 2014, 15, 16153–16185. [CrossRef] [PubMed]
37. Soares, T.S.; Andreolla, A.P.; Miranda, C.A.; Klöppel, E.; Rodrigues, L.S.; Moraes-Souza, R.Q.; Damasceno, D.C.; Volpato, G.T.;

Campos, K.E. Effect of the induction of transgenerational obesity on maternal-fetal parameters. Syst. Biol. Reprod. Med. 2018, 64,
51–59. [CrossRef]

38. Oliveira, R.; Mantovani, M.; Pesarini, J.; Mauro, M.; Silva, A.D.; Souza, T.; Ribeiro, L. 6-Dimethylaminopurine and cyclohexamide
are mutagenic and alter reproductive performance and intrauterine development in vivo. Genet. Mol. Res. 2015, 14, 834–849.
[CrossRef] [PubMed]

39. Gonçalves, C.A.; Siqueira, J.M.; Carollo, C.A.; Mauro, M.D.O.; de Davi, N.; Cunha-Laura, A.L.; Monreal, A.C.D.; Castro,
A.H.; Fernandes, L.; Chagas, R.R.; et al. Gestational exposure to Byrsonima verbascifolia: Teratogenicity, mutagenicity and
immunomodulation evaluation in female Swiss mice. J. Ethnopharmacol. 2013, 150, 843–850. [CrossRef] [PubMed]

40. ANVISA - Agência Nacional de Vigilância Sanitária, 2013. Guia para a condução de estudos não clínicos de segurança
necessários ao desenvolvimento de medicamentos. Brasília. 2013; 48p. Available online: https://www.gov.br/anvisa/pt-br/
centraisdeconteudo/publicacoes/medicamentos/pesquisa-clinica/manuais-e-guias/guia-para-a-conducao-de-estudos-nao-
clinicos-de-toxicologia-e-seguranca-farmacologica-necessarios-ao-desenvolvimento-de-medicamentos-versao-2.pdf/view
(accessed on 10 March 2023).

41. OECD. Test No. 423: Acute Oral toxicity—Acute Toxic Class Method. Section 4; OECD Publishing: Paris, France, 2002. [CrossRef]
42. OECD. Test No. 421: Reproduction/Developmental Toxicity Screening Test. Section 4; OECD Publishing: Paris, France, 2015. [CrossRef]
43. Staples, R.E.; Schnell, V.L. Refinements In Rapid Clearing Technic In The Koh-Alizarin Red S Method For Fetal Bone. Stain.

Technol. 1964, 39, 61. [PubMed]
44. Manson, J.M.; Kang, Y.J. Test methods for assessing female reproductive and developmental toxicology. In Principles and Methods

of Toxicology; Manson, J.M., Kang, Y.J., Eds.; Raven Press: New York, NY, USA, 1994; pp. 989–1035.
45. Wise, L.D.; Beck, S.L.; Beltrame, D.; Beyer, B.K.; Chahoud, I.; Clark, R.L.; Clark, R.; Druga, A.M.; Feuston, M.H.; Guittin, P.; et al.

Terminology of developmental abnormalities in common laboratory mammals (version 1). Teratology 1997, 55, 249–292. [CrossRef]
46. Damasceno, D.C.; Kempinas, W.G.; Volpato, G.T.; Consoni, M.; Rudge, M.V.C.; Paumgartten, F.J.R. Anomalias Congênitas: Estudos

Experimentais; Coopmed: Belo Horizonte, Brazil, 2008; p. 102.
47. Barrow, M.V.; Taylor, W.J. A rapid method for detecting malformations in rat fetuses. J. Morphol. 1969, 127, 291–305. [CrossRef]

[PubMed]
48. Wilson, J.G. Methods for Administering Agents and Detecting Malformations in Experimental Animals. In Teratology: Principals

and Techniques; Wilson, J.G., Warkany, J., Eds.; University of Chicago Press: Chicago, IL, USA, 1965; pp. 262–277.
49. Oliveira, R.J.; Oliva, S.U.; Daroz, G.A.; Rubio, E.M. Fertility assessment and possible external structural defects on progeny from

male rats chronically exposed to arsenic. Rev. Bras. Toxicol. 2005, 18, 57.
50. Taylor, P. Practical Teratology; Academic Press: London, UK, 1986; p. 170.
51. Manson, J.C.; Clarke, A.R.; Hooper, M.L.; Aitchison, L.; Mcconnell, I.; Hope, J. 129/Ola mice carrying a null mutation in PrP that

abolishes mRNA production are developmentally normal. Mol. Neurobiol. 1994, 8, 121–127. [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.

http://doi.org/10.3390/pharmaceutics14112369
http://doi.org/10.3389/fcell.2022.818621
http://doi.org/10.1113/jphysiol.2009.173013
http://www.ncbi.nlm.nih.gov/pubmed/19451204
http://doi.org/10.11606/issn.1678-4456.v52i2p98-105
http://doi.org/10.1016/j.jep.2016.10.061
http://doi.org/10.1203/01.PDR.0000181381.82856.23
http://www.ncbi.nlm.nih.gov/pubmed/16183820
http://doi.org/10.3390/ijms150916153
http://www.ncbi.nlm.nih.gov/pubmed/25222554
http://doi.org/10.1080/19396368.2017.1410866
http://doi.org/10.4238/2015.February.2.8
http://www.ncbi.nlm.nih.gov/pubmed/25730023
http://doi.org/10.1016/j.jep.2013.09.012
http://www.ncbi.nlm.nih.gov/pubmed/24140582
https://www.gov.br/anvisa/pt-br/centraisdeconteudo/publicacoes/medicamentos/pesquisa-clinica/manuais-e-guias/guia-para-a-conducao-de-estudos-nao-clinicos-de-toxicologia-e-seguranca-farmacologica-necessarios-ao-desenvolvimento-de-medicamentos-versao-2.pdf/view
https://www.gov.br/anvisa/pt-br/centraisdeconteudo/publicacoes/medicamentos/pesquisa-clinica/manuais-e-guias/guia-para-a-conducao-de-estudos-nao-clinicos-de-toxicologia-e-seguranca-farmacologica-necessarios-ao-desenvolvimento-de-medicamentos-versao-2.pdf/view
https://www.gov.br/anvisa/pt-br/centraisdeconteudo/publicacoes/medicamentos/pesquisa-clinica/manuais-e-guias/guia-para-a-conducao-de-estudos-nao-clinicos-de-toxicologia-e-seguranca-farmacologica-necessarios-ao-desenvolvimento-de-medicamentos-versao-2.pdf/view
http://doi.org/10.1787/9789264071001-en
http://doi.org/10.1787/9789264264380-en
http://www.ncbi.nlm.nih.gov/pubmed/14106473
http://doi.org/10.1002/(SICI)1096-9926(199704)55:4&lt;249::AID-TERA5&gt;3.0.CO;2-W
http://doi.org/10.1002/jmor.1051270303
http://www.ncbi.nlm.nih.gov/pubmed/4388962
http://doi.org/10.1007/BF02780662

	Introduction 
	Results 
	Biometric Parameters 
	Reproductive Performance 
	Embryo-Fetal Development 

	Discussion 
	Materials and Methods 
	Piper Glabratum Extract Plant Material 
	Animals 
	Experimental Design 
	Biological Tests 
	Biometric Parameters 
	Reproductive Performance and Embryofetal Development 
	Statistical Analysis 

	Conclusions 
	References

