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A B S T R A C T   

Ethnopharmacological relevance: Luffa operculata (L.) Cogn (Cucurbitaceae) is a traditional plant popularly used in 
the abortion induction, against sinusitis and is toxic. 
Aim of the study: To verify the influence of the aqueous extract obtained from the dry fruit of L. operculata (BNE) 
on the male rats vertically exposed to a subabortive dose of BNE, by evaluating alterations in behavior and 
neurochemical features in hypothalamus, striatum and frontal cortex, at a juvenile age, after receiving a stress 
challenge given by the use of the “New York subway stress” technique (NYS). 
Materials and methods: Pregnant female rats (F0 generation) received 1.0 mg/kg BNE, or distilled water (100 mL/ 
kg), by gavage, between gestation days GD17 and GD21. The pups were weaned at PND21 and were kept up to 
PND60 (juvenile age) in controlled environmental conditions. Four groups were obtained: control (CG), exper-
imental (EG), stress control (SCG) and stress experimental (SEG) After being stressed, the animals were 
behavioral screened for in the open field (OF) and in light-dark box (LDB) apparatuses. They were euthanized, 
and the liver, kidneys and brain were removed for both macroscopic and microscopic analyses, and for quan-
tification of vanillylmandelic acid (VMA), norepinephrine (NE), dopamine (DA) and its metabolite, 3,4-dihydrox-
yphenylacetic acid (DOPAC) and the serotonin (5-HT) and its metabolite 5-hydroxyindolylacetic acid (5-HIAA) 
were accessed in the hypothalamus, frontal cortex and striatum. 
Results and discussion: although most of the behavior changes were due to the stress challenge, the rats spent more 
time in the dark side of the LDB and were less likely to explore the light side, indicating that the treatment with 
BNE induced to fear. Interferences of BNE over behavior were due to impairment of VMA, NE, 5-HT and DA and 
increasing of DOPAC in the hypothalamus, and an increase of 5-HIAA in the frontal cortex, indicating alterations 
in the hypothalamic-hypophysis-adrenal axis (HHAA). No macroscopic or histopathological changes were 
observed in the liver, kidneys, or brain, although GFAP was diminished in the SCG, as expected for stressed rats. 
Conclusion: the vertical exposition of juvenile rats to BNE led to the manifestation of fear and to a down regu-
lation of the hypothalamic-hypophysis-adrenal axis.   

1. Introduction 

The use of plants as a fertility regulator agent is done since ancient 
times, as they work as emmenagogues, local contraceptives or aborti-
facients (Kumar et al., 2012). Some of the ancient papers by Theo-
phrastus, Pliny and Dioscorides were previously reviewed (Albert-Puleo, 
1979) and described the use of scammony (Convolvulus scammonia) as an 
abortifacient plant, which were also used against headache, due to the 

presence of ergot alkaloids. In Brazil, the use of traditional plants in 
fertility control is not only restricted to indigenous or quilombola pop-
ulations, but are also widespread in the urban adjacent population. 
Recently, 54 Brazilian species were reported to induce abortion, and 
among those, Luffa operculata (L.) Cogn. (Cucurbitaceae) (Yazbek et al., 
2016) highlights. 

The dried fruits of L. operculata is populartly known as buchinha-do- 
norte and the tea made with them can lead to the occurrence of uterus 
hemorrhage and end up with abortion (Revilla, 2002). The tea made 
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with the same plant organ is used to treat sinusitis as it is instilled 
through the nostrils (Menon-Miyake et al., 2005). The mechanism by 
which the tea provokes abortion is unclear, and yet to be related to the 
cucurbitanes commonly found in the Cucurbitaceae. 

Recent findings reported for the first time the alterations in the his-
tological structure of the testicles and in the behavior of adult male rats 
that received the aqueous extract of L. operculata, by gavage, for five 
consecutive days (Alves et al., 2018). The authors reported that testicles 
from sex-experienced adult male Wistar were macroscopically and 
microscopically affected by the direct administration of BNE. The tes-
ticle weights, relative weights, volume, cranial-caudal and lateral-lateral 
were increased, and the diameter of the seminiferous tubule and their 
lumens were augmented, while the parenchyma was diminished, 
including the number of Leydig cells. In this work, the authors reported 
anxiety-like behavior and diminishing in locomotion after the treat-
ment. From these findings, new questions related to the influence of the 
administration of the tea to pregnant female rats leading to alterations in 
testicle and in the behavioral phenotype of their male offspring have 
emerged. Although the authors did not correlate the histological and 
behavioral findings to some chemicals present in L. operculata, the 
resemblance of the chemical structure of cucurbitanes that occur in the 
species and steroid hormones shows some perspective in the explanation 
of our findings. The occurrence of cucurbitacin B, dihydrocucurbitacin B 
(Lang et al., 2012), operculins A and B (Kawahara et al., 2004), neo-
cucurbitacins A and B (Kawahara et al., 2001), ceramides, spinasterol 
and other sterols (Feitosa et al., 2011) and isocucurbitacin B (Matos and 
Gottlieb, 1967) was reported to L. operculata. 

Despite the possible occurrence of testicle histological disarrange-
ment in the males from the F1 generation, BNE may cause influence on 
the behavior of juvenile male rats, due to the possibility of cucurbitanes 
to cross the blood-brain barrier. The brain of rats, men and other 
mammalians develop under a constant and coordinate change in steroid 
hormone levels of the mother and of the fetus itself, in a very precise 
regulation of time and levels (Gore et al., 2014). The subsequent release 
of progesterone, 17-β-estradiol, prolactin, oxytocin and placenta lac-
togens, which reorganizes the mother brain plasticity guarantees the 
adequate fetus development as it extends to its adulthood, as well as the 
mother reproduction, parenting and nursing behaviors (Keller et al., 
2019). Steroids can be considered as major brain modulators which 
directly interferes with its function, differentiation, growth and synapse 
formation, both for androgens (Rubinow and Schmidt, 1996) and es-
trogens (Keller et al., 2019). Also, the exposure to steroids, natural or 
mimics, in the early stages of brain development can cause permanent 
alterations in behavior (Miodovnik et al., 2012). Somehow, these al-
terations can influence the hypothalamic-pituitary-adrenal axis. Some 
exogenous compounds, known as endocrine-disrupting chemicals, or 
EDCs, may have a pivotal whole in the developing brain during preg-
nancy, once they can reach the fetus by crossing the placental barrier 

and disrupt the hormonal balance needed for the normal physiological 
functions to reach full cognition abilities (Gore et al., 2014). 

In face of the findings reporting the deleterious influence of BNE on 
adult male rats, there is a lack of information regarding the influence of 
BNE on the male offspring vertically exposed to the extract. In order to 
have a more accurate prospection of behavior and neurotransmitter 
concentration alterations, a stress challenge was performed in the male 
rats at post-natal day 60 (PND60), which is a period that the rats are 
considered as late adolescents or young adults (Lupien et al., 2009), a 
period of time when rats can still be vulnerable to the influence of stress, 
which may end up with some degree of disruption in physical or mental 
health, in some grade (Holder and Blaustein, 2014), which can directly 
influence the maturation of cognitive behavior (Ariza Traslaviña et al., 
2014). Also, behavior can be influenced by drugs interfering in the 
HHAA as the corticoids, which ends up reflecting with the stress levels 
(Spiga et al., 2014). For that reason, the prospection of the consequences 
of the BNE exposition to the male rats was conducted by introducing a 
stress challenge at PND60, in order to proportionate a condition to 
observe subtle alterations in both behavior and neurotransmitters 
quantification. 

The present work aimed at the evaluation of the putative effects of 
prenatal exposure to sub-abortive dose of the aqueous extract from the 
fruits of L. operculata on juvenile male rats of the F1 generation, 
regarding to liver, kidneys and brain histological patterns and to eval-
uate the brain functional changes, comprising behavioral and neuro-
chemical studies. 

2. Materials and methods 

2.1. Plant extract 

The dried fruits of buchinha-do-norte (L. operculata) were obtained 
from Santos Flora (batch # BUCHO 01/0914, collect date 09/24/2014, 
validity: 09/24/2017, origin Brazil) and were prepared according to the 
popular use, as a decoct. Popular use describes that one dried fruit has to 
be added to a glass of water, and has to be boiled for 10 min. So, 15 dried 
fruits (34.677 g) were added to 5,100 mL of Milli-Q® boiling water, and 
were kept under infusion for 10 min. Then, the infusion was cooled, 
filtered, frozen (− 70 ◦C) and lyophilized, resulting in the aqueous dried 
extract, the so-called BNE. The yield of BNE was 14.82 g, or 42.73%, in 
relation to the dry fruit weight (Alves et al., 2018). 

2.2. Animals 

2.2.1. Ethics 
The study was performed as in accordance to the Guide for the Care 

and Use of Laboratory Animals National Institutes of Health, aiming 
good laboratory practices. The protocols were approved by the Ethics 

Abbreviations 

BNE buchinha-do-norte extract 
GD gestation day 
PND post-natal day 
CG control group 
EG experimental group 
SCG stress control group 
SEG stress experimental group 
NYS New York Subway stress technique 
OF open field 
LDB light-dark box 
NE norepinephrine 
CRH corticotropin-releasing hormone 

LC/NE locus ceruleus-norepinephrine 
DA dopamine 
5-HT serotonin 
DOPAC 3,4-dihydroxyphenylacetic acid 
5-HIAA 5-hydroxyindolacetic acid 
HVA homovanillic acid 
VMA vanillylmandelic acid 
GFAP glial fibrillary acidic protein 
NPY neuropeptide Y 
BDNF brain-derived neurotrophic factor 
COMT catechol-O-methyltransferase 
MAO monoamine oxidase 
ANOVA analysis of variance  
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Committee for Animal Use, from the Universidade Paulista - UNIP, 
(permit #043/2016). All efforts were made in order to minimize animal 
suffering and to maximize animal well-being. 

2.2.2. Mating and birth protocol 
Twenty six virgin female Wistar rats aged 12–14 weeks weighting 

200 g were distributed in groups of three in propylene cages (45.5 X 
34.5 × 20 cm), in an environment under a controlled temperature 
(22 ◦C ± 2 ◦C), controlled humidity (55–65% relative humidity) and 
under artificial lighting (12h light cycle and 12h dark, lights witched on 
at 07:00). They were housed for ten days for habituation. Also, six male 
Wistar rats of 20–23 weeks of age, weighting approximately 350g, and 
sexually experienced, were kept under the same conditions. The animals 
had free access to filtered water and irradiated food (BioBase®, Águas 
Frias, Brazil) during the study. Rats were donated from the School of 
Veterinary Medicine, University of São Paulo, Brazil. Three female rats 
were housed in the same cage, and one male rat was introduced to the 
cage and left to mate. The pregnancy determination was done by the 
evaluation of the presence of spermatozoids in the vaginal smear. Fe-
male dams were separated according to the identification of pregnancy, 
but as soon as their female companions got pregnant, they were again re- 
united, and remained together up to gestation day (GD)18. At GD18, 

each female dam was separated in an individual cage that was attached 
to a microisolator system (Tecniplast®, Buguggiate, Italy), under a 
controlled temperature (22 ◦C ± 2 ◦C), controlled humidity (55–65% 
relative humidity) and under artificial lighting (12h light cycle and 12h 
dark, lights witched on at 7h00), so as to give birth alone to avoid 
canibalism. 

2.2.3. Litter standardization 
At PND2, the reproductive performance was done to all litters by the 

use of a heat bed comfortably regulated to a physiological temperature. 
The number of females and males that were born in each litter was 
recorded. So, one male and one female pup were individually weighed, 
then the female and male sets of pups were weighed and finally the litter 
was also weighed. After that, the litters were standardized in 4 males 
and 4 females each (Udo et al., 2014) in order to avoid differences in the 
litters development. At PND21, the littermates were separated and 
co-housed by sex under the same conditions as their parents. 

2.3. Treatment procedures 

Dam female rats at GD17 up to GD21 were divided in two treatment 
groups: the control group (CG; n = 14) which received water and the 

Fig. 1. Experimental design.  

H.V. Frias et al.                                                                                                                                                                                                                                 



Journal of Ethnopharmacology 264 (2021) 113265

4

experimental group (EG; n = 12) which received BNE. Treatments were 
administered by gavage, at a dose of 1.0 mg/kg, a subabortive dose used 
in previous works (Alves et al., 2018). The dose of 1.0 mg/mL was 
determined based on the abortive dose of 4.0 mg/mL used in the abor-
tive evaluation of L. operculata in previous reports (Barilli et al., 2007). 
The period of gestation spanning from GD17 to GD21 has been chosen 
due to the implication of the treatment over the brain development of 
the offspring. After given birth, the females kept their litters up to the 
weaning day at PND21. After separated, male and female pups were left 
to grow up to a juvenile age, at PND60, when they received a stress 
treatment induced by the New York Metro stress technique (NYS; 
Dhabhar and McEwen, 1997), in order to evince for alterations. The rats 
from F1 generation were divided in those which were born from the 
control dams (CG; n = 7), those which were born from the experimental 
dams (EG; n = 6), those that came from the CG which received stress 
treatment, named SCG (n = 7), and those which came from the experi-
mental group which received stress treatment, named SEG (n = 6; 
Fig. 1). 

At PND60, tests were performed exclusively with the male rats from 
the F1 generation, while the female rats were studied in a separate 
protocol, not included in the present study. The four male pups from 
each litter were designated to different analyses, so one was submitted to 
open field and light-dark box apparatuses tests, one was submitted to 
histochemical analyses of brains, livers and kidneys and one was sub-
mitted to neurochemical analyses of the hypothalamus, frontal cortex 
and striatum. 

2.4. Experimental design 

Fig. 1 reports the experimental design that was proposed for the 
present project. F1 male rats were divided into four groups, according to 
the treatment received by their mothers during pregnancy (CG and EG) 
and according to the stress that they received or not (SEG and SCG; 
Fig. 1). 

2.4.1. Stress induction 
The F1 generation male Wistar rats were submitted to the NYS pro-

cedure. This technique was first developed by New Yorker researchers 
and were based on the stress caused by the metro travelling during rush 
hours (Dhabhar and McEwen, 1997). Briefly, the animals are put into 
PVC plastic pipes in a way that they cannot move or escape, and the 
pipes were then placed on a shaker at 10 cycles per minute, for 1 h. Rats 
that were submitted to stress were designated as “stress groups”, so, four 
groups were obtained: control group (CG; n = 7), experimental group 
(EG; n = 7), stress control group (SCG; n = 6) and stress experimental 
group (SEG; n = 6), ntotal = 26. After that, the rats were submitted to 
the tests. 

2.5. Open field evaluation 

Open field (OF) was used in order to evaluate the influence of BNE 
over the locomotion and anxiety of the animals (Broadhurst, 1960). 
Initially, each animal was placed in the central circle of the arena and 
was evaluated for 3 min according to the following parameters: fre-
quency of locomotion, immobility time, rearing frequency, number and 
time of grooming, time spent in the center of the apparatus, time spent 
on the peripheral of the apparatus and number of fecal boli (Alves et al., 
2018; Estork et al., 2016, 2014; Gusmão et al., 2013a, 2013b; Suffredini 
et al., 2017). 

2.6. Light-dark box evaluation 

The model was based on the aversion of rodents to clear spaces, 
generating a conflict between remaining in the dark side and the 
exploratory instinct impulsively leading to the light side. The device 
consisted of an acrylic box divided into a dark compartment and a light 

and bright compartment separated by a door. The animals were placed 
in a light-dark box (LDB) for evaluation of anxiety immediately after the 
evaluation in the open field. The animals were allocated in the dark side 
of the box (Takao and Miyakawa, 2006) and remained under experi-
mental conditions for 5 min (Shimada et al., 1995). The parameters 
evaluated during this period were latency to transit to the light side; 
number of attempts to enter the light side; time spent in the dark side 
and in the light side; light and dark sides locomotion and rearing fre-
quency; and number of fecal boli in the dark and in light sides (Alves 
et al., 2018; Crawley and Goodwin, 1980). 

2.7. Neurochemical analysis 

Rats from F1 generation were euthanized by rapid decapitation, the 
brains were removed and dissected in order to separate hypothalamus, 
frontal cortex and striatum, over a glass Petri dish laid over a bed of ice. 
Brain segments were weighed and stored in freezer at − 80 ◦C until an-
alyses. The brain areas were chosen due to their relation and regulatory 
role in the HHAA and associated behaviors. Each segment was dissected, 
weighed and stored at − 80 ◦C until use. Each brain segment was defrost 
and added to a vial containing perchloric acid solution and homogenized 
with a sonicator, before being centrifuged (Felicio et al., 1996; Soto 
et al., 2013). Supernatants were taken and used in the quantification by 
high performance liquid chromatography coupled to electrochemical 
detector (HPLC-ECD; Felicio et al., 1996), a sample injector (15 and 20 
Al valve) an integrator (Chromatopac, Shimatzu, Japan), a C-18 column 
(Shimpack; ODS, Kyoto, Japan). Dihydroxybenzylamine (DHBA) was 
used as internal standard. Samples were run for 18 min and the limit 
detection was 2.0 pg. Vanylmandelic acid (VMA), norepinephrine (NE), 
dopamine (DA) and its metabolite, 3,4-dihydroxyphenylacetic acid 
(DOPAC), serotonin (5-HT) and its metabolite 5-hydroxyindolylacetic 
acid (5-HIAA) were quantified. 

2.8. Histological and immunohistochemical analysis 

Brains were collected and fixed in 10% buffered formalin for 72 h. 
Coronal sections of each brain were made and the tissue samples were 
embedded in paraffin for processing for conventional histological pro-
cedures. GFAP immunohistochemistry was performed using the chain 
polymer-conjugated staining method (DAKO EnVision™ System). 
Polyclonal rabbit anti-GFAP immunoglobulin (1:50; Z033401, Dako, 
Glostrup, Denmark) was used as the primary antibody followed by the 
EnVision+ Kit (HRP. Rabbit. DAB+, K4011, Dako, Glostrup, Denmark). 
Ten sections (5 μm thick) per rat were made from each chosen area 
(frontal cortex, striatum and hypothalamus), and, from each individual 
section, ten photomicrographs were taken (40x objective, Nikon E200 
microscope, equipped with a Nikon Coolpix digital camera linked to a 
liquid crystal display monitor, Kanagawa, Japan). Morphometric anal-
ysis was performed using the Image Pro-Plus 6 software (Media Cyber-
netics, Rockville, MD, USA), calibrated with digital color filters such that 
only positive cells were included and background staining was excluded 
from the measurement. The astrocyte index per area was used to 
represent the GFAP staining extent compared to the total area of the 
image (zero, as the complete absence of staining; and 1, as the total 
staining of the area). 

The liver and kidney are organs involved in drug metabolism, and 
alterations in the tissue structures can indicate toxicity of BNE. Frag-
ments of tissues measuring up to 0.5 mm were randomly harvested and 
fixed in 10% buffered formalin for 24 h at least. The histological pro-
cedures were made according to the conventional paraffin embedding 
and hematoxylin-eosin (HE) staining methods. Parameters were scored 
from 0 to 2 as shown in Table 1. 

2.9. Phytochemical testing 

A thin layer chromatography (TLC) technique was used in the 
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evaluation of the presence of cucurbitacin derivatives in the lyophilized 
aqueous extract, BNE, diluted in H2O and in ethanol. Solutions were 
prepared at a concentration of 10 mg/mL each. The chromatographic 
system was composed by the mixture of chloroform and methanol 
(95:10) as mobile phase, silica gel GF254 (Merck) as the stationary 
phase, vanillin phosphoric acid reagent (VP41; Wagner and Bladt, 1996) 
and plate heat for 10 min at 100 ◦C to visualize the spots. Visualization 
was made under U.V. 365 nm and normal illumination. Some traditional 
reactions were made to prospect for alkaloids, anthraquinones and 
cardiac glycosides. 

2.10. Statistical analysis 

The premises of randomness, independency and normality were 
adopted in the present work. The Shapiro-Wilk test was adopted to 
verify normality among data for all analyses. Levene’s Test and Mauchly 
Test were used to verify homogeneity and sphericity of data, respec-
tively, and data are available as Supplementary Material. Eventually size 
of effect (η2) was calculated to some of the parameter factors. In order to 
verify differences in the parameters related to behavior in open field, 
light-dark box apparatuses, as well as the differences in the GFAP and 
neurochemistry after treatments with BNE and stress, data were evalu-
ated by two-way ANOVA and Tukey’s post-test, while data related to 
scores obtained from the liver, kidneys histological evaluation were 
conducted by Kruskal-Wallis and Dunn’s post-test. Outliers were not 
considered so as data remained inside normality. Sample size was esti-
mated based on the formula n = 1+[2C*(s/d)2], C=(zα+zβ)2, consid-
ering confidence interval of 0,95/2 (0.475), z = 1.96, and test power of 
90% (zβ = 1.282), maximum deviation of 0.2 (20%) and difference be-
tween groups of 0.5 (50%). Significances were considered if α < 0.05 for 
all analyses (Zar, 1999; Eng, 2003). 

3. Results 

Sample size was estimated for all the analysis and results developed 
as follows: n = 1+[2(1.96 + 1.282)2*[(0.2/0; 5)2] = 4.36, so, n = 5 
animals per group is the minimum required for a better statistical res-
olution. In the present work, a minimum of six animals per group was 
considered for all analyses. 

3.1. Behavioral studies of males from the F1 generation 

A decreased locomotion frequency of SCG (p = 0.0331) and SEG 
(p = 0.0393) groups in relation to CG group was observed, and 33.62% 
of the variance is related to the stress factor (F(1,21) = 11.25; p = 0.0030; 
Fig. 2A). The rearing frequency was reduced in the SEG group in relation 
to EG (p = 0.277) and to CG (p = 0.0432) groups and stress factor 
accounted for 34.69% of the variance (F(1,22) = 12.90; p = 0,0016; 
Fig. 2B). Grooming was increased in both SCG and SEG groups when 
compared to the CG (p = 0.0473 and p = 0.0187, respectively) and EG 
(p = 0.0377 and p = 0.01287, respectively) groups and the stress factor 
accounted for 47.47% of the variance (F (1,21) = 19,29; p = 0,0003; 
Fig. 2C). 

In the light-dark box apparatus, CG group spent more time in the 
light dark of the apparatus than SCG group (p = 0.0393), the stress 
factor accounted for 24.63% of the variance (F(1,20) = 7.683; p = 0,0118; 
Fig. 3A). Group SCG spent more time in the dark side than CG group 
(p = 0.0344), as well as group EG, in comparison to CG (0.0283) and the 
interaction between the stress and the treatment factors accounted for 
26.83% of the variance (F(1,21) = 9,021; p = 0,0068; Fig. 3B). SEG group 
showed higher latency to the light side when compared to EG 
(p = 0.0287) and CG (p = 0.0008) groups, and the stress factor accounts 
for 38.61% of the total variance (F(1,21) = 16.83; p = 0,0005; Fig. 3C) 
while the treatment factor accounted for 15.51% of the variance 
(F(1,21) = 6.761; p = 0,0167). The group SEG also showed more attempts 
to enter the light side in relation to CG group (p = 0.0031), and both 
treatment (14.33%, F(1,20) = 5.362; p = 0,0313) and the stress factors 
accounted for the variance (32.51%; F(1,20) = 12.16; p = 0,0023; 
Fig. 3D). The locomotion frequency in the light side was diminished in 
the SCG and SEG groups in relation to the CG (p = 0.0015 and 
p = 0.0071, respectively) and EG (p = 0.0084 and p = 0.0329, respec-
tively) groups, and the stress factor accounted for 55.45% of the vari-
ance (F(1,20) = 26,76; p < 0,0001; Fig. 3E). EG were the group showing 
more locomotion frequency in the dark side in relation to SCG group 
(p = 0.0060) and to the SEG group (0.0344), and both the stress and 
treatment factors accounted to the variance in 25.62% (F(1,20) = 9.273; 
p = 0,0064; Fig. 3F) and in 14.03% (F(1,20) = 5.077; p = 0,0356), 
respectively. CG group showed an augmented rearing frequency in 
relation to SCG group (p = 0.0264) and to SEG group (p = 0.0130), and 
the stress factor accounted for 25.7% of the total variance 
(F(1,20) = 8,996; p = 0,0071; Fig. 3G) in the light side of the apparatus, 
while rearing frequency was established back into the normality in the 

Table 1 
Parameters established for the evaluation of histological alterations of liver and kidneys of male Wistar rats that underwent treatment with Luffa operculata fruit 
aqueous extract or control vehicle. Scores from 0 to 2 were given to each parameter.  

Parameter Score 

0 1 2 

Liver 
Vacuolization of cytoplasm absent moderate severe  

Kidneys 

Tubular vacuolization absent moderate severe  
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dark side (p > 0,05; Fig. 3H). Finally, none of the groups showed alter-
ations in the grooming in both the light and dark sides (Fig. 3I and J; 
p > 0.05). The lack of statistical differences in the grooming realized in 
the dark side of the apparatus were not observed as was in the OF 
apparatus, although it seems that a difference could have been observed. 
In order to verify the robustness of data, the eta squared (η2) was 
calculated to establish the size of the effect reported to the stress, BNE 
and their interaction. Results were η2 = 0.86, η2 = 0.07 and η2 = 0.08, 
respectively, and indicate that the differences can be more likely related 
to the stress factor other than to the BNE or even the interaction between 
them, although no statistical differences were effectively observed. 

3.2. Neurochemistry studies of males from the F1 generation 

In the hypothalamus, a decrease in VMA levels in EG group in rela-
tion to SCG group (p = 0.0364) and to the EG group (p = 0.0135) was 
observed, and both the stress factor (17.46%, F(1,15) = 5.139; 
p = 0,0386; Fig. 4A) and the interaction between stress and treatment 
factors (28.87%, F(1,15) = 8.501; p = 0,0107) accounted for the variance. 
VMA levels in the striatum and in the frontal cortex did not show sta-
tistical differences (p > 0.05). The NE hypothalamus level was signifi-
cantly diminished in SEG group compared to EG group (p = 0.0365) and 
SCG group (p = 0.0158), and BNE factor accounted for 15.33% of the 
total variance (F(1,17) = 4.731; p = 0,0440; Fig. 4B) while the interaction 
between factors stress and treatment factors accounted for 24.64% of the 
total variance (F(1,17) = 7.607; p = 0,0134). NE levels in the striatum and 
in the frontal cortex did not show statistical differences (p > 0.05). 

The DA level in the hypothalamus was reduced in SEG group in 
relation to CG group (0.0280) and EG group (p = 0.0095) and both the 
stress (38.58%; F(1,15) = 11.65; p = 0,0038) and treatment (15.47%; 
F(1,15) = 4.673; p = 0,0472; Fig. 4C) factors responded to the variance. 
There were no statistical differences in the DA level in the striatum, 
however, the eta squared (η2) was calculated to establish the size of the 
effect reported to the stress, BNE and their interaction. Results were 
η2 = 0.12, η2 = 0.85 and η2 = 0.03, respectively, and indicate that the 
differences can be more likely strongly related to the BNE factor and 
weakly related to the stress, but not related to the interaction between 
them. DA levels in the frontal cortex did not show statistical differences 
(p > 0.05). DOPAC level in the striatum was diminished in SEG group in 
relation to the CG group (p = 0.0009), to the SCG group (p = 0.0013) 
and to the EG group (0.0299), and both the treatment (48.42%; 
F(1,16) = 22.67; p = 0,0002) and the interaction between stress and 
treatment (9.926%; F(1,16) = 4.649; p = 0,0466; Fig. 4D) factors inter-
fered with the variance DOPAC levels in the hypothalamus and in the 
frontal cortex did not show statistical differences (p > 0.05). 

The level of 5-HT in the hypothalamus in the SEG group was 
impaired in relation to the CG group (p = 0.0418) and to the EG group 
(p = 0.0445), and the treatment accounted for 17.68% of the variance 
(F(1,15) = 4.762; p = 0,0454; Fig. 4E). In the frontal cortex, 5-HT was 
diminished in SEG in relation to SG (p = 0.0479) and the treatment 

accounted for 26.38% of the total variance (F(1,15) = 6.391; p = 0.0232; 
Fig. 4F). 5HT levels in the striatum did not show statistical differences 
(p > 0.05). 5HIAA level in the hypothalamus were high in the EG group 
in relation to the CG group (0.0230) and to the SCG group (0.0488), and 
the treatment accounted for 39.72% of the total variance 
(F(1,14) = 11.32; p = 0.0046; Fig. 4G). 5HIAA level in the striatum was 
higher both in the EG and the SEG groups in relation to the CG group 
(p = 0.0070 and 0.0273, respectively) and to the SCG group (p = 0.0002 
and p = 0.0011, respectively), and the treatment accounted for 64.8% of 
the total variance (F(1,14) = 37.24; p < 0.0001; Fig. 4H). Finally, the 
5HIAA level in the frontal cortex was higher in the SEG group in relation 
to the CG group (p = 0.0396) and to the SCG group (p = 0.0388), and the 
treatment accounted for 35.99% of the total variance (F(1,14) = 10.52; 
p = 0.0048; Fig. 4I). 

3.3. Histological studies of the brain, liver and kidneys of males from the 
F1 generation 

The SCG group presented a decreased GFAP expression in the hy-
pothalamus in relation to the CG group (0.0297) and stress accounted 
for 4.70% of the total variance (F(1,87) = 4,463; p = 0.0375), while there 
were no significant differences (p > 0.05) between groups in the frontal 
cortex and striatum, as shown in Fig. 5. 

No differences among medians were observed for any of the liver 
parameters (p > 0,05; Fig. 6A), and no alterations in the three parame-
ters analyzed in the kidneys (p > 0,05; Fig. 6B). 

3.4. Phytochemical findings 

The analysis of the aqueous and the ethanolic solutions of BNE by 
TLC resulted in the presence of red spots at Rfs 0.18, 0.27, 0.34, 0.42 and 
0.62 and a yellow-green spot in the application area for the aqueous 
solution of BNE, and in the red spots at Rfs 0.27, 0.62 and 0.75 for the 
ethanolic solution (Fig. 7). According to the referenced literature 
(Wagner and Bladt, 1996), the presence of 23-cucurbitacin derivatives is 
visualized as red spots in the plate, while yellow-green spots indicate the 
presence of 23,24-dihydrocucurbotacin derivatives. 

4. Discussion 

In a previous work, it was reported that aqueous extracts obtained 
from L. operculata fruits affected the behavior of male Wistar rats after 
oral administration of 1.0 mg/kg for five consecutive days (Alves et al., 
2018). In the present study, the subabortive dose of 1.0 mg/kg was 
administered to pregnant Wistar rats between gestation days GD17 and 
GD21 in an effort to understand how the male offspring is affected by the 
vertical exposition to the abortive plant. In order to prospect for changes 
in male rats vertically exposed to BNE, parameters observed in the OF 
and in the LDB, complemented by the analysis of sera neurochemicals 
quantification, macroscopic and microscopic alterations in the liver, 

Fig. 2. Results obtained from open field apparatus analysis of the prenatal exposure to Luffa operculata of male Wistar rats at PND60. A. Locomotion frequency; B. 
Rearing frequency; C. Grooming. Two-way ANOVA and Tukey’s post-test were used after analysis by Shapiro-Wilk normality test, Levene’s Test for homogeneity and 
Mauchly Test for sphericity; significance at α < 0.05. 
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Fig. 3. Effects of prenatal exposure to Luffa oper-
culata in male rats at PND60 in the light-dark box. 
A. Time in the light side; B. Time in the dark side; 
C. Latency to the light side; D. Attempts to the light 
side; E. Locomotion frequency in the light side; F. 
Locomotion frequency in the dark side; G. Rearing 
frequency in the light side; H. Rearing frequency in 
the dark side; I. Grooming in the light side; J. 
Grooming in the dark side. Two-way ANOVA and 
Tukey’s post-test were used after Shapiro-Wilk 
normality test, Levene’s test for homogeneity and 
Mauchly test for sphericity; significance at 
α < 0.05.   
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kidneys and in the brain were made. 

4.1. Behavior analyses 

The exploratory behaviors as locomotion and rearing were evaluated 
in the OF and LDB apparatuses. In the OF, locomotion frequency and 

rearing frequency are generally used as measures of locomotor system 
activity but are also measures of exploratory behavior and anxiety. The 
high frequency of such behaviors indicates greater locomotion and 
exploration and is associated with a lower level of anxiety (Gusmão 
et al., 2013b; Heiming and Sachser, 2010). One of the most frequently 
used behavioral tests in rodents is the open field test, a conflict test based 

Fig. 4. Neurochemical analyses of hypothalamus, frontal cortex and striatum from juvenile male rats from F1 generation prenatally treated with Luffa operculata. 
Vanillylmandelic acid (VMA), norepinephrine (NE), dopamine (DA), DOPAC (3,4-dihydroxyphenylacetic acid), serotonin (5HT) and 5-HIAA (5-hidroxyindolacetic 
acid) (5-HIAA A. VMA in hypothalamus; B. NE in hypothalamus; C. DA in hypothalamus; D. DOPAC in striatum; E. 5-HT in hypothalamus; F. 5-HT in frontal cortex; 
G. 5HIAA in hypothalamus; H. 5HIAA in striatum; and I. 5HIAA in frontal cortex. Two-way ANOVA and Tukey’s post-test were used after Shapiro-Wilk normality test 
was applied and normality was found for all parameters; significance if α < 0.05. 

Fig. 5. GFAP expression in male juvenile rats of the F1 generation prenatally exposed to Luffa operculata in A. Hypothalamus; B. Frontal cortex; C. Striatum. Two-way 
ANOVA and Tukey’s post-test were used after Shapiro-Wilk normality test was applied and normality was found for all parameters, significant was considered 
different if α < 0.05. 
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on the opposed drives to explore new environments and fearful avoid-
ance of open areas (Campos et al., 2013; Prut and Belzung, 2003). 

In the OF, the locomotion and rearing parameters were decreased in 
both stress groups, and the variance was explained only by the stress 
factor, indicating that BNE administration has not directly interfered 
with motor/exploratory behavior in the open field. Although the same 
observations for locomotion and rearing were again obtained in LDB, as 
the stress factor prevailed as the main cause of differences among 
groups, a more accurate analysis could be done in LDB, due to a high 
sensibility of the equipment in behavior evaluation. Despite the effective 
influence of the stress induction over rat behavior, the BNE adminis-
tration has influenced the latency to the light side, the locomotion in the 
dark side and the time spent in the dark side, suggesting fear. 

The grooming behavior is observed in several species at many levels 
of development (Bolles, 1960; Sachs, 1988; Spruijt et al., 1992; Valen-
tine and Glorioso, 1978), and it is primarily involved with hygiene and 
caring for the body surface. In rodents, typical grooming behavior shows 
a general pattern of cephalocaudal progression (paw licking – nose/face 
wash – body wash – tail/genitals wash) (Kalueff et al., 2015). However, 
grooming behavior can serve other functions, such as stimulation of the 
skin, thermoregulation, chemo-communication, social interaction, and 
arousal, and it can be associated with stress (Kalueff et al., 2010; Sachs, 
1988). 

Recently, the evaluation of grooming in rodents has become an 
important tool to assess the neural circuits involved in this particular 

expression of innate behavior, which has been evolutionarily conserved 
as it is related to hygiene, social communication, excitation, but also can 
be related to pathologies that include repetitive behaviors; it also can be 
considered as an indirect index of behavioral changes when associated 
with other behavioral parameters (Kalueff et al., 2016). Usually, rodents 
show increased grooming during both low and high levels of stress. Low 
levels of stress can increase spontaneous grooming, and it occurs as a 
transition between other activities (Kalueff and Tuohimaa, 2005); while 
elevated levels of stress can increase grooming activity as a response to 
novel environments (Jolles et al., 1979; Spruijt et al., 1992). Nonethe-
less, in the present study, there was increased grooming behavior 
associated with low levels of locomotion and rearing frequencies in both 
groups submitted to the stress treatment, but not to the BNE treatment. 
In the LDB, no alterations in grooming were observed in the light side or 
the dark side of the apparatus. Nonetheless, the results obtained from 
the eta squared analyses indicated that the grooming alterations that 
was seen in the OF apparatus may have an important meaning in the 
BNE administration, even if the significance was nor observed in the LDB 
apparatus. Further analyses reporting the influence of BNE on the 
grooming must be made. 

In the LDB apparatus it became clear that the vertical exposition to 
BNE have somehow interfered in the male rats’ behavior related to 
exploration and fear, as the parameters reported as the attempts to the 
light side and as the latency to the light side showed that the SEG group 
took more time and attempted more to enter the light side of the 

Fig. 6. Histopathological analyses of juvenile male rats F1 livers and kidneys after receiving a vertical administration of Luffa operculata. A. Vacuolization in liver 
cytoplasm; B. Tubular vacuolization in the kidneys. Kruskal-Wallis and Tukey’s post-test were used considering significant if difference between means 
were α < 0.05. 

Fig. 7. Thin layer chromatography analysis of the Luffa operculata aqueous extract diluted in water and in ethanol. Red spots indicate cucurbitacin derivatives.  
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apparatus than the other groups. Despite the influence of the stress 
challenge ended up with interfering with the responses of many of the 
parameters in the LDB and in the OF, the BNE has somehow been 
involved in some of the parameters alterations as well, in a subtle way. 
The involvement of BNE in the behavior of male rats vertically exposed 
to BNE was more profoundly analyzed by the quantification of the 
neurochemicals in the hypothalamus, striatum and frontal cortex, which 
are brain zones involved with behavior and with the HHAA. 

4.2. Neurochemical findings 

In the present work, the statistic alterations involving the VMA, NE, 
DA, DOPAC, 5-HT and 5HIAA were mainly influenced by the interaction 
of both BNE and stress factors and by the BNE itself. It means that not 
only the BNE compounds can cross the placental barrier and expose the 
fetus, but also that BNE compounds can cross the blood-brain barrier 
and interfere with neurochemical balance in the hypothalamus, striatum 
and frontal cortex of the offspring, influencing the behavior. 

4.3. The correlation of behavioral phenotype and neurochemicals 

Although the stress induction has been proposed as an evaluation 
tool to verify the sensitization of the juvenile rats to the vertical expo-
sition to BNE, it has strongly influenced the alterations that were 
observed in most of the parameters that were analyzed in OF and in LDB. 
However, data related to the locomotion and time spending in the dark 
side of the apparatus had been influenced by the vertical exposition to 
BNE and to the stress. Those findings are in accordance with the lack of 
differences on striatal DA and its metabolite, DOPAC in the central 
nervous area related to the control of the motor/exploratory behavior 
(Graybiel et al., 1994; Onn et al., 2000). Stressful experiences have a 
great impact in brain function and can lead to both short and long-term 
behavioral alterations (Lupien et al., 2009; Szafarczyk et al., 1993). The 
observation of the stress-related anxiety in rodents typically relies on 
species-specific behaviors such as increased risk assessment, the reduc-
tion of exploration, seeking shelter, escape, burying or defecation 
(Bailey and Crawley, 2009). In our study, we observed impairment in 
locomotion, in rearing frequencies and somehow in the grooming, which 
was mainly influenced by the stress but somehow by the BNE, as 
explained before. 

In this concern, the stress system coordinates the adaptive responses 
of the organism to stressors of any kind. The main components of the 
stress system are the corticotropin-releasing hormone (CRH) and locus 
ceruleus-norepinephrine (LC/NE)-autonomic systems and their periph-
eral effectors, the HHAA, and the limbs of the autonomic system (Tsigos 
and Chrousos, 2002). Stress releases the CRH hormone, which regulates 
the expression of behavioral, endocrine and autonomic responses to 
stress through activation of forebrain noradrenergic systems (Chrousos 
and Gold, 1992). 

There was significant change in 5-HT in the hypothalamus, frontal 
cortex and striatum, as there was increase of 5-HIAA in the hypothala-
mus, striatum and frontal cortex. The 5-HIAA quantification is an indi-
rect measure of 5-HT turnover, which may have caused DA release in the 
striatal region, leading to increased grooming behavior in juvenile rats 
via 5-HT receptors, probably stimulated in the hypothalamus. Since 
activation of the central dopaminergic system can generate stereotypy, 
such as grooming (Roffler et al., 1971), there may be a trigger of 5-HT 
dependent release of DA, leading to stereotypic behavior. Although 
not well characterized in the present study, it is a clear result that reports 
the influence of the vertical exposition to BNE over the F1 male rats. 

4.4. Toxicity to liver, kidneys and brain 

Although no significant differences were observed in the hepatic 
parameters analyzed in the present study, the etiology of death of ani-
mals exposed to cucurbitacin E and cucurbitacin E glycoside is described 

as follows: animals die from congestion of the pancreas, intestine, kid-
neys and liver. The lungs become swollen and have a large amount of 
fluid and it is possible to find large amounts of fluid in the thorax and 
abdomen (Montesano et al., 2018), also, the authors report that the 
LD50 to rats are 340 and 40 mg/kg, respectively. 

As for the brain, it is known that, in pathological conditions, astro-
cytes rapidly develop morphological and functional changes that affect 
neuronal activity (Sofroniew and Vinters, 2010). In response to central 
nervous system insults, these glial cells present a hypertrophic or reac-
tive status called astrogliosis (Sofroniew, 2009, 2015; Sofroniew and 
Vinters, 2010), in which increased expression of the specific astrocyte 
protein GFAP occurs (Middeldorp and Hol, 2011; Brenner, 2014; Yang 
and Wang, 2015). 

Nevertheless, several reports demonstrate that exposure to various 
stressors induce an approximate 20% decrease in GFAP content (Banasr 
and Duman, 2008; Simard et al., 2018). Thus, as found in our study, the 
decreased hypothalamic expression of GFAP in the stressed rats from the 
SCG group is in accordance to these reports, although interestingly no 
differences were noted between stressed and non-stressed rats from the 
experimental groups (SEG and EG). 

4.5. Phytochemical findings 

The absence of alkaloids, cardiac glycosides and anthraquinones 
were observed in the present study, as the presence of triterpenes and 
steroids and phenolic compounds, such as flavonoids and tannins, were 
confirmed in the buchinha-do-norte extract. Although there is reports 
connecting the presence of alkaloids in Cucurbitaceae species as 
momordicin alkaloids (Omokhua-Uyi and Van Staden, 2020), or in the 
species named Citrullus colocynthis (L.) Schrad. (Hussain et al., 2014), 
there is no report concerning the occurrence of alkaloids in L. operculata. 
The occurrence of cardiac glycosides has been reported for Cucurbita-
ceae species, as reported in a revision made with Momordica balsamina 
(Thakur et al., 2009), but retrieving the original paper by Bot and col-
laborators (2007), the authors report to have detected steroidal ring 
other than cardiac glycosides, which is in agreement with our findings. 
The occurrence of tannins was considered positive in the present work, 
and is supported by the occurrence in cantaloupe melon (Vella et al., 
2019). In this case, the analyses made by Vella and colleagues are more 
precise, due to its comparison to gallic acid and ellagic acid contents, 
despite having tested for condensed tannins. Anthraquinones are re-
ported to occur in Luffa species, as in L. acutangula (Vanajothi and Sri-
nivasan, 2016) but in our report, we did not observe the presence of this 
class of compounds. The presence of flavonoids was confirmed by pos-
itive Shinoda’s reaction which is related to the chromophore nucleus 
composed by the C6–C3–C6 flavonoid resonant nucleus. The presence of 
the steroid nucleus reported for cucurbitanes was accessed by the 
analysis in TLC, using vanillin-phosphoric acid reagent to visualize the 
red and/or yellow-green spots corresponding to cucurbitacin 
derivatives. 

5. Conclusions 

The juvenile rats that were vertically exposed to a sub-abortive dose 
of the aqueous extract from the dried fruits of Luffa operculata led to fine 
but significant changes in behavior indicating the expression of fear 
when facing a stress challenge. Also, it became clear that the exposition 
to BNE interfered with the hypothalamic-hypophysis-adrenal axis, 
which was implied in the behavioral changes that were observed. No 
relevant systemic toxic lesions were seen in liver or in the kidneys. 
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