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Gladiolus dalenii is a plant commonly used in many regions of Cameroon as a cure
for various diseases like headaches, epilepsy, schizophrenia, and mood disorders.
Recent studies have revealed that the aqueous extract of G. dalenii (AEGD) exhibited
antidepressant-like properties in rats. Therefore, we hypothesized that the AEGD could
protect from the stress-induced behavioral, neurochemical, and reproductive changes
in rats. The objective of the present study was to elucidate the effect of the AEGD on
behavioral, neurochemical, and reproductive characteristics, using female rats subjected
to chronic immobilization stress. The chronic immobilization stress (3 h per day for 28
days) was applied to induce female reproductive and behavioral impairments in rats. The
immobilization stress was provoked in rats by putting them separately inside cylindrical
restrainers with ventilated doors at ambient temperature. The plant extract was given
to rats orally everyday during 28 days, 5 min before induction of stress. On a daily
basis, a vaginal smear was made to assess the duration of the different phases of the
estrous cycle and at the end of the 28 days of chronic immobilization stress, the rat’s
behavior was assessed in the elevated plus maze. They were sacrificed by cervical
disruption. The organs were weighed, the ovary histology done, and the biochemical
parameters assessed. The findings of this research revealed that G. dalenii increased
the entries and the time of open arm exploration in the elevated plus maze. Evaluation
of the biochemical parameters levels indicated that there was a significant reduction in
the corticosterone, progesterone, and prolactin levels in the G. dalenii aqueous extract
treated rats compared to stressed rats whereas the levels of serotonin, triglycerides,
adrenaline, cholesterol, glucose estradiol, follicle stimulating hormone and luteinizing
hormone were significantly increased in the stressed rats treated with, G. dalenii,
diazepam and in co-administration of the plant extract and diazepam treated rats.
Moreover stressed rats showed significant changes in estrous cycle phases compared
to vehicle control and these changes of the estrous cycle were less in the rats treated
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with G. dalenii compared to the negative control rats. G. dalenii extract showed
antagonizing effects on the stress-induced reproductive, behavioral, and neurochemical
changes. These effects could be related to the bioactive molecules and secondary
metabolites like alkaloids and flavonoids in the plant.

Keywords: biochemical parameters, estrous cycle, Gladiolus dalenii, neurochemical, restraint stress

INTRODUCTION

Individuals frequently face stressful conditions. Chronic stress
consistently activates the hypothalamic–pituitary–adrenal
(HPA) axis. Each individual component of the HPA axis exerts
deleterious effect on the hypothalamic–pituitary–gonadal
axis and subsequently leads to human reproductive failure
(Nepomnaschy et al., 2004; Chatterjee et al., 2006). During stress
induction, many behavioral, biochemical, and reproductive
parameters are altered. The stress-induced alterations have
been attributed to an imbalance in the neuroendocrine system
(Kenjale et al., 2007). Therefore, assessment of some of the
biochemical, endocrinal, and behavioral parameters will serve
as an important basis for the evaluation of anti-stress activity
(Rai et al., 2003). Biological responses to stress are known to
suppress reproductive function across the human life course. For
example, hypothalamic amenorrhea, a clinical condition without
endocrine or systemic cause, is triggered by metabolic, physical,
or psychological stress as well as high stress perception is a
risk factor for severe premenstrual pain or ovarian dysfunction
(Woods et al., 1998; Kaplan and Manuck, 2004; Genazzani
et al., 2006). Impairment of reproductive outcomes is triggered
by stress-inducing factors and is more established in women
susceptible to a physiological stress response (Brotman et al.,
2007). Unlike in the males, the level of corticotropin-releasing
factor (CRF) in the female hypothalamus is very important
(Fredericksen et al., 1991), therefore, the females HPA axis
responds to stress more intensely than the males (Lund et al.,
2004). In women in their working environment, persistent
stimulation of the HPA axis has been shown to hamper the
hypothalamic–pituitary–ovarian axis (Imaki et al., 1996; Fenster
et al., 1999). Stress powerfully stimulates the hypothalamus
and extra-hypothalamic sites for the release of CRF (Horrocks
et al., 1990). Rats with normal estrous cycle restrained inside
a cylindrical restrainers (stress induction) exhibit behavioral,
neurochemical, and reproductive impairments (Bowman et al.,
2001; Sivaprasad et al., 2015).

In the stress-related disorders, the treatments available include
the anxiolytics like the benzodiazepines. These treatments
have a broad numbers of side effects such as the muscle
relaxation, the memory loss, and addiction (Lader and Morton,
1991; Czobor et al., 2010). These limits have developed more
interest in the use of natural products to treat stress-related
disorders. Several plants have proven anxiolytic-like effects in
animal models. For example, Afrormosia laxiflora (Benth) Harms
(Fabaceae), Chenopodium ambrosioides Linn (Chenopodiaceae),
Microglossa pyrifolia Kuntze (Lam) (Asteraceae), Mimosa pudica
Linn (Mimosaceae), Nelsonia canescens (Acanthaceae), and
Gladiolus dalenii Van Geel (Iridaceae) (Ngo Bum et al., 2011;

Ngoupaye et al., 2013a; Fotsing et al., 2016). G. dalenii is plant of
the Iridaceae family generally used in Cameroon pharmacopoeia,
especially in the West region to cure various ailments
like schizophrenia, depression, and headaches. The research
conducted by Adejuwon et al. (2013) revealed that uncontrolled
consumption of the aqueous extract of G. dalenii (AEGD)
had toxic effects in male rat’s reproductive parameters notably
the spermatozoa. Past studies indicated that G. dalenii corm
crude extract had antifungal activity (Odhiambo et al., 2010),
anticonvulsivant and sedative effects (Ngoupaye et al., 2013b),
and antidepressant-like effects in epileptic mice (Ngoupaye et al.,
2013a). The data indicated that the ability of G. dalenii to
antagonize the PTZ-induced seizures could be attributed to its
modulatory effects on the GABAA receptor neurotransmission.
Also, the antidepressant activity could be mediated through
the restoration of the HPA axis activities (Ngoupaye et al.,
2013a). Therefore, this study focuses on the effects of the AEGD
on the stress-induced behavioral and physiological changes
in non-epileptic chronic stressed adult female rats. These
effects were assessed using the elevated plus maze test, and
measuring the stress markers and the reproductive parameters.
The effects of G. dalenii were compared to those of diazepam,
a benzodiazepine that binds to a specific subunit on the
GABAA receptor, inducing anxiolytic effects (Campo-Soria et al.,
2006).

MATERIALS AND METHODS

Plant and Aqueous Extract Preparation
The corms of G. dalenii were harvested in Babajou in the West
region of Cameroon during the month of November 2013 and
were identified at the national Herbarium of Yaoundé (number
25742/SRF/Cam). They were cleaned in water to remove dust and
mud, dried under ambient air, and ground to get a powder that
was used to prepare the AEGD (Fotsing et al., 2016). The aqueous
extract was provided by macerating 250 g of the air dried powder
of G. dalenii in 6 l of distilled water for 72 h at room temperature.
The preparation was filtrated and the filtrate was evaporated to
dryness in an oven at 35◦C and 24.6 g of a brown solid extract
was obtained. The yield of the extraction was 9.84%.

The Animals and Experimental Design
Adult female Wistar albino rats with normal estrous cycle were
used in the study. They were provided from the animal unit of
the University of Bamenda. These rats were raised in standard
conditions (room temperature, 12/12 h light–dark cycle). They
were supplied with pellets and water ad libitum. The study
was carried out in accordance with the Cameroon National
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Ethical Committee (Ref No. FW-IRB00001954, 22 October 1987
with an authorization number CEI-UDo/909/01/2017/T), and
in conformation with the international regulation, minimizing
the number of rats used and their suffering. The animals
were organized into six groups containing five rats each. The
vehicle control group was given distilled water and was kept
unstressed, the negative control group and the positive group
were respectively treated with the distilled water and the
reference substance, diazepam (3 mg/kg) and were stressed.
Two experimental groups received two doses of the extract (7.5
or 15 mg/kg), and were stressed. An experimental group was
treated in co-administration with the plant extract (15 mg/kg)
and diazepam (3 mg/kg) and was stressed. The doses used
in the experiment were based on previous study (Ngoupaye
et al., 2013a). The experimental rats were adapted in the new
environment for 2 weeks and then were stressed. The restraint
stress involved confining rats inside individual plastic cylindrical
restrainers (21 cm in length × 6 cm in diameter) with ventilated
sliding doors at ambient temperature (Bowman et al., 2001;
Ngoupaye et al., 2013b; Sivaprasad et al., 2015). This restraint
stress procedure was performed 3 h daily for 28 days. Right
after the stress period, a vaginal smear was prepared to find out
the consequent stage of the estrous cycle. Vaginal smears were
obtained by placing a small drop of saline in the vagina with a
blunted Pasteur pipette and removing a sample of vaginal cells
which were immediately observed microscopically under low
magnification (Baron and Brush, 1979; Saraswathi et al., 2010;
Sivaprasad et al., 2015). The rats of the vehicle control group
were taken to a different experimental room and kept in plastic-
box cages unstressed. After the restraint stress sequences, the
behavior was evaluated in the elevated plus maze before the rats
were sacrificed by cervical disruption. The blood was collected
in EDTA tubes and the biochemical parameters measured, while
the organs were freed from connective tissues and weighed. The
ovaries imbedded in paraffin were cut into 4 µm sections and
stained with hematoxylin–eosin for histological analysis.

Behavioral Assessment
The behavioral test was done with the elevated plus maze (Pellow
et al., 1985). The elevated plus maze was placed in an isolated
room, far from any irrelevant interference of scents, movement,
or noises. The arms of the maze were approximately 90 cm above
the floor which was covered by foam rubber. At the beginning
of each session, the rat was placed in the central area facing the
open arms of the maze and was allowed to explore the maze freely
during 5 min. The entries and the time spent in the different arms
were recorded. The data were used to calculate the percentage of
entries and time spent for each arm. After the assessment of a rat’s
behavior, the maze was cleaned with alcohol.

Biochemical Parameters
Blood was centrifuged at 3,000 rpm for 20 min at 4◦C, and
1 ml aliquot of plasma was transferred to 1.5 ml Eppendorf vials
and kept at −20◦C. Plasma serotonin, adrenaline, triglycerides,
glucose, cholesterol, estradiol, prolactin, follicle stimulating
hormone (FSH), luteinizing hormone (LH), progesterone, and
corticosterone were measured using commercially available

immunoassay kits (Human Gesellschaft für Biochemica und
Diagnostica mbH, Wiesbaden, Germany).

Statistical Analysis
Statistical analysis was done using the software program
Statgraphics 11.0. All data are presented as mean ± SEM.
Analysis of variance (ANOVA) was done for different groups
and means were separated by Newman–Keuls post hoc test
and corrected with Bonferroni multiple comparisons test at 5%
confident limit.

RESULTS

Effect of AEGD on Stress-Induced
Behavioral Change
Our results indicated that in the elevated plus maze, the
chronic restraint stress (CRS) caused a decrease (though not
significant) of the number open arms entries and a significant
(p≤ 0.05) decrease of the open arm time. The AEGD (7.5 mg/kg)
significantly increased the number of entries (p ≤ 0.05) and the
time spent (p ≤ 0.001) in the open arms from 1.4 ± 0.55 and
16.75 ± 4.27 s in the negative control (CRS) to 6.20 ± 0.84
and 188.2 ± 13.59 s respectively (Table 1). As awaited, the
diazepam caused a more significant increase in number of entries
(p ≤ 0.001) and time spent (p ≤ 0.001) in the open arms. The
co-administration of diazepam (3 mg/kg) and AEGD (15 mg/kg)
also caused a significant increase in number of entries (p ≤ 0.05)
in the open arms (Table 1).

The CRS caused a decrease (not significant) of the percentage
of the open arm entries. The percentage of entries in the open
arms significantly (p≤ 0.05) increased from 30.33± 9.31% in the
stressed group to 58.39 ± 5.81 and 63.79 ± 3.4% in the groups
treated with AEGD at the dose of 15 and 7.5 mg/kg, respectively.
As anticipated, diazepam significantly (p ≤ 0.001) increased
the open arm entries percentage to 59.01 ± 7% (Figure 1A).
The CRS caused a significant (p ≤ 0.005) decrease of the
percentage of time spent in the open arm. After the treatments,
the percentage of open arm time increased significantly (p≤ 0.01)
from 5.58 ± 1.42% in the negative control group to 59.33 ± 3.27
and 62.73 ± 4.53% in the diazepam and the AEGD at the dose
of 15 mg/kg treated groups, respectively (Figure 1B). On the
other hand, the CRS caused an increase (not significant) of the
percentage of close arm time. The AEGD at the dose of 15 mg/kg
and the diazepam (3 mg/kg) showed a significant (p ≤ 0.005)
decrease of the percentage of close arm time to 37.27 ± 4.53
and 39.31 ± 3.1%, respectively (Figure 1C). This stress-induced
behavioral change could be attributed to an imbalance in the
neuroendocrine system (Rai et al., 2003; Kenjale et al., 2007).

Effect of AEGD on Stress-Induced
Neurochemical Changes
Effects of AEGD on the Plasma Adrenaline and
Serotonin Corticosterone and Prolactin Levels
Restraint stress group showed significant (p ≤ 0.01) decrease in
the level of serum serotonin when compared with vehicle control.
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TABLE 1 | Effects of the AEGD on the anxiety-related behavior in the elevated plus maze.

Treatment Open arm entries Open arm time (s) Close arm entries Close arm time (s) Total number of entries

Vehicle 2.8 ± 0.8 72.6 ± 13.3a 5.0 ± 1.0 223.3 ± 10.7 7.8 ± 1.1

Vehicle + CRS 1.4 ± 0.5 16.7 ± 4.3∗ 2.4 ± 0.5 281.7 ± 5.1 3.8 ± 0.8

DZP + CRS 8.2 ± 0.4a∗ 178.0 ± 9.82b∗∗ 5.8 ± 1.5 117.0 ± 9.4b∗ 14.0 ± 1.2a

GD 7.5 mg/kg + CRS 6.2 ± 0.8 188.2 ± 13.6b∗∗ 4.4 ± 0.5 111.8 ± 13.6b∗ 10.6 ± 0.9a

GD 15 mg/kg + CRS 7.4 ± 0.5 98.4 ± 6.5a 4.2 ± 0.4 196.0 ± 4.0a 11.6 ± 0.5a

GD15 mg/kg + DZP + CRS 10.6 ± 0.5a∗ 83.8 ± 4.8a 4.0 ± 0.7 212.0 ± 5.2 14.6 ± 0.9a

Results are expressed as mean ± SEM for the number of entries in the open arm and in the close arm; the time spent in the open arms and in the close arm and the
total number of entries. N = 5 per group. Data were analyzed using one-way ANOVA, followed by Newman–Keuls post hoc test and corrected with Bonferroni multiple
comparisons test. ∗p < 0.05, ∗∗p < 0.01 vs vehicle (distilled water); ap < 0.05, bp < 0.01 vs negative control (vehicle + CRS). CRS, chronic restraint stress; vehicle,
distilled water (10 ml/kg, p.o.); GD, G. dalenii (7.5 and 15 mg/kg, p.o.); DZP, diazepam (3 mg/kg, i.p.).

Groups treated with AEGD (15 mg/kg) + diazepam (3 mg/kg)
along with the restraint stress showed significant (p ≤ 0.05)
increase in the levels of serotonin when compared with restraint
stress group (Table 2). The significant decrease (p ≤ 0.05) in
adrenaline level in negative control group (CRS) compared with
vehicle control was significantly (p ≤ 0.05) increased in the
groups that received AEGD (15 mg/kg), and diazepam + AEGD
(15 mg/kg) along with the restraint stress when compared with
restraint stress group (Table 2).

Restraint stress group showed significant (p ≤ 0.05) increase
in the level of serum prolactin when compared with vehicle
control. Group that received AEGD (15 mg/kg) + diazepam
(3 mg/kg) along with the restraint stress showed significant
(p ≤ 0.05) decrease in the levels of prolactin when compared
with restraint stress group (Table 2). The significant (p ≤ 0.05)
increased in the corticosterone level in negative control group
(CRS) compared to vehicle control was significantly (p ≤ 0.05)
reduced in the groups that received AEGD (15 mg/kg) and AEGD
(15 mg/kg) + diazepam (3 mg/kg) along with the restraint stress
(Table 2).

Effects of AEGD on the Plasma Progesterone,
Estradiol, FSH, and LH Levels
Restraint stress group showed a significant (p ≤ 0.05) increase
in the level of serum progesterone when compared with vehicle
control. Groups that received AEGD (15 mg/kg) body weight,
diazepam, and diazepam + AEGD (15 mg/kg) along with the
restraint stress showed a decrease (not significant) in the levels
of progesterone when compared with restraint stress group
(Table 3).

The restraint stress group exhibited significant drop in
the level of serum estradiol when compared with vehicle
control. Groups that received diazepam (3 mg/kg) and
diazepam + AEGD (15 mg/kg) along with the restraint
stress showed significant (p ≤ 0.05) increase in the levels
of estradiol when compared with restraint stress group
(Table 3).

The assessment of the FSH levels reveals that restraint stress
group showed a significant (p ≤ 0.05) decrease in the level
of serum FSH when compared with vehicle control. AEGD
(15 mg/kg), diazepam (3 mg/kg), and diazepam + AEGD
(15 mg/kg) significantly (p≤ 0.05) reversed the reduction of FSH
induced by the CRS (Table 3).

The restraint stress group showed significant (p ≤ 0.05)
decrease in the level of serum LH when compared with vehicle
control. Groups that received AEGD (15 mg/kg), diazepam, and
diazepam + AEGD (15 mg/kg) along with the restraint stress
showed significant (p ≤ 0.05) increase in the levels of LH when
compared with restraint stress group (Table 3).

Effects of AEGD on the Plasma Cholesterol,
Triglycerides, and Glucose Levels
Assessment of the cholesterol levels revealed that CRS
significantly (p ≤ 0.05) increased the levels of cholesterol
compared with the vehicle control rats. Groups that received
diazepam (3 mg/kg) and diazepam + AEGD (15 mg/kg)
along with the restraint stress showed a significant increase in
cholesterol levels when compared with restraint stress group
(Table 4). Restraint stress group showed significant (p ≤ 0.05)
decrease in the level of serum triglycerides when compared
with vehicle control. Groups that received diazepam (3 mg/kg)
and diazepam (3 mg/kg) + AEGD (15 mg/kg) along with the
restraint stress showed significant (p ≤ 0.05) increase in the
concentration of triglycerides when compared with restraint
stress group (Table 4). Stress rats showed highly significant
(p ≤ 0.01) decrease in the level of serum glucose when compared
with vehicle control. Groups that received AEGD (15 mg/kg),
diazepam (3 mg/kg), and diazepam + AEGD (15 mg/kg) along
with the restraint stress showed significant (p ≤ 0.05) increase in
the levels of glucose when compared with restraint stress group
(Table 4). This stress-induced neurochemical imbalance could
lead to reproductive impairments (Anderson et al., 1996).

Effect of AEGD on Stress-Induced
Reproductive Changes
Effect of AEGD on Stressed Rat’s Estrous Cycle
Stressed animals exhibited changes in the mean duration of
estrous cycle phases when compared to vehicle control. It
was recorded a significant (p ≤ 0.05) increase in proestrus
phase length and significant (p ≤ 0.05) decreases in estrous
and metestrus phases duration. Groups that received
AEGD (15 mg/kg), diazepam (3 mg/kg), and diazepam
(3 mg/kg) + AEGD (15 mg/kg) along with the restraint stress
showed a significant (p ≤ 0.05) restoration of proestrus, estrous,
and metestrus duration compared to stressed groups (Table 5).
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FIGURE 1 | (A) Percentage of open arm entries. (B) Percentage of open arm
time. (C) Percentage of closed arm entries. Each bar represents the
mean ± SEM for the percentage of open arm entries, percentage of open arm
time, and percentage of close arm entries. N = 5 per group. Data were
analyzed using one-way ANOVA, followed by Newman–Keuls post hoc test
and corrected with Bonferroni multiple comparisons test. ∗p < 0.05, vs
control (distilled water); ap < 0.05, bp < 0.01, vs negative control
(DW + CRS). CRS, chronic restraint stress; GD, G. dalenii (7.5 and 15 mg/kg,
p.o.); DZP, diazepam (3 mg/kg, i.p.).

Effect of the AEGD on the Different Organs Weights
Restraint stress group showed significant (p ≤ 0.05) decrease in
the adrenal glands weight when compared with vehicle control.
Groups that received AEGD (7.5 mg/kg), AEGD (15 mg/kg),
diazepam, and diazepam + AEGD (15 mg/kg) along with the
CRS showed increase (not significant) in the weight of the adrenal
gland when compared with restraint stress group. The CRS also
caused a significant decrease in uteri weight compared to vehicle
control. Diazepam (3 mg/kg), and diazepam+AEGD (15 mg/kg)

significantly (p≤ 0.05) reversed the uteri weight loss compared to
stress rats (Table 6).

Effect of AEGD on the Ovary Histological Analysis of
the Treated Rats
The histological analysis of the ovaries revealed localized
alterations of tissues in stressed rats (Figure 2A) with
hyperchromatic nucleus, multiple follicular cysts and atretic
follicles and corpus fibrosum compared to the vehicle control
group (Figure 2B) that had a normal stroma with primary and
secondary developing follicles and matured graafian follicle. In
the stressed rats and treated with the AEGD at the dose 7.5 mg/kg
(Figure 2C) and AEGD at the dose of 15 mg/kg (Figure 2D), the
changes observed in the stress rats were reversed with a normal
stroma, developing follicles, and matured graafian follicle.

DISCUSSION

The results of this study indicate that in the open arms, the
number of entries, the time spent and the respective percentages
significantly increased in the chronic restraint stressed non-
epileptic adult female rats, in the presence of the AEGD at
doses of 7.5 and 15 mg/kg and were comparable to the effects
of diazepam a recognized anxiolytic dose (3 mg/kg). On the
contrary the AEGD significantly decreased the percentage of
closed arms entries and time spent. Any increased activity in
open arms indicates a decreased anxiety level (Lee and Rodgers,
1991; Rodgers and Dalvi, 1997; Holmes et al., 2000; Majchrzac,
2003). Also, a decrease of these behavioral parameters in the
closed arms indicates a reduction of stress level (Lister, 1990;
Ngo Bum et al., 2009). These results show the anxiolytic-like
activity of the AEGD (Gomes et al., 2010; Souto-Maior et al.,
2011). Diazepam is referred to as an anxiolytic in humans and
causes decrease in anxiogenic-like. Several studies have reported
that diazepam at anxiolytic dose facilitates exploratory behavior
which is expressed as increased locomotion in the elevated plus
maze (Bhattacharya and Mitra, 1991; Ramanathan et al., 1998).
Our findings showed that the animals treated with the AEGD at
the doses of 7.5 and 15 mg/kg caused increase in the opened arm
entries without increasing the total number of entries thereby
leading to not changes in locomotion of rats. In order to further
corroborate the anxiolytic activity observed in the EPM test,
we also assessed the stress markers levels. Our results showed
that stressed rats exhibited anxiogenic behavior associated to
reduction of plasma adrenaline and serotonin concentrations and
the increased plasma corticosterone, progesterone, and prolactin
levels. This reveals that the rats underwent stress and the
alteration observed is similar to clinically related pathophysiology
of anxiety (Saavedra et al., 1979; Saavedra and Torda, 1980; Heim
and Nemeroff, 1999; Millan, 2003). Administration of the AEGD
during stress period restored the exploratory behavior of rats.
The increased exploratory behavior of rats was correlated with
restoration of plasma adrenaline levels (Srinivasan et al., 2003).
The results showed that stressed rats treated with the AEGD
had corticosterone level significantly reduced almost to normal
values (Kyrou and Tsigos, 2009). The HPA axis is made up of
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TABLE 2 | Effects of the AEGD on the adrenaline, serotonin, corticosterone, and prolactin levels.

Biochemical parameters

Treatment Serotonin (µg/100 ml) Adrenaline (µg/100 ml) Prolactin (ng/ml) Corticosterone (µg/100 ml)

Vehicle 21.40 ± 2.54a 10.66 ± 1.20a 3.42 ± 0.09a 3.12 ± 1.18a

Vehicle + CRS 11.28 ± 0.86∗ 3.52 ± 1.0∗ 8.52 ± 0.09∗ 8.52 ± 2.21∗

DZP + CRS 16.34 ± 1.21 5.26 ± 1.6 4.36 ± 0.16 3.45 ± 0.68a

GD 7.5 mg/kg + CRS 14.88 ± 0.44 4.65 ± 0.54 6.32 ± 0.16 5.35 ± 0.39

GD 15 mg/kg + CRS 16.33 ± 1.22 6.02 ± 0.33a 5.77 ± 0.12 4.33 ± 0.76

GD15 mg/kg + DZP + CRS 17.81 ± 0.49a 7.21 ± 0.94a 4.23 ± 0.06 3.5 ± 0.33a

Results are expressed as mean ± SEM for the levels of adrenaline, serotonin, corticosterone, and prolactin. N = 5 per group. Data were analyzed using one-way ANOVA,
followed by Newman–Keuls post hoc test and corrected with Bonferroni multiple comparisons test. ∗p < 0.05 vs vehicle (distilled water); ap < 0.05 vs negative control
(vehicle + CRS). CRS, chronic restraint stress; vehicle, distilled water (10 ml/kg, p.o.); GD, G. dalenii (7.5 and 15 mg/kg, p.o.); DZP, diazepam (3 mg/kg, i.p.).

TABLE 3 | Effects of the AEGD on the estradiol, FSH, LH, and progesterone hormones levels.

Treatment Progesterone (ng/ml) Estradiol (pg/ml) FSH (ng/ml) LH (ng/ml)

Vehicle 48.65 ± 4.30a 28.10 ± 3.02a 194.79 ± 7.45a 23.01 ± 1.89a

Vehicle + CRS 76.84 ± 7.00∗ 14.08 ± 4.07∗ 159.87 ± 13.90∗ 5.01 ± 0.81∗

DZP + CRS 51.01 ± 4.20 21.75 ± 2.13a 182.62 ± 7.80a 19.19 ± 1.30a

GD 7.5 mg/kg + CRS 62.3 ± 1.73 18.57 ± 0.41 174.54 ± 3.44 16.86 ± 1.13

GD 15 mg/kg + CRS 56.23 ± 1.15 19.42 ± 0.85 182.37 ± 2.15a 19.10 ± 0.14a

GD15 mg/kg + DZP + CRS 52.44 ± 2.57 22.48 ± 1.52a 189.83 ± 1.56a 20.75 ± 0.51a

Results are expressed as mean ± SEM for the levels of estradiol, FSH, LH, and progesterone. N = 5 per group. Data were analyzed using one-way ANOVA, followed by
Newman–Keuls post hoc test and corrected with Bonferroni multiple comparisons test. ∗p < 0.05 vs vehicle (distilled water); ap < 0.05 vs negative control (vehicle+ CRS).
CRS, chronic restraint stress; vehicle, distilled water (10 ml/kg, p.o.); GD, G. dalenii (7.5 and 15 mg/kg, p.o.); DZP, diazepam (3 mg/kg, i.p.).

TABLE 4 | Effect of the AEGD on the cholesterol, triglycerides, and glucose levels.

Treatments Biochemical parameters (mg/dl)

Cholesterol Triglycerides Glucose

Vehicle 68.85 ± 0.85a 95.56 ± 0.69a 128.35 ± 1.46b

Vehicle + CRS 39.05 ± 1.07∗ 71.46 ± 1.24∗ 76.25 ± 0.93∗∗

DZP + CRS 65.92 ± 1.68a 93.57 ± 1.12a 113.79 ± 1.12a

GD 7.5 mg/kg + CRS 54.16 ± 2.79 81.14 ± 0.87 90.26 ± 0.72∗

GD 15 mg/kg + CRS 60.71 ± 0.54 90.66 ± 1.11 100.56 ± 1.87a

GD15 mg/kg + DZP + CRS 66.78 ± 1.12a 93.66 ± 1.18a 117.41 ± 2.41a

Results are expressed as mean ± SEM for the levels of cholesterol, triglycerides, and glucose. N = 5 per group. Data were analyzed using one-way ANOVA, followed by
Newman–Keuls post hoc test and corrected with Bonferroni multiple comparisons test. ∗p < 0.05, ∗∗p < 0.01 vs vehicle (distilled water); ap < 0.05, bp < 0.01 vs negative
control (vehicle + CRS). CRS, chronic restraint stress; vehicle, distilled water (10 ml/kg, p.o.); GD, G. dalenii (7.5 and 15 mg/kg, p.o.); DZP, diazepam (3 mg/kg, i.p.).

TABLE 5 | Effects of AEGD on mean numbers of days on different phases of estrous cycle (28 days).

Treatment Proestrus (days) Estrous (days) Metestrus (days) Diestrus (days)

Vehicle 4.37 ± 0.19a 6.90 ± 0.57 5.99 ± 0.18a 10.78 ± 0.35

Vehicle + CRS 15.58 ± 0.40∗ 2.11 ± 0.26∗ 1.63 ± 0.20∗ 8.05 ± 0.23

DZP + CRS 4.12 ± 0.06a 5.52 ± 0.29 6.47 ± 1.29 11.35 ± 0.04

GD 7.5 mg/kg + CRS 6.03 ± 0.31 4.51 ± 0.35 6.95 ± 0.48a 9.59 ± 0.38

GD 15 mg/kg + CRS 4.99 ± 0.32a 6.91 ± 0.47a 5.14 ± 0.47 10.16 ± 0.45

GD15 mg/kg + DZP + CRS 4.00 ± 1.00a 6.40 ± 0.55a 6.40 ± 0.55a 10.80 ± 0.84

Results are expressed as mean ± SEM for the mean number of days of proestrus, estrous, metestrus, and diestrus. N = 5 per group. Data were analyzed using one-way
ANOVA, followed by Newman–Keuls post hoc test and corrected with Bonferroni multiple comparisons test. ∗p < 0.05 vs vehicle (distilled water); ap < 0.05 vs negative
control (vehicle + CRS). CRS, chronic restraint stress; vehicle, distilled water (10 ml/kg, p.o.); GD, G. dalenii (7.5 and 15 mg/kg, p.o.); DZP, diazepam (3 mg/kg, i.p.).
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TABLE 6 | Effect of the AEGD on the different organs weights (g) in the restraint stressed rats.

Treatment Adrenal gland liver Ovaries Uterus Adrenal gland

Vehicle 0.010 ± 0.0006a 3.37 ± 0.04 0.03 ± 0.0012 0.19 ± 0.001a 0.010 ± 0.0006a

Vehicle + CRS 0.019 ± 0.0001∗ 2.50 ± 0.02 0.02 ± 0.0006 0.11 ± 0.002∗ 0.019 ± 0.0001∗

DZP + CRS 0.010 ± 0.0004 3.54 ± 0.22 0.03 ± 0.0008 0.18 ± 0.003a 0.010 ± 0.0004

GD 7.5 mg/kg + CRS 0.010 ± 0.0004 3.31 ± 0.42 0.03 ± 0.0011 0.17 ± 0.001 0.010 ± 0.0004

GD 15 mg/kg + CRS 0.010 ± 0.0008 3.15 ± 0.04 0.14 ± 0.1510a∗ 0.14 ± 0.069 0.010 ± 0.0008

GD15 mg/kg + DZP + CRS 0.010 ± 0.0006 3.37 ± 0.00 0.03 ± 0.0013 0.21 ± 0.015a 0.010 ± 0.0006

Results are expressed as mean ± SEM for the weight of liver, ovaries, uterus, and adrenal gland. N = 5 per group. Data were analyzed using one-way ANOVA, followed by
Newman–Keuls post hoc test and corrected with Bonferroni multiple comparisons test. ∗p < 0.05 vs vehicle (distilled water); ap < 0.05 vs negative control (vehicle+ CRS).
CRS, chronic restraint stress; vehicle, distilled water (10 ml/kg, p.o.); GD, G. dalenii (7.5 and 15 mg/kg, p.o.); DZP, diazepam (3 mg/kg, i.p.).

an assembly of stress responses mediated by the brain, pituitary,
and adrenal gland. The endocrine activity of the hypothalamus
causes the production of the CRF, a compound that stimulates
the production of adrenocorticotropic hormone (ACTH). ACTH
is liberated into the circulatory system, and causes the adrenal
cortex to secrete corticosteroid hormones, particularly cortisol.
Cortisol increases the availability of refueling the body with
substances necessary for the body’s response to stress (Dornhorst
et al., 1981). The results showed a significant drop in glucose
and triglycerides levels in stressed rats when compared to vehicle
control group. These substances levels were reversed and were
returned to more normal value in AEGD treated stressed rats,
this suggests that the AEGD showed anxiolytic properties. These
findings are similar to the results obtained by Fotsing et al.
(2016) in the analogous studies with N. canescens. The AEGD
is rich in polyphenols, flavonoids, tannins, tripertenes, or other
secondary metabolites that may support the anxiolytic activity
of the plant (Harsha and Anilakumar, 2013a,b; Ngoupaye et al.,
2013a). Anti-anxiety secondary metabolites can interfere with the
serotonin and GABA systems; this may explain the similar effects
of the AEGD and diazepam, a GABA benzodiazepine agonist,
in relieving anxiety (Pravinkumar et al., 2007; Priprem et al.,
2008).

To further establish the anxiolytic properties of the AEGD,
we studied its effects on the reproductive parameters. Because
stress can alter neurotransmitters and hormones involved in
the regulation of reproductive physiology, it has been reported
that stress affects reproductive function in female (Anderson
et al., 1996). Chronic restrained rats showed a significant rise
in the mean number of days in proestrus phase and decrease
in estrous and metestrus phases (Brotman et al., 2007). This
demonstrates the disruption of follicular development at the
initial stages causing the non-maturation of follicles (Sivaprasad
et al., 2015). The AEGD treated groups showed significant
decrease duration of proestrus phase indicating the development
of follicles. The treatment also causes a significant increase
in the mean days of estrous, metestrus, and diestrus phases.
These findings reveal the antagonizing effect of the AEGD
against stress-induced estrous cycle changes. It also indicates
the maturation of follicles, the formation of Graafian follicles
and corpus luteum due to the increased secretion of either
gonadotrophic, or steroidal hormones or both (Bhutani et al.,
2004). The ovaries are made up of three endocrine tissues, the
stroma, the follicle and the corpus luteum. Therefore, the net

FIGURE 2 | Effect of AEGD on the ovary histological analysis of the treated
rats (hematoxylin–eosin, 100×). (A) Section of (vehicle control, distilled water)
rat ovary showing normal stroma with primary and secondary developing
follicles and matured graafian follicle. (B) Section of (chronic restraint stress)
rat ovary showing hyperchromatic nucleus, multiple follicular cysts and atretic
follicles and corpus fibrosum. (C) Section of (chronic restraint + G. dalenii
7.5 mg/kg) rat ovary showing only few developing follicles. (D) Section of
(chronic restraint stress + G. dalenii 15 mg/kg) rat ovary showing most follicles
with normal follicular development and intact corpus luteum.

weight of the ovaries is the sum of the weights of these tissues.
Our study showed that there was a decrease in the ovarian weight
in stressed rats. This undoubtedly indicated that there was no
follicular development and consequently decreased activities of
the stroma, the follicles, and the corpus luteum caused by non-
availability of either gonadotrophic hormones or the steroidal
hormones or both (Shivalingappa et al., 2002). Concerning
the effect of CRS on the pituitary–ovarian axis of the adult
female albino rats, the present investigation showed a significant
reduction in serum FSH, LH, and estradiol concentrations.
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Moreover, ovarian histological changes were detected in the
stressed rats as evidenced with the hyperchromatic nucleus,
multiple follicular cysts, atretic follicles, and corpus fibrosum
when compared with the distilled water treated rats. The
treatment with the AEGD displayed protective effects on the
ovaries that showed a normal stroma, developing follicles and
matured graafian follicle. The chronic immobilization stress also
caused a significant decrease in uterine weight and this was
caused by the non-availability of hormones required for the
development of the uterus (Fotsing et al., 2016). AEGD treated
groups showed prevention in the loss of weight of uterus which
may be due to uterotrophic effect of the plant. The significant
increased weight of adrenal glands in stress rats is related to
the active involvement of the HPA and sympathetic stimulation,
which is fast to respond to stress.

CONCLUSION

In this work, the effects of AEGD on the chronic immobilization
stress-induced behavioral, neurochemical, and reproductive
changes in female albino rats were assessed. The findings
revealed that the AEGD significantly increased the number of
entries and the time spent in the open arm of the EPM. The
chronic immobilization stress-induced increased corticosterone,
progesterone, and prolactin concentrations were antagonized by
G. dalenii. Moreover, the decreases in reproductive hormones
as well as the changes in estrous cycle duration caused by the
chronic immobilization stress were normalized in the G. dalenii
treated rats. AEGD displayed adaptogenic potential against
chronic restraint model on experimental animals. Further studies
may be carried out to identify and characterize the active
principles and their mechanism of action.
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