Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
ﬂ Vol. 33, issue 4, 2023, pp. 143 - 151
& © 2023 Vasile Goldis University Press (www.studiauniversitatis.ro)

ASSESSMENT OF BEHAVIORAL AND PHYSIOLOGICAL RESPONSES
IN WISTAR RATS EXPOSED TO HYOSCYAMUS ALBUS L.

Nour El Iméne BOUBLATA": Sarra HABBACHI", Alina luliana TABIRCAZ%, Reda DJAOUHADOU?3, Wafa
HABBACHI', Khellaf REBBAS*%, Abedkrim TAHRAOUI'

"Laboratory of Applied Neuroendocrinology. Badji Mokhtar - Annaba University P.O Box.12, Annaba-23000
Algeria
2Faculty of Economics, Valahia University of Targoviste, 130004 Targoviste, Romania
SResearch Laboratory in Innovation and Economic and Financial Analysis. Badji Mokhtar - Annaba University
P.O Box.12, Annaba-23000 Algeria

4Laboratory of Agro-biotechnology and Nutrition in arid and semi-arid zones, Ibn Khaldoun University, Tiaret,

Algeria
5Department of Biology, Faculty of Science-Université Med Boudiaf, M'Sila 28000

Abstract: Hyoscyamus albus L. (Solanaceae) is a medicinal plant traditionally used for its sedative and
parasympatholytic properties and contains flavonoids, alkaloids, and tropane derivatives. This study
evaluated the effects of aqueous extracts from the aerial parts of H. albus, collected in the M’sila region
(Algeria), on biochemical, hormonal, and behavioral parameters in Wistar rats. Animals received 1 mL/day of
extract (292 g/L) orally for seven consecutive days. Biochemical analyses revealed significant changes in
blood glucose, cholesterol, triglycerides, urea, and creatinine, including hypoglycemia and reduced
cholesterol levels in treated animals. Plasma adrenocorticotropic hormone (ACTH) was also significantly
modulated. Behavioral assessments using the open field, elevated plus maze, and forced swimming tests
showed a clear reduction in anxiety-like behavior. These findings indicate that H. albus aqueous extract
exerts both anxiolytic and metabolic effects, supporting its traditional use and highlighting potential

therapeutic applications.
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INTRODUCTION

The introduction of insect pests into crops poses a
significant challenge, reducing production yields and
leading to substantial time and financial losses
(Donatelli et al., 2017). Synthetic pesticides are
commonly used to address this issue due to their rapid
action and ease of application (Weinberger et al., 2009;
Satpathy et al., 2020; Mena et al., 2022). However, the
continued use of these chemicals can lead to various
environmental problems (Aktar et al., 2009; Bolzonella
et al., 2019), which may negatively impact human
health and other living organisms (Mineau et al., 2005;
Hua et al., 2012; Braak et al., 2018).

Additionally, the intensive use of synthetic
pesticides over the last century has resulted in
increased resistance among crop pests (Hawkins et al.,
2019). Therefore, it is crucial to find more effective
alternatives with lower environmental impact to
manage pest populations (Furlan et al., 2015). Various
agricultural alternatives to systemic pesticides were
evaluated by Furlan et al. in 2021, including changes in
agricultural techniques, landscape manipulation, the
use of specialized organisms to control pests, and the
establishment of traps (Furlan et al., 2021). One such
alternative is the use of naturally occurring pesticides,
such as plant extracts, which are more sustainable and
environmentally friendly than synthetic commercial
insecticides (Amoabeng et al., 2019).

The use of plants to protect crops from insect pests’
dates back to ancient civilizations and continues to be
widely practiced by farmers globally, particularly in
regions where synthetic pesticides are less accessible

and in organic farming. These practices involve the use
of plant materials such as extracts, companion plants,
or harvested plants (Belmain et al., 2001; Grzywacz et
al., 2014; Stevenson et al., 2016; Mobolade et al.,
2019; Habbachi et al., 2020; Boublata et al., 2020;
Boublata et al.,2021a; Boublata et al.,2021b; Habbachi
et al., 2021; Saadane et al.,2021a; Saadane et al.,2021b;
Bouzar et al.,2022a; Bouzar et al.,2022b).

Natural plant products have gained increasing
importance in recent years as researchers investigate
them as sources of new insecticides (Pavela, 2016).
Hyoscyamus is a diverse genus within the Solanaceae
family, comprising 20 species globally known as
henbanes (Mohy-ud-dint et al., 2010). This genus is
notable for its rich reservoir of tropane alkaloids,
which have pharmacological effects such as
antispasmodic,  mydriatic,  anticholinergic, and
antiemetic properties (Herborane and Baxter, 1993).
Among these species, H. albus is particularly
renowned in Europe for its medicinal uses.
Historically, it was used in rituals by oracles and
soothsayers under various names like dragon plant,
Zeus bean, and Apollo’s plant (Ratsch, 2005). Its seeds
were burned as incense, and its leaves were used as
additives in wine. The inhalation of seed smoke and
consumption of leaf-infused wine were believed to
invoke the deity Apollo. Today, H. albus continues to
be used in Moroccan incense rituals (Ratsch, 2005;
Weinberger et al., 2009).

Studies on H. albus have revealed that its crude
methanol leaf extract possesses analgesic and
antipyretic properties (Benhouda and Yahiai, 2014).
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Mahmood et al. (2001) identified a new tropane
alkaloid, 2,3-dimethylnonacosane, along with known
compounds such as scopolamine, atropine, hyoscine,
and hyoscyamine in the aerial parts of this plant.
Additionally, tropane alkaloids hygrine and norhygrine
have been reported in the roots and aerial parts of
various Hyoscyamus species (Parr et al., 1990). The
anticholinesterase activities of scopolamine and
hyoscyamine isolated from different Hyoscyamus
species have also been investigated (Schmeller et al.,
1995).

This study aims to investigate the impact of the
aqueous extract derived from the Algerian Sahara plant
H. albus on Wistar rats, with a focus on assessing both
the effectiveness of this extract and its potential
neurobehavioral outcomes following administration.

MATERIALS AND METHOD
Animal

To conduct the tests, we used adult Wistar rats
(Rattus rattus) obtained from the Pasteur Institute of
Algiers (Algeria), each weighing between 180 and 200
grams. The rats were housed in plastic cages lined with
sawdust, equipped with steel lids and water bottles, in
the animal house of the University of Annaba's Faculty
of Biology. They were fed a diet of corn sticks, barley,
and vitamin supplements. The sawdust bedding was

replaced two to three times a week for all animal
groups. The animals were kept under laboratory
conditions with a temperature of 25°C, humidity levels
between 70-80%, and a 12:12 hour light-dark cycle.

Hyoscumus albus L.

H. albus, an endemic Saharan plant in the
Solanaceae family, is commonly used by the people of
southern Algeria. This hallucinogenic plant was used in
ancient Greece for divinatory purposes and ritual
fumigations  (Schultes and Hofmann, 1993).
Scopolamine, a plant alkaloid found in H. albus, causes
anterograde amnesia and loss of willpower and was
employed as a "truth serum" during World War II
(Goullé et al., 2004). White henbane (Hyoscyamus
albus L.) contains high levels of tropane alkaloids, such
as atropine and scopolamine, making all henbane
varieties toxic. However, in therapeutic doses, henbane
is used as a parasympatholytic and nervous sedative
(Jouzier, 2005).

H. albus, also known as white henbane, is an
annual or biennial plant used to produce hyoscyamine,
a plant-derived anticholinergic medication (Tamari et
al., 2014). This herbaceous plant grows 20-80 cm tall,
has dense, sticky glandular hairs, emits a strong odor,
and features an erect, slender stem.

A photograph of the plant is shown in Figure 1.

Fig. 1: Hyoscyamus albus L (Original photo).

Collection Siteof plant material

The leaves of H. albus were collected in December
2020 from their natural habitat around the region of
M'sila, Algeria. The plant was identified by Pr.
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Fig. 2: Map of the M'sila region.
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Preparation of the aqueous extract

After harvesting, the aerial parts of the plant were
washed and dried at room temperature in our
laboratory at the Department of Biology, Faculty of
Sciences, University Badji Mokhtar Annaba, Algeria.
The dried material was then ground into a powder
using an electric grinder and sieved to obtain a
homogeneous consistency.

To prepare the aqueous extract of H. albus leaves,
149 g of fresh leaves were boiled in 1 L of distilled
water for 30 minutes on a hot plate. The resulting
mixture was filtered using filter paper, and one liter of
the filtrate was collected.

The extract was stored in dark-colored glass bottles
at 4°C and used within 48 hours after preparation in
order to avoid microbial contamination and
degradation of active compounds.

Treatments

A total of forty rats were divided into two groups: a
control group (20 individuals: 10 males and 10
females) and a treatment group (20 individuals: 10
males and 10 females). The treatment group was
intoxicated by gavage with 1 ml of H. albus extract
(292 g/1) for 7 consecutive days.

Rat’s Behaviors in different anxiety-provoking
situations

The behavioral tests conducted include the open
field test (OP) (Crawley, 1999; Palanza, 2001; Karl et
al., 2003; Prut and Belzung, 2003; Elizalde et al.,
2008), the elevated plus maze (EPM) (Rodgers and
Dalvi, 1997; Van Gaalen and Steckler, 2000; Karl et
al., 2003; Walf and Frye, 2007; Elizalde et al., 2008),
and the forced swim test (Porsolt et al., 1977; Detke et
al., 1995; Karl et al., 2003; Elizalde et al., 2008;
Alijanpour et al., 2019).

Behavioral Studies for Anxiety

The behavioral tests were conducted in the
following order, with a 48-hour interval between each
to avoid interference with subsequent results: open
field (OF) test, elevated plus maze (EPM) test, and
forced swim test. After a 20-minute acclimation period
to the test room during the lighting phase, all tests were
performed in a quiet room between 10:00 and 12:00.
After each behavioral evaluation, the rats were returned
to their breeding room.

Open field test (OFT)

This test is well-known for assessing the effects of
tested chemicals on exploratory behavior and anxiety
(Galdino et al., 2009 ;Asif et al., 2019). To prevent
animals from escaping, the test was conducted in a
square-shaped open area (70 cm x 70 cm) surrounded
by a 40 cm high wall. The rats' capacity to explore the
arena was measured for 5 minutes after they were
individually introduced to the open field. The number
of entries and the time spent in the central area were
recorded, as a preference for the central region is an
indicator of reduced anxiety.

Elevated plus maze test (EPM)

This is a common behavioral test used to assess the
effects of test chemicals on anxiety (Barua et al., 2009;
Leo and Pamplona,2014; Asif et al., 2019). The test
apparatus used was an elevated plus maze (110 cm x
10 cm) with both open and closed arms, elevated to a
height of 50 cm. Individual rats were evaluated for 5
minutes while starting from the center of the maze
facing an open arm. The time spent in the open and
closed arms indicates the plant's anxiolytic potential, as
increased preference for the exposed areas is
considered indicative of lower anxiety in rodents
(Foyet et al., 2012).

Behavioral Studies for Depression
Forced swimming test (FST)

The forced swim test (FST) was used to assess
depressive behavior in rats (Porsolt et al., 1977). The
apparatus consisted of an aquarium (54 cm x 38 cm x
40 cm) filled with water at 25°C to a height of 30 cm.
At this depth, the rat cannot touch the bottom with its
hind limbs and is therefore compelled to swim. The
water temperature was maintained using an electric
immersion heater before each session.

The FST was conducted in two sessions: a pre-test
and a test, separated by a 24-hour interval. During the
pre-test, the rat was placed in the water-filled aquarium
for 15 minutes, where it could not escape, to induce a
state resembling depression (depressed session). On the
test day, the rat underwent a 5-minute session in the
aquarium, during which time spent immobile,
swimming, and climbing were recorded as indicators of
depressive behavior among groups during behavioral
tests.

Effect on certain biochemical parameters

Blood samples were collected from all
experimental groups, including both untreated (control)
and H. albus-treated animals. Plasma was separated by
centrifugation at 3000 rpm for 10 minutes and
immediately frozen, then stored at -20°C until analysis.

The concentration of ACTH in the plasma was
determined using a radioimmunoassay kit according to
the manufacturer’s instructions (Raff et al., 2004).

In addition, biochemical parameters including
blood glucose, total cholesterol, triglycerides, urea, and
creatinine were measured using standard enzymatic
methods with commercial kits (Manufacturer,
Country), following the manufacturer’s protocols.

Data Analysis

The study data were analyzed using descriptive
statistics and comparative methods, specifically
variance analysis, conducted using XLStat 2009
software (Addinsoft, New York, NY).

RESULTS & DISCUSSION
Rats’ behaviors in different anxiety-provoking
situations
Open Field Test

The anxiolytic and sedative effects of Hyoscyamus
albus were evaluated using the open field test, which
takes advantage of rats’ natural aversion to open spaces
and their exploratory behavior (Brown et al., 1999).
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Male rats treated with the aqueous extract of H.
albus spent significantly more time in the central area
of the apparatus (21.21 + 19.82 s) compared to the
control group (1.53 + 0.58 s), indicating a marked
reduction in anxiety-like behavior (Table 1). In females
rats, no significant differences were detected between
treated and control groups for any of the measured
parameters (p > 0.05), indicating an absence of
anxiolytic or sedative effects under the experimental
conditions used. This sex-dependent response suggests
a differential sensitivity to H. albus extract between
male and female rats.

These results are consistent with previous studies
reporting similar anxiolytic effects using extracts of

<

Solanaceae and other medicinal plants. For instance,
Abubakar et al. (2020) observed increased central area
exploration in rats treated with fractions of the
methanolic extract of Solanum aethiopicum fruit.
Similarly, studies by Boublata et al. (2020, 2021) using
aqueous and ethanolic extracts of Cleome arabica L.
demonstrated significant differences in time spent in
the central and peripheral areas, further supporting the
anxiolytic potential of plant-derived compounds.

Overall, the increase in central area activity in
treated rats confirms the anxiolytic and exploratory-
promoting effects of H. albus, aligning with previous
literature and validating its traditional use as a sedative
agent.

Table 1.
H.albus effect on thebehavior of rats (in open filed)
Time
N=10 Time spent in the central spent in the peripheral Number of Time of
area area adjustments immobility
4dc 1.53+0.58 298.46+0.58 22.00+5.67 136.46+31.82
4 H.a 21.21+£19.82 278.78+£19.82 24.00£5.93 101.36+43.90
Fobs 1156.11 1156.13 1.09 1.90
P <0.0001*** <0.0001*** 0.92 0.49
QC 1.00+0.46 299.00+0.46 22.14+3.58 103.92424.51
QH.a 0.84+0.42 299.15+0.42 26.14+3.82 77.75+£34.63
Fobs 1.20 1.20 1.17 1.99
P 0.82 0.82 0.85 0.42

[C: Control; H.a: H. albus] [* significant*; ** highly significant; *** very highly significant]

Plus maze test

The elevated plus maze (EPM) is a widely used
model to assess anxiolytic effects, based on the conflict
between rodents’ natural fear of elevated open spaces
and their exploratory drive (Handley and Mithani,
1984; Dawson and Tricklebank, 1995). Anxiolytic
agents are expected to increase entries into and time
spent in the open arms (Lister, 1987).

In this study, treatment with H. albus significantly
decreased the time spent in the closed arms in male rats
(126.98 £+ 34.99 s) compared to controls (227.26 =+
23.94 s), indicating reduced anxiety-like behavior
(Table 2). These results are consistent with findings
from Momin and Mohan (2012), who reported
significant anxiolytic effects of the methanolic extract
of Solanum torvum in mice.

Female rats treated with H. albus spent a similar
amount of time in the center of the maze (221.94 +
27.54 s) compared to controls (222.26 = 27.93 s),
suggesting that sex differences did not influence the
anxiolytic effect under these conditions (Table 2).
Similar observations were reported with acute exposure
to Solanum macrocarpon leaf extracts (Giorgetti and
Negri, 2011).

Overall, these findings support the anxiolytic
potential of H. albus, aligning with results from
previous studies on Solanaceae and other medicinal
plants (Luciana et al., 2014; Katolkar et al., 2015;
Yusuf et al., 2016; Caro et al., 2018; Abubakar et al.,
2020; Ozioko et al., 2020; Boublata et al., 2020, 2021a,
2021b; Jhansi Lakshmi et al., 2021).

Table 2.
H.albus effect on the behavior of rats (in Elvated plus maze)
N=10 | Time spent in closed arms | Time spent in open arms | Number of closed arms | Number of open arms
Jc 227.26+23.94 49.63+27.61 5.00+2.21 2.83+1.07
JH.a 126.98+34.99 62.80+22.76 4.50+1.17 3.50+0.99
Fobs 2.36 1.47 3.55 1.18
p 0.04* 0.68 0.19 0.86
QC 222.02+27.93 19.49+10.28 4.42+1.25 2.42+0.52
QH.a 221.94+27.54 51.62+24.25 6.42+0.97 3.57+0.68
Fobs 1.02 5.56 1.65 1.68
p 0.94 0.05 0.55 0.58

[C: Control; H.a:H.albus ] [* significant*; ** highly significant; *** very highly significant]

in rodents. When placed in an inescapable water-filled
container, rats or mice eventually adopt an immobile
posture, reflecting behavioral despair analogous to

Forced swimming test
The forced swimming test is a widely used
behavioral model to assess antidepressant-like activity
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depressive-like states (Porsolt et al., 1977; Kulkarni
and Mehta, 1985).

In this study, oral administration of the aqueous
extract of H. albus significantly reduced immobility
time in male rats (111.92 £ 26.75 s) compared to
controls (173.48 £ 0.61 s) (Table 3). Female rats also
showed a similar reduction (75.10 £ 23.58 s vs. 117.16
+ 1.39 s in controls) (Table 3). Treated animals
displayed increased swimming activity, further
indicating antidepressant-like effects (Table 3).

These findings are consistent with previous studies
on Hyoscyamus niger, which demonstrated reduced

immobility in the forced swim and tail suspension tests
without affecting motor activity (de Patil et al., 2013).
Comparable antidepressant-like effects have been
reported with other medicinal plants, including Datura
fastuosa (Abena et al., 2004) and Cestrum nocturnum
(Paragati et al., 2016; Snafi, 2018; Firdaus et al., 2020;
Jhansi Lakshmi et al., 2021), all showing decreased
immobility in rodent models.

Overall, these results highlight the potential of H.
albus in modulating depressive-like behaviors in
rodents, supporting further investigation into its
therapeutic applications for mood disorders.

Table 3.

H.albus effect on depressive state

N=10 Swimming time Climbing time Time of immobility
4c 126.52+2.03 2.27+0.07 173,48+0.61
dH.a 188.08+27.28 38.80+£13.73 111.92 +26.75

Fobs 300.19 41941.33 3194.61

p 0.007** <0.0007*** <0.001**

QC 126.52+0.83 2.47+0.14 117.16£1.39
QH.a 157.28+21.08 67.52+6.97 75.10+23.58
Fobs 1104.68 4125.72 666.56

p <0.0007*** <0.001 0.003**

[C: Control; H.a: H.albus ] [* significant*; ** highly significant; *** very highly significant]

H. albus effect on biochemical parameters and
the hormone ACTH:

Oral administration of the aqueous extract of
Hyoscyamus albus did not induce any visible signs of
acute toxicity or mortality during the observation
period. Biochemical analysis (Table 4) revealed no
significant differences in urea and creatinine levels
between treated and control rats of both sexes (p >
0.05), with urea values ranging from 0.30 £ 0.04 to
0.35 + 0.01 g/L and creatinine levels between 7.02 +
0.17 and 7.97 £ 0.19 mg/L. Similarly, triglyceride
concentrations were not significantly affected by the
treatment in either males (0.46 + 0.23 vs. 0.37 + 0.03
g/L) or females (0.44 + 0.04 vs. 0.37 £ 0.03 g/L),
indicating no alteration of lipid metabolism at this level
(Table 4).

Treatment with H. albus significantly reduced
cholesterol levels in both male and female rats,
decreasing from 0.72 £ 0.06 to 0.49 + 0.02 g/L in
males (p = 0.008) and from 0.67 £+ 0.09 to 0.41 + 0.05
g/L in females (p = 0.03) (Table 4). In addition, a
pronounced hypoglycemic effect was observed in
female rats, with glycemia decreasing from 1.16 + 0.02
to 0.78 + 0.04 g/L (p < 0.00001), whereas no

significant change was detected in males (0.97 + 0.03
vs. 1.07 £ 0.04 g/L; p > 0.05) (Table 4). These results
support the potential anti-diabetic activity of H. albus,
in agreement with previous studies (Mukherjee et al.,
2006; Tanko et al., 2008; Dass et al., 2009; Benhouda
et al., 2014 ;Choudhary et al., 2016; Yahia et al.,2016).

The active constituents of H. albus, including
calystegines, have been reported to protect B-cells of
the islets of Langerhans, promote B-cell regeneration,
enhance insulin secretion, and improve lipid profiles in
diabetic models (Bourebaba et al., 2016).

Furthermore, plasma ACTH levels were
significantly reduced in treated animals, suggesting
anti-stress effects. This is consistent with findings on
withanolides from Datura fastuosa, which exhibit
anxiolytic and anti-stress properties by preventing
stress-induced adrenal cortisone depletion (Firdaus et
al., 2020; Boublata et al., 2020, 2021a, 2021b). These
results highlight the potential of H. albus as both a
metabolic modulator and anti-stress agent, warranting
further investigation of dosage, duration, and molecular
mechanisms.

Table 4.
H.albus effect on biochemical parameters and the hormone ACTH
N=10 Glycemia (g/l) | Cholesterol (g/l) | Triglyceride (g/l) Urea (g/l) Creatinine (mg/l) | ACTH (pg/ml)
4c 0.97+0.03 0.72+0.06 0.46+0.23 0.33+0.02 7.97+0.19 78.42+3.95
JH.a 1.07+0.04 0.49+0.02 0.37+0.03 0.30+0.04 7.02+0.17 38.52+7.23
Fobs 1.48 3.48 0.82 0.55 1.31 6.93
P 0.71 0.008** 0.43 0.59 0.79 0.002**
QC 1.16+0.02 0.67+0.09 0.44+0.04 0.35+0.01 7.71£0.21 23.13+0.49
QH.a 0.78+0.04 0.41+0.05 0.37+0.03 0.33+0.02 7.02+0.17 5.70+1.72
Fobs 8.55 2.52 1.12 0.82 2.45 9.73
P <0.00001*** 0.03* 0.29 0.43 0.40 0.001**
[C: Control; H.a: H. albus] [* significant*; ** highly significant; *** very highly significant
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CONCLUSION

The present study demonstrates that the aqueous
extract of H. albus exerts significant anxiolytic- and
antidepressant-like effects in Wistar rats, as evidenced
by the open field, elevated plus maze, and forced
swimming tests. In addition, the extract significantly
modulated biochemical parameters, including blood
glucose and cholesterol levels, and reduced ACTH
concentrations, indicating potential anti-diabetic and
anti-stress properties. No signs of acute toxicity were
observed, supporting the safety of the extract under the
tested conditions.

These findings validate the traditional use of H.
albus as a sedative and metabolic modulator and
highlight its potential therapeutic applications. Further
studies are warranted to isolate and characterize the
active compounds, investigate their molecular
mechanisms, and explore additional pharmacological
and biological effects, including potential applications
in pest control.
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