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Citrus limon L. (lemon) seed extract shows neuro-modulatory
activity in an /n vivo thiopental-sodium sleep model by
reducing the sleep onset and enhancing the sleep duration
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Citrus limon L. is an ingenious alternative medication and has a broad
scope in managing several health conditions as part of natural reme-
dies. Recently, medicinal plants have witnessed incredible consid-
eration worldwide in the field of neuroscience for remedial inter-
vention. The present work has investigated the phytochemical com-
pounds and neuropharmacological potential of the seed extract of
Citrus limon as a step to partially validate its formulations as nu-
traceuticals using an in vivo model. Diverse phytochemical groups
such as alkaloids, glycosides, flavonoids, tannins, gums, saponins,
steroids were qualitatively identified through colorimetric methods
utilizing standard compounds. The neuropharmacological proper-
ties were studied in Swiss albino mice with the sleep time induced by
thiopental sodium taken asan end-point, in standard hole cross, hole
board, and open-field experiments at varying doses of 50 and 100
mg/kg body weight. Phytochemical screening showed that alkaloids,
flavonoids, saponins, tannins, steroids, and glycosides are present in
the aqueous extract of the seed. The extracts demonstrated a sig-
nificant reduction in sleep onset and enhanced the sleep duration
in a dose-dependent manner in thiopental sodium-induced sleeping
time, along with a marked decrease in unconstrained locomotorsand
explorative properties in both hole cross and open field tests. More-
over, in the hole board study, the extracts minimized the count of
head dips observed in the treated mice. The results shown in this
study demonstrate that Citrus limon extracts have neuropharmaco-
logical properties that can be further examined for their potential
role as an adjuvant with conventional medications or nutraceuticals.
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1. Introduction

Recently, a stressed lifestyle has been linked to an assort-
ment of psychiatric disorders, and evidence suggests that de-
pression is an unavoidable medical concern in these disorders
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[1-4]. Different antipsychotic drugs, namely, tricyclic an-
tidepressants, monoamine oxidase inhibitors, and serotonin
re-uptake inhibitors, are available to manage various psy-
chotic problems, but several side effects are gradually hinder-
ing their use in a long-term therapeutic regimen [5, 6]. Thus,
the quest for new anxiolytic substances with minimal unfa-
vorable impact is still an area of interest being explored for
an appropriate pharmacological effect. Certain organic sub-
stances, particularly restorative herbs, are commonly known
to be the primary armamentarium of concoction compounds
with enormous remedial potential. Neuropsychiatric disor-
ders such as depression are common, corresponding to a state
of mental illness that may result in severe symptoms such
as sadness, feelings of guilt and loss of interest which affect
sleeping, dietary intake, cognitive and psychomotor guided
daily activities. Depression and anxiety, if they remain un-
treated, may aggravate the symptoms, worsen the complica-
tions, and ultimately lead to suicidal ideation risks [7, 8]. The
actual etiology of depression and anxiety is still unknown.
However, these may arise due to continued disruption of the
antioxidant defense system and an enhanced redox imbalance
or oxidative stress [9]. The redox stress in the brain sup-
ports cellular conditions that cause neurological damage and
related cognitive deteriorations [10-13].

Citrus limon belongs to the Rutaceae family, with a pre-
dominant presence in South Asia, including Northeastern In-
dia. Citrus limon is the most notable citrus species, with an
affluent mercantile value. Most types of citrus plants are sub-
stantial evergreen bushes or small trees, 5-15 meters tall. The
tree’s ellipsoidal yellow fruit is used worldwide for culinary
and non-culinary purposes and is an active ingredient of folk
medicine and functional foods. The lemon juice is around
5 to 6 percent citrus extract, having an acrid flavor with a
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pH of about 2.2. The distinctively harsh flavor of lemon
juice makes it an essential constituent of drinks and nutri-
tional supplements, including lemonade and lemon meringue
pie. Its berry is essentially rich in alkaloids which show anti-
cancer properties and demonstrates antibacterial activities in
unrefined concentrations of lemon on clinically challenging
bacterial strains [14-21]. The biological activity of C. limon
is attributed to the rich quantity of phenolic compounds,
for instance, flavonoids; limonoids, carotenoids and bioac-
tive monoterpenoids such as D-limonene, 3-pinene and ~y-
terpinene [22]. These chemical compounds are the factor for
the significant utilization of C. limon in the food and cosmet-
ics industries [23-28]. The scientifically proven therapeutic
activities of C. limon include anti-inflammatory, antimicro-
bial, antioxidant, anticancer, and antiparasitic actions. Cit-
rus flavonoids may also modulate blood platelet functions and
have an anti-aggregatory effect [29, 30]. To further explore
the pharmacological properties of C. limon, the current in-
vestigation focused on the neuro-pharmacological benefits of
this plant in the in vivo mouse model.

2. Materials and methods
2.1 Chemicals and drugs

Thiopental Sodium and diazepam were purchased from
Incepta Pharmaceuticals Ltd (Dhaka, Bangladesh and Op-
sonin Pharma Ltd (Dhaka, Bangladesh). Distilled water and
different reagents were obtained from BDH Chemicals Ltd
(Dhaka, Bangladesh).

2.2 Plant materials

The seeds were obtained from 45-50 completely ripened
fruits of the 4-5 Citrus limon plants, which were mature and
aged 2-2.5 years, grown in fields close to Jahangirnagar Uni-
versity in Dhaka, Bangladesh, on 23rd October 2020. These
were authenticated from Bangladesh National Herbarium,
Mirpur, Dhaka.

2.3 Preparation of plant extract

The seeds collected from Citrus limon were carefully
washed with distilled water to remove undesired natural
parts. The seeds of the plants were dried under sunlight (tem-
perature approximately 30-35 °C) for two days and stored for
seven days in an air-tight container. The dried seeds were
ground to a coarse powder. The prepared fine powder was
packed in a container and stored in cool, dark, and dry con-
ditions to prepare fresh extracts before the investigation. A
quantity of 500 gm of seed powder of Citrus limon was dis-
solved in 1000 mL of water in a glass compartment for 2-3
days, with standard shaking and mixing. Afterward, the en-
tire mixture was passed through a fine, white cotton cloth.
Further filtration was done using Whatman filter paper. Ex-
tracts were obtained by the evaporation of solvent that was
kept in open space. The yield value of the extracts from the
lemon seeds was 2.65% w/w [31].

2.4 Experimental animals

Ninety Swiss albino mice (22-25 g) aged 6-7 weeks were
obtained from Jahangirnagar University, Dhaka, Bangladesh.
The animals were caged under standard natural conditions
(22-25 °C, humidity 60-70%, 12-hour light: 12-hour dull
cycle). These were given a standard pellet diet, which was
obtained from Jahangirnagar University, Dhaka. All pro-
tocols considered in our study, including animals, were ap-
proved by the Faculty of Allied Health Sciences Research
Ethics Committee, Daffodil International University, Dhaka-
1207, Bangladesh. (Ref: FAHSREC/DIU/2020/1006).

2.5 Qualitative phytochemical screening

Qualitative assessment was done using colorimetric pro-
cedures with standard substances, indicating specific phyto-
chemical groups, for example, glycosides, flavonoids, tan-
nins, alkaloids, gums, steroids, saponins [32]. For carbohy-
drates, Molisch and Fehling’s tests were used. Identification
of flavonoids was based on the standard flavonoid test. The
Dragendroff’s, Mayer’s, and Hager’s tests were used for al-
kaloids. Potassium dichromate test, ferric chloride, and lead
acetic acid derivation tests were pursued for tannins. For gly-
cosides, Keller-Kiliani tests were performed. A frothing test
was done for the presence of saponins. To detect steroids,
the sulphuric acid analysis was performed. For detecting the
presence of gum in the extracts, the Molisch test was further
used.

2.6 Quantitative determination of some phytodiemical constituents

Harborne’s (1973) method was used to analyze alkaloids:
5 g of the sample was weighed into a 250 mL beaker, and 200
mL of 10% acetic acid in ethanol was added, capped, and set
aside for 4 hours. This was filtered, and the extract was con-
centrated to one-quarter of its original volume using a wa-
ter bath. Dropwise additions of concentrated ammonium hy-
droxide to the extract were made until the precipitation was
accomplished. The entire solution was allowed to settle and
rinsed with weak ammonium hydroxide before being filtered.
The residual alkaloid content was desiccated and weighed.
Van-Burden and Robinson’s (1981) method was used to de-
termine tannin: A 50 mL plastic bottle filled with 500 mg of
the sample. In a mechanical shaker, 50 mL of distilled water
was added and agitated for 1 hour. This was then filtered into
a 50 mL volumetric flask and brought up to the required con-
centration. The filtrate was then pipetted into a test tube with
2mL of 0.1 M FeCl3 in 0.1 N HCl and 0.008 M potassium fer-
rocyanide. Within 10 minutes, the absorbance was taken at
120 nm. Bohm and Kocipai Abyazan’s (1994) procedure was
used for flavonoid determination: At room temperature, 10
g of the plant sample was extracted many times with 100 mL
of 80 % aqueous methanol. Whatman filter paper No 42 was
used to filter the entire solution (125 mm). The filtrate was
then placed in a beaker and dried over a water bath before
being weighed at a consistent weight [33-35].
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2.7 Sleeping time induced by thiopental sodium

The technique defined by Raihan MO et al. [36] was used
to study the impact of the lemon seed extracts on sleeping
time experiments induced by thiopental sodium. For such an
objective, mice were grouped into six groups, with five (n =
5) mice in each group. Group I was used as a control and
given distilled water (10 mL/kg b.w.), group I, as usual, di-
azepam (0.50 mg/kg b.w.) was used as standard and groups
III, IV, V and VI were used for the seed extracts. Group I,
II1, IV, V and VI were administered orally using cannula, the
standard drug diazepam (0.50 mg/kg b.w. and seed extracts
in the doses: 25, 50, 100 and 200 mg/kg b.w. After thirty
minutes, thiopental sodium (20 mg/kg b.w.) was injected in-
traperitoneally to all assortments to induce sleep. For mon-
itoring adverse effects (if any), single mice from each group
were placed on the table and examined. The length of sleep
induced by thiopental sodium in animals was determined as
indicated by the loss of their correct reflex. The percentages
of effects were calculated using the following equation:

o The average duration of loss of righting reflex in the test group
Effect (/)) - x 100

The average duration of loss of righting reflex in the control group

2.8 Hole cross test

This investigation was carried out as described in the past
by Uddin et al. [37]. A cage was utilized that has a size of
35 X 25 X 20 cm. In the enclosure, a segment was marked.
At the height of 7.5 cm at the enclosure’s central focus, a hole
with a diameter of 3 cm was created. Mice were administered
with control, standard, or extract treatment and were put on
one side of the platform. The number of passages taken by
the mouse in each group through the hole from one cham-
ber to another was then counted for 3 min at intervals 0, 30,
60, 90, and 120 min after administering the control, standard,
and test sample (p.o.). This experiment was conducted within
two days. Group [ was set as control and given distilled water
(10 ml/kg b.w.), and group II had taken diazepam (1 mg/kg,
b.w.), which was used as standard. Groups IIl and IV were
given seed extracts of 50 and 100 mg/kg body weight, respec-
tively.

Mean No. of movements (control) ~—— Mean No. of movements (test)

Inhibition (%) = x 100

Mean No. of movements (control)

2.9 Hole board test

The test was performed as described by Kamei J et al. [38]
with slight deviations. For the present test, a level platform
of 90 cm X 90 cm in radius with 16 equitably separated holes
was utilized. This stage likewise had a frame of 5 cm in height.
Mice were grouped into four groups; control, standard, and
test. Five (n = 5) mice were in each group. Group 1 (10
mL/kg b.w.) was listed for control and took distilled water.
As standard, diazepam was provided to group II (1 mg/kg,
b.w., p.o.). Groups III and IV independently took seed ex-
tracts in 50 and 100 mg/kg b.w. doses. The number of head
dips in single mice into the holes was monitored for 10 min
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after the application.

Mean No. of head dips (control) - Mean No. of head dips (test)
nhibition (%) = x 100

Mean No. of head dips (control)

2.10 Open field test

The method described by Gould TD et al. [39] was used
for this analysis. The test device is made up of a plane 0.5 m?
field with a square progression. The squares on the other side
are painted black and white. The experimental board is iden-
tical to a chessboard. Likewise, the mechanical system had a
compartment height of 0.1 m. Mice were aligned into four
groups. There were five (n = 5) mice in every group. Group
[ was assessed as control and given distilled water (10 mL/kg
b.w.). Diazepam (1 mg/kg, b.w., p.o.), which was deemed
standard, was given to Group II. Seed extract doses of 50 and
100 mg/kg b.w. were distinctly provided to Groups III and
IV. The number of squares moved at any pace by the animals
in each treated group was measured for 3 min at the time in-
tervals 0, 30, 60, 90, and 120 min after the oral administration
of test medication,

Mean No. of movements ( control ) ~— Mean No. of movements ( test )

Inhibition (%) = x 100

Mean No. of movements ( control )

2.11 Statistical analysis

Results are shown as mean = SEM. Analyzes were car-
ried out using one-way ANOV As followed by Dunnett’s post
hoc tests for sleeping time and hole board data. Two-way
ANOVAs followed by Bonferroni’s post hoc tests were used
for hole cross and open-field data. As a statistical result, p <
0.05 was reported as significant.

3. Results
3.1 Aqueous seed extract shows a variety of bioactive
phytodiemicals

A comprehensive range of chemical tests for identifying
major classes of therapeutically significant compounds exhib-
ited alkaloids, flavonoids, tannins, steroids, and cardiac gly-
cosides in the aqueous extract of the Citrus limon seed. In
contrast, saponins were found to be absent. Phytochemi-
cal compounds of Citrus limon aqueous extract of seeds are
shown in Table 1. Quantitative estimation for certain phyto-
constituents such as alkaloids, flavonoids and tannins in Cit
rus limon seed extract is also summarized in Table 2. The esti-
mations found tannins to be present in good proportion com-
pared to other molecules.
3.2 Lemon seed extract induces neuromuscular sedation in the
thiopental Na —sleep model

In the thiopental-induced hypnosis test, the plant extracts
have shown a significant reduction in sleep onset and en-
hanced sleep duration in a dose-dependent manner. In this
study, seed extract at doses of 25, 50, 100, and 200 mg/kg
demonstrated a substantial decrease in sleep onset and in-
creased sleeping time dependent on the dose (Table 3/p <
0.05). The length of thiopental sodium-induced sleep time



Table 1. Phytochemical compounds of Citrus limon (lemon)
seed extracts.

Compounds Seed (aqueous extracts)
Alkaloids ++
Flavonoids +

Saponins -

Tannins +

Steroids ++

Gums

Cardiac glycosides

All tests were carried out in triplicates.

KEY: ++, Highly detected; +, Less detected; -, Not detected.

Table 2. Percentage of alkaloids, tannin and flavonoids in
the citrus limon seed extract.

Phytochemical class Quantity (%)
Alkaloids 0.36 0.2

Flavonoids 0.34 +0.10
Tannins 12.14 £ 0.12

The values are represented as the Mean + SD.

and its latency in experimental animals was effectively mod-
ulated by varying doses of the extract relative to controls
(Figs. 1 and 2). As shown, the seed extract at 200 mg/kg had
a maximal effect of 704% for lacking resolving reflex, while
diazepam 0.50 mg/kg had a 529% effect (Table 3).

Sleeping Time

2686
5 148
W sleeping time
il 748
s0 aia 3i.s
]

control  standard 050 25mg S0mg 100mg 200mg
mg

Time

Concentration

Fig. 1. The effect of Citruslimon (lemon) seed extracts on thiopental-Na

stimulated sleeping time in mice (n = 5).

3.3 Central nervous system (CNS) depressant activity observed in
animals treated with lemon seed extract as indicated by hole cross
method

In the hole cross arrangement, the number of holes
crossed from one compartment to another was recorded in
intervals ranging from 30 to 120 min. It was observed that
the seed extracts at 50 and 100 mg/kg doses caused a reduc-
tion of activity in the animals (Fig. 3). Robust (p < 0.05) data
have been obtained in dose-dependent terms (Table 4). In
this study, evaluation at the 5th period demonstrated a me-
dian of 69% suppression of locomotors activity by seed extract
at 100 mg/kg. In the same experimental set-up, diazepam
demonstrated 53% suppression of the activity.

Latent Period

sl
3
o
E 5
2
m latent period
1 3s
2
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2
0

5
control  standard 050 25mg 50mg 100 mg 200 mg
mg

Concentration

Fig. 2. The effect of Citruslimon (lemon) seed extracts on thiopental-Na

induced latent period on mice (n = 5).
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Fig. 3. CNS depressant activity of Citrus limon (lemon) seed extracts by

hole cross method (n = 5).

34 CNS depressant activity induced by lemon seed extracts in
treated animals as indicated by hole board method

The evaluation of CNS depressant activity by seed ex-
tracts provided some interesting results based on the dosage
(p < 0.05). The extract resulted in significantly minimiz-
ing of head-dips in the treated animals in the hole-board test
(Fig. 4). The 100 mg/kg dose of seed extract resulted in the
suppression of movement (72%), which was stronger than
the standard diazepam (67%) (Table 5).

Hole Board Method

Number

w Number of head dips

214
10 8l4
i
5
0

Control Standard  Extract{50mg) Extract({100
mg)
Concentration

Fig. 4. CNS depressant activity of Citrus limon (lemon) seed extracts by
hole board method (n = 5).

Volume 21, Number1, 2022



Table 3. The effects of Citrus limon (lemon) seed extracts on the sleeping time of mice induced by thiopental-Na.

Group Dose (mg/kg)  Latent period (min)  Duration of sleep (min) % Effect
Control 10 mL/kg 9.6 £0.92 374+ 14 0
Standard (Diazepam) 0.50 2.6 +0.24 198.2 +4.71 529.94
Seed extract 25 8.5+ 0.44 39.8 +3.46 106.41
Seed extract 50 6.00 £ 0.44 74.8 £ 4.12 200.00
Seed extract 100 3.5+0.22 140.8 4 5.44 376.47
Seed extract 200 1.95+0.16 263.6 4.6 704.81

Values are represented as Mean & SEM (n = 5), p < 0.05, that is the comparing the control group

significantly (two-way ANOVA followed by Bonferroni’s test).

Table 4. Neuropharmacological potential test of Citrus limon (lemon) seed extracts by Hole cross method.

Quantity of moves (% of movements Inhibition)

Group Dose (mg/kg)

0 min 30 min 60 min 90 min 120 min
Control 10 mL/kg 50+070 62+£037 62+£048 6.6+£040 8.61+0.24
Standard 1 344092 50+£148 404130 3.6£060 4.0+£0.63
Seed extract 50 284115 42+1.15 444067 34+£067 2.8+£058
Seed extract 100 1.44+050 264050 22+048 3.0+094 2.6+0.81

Values are represented as Mean £+ SEM (n = 5), p < 0.05, that is the comparing the control group

significantly (two-way ANOVA followed by Bonferroni’s test).

Table 5. Neuropharmacological potential test of Citrus limon
(lemon) seed extracts by hole board method.

Group Dose (mg/kg)  Quantity of head dips % Inhibition
Control 10 mL/kg 21.4+£297 0
Standard 1 7 +0.70 67.28%
Seed extract 50 8.4+0.81 60.74%
Seed extract 100 5.8 £0.37 72.89%

Values are represented as Mean + SEM (n = 5), p < 0.05, that is the
comparing the control group significantly (two-way ANOVA followed

by Bonferroni’s test).

3.5 CNS depressant activity observed in animals treated with
lemon seed extracts as indicated by the open-field method

The extracts substantially reduced the locomotor activity
in tested mice at 50 and 100 mg/kg doses (p < 0.05). This re-
sult was noticeable from the underlying perception duration
(0 min) and was consistent with the fifth perception duration
(120 min) (Fig. 5). From the 2nd inspection to the 5th inspec-
tion, diazepam (1 mg/kg) demonstrated a substantial decline
in locomotor activity in mice. This test showed a maximum
of 36% suppression of locomotor function with seed extract
at 100 mg/kg, while 37% was reported with the standard drug
diazepam (Table 6).

4. Discussion

Traditional medicines have been considered an original
form of therapeutic approach that has been inexpensive and
effective since ancient times. Recent efforts have focused on
including neurobehavioral function and efficiency to com-
plement modern medication with different ethnomedicinal
products. Sedative properties for such bioactive compounds
and natural products have been explored with standard pro-
tocols like hole-cross and free field experiments that can eval-
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Fig. 5. CNS depressant activity of Citrus limon (lemon) seed extracts by
open-field method (n = 5).

uate and record the naturalistic locomotor behavior of mice
or its alteration under induced conditions. Our findings in-
dicate that the oral administration of the experimental plant
seed extract at the doses (50 and 100 mg/kg) resulted in a sig-
nificant decrease in the count of holes passed (Table 4). The
repressive behavior was shown at 30 min when the extracts
were given and persisted for 120 min. The extracts at the
studied doses induced a substantial locomotion reduction that
was observed in the open field test from 30 min to 120 min
during the inspected duration (Table 6). It is known that by
observing the total distance, the open field test can be used
to evaluate the anxiety behavior. In the current study, the
resting time’s range was between 6—12 seconds, the duration
of time spent in center squares was 3 min, and the distance
traveled into the center squares was between the ranges of
8.5m2-19.3 m?. The findings demonstrated that the extract
reduced the locomotor activity, supporting the extract's CNS



Table 6. Neuropharmacological potential test of Citrus limon (lemon) seed extracts by the open-field method.

Quantity of moves (% of movements Inhibition)

Group Dose (mg/kg)

0 min 30 min 60 min 90 min 120 min
Control 10 mL/kg 268+ 1.56 28.0+238 2864215 31.842.13 38.6 £ 2.50
Standard 1 16.2+4.11 1924595 21.8+£584 23.045.50 24.2 +5.66
Seed extract 50 19.4+£3.18 252+£315 242+£330 23.0£2.60 25.4 +£2.63
Seed extract 100 16.6 £2.20 204+£323 192+174 21.6£2.13 24.4 +2.48

Values are represented as Mean £ SEM (n = 5), p < 0.05, that is the comparing the control group significantly

(two-way ANOVA followed by Bonferroni’s test).

depressant effects. As shown, both tests resulted in a signifi-
cant reduction in movement in the tested mice (Tables 4 and

6).
Moreover, the seed extracts reduced the sleep latency in

the thiopental sodium-mediated sleeping time test (Fig. 2)
and prolonged the sleep periods (Fig. 1) depending on the

doses and demonstrated substantial sedative effects. Both
tests suggestively diminished locomotion in all Swiss albino
mice treated with the standard and seed extracts. Ani-

mal head-dipping behavior remains closely correlated with
their psychological response. Gamma amino-butyric acid
(GABA) can modulate the central nervous system through
the voltage-gated Ca?T channel or chlorine conductance [40—-
50]. It was revealed that the animals’ head-dipping behavior
is clearly relevant to their mental state, and this test is used to
investigate anxiety-related activities. Based on the research
findings, it was hypothesized that an increase in head-dipping
behavior could indicate an anxiolytic state in animals. At the
same time, a decrease in the number of head dips was related
a depressive impact [31]. Thus, the reduced head dipping be-
havior and improved sleeping time of mice in our study may
relate to the inhibitory effect of the extract on neuronal activ-
ity, similar to the inhibition induced by GABA [51-56]. The
therapeutic benefits of traditional medications might amal-
gamate a combination of constituents that could serve as an
adjuvant to the conventional regimen. Multiple studies have
reported that phytochemical compounds possess sedative and
hypnotic effects, including tannins which can cause nonspe-
cific CNS depression [56-58]. Several such action mecha-
nisms have been proposed for alkaloids, flavonoids, steroids,
as well as terpenoids, including activation of protein kinase C,
neuroprotection against oxidative and metabolic insults; en-
hancing nicotinic receptors that also elevate the sensation and
memory; energizing and improving nervous function; acti-
vating the transient receptor calcium channels in the mem-
brane of the nerve cell which have neuropharmacological in-
fluence [59-67].

5. Conclusions

Recent studies in literature have reported the pharmaco-
logical benefits of the lemon constituents on the neurological
well-being [68-70].The current study provides evidence of
the pharmacological properties of Citrus limon (lemon) seed
extract in complementing the effects of thiopental sodium
by restricting the locomotor activity in the mice model.

Thiopental sodium is a standard drug for the induction of
anaesthesia and hypnosis. The reduction in the sleep onset
and an enhanced sleep duration induced in this drug model
by the lemon seed extract provide a potential adjuvant for
the qualitative augmentation of the existing protocols. The
decrease in unconstrained locomotors and explorative prop-
erties further demonstrates the anxiolytic potential of the ex-
tract. However, further studies are warranted to investigate
the plausible modes of action responsible for such neurophar-
macological effects of Citrus limon (lemon) seed extract. The
study broadens the scope of the lemon fruit as a nutraceutical
or functional food with neuro-modulatory pharmacological
properties.
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