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ARTICLE INFO ABSTRACT
Keywords: Lasia spinosa (L.) Thw. (L. spinosa) is widely used as a folk remedy for different physical ailments,
Lasia spinosa and its neurological effects have yet to be assessed. Phytochemicals status of L. spinosa was

Hemolysis inhibition

evaluated by GC-MS analysis. Membrane stabilization test, elevated plus maze (EPM) tests and
Anxiolytic activity

. hole board tests (HBT), tail suspension tests (TST) and thiopental sodium-induced sleeping tests
Antidepressant .. . . . ..

Molecular docking (TISTT) were used to assess anti-inflammatory, anxiolytic and anti-depressant activity. Fourteen

And PASS compounds have been recorded from GC-MS analysis. The LSCTF showed 68.66 + 2.46% he-

molysis protections (p < 0.05) at 500 pg/mL, whereas LSCHF and LSNHF demonstrated efficiency

rates of 68.6 + 1.46% and 52.46 + 5.28%, respectively. During EPM tests, LSNHF and LSCTF

significantly (p < 0.001) increased the time spent in the open arm (59.88 + 0.65 s and 50.77 +

0.67 s, respectively) at the dosages of 400 mg/kg. In HBT, samples exhibited dose-dependent

anxiolytic activity. LSNHF and LSCTF showed a significant (p < 0.001) hole poking tendency

and a high number of head dips (78.66 + 1.05 and 65.17 + 0.96, respectively) at the higher dose.

In TST, at 400 mg/kg dose demonstrated significantly (p < 0.001) smaller amounts of time

immobile, at 81.33 + 1.67 s and 83.50 + 1.90 s, respectively, compared to the control group. A

consistent finding was also observed in TISTT. The computer-assisted studies on the identified

compounds strongly support the aforementioned biological activities, indicating that L. spinosa

has potential as a source of medication for treating neuropsychiatric and inflammatory diseases.

1. Introduction

450 million persons globally are estimated to be affected by neurodegenerative disorders, while approximately 0.12 billion people
suffer from anxiety and depression. Depression and anxiety are thus regarded as the world’s leading neurological disorders [1].
Anxiety, depression, and insomnia are psychological disorders that disrupt the normal activity of the people suffering from them. The
precise etiology of these psychological problems is still unclear, but physiological problems, habitual, genetic variation, chronic
diseases, and certain lifestyle habits may be responsible for these disorders [2]. Chronic pain, inflammation, and undiagnosed illnesses
may also contribute [3]. In addition, scientific trials have demonstrated that genetic changes and neuronal stress and pain mechanisms
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Abbreviations

LSNHF  Lasia spinosa n-hexane fraction

LSCTF  Lasia spinosa CCly fraction

LSCHF  Lasia spinosaCHCl;3 fraction

GC-MS  Gas chromatography-mass spectrometry

p.o. per oral

ip. intraperitoneal

b.w. body weight

ANOVA analysis of variance

SEM standard error mean

SPSS statistical package for social science

also have a high degree of association [3,4]. Medications that target neurotransmitters such as serotonin and noradrenaline are often
used to control activity and nociceptive pathways in the brain and central nervous system [5]. Currently, benzodiazepines, barbituric
acid, and serotonin-norepinephrine reuptake inhibitors are among the most widely used medications for the management of anxious
depressive disorders [6,7] despite their associated side effects, which include impotency, over-sleeping, euphoria, and increased risk of
drug dependence and abuse [8]. Because such side effects may contraindicate the use of these medications in certain cases, it’s
important to continue exploring alternative sources of medication for neurological and psychiatric diseases.

In recent years, research on natural pharmaceutical compounds has demonstrated the wide range of medicinal values to be found in
plants and herbs, from relaxation, pain relief [9,10], and inflammation management [11-13] to the treatment of rheumatoid arthritis
[14], tumors [15-18], and depression [5,19]. It is also evident that natural products derived from medicinal plants are the best source
of alternatives conventional drugs for patients who are susceptible to them [20-22]. Several computational modeling techniques such
as molecular docking, PASS, and ADME profiling offer numerous benefits in experimental research [23,24]. Molecular docking pre-
dicts the binding mode and affinity of a small molecule to a protein target, enabling drug discovery to identify potential lead com-
pounds and optimize them for increased potency and selectivity. Similarly, PASS predicts the biological activity of a molecule based on
its structure, prioritizing compounds for further testing or identifying potential off-target effects [25]. ADME profiling predicts the
pharmacokinetic properties of a molecule, including absorption, distribution, metabolism, and excretion, optimizing the drug
development process by identifying potential issues early on and guiding the design of compounds with improved properties [26]. In
this study, a molecular docking analysis accurately predicts the interaction between Cyclooxygenase-1, Cyclooxygenase-2, potassium
channel, and serotonin transporter L. spinosa compounds, providing insights into their ligand-receptor interaction and binding energy.
L. spinosa, which belongs to the Lamiaceae family and is locally known as khattosh, is an evergreen, herbaceous perennial plant that
grows to 1-2 m tall and spreads by means of a long, creeping, stoloniferous stem [27]. This plant’s root extract exhibits notable
analgesic, anti-inflammatory, and anti-diarrheal effects [28]. The plant is harvested for rhizomes, which are both edible and medicinal
[29]. The stems and leaves of L. spinosa possessed significant antioxidant potentials and used as prospective functional foods [30]. It
has been demonstrated that L. spinosa exhibits cardioprotective properties against doxorubicin-induced cardiotoxicity by normalizing
specific biochemical markers, notably creatinine kinase, lactate dehydrogenase, and troponin I [31]. Although the herb has many
therapeutic benefits for physical ailments, its therapeutic impact on neurological disorders has yet to be empirically assessed. The
current study has therefore been designed to investigate and provide scientific evidence of Lasia spinosa (L.) Thw.‘s anxiolytic,
anti-depressive, sedative, and hemolysis-inhibitive properties. To investigate the biological activities of the chemicals identified from
LSNHF, computer-aided research such as molecular docking, ADME profile, toxicological characteristics and PASS prediction were
performed.

2. Materials and methods
2.1. Chemicals

Carbon tetrachloride (CCly), chloroform, n-hexane, methanol, disodium hydrogen phosphate, sodium dihydrogen phosphate, and
Nitro blue tetrazolium (NBT) were procured from Sigma-Aldrich (USA via local supplier) Sodium citrate, sodium phosphate, hydro-
cortisone, albumin, and diclofenac sodium were purchased from Merck (Mumbai, India). Diazepam, Imipramine HCl, and Thiopental
Sodium, manufactured by Incepta Pharmaceuticals Ltd., Bangladesh, were purchased from a local market.

2.2. Plant materials

Fresh rhizomes of the L. spinosa plant were collected in November 2018. They were identified by a taxonomist, and a specimen
number of the sample was stored in the local herbarium.



A.S.M.A. Reza et al. Heliyon 9 (2023) e16754

Crude methanol extract (5g)

Mixing with methanol (90m1) +water (10ml)
Extraction with n-hexane (100x3)

I !

Aqueous fraction
+water (12.5ml)

n-Hexane soluble
fraction(2.23g)

Extraction with Carbon tetrachloride (100mlx3)

A

Carbon tetrachloride soluble fraction (1.80g) Aqueous fraction
(Lower layer) +water (16ml)

Extraction with Chloroform (100mlx3)

| |

Chloroform soluble fraction Aqueous fraction (223.3mg)
(120.5 mg)

Fig. 1. Schematic representation of the modified Kupchan partitioning of methanol crude extract Lasia spinosa. The crude extract (5 g) was
triturated and dissolved in 10% aqueous methanol (methanol:water; 9:1 v/v) to make the mother solution, which was then partitioned off suc-
cessively by four solvents — n-hexane (LSNHF: 2.23 g), carbon tetra chloride (LSCTF: 1.80 g), chloroform (LSCHF: 120 mg)m and aqueous (LSAF:
223 mg) — in order of increasing polarity using a separating funnel.

2.3. Preparation of crude extract

The dried rhizomes of L. spinosa were powered (862 g) and macerated in 1500 mL 99.99% pure methanol. The macerated material
was then put into an amber bottle for 7 days, during which time it was continuously shaken and stirred to isolate the crude extract. The
resulting extract was filtered using Whatman grade 1 filter paper. The filtered supernatant (1000 mL) was evaporated using rotary
evaporator (RE200 Biby Sterling, UK) and yielded 12.92 g dry crude extract, which was then preserved at 4 °C.

2.4. Extract preparation through solvent-solvent partitioning

The crude methanol extract was further fractioned using Kupchan and Tsou’s method [32], following the modifications made by
Wagenen et al. [33]. 5 g crude extract was used to prepare a mother solution and was dissolved and triturated in 10% methanol
(aqueous). The ratio of methanol to water was 9:1 v/v. The mother solution was then partitioned by four different solvents — n-hexane,
carbon tetrachloride (CCly), chloroform, and aqueous fraction — in order of increasing polarity using a separation funnel (Mittal
Overseas, Ambala-133,001, Haryana, India). Physical appearances of the fractions and their quantities after partitioning are shown in
Fig. 1. Each fraction was dried, producing an n-hexane fraction (LSNHF), a CCly fraction (LSCTF), a chloroform fraction (LSCHF), and
an aqueous fraction (LSAF). The obtained fraction extracts were preserved in a refrigerator at 4 °C.

2.5. Qualitative phytochemical screening

The qualitative phytochemical screening of L. spinosa extracts was performed according to the previously mentioned method [34]
to determine the secondary metabolites, specifically alkaloids, glycosides, tannins, phenols, flavonoids, terpenoids, steroids, and
quinones.

2.6. Experimental animals

Swiss albino mice aged 6-7 weeks were purchased from the animal research division of International Center for Diarrheal Disease
and Research, Bangladesh (ICDDRB). Each mouse weighed 32-36 g, and the sex ratio within the sample was 50:50. Mice were kept in
poly-carbonated cages at standard laboratory condition. A temperature of 25 °C and a humidity level of 55-56% were maintained in a
12-h/day light cycle. The mice had access to a pellet diet, libitum, and tap water.
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2.7. Anti-inflammatory effect on human red blood cell (HRBC) membrane stabilization

Invitro anti-inflammatory assays examining membrane stabilization were performed following the procedure described earlier [9].
5 mL blood was taken from healthy volunteers with prior consent and mixed with an equal volume of sterilized Alsever’s solution
(dextrose 2%, sodium citrate 0.8%, citric acid 0.5%, and NaCl 0.42%). This solution was then centrifuged at 3000 g. To prepare a 10%
v/v suspension of red blood cells, the packed cells were washed with isosaline. Test solutions contained 1 mL 0.15 M phosphate buffer
(pH 7), 2 mL hypotonic saline solution, and 0.5 mL relevant fraction of L. spinosa and reference drug diclofenac sodium at different
concentration levels (62.5, 125, 250 and 500 pg/mL), and 0.5 mL 10% HRBC. The control solution contained 1 mL phosphate buffer, 2
mL distilled water, and 0.5 mL 10% HRBC in isotonic saline solution. Once prepared, the solutions were incubated for 30 min at 37 °C
and then centrifuged at 3000 g. Discharge and hemoglobin content from the centrifuged supernatant was evaluated at 560 nm using a
spectrophotometer. The percentage membrane stabilization projected through the inhibition of hemolysis was measured using the
following equation: % inhibition of hemolysis = [(Ac—As)/Ac] x 100, where.

A, = optical density of hypotonic-buffered saline solution alone and.

A, = optical density of test sample in hypotonic solution.

2.8. Study design

Experimental animals were categorized into six groups (control, standard, and test groups). Each group consisted of six mice. The
treatment groups were administered both LSNHF and LSCTF at the doses of 200 and 400 (mg/kg b. w, p. 0.), whereas the control group
received 10 mL/kg b. w. 1% Tween 80 in water, p. o. Diazepam (1 mg/kg, b. w, i. p) was used as the standard drug for the elevated plus
maze tests, hole board tests, and thiopental sodium-induced sleeping time tests, and tail suspension tests. The standard drugs were
given 15 min prior to the tests, and LSNHF200, LSNHF400, LSCTF200, LSCTF400, and 1% Tween 80 were administered 30 min prior.

2.9. Anxiolytic activity

2.9.1. Elevated plus maze test (EPM)

The elevated plus maze apparatus was made of two open arms (35 cm x 5 cm) and two closed arms (30 cm x 5 cm x 15 cm) that
join together in a common central ground (5 cm x 5 cm). The entire apparatus is elevated about 25 cm above the floor. The walls of the
closed arms were wood, and the floors were painted black. Mice (35-40 g) were rested for 10 days before the experiment in the
apparatus, and the researcher handled the mice on alternate days to reduce their tension. At the time of the experiment, each mouse
was positioned individually in the center of the maze facing one of the enclosed arms 30 min after being administered the control and
treatment solutions or 15 min after receiving the reference drug diazepam. The mice were then filmed for 6 min using a video camera;
the first min was set aside for behavioral adjustment, and in the following 5 min, time spent in the open arm and the total numbers of
entries into the open arm were recorded. Throughout the experimental process, a pleasant and congenial atmosphere was maintained
to ensure consistent results [35]. Experimental animals of all groups (control, standard, and test groups) were dosed with their
respective solutions as described in the study design.

2.9.2. Hole board test (HBT)

The hole board tests (HBT) were performed almost identically to the methodology mentioned earlier, but with minor modification
[1,36]. In our experiment, the hole board was 20 cm x 40 cm and contained 16 evenly spaced holes with a diameter of 3 cm. The board
was 1.8 cm thick and suspended 15 cm above the base. Experimental mice were divided into different groups; mice in the control and
treatment groups were treated 30 min prior to the experiment, and mice in the standard groups were treated 15 min prior. Each mouse
was placed individually in the center of the board, and its exploratory activities were recorded with a video camera for 6 min, of which
5 min were assessed for data collection. To avoiding disturbing the mice, the surrounding area was kept silent. A head dip was noted
only when both eyes went down into a hole, and time spent looking through the hole was also recorded. Experimental animals in all
groups (control, standard, and test groups) were dosed with their respective solutions as described in the study design.

2.10. Antidepressant activity

2.10.1. Tail suspension test (TST)

Tail suspension tests were carried out following the described method with minor modification [37,38]. Mice were transferred to
the laboratory from their habitat colony in their own cages and rested for 1-2 h after transfer to adapt to the laboratory environment.
The test compartment was an open cylinder made of transparent glass. The compartment was 10 cm (diameter) x 25 cm (height) and
was kept at a temperature of 25 + 1 °C. Throughout the experiment, each mouse was isolated both visually and auditorily from the
others. The behavior of the mouse was recorded for a total of 6 min, of which the final 5 min were assessed for immobility. Mice were
considered immobile when passively motionless, except for those motions required to hold its head above the water. The test was
executed in a calm environment and low light condition. Experimental animals in all groups (control, standard, and test groups) were
dosed with their respective solutions as described in the study design.
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Table 1

Phytochemical screening of LSNHF, LSCHF, and LSCTF fractions of Lasia spinosa.
Name of the test Procedure name Observation

LSNHF LSCHF LSCTF

Alkaloids Wagner’s test +++ ++ +++
Carbohydrates (Monosaccharide) Molisch’s test + + ++
Carbohydrates (Polysaccharide) Iodine test _ _ _
Protein Xanthoproteic test + + ++
Flavonoids Alkaline Reagent test + + +
Phenols FeCL; test ++ ++ ++
Saponins Froth test _ _ _

Where.

Bioavailability Key.

(—) = not present; (+) = present in low concentration; (++) = present in moderately high concentration; (+++) = present in very high
concentration.
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Fig. 2. Effect of L. spinosa on inhibition of hemolysis. All values are expressed as mean + SEM (n = 3). Data were analyzed with the software
statistical package for social science (SPSS), Version 16.0. Chicago, SPSS Inc. Using two-way analysis of variance (ANOVA) followed by the Bon-
ferroni posthoc test. P**< 0.001 vs diclofenac sodium.

2.11. Sedative activity

2.11.1. Thiopental sodium-induced sleeping time test

The thiopental sodium-induced sleeping time test was performed according to the method described [39,40]. Thiopental sodium
(40 mg/kg b. w, i. p.) was injected into individual mice 30 min after administering the treatment drug for induced sleeping. Time from
the thiopental sodium injection to loss of righting reflex and duration of sleep were both recorded through careful observation.
Percentage of effect for each treatment drug was calculated using the following equation: Effect (%) = (Average duration of loss of
righting reflex in the test group/Average duration of loss of righting reflex in the control) x 100.

2.12. GS-MS analysis of LSNHF

The bioactive chemicals in LSNHF were evaluated using GC-MS according to the method described previously [10,41].

2.13. In silico molecular docking

2.13.1. Protein preparation
The 3D structure of cyclooxygenase-1 (PDB: 20YE) [42], cyclooxygenase-2 (PDB: 1CX2) [43], potassium channel (PDB: 4UUJ)
[44], serotonin transporter (PDB: 516X) [45] were downloaded in PDB format form Protein data Bank [46]. The protein structures were
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Fig. 3. Effect of different treatments on time spent in open arm in elevated plus maze test (a). Effect of different treatment on % of time
entry into the open arms in elevated plus maze test (b). Values are expressed as mean + SEM. Values are considered statistically significant at x
p < 0.05, **p < 0.01, and ***p < 0.001. Values were analyzed by the software statistical package for social sciences (SPSS), Version 16.0. Chicago,
SPSS Inc., using one way analysis of variance (ANOVA) followed Dunnett’s test (n = 6, per group). Control: 1% Tween 80 in water (10 mL/kg p. 0.)
diazepam (1 mg/kg, i. p.): reference standard drug; LSNHF200: Lasia spinosa n-hexane fraction (200 mg/kg, p. 0.); LSNHF400: Lasia spinosa n-hexane
fraction (400 mg/kg, p. 0.); LSCTF200: Lasia spinosa CCl, fraction (200 mg/kg, p. 0.) and LSCTF400: Lasia spinosa CCl, fraction (400 mg/kg, p. 0.).
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Fig. 4. Effect of different treatments on number of head dips in hole board test. Values are expressed as mean + SEM. Values are considered
statistically significant at x p < 0.05, **p < 0.01, and ***p < 0.001. Values were analyzed by the software statistical package for social sciences
(SPSS), Version 16.0. Chicago, SPSS Inc., using one way analysis of variance (ANOVA) followed by Dunnett’s test (n = 6, per group). Control: 1%
Tween 80 in water (10 mL/kg p. 0.), diazepam (1 mg/kg, i. p.): reference standard drug; LSNHF200: Lasia spinosa n-hexane fraction (200 mg/kg, p.
0.); LSNHF400: Lasia spinosa n-hexane fraction (400 mg/kg, p. 0.); LSCTF200: Lasia spinosa CCl, fraction (200 mg/kg, p. 0.) and LSCTF400: Lasia
spinosa CCl4 fraction (400 mg/kg, p. 0.).

prepared in accordance with the approach outlined by Uddin et al. previously in their study [19].

2.13.2. Ligand preparation

The structures of the identified compounds from LSNHF and the standard drugs were downloaded from PubChem online databases.
Using the LigPrep wizard of Schrodinger-maestro (v11.1), these identified compounds were converted into minimized 3D structure.
Using Epik, we were able to establish a possible ionization state at the desired pH of 7.0 + 2.0 to accurately count tautomers and
determine the protonation state in biological status. Up to 32 stereoisomers were preserved per ligand. The forcefield were set to
OPLS3 [47].
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Fig. 5. Effect of different treatments on behavior during tail suspension test. Values are expressed as mean + SEM. Values are considered
statistically significant at x p < 0.05, **p < 0.01, and ***p < 0.001. Values were analyzed by the software statistical package for social sciences
(SPSS), Version 16.0. Chicago, SPSS Inc., using one way analysis of variance (ANOVA) followed by Dunnett’s test (n = 6, per group). Control: 1%
Tween 80 in water (10 mL/kg p. 0.) diazepam (1 mg/kg, i. p.): reference standard drug; LSNHF200: Lasia spinosa n-hexane fraction (200 mg/kg, p.
0.); LSNHF400: Lasia spinosa n-hexane fraction (400 mg/kg, p. 0.); LSCTF200: Lasia spinosa CCly fraction (200 mg/kg, p. 0.) and LSCTF400: Lasia

spinosa CCly fraction (400 mg/kg, p. 0.).

Table 2

Effect of different treatments on onset and duration of sleep in thiopental sodium-induced sleeping time test.

Treatment Onset of Sleep (Min) (mean + SEM) Duration of Sleep (Min) (mean + SEM)
Control 48.16 + 0.79 42.50 + 1.17

RSD 12.66 + 0.71%%* 109.83 + 2.34%***

LSNHF200 1.83 + 0.33** 73 £ 1.71%*

LSNHF400 2.08 + 0.49** 119.83 + 0.85**

LSCTF200 1.83 + 0.27%** 84.67 + 1.58%**

LSCTF400 1.91 + 0.30%* 124.83 + 1.32%*

Values are expressed as mean + SEM. *p < 0.05, **p < 0.01 and ***p < 0.001, significantly different from control; one way ANOVA
followed Dunnett’s test (n = 6, per group). Control: 1% tween 80 in water (10 mL/kg p.o.) RSD: reference standard drug (diazepam 1
mg/kg, i.p.); LSNHF200: Lasia spinosa n-hexane fraction (200 mg/kg, p.o.); LSNHF400: Lasia spinosa n-hexane fraction (400 mg/kg, p.
0.); LSCTF200: Lasia spinosa CCly fraction (200 mg/kg, p.o.) and LSCTF400: Lasia spinosa CCly fraction (400 mg/kg, p.o.).

Table 3

Compounds identified from LSNHF fraction by GC-MS.
Name of the compounds R. Time m/z Area Conc. (%)
Butanoic acid, 2-methyl- 5.411 74.00 581,879 38.364
Phenol, 2-methoxy-4-(2-propenyl)-, acetate 13.580 164.00 60,890 4.015
9,9-Dimethoxybicyclo [3.3.1]nona-2,4-dione 15.654 57.00 5688 0.357
Undec-10-ynoic acid, tetradecyl ester 16.175 55.00 1304 0.086
7-Hexadecenal, (Z)- 17.900 57.00 3678 0.242
5-Caranol, trans,trans-(+)- 19.127 57.00 28,952 1.909
7-Hexadecenal, (Z)- 20.471 69.00 27,797 1.833
2-Tridecenoic acid, (E)- 22.087 55.00 195,830 12.911
Oleic Acid 23.783 55.00 142,209 9.376
1-(+)-Ascorbic acid 2,6-dihexadecanoate 24.011 55.00 112,831 7.439
Eicosanoic acid 24.219 55.00 112,614 7.425
Undec-10-ynoic acid, tetradecyl ester 25.787 55.00 48,793 3.217
Docosane, 1,22-dibromo- 26.752 57.00 69,125 4.557
Cholesterol margarate 29.903 57.00 113,164 7.461

2.13.3. Receptor grid generation

For the prepared proteins, receptor grids were made so that different ligand would bind in the predicted active site during docking
[5,48]. In Glide, grids were made with the van der Waals scaling factor set to 1.00 and the charge cutoff set to 0.25, and the OPLS3
force field was used. For docking experiments, the bounding box was set to 14 A x 14 A x 14 A.
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Table 4

Molecular-docking scores for the identified compounds from LSNHF.
Compounds Docking score (kcal/mol)

PDB:20YE PDB:1CX2 PDB: 4UUJ PDB: 516X

Butanoic acid, 2-methyl- —4.314 —4.413 —2.847 —3.478
Phenol, 2-methoxy-4-(2-propenyl)-, acetate -7.072 —6.907 —2.999 —5.541
9,9-Dimethoxybicyclo [3.3.1]nona-2,4-dione - - — -
Undec-10-ynoic acid, tetradecyl ester - - —2.205 —4.405
7-Hexadecenal, (Z)- —1.498 -1.677 +1.271 —1.341
2-Tridecenoic acid, (E)- —2.003 —1.746 +0.966 -0.136
Oleic Acid —2.189 —2.241 +0.522 —0.945
1-(+)-Ascorbic acid 2,6-dihexadecanoate - - +0.163 -
Eicosanoic acid —5.127 —5.014 —3.398 —4.629
Docosane, 1,22-dibromo- —6.553 - —2.577 —5.318
Cholesterol margarate - - —2.827 -
Standard drug Aspirin (—6.057) Aspirin (—5.631) Diazepam (—3.036) Fluoxetine hydrochloride (—9.556)

2.13.4. Ligand docking

After completing the prerequisite stages, the SP glide of Schrodinger-maestro (v11.1) was used to run the docking simulation. For
ligand atoms, the van der Waals scaling factor and partial charge cutoff were set to 0.80 and 0.15 respectively.
2.14. Pharmacokinetic parameters determination

The SwissADME (http://www.swissadme.ch/) was used to evaluate at the pharmacokinetic properties of the isolated compound. In
this study, an orally active drug should meet the drug-likeness parameters [49] to show their pharmaceutical fidelity. These include the

molecular weight of the compounds, their lipophilicity (LogP), the number of hydrogen-bond acceptors, the number of hydrogen-bond
donors, their topological polar surface area (TPSA), and the number of rotatable bond (nRB) based on Lipinski’s rule and Veber’s rule.

2.15. Toxicity prediction by AdmetSAR

Toxicological characteristics of the identified compounds were assessed utilizing the AdmetSAR online tool (http://Immd.ecust.
edu.cn/admetsarl/predict/), since toxicity is a major issue during the development of novel pharmaceuticals.

2.16. Prediction of activity spectra for substances (PASS)

The identified compounds from LSNHF fraction were tested for evaluation the anti-inflammatory, anxiolytic, and antidepressant
activities by using PASS online (http://www.pharmaexpert.ru/passonline/).

2.17. Statistical analysis

The data were analyzed by one-way analysis of variance (ANOVA) followed by Dunnett’s test to estimate significant differences
between the tests and control groups for this experiment using GraphPad Prism Data Editor for Windows (Version 6.01, GraphPad
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Fig. 7. 3D and 2D images of best docking scores between (A) Cyclooxygenase-1 (PDB: 20YE) and Phenol, 2-methoxy-4-(2-propenyl)-, acetate; (B)
Cyclooxygenase-1 (PDB 20YE) and Docosane, 1,22-dibromo-; (C) Cyclooxygenase-1 (PDB: 20YE) and Aspirin.

Software Inc., San Diego, CA, USA). Values are represented as Mean + SEM. P values < 0.05, 0.01, and 0.001 were considered sta-
tistically significant.

3. Results
3.1. Qualitative phytochemical assay

Phytochemical assay of the different fractions revealed the presence of secondary bioactive isolates, namely alkaloids, carbohy-
drates, proteins, phenols, and flavonoids (Table 1).

3.2. Anti-inflammatory effect on human red blood cell (HRBC) membrane stabilization

The results of the membrane stabilization test with LSCTF, LSCHF, and LSNHF are shown in Fig. 2. Different fractions revealed
concentration-dependent increases in the percentage of protection for all concentrations (62.5-500 pg/mL), but all effects were less
than that of the reference drug diclofenac sodium. The outcome percentage associated with LSCTF was 68.662 + 2.46% (p*< 0.05) at
the highest concentration (500 pg/mL), but the same concentration of LSCHF showed about 66.19 + 2.11% membrane stabilization
(p**< 0.01), and LSNHF only stabilized 52.46 + 5.28% at 500 pg/mL (p**< 0.01). By comparison, the standard drug diclofenac
sodium showed maximum stabilization of 73.60 + 2.46% at 500 pg/mL.

3.3. In vivo anxiolytic activity

3.3.1. Elevated plus-maze test (EPM)

As depicted in Fig. 3, all doses of LSNHF and LSCTF increased both the time spent in open arm and percent of entries into the open
arms. In particular, LSNHF (p***< 0.001) increased the time spent in the open arms 36.66 + 0.82 s and 59.88 + 0.65 s at the dosages
of 200 and 400 mg/kg, p. 0., respectively, whereas the same doses of LSCTF resulted in times of 43.83 + 0.72 s and 50.77 + 0.67 s. The
LSNHF significantly (p***< 0.001) increased the percent of entries (61.85 + 1.36) into the open arms at 400 mg/kg, and the LSCTF
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Fig. 8. 3D and 2D images of best docking scores between (A) Cyclooxygenase-2 (PDB: 1CX2) and Phenol, 2-methoxy-4-(2-propenyl)-, acetate; (B)
Cyclooxygenase-2 (PDB 1CX2) and Eicosanoic acid; (C) Cyclooxygenase-2 (PDB: 1CX2) and Aspirin.

corresponded to 68.76 + 0.89 entries at the same dose. In contrast, mice treated with diazepam (1 mg/kg, i. p.) spent a significantly
(p*** < 0.001) longer period in the open arms (42.33 + 0.87 s) and higher number of entries (79.8 + 1.05).

3.3.2. Hole board test (HBT)

LSNHF and LSCTF demonstrated significant dose-dependent anxiolytic effects in this test, where a greater number of hole pokes
indicates reduced anxiety (results displayed in Fig. 4). Mice treated with 400 mg/kg, p. o. LSNHF performed significantly more hole
pokes (78.66 + 1.05, p***< 0.001), and the LSCTF-treated mice showed increased head dips (39.50 + 1.33 and 65.17 + 0.96 at the
dosages of 200 and 400 mg/kg, p. o. respectively). Mice in the standard group, treated with diazepam 1 mg/kg, i. p., also demonstrated
significantly more (p***< 0.001) head dips (64.33 + 2.32) than the mice in the control group (26.33 + 1.44).

3.4. Anti-depressant activity

3.4.1. Tail suspension test (TST)

The anti-depressant activity of LSNHF and LSCTF as demonstrated by the immobility time during TST is displayed in Fig. 5. During
the observational period, depressive behavior (measured by time spent immobile) decreased significantly in a dose-dependent manner.
Mice treated with 400 mg/kg, p. o. Doses of LSNHF and LSCTF showed significant (p***< 0.001) decreases in immobility time (81.33
+ 1.67 s and 83.50 + 1.90 s, respectively), and mice treated with the reference drug imipramine hydrochloride significantly showed
similar immobility times (88.3 £ 2.07 s, p***< 0.001). In contrast, mice in the control group demonstrated longer immobility time
(205 + 1.06 s).

10



A.S.M.A. Reza et al. Heliyon 9 (2023) e16754

Table 5
Interaction and bond distances of identified compounds from LSNHF with cyclooxygenase-1 (PDB: 20YE)-binding sites for anti-inflammatory
activity.

Protein Ligand Hydrogen-bond interactions Hydrophobic interactions

Amino acid residue Distance (A) Amino acid residue Distance (A)

20YE Butanoic acid, 2-methyl- MET522 2.035 LEU352 5.064

LEU384 4.542

PHE381 5.096

TYR385 3.634

TRP387 5.300

TRP387 4.915

Phenol, 2-methoxy-4-(2-propenyl)-, acetate LEU352 4.591

ILE523 4.308

PHES518 5.009

LEU352 5.193

ALA527 4.518

7-Hexadecenal, (Z)- BOG751 2.564 LEU384 4.154

TYR385 3.423

TRP387 4.203

TRP387 4.256

2-Tridecenoic acid, (E)- ILE517 3.032 LEU384 4.169

PHES518 2.408 PHE381 5.492

HIS90 2.438 TYR385 3.222

SER516 2.380 TRP387 4.320

TRP387 4.367

Oleic Acid MET522 1.846 PRO86 5.339

ILE523 4.401

HIS90 5.143

Eicosanoic acid LEU384 2.0662 ILE89 4.615

GLY526 2.713

Docosane, 1,22-dibromo- LEU99 4.608

LEU384 3.884

MET522 4.390

TRP100 4.406

TRP387 5.101

TRP387 5.093

3.5. Sedative activity

3.5.1. Thiopental sodium induced sleeping time test

It was found that both LSNHF and LSCTF significantly (**p < 0.001) enhanced the onset of sleep and dose-dependently increased
the duration of sleep in thiopental-induced sleeping time tests. The duration of sleeping time associated with LSNHF at the doses of 200
and 400 mg/kg, p. 0. Was 73 + 1.71 and 119.83 =+ 0.85, respectively, while LSCTF corresponded to sleeping times of 84.67 + 1.58 and
124.83 + 1.32 at the same respective doses. Mice treated with diazepam (1 mg/kg, i. p.) showed a sleeping time of 109.83 + 2.34, and
mice in the control group slept for 42.50 + 1.17. These results are displayed in Table 2.

3.6. GC-MS analysis

The analysis of phytochemical substances in LSNHF found a number of medicinally active chemicals, as reported in Table 3. The
total ionic chromatogram (TIC) is displayed in Fig. 6.

3.7. Molecular docking study

3.7.1. Molecular docking study for anti-inflammatory activity

To find out the anti-inflammatory activity of the identified chemical compounds, Cyclooxygenase-1 (PDB: 20YE) and
Cyclooxygenase-2 (PDB: 1CX2) were utilized. The results are summarized in Table 4. For cyclooxygenase 1, phenol, 2-methoxy-4-(2-
propenyl)-, acetate possessed best docking score (—7.072) where aspirin showed (—6.057 kcal/mol). Docosane, 1,22-dibromo- also
showed a strong binding affinity having a docking score (—6.553 kcal/mol). For cyclooxygenase 2, phenol, 2-methoxy-4-(2-propenyl)-,
acetate also showed the strongest binding affinity (—6.907 kcal/mol), while aspirin showed (—5.631 kcal/mol). Eicosanoic acid
showed a docking score of (—5.014 kcal/mol). The structures of interaction of best docking scores along with aspirin are shown in
Fig. 7 (A-C) and Fig. 8 (A-C) for cyclooxygenase-1 and cyclooxygenase-2 respectively. In addition to that, the hydrogen bond and
hydrophobic interaction for cyclooxygenase-1 and cyclooxygenase-2 are depicted in Table 5 and Table 6 respectively.

3.7.2. Molecular docking study for anxiolytic activity
The molecular docking results related to anxiolytic activity were summarized in Table 4. For anxiolytic activity, potassium channel
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Table 6
Interaction and bond distances of identified compounds from LSNHF with cyclooxygenase-2 (PDB: 1CX2)-binding sites for anti-inflammatory activity.
Protein Ligand Hydrogen-bond interactions Hydrophobic interactions

Amino acid residue Distance (A) Amino acid residue Distance (A)

1CX2 Butanoic acid, 2-methyl- SER530 2.0574 ALA527 4.140

ALAS527 2.607 LEU352 5.174

SER530 2.713 VAL523 3.948

TYR385 4.383

TRP387 7.909

PHES518 5.458

Phenol, 2-methoxy-4-(2-propenyl)-, acetate ARG120 2.317 LEU352 5.092

TYR355 2.057 TYR385 4.708

ALAS527 2.687 TRP387 4.946

VAL349 5.169

LEU352 5.190

VAL523 4.842

ALAS527 3.808

7-Hexadecenal, (Z)- ARG120 2.470 LEU352 5.215

MET522 4.835

VAL523 4.703

TRP387 5.205

PHE518 3.928

2-Tridecenoic acid, (E)- ARG513 2.794 LEU384 5.034

LEU352 2.091 MET522 4.473

ARG513 3.084 TRO387 4.827

ARG513 2.914 PHES518 4.883

Oleic Acid PHES18 2.131 LEU352 5.039

MET522 4.941

TRP387 5.036

PHES518 3.922

Eicosanoic acid GLN192 2.469 PHE381 5.392

TYR385 4.620

TRP387 5.311

(PDB: 4UUJ) were used and eicosanoic acid showed the strongest binding affinity (—3.398 kcal/mol), while Diazepam showed a
docking score of (—3.036 kcal/mol). Phenol, 2-methoxy-4-(2-propenyl)-, acetate also showed a binding affinity having docking score
(—2.999 kcal/mol). The structures of interaction of best docking scores are depicted in Fig. 9 (A-C). In addition, the hydrogen bond and
hydrophobic interaction for potassium channel are depicted in Table 7.

3.7.3. Molecular docking study for antidepressant activity

To determine the antidepressant activity, serotonin transporter (PDB: 516X) were used and the results are represented in Table 4.
Phenol, 2-methoxy-4-(2-propenyl)-, acetate showed the strongest binding affinity having a docking score (—5.541 kcal/mol) and
fluoxetine hydrochloride showed (—9.556 kcal/mol) docking score. Docosane, 1,22-dibromo- also interacted and showed (—5.318
kcal/mol) docking score. The hydrogen bond and hydrophobic interaction for serotonin transporter are shown in Table 8 and the
structures of compounds having best docking score are displayed in Fig. 10 (A-C).

3.7.4. Pharmacokinetic parameters determination and toxicity prediction analysis

The ADME properties of the identified compounds were analyzed using Lipinski’s rule and Veber’s rule. Table 9 displays the data
for each parameter has been taken from the SwissADME web server. Butanoic acid, 2-methyl-; Phenol, 2-methoxy-4-(2-propenyl)-,
acetate; 9,9-Dimethoxybicyclo [3.3.1] nona-2,4-dione; Undec-10-ynoic acid, tetradecyl ester; 7-Hexadecenal, (Z)- and 2-Tridecenoic
acid, (E)- did not violate the Lipinski’s rule of five. Oleic Acid; Eicosanoic acid and Docosane, 1,22-dibromo- violated single parameter
of Lipinski’s rule of five. I-(+)-Ascorbic acid 2,6-dihexadecanoate and Cholesterol margarate violated two parameters of Lipinski’s rule
of five. Through the online AdmetSAR web server, each identified compound’s toxicity profile was assessed and is shown in Table 10.

3.7.5. PASS prediction by PASS online

Using the structure-based Pass Online biological activity prediction program, we examined the PASS of the identified compounds.
The collected PASS prediction data from PASS online for the identified compounds has been shown in Table 11. A chemical compound
is regarded as having pharmacological potential if the probable activity (Pa) value exceeds the probable inactivity (Pi) value.

4. Discussion
Although L. spinosa has a long history of folk use, its pharmacological value in the treating of central nervous system disorders

remains unknown. To this end, the present experimental study was designed to comprehensively investigate the neurological impacts
of this plant. The anti-inflammatory potential of this plant was investigated through membrane stabilization. Membrane-stabilizing
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Fig. 9. 3D and 2D images of best docking scores between (A) Potassium channel (PDB: 4UUJ) and Eicosanoic acid; (B) potassium channel (PDB
4UUJ) and Phenol, 2-methoxy-4-(2-propenyl)-, acetate; (C) Potassium channel (PDB: 4UUJ) and Diazepam.

properties of L. spinosa fractions might be related to its interference in the release of neutrophils’ lysosomal contents. A preventive
impact on erythrocyte breakdown may be recognized as a significant anti-inflammatory property of L. spinosa fractions, but this study
found no significant improvement in hemolysis inhibition between the reference drug diclofenac sodium and any L. spinosa fraction.
The presence of various bioactive compounds such as flavonoids, terpenoids, alkaloids, and phenolic are responsible for anti-
inflammatory activity. For example, flavonoids such as quercetin, kaempferol, and luteolin have been shown to possess anti-
inflammatory properties by inhibiting the activity of pro-inflammatory enzymes such as cyclooxygenase (COX) and lipoxygenase
(LOX), which are involved in the synthesis of inflammatory mediators like prostaglandins and leukotrienes [50]. Moreover, phenolic
compounds, such as resveratrol found in grapes and curcumin found in turmeric, have also been shown to possess anti-inflammatory
properties by inhibiting the activity of various pro-inflammatory enzymes and cytokines. The presence of alkaloids, flavonoids, ste-
roids, tannins, carbohydrates, and protein in L. spinosa suggests that the anti-inflammatory activity of its extracts is attributed to the
combined effects of these bioactive compounds, which are capable of targeting multiple pathways involved in inflammation [30,51].
Anxiety and depression are major health challenges worldwide [7,52,53], and so this study sought to investigate the pharmaceutical
applications of L. spinosa in the treatment of such neurobiological disorders through mouse model behavioral assessments [19] such as
the tail suspension test (TST), which evaluates depressive tendencies [54], and the elevated plus maze test (EPM) and hole board test
(HBT), which measure anxiety [36]. In addition, the thiopental sodium-induced sleeping test was used to measure the effect of
L. spinosa on sleep induction and duration. The EPM test is used to assess the anxiolytic effect of medicines on mice [55] and is a
popular screening tool to investigate novel benzodiazepine-like therapeutics [56]. In this study, we found that mice treated with
various fractions of L. spinosa were significantly more likely to enter into and spend time in the open arms of the maze, indicating
increased calmness and reduced anxiety [57]. Both dosages (200 mg/kg b. w., p. 0. And 400 mg/kg b. w., p. 0.) of LSNHF and LSCTF
correlated to these behaviors. Although similar activity was displayed by the mice treated with the reference drug, the specific effect of
LSNHF and LSCTF may occur because of the exertion caused by the GABA-A/benzodiazepine receptor complex. The LSNHF and LSCTF
demonstrated anxiolytic activity, due to their ability to modulate neurotransmitter systems such as the serotonergic, GABAergic, and
dopaminergic systems. These systems are involved in regulating anxiety and other emotional behaviors [51]. The open arms of the

13



A.S.M.A. Reza et al. Heliyon 9 (2023) e16754

Table 7
Interaction and bond distances of identified compounds from LSNHF with potassium channel (PDB: 4UUJ)-binding sites for anxiolytic activity.
Protein Ligand Hydrogen-bond interactions Hydrophobic interactions
Amino acid residue Distance (A) Amino acid residue Distance (A)
4UUJ Butanoic acid, 2-methyl- ARG89 2.505 LEUS6 5.238
P0O411333 1.587 LEU86 3.912
Phenol, 2-methoxy-4-(2-propenyl)-, acetate TRP87 2.192 LEU86 4.467
THR85 2.302 LEU86 5.352
P0O411333 2.344
PO411333 2.601
Undec-10-ynoic acid, tetradecyl ester CYS90 2.819 MET96 4.249
CYS90 3.934
VAL93 3.878
7-Hexadecenal, (Z)- ARGS89 2.146
LEU86 2.986
ARG89 2.847
2-Tridecenoic acid, (E)- PO411333 1.533 ARG89 4.483
CYS90 4.702
VAL93 4.417
Oleic acid ARG89 2.278 TRP68 5.100
PO41133 1.843
P0O41133 1.711
1-(+)-Ascorbic acid 2,6-dihexadecanoate THR75 2.455
Eicosanoic acid ARG89 2.300 TRP68 5.303
P0O41133 1.442
Docosane, 1,22-dibromo- THR75 2.775 LEU86 4.949
ARG89 2.964 ARG89 3.956
Cholesterol margarate ARG89 2.825 ARG89 4.703
ARG89 4.877
VAL93 5.248
MET96 4.052
Table 8
Interaction and bond distances of identified compounds from LSNHF with serotonin transporter (PDB: 516X)-binding sites for antidepressant activity.
Protein Ligand Hydrogen-bond interactions Hydrophobic interactions
Amino acid residue Distance (A) Amino acid residue Distance (A)
516X Butanoic acid, 2-methyl- ASP98 1.588 TYR95 4.358
SER336 2.746 TYR95 5.235
GLY338 3.047
Phenol, 2-methoxy-4-(2-propenyl)-, acetate SER336 2.572 TYR95 5.311
TYR95 2.590 TYR176 5.444
ALA172 4.469
ILE172 4.739
TRY176 4.891
ILE172 5.227
Undec-10-ynoic acid, tetradecyl ester ALA173 4.039
ILE172 4.252
VAL501 4.181
PHE341 4.365
7-Hexadecenal, (Z)- ASN177 2.076 PHE341 2.879
ALA173 2.964 ILE172 3.835
SER439 2.872
2-Tridecenoic acid, (E)- TYR95 1.855 PHE335 4.186
PHES56 4.970
Oleic acid ASP98 1.574 PHE335 4.327
Eicosanoic acid TYR95 1.575 LEU99 4.359
ALA96 2.589 ILE179 5.177
LEU406 4.430
LEU431 4.109
PHE407 3.970
Docosane, 1,22-dibromo- ALA173 3.541
LEU443 4.273
LEU99 3.915
ILE179 5.039
LEU406 4.836
LEU431 3.847
PHE407 4.264
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Fig. 10. 3D and 2D images of best docking scores between (A) serotonin transporter (PDB: 5I6X) and Phenol, 2-methoxy-4-(2-propenyl)-, acetate;
(B) serotonin transporter (PDB: 516X) and Docosane, 1,22-dibromo-; (C) serotonin transporter (PDB: 516X) and Fluoxetine hydrochloride.

EPM apparatus trigger anxiety in rodents, resulting in minimal exploration of these arms. Anxiolytics reduce open arm exploration,
whereas anxiogenics reduce open arm exploration [58]. The hole board test is used to assess the attitude of animals to an unfamiliar
situation, which can elicit anxious behavior. Several studies have shown that HBT is an accurate indicator of animals’ emotional states
in such situations [59]. Our experimental data demonstrated that both LSNHF and LSCTF were associated with a greater propensity for
head dipping at the dose of 400 mg/kg b. w., p. 0. Anxiety arises due to either an abnormal activity of neurotransmitters such as
serotonin, dopamine, or GABA receptors, or due to an irregularity caused by glutamatergic, serotonergic, GABA-ergic, or noradren-
ergic transmission [60]. In this context, we believe that LSNHF and LSCTF may enact anxiolytic changes by signaling chemical
transmission.

LSNHF and LSCTF were tested in tail suspension tests (TST) to evaluate these fractions’ antidepressant potential. The tests showed
an association between LSNHF and LSCTF (at both 200 and 400 mg/kg b. w., p. o. doses) and increased propellant behaviors, such as
minimized immobility and expanded battling propensity, during the test. These effects may be explained by the fractions’ ability to
mitigate monoamine reuptake in the brain.

Previous studies have reported that Benzodiazepin enacts its anxiolytic effect by binding with GABA receptor discrete from the
binding site of GABA receptor [61]. When thiopental sodium binds with the GABA receptor complex, it provides synergistic action
through hyperpolarization of post-synaptic neuronal cell [62]. To assess the role of GABA-ergic systems in LSNHF- and LSCTF-induced
sedation, thiopental sodium was injected into mice along with (but prior to) LSNHF, LSCTF, or diazepam. Overall, the findings of this
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Table 9
Physicochemical properties of identified compounds from LSNHF for good oral bioavailability.
Compounds Lipinski’s rule Lipinski’s violation Veber rules
MW (<500 g/ HBA HBD Log P =D nRB TPSA (<140
mol) (<10) (<5) (<5) (=10) A%
Butanoic acid, 2-methyl- 102.13 2 1 0.97 0 2 37.30
Phenol, 2-methoxy-4-(2-propenyl)-, 206.24 3 0 2.55 0 5 35.53
acetate
9,9-Dimethoxybicyclo [3.3.1]nona-2,4- 212.24 4 0 1.04 0 2 52.60
dione
Undec-10-ynoic acid, tetradecyl ester 378.63 2 0 7.97 0 22 26.30
7-Hexadecenal, (Z)- 238.41 1 0 5.11 0 13 17.07
2-Tridecenoic acid, (E)- 212.33 2 1 3.93 0 10 37.3
Oleic Acid 282.46 2 1 5.71 1 15 37.30
1-(+)-Ascorbic acid 2,6-dihexadecanoate 652.94 8 2 9.57 2 34 119.36
Eicosanoic acid 312.53 2 1 6.62 1 18 37.30
Docosane, 1,22-dibromo- 468.39 0 0 9.10 1 21 0.00
Cholesterol margarate 639.09 2 1 12.44 2 22 26.30

Abbreviation: MW: Molecular weight; HBA:hydrogen-bond acceptors; HBD: hydrogen-bond donors; Log P: lipophilicity; nRB: number of rotatable
bonds; TPSA: topological polar surface area.

Table 10

Toxicological properties of identified compounds from LSNHF.
Compounds Parameters

AMES toxicity Carcinogens Acute oral toxicity Rat acute toxicity

Butanoic acid, 2-methyl- Non AMES toxic Carcinogens I 1.7348
Phenol, 2-methoxy-4-(2-propenyl)-, acetate Non AMES toxic Non-carcinogens I 2.0606
9,9-Dimethoxybicyclo [3.3.1]nona-2,4-dione Non AMES toxic Non-carcinogens 111 2.1281
Undec-10-ynoic acid, tetradecyl ester Non AMES toxic Carcinogens 111 2.0360
7-Hexadecenal, (Z)- Non AMES toxic Carcinogens 111 1.6468
2-Tridecenoic acid, (E)- Non AMES toxic Non-carcinogens 11 1.9685
Oleic Acid Non AMES toxic Non-carcinogens v 1.3991
1-(+)-Ascorbic acid 2,6-dihexadecanoate Non AMES toxic Non-carcinogens 11 2.2891
Eicosanoic acid Non AMES toxic Non-carcinogens v 1.3275
Docosane, 1,22-dibromo- AMES toxic carcinogens 11 3.2432
Cholesterol margarate Non AMES toxic Non-carcinogens 111 2.0248

study thus confirm that L. spinosa may be a potential source of medication for the treatment of mental disorders such as depression and
anxiety. When it comes to discovering new lead compounds, computer-aided studies are regarded as the most essential approaches
since they not only reduce the time and money that would have been spent doing a clinical trial but also most significantly save money
[63]. Molecular docking is an important way to figure out how ligands interact with their targets because it shows how small molecules
behave at the active sites of target proteins and helps researchers to better understand the mechanisms behind many pharmacological
reactions [64,65]. Thus, molecular docking has been used to better understand these pharmacological responses. Four target proteins
were used to test the anti-inflammatory, anti-anxiety, and antidepressant effects of the chosen compounds which includes
cyclooxygenase-1 (PDB: 20YE), cyclooxygenase-2 (PDB: 1CX2), potassium channel (PDB: 4UUJ) and human serotonin transporter
(PDB: 516X). To determine the most potential molecule from LSNHF for anti-inflammatory, anxiolytic, and antidepressant activity. The
docking analysis in Schrodinger Suite v11.1 was used to examine the compound’s interaction with the active sites. For
anti-inflammatory activity, among all the identified compounds, phenol, 2-methoxy-4-(2-propenyl)-, acetate exhibits the best docking
score against cyclooxygenase-1 and cyclooxygenase-2 receptor which are (—7.072 kcal/mol) and (—6.907 kcal/mol) respectively.
Again, for anxiolytic activity, eicosanoic acid possessed the best docking score (—3.398 kcal/mol) against potassium channel receptor.
In addition to that, for determining the antidepressant, phenol, 2-methoxy-4-(2-propenyl)-, acetate exhibit the best docking score
(—5.541 kcal/mol). The ADME study reveals that all the identified compounds did not violated any of the parameter of Lipinski’s rule
except Oleic Acid; 1-(4)-Ascorbic acid 2,6-dihexadecanoate; Eicosanoic acid; Docosane, 1,22-dibromo- and Cholesterol margarate. In
addition, among the selected compounds, Butanoic acid, 2-methyl-; Phenol, 2-methoxy-4-(2-propenyl)-, acetate and 9,9-Dimethoxy-
bicyclo [3.3.1] nona-2,4-dione did not violate any of the parameters of Veber’s rule. The observance of these two guidelines is a strong
predictor of both good oral bioavailability and safety [66,67]. In addition, to establish our pharmacological investigations, we carried
out an analysis of the compounds with the help of computer-aided web server known as PASS. The values of Pa and Pi may range
anywhere from 0.000 to 1.000. If Pa is more than Pi, then the lead molecule is regarded to be experimentally active. If Pa is more than
0.6, there is a good chance that the compound has pharmacological potential, while values between 0.5 and 0.6 imply that the
pharmacological potential is considerable. Pa values less than 0.5 suggest reduced pharmacological activity, which may point to the
possibility of the discovery of a novel chemical [68,69]. Our study findings suggest that L. spinosa has potential therapeutic benefits for
treating neurological disorders such as anxiety and depression. The in silico analysis identified molecular targets that may contribute to
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Table 11
Biological activities predicted for identified compounds from LSNHF by PASS online.
Name Characteristics Biological properties Pa Pi
Butanoic acid, 2-methyl- Anti-inflammatory Anti-inflammatory 0.374 0.109
Non-steroidal anti-inflammatory agent 0.290 0.046
Anti-inflammatory, intestinal 0.467 0.010
Anti-inflammatory, ophthalmic 0.429 0.005
Anxiolytic GABA receptor agonist 0.159 0.199
Antidepressant - - -
Phenol, 2-methoxy-4-(2-propenyl)-, acetate Anti-inflammatory Anti-inflammatory 0.621 0.027
Non-steroidal anti-inflammatory agent 0.502 0.012
Anti-inflammatory, intestinal 0.351 0.040
Anti-inflammatory, ophthalmic 0.324 0.049
Cyclooxygenase 1 inhibitor 0.246 0.021
Cyclooxygenase 2 inhibitor 0.155 0.026
Anxiolytic - - -
Antidepressant - - -
9,9-Dimethoxybicyclo [3.3.1]nona-2,4-dione Anti-inflammatory Anti-inflammatory, intestinal 0.392 0.025
Anti-inflammatory, ophthalmic 0.356 0.025
Anxiolytic - - -
Antidepressant Antidepressant, Imipramin-like 0.136 0.099
Undec-10-ynoic acid, tetradecyl ester Anti-inflammatory Anti-inflammatory 0.612 0.029
Anti-inflammatory, intestinal 0.480 0.009
Non-steroidal anti-inflammatory agent 0.475 0.014
Anti-inflammatory, ophthalmic 0.274 0.123
Anxiolytic GABA receptor agonist 0.214 0.062
Antidepressant Antidepressant, Imipramin-like 0.239 0.041
7-Hexadecenal, (Z)- Anti-inflammatory Anti-inflammatory 0.250 0.212
Non-steroidal anti-inflammatory agent 0.235 0.074
Anti-inflammatory, intestinal 0.427 0.017
Anti-inflammatory, ophthalmic 0.283 0.107
Anxiolytic - - -
Antidepressant - - -
2-Tridecenoic acid, (E)- Anti-inflammatory Anti-inflammatory 0.627 0.025
Anti-inflammatory, intestinal 0.569 0.004
Anti-inflammatory, ophthalmic 0.370 0.018
Non-steroidal anti-inflammatory agent 0.272 0.053
Anxiolytic GABA receptor agonist 0.223 0.057
Antidepressant - - -
Oleic acid Anti-inflammatory Anti-inflammatory 0.614 0.029
Anti-inflammatory, ophthalmic 0.394 0.011
Non-steroidal anti-inflammatory agent 0.352 0.029
Anti-inflammatory, intestinal 0.685 0.003
Anxiolytic GABA receptor agonist 0.193 0.079
Antidepressant - - -
1-(+)-Ascorbic acid 2,6-dihexadecanoate Anti-inflammatory Anti-inflammatory 0.802 0.007
Non-steroidal anti-inflammatory agent 0.500 0.012
Anti-inflammatory, intestinal 0.429 0.016
Anti-inflammatory, ophthalmic 0.240 0.203
Anxiolytic - - -
Antidepressant - - -
Eicosanoic acid Anti-inflammatory Anti-inflammatory 0.515 0.052
Anti-inflammatory, intestinal 0.727 0.002
Anti-inflammatory, ophthalmic 0.403 0.010
Non-steroidal anti-inflammatory agent 0.310 0.040
Anxiolytic GABA receptor agonist 0.204 0.070
Antidepressant - - -
Docosane, 1,22-dibromo- Anti-inflammatory Anti-inflammatory, ophthalmic 0.413 0.008
Anti-inflammatory, intestinal 0.385 0.027
Cyclooxygenase 2 inhibitor 0.080 0.068
Anxiolytic - - -
Antidepressant Antidepressant, Imipramin-like 0.178 0.072
Cholesterol margarate Anti-inflammatory Anti-inflammatory 0.573 0.038
Anti-inflammatory, ophthalmic 0.387 0.013
Anxiolytic - - -
Antidepressant - - -
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the observed biological activities. These findings provide scientific evidence supporting the traditional use of L. spinosa in ethno-
medicine and emphasize the need for further research on the active constituents of this plant for the development of new drugs.

5. Conclusion

Based on the pharmacological findings, L. spinosa, particularly its LSNHF and LSCTF components, could provide novel therapeutic
options for treating neuropsychiatric disorders like anxiety, depression, and insomnia. Additionally, L. spinosa has demonstrated
potential in inhibiting hemolysis in humans, which may be attributed to its ability to alter inflammatory mediators, making it a po-
tential treatment for inflammation-initiated neurodegenerative disorders. In silico studies on the identified compounds from LSNHF
indicate their drug likeness, safe toxicological properties, and probable pharmacological activity, with docking analysis revealing high
binding affinity for receptors associated with anti-inflammatory, anxiolytic, and antidepressant activities. These findings suggest that
L. spinosa’s bioactive compounds could be used to develop more potent and cost-effective drugs for managing various life-threatening
diseases, including inflammation, anxiety, and depression. However, further research is necessary to identify and refine the novel
bioactive components and understand the molecular mechanisms underlying the observed pharmacological effects.
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