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Introduction 
Depression is a prevalent mental illness that 

poses a global health risk (1). Sadness, boredom, lack of 
interest, difficulty in concentrating, low self-esteem, 
fatigue and guilt feelings, irregular sleep and/or eating 
patterns, and other symptoms are indicative of 
depressive disorders (2). Although depression is 
classified as a mental illness, it also has an impact on 
physical health. It could affect the health of the heart, 
kidneys, brain system, and immune system, among 
other systems. Anxiety disorders affect 38 million 
Indians, or 3.5% of the population, and depression 
affects 56 million, or 4.5% of the population, according 
to recent World Health Organization research (3).  

Severe cardiovascular disease is more likely to 
occur in people with depression. On the other hand, 
depression may develop as a result of physical 
restrictions and disabilities that occur in chronic 
diseases. It can also be regarded as a risk factor for 

chronic diseases (4). Pharmacological treatment for 
depression includes the use of monoamine oxidase 
inhibitors, selective serotonin reuptake inhibitors, 
norepinephrine and dopamine reuptake inhibitors, and 
serotonin antagonists. Tricyclic antidepressants are also 
included in this class of drugs (5), (6). While some 
patients gain more from the currently available 
treatments, others gain little or nothing at all (7). 
Additionally, these drugs may have a number of 
negative side effects, including postural hypotension, 
anxiety, impotence, weight gain, seizures, drowsiness, 
and cardiac dysrhythmias (8). 

Indigenous cultures use a wide variety of 
medicinal plants to cure a wide range of illnesses. 
Through oral communication, this knowledge has been 
passed down from generation to generation and has 
ingrained itself into the cultures of our nations. Many 
plants, including Melissa officinalis L. (Lamiaceae), 
Humulus lupulus L. (Cannabaceae), Crocus sativus L. 
( I r idaceae) , and Hyper icum per fora tum L . 
(Hypericaceae), have shown pharmacological promise 
f o r u s e a s a n a n t i d e p r e s s a n t i n h u m a n s 
(9,10,11,12,13,14). Ludwigia perennis is a plant 
belonging to the wetland category. It is a plant 
belonging to the Onagraceae family. Plants belonging to 
this family also have antidepressant activity (15).  
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likeness, predicted safety after consumption, and predicted pharmacological effects. The chloroform leaf extract of 
Ludwigia perennis is a rich source of bioactive compounds with strong antidepressant properties.
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Ludwigia perennis grows in India, Tropical 
Africa, Madagascar, Southeast Asia, Malaysia, Tropical 
Australia, and New Caledonia. It is used for anti-
oxidant, anti-diabetic, anti-nutrient, anti-cancer, anti-
inflammatory, and anti-pyretic activities (16). Anti-
depressant screening models include the tail suspension 
test, forced swim test, chronic unpredictable stress test, 
sucrose preference test, monoamine oxidase inhibition 
assay, learned helplessness test, open field test, hole 
board tes t , e tc . ; phytochemical compounds 
demonstrating anti-depressant activity include 
flavonoids, steroids, saponins, sugars, lectins, alkaloids, 
etc. (17). The phytochemicals alkaloids, flavonoids, 
tannins, steroids, terpenes, carbohydrates, saponins, 
phenols, reducing sugars, and cardiac glycosides are 
contained in the plant Ludwigia perennis (18). There is 
no much information on this plant's antidepressant 
properties at the moment. Therefore, the main objective 
of this study was to determine the antidepressant 
activity of the chloroform leaf extract of the Ludwigia 
perennis plant. 

Materials and Methods 
Plant materials 

Ludwigia perennis was collected from a marshy 
area close to the village of Nandipulam in the Thrissur 
district of Kerala, India, and was identified at the Durva 
Herbal Centre in Pammal, Chennai (Voucher specimen 
number SK 3564). 

Extract Preparation 
After cutting off sections of Ludwigia perennis 

leaves, they were thoroughly cleaned under running 
water to remove any leftover dirt. The components were 
air-dried in the shade after being cleaned with distilled 
water. All moisture was removed from the dry leaf 
fragments before they were ground into a coarse 
powder in a home grinder. The powder was extracted 
using chloroform utilizing Soxhlet apparatus (19). 

Antidepressant activity 
Animals 

For the investigation, Wistar albino rats weighing 
between 180 and 200 grams of either sex were 
employed. The animals were acquired from the Sri 
Lakshmi Narayana Institute of Medical Sciences animal 
house in Osudu, Pondicherry. The animals were housed 
in polypropylene cages with bedding made of rice husk 
and randomly assigned to treatment groups. The 
animals were housed in cages with six animals per 
group under conventional environmental conditions that 
included a 12-hour light/dark cycle, a temperature of 27 
± 2ºC, and a relative humidity of 30–70%.All of the 
animals were given commercial pelleted rat chaw (M/s. 
Hindustan Lever Ltd., Mumbai) and had unrestricted 
access to water. The Institutional Animal Ethics 
Committee (938/Po/Pe/S/06/CPCSEA) evaluated the 
study's use of animals and experimental methodologies 
and found that everything followed the institution's 
ethical principles (Proposal Number: SLIMS/06/IAEC/
2022-23). 

Groupings and Dosage Schedule 
Four groups of six rats each were randomly 

selected from the study's sample of rats. Group I, acting 
as the vehicle control, was given an oral dose of 10 ml 
per kg of normal saline. Groups II were served as 
reference controls, administered with 20  mg/kg of 
fluoxetine as an antidepressant drug. Groups III and IV 
were served as test controls, administered with 20 and 
30 mg/kg of chloroform leaf extract of Ludwigia 
perennis, respectively. All test drugs were administered 
only once per day via gastric intubation for 7 
consecutive days. The animals were subjected to forced 
swim and tail suspension tests 1 hour after the last drug 
treatment. 

Forced Swimming Test 
The forced swimming test was based on this 

method (20). The rats were forced to swim individually 
in a glass cylinder (20  cm × 14  cm) containing fresh 
water up to a height of 10 cm at 25 ± 1°C. The rats were 
individually forced to swim for a period of 6 minutes, 
and the total duration of immobility was recorded 
during the last 4  minutes. Rats were considered 
immobile when they floated in the water without 
struggling and made only those movements necessary to 
keep their heads above the water. 

Tail Suspension Test 
The tail suspension test was conducted (21). The 

rats were suspended on the edge of the table, 50 cm 
above the floor, with the help of adhesive tape placed 
approximately 1 cm from the tip of the tail. The total 
duration of immobility induced by tail suspension was 
recorded during the last 4 minutes of the 6-minute 
period. An animal was considered immobile when it did 
not show any movement of the body, hung passively, or 
was completely motionless. 

Statistical Analysis 
The data were presented as Mean ± S.E.M., and 

the one-way ANOVA was used to analyze the results 
before Dunnett's "t" test was used statistically. When 
P<0.05 was reached, differences between groups were 
deemed statistically significant. 

GCMS analysis 
Triple-axis detector model 7890 A GC for the 

apparatus Column: 5MS Database 30 meters long, 
0.250 mm wide, and 0.25 µm thick. Using a split ratio 
of 5:1, 2 L of the material was injected for examination. 
99.9995 percent helium made up the carrier gas, which 
flowed at a rate of 1 mL/min. An ionization energy of 
70 eV was used while working in the electron impact 
(EI) mode. Temperature control was kept constant at 
280 °C for the injector. 

Softwares Used 
The RCSB Protein Data Bank and PubChem 

provided the structures of the phytochemicals 
discovered during the GC-MS investigation. Using 
Swiss ADME, Protox 2, and PASS, the obtained 
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structures' physical, chemical, biological, and 
pharmacological properties were examined. 

Molecular Docking Studies 
Protein structure 

Following an extensive search of the literature 
and database analysis, since monoamine oxidase A 
(MAO-A) controls the levels of the three primary 
monoamines in the brain—serotonin, norepinephrine, 
and dopamine—it makes sense to look into this enzyme 
in relation to depression (22).The structure details were 
downloaded from RCSB's Protein Data Bank (PDB) 
(https://www.rcsb.org). Docking investigations were 
carried out using the crystal structures of the 
monoamine oxidase A protein 2z5y (23). The protein 
synthesis process made use of Biovia Studio Visualizer. 
Following a hierarchical examination of the protein 
structure, ligands and water molecules were eliminated. 
The raw protein crystal structure was the aim of the 
docking investigations. 

Ligand structure 
The NIST (Mass Spectrometry Database), 

IMPPAT (Indian Medicinal Plants and Phytochemistry 
Database), and ChEMBL were consulted for ligand 
structures that were not found in PubChem (24),(25),
(26). To decrease the energy of the ligand, the Open 
Babel tool's conjugate gradients method and force field 
were utilized (27). 

Docking 
Molecular docking is an efficient computational 

technique that is commonly used to forecast the 
affinities and binding modalities of molecular 
recognition events in silico (28). Molecular docking 
was utilized to ascertain the most likely mode of action 
of a few selected ligand molecules for the monoamine 
oxidase-A enzyme. PyRx software, which makes use of 
enhanced Autodock Vina capabilities, was utilized for 
flexible docking. Upon identifying the protein's active 
site, the PyRx program was used to generate a second 
receptor grid (29). The target protein atoms' distances 
from the ligand and the grid center are listed in Table 2. 
The target protein in the docking studies was 2z5y. The 
docked conformations were obtained in PDB format for 
further investigation. BIOVIA Discovery Studio was 
used to meticulously visualize and compare the docking 
positions of ligands with target proteins (30). The 
docking energy of the receptor and the ligand, 
sometimes referred to as the dock score interaction, is 
minimized when a molecule attaches to a protein (31). 

In-Silico ADME Study 
Lipinski's rule of five was followed in evaluating 

the best docked compounds utilizing Swiss ADME for 
their ADME properties (32),(33). A compound is 
considered to possess drug-like properties if it satisfies 
Lipinski's criteria. The first five requirements are molar 
refractivity 40 and less than 130, lipophilicity 5, number 
of hydrogen bond donors 5, number of hydrogen bond 
acceptors 10, and MW 500. Those who fit the Lipinski 
criteria become excellent drug candidates (34). 

In-Silico Toxicity Prediction Study 
ProTox-II was used to forecast the compounds' 

LD50 and level of toxicity (35). 

In-Silico PASS Prediction Study 
An online software called Prediction of Activity 

Spectra for Substances (PASS) is used to evaluate the 
probable bioactivities of compounds that have the 
strongest supporting data. PASS estimates a molecule's 
potential bioactivities up to 3750 times using a chemical 
structural analysis (36). With Pa and Pi values ranging 
from 0.000 to 1.000, the researchers referred to the 
results as "probable activity" (Pa) and "probable 
inactivity" (Pi). To determine a substance's bioactivity, 
the Pa > Pi and Pa > 0.700 criteria were employed (37). 

Results and Discussion 
Antidepressant activity 

As shown in Table 1 and Figure 1a,1b shows the 
effects of the chloroform leaf extract of Ludwigia 
perennis on the duration of immobility in the forced 
swim test and tail suspension test for antidepressant 
activity. In the forced swim test, the immobility time in 
the control group was 125.35±8.77 sec, but the 
reference control fluoxetine (20 mg/kg) and chloroform 
leaf extract (20 mg/kg) both significantly (P<0.001) 
reduced immobility. The times were 31.26±1.76 and 
38.49±2.04 seconds, respectively. Chloroform leaf 
extract (30 mg/kg) also significantly (P<0.001) 
decreased the immobility time to 35.55±2.95, indicating 
that chloroform leaf extract has fluxoteine-like activity. 
In the tail suspension test, the immobility time in the 
control group was 106.22±5.35 seconds, whereas the 
reference control fluoxetine (20 mg/kg) and chloroform 
leaf extract (20 mg/kg) significantly (P<0.001) reduced 
the immobility time to 25.54±1.08 and 30.23±1.73 
seconds, respectively. The immobility time of 
chloroform leaf extract (30 mg/kg) was also 
significantly (P<0.001) reduced to 26.72±2.26. All the 
above facts indicate that the chloroform leaf extract has 
similar anti-depression activity to the control drug, 
fluoxetine 
  

Table 1: Effect of chloroform leaf extract of 
Ludwigia perennis on immobility time in forced swim 

test and tail suspension test. 

Values are in mean±SEM (n=6); *P˂0.05, 
**P˂0.01 and ***P˂0.001 Vs Vehicle Control. 

Group
s Drug Treatment

Forced Swim 
Test 

Immobility 
Time (Secs)

Tail 
Suspension 

Test 
Immobility 
Time (Secs)

1 Vehicle Control 
Saline (10ml/kg) 125.35 ±8.77 106.22 ±5.35

II
Reference Control 
Fluoxetine (20mg/

kg)
31.26 

±1.76***
25.54 

±1.08***

III Leaf extract (20mg/
kg)

38.49 
±2.04***

30.23 
±1.73***

IV Leaf extract (30mg/
kg)

35.55 
±2.95***

26.72 
±2.26***
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Figure 1a and 1b: Effect of isolated Chloroform leaf extract on immobility time in forced swim test and tail suspension test 

 
GCMS analysis 

The GC-MS findings showed that Ludwigia perennis chloroform leaf extract included thirty bioactive 
components. The substances were identified using the chemical formula, retention time (RT), and peak area. Table 2 
and Figure 2 display the active principle along with its MW, percentage peak area, RT, and chemical formula. 
  

Table 2: GC-MS profile of chloroform leaf extract of Ludwigia perennis 

  

S. No. RT Compound Name Molecular 
formula

Molecular 
weight

Peak 
Area %

1 25.012 Phenol, 2,4-bis(1,1-dimethylethyl)- C14H22O 206 1.874%
2 26.601 1-Hexadecene C16H32 224 0.787%
3 30.636 1-Nonadecene C19H38 266 1.012%
4 31.349 1-Hexadecanol, 3,7,11,15-tetramethyl C20H42O 298 0.578%
5 31.494 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 296 23.175%
6 31.596 2-Hexadecene, 3,7,11,15-tetramethyl-, [R-[R*,R*-(E)]]- C20H40 280 1.626%
7 31.970 Phthalic acid, isobutyl octadecyl ester C30H50O4 474 7.729%
8 31.970 1,4-Eicosadiene C20H38 278 6.734%
9 32.420 1-Hexadecanol C16H34O 242 1.673%
10 32.879 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione C17H24O3 276 2.497%
11 33.218 Pentadecanoic acid, 14-methyl-, methyl ester C17H34O2 270 0.647%
12 33.813 Dibutyl phthalate C16H22O4 278 2.945%
13 34.144 Phthalic acid, butyl 2-pentyl ester C17H24O4 292 0.647%
14 34.535 1-Nonadecene C19H38 266 0.709%
15 34.807 2,5-di-tert-Butyl-1,4-benzoquinone C14H20O2 220 0.616%
16 35.708 Hexanoic acid, 2-ethyl-, anhydride C16H30O3 270 13.498%
17 36.268 17-Pentatriacontene C35H70 490 0.568%
18 36.362 9,12-Octadecadienoic acid, methyl ester, (E,E)- C19H34O2 294 0.673%
19 36.472 9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl ester, (Z,Z,Z)- C21H36O4 352 0.820%
20 36.693 Phytol C20HZ40O 296 8.893%
21 38.188 1-Hexacosanol C26H54O 382 0.593%

22 40.796 8-Ethoxy-4,5-dihydro-1-[(4-isopropylphenyl)imino]-4,4-
dimethyl-1H-[1,2]dithiolo[3,4-c]quinoline C23H26N2OS2 410 2.418%

23 43.710 1,2-Benzenedicarboxylic acid, diisooctyl ester C24H38O4 390 2.456%
24 47.864 Squalene C30H50 410 2.190%
25 48.501 γ-Sitosterol C29H50O 414 1.279%
26 50.005 Trilinolein C57H98O6 878 0.779%
27 53.429 Vitamin E C29H50O2 430 2.514%
28 55.043 Ergosterol C28H44O 396 5.025%
29 55.689 Campesterol C28H48O 400 2.298%
30 56.394 Stigmasterol C29H48O 412 2.747%
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Figure 2: Chromatogram (GC-MS) of chloroform 
leaf extract of Ludwigia perennis L. 

 

Molecular Docking 
The protein's docking potential was examined 

using PyRx and Auto Dock Vina, a virtual screening 
tool. Out of the 30 phytochemical compounds initially 
screened, only six ligands—γ-Sitosterol, Stigmasterol, 
Ergosterol, Dibutyl phthalate, Campesterol, and 7,9-Di-
tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione—
were selected for molecular docking studies with the 

target protein Monoamine Oxidase A (PDB ID: 2z5y). 
These compounds were chosen based on their superior 
docking scores and predicted binding affinities, 
indicating their potential as effective inhibitors in 
comparison to the others evaluated. Grid center and 
dimensions between ligand and target protein atoms is 
shown in Table 3.The binding energy (in kcal/mol) 
ascertained by molecular docking is shown in Table 4. 
The protein-ligand interaction molecule demonstrates 
that, after inhibitory ligand docking, the active sites of 
the docked ligands are located in the proper protein 
active sites (Figure 3-8). The protein that causes 
depression and the kind of interaction that takes place 
between a protein and a ligand are the main subjects of 
these studies on protein-ligand interactions, which are 
included in Table 4. Although the residues that stabilize 
proteins and those that cause major conformational 
changes in proteins are not fully understood, this 
information contributes to the unraveling of this puzzle 
(38). Table 4 presents the docked complexes binding 
affinities, interacting residues, and interaction types.  

Table 3: Grid center and dimensions between ligand and target protein atoms 

  
Table 4: Protein-ligand Docked complex and their binding affinity generated through molecular docking 

method, Interacting residues and interaction type 

Protein Structure Grid center Dimensions (Angstrom)
X Y Z X Y Z

2z5y -32.71 -23.57 -10.45 117.93 83.42 84.69

Protein-Ligand 
Complex Name

Binding affinity 
(kal/mol) Interacting residues Interaction type

2z5y_ γ-Sitosterol -8.5

ILE A:19, GLY A:20, GLY A:21, LEU A:42, GLU A: 
43, ALA A:44, HIS A:242, PRO A:243, VAL A:244, 

THR A:245, LEU A:259, ILE A:273, PRO A:274, LEU 
A:277, LYS A:280, ILE A:281, HIS A:282, TYR A:402

Van der Waals, Alkyl, Pi-
Alkyl

2z5y_ Stigmasterol -8.2
PHE A:108, ARG A:109,  ALA A:110, PRO A:114, 
VAL A:115, TRP A:116, PRO A: 118, TYR A:121, 

LEU A:122, LEU A:495
Van der Waals, Pi-Sigma, 

Alkyl, Pi-Alkyl

2z5y_ Ergosterol -8.2
PRO A:114, VAL A:115, TRP A:116, PRO A:118, 
TYR A:121, LEU A:122, TRP A:491, LEU A:495, 

PRO A:496, LEU A:501
Van der Waals, Alkyl, Pi-

Alkyl

2z5y_ Dibutyl phthalate -8.0

VAL A:65, GLY A:66, GLY A:67, ALA A:68, TYR 
A:69, ILE A:180, GLN A:215, VAL A:303, LYS 

A:305, ILE A:335, LEU A:337, MET A:350, PHE 
A:352, TRP A:397, CYS A:406, TYR A:407, GLY 

A:443, TYR A:444

Van der Waals, 
Conventional Hydrogen 
Bond, Carbon-Hydrogen 

Bond, Pi-Pi stacked, Alkyl, 
Pi-Alkyl

2z5y_ Campesterol -7.8 ALA A:110, PHE A:112, PRO A:114, VAL A:115, TRP 
A:116, PRO A:118, TYR A: 121, LEU A:122, LEU A: 495

Van der Waals, Alkyl, Pi-
Sigma, Pi-Alkyl

2z5y_7,9-Di-tert-butyl-1-
oxaspiro(4,5)deca-6,9-

diene-2,8-dione
-7.4

ALA A:110, ALA A:111,PHE A:112, PRO 
A:114,TYR A:121,TYR A:124, TRP A:128, THR 

A:204, THR A:205, HIS A: 488, GLU A:492

Van der Waals, 
Conventional Hydrogen 

Bond

Figure 3: 2z5y_ γ-
Sitosterol 

Figure 4: 2z5y_ 
Stigmasterol 

Figure 5: 2z5y_ 
Ergosterol

Figure 6: 2z5y_ 
Dibutyl phthalate 

Figure 7: 2z5y_ 
Campesterol 

Figure 8: 2z5y_7,9-
Di-tert-butyl-1-

oxaspiro(4,5)deca-
6,9-diene-2,8-dione 
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ADME analysis 
Using the web application SwissADME, the 

ADME characteristics of the best-docked compounds 
were examined in order to learn more about their 
pharmacokinetics, drug-likeness, and physiochemical 
characteristics (Table 5). According to Lipinski’s rule of 
five, all the compounds except dibutyl phthalate, 7,9-di-
tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione 
violated the rules of lipophilicity, and compounds γ-
Sitosterol and stigmasterol violated the rule of 
molecular refractivity. Conversely, Lipinski's 
requirements were met by dibutyl phthalate, 7,9-di-tert-
butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione, and 
these substances are thought to have the best possible 
drug-like character. Compounds γ-Sitosterol and 

stigmasterol break multiple rules. The remaining 
compounds do not violate more than one rule. 

Drugs that break two or more of these rules are 
regarded as non-orally accessible drugs. But in this 
study, all the compounds except γ-Sitosterol and 
stigmasterol reported 0 or 1 violations that suggested 
these are bioavailable or orally available drugs. Apart 
from the two docked compounds mentioned above, the 
remaining four docked compounds have orally active 
drug-like properties according to the Lipinski rule. 
Compounds with lower molecular weight, hydrogen 
bond capacity, and lipophilicity are said to have higher 
permeabi l i ty, bet ter absorpt ion, and higher 
bioavailability (39), (40). This analysis does not, 
however, determine if a chemical has a specific 
pharmacological action. 

Table 5: ADME property prediction for the best docked compounds 

1Molecular weight (acceptable range: <500). 2HB, Hydrogen bond acceptor (acceptable range: ≤10). 3HB, Hydrogen 
bond donor (acceptable range: ≤5). 4Lipophilicity (expressed as Log Po/w, acceptable range: <5). 5Molar refractivity 
should be between 40 and 130. 6Rule of five: Number of violations of Lipinski’s rule of five; recommended range: 0–4. 

  
Toxicity prediction 

One crucial element in the drug discovery process is the assessment of toxicity. Table 6 displays the findings of 
Protox-II's analysis of the ligands' hazardous characteristics. The server has classified the results into six classes using 
Protox-II, a free in silico toxicity predictor that estimates the lethal dose 50 (LD50) value in mg/kg body weight. The 
level of a substance at which 50% or half of the test population will perish is known as the lethal dosage (LD50) (41). 
Protox-II indicates that compounds in Classes 5 and 6 are generally safe for consumption and non-toxic; in particular, 
Class 6 is designated as the safest non-toxic class of compounds for oral consumption due to its compounds LD50 
value above 5000 mg/kg. Dibutyl phthalate is regarded as harmless and is classified as class 5 of the Protox 
classification with an LD50 value of 3474 mg/kg. Since the ligands cleared every toxicity filter, they may be 
employed as possible antidepressants. 

Table 6: Toxicity prediction of best-docked compounds by ProTox-II 

aProTox (http://tox.charite.de/protox_II) Class 1: deadly if consumed (LD50 ≤ 5); Class 2: deadly if consumed (5 < 
LD50 ≤ 50); Class 3: lethal if consumed (50 < LD50 ≤ 300); Class 4: harmful if consumed (300 < LD50 ≤ 2000); 
Class 5: maybe harmful if consumed (2000 < LD50 ≤ 5000); Class 6: non-lethal (LD50 > 5000) 

Biological Activity Prediction 
An online technique that uses structural features to predict bioactivity Prediction of Activity Spectra for 

Substances was used to evaluate the likely biological activity (PASS) of the best-docked compounds. Table 7 shows 
Five biological activities were assessed for each compound using the parameters Pa > Pi and Pa > 7. The results 
revealed several notable activities with Pa > 0.9, suggesting a larger potential for the species. 

Compound Molecular 
Weight1

HB 
Acceptor2

HB 
Donor3 Lipophilicity4 Molar 

Refractivity5
Rule of 
Five6

γ-Sitosterol 414 1 1 7.19 133.23 1
Stigmasterol 412 1 1 6.97 132.75 1
Ergosterol 396 1 1 6.49 127.47 1

Dibutyl phthalate 278 4 0 3.69 77.84 0
Campesterol 400 1 1 6.90 128.42 1

7,9-Di-tert-butyl-1-
oxaspiro(4,5)deca-6,9-

diene-2,8-dione
276 3 0 3.40 79.66 0

Compound Predicted LD50, mg/kga Predicted Toxicity Classa Predicted Toxicity
γ-Sitosterol 890 4 Immunotoxicity
Stigmasterol 890 4 Immunotoxicity
Ergosterol 10 2 Immunotoxicity

Dibutyl phthalate 3474 5 Carcinogenicity
Campesterol 890 4 Immunotoxicity

7,9-Di-tert-butyl-1-
oxaspiro(4,5)deca-6,9-diene-2,8-

dione
900 4 Inactive

460

http://ijam.co.in





https://doi.org/10.47552/ijam.v16i2.5758 

International Journal of Ayurvedic Medicine, Vol 16 (2), 2025; 455-463

  
ISSN No: 0976-5921

Table 7: Prediction of biological activity of best-docked compounds 

Conclusion 
The results of this investigation indicate that 

Ludwigia perennis leaf extract in chloroform has 
considerable potential for use in natural medicine. This 
study discovered that the extract has a high 
concentration of bioactive phytochemicals with 
antidepressant properties. Six compounds of particular 
interest that have been identified in this experiment are 
γ-Sitosterol, Stigmasterol, Ergosterol, Dibutylphthalate, 
C a m p e s t e r o l , a n d 7 , 9 - D i - t e r t - b u t y l - 1 -
oxaspiro(4,5)deca-6,9-diene-2,8-dione, which may have 
the potential to serve as anti-depressive drugs. 
Nevertheless, more thorough research is required to 
evaluate these substances ' effect iveness as 
antidepressants. In conclusion, the chloroform leaf 
extract of Ludwigia perennis has shown significant 
promise as a natural remedy for depression studies. The 
ex t rac t ' s b ioac t ive phy tochemica l s exh ib i t 
antidepressant qualities that may be used to develop 
therapeutic interventions. In order to create safe and 
efficient therapy alternatives for patients, further 
research is required to fully comprehend the therapeutic 
potential of these molecules. 
  

Conflict of Interest  
The authors declared no conflict of interest in the 

manuscript. 

Acknowledgement 
The authors express their gratitude to Sri 

Lakshmi Narayana Institute of Medical Sciences in 
Osudu, Pondicherry, Care Keralam in Thrissur, Kerala, 
and the Department of Biotechnology at Sree Narayana 
Guru College in Coimbatore, Tamil Nadu, India, for 
their support of this study. 

References 
1. Hussain H, Ahmad S, Shah S.W, Ullah A, 

Almehmadi M, Abdulaziz O, et al. Investigation of 
antistress and antidepressant activities of synthetic 
curcumin analogues: Behavioral and biomarker 
approach. Biomedicines. October, 2022; 10(10); 
2385. 

2. Tatar E, Küçükgüzel İ, Daelemans D, Talele T.T, 
Kaushik-Basu N, De Clercq E, et al. Some 
h y d r a z o n e s o f 2 - a r o y l a m i n o - 3 -
methylbutanohydrazide: Synthesis, molecular 
model ing s tud ies , and ident i f ica t ion as 

Compound Pa a Pi b Biological Activity

γ-Sitosterol

965 1 DELTA14-sterol reductase inhibitor
960 2 Antihypercholesterolemic
959 2 Prostaglandin-E2 9-reductase inhibitor
957 1 Cholesterol antagonist
952 2 Alkenylglycerophosphocholine hydrolase inhibitor

Stigmasterol

970 2 Antihypercholesterolemic
965 1 Cholesterol antagonist
933 1 Oxidoreductase inhibitor
915 5 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
913 4 Prostaglandin-E2 9-reductase inhibitor

Ergosterol

951 1 Cholesterol antagonist
926 3 Antihypercholesterolemic
901 6 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
896 4 Caspase 3 stimulant
889 5 Prostaglandin-E2 9-reductase inhibitor

Dibutyl phthalate

939 3 Sugar-phosphatase inhibitor
929 4 Alkenylglycerophosphocholine hydrolase inhibitor
912 3 Pullulanase inhibitor
908 3 Eye irritation, inactive
906 5 Phobic disorders treatment

Campesterol

973 0 DELTA14-sterol reductase inhibitor
962 2 Prostaglandin-E2 9-reductase inhibitor
962 2 Antihypercholesterolemic
955 1 Cholesterol antagonist
955 2 Alkenylglycerophosphocholine hydrolase inhibitor

7,9-Di-tert-butyl-1-
oxaspiro(4,5)deca-6
,9-diene-2,8-dione

883 8 Ubiquinol-cytochrome-c reductase inhibitor
813 30 Aspulvinone dimethylallyltransferase inhibitor
793 27 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
743 38 Mucomembranous protector
705 9 CYP2B5 substrate

aPa = Possibility of activity; b Pi = Possibility of inactivity

461






Published online at https://ijam.co.in 

Syamkumar TS et.al., In-Vivo and In-silico Study of Ludwigia perennis L. Leaf Extract

ISSN No: 0976-5921

stereoselective inhibitors of HIV-1. Arch Pharm 
(Weinheim). February, 2013; 346(2); 140–153. 

3. Asefa K.Z, Bedada T.D, Fufa J.A, Gari F.S, Gelcho 
G.N, Akessa G.M. Predictors of time to first 
symptomatic recovery of major depressive 
disordered patients: a case study at Jimma 
University Medical Center. BMC Psychiatry. 
January, 2023; 23(1); 37. 

4. Daskalopoulou M, George J, Walters K, Osborn 
D.P, Batty G.D, Stogiannis D, et al. Depression as a 
risk factor for the initial presentation of twelve 
cardiac, cerebrovascular, and peripheral arterial 
diseases: data linkage study of 1.9 million women 
and men. PLoS One. April, 2016; 11(4); e0153838. 

5. Arroll B, Chin W.Y, Martis W, Goodyear-Smith F, 
Mount V, Kingsford D, et al. Antidepressants for 
treatment of depression in primary care: a 
systematic review and meta-analysis. J Prim Health 
Care. December, 2016; 8(4); 325–334. 

6. Cipriani A, Furukawa T.A, Salanti G, Chaimani A, 
Atkinson L.Z, Ogawa Y, et al. Comparative efficacy 
and acceptability of 21 antidepressant drugs for the 
acute treatment of adults with major depressive 
disorder: a systematic review and network meta-
analysis. Lancet. April, 2018; 391(10128); 1357–
1366. 

7.  Cipriani A, Salanti G, Furukawa T.A, Egger M, 
Leucht S, Ruhe H.G, et al. Antidepressants might 
work for people with major depression: where do 
we go from here? Lancet Psychiatry. June, 2018; 
5(6); 461–463. 

8. Ramic E, Prasko S, Gavran L, Spahic E. 
Assessment of the antidepressant side effects 
occurrence in patients treated in primary care. 
Mater Sociomed. June, 2020; 32(2); 131–134. 

9. Moragrega I, Ríos J.L. Medicinal plants in the 
treatment of depression: Evidence from preclinical 
studies. Planta Med. September, 2021; 87(9); 656–
685. 

10. Moragrega I, Ríos J.L. Medicinal plants in the 
treatment of depression. II: Evidence from clinical 
trials. Planta Med. December, 2022; 88(12); 1092–
1110. 

11. Kenda M, Kočevar Glavač N, Nagy M, Sollner 
Dolenc M. Medicinal plants used for anxiety, 
depression, or stress treatment: An update. 
Molecules. September, 2022; 27(18); 6021. 

12. Cavalcante e Costa G.F, Nishijo H, Caixeta L.F, 
Aversi-Ferreira T.A. The confrontation between 
ethnopharmacology and pharmacological tests of 
medicinal plants associated with mental and 
neurological disorders. Evid Based Complement 
Alternat Med. 2018; 2018; 7686913. 

13. Ahn K. The worldwide trend of using botanical 
drugs and strategies for developing global drugs. 
BMB Rep. March, 2017; 50(3); 111–116. 

14. Ozioma E.O, Chinwe O.A. Herbal medicines in 
African traditional medicine. Herbal Med. January, 
2019; 10; 191–214. 

15. Dhingra D, Sharma A. A review on antidepressant 
plants. Nat Prod Radiance. 2006; 5(2); 144–152. 

16. Syamkumar T.S, Geethalakshmi S, Augustine A. 
Study of Pharmacological Profile of Chloroform 
Leaf Extract of Ludwigia perennis-A Wetland Plant. 
Eur J Med Plants. August, 2023; 34(8); 58–70. 

17. Martins J, Brijesh S. Phytochemistry and 
pharmacology of anti-depressant medicinal plants: 
A review. Biomed Pharmacother. July, 2018; 104; 
343–365. 

18. Syamkumar T.S, Geethalakshmi S, Anu A. 
Comparative phytochemical analysis of Melochia 
corchorifolia and Ludwigia perennis using different 
solvent extracts. Asian J Res Chem Pharm Sci. 
October, 2022; 10(4); 187–193. 

19. Mahire S.P, Patel S.N. Extraction of phytochemicals 
and study of its antimicrobial and antioxidant 
activity of Helicteres isora L. Clin Phytosci. 
January, 2020; 6(1); 1–6. 

20. Porsolt R.D, Bertin A, Jalfre M.J. Behavioral 
despair in mice: a primary screening test for 
antidepressants. Arch Int Pharmacodyn Ther. April, 
1977; 229(2); 327–336. 

21. Steru L, Chermat R, Thierry B, Simon P. The tail 
suspension test: a new method for screening 
antidepressants in mice. Psychopharmacology. 
September, 1985; 85(3); 367–370. 

22. Shih J.C, Chen K, Ridd M.J. Monoamine oxidase: 
from genes to behavior. Annu Rev Neurosci. March, 
1999; 22(1); 197–217. 

23. Kaur A, Garg S, Shiekh B.A, Singh N, Singh P, 
Bhatti R. In-silico studies and in-vivo MAOA 
inhibitory activity of coumarins isolated from 
Angelica archangelica extract: An approach toward 
antidepressant activity. ACS Omega. June, 2020; 
5(25); 15069–15076. 

24. Vivek-Ananth R.P, Mohanraj K, Sahoo A.K, Samal 
A. IMPPAT 2.0: an enhanced and expanded 
phytochemical atlas of Indian medicinal plants. 
ACS Omega. March, 2023; 8(9); 8827–8845. 

25. Papadatos G, Overington J.P. The ChEMBL 
database: a taster for medicinal chemists. Future 
Med Chem. April, 2014; 6(4); 361–364. 

26. Linstrom P.J, Mallard W.G. The NIST Chemistry 
WebBook: A chemical data resource on the internet. 
J Chem Eng Data. September, 2001; 46(5); 1059–
1063. 

27. Rappé A.K, Casewit C.J, Colwell K.S, Goddard III 
W.A, Skiff W.M. UFF, a full periodic table force 
field for molecular mechanics and molecular 
dynamics simulations. J Am Chem Soc. December, 
1992; 114(25); 10024–10035. 

28. Hasanuddin S, Gozali D, Arba M, Ramadhan D.S, 
Mustarichie R. In-silico prediction of metabolite in 
Petroselinum crispum in inhibiting androgen 
receptor as treatment for alopecia. Res J Pharm 
Technol. March, 2022; 15(3); 1211–1218. 

29. Molla M.H, Asseri A.H, Islam M.S. Integrated 
structure model-based virtual screening approaches 
identified anti-cancer agents against prostate cancer 
by targeting MAOB protein. Egypt J Med Hum 
Genet. March, 2023; 24(1); 51. 

462

http://ijam.co.in





https://doi.org/10.47552/ijam.v16i2.5758 

International Journal of Ayurvedic Medicine, Vol 16 (2), 2025; 455-463

  
ISSN No: 0976-5921

30. Pawar S.S, Rohane S.H. Review on discovery 
studio: An important tool for molecular docking. 
Asian J Res Chem. January, 2021; 14(1); 86–88. 

31. Abdulfatai U, Uzairu A, Uba S. Molecular docking 
and quantitative structure-activity relationship study 
of anticonvulsant activity of aminobenzothiazole 
derivatives. Beni-Suef Univ J Basic Appl Sci. June, 
2018; 7(2); 204–214. 

32. https://www.swissadme.ch/index.php #1 dated 
15-12-2023 time 13:05 IST. 

33. Lipinski C.A, Lombardo F, Dominy B.W, Feeney 
P.J. Experimental and computational approaches to 
estimate solubility and permeability in drug 
discovery and development settings. Adv Drug 
Deliv Rev. March, 1997; 23(1–3); 3–25. 

34. Lipinski C.A. Lead-and drug-like compounds: the 
rule-of-five revolution. Drug Discov Today 
Technol. December, 2004; 1(4); 337–341. 

35. https://tox-new.charite.de/protox_II/ #2 dated 
18-12-2023 time 15:05 IST. 

36. https://www.way2drug.com/PassOnline/index.php # 
3dated 19-12-2023 time 10:15 IST. 

37. Goel R.K, Singh D, Lagunin A, Poroikov V. PASS-
assisted exploration of new therapeutic potential of 
natural products. Med Chem Res. 2011; 20(9); 
1509–1514. 

38. Beg M, Athar F. Pharmacokinetic and molecular 
dock ing s tud ies o f Achyranthes aspera 
phytocompounds to exploring potential anti-
tuberculosis activity. J Bacteriol Mycol Open 
Access. 2020; 8(1); 18–27. 

39. D u ff y F. J , D e v o c e l l e M , S h i e l d s D . C . 
Computational approaches to developing short 
cyclic peptide modulators of protein–protein 
interactions. Computational Peptidology. 2015; 
1(1); 241–71. 

40. Daina A, Michielin O, Zoete V. iLOGP: a simple, 
robust, and efficient description of n-octanol/water 
partition coefficient for drug design using the GB/
SA approach. Journal of Chemical Information and 
Modeling. 2014; 54(12); 3284–301. 

41. Banerjee P, Eckert A.O, Schrey A.K, Preissner R. 
ProTox-II: a webserver for the prediction of toxicity 
of chemicals. Nucleic Acids Research. 2018; 
46(W1); W257–63.  

*****

463

https://www.swissadme.ch/index.php%20#1%20dated%2015-12-2023%20time%2013:05
https://www.swissadme.ch/index.php%20#1%20dated%2015-12-2023%20time%2013:05
https://tox-new.charite.de/protox_II/
https://www.way2drug.com/PassOnline/index.php%20#%203dated%2019-12-2023%20time%2010:15
https://www.way2drug.com/PassOnline/index.php%20#%203dated%2019-12-2023%20time%2010:15

