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Aim: Depression is a chronic recurrent neuropsychiatric disorder associated with inflammation. This study explored the pharmaco-
logical activities of Aerva javanica leaves crude extract (Aj.Cr) on lipopolysaccharide (LPS)-induced depressive-like behavior in 
experimental mice.
Methods: Aj.Cr was evaluated for its phenolic and flavonoid contents, bioactive potential, amino acid profiling and enzyme inhibition 
assays using different analytical techniques followed by in-silico molecular docking was performed. In addition, three ligands 
identified in HPLC analysis and standard galantamine were docked to acetyl cholinesterase (AchE) enzyme to assess the ligand 
interaction along with their binding affinities. In in-vivo analysis, mice were given normal saline (10 mL/kg), imipramine (10 mg/kg) 
and Aj.Cr (100, 300, and 500 mg/kg) orally for 14-consecutive days. On the 14th day, respective treatment was given 30-minutes 
before intra-peritoneal administration of (0.83 mg/kg) LPS. Open field, forced swim and tail suspension tests were performed 24-hours 
after LPS injection, followed by a sucrose preference test 48-hours later. Serum corticosterone levels, as well as levels of nitric oxide 
(NO), malondialdehyde (MDA), glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), tumor necrosis factor-alpha (TNF- 
α), interleukin-1β (IL-1β), interleukin-6 (IL-6), brain-derived neurotrophic factor (BDNF) and catecholamines were determined in 
brain tissues.
Results: In-vitro results revealed that crude extract of Aj.Cr possesses anti-depressant agents with solid antioxidant potential. In-vivo 
analysis showed that LPS significantly increased depressive-like behavior followed by alteration in serum and tissue biomarkers as 
compared to normal control (p < 0.001). While imipramine and Aj.Cr (100, 300, and 500 mg/kg) treated groups significantly (p<0.05) 
improved the depressive-like behavior and biomarkers when compared to the LPS group.
Conclusion: The mitigation of LPS-induced depressive-like behavior by Aj.Cr may be linked to the modulation of oxidative stress, 
neuro-inflammation and catecholamines due to the presence of potent bioactive compounds exerting anti-depressant effects.
Keywords: Aerva javanica, depression, lipopolysaccharide, oxidative stress

Introduction
Depression, a chronic recurrent illness, progressively affects the quality of life, leading towards increased morbidity and 
mortality.1 Based on monoaminergic theory, the depletion of amines (serotonin, nor-adrenaline, and dopamine) among 
brain tissues lead towards pathogenesis of depression.2 The current treatment with anti-depressants focuses on mono-
amine oxidase inhibitors (MAOIs) as the drug of choice to regulate the monoaminergic activity in the CNS to relieve the 
symptoms of depression.3 However, literature archives further emphasize that deterioration of the hippocampal region, 
followed by reduced neurogenesis, is directly correlated to depression. Along with the proven role of the mono-aminergic 
system, there is increasingly high evidence considering the involvement of ongoing inflammatory processes, neurotrophic 
factors and oxidative stress as key factors involved in depression.4 Production of cytokines such as IL-1β, IL-6, and TNF- 
α are initiated in response to tissue injury or psychosocial elements and homeostatic mechanisms that increases their 
levels.5 However, chronic stress exposure disrupts the existing balance of cytokines,6 leading towards activation of the 
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kynurenine pathway; tryptophan, the principal amino acid constituent of serotonin, is depleted, and neuro-modulators 
(serotonergic metabolites) are produced which can modify the dopamine and glutamate control via regulating the 
serotonin receptors.7 Inflammatory mediators strongly affects the cholinergic pathway situated in the basal ganglia and 
anterior cingulated cortex of the brain, ultimately causing a significant modification of motor function, appetite, anxiety, 
emotions and distress.8 Exogenous inflammatory agents such as LPS, a substantial element from the cell wall of 
Escherichia bacteria, effectively induce immune reactions.9 Peripheral systemic single dose of LPS had been shown to 
produce neuro-inflammation by stimulating the adequate generation of inflammatory mediators (IL-1 β, IL-6 and TNF- α) 
and antioxidant enzymes10,11 resulting in cognitive deficits.12 Previously, it was claimed that compounds with significant 
antioxidant capabilities, such as ascorbic acid, beta-carotene, rosmarinic acid and caffeic acid, could have comparable 
anti-depressant effects with fewer adverse effects than regularly prescribed anti-depressants like fluoxetine and 
imipramine.13–16 Furthermore, the therapeutic benefits of newly developed synthetic anti-depressants are also accom-
panied by significant side effects.17 All these factors promote the importance of auxiliary remedies with fewer negative 
impacts. Aerva javanica (Burm.f.) Juss. Ex-Schult. a member of family Amaranthaceae, is a shallow rooted herb with 
dioecious flowers, found in Asia, Africa, America, and also scattered in the different areas of the World with 20-species 
of Genus Aerva are also located in Pakistan and India.18 There have recently been studies of a number of Aerva species 
having antioxidant, analgesic, anti-bacterial, anti-inflammatory and cytoprotective activities. Traditionally, it also exhibits 
anti-hyperglycemic, diuretic, and demulcent potential.19 Polyphenols, terpenoids, flavonoids, and alkaloids have been 
found during the phytochemical analysis. The flowers of A. javanica had generated four novel ecdysteroids, aervecdys-
teroid A-D and three new acylated flavone glycosides. Furthermore, the primary components were heptacosane (3-allyl- 
6-methoxyphenol) and pentacosane from javanica seeds oil.20 Using this background information, we employed 
a experimental model of neuro-inflammation associated depression by intraperitoneal administration of LPS in mice to 
assess the influence of the crude extract of Aj.Cr measuring parallel biochemical alterations during the study.

Materials and Methods
Chemicals
All the substances utilized during the entire research were of analytical quality. CAT, GSH, MDA, SOD enzyme assay 
kits, and TNF-α ELISA kits from (Elabsciences Biotechnology, USA) were purchased. In addition, IL-1β (ELISA kit, 
Bioassay Technology Laboratory), IL-6 (ELISA kit, International Immuno-Diagnostics, USA), LPS harvested from 
Escherichia coli, strain 055:B5 (Sigma Aldrich, USA), reference standards applied for the determination of serotonin, 
dopamine, nor-epinephrine (Sigma Aldrich, Purity >99%), imipramine hydrochloride (Sigma Aldrich Corp., St. Louis, 
MO), xylazine (Prix Pharmaceuticals, Pakistan) and ketamine (Global Pharmaceuticals, Pakistan) were bought and 
consumed throughout the experimental protocol.

Collection of Plant Material
The leaves of A. javanica were taken from the local market of Bahawalpur, followed by identification from an authentic 
Botanist, Department of Botany, the Islamia University of Bahawalpur. Finally, a sample of leaves was subjected for 
shade drying and submitted to the herbarium section of the Pharmacology laboratory with voucher number (AJ-LE-06- 
14-79) for future reference.

Crude Extract Preparation
The coarse powder of crisped leaves of A. javanica weighing 1000 grams was dipped into methanol and water mixture 
having ratio (70:30) for 72-hours, followed by filtrate collection. This marc obtained after first soaking was processed 
through further filtrations repeating the procedure mentioned earlier. Then, the filtrate achieved was subjected to the 
process of evaporation using Heidolph Rotary Evaporator at 37°C until a thick, dense paste of crude extract was 
obtained.21 The crude extract of leaves of A. javanica (Aj.Cr) was weighed to establish the % age yield:
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Phytochemical Analysis
Preliminary Phytochemical Screening
Methanolic crude extract of Aj.Cr was extensively analyzed to confirm the existence of primary as well as secondary 
phytoconstituents such as alkaloids, saponins, flavonoids, anthraquinones, coumarins, glycosides, tannins, and terpenes 
by following the previously described protocols.22

Quantification of Total Phenolic and Flavonoid Contents
Using standard calibration curve method plotted against gallic acid employed as a reference standard, the total phenolic 
contents of Aj.Cr extract was approximated using the previously described Folin-Ciocalteu reagent method with slight 
adjustments.23 Aliquots of test samples (250 μL) of soluble extract solutions were vigorously fused with reagent 
(1.25mL). About 1.5 mL of sodium carbonate (Na2CO3) solution (7.5%) was added to the mixture after 5-minutes 
following 2-hours of incubation at room temperature and absorbance at a wavelength of 765 nm were measured. In terms 
of gallic acid equivalent per gram of dry crude extract, the total phenolic contents were represented as mg GAE/g. The 
colorimetric aluminum chloride assay procedure determined the total flavonoid concentrations of the Aj.Cr extract. Each 
diluted sample received 1.5 mL (2%) of aluminum chloride (AlCl3), which was added, vortexed, and incubated for the 
following 60-minutes at room temperature. A spectrophotometer (Biolab-310, Biolab Scientific Ltd. Canada) set at 415 
nm was used to measure the absorbance. A calibration curve was drawn employing quercetin as a reference standard. The 
amount of quercetin equivalent per gram of dry extract was used to express the total flavonoid contents (mg QE/g).24

Phenolic Acid and Flavonoid Identification and Quantification by HPLC
The device is composed of a detector (SPD-10AV), column C18 (25 cm × 4.6 mm, 5.0 μM), oven, and SIL −20A auto 
sampler (Shimadzu Scientific Instruments, Japan). It was employed to calculate the amounts of bioactive components in 
the crude extract of Aj.Cr. Approximately 0.1g of crude extract was re-dissolved in 1mL of methanol, and 10μL of the 
mixture was fed into the HPLC apparatus. The acetic acid 1% (v/v) in water marked as (solvent A) and ethanol (solvent 
B) was employed during the analytical procedure for the linear gradient system. Starting with (15%) for first 15-minutes, 
(45%) for 15 to 30-minutes and (100%) for 30 to 45-minutes made up the gradient elution. The absorbance was measured 
at 280 nm, and the flow rate was adjusted to 1 mL per minute. The analyte peaks were achieved by comparing the 
retention periods and UV-spectra of the analyte peaks to those of the reference standards.25 The concentration of phenolic 
acids and flavonoid contents were calculated using a calibration graph of mass concentration vs peak area. The 
correlation co-efficient (R2) for each standard curve and the regression equation of the standard for phenolic acids and 
flavonoids were determined using the MS Excel 2013 program.26,27 The following equation was employed to calculate 
the concentrations of polyphenols:

is = internal reference standard and sc = separated polyphenols.

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
GC-MS Agilent, Model 7890-B (Santa Clara, CA, USA) coupled with Mass-Hunter acquisition as the software was used 
to evaluate an extract of Aj.Cr. An ultra-inert capillary system, non-polar column (HP-5MS), and varied ratios of a film 
with specifications of 30 mm × 0.25 mm ID × 0.25 m constitutes the instrument. Helium was employed as a carrier gas at 
a flow rate of 1 mL/minute, while the oven temperature was adjusted at 50°C for 5-minutes which was gradually 
increased to 250°C at the rate of 100°C/minute later, and eventually to 3000 °C for 10-minutes at a rate of 70°C/minute. 
The metabolites in the Aj.Cr sample were identified by the library of National Institute of Standards and Technology 
(NIST).28
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Amino Acid Analysis
Aj.Cr crude extract (100 mg) was fused with 1 mL of buffer-1 solution provided by the manufacturer and vortexed for 
5-minutes. A volume of (20µL) from the sample vial was picked by an auto-sampler of Biochrom 30+ amino acid 
analyzer (USA) to evaluate the free amino acids profile among the given sample. 5-buffer lithium-based system 
(Manufacturer Specific) was incorporated as a solvent following reaction time at 135°C following duration of 2-hours.29

In vitro Biological Assays
Antioxidant Assays
The ability of the methanolic extract of Aj.Cr to reduce and scavenge free radicals was examined using antioxidant 
assays. In antioxidant experiments, Trolox was used as a reference standard. In DPPH, ABTS, and FRAP experiments, 
the free radical scavenging and reduction potential activities were shown as mg TE/gram (milligrams of Trolox 
equivalents per gram of crude extract). All the trials were performed in triplicate and the results were averaged.

DPPH Free Radical Neutralizing Assay
About 4 mL of a (0.004%) methanolic solution of DPPH (1,1-diphenyl-2-picrylhydrazyl) was combined with 1 mL of the 
crude extract solution of Aj.Cr (1 mg/mL). The mixture solution was vortexed following incubation at room temperature 
for 30-minutes. After adjusting wavelength at 517 nm, absorbance was measured spectrophotometrically. A blank sample 
was made and examined in accordance with earlier techniques.30

ABTS Assay
To assess the free radical scavenging potential of Aj.Cr, the ABTS (2, 20-azino-bis (3-ethyl-benzo-thiazoline) 6-sulfonic 
acid) radical cation de-colorization experiment was conducted. In a nutshell, (7 mM) ABTS in water was reacted with 
(2.45 mM) potassium per-sulfate in a ratio of (1:1) to produce the ABTS+ cation radical, which was then allowed to 
settle at room temperature for 12–16 hours in the dark before being utilized. Methanol was employed to dilute the ABTS 
solution to an absorbance of 0.7 (±0.02) at 734 nm. After mixing the sample solution (1 mg/mL; 1 mL) and ABTS 
solution (2 mL) for 30-minutes at room temperature, sample absorbance was measured at the same wavelength 
mentioned earlier. A blank sample was also employed for the calculation of absorbance and appropriate comparison.31

FRAP Assay
The main focus of the ferric reducing antioxidant power (FRAP) protocol was the production of the blue-colored Fe2+- 
tripyridyltriazine complex as a result of the presence of electron-donating phytoconstituents available in Aj.Cr at a low 
pH. Acetate buffer (0.3 M:pH=3.6), 2,4,6-tris(2-pyridyl)-S-triazine (TPTZ) (10 mM) dissolved in 40 mM HCl, and ferric 
chloride (20 mM) were combined to create the FRAP reagent (2 mL), and the mixture was then incubated for 30-minutes 
at room temperature. At 593 nm, the sample absorbance was calculated. Milligrams of Trolox equivalents per gram of 
crude extract (mg TE/g extract) were used to measure FRAP activity. According to the prescribed protocol, a blank 
sample without extract was also employed and assessed for comparison.32

Enzyme Inhibition Assay
About 50 µL extract sample (1 mg/mL) combined with 125µL DTNB (5,5-dithio-bis(2-nitrobenzoic acid)) and (25 µL) 
of acetyl cholinesterase (AchE) solution already dissolved in Tris-HCl buffer (pH=8) were placed in a 96-well microplate 
and incubated for 15-minutes at 25°C to assess the AchE inhibition. After adding (25µL) of a substrate, either butyryl 
thiocholine chloride or acetyl thiocholine iodide, the mixture was incubated for 15-minutes. Following the wavelength of 
405 nm, the final absorbance of the sample was assessed. During the protocol, galantamine was employed as a reference 
standard and inhibition of AchE was measured in milligrams of galantamine equivalent per gram of crude extract of Aj. 
Cr (mg GALAE/g extract).33
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In silico Molecular Docking Studies
The conformational interaction between the chemical and enzymatic entity was investigated by computer-aided mole-
cular modeling. The 3D structure of ligand molecules was downloaded from the drug database. AchE crystal structures 
can be downloaded from the RCSB-PDB protein data bank at http://www.rcsb.org/pdb. Using Open Babel 2.4.1, the 
structure file (in XML and PDB format) was translated to PDBQT format. The server Auto Dock Vina was used to obtain 
the necessary hydrogen atoms. For blind docking, auto grid software and related grid data were utilized. All three 
parameters starting location, orientation, and torsion were randomized. The conformer stability and energy was then 
decreased before docking to provide the conformer with the lowest energy. A recent study found that Vander Waals 
interactions, ionic interactions, and hydrogen bonds account for most protein-ligand binds. So, utilizing Biovia/Discovery 
Studio 2021, they were mainly targeted in this entire protocol.34

In vivo Studies
Animal Handling
Swiss albino male mice (n=60) weighing (25–30g) were used throughout the experimental protocol. Mice were 
acclimatized for at least a week in the animal house of research laboratory of Department of Pharmacology, Faculty 
of Pharmacy, the Islamia University of Bahawalpur. All the animals were kept in polycarbonate cages and given regular 
feed with free water access. The standard housing conditions for all the animals were temperature (23 ± 2°C), humidity > 
66%, and an alternate 12 hour light/dark cycle, respectively.

Animal Model
All the animals were divided into 6-experimental groups (n=10) for the entire study protocol as shown in Table 1. All the 
assigned groups were given their respective treatments orally for 14-days as a part of pre-treatment paradigm. Then, LPS 
(0.83 mg/kg) was intraperitoneally administered to all groups on the 14th day except for the normal control following 30- 
minutes after the complementary therapy.35 Analysis of the mice behavior and biochemical markers were assessed 
following 24–hours of LPS administration. The approval for animal protocol was given by the Pharmacy Animal Ethics 
Committee with approval number (PAEC/20/10) from the department of Pharmacology, Faculty of Pharmacy; the Islamia 

Table 1 Study Design Showing Diet and Treatment Plan for Various Groups

Groups Diet and Treatment Plan

Control (Negative control) Commercial chow normal diet (CMD) for 14 days 

N/S (10 mL/kg) for 14 days

LPS group (Positive control) CMD for 14 days 

N/S (10 mL/kg) p.o for 14 days 

LPS (0.83 mg/kg) at 14th Day

100 mg/kg group (Treatment 1) CMD for 14 days 
Aj.Cr (100 mg/kg) p.o for 14 days 

LPS (0.83 mg/kg) i.p at 14th Day

300 mg/kg group (Treatment 2) CMD for 14 days 

Aj.Cr (300 mg/kg) p.o for 14 days 

LPS (0.83 mg/kg) i.p at 14th Day

500 mg/kg group (Treatment 3) CMD for 14 days 

Aj.Cr (500 mg/kg) p.o for 14 days 
LPS (0.83 mg/kg) i.p at 14th Day

Imipramine group (Reference treatment) CMD for 14 days 
Imipramine (10 mg/kg) p.o for 14 days 

LPS (0.83 mg/kg) i.p at 14th Day
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University of Bahawalpur. The Care and Use of Laboratory Animals Guide were also consulted and followed strictly for 
the implementation of every step of this experimental design.

Acute Toxicity Study
Following the recommendations of Organization for Economic Co-operation and Development (OECD), an acute 
toxicity analysis was designed with five mice in each group were placed in the control and test groups. Following a 12- 
hour fasting, the methanolic extract of Aj.Cr was given orally to several groups with graded doses (300, 1000, and 
3000 mg/kg). On the first day, all animals were monitored for an hour and continuously observed for the next 14-days. 
The mortality and behavioral alterations of every experimental animal were tracked. The parameters such as alertness, 
convulsions, grooming, lacrimation, hyperactivity, sweating, touch response, urination, gripping strength, writhing reflex 
and corneal reflex were noted at a regular time interval of 0th, 1st, 2nd, 3rd, 4th, 6th, 12th, 24th, 48-hours and at 3rd, 5th, 
7th, and 14th days, respectively.36

Behavioral Assays
Behavioral assays mainly constituted the initial experimental procedure. Then, using distinct batches of mice to prevent 
interference, open field, forced swim, tail suspension and sucrose preference tests were conducted to assess the 
behavioral changes among several animal groups before and following treatments.

Open Field Test
The open field test was performed to determine whether the methanolic extract of Aj.Cr affects the locomotor activity in 
mice. Locomotor activity was tracked for 5-minutes by observing the number of line crossings and rearings in the 
enclosure, separated into 12-virtual quadrants. Following each animal test, the gadget was washed with the 10% alcohol 
solution and dried to remove any olfactory hints from the preceding animal.37

Forced Swim Test
The apparatus consisted of a transparent Plexiglas cylinder (25cm × 12cm × 25cm) for measuring the desperate behavior 
of mice using the previously reported method with slight adjustments.38 It was filled with water (24 ± 1°C) at 15cm 
depth. After administering LPS for 24-hours, each animal was individually placed in a cylinder for a final swimming 
session lasting for 10-minutes. Following treatments for each group, an expert observer un-aware of the experimental 
setup, timed each animal’s immobility, swimming, and climbing tendencies for six out of ten minutes. When mice did not 
attempt to escape other than the movements required to maintain their heads above the water, they were declared as 
stationary.39

Tail Suspension Test
A tail suspension test was designed with slight modifications as described previously using a tail suspension test device. 
Separate animals were hung on the hook of tail suspension test box in the darkroom at 60 cm above the table surface, 
with adhesive tape applied 1 cm above from the tip of each animal following 6-minute immobility period for each animal 
was noted.40

Sucrose Preference Test
The sucrose preference test was designed to determine the presence of anhedonia in mice. Before the administration of 
LPS, all animals were adapted to drinking water and a 2% sucrose solution for 5-days to create a baseline sucrose 
preference among each animal. Sucrose solution was placed in an animal cage in drinking bottle with a stopper valve, 
and the relative position of the bottles was changed regularly to avoid developing the place preference. Before testing, all 
experimental animals underwent a minimum 2-hour fasting from food and water. After LPS administration, fluid content 
was observed critically for next 48-hours, and after the test, sucrose preference was calculated using the formula:41
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Estimation of Biochemical Parameters
The second protocol was adapted to confirm the biochemical alterations among various groups. Mice were sacrificed, and 
blood samples were taken via a retro-orbital puncture after 24-hours of LPS injection. The serum samples were divided to 
assess the corticosterone levels, and the brains were dissected to isolate the hippocampus region and stored at −80°C for 
additional neurochemical research. Because one of the central regions of the adult brain that retains active neurogenesis 
and participates in the anti-depressant response is the hippocampus.42

Determination of Oxidative Enzyme Activities
In order to evaluate various biochemical parameters, the tissue samples were homogenized at 3000-rpm in ice chilled 
phosphate buffer saline having pH=7.4 at a concentration of 10% w/v. Measurements of thiobarbituric acid reactive 
compounds were used to analyze the level of lipid peroxidation. Using a spectrophotometer, the absorbance of clear 
supernatant was determined at 535 nm.43,44 Similarly, the colorimetric Griess method was adapted to determine the 
quantity of nitric oxide, and absorbance was attained at a wavelength of 550 nm.45,46

Determination of Antioxidant Enzyme Activities
Following the assigned protocol of manufacturer, the previously mentioned methods were slightly modified to test 
antioxidant potential. The tetrazolium nitro-blue reduction caused by riboflavin as a superoxide producer was inhibited in 
the SOD assay. A (50 mM) phosphate buffer solution containing (0.025% triton X-100), (75 mM) nitro blue tetrazolium 
chloride NBT, (0.1 mM) EDTA with (pH=8), and (12 mM) L-methionine was added to the homogenate (20 µL). At room 
temperature, (2µM) riboflavin was added to initiate the reaction and at a wavelength of 560 nm, absorbance was 
measured.47 By mixing (10 µL) of the homogenate with (30µL) of H2O2 (7.3 mM solution) and incubating it on ice for 
five minutes, the catalase enzyme assay was carried out. After that, the reaction slowed by adding (20 µL) of sulfuric acid 
(H2SO4, 6N). A titration with 140 µL of (2 mM) potassium permanganate was used to assess how much H2O2 was still 
present in the reaction mixture after five minutes of catalase action (KMnO4). Using spectrophotometer at 480 nm, the 
rate of H2O2 oxidation was determined.48 The Flohé and Günzler method was used to evaluate the antioxidant activity of 
the glutathione peroxidase enzyme.49 Briefly, (300 µL) of homogenate was added to a reaction mixture containing (300 
µL) of potassium phosphate buffer (0.1 M, pH=7), 200 µL of reduced glutathione (2 mM), 100 µL of H2O2 and (100 µL) 
of sodium azide (1 mM). The reaction mixture was then incubated for 15-minutes at 37°C before being stopped with 
0.5 mL of TCA (5%). Next, 100 µL of the supernatant was added into the 200 µL phosphate buffer (50 mM, pH =7), and 
in the 0.7 mL (5, 5-dithiobis (2-nitrobenzoic acid; DTNB) buffer (0.4 mg/mL) then the absorbance was measured at 420 
nm after 5-minutes of centrifugation.

Inflammatory Biomarkers and BDNF
ELISA kits were used to measure inflammatory biomarkers such as IL-1, IL-6, TNF-α,50 and BDNF.51 The concentration 
of the cytokines and BDNF in brain tissue samples were also assessed as per technique specified by the manufacturer.

Estimation of Catecholamines
The levels of norepinephrine (NE), dopamine (DA), and 5-hydroxytryptamine (5-HT) were estimated using HPLC with 
a slight modifications to the method previously described (Shimadzu HPLC apparatus paired with an electrochemical 
detector, N2000 HPLC workstation software, and column C18 (25 cm 4.6 mm, 5.0) Tokyo, Japan). After being sonicated 
in an aqueous solution of 0.1 M NaH2PO4 containing (0.85 mM) octanesulfonic acid (OSA) and (0.5 mM) ethylene-
diaminetetraacetic acid disodium (Na2 EDTA), the brain tissues were centrifuged at 13,000 g for 15-minutes at 
4°C. A 0.45 M pore size filter was used to filter the mobile phase, which contained 0.1 M NaH2PO4 in water, (0.85 
mM) OSA, (0.5 mM) Na2 EDTA, and (11%) methanol that had been adjusted to a (pH=3.4) using phosphate acid. The 
test had a detection limit of 20 pg/g samples, and the injection volume was set at (20µL). The quantities of NE, DA, and 
5-HT in each sample were determined using the area under the curve technique in the hippocampus of the brain region 
utilizing HPLC and external standard curve.52
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Serum Corticosterone Levels
After 24-hours of LPS administration, animals were anesthetized following intraperitoneal administration of (0.075%) 
ketamine and (0.01%) xylazine, respectively. Through retro-orbital puncture, 5mL of blood sample was collected via 
micro-hematocrit capillary tubes. All blood samples were centrifuged at 2000 g for 5-minutes at room temperature to 
collect serum for sub-sequent analysis. Serum corticosterone concentrations were measured by using the kit method.53

Statistical Analysis
Three independent behavioral and biochemical assays were carried out, and the findings were reported as (Mean ± SEM) 
and processed by Graph Pad Prism 8.0 software (Graph Pad, SanDiego, CA) using one-way analysis of variance 
(ANOVA). The difference across groups was regarded as significant, accompanied by post hoc Tukey Kramer’s multiple 
comparison test at (p<0.05).

Results
Percentage Yield of Plant Extract
The % age yield obtained from the crude extract of was 11.32%. It was the actual yield of crude extract of Aj.Cr obtained 
after the extraction.

Phytochemical Analysis
Preliminary Phytochemical Assays
The qualitative phytochemical screening of crude extract of Aj.Cr proved the presence of essential bioactive phytocon-
stituents such as flavonoids, phenols, terpenoids, and saponins in higher percentages, whereas glycosides, quinones, and 
tannins were detected at lesser levels, as shown in Table 2.

Table 2 Preliminary Phytochemical Screening of 
the Methanolic Extract of Aj.Cr

Phytochemical Constituents Aj.Cr

Alkaloids +

Carbohydrates +

Coumarins + +

Flavonoids +++

Glycosides +

Phenols +++

Phlobatannins +

Proteins -

Amino acid ++

Quinones +

Resins -

Saponins +++

Tannins +

Terpenes ++

Note: (-)Indicates absence while Positive sign (+)Shows the pre-
sence of phytoconstituents.
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Phenolic Acid and Flavonoid Identification and Quantification by HPLC
Crude extract of Aj.Cr displayed the highest phenolic acid and flavonoid levels as indicated in Figure 1. Kaempferol (9.68 mg/ 
g) was found in the highest concentration, followed by quercetin (4.15 mg/g), m-coumaric acid (4.73 mg/g), gallic acid 
(3.11mg/g), benzoic acid (3.43 mg/g), and kaempferol-3-o-rutinoside (1.04mg/g) were also found while sinapic acid (0.39 mg/ 
g) was found in the lowest concentration of dry material of crude extract of Aj.Cr as shown in Table 3.

Figure 1 Chromatogram representing different phenolic acids and flavonoids in methanolic extract of Aj.Cr.

Table 3 List of Polyphenolic Compounds Identified in Crude Extract of Aj.Cr by HPLC

No Component Retention 
Time (min)

% 
Area

Quantity 
(mg/g)

Compounds 
Class

Antidepressant Activity Reference

1 Quercetin 2.780 5.6 4.15 Flavonoid BDNF/TrKB-PI3k/AKT, Serotonergic, 

MAO-A

[52,53]

2 Gallic acid 3.320 4.8 3.11 Phenolic acid MAO-A, Corticosterone regulation [54]

3 Kaempferol 5.980 10.9 9.68 Flavonoid Increased NE, DA, 5-HT Decreased 
5-HT metabolism

[55]

4 m-coumaric acid 7.473 6.3 4.73 Phenolic acid BDNF, Cytokine regulation [56]

5 Chlorogenic acid 8.080 2.8 1.17 Phenolic acid Serotonergic pathway [54]

6 Ferulic acid 8.480 2.7 1.23 Phenolic acid Serotonergic pathway [57]

7 Vanillic acid 11.520 2.4 0.91 Phenolic acid AKT, ERK, mTOR pathway [58]

8 Syringic acid 13.013 1.2 0.46 Phenolic acid Nitro-oxidative pathway regulation [59]

9 Benzoic acid 17.193 4.8 3.43 Phenolic acid Cholinesterase inhibitor 

neuroprotective agent

[60]

10 Kaempferol-3-o- 

rutinoside

21.173 2.4 1.04 Flavonoid Microglial, astrocyte and NfKb 

regulation

[60]

11 Sinapic acid 26.440 1.0 0.39 Phenolic acid BDNF-PI3k/AKT [61]
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GC-MS Analysis for Identification of Metabolites
Twenty non-polar molecules relating to different chemical classes at different retention times (RT) were identified during 
GC-MS, as shown in Table 4, along with total ion chromatogram (TIC), as shown in Figure 2

Amino Acid Profiling
As shown in Figure 3, free amino acids were identified and quantified in Table 5 from the methanolic extract of Aj.Cr. Among 
nineteen identified amino acids, asparagine, β-alanine, ammonia, valine, and serine were the most abundant compounds, while 
gamma amino butyric acid (GABA) and histidine were also identified in the lowest quantities.

Antioxidant, Total Bioactive Contents and Enzyme Inhibition Assays
Antioxidant potential was estimated by DPPH, ABTS, and FRAP assays. Crude extract of Aj.Cr showed significant-free 
radical scavenging (DPPH=77.98±0.96; ABTS=96.57±0.71) and reducing potential in FRAP (119.6±0.67) respectively. Aj. 

Table 4 Metabolic Profile of Methanolic Extract of Aj.Cr by GC-MS Analysis

No. RT 
(min)

Area 
(%)

Compound Molecular 
Formula

Molecular 
Weight

Chemical Class

1 6.253 1.62 1-bromo-4-phenoxy Benzene C12H9BrO 249.1 Aromatic ether

2 6.384 1.27 Ethylene CH2=CH2 28.05 Alkene

3 6.461 1.56 2-Imidazolidinethione C3H6N2S 102.16 Organosulfur 

4 6.577 1.79 2,3-dichloro Benzenamine, C6H5Cl2N 162.02 Aromatic amine

5 7.282 1.12 Sulfur tetrafluoride F4S 108.06 Sulfur compound

6 7.943 11.68 Indole C8H7N 117.15 Aromatic heterocyclic

7 8.213 1.22 2-methoxy-2-methyl- Propane, C5H12O 88.14 Alkane

8 9.101 2.09 Thiotepa C6H12N3PS 189.22 Anti-neoplastic, Alkylating.

9 9.986 3.18 2-methyl- Anthracene C15H12 192.26 Polycyclic aromatic 
hydrocarbons

10 10.065 4.81 1,2-Benzenediamine, 4-chloro- - ClC6H3(NH2)2 142.59 Aromatic diamine

11 10.338 1.38 CDEC C8H14ClNS2 223.79 Sulfallate 

12 10.785 6.05 1,2-dimethyl- Naphthalene C12H12 156.22 Polycyclic aromatic 

hydrocarbons

13 10.898 2.09 2,3,7,8-Tetrachlorodibenzo-p-dioxin C12H4Cl 321.97 Dioxin

14 11.541 3.66 Diphenyl disulfide C6H5SSC6H5 218.34 Benzene

15 11.719 10.47 Camphene C10H16 136.23 Bicyclic monoterpenoid

16 11.833 4.56 1-chloro-4-phenoxy- Benzene, C12H9ClO 204.65 Aromatic ether

17 12.304 3.69 2-methyl- Benzothiazole C8H7NS 149.21 Benzothiazoles

18 12.436 6.96 1,2dinonyl-Benzenedicarboxylic acid C26H42O4 418.61 Dicarboxylic acid

19 12.814 64.23 1,2-Benzenedicarboxylic acid, bis(2- 

methylpropyl)

C16H22O4 278.34 Dicarboxylic acid

20 12.980 12.04 Hydrazinecarbothioamide, 2-(1- 

methylethylidene

C4H9N3S 131.19 Thiourea

Abbreviations: RT, retention time (minutes); % Area, percent peak area.
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Cr showed total phenolic contents (91.39± 5.1) and total flavonoid contents (63.5±2.7).Also showed maximum enzyme 
inhibition against cholinesterase was (4.37±0.59) as compared to butyryl cholinesterase (3.83±0.7) as shown in Table 6.

Molecular Docking for Acetyl Cholinesterase
Molecular docking of three significant compounds kaempferol, m-coumaric acid, and quercetin identified in HPLC 
analysis was docked with AChE enzyme. The respective binding affinities with 2D, 3D, and H-bonding connections are 
depicted in Table 7 and Figures 4 and 5 respectively.

Acute Toxicity Analysis
Acute toxicity analysis showed that mortality, toxic response, and morbidity were non-significantly found (p>0.05) 
among different groups based upon the progressive treatment of crude extract of Aj.Cr at 100, 300 and 500 mg/kg dose 
and was safe up to 3000 mg/kg dose administered orally during the 14-day protocol.

Figure 2 GC-MS Chromatogram of methanolic extract of Aj.Cr.

Figure 3 Spectra showing various amino acids profiling of methanolic extract of Aj.Cr.
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Behavioral Assessment
Effects of Aj.Cr on Open Field Test
Mice treated with LPS showed a significant reduction (p˂0.001) in the crossings (51.30± 6.22) and rearing (19.70 ± 2.1) 
movement as compared to crossings (111.1±4.99) and rearing (34.80±2.53) among the normal control group. Imipramine 

Table 5 Amino Acid Profile of Methanolic Extract of Aj.Cr

No Peak Name RT Area K factor Conc 
µmol/L

Biological Significance Reference

1 2 Phosphoethanola- 

mine

6.267 25,374,765 0.00000182 46.18 Phospholipids formation [62]

2 7 Serine 20.767 1,688,283,398 0.00000106 1798.93 Epinephrine, DNA, RNA synthesis [63]

3 8 Asparagine 23.800 3,461,403,340 0.0000031 9864.9 CNS signaling [64]

4 9 Glutamic acid 26.067 354,980,029 0.0000012 425.9 Precursor to GABA [65]

5 10 Glutamine 27.933 217,332,595 0.0000015 1420.16 Proline synthesis [66]

6 14 α-Aminoadipic acid 36.067 946,776,888 0.0000012 1136.13 Predictor of diabetes [67]

7 15 Citrulline 39.400 416,256,097 0.00000102 424.58 Role in urea cycle [68]

8 16 Valine 41.800 1,923,800,704 0.0000012 2308.56 Muscle tissue recovery and repair [69]

9 20 Cystine 50.667 86,689,835 0.0000009 78.02 Glutathione production [70]

10 21 Cystathioine 53.133 1,189,174,490 0.0000010 1189.17 Cellular energetics, DNA methylation [71]

11 22 Isoleucine 54.567 661,632,496 0.0000012 793.9 Protein synthesis, muscle tissue 

formation

[72]

12 23 Norleucine 57.567 325,127,983 0.0000011 357.64 Antibacterial, inhibit tumor metastasis [73]

13 24 β-alanine 60.300 1,169,294,405 0.0000051 5963.40 Tryptophan synthesis [74]

14 26 Homocysteine 65.467 307,205,066 0.0000005 153.60 Protein synthesis, biomarker of CVS 
disease

[75]

15 27 Gamma amino 
butyric acid

67.267 3,954,107 0.0000011 4.34 Inhibitory neurotransmitter [76]

16 29 Ammonia 71.533 2,733,352,067 0.0000009 2460.01 Uric acid formation [77]

17 32 Lysine 80.467 377,671,635 0.0000010 337.67 Cell division and growth [78]

18 33 1-Methyl histidine 81.400 236,428,391 0.0000012 283.71 Biomarker for skeletal muscle protein 

breakdown

[79]

19 35 Histidine 84.767 1,793,005 0.000001 1.79 Assist in antioxidant and anti- 

inflammatory process

[80]

Table 6 Antioxidant, Total Bioactive Contents and Enzyme Inhibition Assays

Plant Extract Antioxidant Activity  
(mg TE/g extract)

Total Bioactive Contents Enzyme Inhibition ASSAYS  
(mg GALAE/g extract)

DPPH ABTS+ FRAP Total Phenolic Content  
(mg GAE/g Extract)

Total Flavonoid Content  
(mg QE/g Extract)

AChe BuChe

Aj.Cr 77.98 ± 0.96 96.57 ± 0.71 119.6 ± 0.67 91.39 ± 5 .1 63.5 ± 2.7 4.37 ± 0.59 3.83 ± 0.7

Notes: Data as mean ± standard deviation from three parallel measurements. 
Abbreviations: TE, Trolox equivalent; GAE, Gallic acid equivalent; QE, quercetin equivalent; GALAE, Galantamine equivalent.
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treated mice exhibited considerably significant (p<0.001) number of crossings (105.6±3.85) and rearing (31.50 ±3.3) as 
compared to LPS group as shown in Figure 6. Aj.Cr at a dose of 100 mg/kg had non-significant effect (p>0.05) on the 
locomotor activity, while 300 mg/kg (82.90±1.464) and 500 mg/kg (98.9±1.67) substantially increased (p< 0.01) the 

Table 7 Binding Affinities and Interactions of the Selected Ligands from Aj.Cr Crude Extract by HPLC Analysis Against AChE Enzyme

Enzyme Ligand Binding Affinity 
(Kcal/mol)

Amino Acids Interactions

Acetyl 
Cholinesterase 
(AChE)

Kaempferol − 9.7 Pi-Pi Stacked: (TYRA341) 

Conventional Hydrogen Bond: (GLNA231, SERA293, ARGA295) 

Van der Waals: (TYRA124, TRPA286, LEUA289, GLUA292, VALA294,PHEA295, 
PHEA297, TYRA337, PHEA338,)

m-coumaric 
acid

− 7.9 Conventional Hydrogen Bond: (ASPA74, ARGA296, TYRA387) 
Van der Waals: (TYRA124, TRPA286, LEUA289, SERA293, PHEA295, PHEA297, 

TYRA341)

Quercetin − 9.8 Pi-Pi Stacked: (TRPA82) 

Pi-Anion: (ASPA70) 
Conventional Hydrogen Bond: (HISA438) 

Unfavorable Donor Donor: (GLYA115) 

Van der Waals: (ASNA68, ILEA69, ASNA83, GLYA115, TYRA114,TYRA128, 
GLUA197, SERA198, GLYA489, ILEA442)

Galantamine 
(Standard)

− 8.3 Carbon Hydrogen: (SERA286) 
Pi-Pi Stacked: (TRPA279) 

Pi-Alkyl: (TYRA70, TYRA334)

Figure 4 2D interaction between polyphenol ligands and Acetylcholine esterase (AchE): (A) Kaempferol, (B) m-coumaric acid (C) Quercetin and (D) Galantamine 
(Standard) in HPLC analysis of a methanolic extract of Aj.Cr.
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Figure 5 3D and H-bonding interaction between ligands and Acetylcholine esterase (AchE): (A) Kaempferol, (B) m-coumaric acid (C) Quercetin and (D) Galantamine 
(Standard) in HPLC analysis of a methanolic extract of Aj.Cr.

Figure 6 Locomotor activity (crossings and rearing) was observed through open field test in the control, imipramine treated group, and methanolic extract of treated 
groups (100, 300, and 500 mg/kgbwt) post oral administration of 14-days, in LPS-induced depression mice (LPS; 0.83 mg/kgbwt i.p at 14th Day). Each group has the same 
number of mice (n=10). Values are statistically significant at ###P˂0.001, between normal and LPS group, ***P˂0.001, **P˂0.01, *P˂0.05 between LPS and, imipramine 
treated groups.
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number of crossings and only 500 mg/kg (28.10±1.28) showed significant (p<0.01) increased in the number of rearing as 
compared to the LPS-treated group as shown in Figure 6.

Effects of Aj.Cr on Forced Swim Test
The duration of mobility in the forced swim test was significantly reduced (p˂0.001) in the LPS-treated group (96.2 ± 
11.7 seconds) as compared to the normal control group (203.4 ± 10.3) seconds as shown in Figure 7. In contrast, the 
length of immobility was significantly prolonged (p˂0.001) in the LPS-treated group (251.8 ± 13.7 seconds) than in the 
normal control group (55.3±7.9 seconds). Imipramine (243.67 ± 9.62 seconds) and Aj.Cr at a dosage of (100 mg/kg, 
300 mg/kg, and 500 mg/kg) showed significantly (p<0.05) improvement in mobility time (ie, 168.7 ± 13.91, 207.2 ± 
15.01, 229.7 ± 10.12 seconds) and decreased immobility time in imipramine (39.4 ± 5.16) and (ie, 103.91± 11.3, 76.83± 
10.75, 46.73± 6.3 seconds, respectively) compared to the LPS-treated group. However, at a dose of 500 mg/kg and 
imipramine-treated groups had shown significantly (p<0.05) greater mobility and decreased immobility time than the 
normal control group, as illustrated in Figure 7.

Effects of Aj.Cr on Tail Suspension Test
In the tail suspension test, the LPS-treated group mobility time (54.50±9.14 seconds) was substantially (p˂0.001) shorter 
than that of the normal control group (248.3±9.1 seconds). In contrast, the duration of immobility was significantly 
increased (p˂0.001) in the LPS-treated group (242.9 ± 15.14 seconds) than the normal control group (59.5 ± 7.7 
seconds). The duration of mobility was significantly increased in all Aj. Cr treated groups in a dose-related manner, 
with 100 mg/kg (103.33 ± 8.1 seconds), 300 mg/kg (191.5±16.76 seconds) and 500 mg/kg (207.5 ±13.15 seconds) in 
comparison to the LPS-treated group (54.50 ± 9.14) and imipramine-treated group (241.2 ±15.58 seconds) also showed 
significant effects in improving the mobility in mice. However, the period of immobility was considerably reduced (p 
<0.05) in 500 mg/kg (79.73 ± 15.73 seconds) and 300 mg/kg (93.5 ± 17.15 seconds) of -treated groups and imipramine- 
treated group (64.83 ± 9.58 seconds) as compared to the LPS-treated group as shown in Figure 8.

Figure 7 Mobility and immobility duration in seconds (mean±SEM) were observed in the forced swim test in the control, imipramine-treated group, and methanolic extract 
of treated groups (100, 300, and 500 mg/kgbwt) post oral administration of 14-days, in LPS-induced depression mice (LPS; 0.83 mg/kgbwt i.p at 14th Day). Each group has the 
same number of mice (n=10). Values are statistically significant at ###P˂0.001, #P< 0.05 when compared with normal control and ***P˂0.001, **P˂0.01, *P˂0.05 between 
LPS and, imipramine treated groups.
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Effects of Aj.Cr on Sucrose Preference Test
Anhedonia was defined as a decrease in sucrose preference. Sucrose preference was considerably (p<0.001) lower in 
LPS-treated mice (33.84±5.19%) than in the normal control group (83.94±4.1%). In comparison, anhedonic behavior was 
prevented in mice pre-treated with imipramine (79.47±6.7%) and treatment with Aj.Cr also significantly improved the 
sucrose preference in 100 mg/kg (51.45±3.57%), 300 mg/kg (63.41±3.26%) and 500 mg/kg (72.04±3.21%), respectively, 
as demonstrated in Figure 9.

Effect of Aj.Cr on Biochemical Parameters
Estimation of Oxidative and Antioxidant Enzymes Biomarkers 
Thiobarbituric acid reactive substances (TBARS) is measured in ng/mg in the hippocampal tissue were considerably elevated 
(p˂0.001) in the LPS-treated mice group (58.873± 3.9 ng/mg) as compared to the normal control (8.790±3.3 ng/mg). TBARS 
level was considerably decreased (p˂0.01) in imipramine (13.760± 1.2 ng/mg) and by Aj.Cr at a dose of 300 mg (39.491± 1.7 ng/ 
mg), 500 mg (25.79± 1.3ng/mg) than the LPS-treated group but remained non-significant (p˃0.05) at 100 mg/kg dose, as shown 
in Figure 10A. Nitrite levels (Mean±SEM µmol/g) in the hippocampus of mice were observed to be substantially higher 
(p˂0.001) in the LPS group (73.39±6.87 µmol/g) in contrast to the normal control group (29.44±4.23 µmol/g). Nitrite levels were 
significantly lowered (p˂0.001) in imipramine (41.28± 5.30 µmol/mg) and Aj.Cr at a dose of 300 mg (54.83±9.76µmol/mg), 
500 mg (47.36±6.13µmol/mg) as compared to the LPS treated group but showed non-significant effect (p<0.05) at the dose of 
100 mg (60.95 ±8.76µmol/mg) as shown in Figure 10B. GPX-1 levels (Mean±SEM pg/mg) in the hippocampus of mice were 
substantially reduced (p˂0.001) in the LPS-treated group (164.67±7.6 pg/mg) as compared to the normal control group (317.57 
±7.9pg/mg). GPX-1 levels were significantly elevated (p˂0.001) in imipramine (309.76±5.9 pg/mg) with Aj.Cr at a dose of 
100 mg (239.53±7.8pg/mg),300 mg (246.38±9.60pg/mg) and 500 mg (267.86±5.6 pg/mg) showed a significant increase in GPX- 

Figure 8 Mobility and immobility duration in seconds (mean±SEM) observed in tail suspension test in control, imipramine treated group, and methanolic extract of Aj.Cr 
treated groups (100, 300, and 500 mg/kgbwt) post oral administration of 14-days, in LPS-induced depression mice (LPS; 0.83 mg/kg bwt i.p at 14th Day). Each group has the 
same number of mice (n=10). Values are statistically significant at ###P˂0.001, between normal and LPS group, ***P˂0.001, **P˂0.01, *P˂0.05 between LPS and imipramine 
treated groups.
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1 level as indicated in Figure 10C, compared to the LPS-treated mice group. SOD levels (Mean±SEM U/mg) in the hippocampus 
of mice were significantly lowered (p˂0.001) in the LPS-induced group (3.63± 1.45 U/mg) in comparison with the control group 
(10.591±0.97 U/mg). Whereas dose of Aj.Cr at 100 mg (5.971±0.87 U/mg), 300 mg (7.270±1.2 U/mg), 500 mg (8.56±0.75 U/ 
mg) and imipramine dose 10mg/kg (9.36±0.88 U/mg) increased SOD level significantly (p<0.001) as compared to the LPS group 
as shown in Figure 10D. Catalase levels (Mean±SEM nmol/min/g) were considerably lowered (p˂0.001) in the LPS group (7.98 
± 3.2 nmol/min/g) than the control group (17.530± 2.9 nmol/min/g), while Aj.Cr at a dose of 500 mg/kg group (9.97± 2.71 nmol/ 
min/g) and imipramine (13.17± 2.30 nmol/min/g) significantly (p<0.01) prevented the LPS-induced reduction in CAT level as 
shown in Figure 10E.

Proinflammatory Cytokines and BDNF Levels
The pro-inflammatory cytokines (Mean±SEM pg/mg) IL-1β levels (147.25±13.6 pg/mg) among LPS-treated mice groups 
were considerably (p˂0.001) elevated in mice hippocampus following 24-hours of LPS-stimulation as compared to the 
normal control group (59.75±9.3 pg/mg) while IL-1β levels were substantially (p<0.01) reduced in imipramine group 
(71.69 ±14.3pg/mg) and Aj.Cr at a dose of 500 mg/kg (83.87 ± 8.19 pg/mg), 300 mg/kg of (97.2 ± 11.6 pg/mg) and 
100 mg/kg of (113.78±10.0 pg/mg) group in contrast to LPS-treated mice as illustrated in Figure 11A. IL-6 levels (243.87 
± 11.8 pg/mg) in the LPS group were considerably (p˂0.001) higher in mice hippocampus after 24-hours of LPS 
treatment than in the control group (73.56±17.5 pg/mg). IL-6 levels reduced considerably (p<0.01) in Aj.Cr at 500 mg/kg 
(107.30±13.2 pg/mg), 300 mg/kg (165.82 ±10.8 pg/mg) and 100 mg/kg (197.35±11.06 pg/mg) showed dose-related 
pattern and imipramine group (85.83 ± 18.3 pg/mg) also showed significantly (p<0.001) reduced levels than the LPS 
group as seen in Figure 11B. TNF-α levels (971.93±17.8 pg/mg) in LPS-treated groups were considerably (p˂0.001) rise 
in mice hippocampus after 24 hours of LPS administration in contrast to the normal control group (367.46±19.1pg/mg) 
while, imipramine group (439.37±14.9 pg/mg) effective (p˂0.001) prevented the LPS triggered TNF-α. TNF-α levels 
were also substantially decreased (p<0.01) with Aj.Cr at a dose of 500 mg/kg (607.51±11.5 pg/mg), 300 mg/kg (789.55 
±15.6 pg/mg) and 100 mg/kg (833.57±18.1pg/mg) group than the LPS-treated group, as demonstrated in Figure 11C. 
BDNF (Mean±SEM ng/mg) level (47.97±11.6ng/mg) in the LPS group was significantly (p˂0.001) lowered in mice 
hippocampus as compared to the control group (91.53±6.61ng/mg). BDNF levels were considerably increased (p<0.01) 

Figure 9 Sucrose preference (%age±SEM) was measured in the control, imipramine-treated group, and methanolic extract of Aj, Cr treated groups (100, 300, and 500 mg/ 
kgbwt) post oral administration of 14-days, in LPS-induced depression mice (LPS; 0.83 mg/kg bwt i.p at 14th Day). Each group has the same number of mice (n=10). Values 
are statistically significant at ###P˂0.001, between normal and LPS group, ***P˂0.001, **P˂0.01, *P˂0.05 between LPS and imipramine treated groups.
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with Aj.Cr at a dose of 500 mg/kg (75.57 ± 13.5 ng/mg), 300 mg/kg (67.45±15.16 ng/mg), while 100 mg/kg (59.37 
±11.5ng/mg) group showed insignificant (p>0.05) increase in BDNF levels as compared to the LPS-treated group. BDNF 
level was also significantly elevated (p<0.001) in the imipramine-treated group (83.37±7.9 ng/mg) as compared to the 
LPS group as presented in Figure 11D.

Figure 10 10 (A);MDA (ng/mg), 10 (B); Nitrite levels (µmol/g), 10 (C); GPX-1 (pg/mg), 10 (D); SOD (U/mg), 10 (E); Catalase (nmol/min/g) concentration (mean±SEM) 
measured in control, imipramine treated group and methanolic extract of treated groups (100, 300, and 500 mg/kgbwt) post oral administration of 14-days, in LPS-induced 
depression mice (LPS; 0.83 mg/kgbwt i.p at 14th Day). Each group has the same number of mice (n=10). Values are statistically significant at ###P˂0.001, between normal and 
LPS group, ***P˂0.001, **P˂0.01, *P˂0.05 between LPS and imipramine treated groups.
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Effect on the Catecholamine Level
The catecholamine (Mean±SEM) mainly nor-epinephrine (33.86± 17.6ng/g), dopamine (41.93 ± 9.89 ng/g) and 5-HT (39.59 
± 17.56 ng/g) concentrations in mice hippocampus of LPS-treated mice group was significantly (p < 0.001) reduced than the 
control group nor-epinephrine (137.85± 20.3ng/g), dopamine (211.59±13.19 ng/g) and 5-HT (181.87±11.89 ng/g) levels 
respectively. Pre-treatment with imipramine (p < 0.001) reverted LPS-induced decline in NE (134.45± 17.3 ng/g), DA (184.73 
± 15.7 ng/g) and 5-HT (172.90±11.63 ng/g), respectively. Similarly, Aj, Cr at dosages of (100, 300, and 500 mg/kg) also 
significantly (p< 0.05) prevented the LPS-induced decrease in NE (ie, 98.73± 15.3, 109.69± 19.6, 121.37± 11.9ng/g) levels as 
shown in Figure 12A, DA (ie, 127.36± 9.8, 151.73 ± 14.7, 168.79± 10.7 ng/g) levels as shown in Figure 12B and 5-HT (ie, 
105.59±19.12, 124.96 ± 17.19, 147.87± 7.89 ng/g) levels in the hippocampus as shown in Figure 12C.

Effect on Serum Corticosterone Level
In serum analysis, corticosterone level (Mean±SEM) in the LPS-treated group (2.78±0.34 ng/mL) was considerably 
increased (p<0.001) than the normal control group (1.18±0.34 ng/mL). Conversely, the corticosterone level was 
substantially reduced (p<0.01) in Aj.Cr at a dose of 500 mg/kg (1.53±0.07 ng/mL), 300 mg/kg (1.79±0.19 ng/mL) and 
100 mg/kg (2.49±0.2 ng/mL) produced statistically non-significant results (p< 0.05) as compared to LPS-treated groups. 
Imipramine group (1.384±0.09 ng/mL) prevented the LPS-induced elevation of corticosterone level (p<0.001) signifi-
cantly as shown in Figure 13.

Figure 11 11 (A);IL-1β (pg/mg), 11 (B); IL-6 (pg/mg), 11 (C); TNF- α (pg/mg), 11 (D); BDNF (ng/mg) concentration (mean±SEM) measured in control, imipramine treated 
group and methanolic extract of treated groups (100, 300, and 500 mg/kgbwt) post oral administration of 14-days, in LPS-induced depression mice (LPS; 0.83 mg/kg bwt i.p at 
14th Day). Each group has the same number of mice (n=10). Values are statistically significant at ###P˂0.001, between normal and LPS group, ***P˂0.001, **P˂0.01, *P˂0.05 
between LPS and imipramine treated groups.
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Figure 12 12 (A);NE (ng/g), 12 (B); DA (ng/g), 12 (C); 5-HT (ng/g) concentration (mean±SEM) ng/g per wet tissue weight) measured in the control group, imipramine- 
treated group, and methanolic extract of treated groups (100, 300, and 500 mg/kgbwt) post oral administration of 14-days, in LPS-induced depression mice (LPS; 0.83 mg/ 
kgbwt i.p at 14th Day). Each group has the same number of mice (n=10). Values are statistically significant at ###P˂0.001, between normal and LPS group, ***P˂0.001, 
**P˂0.01, *P˂0.05 between LPS and imipramine treated groups.

Figure 13 Serum corticosterone concentration (mean±SEM ng/mL) measured in control, imipramine treated group, and methanolic extract of Aj.Cr treated groups (100, 
300, and 500 mg/kgbwt) post oral administration of 14-days, in LPS-induced depression mice (LPS; 0.83 mg/kgbwt i.p at 14th Day). Each group has the same number of mice 
(n=10). Values are statistically significant at ###P˂0.001, between normal and LPS group, ***P˂0.001, **P˂0.01, *P˂0.05 between LPS and -treated groups.
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Discussion
The study explored the in-vitro and in-vivo therapeutic potential of crude extract of Aj.Cr against neuro-inflammatory 
depression. In-vitro phytochemical and chromatographic screening demonstrated the higher proportions of flavonoids, 
phenols, terpenes, and saponins. In contrast, glycosides, quinones, and tannins were discovered in lesser quantities, which 
can be linked to their antioxidant potential.19 HPLC detected more benzoic acid, m-coumaric acid, quercetin, and 
Kaempferol. Studies suggest these chemicals have anti-inflammatory, antioxidant, and neuroprotective properties.55 GC- 
MS found 20 non-polar chemicals, ie, camphene, 1-chloro-4-phenoxy- benzene,2-methyl- benzothiazole, and 1,2-benze-
nedicarboxylic acid, bis(2-methylpropyl), which possess anti-depressant properties. Asparagine, alanine, ammonia\, 
valine, and serine were the most prevalent amino acids, while GABA and histidine were rare. Aj.Cr extract had stronger 
scavenging and reducing capacity, phenolic, flavonoid content, and cholinesterase inhibitory action. Quercetin had the 
highest binding interactions (−9.8 kJ/mol) for the AChE enzyme, followed by kaempferol and m-coumaric acid. The 
binding affinity of galantamine was −8.6 kJ/mol. Van der Waals forces and other weak intermolecular forces have higher 
binding affinities than hydrogen bonds. In 2D docking data, Van der Waals force interactions are more abundant than 
conventional hydrogen bonds between amino acids, indicating our ligands have larger enzyme binding affinities that 
support in-vitro enzyme inhibitory efficacy. The in-vitro study demonstrated that Aj. Cr extract has strong antioxidant, 
anti-depressant, and nutritional qualities,81,82 which can benefit depression. Depression is a chronic neuropsychiatric 
disorder that is further exacerbated by inflammation. Psycho physiological stress can activate the immune system and 
rapidly generate cytokines, which may modify the central nervous system and affect neurogenesis, neurotransmitter 
levels, neuro-endocrine function, neuroplasticity, and behavioral neural circuits.83,84 A single dose of LPS had been 
shown to produce neuro-inflammation by stimulating the adequate release of proinflammatory cytokines (IL-1 β, IL-6, 
and TNF- α) and oxidative stress resulting in a significant alteration in antioxidant enzyme levels, accompanied by the 
development of depressive behavior among rodents.35 The systemic treatment of LPS in mice resulted in prolonged 
periods of immobility in the forced swim and the tail suspension test, decreased sucrose preference as well as 
a significant increase in the overall immobility time and a decrease in the total distance and time spent in the central 
region, therefore revealing depressive behavior in a rodent model that can be treated with molecules possessing anti- 
depressant potential.1,85,86 We found that in open field forced swim and tail suspension tests, LPS-injected mice were 
treated with methanolic extract of Aj.Cr had pronounced locomotor activity and shorter periods of immobility than LPS- 
injected mice treated with saline. Aj.Cr on LPS-induced depressive-like behavior was investigated based on mice sucrose 
preference. Behaviors depicted a diminished susceptibility to re-inforces like sucrose are observed in LPS-treated 
mice1,87,88 and results from this study correlated to previous research showing that LPS treatment in mice reduces 
their desire for sucrose consumption. While, Aj.Cr treated mice clearly preferred sucrose and decreased anhedonia in 
behavior was observed. Previous research established a link between elevated hippocampus acetyl cholinesterase activity 
and a decline in self-care and motivating behavior, which may indicate anhedonic-like behavior patterns.89 BChE activity 
was also implicated in the pathology of depression, which was thought to be impacted by genetic differences in BChE.90 

Clinical study suggests a relationship between depression and cytokines because depressed persons frequently have 
increased inflammatory activation levels.91,92 Following LPS treatment, high levels of IL-1, IL-6, and TNF-alpha in the 
brain might cause sleep difficulties, loss of pleasure, and cognitive inadequacy.93 In the current investigation, LPS 
injection elevated these three cytokines and depressed behaviors such as anhedonia and decreased locomotion and 
imipramine attenuated the LPS-induced elevation in inflammatory mediators and behavioral abnormalities. Inflammation 
badly affects brain BDNF expression, based on various research activities. LPS, a cytokine inducer, lowered mature 
BDNF in the hippocampus and cerebral cortex.94 A decline in BDNF, especially in the hippocampus, is a direct marker 
of depression. It involves the BDNF-activated PI3K/Akt signaling pathway, which affects neuronal survival and anti- 
apoptotic glial cell activities.95 Depression reduces BDNF-PI3K/Akt pathway activation96,97 while LPS-treated mice 
showed reduced hippocampus BDNF levels. Aj.Cr therapy increased BDNF owing to quercetin and kaempferol, which 
have an anti-depressant impact through the BDNF-TrkB-PI3K/Akt regulation pathway.98,99 A prior research on bioactive 
components of Aj.Cr found kaempferol and its glycoside derivatives, such as kaempferol3-(2G-glucosylrutinoside), 
kaempferol 3-(2,3-diacetyl –4“-(Z)-p-coumaryl-6”-(E)-p-coumarylglucoside), kaempferol 3-neohesperidoside100 

Kaempferol and kaempferol-3-O-glucoside exhibit anti-depressant effects due to their antioxidant activity, pro- 
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inflammatory cytokine reduction, AKT/-catenin cascade enhancement, and imipramine tolerance reversed.101,102 Chronic 
exposure to high amounts of inflammatory cytokines and continuous variations in central neurotransmitters may enhance 
oxidative stress and injure microglial cells103 by activating NF-kB and boosting the production of the i-NOS gene. LPO, 
elevated nitrite levels, and decreased antioxidant enzymes pre-dispose to neuro progression in depression (ie, GSH, 
SOD).4 LPS-induced oxido-nitrosative stress affected mice hippocampus. MDA, a lipid peroxidation marker, was higher 
in LPS-treated mice hippocampus than in the vehicle-treated group. LPS-treated mice exhibit lower GSH levels, 
indicating reduced antioxidant status. Aj.Cr dramatically reduced MDA and nitrite levels, while GSH, SOD, and CAT 
levels increased, produced reduction in oxido-nitrosative stress in the hippocampus of LPS-treated mice which can be 
linked to its antioxidant potential. Free radicals and oxidative stress are involved in the pathophysiology of inflammation, 
degenerative disease, and other chronic diseases like depression. Plant-based antioxidants are directly involved in the 
neutralization of free radicals to avoid substrate oxidation19,104,105 NO, and ROS decrease monoamines and BDNF levels 
in the brain, leading to neurotoxic effects41,106 via activating indolamine 2,3-dioxygenase (IDO). It affects tryptophan 
metabolism by increasing TRP metabolism-kynurenine level, reducing 5-HT and ultimately increasing the risk of 
depression.107 Aj.Cr also substantially increased norepinephrine (NE), dopamine (DA), and serotonin (5-HT) levels in 
the hippocampus of LPS-challenged mice. Some investigations have shown the adaptogenic impact of the plant extract 
by normalizing stress parameters and monoaminergic levels, which may imply that the extract may have an anti- 
depressant effect by restoring normal monoaminergic neuromodulation.108,109 Corticosterone levels were lower in - 
treated animals than in LPS-treated animals. Aj.Cr may have adjusted glucocorticoids by reducing IL-1 as corticosterone 
levels fell. Interleukin-1 peripherally stimulates the HPA axis and hypothalamic norepinephrine 
metabolism.110 Corticosterone increase is associated to reduced HPA axis response regulation, likely due to altered 
glucocorticoids receptor function, and severe depression.111 Imipramine suppressed inflammatory cytokines, oxidative 
stress, and BDNF expression, confirming a prior research.112 In the current study, methanolic extract of A. javanica 
leaves contains 19 essential and non-essential free amino acids that operate as a reservoir, precursor, and regenerator of 
injured neural components. Many studies have found that amino acids assist cure depression.113 Kaempferol, caffeic acid, 
ferulic acid, and benzoic acid have anti-inflammatory and neuroprotective action, whereas Camphene, 1-chloro-4-phe-
noxy- Benzene,2-methyl- Benzothiazole, and 1.2-Benzenedicarboxylic acid, bis(2-methylpropyl) have anti-depressant 
properties. Long-term studies are needed to evaluate if and its bioactive components have an anti-depressant-like effect 
on an LPS-induced depressed behavior model.

Conclusion
The study showed that Aj.Cr partially reduced LPS-induced depressive-like behavior via modulation of neuroinflamma-
tion and monoaminergic pathways. The presence of phytoconstituents that exerted anti-depressant, antioxidant and 
nutritional potential due to the presence of free amino acids suggested that crude extract of Aj. Cr can be useful in the 
treatment of depression associated with neuropsychiatric disorders. The anti-depressant effects can be seen throughout 
the study which may be due to the normalization of BDNF levels, oxidative stress markers, suppression of pro- 
inflammatory cytokines (IL-1, IL-6, and TNF-a) followed by reduction in corticosterone. Further studies are also required 
to explore the components of the Aj.Cr crude extract and identify their precise functions.
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