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A B S T R A C T

Palm grass (Curculigo recurvata) is an ethnomedicinally important herb reported to have significant medicinal
values. The present study aimed to evaluate the antidepressant and anxiolytic activities of a methanol extract of
C. recurvata rhizome (Me-RCR) through different approaches. The antidepressant and anxiolytic properties of Me-
RCR were assessed by using elevated plus maze (EPM), hole-board (HBT), tail suspension (TST), and forced
swimming (FST) tests in Swiss Albino mice. The in-depth antioxidative potential of Me-RCR was also evaluated
through DPPH radical scavenging activity, ferric-reducing power capacity, total phenolic, flavonoid, flavonol, and
antioxidant content analysis. Computational investigations were performed using computer-aided methods for
screening the anxiolytic, antidepressant, and antioxidative activities of the selected lead molecules. Treatment
with Me-RCR (200 and 400 mg/kg, b.w.) notably increased the number of open arm entries and the time spent in
the EPM test. In the HBT, Me-RCR exhibited significant anxiolytic activity at a dose of 200 mg/kg, whereas similar
activity was observed at 400 mg/kg in the EPM test. Me-RCR significantly decreased the immobility time in a
dose-dependent manner in both TST and FST. The IC50 for DPPH and reducing power capacity assay were found
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to be 18.56 and 193 μg/mL, respectively. Promising outcomes were noted for the determination of total phenolics,
flavonoids, flavonols, and antioxidant capacity. In the case of computer-aided studies, nyasicoside showed
promising binding energy for antidepressant and anxiolytic activities, whereas isocurculigine demonstrated
promising effects as an antioxidant. Overall, these findings suggest that Me-RCR could be a favourable therapeutic
candidate for the treatment of mental and psychiatric disorders, as well as a good source of antioxidants.
1. Introduction

Mental and psychiatric disorders are becoming extremely prevalent,
pose significant psychological and socioeconomic burdens. Anxiety and
depression are the main bases of impairment and self-destruction, a con-
dition of physiological andmental illness (Islam et al., 2021; Rahman et al.,
2020; Tareq et al., 2020). Depression is a widespread psychiatric disorder
that significantly affects the quality of normal life. It is one of the pre-
dominant mental disorders approximately 10% of people worldwide have
depression (Organization, 2017). Several studies have reported that stress
is also a causative factor for anxiety and depression, leading to the
increased formation of free radicals and initiating oxidative stress (Bellah
et al., 2017; Hossain et al., 2020; Hossen et al., 2021a; Moni et al., 2021;
Nirmal et al., 2008). Despite this, various types of medicine, such as tri-
cyclic antidepressants, monoamine oxidase inhibitors, and selective sero-
tonin reuptake inhibitors, are the most commonly used drugs for anxiety
and depression management (Belmaker and Agam, 2008; Tareq et al.,
2020). However, these classes of medications have substantial side effects
(such as psychomotor impairment, dependency, and weight gain), and
their usage for the treatment of anxiety and depression has become
burdensome due to their adverse reactions (Pawar et al., 2011). Conse-
quently, new medications are being sought to suppress depression and
anxiety with significantly fewer adverse effects and increased efficacy,
which may provide the opportunities to obtain novel drugs to extend the
choice of therapies, efficiency, and protection.

Natural products are regarded as being particularly healthy by many
people, plant and herb-based nutritional supplements have been widely
usedowing to their largevarietyof therapeutic andnutritionalvalues for the
management of neurological disorders (Adnan et al., 2020; Hossen et al.,
2021b; Islam et al., 2021; Rahman et al., 2021a; Tareq et al., 2020). Palm
grass (i.e., Curculigo recurvata W.T.Aiton), a member of the Hypoxidaceae
family, is a perennial herb and is distributed widely in the Hill Tracts and
marginal forests of Asian countries. The rhizome of C. recurvata (RCR) is
widely used for the treatment of several ailments such as snake bites,
consumptive cough, impotence, asthma, jaundice, diarrhea, colic, gonor-
rhea, and arthropod stings (Ahmad et al., 2020; Chifundera et al., 1991; Nie
et al., 2013). Several animal and clinical studies have revealed that RCR is
effective due to its hypoglycemic, antibacterial, anthelmintic, antith-
rombotic, and cytotoxic activities (Ahmad et al., 2020). Earlier, two novel
diastereoisomeric glucosides, curculigine and isocurculigine, were isolated
fromthis species (Chifunderaetal.,1994).The total glucosidesofpalmgrass
rhizome have been found to significantly improve premenopausal syn-
drome (Miao et al., 2017), which is characterized by hysteria, depression,
and melancholia (Shan et al., 2016). Overall, the evidence suggests that
palm grass is a particularly promising but has so far only be used as a
traditional medicine. Nevertheless, almost all of these ethnomedicinal
statements have yet to be verified with sound scientific investigation. To
date, no experimental studies have advocated the rhizome of palm grass for
neuropharmacological efficiency.Hence, the present investigation aimed to
evaluate the putative anxiolytic and antidepressant-like properties of the
methanol extract of palm grass rhizomes.

2. Materials and methods

2.1. Chemicals & reagents

Methanol was obtained from Merck (Germany). DPPH (1,1-diphenyl-
2-picrylhydrazyl) and gallic acid were purchased from Sigma-Aldrich
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Corporation (St. Louis, USA). Folin-Ciocalteu was procured from Merck
KGaA (Darmstadt, Germany). Diazepam and imipramine HCl were pur-
chased from Square Pharmaceuticals Ltd. (Dhaka, Bangladesh), and
Tween-80 was procured from Scharlab (Sentmenat, Barcelona, Spain).
All the chemicals/reagents used in this investigation were of analytical
grade.

2.2. Preparation of rhizome extract

The RCR was collected from diverse parts of the Chittagong region,
Bangladesh. The plants were identified by the Taxonomist and Professor
Dr. Sheikh Bokhtear Uddin, Department of Botany, University of Chit-
tagong, and a voucher specimen (accession no. 16012) has been depos-
ited at the Department of Pharmacy, International Islamic University,
Chittagong. The rhizomes were washed, dried, and finally ground to a
coarse powder using a mechanical grinder (NOWAKE, Japan). Approxi-
mately 500 g of coarse powder was soaked in methanol, continually
shaken, the solution was then filtered using Whatman no. 1 filter paper
(Whatman International, Maidstone, Kent, UK). The filtrate was collected
and evaporated using a rotary evaporator (RE200, Bibby Sterling Ltd,
UK) to obtain 35.5 g of gummy crude extract (methanol extract of
C. recurvata rhizome (Me-RCR)) (yield, 7.10%). Me-RCRwas preserved in
a refrigerator for further experiments.

2.3. Experimental animals

Male Swiss albino mice (aged 5–6 weeks, weighing 22–30 g) were
collected from the animal research division of the International Centre
for Diarrheal Disease and Research, Bangladesh. Then, all the animals
were kept in ambient conditions with a 12:12 h dark-light cycle. Animals
were permitted free access to drinking water and pellet diets ad libitum.
They were acclimatized for 7 days in the laboratory environment before
the study commenced. The protocol used in this study was approved by
the institutional animal ethics committee, Department of Pharmacy, In-
ternational Islamic University Chittagong, Bangladesh (Ref. IIUC/Pharm-
78/09–18).

2.4. Acute toxicity test

The acute oral toxicity test was investigated according to the OECD
guidelines and following the described method (Khan et al., 2020;
OECD, 2002). Mice were divided into 7 groups (control and test) that
were composed of 6 mice in each group (n ¼ 6). Me-RCR was
administered orally to the test groups at a dosage of 200–4000 mg/kg,
whereas the positive control received 1% Tween 80 in distilled
water. A commercial pellet feed and freshwater ad libitum were sub-
sequently given to the mice. Experimental mice were observed for
changes in behavior, adverse reactions, and fatalities for the next
3-days and subsequently the next 14 days on commencement of the
experiment.

2.5. Qualitative phytochemical screening

The qualitative phytochemical analysis of Me-RCR was performed to
check the presence of secondary metabolites- (i.e., alkaloids, carbohy-
drates, flavonoids, steroids, terpenoids, cardiac glycosides, tannins, and
saponins) using standard methods (Akter et al., 2020b; Khan et al.,
2020).
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2.6. Antioxidative activity

2.6.1. Determination of DPPH free radical scavenging effect
The antioxidant activity of Me-RCR was assayed using the following

method (Islam et al., 2013; Rahman et al., 2021b; Rashid Chowdhury
et al., 2021). ThreemL of 0.004%DPPH solution were combined with the
sample solution at several concentrations (3–100 μg/mL). The reaction
mixture was then shaken and incubated at room temperature (RT) in the
dark for 15 min. Then, the absorbance was taken at 517 nm. The %in-
hibition of DPPH radical scavenging activity was calculated using the
following equation:

[(control absorbance�sample absorbance)/(control absorbance)] � 100 (1)

2.6.2. Reducing power assay
The reducing power assay of Me-RCR was assessed following the

method discussed previously (Al-Araby et al., 2020; Khan et al., 2013). A
0.25 mL sample or reference solution (31.25 ̶ 500 μg/mL) wasmixed with
0.625 mL of 0.2 M phosphate buffer (pH 6.6) and 0.625 mL of 1% po-
tassium ferricyanide (w/v). After appropriate mixing, the mixtures were
incubated in a water bath for 20 min at 50 �C to complete the reaction
mixture. Then, 0.625 mL of 10% TCA solution (w/v) was added to the
reaction mixture and then centrifuged for 10 min at 3000 g. Finally, 1.8
mL of the supernatant was mixed with 1.8 mL of distilled water and 0.36
mL of a 0.1% ferric chloride (w/v) solution. The absorbance was
measured with a spectrophotometer at 700 nm. A positive control
(ascorbic acid) was used, and all tests were conducted in triplicate to
maintain accuracy.

2.6.3. Assessment of total phenolic content (TPC)
The TPC of Me-RCR was determined using a spectrophotometric

method described previously (Rashid Chowdhury et al., 2021; Reza et al.,
2021; Uddin et al., 2015). In short, 1 mL of sample (1 mg/mL) was added
to 1 mL of Folin-Ciocalteu's phenol reagent. After 5 min of incubation, 10
mL of 7% Na2CO3 solution was added to the mixture, following the
addition of 13mL of deionized distilled H2O. Themixture was set aside in
a dark place for 1.30 h at RT. After incubation, the absorbance was
determined at 750 nm using spectrophotometer. The TPC was calculated
as milligrams of gallic acid equivalents (mg/GAE) per g of dried sample.

2.6.4. Assessment of total flavonoid content (TFC)
The TFC of Me-RCRwas determinedwith the use of aluminum chloride

(Rahman et al., 2015). Briefly, 0.5 mL of Me-RCR was added along with
distilled H2O (2.5 mL) and 5% NaNO2 solution (150 μL). The mixture was
vortexed for approximately 10 s and kept at RT (5 min). Then, 10% AlCl3
(300 μL), 1 mM NaOH (1 mL), and distilled H2O (550 μL) were added to
this solution andmixed gently and kept at RT (15min). The absorbance for
each sample was calculated using a spectrophotometer at 510 nm. Finally,
different quercetin concentrations (31.25 ̶ 500 μg/mL) were prepared to
attain the standard curve. The outcomes were presented as milligrams of
quercetin equivalents (mg/QE) per g of extract.

2.6.5. Assessment of total flavonol content
The total flavanol content of Me-RCR was evaluated by a previously

described method (Kabir et al., 2016). Me-RCR of 500 μg/mL was mixed
with 0.5 mL of 5% aluminum chloride and 1 mL of 50 g/L C2H3NaO2
solution. To complete the reaction mixture, the prepared mixture was then
incubated at RT for 150 min, and then the absorbance was taken using a
spectrophotometer at 440 nm against a blank. The blank solution con-
tained all other reagents except the extract solution. Total flavanol content
was calculated as mg/g of QE by exploring an equation that was attained
from the reference quercetin graph against different concentrations.

2.6.6. Total antioxidant capacity (TAC)
The total antioxidant capacity (TAC) of Me-RCR was determined with

the phosphomolybdate protocol with standard ascorbic acid (Khan et al.,
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2016). The study was on the basis of the reduction of Mo (VI)–Mo (V) by
the extract and subsequent formation of a green phosphate/Mo (V)
complex at acidic pH. A 0.3 mL extract solution was added along with 3
mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate,
and 4 mM ammoniummolybdate). The tubes that comprised the reaction
solution were incubated for 90 min at 95 �C. After incubation, the sam-
ples were air-conditioned to RT, and then the absorbance was taken at
695 nm against a blank (0.3 mL of methanol).

2.7. Assessment of neuropharmacological activity

2.7.1. Study protocol
Twenty-four mice were divided into four groups (I ̶ IV), and each

group consisted of 6 mice (n ¼ 6). The test groups (Group III and IV)
received Me-RCR at the doses of 200 and 400 mg/kg, b.w., p.o. The
positive control group (Group II) was treated with the standard drug
diazepam (1 mg/kg, bw, i.p.) for EPM and HB, and imipramine HCl (10
mg/kg, bw, p.o.) was given for TST and FST, whereas the control group
(Group I) was treated with vehicle (i.e., 1% v/v Tween-80 in saline water
(10 mL/kg, b.w), respectively).

2.7.2. Anxiolytic activity

2.7.2.1. Elevated plus maze (EPM) test. The EPM consists of four arms
that are subdivided into two open and two closed arms with an area of 35
cm � 5 cm and 35 cm � 5 cm � 20 cm, respectively. The two arms were
interconnected with a center square of 5 cm � 5 cm that was symbolized
by a plus sign and rose to a height of 25 cm from the floor. After a 30-min
treatment for all groups, the mice were placed in the middle of the maze,
and the head was located such that it faced toward the open arms.
Throughout the 6-min test time, the number of entries in open and closed
arms and time spent in open arms was noted for 5 min, wherein the first
minute was kept for initial adjustment (Barua et al., 2012; Goni et al.,
2020). The following equation was used to calculate the percentage of
entries in the open arm:

% of entries in open arm¼ Number of entries in open arm/(Number of entries in
open arm þ Number of entries in closed arm) (2)

The experimental mice of all groups (I ̶ IV) were administered ac-
cording to the experimental design mentioned in Section 2.7.1.

2.7.2.2. Hole-board test. This test was carried out according to an earlier
described method (Barua et al., 2012; Goni et al., 2020). The equipment
for the hole board was constructed of a matrix-patterned box comprising
wood that contained 16 equidistant holes with an area of 20 cm� 40 cm.
The length of the center of one hole to another hole was 10 cm, and
the floor of the board was kept 25 cm from the ground. Mice were
kept independently in the middle of the board after 30 min of the
administration of the test doses. The number of head ̶ dipping events was
counted during 5 min of the 6-min test time, with the first minute being
kept for initial adjustments. Experimental mice of all groups (I ̶ IV) were
administered according to the experimental design mentioned in Section
2.7.1.

2.7.3. Antidepressant activity

2.7.3.1. Tail suspension test (TST). The tail suspension test (TST) was
performed by the methods described previously (Khan et al., 2020; Steru
et al., 1985). The mice were suspended by the tail from a ledge with
adhesive tape, and the distance between the tip of the animal's tail and
floor was 50 cm. Immobility time was recorded during a 6-min test for
animals of all groups, with the last 4 min being considered the immobility
time following the first 2-min initial adjustment. The experimental mice
of all groups (I ̶ IV) were administered according to the experimental
design mentioned in Section 2.7.1.



Table 1. Qualitative phytochemical screening of Me-RCR.

Phytochemical class Observations Results

Alkaloids Turbidity/precipitation -

Carbohydrates Formation of a purple product at the
interface of the two layers

þ

Flavonoid Formation of yellow color, which changed
to colorless on acid addition

þþþ

Steroids Green to pink color was absent -

Terpenoids Appearance of reddish brown-deep red
color

-

Cardiac Glycosides Lower reddish-brown layer and upper
acetic acid layer, which turns bluish green

þ

Tannins Appearance of white precipitation þþ
Saponins Stable froth formation þ

(-) ¼ not present; (þ) ¼ present in low concentration; (þþ) ¼ present in
moderately high concentration; and (þþþ)¼ present in very high concentration.
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2.7.3.2. Forced swimming test (FST). The forced swimming test (FST)
was performed using a method described earlier (Khan et al., 2020;
Porsolt et al., 1977). The experimental apparatus was composed of a
cylindrical glass compartment of 10 cm in diameter and 25 cm in height
that contained up to 19 cm of supplied fresh water maintained at 25 � 1
�C. The immobility time was recorded during the next 4 min of the total
6-min study time; for the first 2 min of the test, the mice showed vigorous
movement that was considered to represent an initial adjustment period.
When mice stopped struggling and remained motionless in the water,
keeping their head above the water. They were considered immobile. The
experimental mice of all groups (I ̶ IV) were administered according to
the experimental design mentioned in Section 2.7.1.

2.8. In silico molecular docking

2.8.1. Protein preparation
The structure of urate oxidase (protein data bank (PDB): 1R4U),

glutathione reductase (PDB: 3GRS), human serotonin transporter (PDB
id: 5I6X), and potassium channel KcsA-Fab (PDB id: 4UUJ) were down-
loaded in PDB format from the PDB (Berman et al., 2002). The structure
was organized and refined using Schr€odinger-Maestro v11.1. Using force
field OPLS_2005, energy minimization was performed using the protein
preparation wizard.

2.8.2. Ligand preparation
Three selected lead compounds (curculigine, isocurculigine, and

nyasicoside) were collected from PubChem databases based on the pre-
diction of activity spectra for substances. The 3D structures for these
compounds were built by using the LigPrep module of Schr€odinger Suite
(2017) with an OPLS 2005 force field. Their ionization states were
generated at pH 7.0 � 2.0 using Epik 2.2 in Schr€odinger Suite.

2.8.3. Receptor grid generation
The ligand poses bind with the calculated receptor grids. A van der

Waals scaling factor of 1.00 and charge cut-off of 0.25 subjected to an
OPLS 2005 force field were considered as the default factor during grid
generation. A cubic box of specific dimensions centered on the active site
residues (reference ligand active site) was generated for the receptor. The
bounding box was set to 14 Å � 14 Å � 14 Å for docking experiments.

2.8.4. Glide standard precision (SP) ligand docking
SP ligand docking was performed using Schr€odinger-Maestro v 11.1

(Bristy et al., 2020; Islam et al., 2021; Khan et al., 2020; Rahman et al.,
2020) within which penalties were applied to non-cis/trans amide bonds.
During docking, the van der Waals scaling factor and charge cut-off were
selected at 0.80 and 0.15, respectively, for ligand atoms. The final score
was calculated based on energy-minimized poses and displayed as the
Glide score. The best docked pose with the lowest Glide score value was
recorded for each ligand. Three parameters were mainly considered for
the interpretation of the docking result; Glide score, Glide e-model, and
Glide energy.

2.9. Statistical analysis

The data are presented as mean � standard error of mean (SEM).
Statistical analyses were performed using one-way ANOVA followed by
Dunnett's tests. The values obtained were compared with the vehicle-
treated control group and were considered statistically significant
when p < 0.05.

3. Results

3.1. Phytochemical screening

Qualitative phytochemical tests revealed the presence of carbohy-
drates, flavonoids, tannins, saponins, and cardiac glycosides (Table 1).
4

3.2. In vitro antioxidant activity

3.2.1. DPPH free radical scavenging activity
Me-RCR exhibited a concentration-dependent DPPH-scavenging

capacity, which is shown in Figure 1 (A and B). The IC50 (μg/mL)
value of DPPH free radical neutralizing the activity of Me-RCR was
18.56 μg/mL, indicating that Me-RCR is moderately active as
compared to the standard 6.77 μg/mL (ascorbic acid) exploited in this
method.

3.2.2. Reducing power capacity
As shown in Figure 2 (A), Me-RCR showed increased absorbance of

the reaction mixture with increasing concentrations of the sample solu-
tion, demonstrating that this plant has significant reducing power ca-
pacity. Regression analysis for reducing activity versus log concentration
showed an IC50 value for Me-RCR of 193.0 μg/mL, which was close to
that of ascorbic acid 87.35 μg/mL Figure 2 (B).

3.2.3. Determination of total phenolic content, flavonoid content, flavonols,
and antioxidant capacity

In this experiment, the TPC of Me-RCR was expressed as gallic acid
equivalent, and the extract was found to show 301.17 � 2.13 mg GAE/
g of dry extract (Table 2). The TFC of Me-RCR is provided in Table 1.
The test was confirmed by adopting quercetin as a standard, and the
results demonstrated that the extract achieved a flavonoid content of
45.47 � 1.39 mg QE/g of dry extract. Table 1 shows the moderate
amount of total flavonol quantity of the Me-RCR extract 55.40 � 0.16
mg QE/g where quercetin was used as a standard. The TAC of the Me-
RCR was determined using a phosphomolybdate assay. The study
protocol was designed on the basis of the reduced ability to extract
from molybdenum (VI) to molybdenum (V). The extract was found to
have a maximum (315.60 � 0.17 mg) ascorbic acid/g of extract that
demonstrated a potent total antioxidant index (Table 2).

3.3. Anxiolytic activity

3.3.1. Elevated plus maze test (EPM)
In the EPM test, the Me-RCR extract-treated mice at a dose of 200mg/

kg showed a significant (p < 0.05) increase in the percentage of time
spent in the open arms (50.63 � 3.98) and the percentage of open-arm
entries (53.12 � 3.14) as compared to the control group, whereas at a
dose of 400mg/kg, the percentage of time spent in the open arms and the
percentage of open-arm entries were 57.69 � 3.17 and 54.17 � 3.55,
respectively (Table 3). On the other hand, the reference drug diazepam at
a dose of 1 mg/kg produced a noticeable increase in the percentages of
time spent in the open arms (79.50 � 2.57).



Figure 1. DPPH radical scavenging activity of Me-RCR along with standard ascorbic acid. (A) Concentration vs. % DPPH radical scavenging and (B) Log concentration
vs. % DPPH radical scavenging (IC50 was calculated from this plot). Me-RCR, methanol extract of rhizome of C. recurvata.

Figure 2. Reducing capacity of Me-RCR along with standard ascorbic acid. (A) Reducing capacity vs. concentration and (B) Reducing capacity vs. Log concentration
(IC50 was calculated from this plot). Me-RCR, methanol extract of rhizome of C. recurvata.

Table 2. Spectrophotometric determination of the phytochemicals of Me-
RCR.

Phytochemicals (mg/g) Me-RCR

Total Phenol (mg Gallic acid/g) 301.17 � 2.13

Total Flavonoid (mg Quercetin/g) 45.47 � 1.39

Total Flavonol (mg Quercetin/g) 55.40 � 0.16

Total Antioxidant (mg Ascorbic acid/g) 315.60 � 0.17

Values are represented as mean� SEM (n¼ 3). Me-RCR, methanol extract of
rhizome of C. recurvata.

Table 3. Anxiolytic activity of Me-RCR on elevated plus maze test in mice.

Group Dose (mg/kg) % of entry into
open arm

% of time spent in
open arm

Control 10 mL/kg 42.86 � 2.23 38.46 � 1.30

Diazepam 1 79.50 � 2.57** 75.47 � 2.44**

Me-RCR 200 200 53.12 � 3.14 50.63 � 3.98

Me-RCR 400 400 54.17 � 3.55* 57.69 � 3.17*

Values are mean � S.E.M. *p < 0.05 and **p < 0.01, significantly different from
control; ANOVA followed Dunnett's test (n¼ 10, each group). Me-RCR, methanol
extract of rhizome of C. recurvata.

Table 4. Anxiolytic activity of Me-RCR on hole-board test in mice.

Group Dose (mg/kg) No. of head dipping Latency to the first
head dipping (sec)

Control 10 mL/kg 36.43 � 1.50 10.50 � 3.31

Diazepam 1 78.15 � 2.20** 0.50 � 0.70**

Me-RCR 200 200 65.60 � 4.14 14.60 � 1.70

Me-RCR 400 400 57.71 � 3.13* 4.30 � 2.40*

Values are represented as mean � S.E.M. *p < 0.05 and **p < 0.01, significantly
different from control; ANOVA followed Dunnett's test (n ¼ 10, per group). Me-
RCR, methanol extract of rhizome of C. recurvata.
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3.3.2. Hole-board test (HBT)
Me-RCR at a dose of 200 mg/kg showed significant (p < 0.05) in-

creases in head-dipping behavior (65.60 � 4.14). However, at a dose of
5

400mg/kg, Me-RCR showed significant decreases in this behavior (57.71
� 3.13) as compared to the control group (Table 4). Notably, the positive
control diazepam also demonstrated increases in the number of head dips
(78.15 � 2.20) as compared to the control group (36.43 � 1.50).
3.4. Antidepressant activity assay

3.4.1. Tail suspension test (TST)
The antidepressant effect of Me-RCR on immobility time in the tail

suspension test is shown in Figure 3 (A). Me-RCR at the dose of 200 mg/
kg showed a significant decrease in immobility time (120.33� 3.70 s) as
compared to the control group (191.03 � 6 s). In contrast, Me-RCR
noticeably reduced the immobility time (81.86 � 4.50 s) at 400 mg/
kg, which is slightly lower than the time (94.03 � 3.37 s) shown by
imipramine HCl (10 mg/kg).



Figure 3. Antidepressant activity of methanol extract
of rhizome of C. recurvata on tail suspension test in
mice (A). Antidepressant activity of methanol extract
of rhizome of C. recurvata on forced swimming test in
mice (B). Mice were divided into four groups (10 for
each group) that were orally administered control (1%
v/v Tween-80 in saline water), imipramine HCl (10
mg/kg), Me-RCR 200 (200 mg/kg), and Me-RCR 400
(400 mg/kg), respectively. Results are expressed as
mean (SEM) of immobility time (in seconds). Differ-
ences were analyzed using one-way ANOVA followed
by Dunnett's test (n ¼ 10, per group). For statistical
significance, ap < 0.001, bp < 0.01, and cp < 0.05
when compared with the control group. Ctrl, Control;
IPMH, Imipramine HCl; and Me-RCR, methanol
extract of rhizome of C. recurvata.
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3.4.2. Forced swimming test (FST)
The FST results showed that both doses (200 and 400 mg/kg) of Me-

RCR produced a significant (p < 0.05) reduction of immobility time
(101.87 � 9.43 s) and (81.42 � 5.08 s), respectively, whereas the stan-
dard drug imipramine HCl at a dose of 10 mg/kg was found to signifi-
cantly (p < 0.05) decrease the immobility time (92.45 � 3.98 s) as
compared to the control. However, the observed results confirmed the
dose-dependent response by Me-RCR as shown in Figure 3 (B).

3.5. In silico molecular docking for antioxidant activity

The antioxidant activities of the selected lead molecules (curculigine,
isocurculigine, and nyasicoside) and standard ascorbic acid were deter-
mined. Among the compounds, isocurculigine demonstrated the highest
docking score (�5.407 kcal/mol�1) binding with 1R4U protein, whereas
isocurculigine showed the maximum docking score (�9.515 kcal/mol�1)
with 3GRS protein. The standard ascorbic acid revealed docking scores of
-4.944 kcal/mol�1 and -7.756 kcal/mol�1 with 1R4U and 3GRS proteins,
respectively. The results of the docking score are summarized in Table 5,
and their interactions are depicted in Figure 4, respectively.

3.6. In silico molecular docking for anxiolytic activity

Computer-aided anxiolytic activity was performed to assess the
binding pattern of molecules with the amino acids present in the active
pocket of the protein. In this study, the potassium channel KcsA-Fab re-
ceptor (PDB ID: 4UUJ) was used to explore the possible anxiolytic ac-
tivity of Me-RCR. Among the lead molecules, nyasicoside showed the
highest docking score (�3.968 kcal/mol�1) against the 4UUJ receptor,
with this value being slightly lower than for the standard drug diazepam
(�5.446 kcal/mol�1). The results of the docking analysis and their in-
teractions are shown in Figure 5 (A, B, and C) and Table 6.

3.7. In silico molecular docking for antidepressant activity

A grid- and ligand-based molecular docking program was used to
assess the binding patterns of molecules with the amino acids present in
Table 5. Docking results of curculigine, isocurculigine, nyasicoside, and standard
ascorbic acid with urate oxidase (PDB ID: 1R4U), glutathione reductase (PDB ID:
3GRS) for antioxidant activity.

Compound name Docking score Glide e-model Glide energy

1R4U 3GRS 1R4U 3GRS 1R4U 3GRS

Curculigine -5.248 -9.460 -61.973 -107.864 -49.266 -73.296

Isocurculigine -5.407 -9.515 -71.319 -110.112 -57.260 -72.314

Nyasicoside -4.239 -8.498 -53.703 -106.471 -45.007 -71.337

Ascorbic acid -4.944 -7.756 -37.968 -65.904 -26.410 -43.207
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the active pocket of the protein. The docking study was performed for the
selected chemical constituents of C. recurvata to the active site of human
serotonin transporter protein (PDB ID: 5I6X) using Schrodinger suite
v11.1. Among all three compounds, nyasicoside showed the highest
docking score (�5.998 kcal/mol�1) (Table 7), whereas the standard drug
imipramine HCl had the docking score (�4.138 kcal/mol�1). The low
and negative free energy value for binding indicates a strong favorable
bond with 5I6X. The docking interactions are depicted in Figure 5 (D, E,
and F).
4. Discussion

Natural medicines based on plant/herbs have been widely used
owing to their therapeutic efficacy since primitive ages. Natural sub-
stances are extensively used in the pharmaceutical, biopharmaceutical,
and food supplement and dietary nutritional industries to prepare
various natural remedies, minerals, nutritional supplements, and
medicine for numerous diseases (Ahmed et al., 2021; Babar et al., 2019,
2020; Haque et al., 2017; Hossain et al., 2020). Owing to their abundant
source of biologically active secondary metabolites, the significance of
traditional medicines in managing a broad variety of diseases is
continually increasing (Akter et al., 2020b; Haque et al., 2020; Islam
et al., 2020; Rahman et al., 2021a).

Reactive oxygen species (ROS) are responsible for inflammatory
neurodegenerative disorders such as anxiety and depression (Maes
et al., 2011). Evidence suggests that an excessive amount of ROS ini-
tiates oxidative damage and many other fatal diseases such as CVS
diseases, cancers, aging, diabetes, atherosclerosis, and depression
(Ansari et al., 2017; Maria Michel et al., 2012; Nigri et al., 2004;
Schetter et al., 2010). Because of the elevated amount of oxygen con-
sumption and insufficient antioxidant protection against ROS, nerve
cells become more vulnerable to oxidative damage (Halliwell, 2006;
Reza et al., 2018a; Sharmin et al., 2020). However, natural antioxidants
from traditional medicinal plants, vegetables, and fruits have received
significant attention due to their aptitude to scavenge free radicals as
well as enhance the body's own antioxidant system to prevent various
disorders (Akter et al., 2020; Hossain et al., 2018; Mamun et al., 2020).
In this study, Me-RCR showed significant free radical scavenging po-
tential, which suggests that Me-RCR can prevent free radical-induced
diseases, including depression.

Analogously, this plant extract encompasses the reduction of power
activity, which is considered to be prominent indicator of antioxidant
activity (Oliveira et al., 2008). The mechanism of the reduction of power
activity is associated with the presence of a reductant, which donates
hydrogen atoms after ROS breakdown. The current study showed the
reducing power of Me-RCR, which is reflected in its reduction of the
Fe3þ-ferricyanide complex in the ferrous form, indicating the reducing
activity in a dose-dependent manner.



Figure 4. 3D docking interaction of antioxidative activity of curculigine (A), isocurculigine (B), and standard ascorbic acid (C) with glutathione reductase (PDB ID:
3GRS) and 3D docking interaction of antioxidative activity of curculigine (D), isocurculigine (E), and standard ascorbic acid (F) with urate oxidase (PDB ID: 1R4U).

Figure 5. 3D docking interaction of anxiolytic activity of isocurculigine (A), nyasicoside (B), and standard diazepam (C) with potassium channel KcsA-Fab protein
(PDB ID: 4UUJ) and 3D docking interaction of antidepressant activity of curculigine (D), nyasicoside (E), and standard imipramine HCl (F) with human serotonin
transporter protein (PDB ID: 5I6X).

Table 6. Docking results of curculigine, isocurculigine, nyasicoside, and standard
diazepam with potassium channel Kcsa-Fab (PDB ID: 4UUJ) for anxiolytic
activity.

Compound name Docking score Glide e-model Glide energy

Curculigine -2.333 -27.299 -28.439

Isocurculigine -3.937 -41.695 -33.775

Nyasicoside -3.968 -39.354 -32.075

Diazepam -5.446 -36.497 -28.049

Table 7.Docking results of curculigine, isocurculigine, nyasicoside, and standard
imipramine HCl with human serotonin transporter protein (PDB ID: 5I6X) for
antidepressant effect.

Compound name Docking score Glide e-model Glide energy

Curculigine -5.589 -57.069 -47.092

Isocurculigine -3.937 -41.695 -33.775

Nyasicoside -5.998 -63.397 -49.398

Imipramine HCl -4.138 -27.326 -22.055
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Phenolic compounds are well recognized as being active as antioxi-
dants because of their ability to scavenge. The TPC of the extract was
revealed in the gallic acid equivalent. Gallic acid is one of the main
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polyphenolic compounds found in a wide variety of plants and attenuates
oxidative stress (Akter et al., 2020a). In this investigation, the antioxi-
dants and total phenolics showed linear correlations, and this concept
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supports the proposal that Me-RCR contains a high phenolic content and
has strong antioxidant potential. In addition, the presence of a significant
proportion of flavonoids and flavonols in Me-RCR also indicates that the
rhizome of Curculigo recurvata is a prospective antioxidant candidate.

The results obtained from the phosphomolybdic acid assay also
demonstrate that Me-RCR has a strong ability to reduce molybdenum
(VI) to molybdenum (V) by donating an electron. Numerous natural
products having phenols and flavonoids can cause this reduction, and the
strong antioxidant effects of Me-RCR, therefore, supported. A recent
study reported that flavonoids are associated with reduced chronic dis-
eases risk, such as depression and anxiety, because of their potent anti-
oxidant activities (Islam et al., 2014; Okarter and Liu, 2010). Recent
studies have also suggested that natural antioxidative polyphenols that
possess anxiolytic effects are a prime choice as neuroprotective and
antiamnesic compounds (Ferdousy et al., 2017; Reza et al., 2018b).
Therefore, it can be assumed that the obtained antioxidant and free
radical scavenging activity of Me-RCR may be effective against depres-
sion and anxiety.

This study also aimed to investigate Me-RCR's anxiolytic-like activity
by using well-known methods, (i.e., EPM and HBT). These methods are
widely used owing to their accepted conditions and stimuli to induce
anxiety. Drugs possessing anxiolytic effects decrease the distance for
open arms and persuade the test animal to spend more time in the open
arms, whereas anxiogenic effects decrease open-arm exploration by
reducing both spent time and number of entries into the open arms
(Griebel et al., 2000). Regarding EPM, we found that experimental ani-
mals treated with different doses of Me-RCR (200 & 400 mg/kg, p.o.)
displayed a higher tendency to spend time in the open arms, an indicator
of decreased anxiety, reflecting that the extract induces specific
anxiolytic-like properties. In the EPM investigation, higher doses (400
mg/kg, p.o.) showed significant (p < 0.05) percentages of time spent in
the open arm in a dose-dependent manner, with the standard drug
diazepam (1 mg/kg, p.o.) demonstrated significant (p < 0.01)
anxiolytic-like activity. Subsequently, the diminution in head-dipping
behavior in HBT revealed the anxiogenic condition of experimental an-
imals, whereas an enhancement in head dipping behavior imitates
anxiolytic condition (Takeda et al., 1998). The head dipping response is
an expedient index to evaluate the properties of drugs regarding central
serotonergic activity in rodent tests (Takeda et al., 1998). In this study, a
low dose (200 mg/kg, p.o.) of Me-RCR increased the number and extent
of head-dips, whereas a high dose (400 mg/kg, p.o.) lessened the number
and extent of head-dips without substantial change in locomotor actions
in mice. Therefore, it appears that Me-RCR possesses a dose-dependent
anxiolytic action. However, the functions of phytochemicals (i.e., flavo-
noids, flavonols, saponins, and tannins) with antidepressant and anxio-
lytic potential have been demonstrated in many herbs in traditional
medicine (Howes and Houghton, 2003). In this study, strong anxiolytic
activity was noted and, may be due to the presence of secondary me-
tabolites present in this plant.

Depression, among several other serious mental illnesses globally, is
becoming increasingly common. The antidepressant-like effects of Me-
RCR were estimated through behavioral models of TST and FST, which
have been extensively established behavioral paradigms for analyzing
antidepressants (Porsolt et al., 1977; Steru et al., 1985). In both experi-
ments, mice were placed in an inescapable condition and their charac-
teristic behavior was assessed in terms of immobility, which has been
well established as imitating behavioral despair similar to that perceived
in human depression (Porsolt et al., 1977). In the behavioral model, the
administration of Me-RCR and imipramine HCl produced dissimilar
immobility capacities in both TST and FST. The immobility time is
abridged by treatment with antidepressants and encompasses a signifi-
cant correlation between the clinical efficacy of the antidepressants and
their potency in the FST and TST (Steru et al., 1985). In these latter tests,
Me-RCR markedly decreased the immobility time but to a lesser extent
than the reference drug, imipramine HCl. The extent of decrease in
immobility has been found to be a good predictive value in the estimation
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of potential antidepressants (Porsolt et al., 1977). Our study demon-
strated that Me-RCR had significant antidepressant-like effects as
compared to the control group. Hence, it is suggested that Me-RCR may
be explored for further management of depression and anxiety.

Besides experimental investigation, in silico drug design was evalu-
ated to determine the present pharmacological potential of the major
bioactive isolates/compounds of Me-RCR. The aim of this computer-
based in silico investigation was to clarify the ligand-receptor com-
plexes and verify that the experimental evidence was consistent with the
in silico findings. Additionally, docking outcomes found that all three
components demonstrated substantial electrostatic, van Der Waals, and
hydrogen-bonding interactions between the component-receptor com-
plex and, thus, exhibited biological properties against the selected re-
ceptor proteins. These compounds bind to receptors due to the formation
of numerous interactions, lowering the hydrophilicity, which augments
the hydrophobicity to keep the protein-ligand complex highly stable. The
results of the study show that among the bioactive isolates, nyasicoside
has a good binding capacity to both antidepressant and anxiolytic re-
ceptors, which supports the current experimental data. In addition,
regarding antioxidative properties, isocurculigine showed the highest
binding affinity. However, this study strongly suggests that nyasicoside
might be a promising bioactive isolate due to its antidepressant and
anxiolytic-like potential as well as isocurculigine for its antioxidative
activity; hence, these compounds strongly recommended for next step
QSAR, molecular simulation, and homology modeling.

5. Conclusion

The outcomes of this investigation revealed the potential anxiolytic
and antidepressant-like effects of palm grass rhizome in behavioral
models. The results further revealed the major antioxidant effects of this
herb, and the outcomes of the computer-aided methods were found to
agree with the experimental results. Nevertheless, to thoroughly explain
the observed effects-mechanisms more in-depth analysis of the chemical
constituents of this medicinal herb is required, and extensive toxicolog-
ical investigations, as well as pharmacokinetic and pharmacodynamic
studies, are strongly recommended before moving forward to the next
phase of clinical research.
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