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ARTICLE INFO ABSTRACT

Keywords: Ricinus communis Linn. (Euphorbiaceae) leaves are used in Indian traditional medicine to treat inflammatory
Ricinus communis and central nervous disorders. The polyphenolic compounds like quercetin (QUR), gallic acid, and rutin display
Anxiety an anxiolytic-like activity. These constituents are also present in Ricinus communis leaves; however there are no
ﬁ:ﬁ;ﬁg:ﬂ? llus—maze scientific investigations conducted to verify the anxiolytic-like effects of ethyl acetate fraction of Ricinus communis

(RCLEA) leaves. HPLC technique was used to quantify the polyphenols contained in RCLEA fraction. It revealed
the contents (% w/w): gallic acid (0.63), rutin (4.36), QUR (1.62) and Pyrogallol (PYR) (14.07). The present
study investigated the anxiolytic-like effects of RCLEA fraction and two major polyphenols in Ricinus communis
in experimental models of anxiety compared with a positive control diazepam (DZP) (1 mg/kg, i.p.). In order to
investigate the anxiolytic-like effect, doses of RCLEA fraction (25, 50 and 100 mg/kg, i.p), QUR and PYR (1, 5
and 10 mg/kg respectively, i.p.) were administered to mice and subjected to open field test (OFT), elevated plus
maze (EPM) or rota-rod test. The results of OFT revealed the significant increase in time spent in central area
with treatments of RCLEA fraction (50 and 100 mg/kg, p < 0.05 and p < 0.01 respectively), QUR (10 mg/kg, p
< 0.05) and PYR (10 mg/kg, p < 0.05). The reduction in rearings was observed with doses of RCLEA fraction,
QUR and PYR. Significant reductions were found in defecation after treatments of RCLEA fraction and QUR and
comparable to DZP. The results of OFT were further validated using EPM, showed that RCLEA fraction and QUR
treatments (50 and 10 mg/kg, respectively) produced a significant increase in the time spent and entry into the
open arms of elevated plus maze, with a profile comparable to that of DZP. No significant changes were observed
in the rota-rod test, suggesting that the RCLEA fraction, QUR and PYR did not cause neurotoxicity, sedation
and muscle relaxation commonly related to benzodiazepines. RCLEA fraction and QUR presented anxiolytic-like
effect on the EPM, which was partially reversed by flumazenil suggested involvement of GABA, /benzodiazepine
receptor. These results suggest that RCLEA fraction and QUR exerts anxiolytic-like effects, and its mechanism of
action appears to be modulated by GABA, /benzodiazepine receptor also supported by molecular docking study.

GABA receptor

1. Introduction population. World Health Organization estimated that, between 1990

and 2013, the number of people suffering from anxiety disorders in-

Anxiety is a behavioral process to deal with challenging situations.
Fear and anxiety share common physical and mental signs, like escap-
ing, hypervigilance, and an increased awareness level to avoid injury
(Pires et al., 2013). Reports suggest that anxiety disorders are consid-
ered as high burden and prevalence, affecting around 10% of the world’s
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creased by nearly 50% (World Health Organization (WHO), 2016). Anx-
iety disorders are highly co-morbid conditions that have been treated
with Herbal medicine and Complementary and Alternative Medicine
(CAM) since ancient times (Sarris et al., 2011). Thus, it is enviable to
look for fast acting, better-tolerated, more efficient and fewer side effects
of anxiolytics. Several reports have confirmed the use of CAM among
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psychiatric disorders, particularly depression and anxiety as a general
phenomenon (Liu et al., 2015a).

Central nervous system (CNS) disorders such as anxiety, insom-
nia, pain and depression are frequently related with down function of
the GABAergic system. GABA, positive modulators display anxiolytic
(Rupprecht et al., 2006), antidepressant (Mohler, 2012), antiepileptic
(Treiman, 2001), sedative hypnotic (Winsky-Sommerer, 2009) and anal-
gesic (Munro et al., 2013) actions by improving GABA inhibitory trans-
mission. Many compounds interact with GABA receptor complex at ben-
zodiazepines sites (Manayi et al., 2016). Benzodiazepines are associated
with side effects, such as sedation, myorelaxation, ataxia, amnesia, and
ethanol and barbiturate potentiation and tolerance (Girish et al., 2013).
It redirects desire towards avoiding side effects and at the same time
choice of comparatively safe and effective herbal or natural molecules
(Huerta-Reyes et al., 2013).

Ricinus communis Linn. (RC) is a member of Euphorbiaceae family,
commonly known as castor, or Palma Christi, which is spread across
the world (Ross, 2001). RC has African origin and now distributed and
cultivated in India (Kirtikar and Basu, 2005). Since ancient times this
plant has been exploited medicinally, mainly for the laxative proper-
ties of the extracted castor oil (Darmanin et al., 2009; Ribeiro et al.,
2016). In India RC leaves is traditionally used for treating pain and CNS
disorders (Rashid et al., 2015; Sharma et al., 2013; Sreekeesoon and
Mahomoodally, 2014). Preclinical studies on RC leaves reported neu-
roprotective, analgesic, anti-inflammatory, anticancer and antioxidant
activities (Darmanin et al., 2009; Ilavarasan et al., 2006; Lee et al.,
2012; Murade et al., 2017; Singh et al., 2009; Taur and Patil, 2011).
It primarily constitutes polyphenols: quercetin (QUR), rutin, gallic
acid, gentisic acid, epicatechin, ellagic acid, kaempferol, tannins, es-
sential oils: p-caryophyllene, 1, 8-cineole, camphor, a-pinene and alka-
loids: ricinine, ricicomin A and N-demethylricinine reported from RC
leaves (Darmanin et al., 2009; Pham et al., 2020; Singh et al., 2009;
Tan et al., 2009). Fatty acids and ricinine, found in the crude hexane,
dichloromethane and methanol leaf extracts, showed toxicity to pests
in crop protection studies (Pham et al., 2020). In the present study we
have used polyphenol enriched ethyl acetate fraction from crude hy-
droethanolic extract of RC leaves.

Polyphenolic compounds constitute one of the most abundant groups
of plant secondary metabolites. It is estimated that more than 8000
structures are known (Bravo, 1998). These compounds exhibit broad
range of biological activities, antioxidant, antiviral, anticancer includ-
ing actions in the CNS (Hanrahan et al.,, 2011; Liu et al.,, 2021).
Several polyphenolic compounds reported to display anxiolytic ac-
tions without the associated myorelaxant, sedative, and ataxic effects
(Almeida et al., 2009; Wang et al., 2002). Many authors reported
an affinity of flavonoids towards benzodiazepine site of GABA, re-
ceptors (Hanrahan et al., 2011; Medina et al., 1997; Wasowski and
Marder, 2012). It is widely accepted that flavonoid compounds, includ-
ing flavones isolated from herbs exert neuroprotective effects and per-
meable across the blood-brain (Kavvadias et al., 2004; Liu et al., 2021;
Youdim et al., 2004, 2003). For that reason, flavonoids appear to be
feasible alternative to benzodiazepines for future anxiolytic drug search
and development.

QUR (3,3,4’,5,7-pentahydroxyflavon), a natural source of polyphe-
nol and flavonoid, is widely distributed in vegetables and fruits in the
form of glycone or carbohydrate conjugates and is abundant in the daily
diet (Zhang et al., 2020a). Recent studies have shown that QUR plays
multiple roles in inhibition of inflammation, oxidative damage, platelet
aggregation, and capillary permeability; it also exhibits anti-viral, anti-
inflammatory, anti-cancer, antiobesity, cardiovascular protective, hep-
atoprotective, anxiety, as well as depression-related disorders and neu-
roprotective activities(Davoodvandi et al., 2020; Deng et al., 2020;
Ebrahimpour et al., 2020; Wang et al., 2019; Zhang et al., 2020a;
Zhang et al., 2020b). It is also reported that free radical scavenging ac-
tivity of QUR, isoquercitrin, quercitrin and rutin is linked with suppress-
ing anxiety and depression symptom (Lee et al., 2001). Pyrogallol (PYR)
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(1,2,3-benzenetriol) is a polyphenol found in various fruits and vegeta-
bles such as avocado and apricot (Ozturk Sarikaya, 2015). It is reported
as anti-inflammatory agent in cystic fibrosis (Nicolis et al., 2008), pos-
sess acetylcholinesterase inhibitory activity in Alzheimer’s disease and
antioxidant (Ozturk Sarikaya, 2015), antimicrobial potential, its mech-
anism of action occurs through enzymatic inhibition by oxidized com-
pounds (Lima et al., 2016).

Flavonoids and phenolic acids demonstrated a part in the mit-
igation of anxiety. A wide range of natural flavonoid compounds
are found to be ligands for GABA, receptors in the CNS which led
to the contemplation that they act as benzodiazepine-like molecules
(Girish et al., 2013; Hanrahan et al., 2011). Likewise, anxiolytic, antide-
pressant, neuroprotective and antiepileptic activities of QUR (Aguirre-
Hernandez et al., 2010; Bhutada et al., 2010), gallic acid (Dhingra et al.,
2012; Mansouri et al., 2014), and rutin (Hernandez-Leon et al., 2017)
have been reported. Similarly, phytoconstituents, viz. gallic acid, rutin,
and QUR from MeOH:water extract of RC leaves have been documented
as potent antioxidants (Singh et al., 2009).

On the other hand, chromatographic quantification of polypheno-
lic compounds from MeOH extract (Babu et al., 2017; Wafa et al.,
2014), aqueous extract (Upasani et al., 2003) and ethanol extract
(Ghrambh et al., 2019) of RC leaves were reported. Here in our study,
for the first time ethyl acetate fraction (RCLEA) was chromatographi-
cally quantified for the presence of polyphenolic compounds viz. QUR,
PYR, rutin and gallic acid. Further, based on ethnopharmacological find-
ings and related associations, it motivated us to investigate putative
anxiolytic-like effect of RCLEA fraction, QUR and PYR using the elevated
plus-maze test (EPM), open field test (OFT) and rota-rod test. Moreover,
the molecular docking was performed to examine in-silico correlation
of QUR and PYR with GABA, receptor at benzodiazepine site. In or-
der to have insights into the mechanism of anxiolytic effect, flumazenil
(FLU) (3 mg/kg) with antagonism on GABA,/benzodiazepine receptor
was co-administrated with RCLEA fraction, QUR and PYR to examine
the involvement of GABAergic nervous system.

2. Materials and methods
2.1. Plant material

The leaves of Ricinus communis Linn. (Family: Euphorbiaceae) were
collected from Sangamner, Maharashtra state, India (GPS coordinates
19°34’ 37.7004” N and 74°12’ 28.6632 E) in February 2016. The plant
was identified, authenticated by the Botanical Survey of India, Pune,
Maharashtra, India (Voucher Specimen Number: VDM-01/ 2016).

2.2. Extraction, isolation and characterization of compounds

The crude extract of RC leaves was obtained by maceration with
absolute ethanol at 40-45 °C for 7 days, filtered and concentrated un-
der reduced pressure using a rotary evaporator (Heidolph Labrota 4000
Efficient, Germany). The crude alcoholic extract (40 g) was then sus-
pended in 20 ml distilled water and successively fractionated with n-
hexane (3 x 450 ml), CHCl; (3 x 400 ml) and EtOAc (3 x 400 ml) to
obtain RCLH (8.23% w/w), RCLC (9.32% w/w), RCLEA (7.54% w/w)
fractions and residual hydro-alcoholic fraction RCLA (19.60 w/w %), re-
spectively. The process was repeated to obtain more yields of fractions.

RCLEA fraction (10 g) was saponified with 6% alcoholic KOH fol-
lowed by preparative TLC (Silica gel-H, Merck, India) of unsaponified
fraction to isolate Compound-1 (Toluene: EtOAc: MeOH, 5:3:2, R; 0.70,
21 mg) as a yellow amorphous powder and Compound-2 (Toluene: EA:
AcOH: formic acid, 2.5:5:2:0.5, R; 0.76, 37 mg) as a white amorphous
powder (Murade, 2017). The isolated compounds 1 and 2 were fur-
ther characterized using physicochemical and analytical techniques viz.
melting point, UV, IR, 'H NMR, 13C NMR, and mass spectra to confirm
their identity.
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2.3. Preliminary phytochemical screening

The RCLEA fraction was subjected to preliminary phytochemical
screening (Gurav et al., 2007, 2013, 2020; Murade, 2017) to confirm
the presence of different secondary metabolites viz. alkaloids, glyco-
sides, steroids, saponins, phenolic compounds, tannins, flavonoids, and
carbohydrates.

2.4. Quantification of fraction using HPLC

The HPLC analysis was performed on a Younglin Acme 9000 series
HPLC system equipped with isocratic pump and UV-Vis detector (190-
600 nm), and the separation was carried out with a Hypersil™ C;4 col-
umn (250 x 10 mm, 5um particle size). The RCLEA fraction was dis-
solved in methanol to achieve 1000 xL/mL concentration and further
quantified using HPLC analysis. Stock solution of pure standards viz.
gallic acid, rutin, QUR and PYR were prepared in methanol at concen-
tration of 100-1000 pl/ml and stored at 4 °C in dark for further anal-
ysis. All sample solutions were filtered through a 0.45 pym membrane
filter (Millipore) and injected directly. The HPLC mobile phase was pre-
pared fresh and consisted of a mixtures of acetonitrile (ACN): 0.05%
orthophosphoric acid (OPA) in H,O (10:90), ACN: 0.05% OPA in H,0
(50:50), ACN: 0.05% OPA in H,O (50:50) and methanol: 0.05% OPA
in H,O (90:10) for gallic acid, rutin, QUR and PYR, respectively using
isocratic mode of analysis with flow rate 0.7 ml/min. with an injec-
tion volume of RCLEA fraction 20 ul. The HPLC analysis was performed
at ambient temperature and data was analyzed using Autochro-3000
software. The chromatogram was monitored at a wavelength between
256-280 nm during the experiment. The peaks were identified by com-
paring its retention time with that of standards markers and quantified
with the help of calibration curves that were separately constructed with
pure standards.

2.5. Molecular docking study

The X-ray crystal structure of GABA, receptor containing two al,
two B2 and one y2 subunits (PDB ID: 6D6T) with resolution 3.86 A
was retrieved from protein data bank (Zhu et al., 2018a; Zhu et al.,
2018b). The protein structure was curated by protein preparation wiz-
ard of Schrédinger maestro 2018-1 MM share version and subsequently
water molecules and other nonstandard residues were removed. Partial
charges were assigned by using the OPLS-2005 force field. The correct
protonation states were assigned through PROPKA and the resulting
structure was subjected to restrained minimization with 0.3 A RMSD.
The site at which FLU is bound was explored in docking study as a
benzodiazepine binding site. The 2D ligand structures were drawn with
Marvin Sketch application and subsequently with Schrodinger LigPrep
module the lowest energy 3D conformers were generated. The most sta-
ble conformer was used in docking studies. A grid box of dimension 20A3
was placed around the binding site and docking simulation was carried
out with Schrédinger Glide extra precision (XP) module. The binding
pose with the lowest docking score was retained and the docking results
were analyzed using glide XP visualize (Sinha et al., 2020).

2.6. Drugs and treatments

Analytical markers for HPLC study viz. gallic acid, rutin, QUR
and PYR were purchased from TCI Chemicals (India) Pvt. Ltd, Hy-
derabad, India. The solvents (Merck, India) used in the study were of
analytical grade. For the study drugs were administered i.p. DZP (1
mg/kg, Ranbaxy Laboratories Ltd, Baddi, Solan, India) was used as a
standard drug (positive control) (Diniz et al., 2019; Mansouri et al.,
2014). The doses of RCLEA fraction (25, 50 and 100 mg/kg), isolated
compounds QUR (Aguirre-Hernandez et al., 2010; Grundmann et al.,
2009) and PYR (1, 5 and 10 mg/kg) and negative control (0.9% saline
containing 0.5% Tween 80) were acutely administered in mice. The

Phytomedicine Plus 1 (2021) 100041

OH
HO OH

U »

Fig. 1. The structures of the isolated compounds, QUR (A) and PYR (B); positive
control DZP (C) and GABA, /benzodiazepine receptor antagonist flumazenil (D).

C

GABA, /benzodiazepine receptor antagonist flumazenil (3 mg/kg, Usan
Pharmaceuticals Pvt. Ltd, Mumbai, India) was injected i.p. 15 min prior
to administration of test and reference drug to evaluate possible mech-
anism of action (Lin et al., 2021; Mansouri et al., 2014). All solutions
were prepared freshly on test days and administered in a volume of
10 ml/kg of the animal’s body weight. The structures of the isolated
compounds, positive control and GABA, /benzodiazepine receptor an-
tagonist flumazenil are presented in Fig. 1.

2.7. Animals

The animal experiments were performed using Swiss albino mice
of either sex weighing 25-30 g. The animals were housed under con-
trolled conditions of temperature 23 +2 °C; humidity: 45-65% and 12
h light/dark cycle and received pellet diet and water ad libitum. The an-
imals were accustomed to the laboratory atmosphere for at least 24 h
and randomly assigned to experimental groups. All procedures were car-
ried out to minimize the number of animals used (n = 6 per group) and
their sufferings. The experiments were performed as per the guidelines
of CPCSEA, Govt. of India after approved protocol by Institutional Ani-
mal Ethical Committee, Amrutvahini College of Pharmacy, Sangamner,
Maharashtra, India (Registration No. 1153/PO/ac/08/CPCSEA) under
number protocol number 1153/AVCOP/IAEC/2016-17/03. The experi-
mental schematic representation of behavioral test shown in Fig. 2.

2.8. Acute oral toxicity study

The acute oral toxicity study of RCLEA fraction was conducted as per
the OECD guideline 423 (OECD, 2002; Gurav et al., 2020) with modifi-
cations. Briefly, the female mice (n=6 mice, 3 at preliminary and 3 at the
confirmatory stage) were used for acute toxicity. The mice were fasted
overnight with free access to water. The single dose of RCLEA fraction of
300 mg/kg, suspended in normal saline containing 0.5% Tween 80, was
administered orally to 3 mice. After that, the animals were observed for
any signs of toxicity and mortality for 24 h. Then the test was repeated
in other 3 mice for confirmation. Based on zero mortality at 300 mg/kg,
next higher dose of 2000 mg/kg was tested in similar fashion using an-
other set of 6 mice (3 at preliminary and 3 at the confirmatory stage).
The animals were observed frequently at 15, 30, and 60 min and every
4 h in the first 12 h, and thereafter up to 14 days for cage side clinical
observations, mortality or moribund stage and weekly body weight.
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Fig. 2. Schematic representation of the behavioral test. Assessment of anxiolytic-like activity using open-field test (A); elevated plus-maze (B); rota-rod test (C) and
antagonism experiment to assess involvement GABA, /benzodiazepine receptors (D).

2.9. Assessment of anxiolytic-like activity

2.9.1. OFT

OFT is a behavioral test to investigate the emotionality and ex-
ploratory activity of the mice (Archer, 1973). OFT was accomplished on
the acrylic arena (transparent walls and black floor, 30 x 30 x 15 cm).
The area of the arena was distributed into nine equal squares. All the
mice were individually placed into the center of the arena and permit-
ted to explore. Ambulation (the number of squares crossed with all four
paws), numbers of grooming, rearing, and defecation were recorded for
the last 5 min of the 6 min testing period (Murade, 2017; Murade et al.,
2017). The details of animal treatment schedule of OFT are represented
in Fig. 2A.

2.9.2. EPM test

EPM test apparatus comprised of two perpendicular open arms
(30 x 5 cm), two perpendicular closed arms (30 x 5 cm), extending from
a central platform (5 x 5 cm) that were open on the top. The maze was
constructed of black painted wood and was elevated 38 cm above the
floor level. The mouse was placed on the central platform of the EPM,
and the number of entries into and time spent on the open and closed
arms entries were recorded for 5 min (Ham et al., 2020; Murade, 2017).
The details of animal treatment schedule of EPM are represented in
Fig. 2B. In separate set of experiment, antagonism study was conducted
to investigate the involvement of GABA, /benzodiazepine. The dose of
GABA, /benzodiazepine antagonist FLU and pretreatment period of the
antagonist was chosen based on earlier studies (Grundmann et al., 2009;
Lin et al., 2021; Mansouri et al., 2014). The details of animal treatment
schedule of antagonism study using EPM are represented in Fig. 2D.

2.9.3. Rota-rod test

Rota-rod test is extensively used to assess muscle coordination, bal-
ance, and neurotoxicity in rodents (Arora et al., 2020; Galdino et al.,
2012). The animals were trained on rota-rod apparatus (Omega Scien-
tific, Bangalore, India) 24 h before performance of the test. Animals
were individually placed on rota-rod apparatus on four paws (Condi-

tions: diameter of bar: 2.5 cm; height: 25 cm above the floor; speed:
12 rpm; Time: 60 s.). The number of falls and the time of permanence
on the rotating bar were recorded automatically (Galdino et al., 2012;
Murade et al., 2017). The details of animal treatment schedule of rota-
rod test are represented in Fig. 2C.

2.10. Statistical analysis

All results are expressed as mean + standard error of the mean. Data
were analyzed using one-way ANOVA followed by the Tukey-Kramer
post-hoc multiple comparison test. Differences between the experimental
groups were considered significant when p < 0.05. All statistical analyses
were carried out by using Graph-Pad Prism (GraphPad Prism Software
version 6, San Diego, CA, USA).

3. Results
3.1. Preliminary phytochemical screening

The preliminary phytochemical screening of RCLEA fraction of RC
leaves revealed the presence of tannins, glycosides, saponins, flavonoids,
phenolic compounds, carbohydrates (data not shown).

3.2. Isolation of phytoconstituents

3.2.1. Characterization of Compound-1 (QUR)

Compound-1: Yellow amorphous powder (0.025 g); melting point:
315.6 °C; UV A, (methanol): 283 nm; FTIR (KBr, cm?): 3288.29,
3012.91, 1662.48, 1562.54, 1514.70, 1359.83, 1164.66, 1093.30,
767.94, and 679.78; Molecular formula: C;5H;,0,; ESI-MS (m/2): 301,
273, 257, 229, 193, 179, 121, 107; LH-NMR (400 MHz, DMSO-dg): 6.2
(s, 1H, H-6), 6.4 (s, 1H, H-8), 7.8 (s, 1H, H-2"), 7.6 (d, J= 8.44 Hz, 1H,
H-6"), 6.9 (d, J= 8.48 Hz, 1H, H-5), 0.5 (bs, 5-OH), 8.7 (s, 7-OH), 9.3 (s,
3-OH), 9.1 (s, 4-OH), 12.3 (s, 3-OH); 13C NMR (400 MHz, DMSO-d,):
175.40, 135.55 (C-3), 160.58 (C-5), 163.61 (C-7), 144.59 (C-3"), 146.28
(C-4"), 147.19, 98.15, 93.25, 156.1, 102.93, 122.15, 147.15, 115.28,
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Fig. 3. RP-HPLC chromatogram of the quantified constituents from RCLEA fraction: (A) gallic acid, (B) rutin, (C) QUR, and (D) PYR from RCLEA fraction.

120.15. The compound-1 was identified as QUR and it was in accor-
dance with literature (Saaby et al., 2009; Savic et al., 2014).

3.2.2. Compound-2 (PYR)

Compound-2: White amorphous powder (0.037 g); melting point:
130.4 °C; UV A, (methanol): 272 nm; FTIR (KBr, cm1): 3534.21,
3230.62, 1401.97, 1483.29, 1519.53, 1618.35, 3024.54, 1210.24,
865.61, 828.10, 759.05 and 708.50; molecular formula: C;H¢O5 ESI-
MS (m/z): 126.1, 108, 97, 80, 63 and 52; 'H NMR (400 MHz, DMSO-
dg): 6.30 (d, 1H, J=7.88 Hz, H-4 & H-6), 6.44 (t, 1H, J=8.24 Hz and 7.88
Hz, H-5), 8.47 (bs, 3 -OH); 13C NMR (400 MHz, DMSO-dg): 145.95 (C-1
& C-3), 132.81 (C-2), 107.12 (C-4 & C-6), 118.56 (C-5). The compound-
2 was identified as a 1, 2, 3- benzenetriol commonly known as PYR
(Khan et al., 2002; Oladimeji and Igboasoiyi, 2014).

3.3. Quantification of fraction using HPLC analysis

Chromatographic analysis using HPLC was executed for the quanti-
tative estimation of gallic acid, rutin, QUR and PYR from the RCLEA
fraction. The chromatograms are presented in Fig. 3. The contents of
gallic acid, rutin, QUR and PYR found in RCLEA fraction were 0.63,
4.36, 1.62 and 14.07% w/w, respectively. The retention time of quan-
tified gallic acid (tz = 5.33 min), rutin (tz = 3.72 min), QUR (¢ = 5.35
min) and PYR (tz = 4.11 min). The HPLC analysis resulted in calibration
curves of the standards: gallic acid, Y = 66.074x + 190.27 (r* = 0.9955),
rutin, Y = 52.29x + 3.651 (2 = 0.9991), QUR, Y = 25.441x — 32.734
(r? = 0.9970) and PYR, Y = 7.6746x - 2.786 (r? = 0.9935).

3.4. Molecular docking studies

The GABA, receptors are the major inhibitory neurotransmitter re-
ceptors often targeted in drug design in various CNS disorders (Sigel and
Steinmann, 2012). The GABA, receptors are pentameric ligand-gated
ion channels containing «, #, and y subunits. Typically, the major iso-
form of GABA, contains two « subunits, two g subunits, and one y
subunit (Elgarf et al., 2018). The classical benzodiazepines bind at
the benzodiazepine binding site at the interface of a and y subunits

(Puthenkalam et al., 2016). There are some reports in which the ho-
mopentameric structure of GABA, containing a1 subunits have been
used as a template and the homology model of the heteropentameric
structure containing «, # and y subunits have been used in docking stud-
ies (Negi et al., 2018; Sahila et al., 2015). However, now the crystal
structure of the heteropentameric structure of GABA, in complex with
FLU is available (PDB ID: 6D6T). The resolution of this crystal struc-
ture is slightly low (3.86 A) may be due to the presence of five different
chains. But, our interest was only in D and E chains which were al
and y2 subunits, respectively. Molecular docking study showed that the
co-crystallized FLU binds at the interface of al and y2 subunits. The
subunit a1 (chain D) residues Alal61, Tyr160, Ser159, Tyr160, Thr207,
Phel00, Tyr210, Val212, Ser206, Ser205 and His102 within 5 A from
the FLU may be important in the binding interactions. While from sub-
unit y2 (chain E) the residues Met130, Thr142, Ala79, Phe77, Phe78,
Asp56, Tyr58, Met57 and Glu189 within 5 A may be likewise impor-
tant in the key binding interactions (Fig. 4). A non-bonded hydrogen
bond interaction is one of the key interactions which decide the bind-
ing affinity and consequent lower and favorable binding free energy. In
the case of co-crystallized FLU, the residue Thr142 from chain E and
residue Thr160 from chain D forms two such hydrogen bond interac-
tions. The other non-bonded interactions such as hydrophobic -z stack-
ing interactions and z-cation interactions with the residues Met130 and
Ala79 from chain E and Alal61, Ser159, His102 and Tyr210 from chain
D were also equally important in the favorable binding of FLU at the
binding site. The results of Schrédinger Glide XP docking are given in
Table 1.

From the docking results, it is evident that QUR has the lowest dock-
ing score. Lower the docking scores higher is the binding energy and
more favorable binding interactions at the binding site (Fig. 5). The
chromen-4-one core nucleus accommodates in a binding site and the hy-
droxyl group at 7™ position makes a key hydrogen bond interaction with
Alal61. This hydrogen bond interaction is also formed with FLU with
the carbonyl oxygen on the diazepine ring. Both the hydrogen bonds are
between the backbone donor —-NH of alal61 and acceptor oxygen of QUR
and FLU. The hydrogen bond interaction with Thr142 which is found in
FLU carbonyl oxygen of ethyloxycarbonyl substituent on imidazole ring
was not found to occur with other compounds. Interestingly, DZP forms
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Fig. 4. FLU at the binding site of GABA,. A) FLU bound at the interface of the a1 subunit (orange color ribbon) and y2 subunit (green color ribbon); B) FLU poses

at the binding site, and C) The interacting residues at the binding site.

Table 1

Binding interaction of ligands with the GABA, /benzodiazepine receptor site (PDB ID: 6D6T).

Pubchem Binding The non-bonded interactions with the amino acid residues at the binding site
CID Ligand affinity - - — -
(k.cal.mol-1) H-Bond interaction #-n stacking interaction
5280343 QUR -9.982 Ser206, Asp56, Ala161 Tyr210, Tyr160, Ala79
1057 PYR -6.001 Ser205, His102, Ser159 Tyr210
3016 DZP -7.299 Ser205 Phe77, Ser206, Tyr210, His102, Ser159, Phe100, Tyr160
3373 FLU -8.725 Ala161, Thr142 Tyr210, His102, Ser159, Tyr160, Met130, Ala79

the hydrogen bond interactions with Ser205 where one of the acceptor
nitrogen atoms of diazepine ring forms a hydrogen bond with the ser-
ine side chain oxygen atom of hydroxyl group. QUR on the other hand
forms hydrogen bond interaction with adjacent residue Ser206 but with
the side chain oxygen atom of a hydroxyl group and oxygen atom of hy-
droxyl group on phenyl ring substituted on 2nd position of flavones ring.
Contrary to all these results, the compound PYR was found to make key
hydrogen bonds and hydrophobic interactions. The hydroxyl groups in
this compound make hydrogen bond interactions with Ser205, His102,
and Ser159 residues. Here the hydrogen bond interaction with Ser205
is similar to the hydrogen bond interaction with DZP. However, the hy-
drophobic interaction is not found with PYR whereas only the z-7 stack-
ing interaction was observed with Tyr210. Thus, the docking study sug-
gests that the QUR has the most favorable binding pose and the best
docking score compared to the drugs DZP and FLU.

3.5. Acute toxicity study

The acute oral toxicity of RCLEA fraction showed no mortality or
moribund stage and there was no toxicity of any nature observed up to
the dose of 2000 mg/kg during the observation period of 14 days. Thus,
the estimated LDg, of RCLEA fraction was more than 2500 mg/kg.

3.6. Assessment of anxiolytic-like activity

3.6.1. Effect of fraction and isolated compounds on the OFT

To examine the effect of RCLEA fraction, QUR and PYR on anxiolytic-
like behavior, we performed the OFT. The administration of DZP, RCLEA
fraction, QUR and PYR showed insignificant effect [F(10, 55) = 1.345,
p = 0.2308] on number of crossings (Fig. 6A). The time spent in central
area (Fig. 6B) [F(10, 55) = 3.965, p < 0.0004] was significantly in-
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Fig. 5. Binding poses of compounds and interaction diagrams. A) QUR binding pose at the binding site and interaction diagrams; B) Binding pose of PYR and
interaction diagrams; C) Binding pose of DZP and interaction diagrams; and D) Binding pose of FLU and the interaction diagrams.

creased by treatment with DZP (1 mg/kg; p < 0.01), RCLEA fraction (50
and 100 mg/kg; p < 0.05 and p < 0.01, respectively), QUR (10 mg/kg;
p < 0.05) and PYR (10 mg/kg; P < 0.05). Treatments showed insignifi-
cant differences in grooming behavior [F(10, 55) = 0.4211, p = 0.9304)]
(Fig. 6C). DZP (p < 0.01), RCLEA fraction (50 and 100 mg/kg; p <
0.05 and p < 0.01, respectively), QUR and PYR (10 mg/kg each; p <
0.05 and p < 0.05) showed significant effect on the number of rearing
[F(10, 55) = 3.903, p <0.0005] (Fig. 6D). The fecal bolus count [F(10,

55) = 5.261, p < 0.0001] was reduced by treatments with DZP (p <
0.001), RCLEA (25, 50 and 100 mg/kg; p < 0.01, p < 0.001 and p <
0.001, respectively), and QUR (10 mg/kg, p < 0.05) while PYR showed
insignificant effect (Fig. 6E).

3.6.2. Effects of fraction and isolated compounds on the EPM
EPM test is based on the principle that the experience on an EPM
evokes an approach -escaping conflict. This conflict is substantially
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Fig. 6. Effect of acute treatment of RCLEA fraction of RC on number of crossings (A); time spent in a central area (B); number of grooming (C); number of rearings
(D) and fecal bolus (E) evaluated in the open-field test in mice. Animals received i.p. treatments of control (0.5 % Tween 80 in normal saline, 10 mL/kg); DZP (1
mg/kg); RCLEA fraction (25, 50 and 100 mg/kg) and QUR or PYR (1, 5 and 10 mg/kg). Data are expressed as mean +SEM (n= 6 mice/group), “p < 0.05 and ** p <
0.01 as compared to control group (One-way ANOVA followed by Tukey-Kramer multiple comparison test).

brawny than that evoked by an entry into enclosed arms. The reduced
aversion to the open arms as a result of anxiolytic-like effect. An anxi-
olytic compound increases frequency of entries into open arms and in-
creases time spent in open arms without any change in locomotor ac-
tivity. While, the anxiogenic drugs increases time spent and number of
closed arms entries (Mansouri et al., 2014; Lin et al., 2021). One way
ANOVA showed that DZP (1 mg/kg; p < 0.001), RCLEA fraction (25, 50
and 100 mg/kg; p < 0.01, p < 0.001 and p < 0.01, respectively) and QUR
(1, 5 and 10 mg/kg; p < 0.01, p < 0.05 and p < 0.001, respectively) sig-
nificantly increased time spent in open arms of EPM [F(10, 55) = 16.36,
p < 0.0001] (Fig. 7A). The treatments with DZP (1 mg/kg; p < 0.001),
RCLEA fraction (25, 50 and 100 mg/kg; p < 0.001, p < 0.001 and p <
0.01 respectively), QUR (1, 5, and 10 mg/kg; p < 0.001, p < 0.05 and
p < 0.001 respectively) and PYR (10 mg/kg; p < 0.05) decreased the
time spent in closed arms [F(10, 55) = 16.02, p < 0.0001] (Fig. 7B).
Further, administration of DZP (1 mg/kg; p < 0.001), RCLEA fraction
(25, 50 and 100 mg/kg; p < 0.05, p < 0.001 and p < 0.05) and QUR
(1 and 10 mg/kg; p < 0.05 and p < 0.001) increased number of entries
on open arms parameter [F(10, 55) = 5.236, p < 0.0001] (Fig. 7C). The
treatment with DZP (1 mg/kg; p < 0.001), RCLEA fraction (50 and 100
mg/kg; p < 0.01 and p < 0.05) and QUR (10 mg/kg; p < 0.01 vs. control)
[F(10, 55) = 3.766, p < 0.0007] (Fig. 7D) showed significant decrease
in number of entries in closed arms of EPM.

3.6.3. Effect of GABA ,/benzodiazepine receptor antagonist

In order to understand the anxiolytic-like mechanism of test drugs
RCLEA fraction, QUR and PYR either via GABAergic or non-GABAergic
involvement, RCLEA fraction (50 mg/kg), QUR and PYR (10 mg/kg re-
spectively) were co-administered with FLU (benzodiazepine antagonist).
FLU alone was unable to increase time spent in open arms (p > 0.05 vs.
control; p < 0.001 vs. DZP group) while its co-administration of DZP re-
versed the anxiolytic-like effect of DZP (FLU+DZP; p < 0.001 vs. DZP).
Likewise, co-administration of FLU with RCLEA fraction (FLU+RCLEA;
p < 0.001 vs. DZP), QUR (FLU+QUR; p < 0.01 vs. control, p < 0.001
vs. DZP and p < 0.01 vs. FLU) partially reversed the time spent in open
arms with no significant effect with PYR (p > 0.05 vs. control and FLU,
p < 0.001 vs. DZP) [F(9, 50) = 25.64, p < 0.0001]. (Fig. 8A). One way

Table 2
Effect of acute treatment of RCLEA fraction, QUR and
PYR on number of falls in rota-rod test in mice.

Treatment Dose (mg/kg, i.p.) Number of falls
Control 10 mL/kg 0.2 + 0.07
DZP 1 0.8 +£0.07 ™
RCLEA 25 0.3 £ 0.07 ™
50 0.5 + 0.08 ™
100 0.6 + 0.09 "
QUR 1 02 +010"m
0.5 +0.11 ™
10 0.5+ 0.13 ™
PYR 1 03 +0.16 ™
0.6 £ 0.21 ™
10 0.8 £ 0.30 "™

The results are expressed as mean +SEM (n= 6
mice/group) ™ P > 0.05 as compared to control group
(One-way ANOVA followed by Tukey-Kramer multi-
ple comparison test).

ANOVA [F(9, 50) = 10.90, p < 0.0007] that the co-administration of
FLU with DZP (FLU+DZP; p > 0.05 vs. control and p < 0.001 vs. DZP)
reversed the number of open arms entries. FLU co-administration with
RCLEA fraction (FLU+RCLEA; p > 0.05 vs. control and FLU, p < 0.05
vs. DZP) and QUR (p < 0.05 vs. control and FLU, p > 0.05 vs. DZP) par-
tially reversed the number of entries in open arms with no significant
effect on PYR (p > 0.05 vs. control and FLU, p < 0.001 vs. DZP) [F(9,
50) = 10.90, p < 0.0007]. (Fig. 8B).

3.6.4. Effect of fraction and isolated compounds on the rota-rod test
Rota-rod test was conducted to verify neurotoxicity and muscle re-
laxation effects of the RCLEA fraction, QUR and PYR from the leaves of
RC. Treatments of positive control DZP, and RCLEA fraction, QUR and
PYR exhibited no significant difference in the number of falls [F(10,
55) = 0.9565, p = 0.4908] (see Table 2) as well as time of perma-
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Fig. 7. Effect of acute treatment of RCLEA fraction of RC on the EPM test in mice. Animals were treated i.p. with control (0.5 % Tween 80 in normal saline, 10
mL/kg); DZP (1 mg/kg); RCLEA fraction (25, 50 and 100 mg/kg) and QUR or PYR (1, 5 and 10 mg/kg) expressed by the time spent in open arms (A), time spent
in the closed arm (B), number of entries in open arms (C) and number of entries in the closed arms (D). Data are expressed as mean +SEM (n= 6 mice/group). *p <
0.05, **p < 0.01 and ***p < 0.001 vs. control group (One-way ANOVA followed by Tukey-Kramer multiple comparison test).
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nence [F(10, 55) = 1.894, p = 0.0658] at any dose level as shown in
Fig. 9.

4. Discussion

RC is single-species genus in the Euphorbiaceae family (Kole, 2011).
The results presented in this work, add to the stock of knowledge on RC
leaves and emphasize the relevance of the information of the traditional
medicine. In the present study, the anxiolytic-like effect of the RCLEA
fraction of RC as well as its two isolated metabolites, identified as QUR,
PYR and further plausible involvement of GABAergic system in different
behavioral models.

The polyphenolic metabolites isolated QUR and PYR further quanti-
fied using HPLC from RCLEA fraction, also gallic acid and rutin quan-
tified for the first time. The earlier studies revealed the presence of

flavonoids, phenolic compounds, saponins, and glycosides in RC leaves
(Singh et al., 2009; Wafa et al., 2014). These polyphenolic compounds
present in the fraction may be contributed to their anxiolytic-like activ-
ity. Several reports have linked presence of polyphenolic and flavonoids
with anxiolytic effect (Estrada-Camarena et al., 2019; Girish et al., 2013;
Grundmann et al., 2009; Herrera-Ruiz et al., 2008; Mansouri et al., 2014;
Noguerén-Merino et al., 2015).

Animal study using the rota-rod test, OFT and EPM are simple, stan-
dardized, efficient and consistent tools to screen prospective anxiolytic-
like drugs (Garlet et al., 2019; Robinson et al., 2018).

OFT imitates cerebral activation and anxious animals freeze in a
corner. Conversely, benzodiazepine receptor agonists show behavioral
changes which are in covenant with decreased anxiety while promot-
ing exploratory activities (Murtala and Akindele, 2020). Thigmotaxis is
connected to challenges to escape from a novel aversive situation and is
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an important anxiety-related behavior in OFT, which is sensitive to the
action of benzodiazepines (Shaw et al., 2007). An increase in the num-
ber of rearings and the number of center square crossings in the OFT
reported for the medicinal plant extract (Barua et al., 2009). Likewise,
DZP showed an increase in the number of crossings and time spent in
the central arena at low doses which is in agreement with the previous
studies (Galdino et al., 2012; Murtala and Akindele, 2020). Similar to
DZP, RCLEA fraction, QUR and PYR also demonstrated increase in time
spent in the central area of open field which suggested anxiolytic-like
effect. Exposure to novel surrounding in OFT causes aversion and in-
creases grooming behavior in animal to resolve unknown fear or aver-
sive stimulus (Lalonde and Strazielle, 2009). Contrary to this, in the
present study, the grooming behavior remained unaltered upon acute
administration of DZP, RCLEA fraction, QUR, and PYR, which is be-
yond understanding and needs more studies. Similar results were re-
ported for sesquiterpenoids isolated from Nectandra grandiflora leaves. It
may be due to behavioral struggle between grooming and vertical explo-
ration with consequently reduction of occasions to groom (Garlet et al.,
2019). The rearing is thought to be a novelty-evoked exploratory be-
havior that contains components of both stereo-activity and anxiety
(Eisener-Dorman et al., 2010). However, the rearing behavior appeared
to be independent of crossings as evidenced by the observation of signif-
icantly decreased rearing along with no change in the number of cross-
ings (Shaw et al., 2007). In agreement with other studies, the treat-
ment with DZP and RCLEA, QUR, and PYR significantly suppressed the
rearing behavior indicating their anxiolytic-like effect may be due to
sedation (Chaves et al., 2018; Garlet et al., 2019). Emotional behav-
ior displayed by rodents in the form of higher number of fecal bolus
(Kulesskaya and Voikar, 2014). In accordance to this, DZP, RCLEA, and
QUR attenuated defecation which further strengthens their anxiolytic-
like effect (Archer, 1973; Galdino et al., 2012).

An anxiolytic compounds increases the frequency of entries and
time spent in open arms, while the anxiogenic drugs increase time
spent and a number of entries into closed arms (Ham et al., 2020;
Mansouri et al., 2014). In the present investigation, administration of
RCLEA (25, 50, and 100 mg/kg) QUR (1, 5, and 10 mg/kg) signifi-
cantly increased the number of entries as well as the time spent in the
open arms on EPM comparable to DZP suggesting their anxiolytic-like
effect. Our findings are in agreement with previous studies of anxiolytic-
like effects presented by secondary metabolites such as QUR (Aguirre-
Herndndez et al., 2010; Bhutada et al., 2010), 5-methoxyflavone
(Shanmugasundaram et al., 2020), 6-bromoflavanone (Ognibene et al.,
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2008), gallic acid (Mansouri et al., 2014), ellagic acid (Girish et al.,
2013) and berberine (Peng et al., 2004), spinosin (Liu et al., 2015b).

It is well known that the actions of benzodiazepines are based on the
enhancement of GABAergic transmission at benzodiazepine-sensitive
GABA receptors (Han et al., 2009). GABA, receptor mediates most
of the inhibitory synaptic transmissions in the central nervous sys-
tem (Girish et al., 2013). Conventional hypnotics and anxiolytic drugs,
such as barbiturates and benzodiazepines, enhance GABAergic transmis-
sion via the GABA, receptor (Sieghart et al., 2012). However, typical
GABA, /benzodiazepine agonists have side effects such as muscle relax-
ation, sedation, and depressive mood (Girish et al., 2013; Sieghart et al.,
2012). FLU is commonly reported in the studies to demonstrate and
confirm the specific involvement of GABA,/benzodiazepine receptors
in the mechanism of action of substances or a plant extract with anxi-
olytic activity (Garlet et al., 2019; Lin et al., 2021). In the present study,
to rule out the involvement of GABA, receptors, the anxiolytic effect of
RCLEA, QUR and PYR was assessed in FLU treated mice. Results of our
study are in agreement with others studies, the pretreatment of FLU (3
mg/kg) showed partial but significant reversal in the time spent and the
number of entries into open arms of EPM after administration of RCLEA
fraction (50 mg/kg) and QUR (10 mg/kg), whereas insignificant change
in PYR (10 mg/kg) treated mice (Garlet et al., 2019; Girish et al., 2013;
Mansouri et al., 2014). Therefore, it can be speculated that RCLEA frac-
tion and QUR possibly interacted with GABA, /benzodiazepine receptor
mediated anxiolytic-like effect.

Rota-rod test employed to access motor coordination evolves com-
plex behavioral domain and reflects balance, muscle strength, neurotox-
icity, and patterned gait as well as sensory competence (Galdino et al.,
2012; Murade et al., 2017). The administration of DZP, RCLEA frac-
tion, QUR, and PYR did not produce any change in number of falls
and the time of permanence at any dose level, devoid of motor inco-
ordination, muscle relaxation or sedation typical side effects of benzo-
diazepines. Most of the flavonoid compounds do not exhibit benzodi-
azepine related side effects (Almeida et al., 2009; Medina et al., 1998,
1997; Wasowski and Marder, 2012). Some authors reported benzodi-
azepines at relatively high dose causes loss of motor coordination possi-
bly due to a blockage of neuromuscular transmission (Costa et al., 2014;
Monteiro et al., 2020).

To confirm the in-vivo anxiolytic-like effect of QUR isolated from
RCLEA fraction, docking studies were performed in the present study
and the interaction of QUR with the binding sites on human a2 subunit-
comprising GABA, receptors was analyzed using molecular docking
(Shanmugasundaram et al., 2020). These studies are imperative in drug
design and utilized to predict possible binding affinity of drugs at tar-
get binding sites (Karim et al., 2017). In the present study, the dock-
ing of GABA, at benzodiazepine binding site suggests non-selective
agonist- DZP and competitive antagonist-FLU have strong interactions
(Zhu et al., 2018). While non-benzodiazepine molecule- QUR has the
most favorable binding pose and the best docking score compared to
DZP and FLU (Negi et al., 2018). As reported previously, flavonoids
show high affinity for benzodiazepine binding site of the GABA, recep-
tors and act as rational pharmacophore (Dekermendjian et al., 1999;
Hanrahan et al., 2011). In clinical domain benzodiazepines exhibited
pharmacological effects (anxiolytic, anticonvulsant, muscle relaxant and
sedative-hypnotic) make them the most important GABA, receptor-
modulating agents (Sieghart et al., 2012). On the other hand, PYR had
displayed fewer interactions with GABA, at benzodiazepine site (in line
with the in-vivo studies). As reported in similar study, flavonoids like ros-
marinic acid and kaempferol are showed good binding affinity towards
GABA, receptors (Negi et al., 2018).

In summary, our results suggest that acute administration of
anxiolytic-like effect on mice exerted by RCLEA fraction may be at-
tributed mainly due to presence of gallic acid, rutin and QUR (Aguirre-
Hernandez et al., 2010; Murtala and Akindele, 2020). However, more
studies on neuropharmacological, biochemical and phytochemical as-
pects will be needed in order to better understand the mechanisms re-
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sponsible for anxiolytic-like effect and to identify other active secondary
metabolites present in the RCLEA fraction.

5. Conclusion

Our findings suggest that the RCLEA fraction and QUR isolated from
leaves of RC offered significant anxiolytic-like effect could be due to the
interaction of these compounds on GABAergic system at benzodiazepine
receptor site. These findings are in agreement with the ethnopharmaco-
logical use of this plant in CNS disorders. Considering behavioral test
and good interactions of QUR with GABA,/benzodiazepine receptor
complex in molecular docking study suggest potential target for drug
discovery of anxiolytic agents.
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