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Background: The consumption of green juice of Barley and wheat grass is widely increases because of its
therapeutic benefits.
Objective: The study aimed to investigate phytochemicals and evaluate the antioxidant and antide-
pressant activity of aqueous extract of barley and wheat grass.
Material and methods: This study included phytochemical screening, evaluation of antioxidant and an-
tidepressant activities. Four groups consisting of six mice in each group. Negative control with stressed
induced mice; imipramine group (100 mg/kg), barley and wheat extract group (400 mg/kg) respectively.
Forced swim, tail suspension and elevated plus maize test were carried out to evaluate the antianxiety
and antidepressant activity.
Results: Phytochemical screening of barley and wheat grass extract showed secondary metabolites such
as alkaloids, Saponin, Tannins, Phenolic, Carbohydrate, Glycosides, Flavonoids, and Proteins. The mean
total phenolic content of aqueous extract of barley and wheat grass was 160.996 ± 0.656,
135.63 ± 1.184 mg equivalent of GAE/g respectively. The total flavonoid content of aqueous extract of
barley and wheat grass was 153.42 ± 0.40, 133.14 ± 0.43 mg equivalent of quercetin/g respectively. The
extracts were proved to be an effective radical scavenger in all antioxidant assays. Forced swim and tail
suspension test showed a significant (*p < 0.05 and **p < 0.01) decrease in an immobility time. In
elevated plus maize, there was a significant (**p < 0.01) increase in average time spent on the open arm
of the extract-treated group as compared to the negative control.
Conclusion: It shows that barley and wheat grass extract has antidepressant effect.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Depression, a potentially life-threatening psychiatric illness, af-
fects millions of people around the world. Almost one in every five
individuals suffers fromdepressionat somestage in their life,with the
risk being three times higher (15e18 percent) [1]. The prevalence and
association of depression is the major global health concern [2]. The
pathophysiology of depression is linked to several neurological the-
ories as well as environmental factors. The stressful lifestyle and life
eventsmay triggermajordepressivedisorder [3,4]. Ina study, patients
consuming a tryptophan-deficient diet experience a transient drop in
ary University, Bangalore.
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serotonin levels in the brain, which alters the regulation of brain
function [5].

The oxidative stress is due to the imbalance in free radical
generation which increases reactive oxygen species [6]. It is caused
by a disruption or imbalance in the synthesis of reactive oxygen
species (ROS) and free radicals [7,8]. The oxidative stress is caused
by the accumulation of vast amounts of ROS which participates in
degradation of lipids, proteins, and even nucleic acids, resulting in
cell damage or death [9].

Several in-vitro antioxidant method has been introduced for the
determination of antioxidant activity of different natural sources
containing high concentration of phenolic and flavonoid content. The
hydrogen atom transfer (HAT) and single electron transfer (SET) are
two categories of summarizing all invitro antioxidant activity. The SET
method is widely used for the determination of antioxidant activity of
different natural sources which included ferric reducing antioxidant
isciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
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power (FRAP), 2,2-Diphenyl-1-picrylhydrazyl (DPPHC), hydrogen
peroxide (H2O2), and hydroxyl (OHC) radical scavenging activity
(HRSA) etc. The present study also used these methods for determi-
nationofantioxidantactivityofbarleyandwheatgrassextract [10e12].

Antioxidants helps to cure and avoid diseases when consumed
in sufficient amounts [13]. Inflammation and neurodegeneration
play a vital role in the pathogenesis of depression in the present
scenario, but there is no sufficient mechanism that supports the
fundamental factor that induces depression. Another hypothesis
showed that the generation of free radicals causes mitochondrial
dysfunction, which alters fatty acid synthesis, DNA replication and
inhibit protein synthesis. Serotonin (5HT), norepinephrine (NE),
and dopamine (DA) are quickly oxidized because of production of
ROS which may lead to neuropsychiatric illness [14e16]. The
overproduction of hydroxyl and superoxide anions lower the
monoamine levels in the brain, disrupt the antioxidant processes,
and increase oxidative stress in depressed patients [17].

The World Health Organization (WHO) has provided guidelines
for managing depression during clinical practice. The antidepres-
sants medications significantly cure the disease [18]. The most
popular medications used to treat acute and major depressive dis-
order are selective serotonin reuptake inhibitors (SSRIs) and selective
serotonin-norepinephrine reuptake inhibitors (SNRIs). According to
the report, about 63 percent of patients taking SSRIs and SNRIs an-
tidepressant drugs experience more side effects [19]. Because of this,
most physicians prefer non-pharmacological therapy also.

Medicinal plants are an important source of natural active
compounds that can helps to discover new molecules for the
treatment of different types of diseases [20]. Herbal medicines are
used to treat mental illnesses, which are becoming more common
as natural remedies for the management of depression and anxiety.
TheWorld Health Organization and the European Medicine Agency
have proved some herbal medicines, such as Lavandula angustifolia
Mill., Crocus sativus L., Passiflora incarnata L., and Valeriana officinalis
L., for the treatment of anxiety and depression because of its lower
side effects and withdrawal symptoms [21]. Various pharmaco-
logical methods have been developed in recent decades to assess
the neuropharmacological activities of medicinal plants [22].

Young barley leaves (Hordeum vulgare L.) and wheatgrass (Triti-
cum aestivum) belonging to family Gramineae is rich in vitamins and
minerals. The juice is commonly consumed for its various health
benefits which provides nutrition to the cells and detoxifies the
human body as it contains bioactive ingredients. Due to the presence
of gamma amino butyric acid (GABA), flavonoids, superoxide dis-
mutase (SOD), K-Ca, vitamins (A, C, and E), tryptophan, chlorophylls,
bioflavonoids, iron, minerals, and amino acids, it can be used for the
treatment of various diseases. Flavones, C-glycosides, Saponin, and
Lutonarin are anti-oxidant constituents present in it [23e25]. The
green juice of the wheatgrass plant is used for bone marrow and
blood-building agents in patients receiving chemotherapy. It is also
used for the treatment of thalassemia [24]. Barley and wheatgrass
juice, also known as "Jamara ko Juice," is popular among Nepalese
people. It is harvested on the seventh day for drinking purposes at a
height of 12e14 inches which reveals more benefits [8]. People are
generally not aware of the selection and use of these medicinal
plants for curing various diseases. Therefore, present study was
carried out to elucidate the in-vitro antioxidant property, anti-
anxiety and anti-depressant activity through in-vivo study of
aqueous extract of barley and wheatgrass in experimental animals.

2. Material and Methods

This study was conducted in the department of pharmacy and
pharmacology, Universal College of Medical Sciences (UCMS),
Bhairahawa, Rupandehi, Nepal, in December 2019 to May 2020.
2

2.1. Drugs and chemicals

Imipramine hydrochloride (Himedia), Ferric chloride (SD fine
Chem Ltd.), Sulphuric acid (Thermo fischer scientific), Hydrochloric
acid (RFCL limited), Gallic acid (SD fine Chem Ltd.), Follin-ciocalteu
reagent (SD fine Chem Ltd.), Potassium acetate (SD fine Chem
Ltd.), Quercetin (SD fine Chem Ltd.), Ascorbic acid (SD fine Chem
Ltd.), Methanol (Merck specialities Pvt. Ltd.), 1,1-diphenyl-2-
picrylhydrazyl (SigmaAldrich Ptv. Ltd.), Dimethy sulfoxide (SD fine
Chem Ltd.), Butylated Hydroxy Toluene (Himedia), Butylated Hy-
droxy Anisole (Himedia), Ammonium acetate (Himedia), Sulphani-
lamide AR (SD fine Chem Ltd.), Ferrozine (Himedia), Ferrous
ammonium sulphate (Himedia).
2.2. Cultivation and collection

For the cultivation of barley and wheat grass, the soil test was
done in Agriculture and Forestry University, Faculty of agriculture,
Rampur, Chitwan, Nepal. The soil test for cultivation was approved
and verified by Mr. Sandesh Bhatta, Assistant Professor, Depart-
ment of Soil Science and Agri Engineering, Agriculture and Forestry
University, on 2076.08.02 BS.

In Bhairahawa, Rupandehi, Nepal, green barley (H. vulgare) and
wheat grass (T. aestivum) were cultivated in indoors facilities. The
seeds were first immersed in clean water overnight, and the next
day seeds were kept in a moist cotton cloth for sprouting. The soil
was preparedwith fine particles and combinedwith equal amounts
of organic fertilizers. The barley and wheat sprouts were sown and
watered twice a day in a soil bed kept in two separate racks for two
different plants, respectively. On the 9th day, the young green grass
reached a height of 9e12 cm. The grass was cut with a scissor across
the ground surface, and the green grass was collected. After har-
vesting the wheat and barley grass, they were thoroughly washed
under tap water to remove dust and soil. It is stored in a clean tray,
and was allowed shade dry and packaged in an airtight container.
2.3. Plant identification and authentication

Plants were cultivated and collected for one month from
Bhairahawa, Rupandehi, Nepal. The Barley (H. vulgare) and wheat
grass (T. aestivum) plant herbariumwas prepared and submitted to
Banaspati Bibhag, Godawari Lalitpur, Kathmandu, Nepal for plant
identification and certification. Research officer Ms. Pratiksha
Chalise identified the plant, and senior research officer Mr. Subash
Khatri gave the certificate, Certificate of Identification No. 160.
2.4. Extraction

The barley and wheat grasses were dried and grounded into
coarse particles; the rough and coarse powder was extracted using
the soxhlet extraction process. Total 38 and 42 g of coarse powder
of H. vulgare and T. aestivum, respectively. They were accurately
weighed and extracted by the Soxhlet extractor, using distilled
water at 1:16 ratio solvent for 24 h. The resulting menstruum was
heated at 80 �Ce90 �C to evaporate the solvent, and the dried
extract was collected. The resultant dry extract was weighed, and
the percentage yield was measured. The dry extract was placed in a
clean airtight container and stored at 4 �C in the refrigerator for
further use [26].

Yield %¼ðweight of extractÞ � 100
ðweight of powderÞ
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% Yield of Barley grass¼4:86
38

� 100

¼ 12:79%

% Yield of Wheat grass¼ 6:12
42

� 100

¼ 14:57%

2.5. In-vitro study

2.5.1. Preliminary phytochemical screening
The preliminary phytochemical screening of aqueous extract of

barley and wheat grass was carried out for the detection of alka-
loids, amino acids, protein, carbohydrate, glycosides, phenol, ste-
rols, terpenoids, tannin, flavonoid, saponin, etc., [27e29].

2.5.2. Determination of total phenolic content
The total phenolic content of aqueous extract from barley and

wheatgrass was analyzed with some modification, using Folin
Ciocalteau reagent as a method developed by Lee Y H et al., total
4 mL of 10% Folin Ciocalteau reagent with 6 mL of 75% sodium
carbonate (Na2CO3), and 1 mL of different concentration samples
(0.2e1.0 mg/mL) were used. The solutionwas incubated for 1 h. The
UV-spectrophotometer was used to measure the absorbance
against the standard at 765 nm after incubation. Gallic acid (gallic
acid/g) was dissolved in 50% ethanol and was used as a standard.
The total phenolic content of GAE extract was recorded [8].

TPC¼ðC�VÞ=M

where,
TPC¼ total phenolic content of compound (mg of GAE/g sample)
C ¼ concentration of Gallic acid established from calibration

curve (mg/ml)
V ¼ volume of extract (ml)
M ¼ weight of methanolic plant extract (g)

2.5.3. Determination of total flavonoid content
The total flavonoid content was calculated by Zhishen J et al.,

using some modifications to the process. A 0.5 mL of 5 percent (w/
v) sodium nitrite (NaNO2) and 4 mL of barley and wheatgrass
aqueous extract of varying concentrations (0.2e1 mg/mL) were
incubated for 5 min. After that, 0.5 mL of 10% (w/v) aluminium
chloride (AlCl3) was added after incubation, and 2.5 mL of 1 mol/L
sodium hydroxide (NaOH) was added after 10 min of incubation to
make upto volume of 12 mL of distilled water shaken for 5 min.
After shaking, the absorbance was measured at 510 nm, in terms of
mg of Quercetin equivalents/g. The total flavonoid content of the
extract was determined [8].

TFC¼ðC�VÞ=M

where,
TFC ¼ total flavonoids content (mg of Quercetin/g sample)
C ¼ concentration of quercetin established from the calibration

curve (mg/ml)
V ¼ volume of extract (mL)
M ¼ weight of plant extract (g)

2.5.4. In-vitro antioxidant assay
The anti-oxidant assay was done by using the methods

explained in previous studies. DPPHC scavenging activity [30],
3

Hydrogen peroxide scavenging activity [31], Hydroxyl radical
scavenging activity [32], Metal chelating activity [33], Nitric oxide
scavenging activity [34], Ferric reducing power [34], and Total
antioxidant activity [26].

2.6. In-vivo animal study

2.6.1. Animal
For this research work, Swiss albino mice of either sex

(25e30 gm) were purchased from Banaspati Bibhag, Godawari,
Lalitpur, Nepal. The mice was cared in a propylene cage and kept at
a steady temperature and humidity (37 �C ± 2 �C). The animals
were fed on time, had access to clean drinking water, andwere kept
in a 12 h light/dark cycle. The mice was divided into four groups
randomly, each with six mice (n ¼ 6). The mice was cared and
treated according to standard animal care protocols. The procedure
was approved by the Institutional Review Committee (IRC) of the
Universal College of Medical Sciences in Bhairahwa, Rupandehi,
Nepal, with the IRC approval number UCMS/IRC/229/19.

2.6.2. Experimental design
The mice n ¼ 24 were divided into four groups consisting of six

mice in each group as follows: negative control group was sub-
jected to induce stress, imipramine group was treated with imip-
ramine 100 mg/kg, barley extract group was treated with aqueous
extract of barley grass (400 mg/kg) and wheat extract group was
treated with aqueous extract of wheat grass (400 mg/kg).

2.6.3. Acute toxicity study
There was no mortality, and no signs and symptoms of toxicity

among the animals upto the dose of 2000 mg/kg. Therefore, the
LD50 was more than 2000 mg/kg body weight as reported by a
previous study for acute toxicity [24].

2.7. Behavioral studies

2.7.1. Forced swim test
The force swim test was done from 10:00 a.m. to 4:00 p.m. In-

dividual mice was first forced to swim in an open cylindrical
container (diameter 20 cm, height 40 cm) filled with water up to
30 cm depth at a temperature of 25 ± 1 �C. For 6 min, the immo-
bility time was recorded. The imipramine (100 mg/kg) was
administered to the imipramine group, and 400 mg/kg of extract
were administered orally to barley and wheat grass extract group
respectively. The mice were allowed to swim again after 1 h of oral
administration of the imipramine and barley and wheat grass ex-
tracts, and their immobility time was recorded. When the mice
stopped struggling, they became immobile and float motionless in
the water, making only movement necessary to keep their heads
above water indicate immobility. A decrease in the duration of
immobility showed an antidepressant-like effect. The immobility
time was calculated on the 0, 2, 4, and 6th days of experiment
[23,35].

2.7.2. Tail suspension method
The mice was hung to a wire connected between two 50-cm

stands by adhesive tape positioned 1 cm from the tail's tip. When
mice did not move, hung passively, and were motionless called
immobile. The immobility time of each group of mice was assessed
for 6 min. The imipramine (100 mg/kg) was administered to the
imipramine group, and 400 mg/kg of extract were administered
orally to barley and wheat grass extract group respectively. All the
mice of each group were allowed to suspend after 1 h of drug and
extract administration, and immobility timewas calculated in 6min.
Reduction in duration of immobility showed the antidepressant-like
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effect. The duration of immobility was calculated on 0, 2, and 4th,
days of the experiment [35,36].

2.7.3. Elevated Plus Maze (EPM)
The Elevated Plus Maze (EPM) apparatus was prepared from

plywood and consisted of two open arms (16*5*12 cm) and two
closed arms (16*5*12 cm) that extended from a center of the
platform that was raised to a height of 25 cm above the floor. In-
dividual mice was positioned in the center of EPM with their heads
facing an open arm. The total time spent in open and closed arms
was recorded for 6 min,. The average time spent per entry in the
open arm of EPM was used to measure anxiety level at 0, 2, 4, and
6th days of experiment [37,38].

2.8. Statistical analysis

The results were expressed as means, and the data in the tables
and figures represent the Mean ± SD for antioxidant activity and
total phenolic and flavonoid content. For antidepressant activity, all
the data analysis was performed using Microsoft Excel 2010 and
one-way analysis of variance (ANOVA), followed by Tukey's test
comparing all pairs of columns in Graph Pad Prism software
(version 5).

3. Result

3.1. Phytochemical screening

Phytochemical screening of barley and wheat grass extracts
showed the presence of secondary metabolites such as alkaloids,
saponins, tannins, phenolic, carbohydrate, glycosides, flavonoids,
and proteins. Among them, terpenoids and sterols were absent. The
data were expressed in Table 1.

3.2. Total phenolic contents (TPC)

The total phenolic content of aqueous extract of barley and
wheat grass was calculated by using the gallic acid standard curve
as mg/g equivalent. Themean TPC of aqueous extract of wheat grass
was 135.63 ± 1.184 mg equivalent of GAE/g, and the mean TPC of
aqueous extract of barley grass was 160.996 ± 0.656 mg equivalent
of GAE/g (Mean ± SD). The data were listed in Table 2. It was
observed that the total phenolic content of the aqueous extract of
barley grass was higher than wheat grass.

3.3. Total flavonoid content (TFC)

The total flavonoid content (TFC) of aqueous extract of wheat
grass was 133.14 ± 0.43 mg equivalent of quercetin/g, and the
Table 1
Phytochemical screening of aqueous extract of barley grass and wheat grass.

S$N. Parameters Aqueous BGE Aqueous WGE

1 Alkaloids þ þ
2 Tanins þ þ
3 Glycosides þ þ
4 Flavonoids þ þ
5 Phenol þ þ
6 Carbohydrate þ þ
7 Sterols e e

8 Terpenoids e e

9 Saponins þ þ
10 Protein þ þ

(þ) indicates positive, (-) indicates negative.

4

aqueous extract of barley grass was 153.42 ± 0.40 mg equivalent of
quercetin/g (Mean ± SD). The data were listed in Table 2. It was
observed that the total flavonoid content of the aqueous extract of
barley grass was higher than wheatgrass extract.

3.4. Determination of antioxidant activity

3.4.1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay

The antioxidant activity of phenolic compounds was estimated
using the 2,2-diphenyl-1-picrylhdrazyl (DPPH) radical scavenging
process. This assay uses DPPH, and the rate of reaction was directly
proportional to antioxidant activity. The percent DPPH radical
scavenging activity of aqueous extracts of barley grass and wheat-
grass in this assay was 75.05 ± 0.40 percent and 66.99 ± 0.019
percent, respectively (Fig. 1). When compared to aqueous extract of
wheat grass, the barley grass extract had a higher radical scav-
enging activity.

3.4.2. Hydrogen peroxide (H2O2) scavenging activity
The ability of the aqueous extracts of barley and wheat grass to

scavenge hydrogen peroxide (H2O2) was measured and showed in
Table 3. The free radical scavenging properties of both plants ex-
tracts increase with their concentration. The hydroxyl radical
scavenging activity of aqueous extracts of barley and wheat grass
was 40.011 ± 0.078 and 31.213 ± 0.640 percentage, respectively. The
data showed that the aqueous extract of barley had higher free
radical scavenging activity than wheat grass extract.

3.4.3. Hydroxyl radical scavenging activity (HRSA)
In Table 3 demonstrates the assessment of the hydroxyl radical

scavenging activity of aqueous extracts of barley and wheat grass.
The free radical scavenging properties of both plant extract increase
with concentration. The aqueous extract of barley grass had a
77.005 ± 0.024, and wheat grass had 70.973 ± 0.207 percent hy-
droxyl radical scavenging activity, respectively. The aqueous extract
of barley grass showed the highest hydroxyl radical scavenging
activity compared to wheat grass extract.

3.4.4. Metal chelating activity
Table 3 represents the effects of measuring the metal chelating

activity of aqueous extracts of barley and wheatgrass. The chelating
action of both plant extracts was concentration-dependent. The
percent of metal chelating activity of aqueous extract of barley and
wheat grass was 39.099 ± 0.0163 and 33.667 ± 0.014 respectively.
The aqueous extract of barley grass had higher metal chelating
activity than wheat grass.

3.4.5. Nitric oxide radical scavenging activity
Table 3 depicts the nitric oxide radical scavenging activity of

aqueous extracts of barley and wheat grass against nitric oxide
produced by sodium nitroprusside. The percentage of nitric oxide
radical scavenging activity of aqueous extract of barley and wheat
grass was 58.992 ± 0.0623%, and 52.602 ± 0.114 respectively. It was
observed that the barley grass extract was more effective at scav-
enging nitric oxide radicals than the wheatgrass extract.

3.4.6. Ferric reducing power activity
In Table 3, the ferric (Fe2þ) reducing ability of aqueous extracts

of barley and wheat grass was evaluated. The radical scavenging
properties of both plants extracts increase with concentration.
Compared to wheat grass, the aqueous extract of barley grass had
more ferric reducing activity.
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3.4.7. Total antioxidant activity
In Table 3, the cumulative antioxidant activity of aqueous ex-

tracts of barley and wheat grass were measured. The inhibitory
activities of the aqueous extracts of barley and wheat grass were
demonstrated at all concentrations. The overall antioxidant activity
of the aqueous extracts of barley and wheat grass was comparable
to that of normal compound, ascorbic acid. It was observed that the
barley grass extract had good antioxidant activity compared to
wheat grass extract.

3.5. Behavioral activity

3.5.1. Forced swim test
Table 4 shows the results of the force swim test. The immobility

time was determined on 0, 2, 4, and 6th days after the oral
administration of imipramine (100 mg/kg) to imipramine group,
and 400 mg/kg of extract to barley and wheat grass extract group
respectively and was compared with the negative control group.
The immobility time was found to be increased on the 6th day for
the negative control group (272.75 ± 4.71) and decreased in
imipramine, barley and wheat grass extract group respectively. The
immobility time of the imipramine group, barley and wheat grass
extract group on the 6th day was 118.75 ± 3.96, 125.75 ± 3.63
(p < 0.05), 138 ± 2.69 (p < 0.01), respectively. It was observed that
there was a significant reduction in immobility time in barley grass
extract group compared towheat grass extract and negative control
group.

3.5.2. Tail suspension test (TST)
The immobility time was observed on 0, 2 and 4th day after the

oral administration of imipramine (100 mg/kg) to the imipramine
group, barley and wheat grass extract (400 mg/kg) to barley and
wheat grass extract group respectively. The immobility time was
compared with the negative control group. There was an increase
in immobility time in the negative control group on the 4th day
(298 ± 4.74) and a decrease in imipramine group (164 ± 4.47)
p < 0.01, barley extract group (195 ± 5.14) and wheat extract group
(208.75 ± 3.96) p < 0.05, respectively. The extract-treated group
showed a gradual reduction in immobility time than the negative
control group suggesting an antidepressant-like effect (Table 4).

3.5.3. Elevated Plus Maze (EPM)
The average time spent in the open arm was observed in the

elevated plus-maze on 0, 2, 4, and 6th day of the experiment after
the oral administration of imipramine (100 mg/kg) to imipramine
group, barley and wheat grass extract (400 mg/kg) to barley and
wheat grass extract group respectively. The average time spent on
the open arm is compared with the negative control group and was
found to be less on the 6th day (71.65 ± 2.26). After the treatment,
the average time spent on the open arm in the imipramine, barley
and wheat grass extract group was 172.5 ± 3.84, 166.5 ± 3.64,
157.08 ± 2.43 (p < 0.01), respectively (Table 4).

4. Discussion

The preliminary phytochemical screening of barley and wheat
grass revealed alkaloids, flavonoids, phenols, proteins, carbohy-
drates, saponin, tannins, and cardiac glycosides in the present
study. The steroids and terpenoids were absent in the barley and
wheat grass extract in the present study. As reported by Murali M
et al., 2016 these bioactive secondary metabolites are responsible
for their various therapeutic effects [27]. The various studies
showed bioactive compounds like alkaloids, flavonoids, phenols,
proteins, carbohydrates, saponin, tannins, cardiac glycosides in



Table 3
In-vitro antioxidant activity of aqueous extract of barley and wheat grass extract at concentration 0.1e1 mg/mL. All values were expressed as Mean ± SD.

Concentration Hydrogen peroxide
(H2O2

C) scavenging activity
Hydroxyl radical (OHC)
scavenging activity

Nitric oxide (NOC)
scavenging activity

Metal chelating activity Ferric reducing
scavenging activity
Absorbance (nm)

Total antioxidant activity
Absorbance (nm)

Barley grass extract
0.2 mg/mL 26.723 ± 0.053 63.850 ± 0.010 42.714 ± 0.054 20.414 ± 0.014 0.085 ± 0.007 0.204 ± 0.022
0.4 mg/mL 30.441 ± 0.040 72.406 ± 0.015 51.172 ± 0.057 34.409 ± 0.027 0.148 ± 0.018 0.251 ± 0.022
0.6 mg/mL 38.917 ± 0.192 77.682 ± 0.050 60.515 ± 0.048 36.438 ± 0.053 0.233 ± 0.041 0.628 ± 0.022
0.8 mg/mL 45.569 ± 0.020 82.602 ± 0.050 68.512 ± 0.094 47.567 ± 0.018 0.483 ± 0.013 0.393 ± 0.044
1 mg/mL 58.404 ± 0.020 88.484 ± 0.024 72.049 ± 0.062 56.666 ± 0.062 0.388 ± 0.051 0.487 ± 0.088
Wheat grass extract
0.2 mg/mL 23.646 ± 0.433 57.433 ± 0.087 33.487 ± 0.302 16.501 ± 0.029 0.063 ± 0.000 0.157 ± 0.022
0.4 mg/mL 26.168 ± 1.853 66.131 ± 0.100 47.712 ± 0.054 23.674 ± 0.011 0.116 ± 0.038 0.220 ± 0.022
0.6 mg/mL 31.766 ± 0.157 70.909 ± 0.046 56.362 ± 0.043 34.606 ± 0.037 0.196 ± 0.002 0.566 ± 0.038
0.8 mg/mL 35.626 ± 0.312 75.935 ± 0.037 59.900 ± 0.072 42.380 ± 0.083 0.425 ± 0.014 0.361 ± 0.022
1 mg/mL 38.860 ± 0.179 84.456 ± 0.055 65.551 ± 0.108 51.169 ± 0.025 0.334 ± 0.075 0.455 ± 0.022
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barley grass extract. The present study also showed a similar result
compared to previous studies [26,29].

The plants are also good sources of chlorophyll, vitamins, min-
erals, enzymes, natural antioxidants, and possess other bioactive
compounds. They are a good source of antioxidants and scavenge
free radicals, which cause oxidative stress leading to cell death.
These free radicals act as mediators in various diseases like car-
diovascular disorders, inflammation, neurodegenerative impair-
ments, etc., [39]. Barley and wheat grass have been used as green
drinks to treat various diseases like anti-hypertensive, anticancer,
anti-obesity, antidiabetic anti-arthritis, hypolipidemic, antioxidant,
antidepressant effects, and treatment of thalassemia [40].

The present study estimated the total phenolic content using the
Folin-Ciocalteu method, and gallic acid was used as standard. We
observed the mean values of total phenolic content (TPC) of barley
and wheat grass extract was 160.996 ± 0.656 and 135.63 ± 1.184mg
equivalent of GAE/g, respectively. Generally, barley grass with high
phenolic content showed antioxidant activity. Our study showed a
higher concentration of total phenolic content in barley thanwheat
grass extract, comparable to the study reported by various studies
[41e43].

Flavonoids are the naturally occurring compounds of poly-
phenolic groups, which have antioxidant activities. The antioxidative
Fig. 1. Comparative DPPH scavenging activity of ascorbic acid and aqueous extrac
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property of flavonoids may be due to different mechanisms like
scavenging free radicals and metal ion chelation [44]. In the present
study, we observed the mean values of total flavonoid content (TFC)
of barley and wheat grass extract was 153.42 ± 0.40 and
133.14 ± 0.43 mg equivalent of quercetin/g, respectively. These re-
sults indicate that the aqueous extract of barley grass had a higher
amount of flavonoid thanwheat grass extract. The TFC of barley grass
in the present study was higher than the study done by Panthi M
et al., 2020 which contains only 18.94e45.76 mg QE/g dried extracts
of barley grass [8]. Similarly, the total flavonoid content of wheat-
grass extract was higher than 160.10 mmol of quercetin/g equivalent
in the study conducted by Qamar A et al., 2018 compared to the
present study [45].

DPPH is the most common method to determine free radical
scavenging activity. The reducing capacity of DPPH is determined
by the decrease in its absorbance at 517 nm induced by antioxidants
[42]. In this assay, the mean value of DPPH radical scavenging ac-
tivity of aqueous extract of barley and wheat grass is 75.05 ± 0.40%
and 66.99 ± 0.019%, respectively. The DPPH scavenging activity of
wheat grass extract was higher in the present study compared to
the study performed by Qamar A et al., 2018 which was 51.690%
[45]. Similarly, the DPPH scavenging activity of barley and wheat-
grass extract was higher in the present study compared to the
t of wheatgrass and barley grass. Each value represents Mean ± SD (n ¼ 3).



Table 4
The result of behavioral study determined the immobility time period in forced swim, tail suspension test and average time spend in open arm in elevated plus maze after the
oral administration of imipramine, aqueous extract of H. vulgare (barley grass) and T. aestivum (wheat grass) in different groups of Albino mice on day 0, 2nd, 4th and 6th
respectively. Each treatment group was compared with negative control. All values were expressed as Mean ± SD *p < 0.05 and **p < 0.01 in one-way Analysis of Variance
(ANOVA) with Tukey's multiple comparison test.

Result of Behavioral studies

Forced swim test

Group 0 day 2nd day 4th day 6th day

Negative control 140 ± 5.09 237.75 ± 3.03 245.25 ± 4.81 272.75 ± 4.71
Imipramine 97.75 ± 6.45* 148.5 ± 3.35* 139.25 ± 2.16* 118.75 ± 3.96*
Barley grass extract 97.25 ± 4.96* 155.25 ± 4.20* 149.5 ± 3.90* 125.75 ± 3.63*
Wheat grass extract 94.5 ± 5.67** 162.25 ± 3.56** 155 ± 4.41** 138 ± 2.69**

Tail suspension test

Group 0 day 2nd day 4th day e

Negative control 279.25 ± 3.27 288.5 ± 4.33 298 ± 4.74 e

Imipramine 226 ± 4.74** 178.5 ± 3.64** 164 ± 4.47** e

Barley grass extract 244.75 ± 5.49* 215 ± 3.81* 195 ± 5.14* e

Wheat grass extract 256 ± 4.41* 234.5 ± 4.92* 208.75 ± 3.96* e

Elevated Plus Maze Test

Group 0 day 2nd day 4th day 6th day

Negative Control 90.09 ± 4.33 86.91 ± 4.32 80 ± 2.95 71.65 ± 2.26
Imipramine 110.67 ± 3.00** 147.68 ± 3.00** 157.25 ± 3.69** 172.5 ± 3.84**
Barley grass extract 113.08 ± 3.17** 138.5 ± 3.28** 148.42 ± 3.00** 166.5 ± 3.64**
Wheat grass extract 105.41 ± 3.54** 127.35 ± 2.93** 137.83 ± 2.60** 157.08 ± 2.43**
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previous study (54.8 ± 0.34%), (38.0 ± 0.28) done by Hamli S et al.,
2017 [46].

Antioxidants activity in various ways, complexation of redox-
catalytic metal ions, scavenging free radicals, and decomposition
of peroxides [42]. The study showed that aqueous extract of barley
grass has higher radical scavenging activity thanwheatgrass extract
and represents a potent antioxidant activity. Similar action was
performed, and the result supports the present study by Durairaj V
et al., 2014, [26]. This study determines the different in-vitro anti-
oxidant activity of barley and wheat grass extract. The hydrogen
peroxide scavenging activity of wheatgrass extract at 0.8 and 1 mg/
mL concentration in the present study was less (35 and 38%)
compared to the study conducted by Durairaj V et al., 2014 (57 and
60%) and Al-Awaida WJ et al., 2020 (40%) [26,47]. Similarly, barley
grass extract's hydroxyl radical scavenging activity at 0.20 mg/mL
concentration in the present study was 63.85%. In contrast, the
study done by Shen Y. et al., 2016, showed higher scavenging ac-
tivity (75%). But barley grass extract at 0.8 and 1 mg/mL concen-
tration showed higher scavenging activity. It may be due to
concentration-dependent action of barley grass extract [48]. In
another study done by Durairaj et al., 2014, the HRSA of wheat grass
extract at 0.8 and 1 mg/mL concentration showed 85 and 97% of
hydroxyl scavenging activity which is higher than the present study
showing only 75.93 and 84.45%, respectively in the same concen-
tration [26].

The metal chelating activity of wheat grass extract at 0.8 and
1 mg/mL concentration in the present study was less (42.38 and
51.16%) compared to the study done by Durairaj et al., 2014 (50 and
55%) [26]. The percentage of nitric oxide scavenging activity of
wheat grass extract at 0.8 and 1 mg/mL concentration in the pre-
sent study showed a high percentage of scavenging activity (59.90
and 65.55%) compared to the study done by Durairaj V et al., 2014
and Al-AwaidaWJ et al., 2020which was approximately 58 and 60%
[26,47].

The anti-oxidant activity of both barley and wheat grass extract
was determined by calculating the inhibition capacity of ferric ion
to ferrous. In the present study, the result showed that the barley
grass extract at 0.8 mg/mL concentration had higher reducing ac-
tivity than the same extract at 1 mg/mL concentration. A previous
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study done by Shen Yet al., 2016 showed the ferric reducing activity
of barley grass at 0.25e0.5 mg/mL concentrationwas constant [48].
This may be because the study used barley grains to determine the
ferric reducing power. The research done by Zeng Y. et al., 2020
determined the antioxidant properties of barley extract and found
(32.14 ± 9.35) mean ± SD. The result indicated that grains had
higher functional values [25]. Likewise, the wheat grass extract at
0.8 mg/mL concentration showed higher ferric reducing activity in
the present study, comparablewith the study done by Kulkarni, S.D.
et al., 2006 and Durairaj V et al., 2014, [26,49]. The total antioxidant
activity of wheat grass extract at different concentrations
(0.2e1 mg/mL) was determined, and higher antioxidant activity
was obtained at a 0.6 mg/mL concentration, which is higher than
the study done by Durairaj V et al., 2014. In the present study, the
extraction of wheat grass was carried out at 72 h in continuous hot
Soxhlet apparatus. Still, in a previous study, the extraction pro-
cedure is 24 h. The anti-oxidant effect of barley and wheat grass
extract was less than the present study which may be due to fewer
hours of extraction.

Depression is a complex phenomenon, and its pathophysiology
is difficult to understand. The monoamine theory claims that
depression is triggered by decreased monoamine neurotransmit-
ters such as serotonin, norepinephrine, or dopamine in the central
nervous system (CNS). The most widely researched neurotrans-
mitter in depression is serotonin, and most antidepressants drugs
target the serotonin receptor. Since serotonin is made up of tryp-
tophan, tryptophan-deficient amino acids will temporarily lower
serotonin levels throughout the brain [5].

In the present study, the anti-depressant effect of aqueous
extract of barley and wheat grass was evaluated by various
behavioral test methods such as forced swim test (FST), Tail Sus-
pension Test (TST), and Elevated Plus Maze (EPM). A significant
decrease in immobility time was observed in FST and TST after the
oral administration of aqueous extracts of barley and wheat grass
(400 mg/kg), respectively.

After oral administration of barley grass extract at 400 mg/kg,
mice were allowed to swim, and the immobility time was deter-
mined. It was observed a significant decrease in immobility time
(155.25 ± 4.20) on the 2nd day of the study, compared with the
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study done by Yamaura K et al., 2012 and Yamaura K. et al., 2015
[23,37]. There was a significant decrease in immobility time on the
6th day of the experiment, indicating the antidepressant-like effect
in barley grass extract.

The Elevated Plus Maze (EPM) was used to assess the anxiety
level in mice. Tricyclic anti-depressant (Imipramine 100 mg/kg)
was used as a standard drug. After the oral administration of barley
and wheat grass extracts in different mice groups, there was a
significant decrease in anxiety level in the negative control group.
Similarly, the study done by Borah M et al., 2014 and Darwish I E
et al., 2013 also showed a significant improvement in major
depression and chronic mild stress in rats after using wheat and
barley grass extract respectively [24,50].

4.1. Limitation

In the present study, in-vivo antioxidant activity was not per-
formed. The active chemical constituent responsible for antioxidant
and antidepressant activity was not illucidated due to a lack of
instruments. The fractional extraction method was not performed
with different solvents like methanol, ethanol, acetone, and chlo-
roform to characterize active phytoconstituents present in both
wheat and barley grass extract.

5. Conclusion

The phytochemical screening of aqueous extract of barley and
wheat grass showed bioactive secondary metabolites responsible
for its therapeutic effects. Polyphenols and flavonoids are natural
antioxidants. The presence of a high amount of total phenolic and
flavonoid content showed antioxidant activity. The invitro antiox-
idant activity also confirms the antioxidant scavenging properties
of barley and wheat grass extract.

Similarly, antidepressant and antianxiety activity of barley and
wheat grass extract showed behavioral improvement in experi-
mental animals on FST, TST, and EPM test models. Thus, the present
study suggested the presence of anti-depressant activity in wheat
and barley grass extract respectively.
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