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INTRODUCTION
Anxiety is an adaptive emotion that permits physi-
ological and behavioural changes, to appropriately 
react to a stressful situation to resolve it by fighting 
or escaping. Anxiety disorder is defined as a feeling of 
apprehension, uncertainty or tension stemming from 
the anticipation of imagined or unreal threat.1 Anxiety 
affects one-eighth of the population worldwide and 
has debilitating effects on the quality of life of many 
people.2

Anxiety disorders can be identified by early diagnosis 
and effective treatment includes psychotherapy and 
use of drugs like benzodiazepines.3-4 Conventional 
drug therapy have a narrow margin of safety between 
the anxiolytic effect and unwanted side effects, thus 
prompting researchers to evaluate new compounds 
specially plant based drugs having less undesirable 
effects.5

Oxidative stress in the brain causes nervous system 
impairment. Oxidative stress has also been implicated 
in depression and anxiety disorders.6 Studies have 
revealed that antioxidants have a key role as an adju-
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vant therapy in patients with generalized anxiety 
disorder and depression.7 Flavonoids are reported 
to be potent antioxidants.8-10 Many plants containing  
flavonoids are reported to possess anxiolytic poten-
tial.11-12 Some of the plants containing flavonoids  
demonstrating antianxiety activity are Abies pindrow,13  
Calotropis gigantean,14 Matricaria recutita,15 Gelse-
mium sempervirens,16 Medicago sativa,17  Passiflora 
coerulea,18 Passiflora incarnate,19 Tilia Americana,20  

Turnera aphrodisiaca.21-22 Flavonoids which possess  
anxiolytic effects include apigenin,23  chrysin, 
kaempferol,24 quercetin.25

In the present study Brassica oleracea L., also known 
as broccoli, which belongs to family Brassicaceae  
has been evaluated for its anxiolytic potential. Broccoli  
is an edible green plant in the cabbage family whose 
large flower head is eaten as a vegetable. Like other 
species of the Brassica family, broccoli is a rich  
source of health promoting phytochemicals.26,27  

It is rich in phenolic compounds, particularly flavo-
noids. It also contains ascorbic acid, vitamins C and 
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were estimated 45 min after the oral administration of vehicle/ standard 
drug/ test extracts. The entire tests were carried out between 8:00-14:00. 
In each experiment, apparatus was cleaned using 5% ethanol before 
introducing the next animal to preclude the possible cueing effects of 
odours left by previous subjects.

Animal Model for Anxiety
Elevated Plus Maze 
The plus maze apparatus consisting of two open arms (16 x 5 cm) and 
two closed arms (16 x 5 x 12 cm) having an open roof with a plus maze 
elevated (25 cm) from the floor was used to observe anxiolytic behaviour 
of animals. The animals were fasted 18 h prior to experiment. The dose 
administration schedule was so adjusted that each mouse was having its 
turn on plus maze after 45 min of administration of dose. Each animal 
was placed in the centre of the elevated plus maze with its head facing 
the open arms. 
During the 5 min experiment, behaviour of the mice was noted as a)  
preference of the animal for its first entry to open/closed arm b) number  
of entries into the open arm c) average time spent by the animal in open 
arm. The antianxiety activity was recorded as average time spent by the 
animals in the open arms of the EPM. During the entire experiment, 
each animal was allowed to socialize.  Every precaution was taken to 
ensure that no external stimuli disturbed the animal.38

Mirror chamber Test 
The mirror chamber consisted of wooden chamber (40x40x30.5 cm) 
having a mirror (30x30x30 cm) enclosed within it. Placement of the 
mirrored cube into the centre of the container forms a 5 cm corridor 
that completely surrounds the mirror chamber. The animals were placed 
individually into the chambers of the mirrors at a fixed corner.
During the 5 min experiment following parameters was noted a) latency 
to enter mirror chamber b) number of entries into the mirror chamber 
c) total time spent in the mirror chamber.38

Hole-Board Test
The hole board apparatus consisted of a wooden box (40 ×40 ×25 cm) 
with 16 holes (each of diameter 3 cm) evenly distributed on the base 
of box. The apparatus was elevated to a height of 25 cm. The number 
of head dips and the time of head dipping during a 5 min period were 
recorded.39

Statistical Analysis
All the values were expressed as mean ± SEM. Statistically significant 
difference between the groups were calculated by the application of one 
way analysis of variance (ANOVA) followed by Tukey’s, post-hoc test. 
***P<0.001 and **P<0.01 were considered statistically significant.

RESULTS
Yield of extracts: The yield of petroleum ether extract was 1.5% w/w and 
hydroalcoholic extract was 2.5% w/w on dry weight basis.
Phytochemical Screening: The results of phytochemical screening of  
B. oleracea are shown in Table 1.
Physicochemical evaluation: The results of various pharmacognostic 
parameters assessed are shown in Table 2.
Elevated Plus maze model: Diazepam (2 mg/kg) showed anxiolytic 
activity, by showing significant (***P < 0.001) increase in average time 
spent and frequency in open arms. The groups of mice treated with HA 
(200 mg/kg) and HA (100mg/kg) have shown anxiolytic activity, signifi-
cant (***P < 0.001, **P < 0.01) in the open arms in comparison to control 
group as shown in Figure 1 and 2.

E, amino acid, the flavonols quercetin and kaempferol, the carotenoids  
b-carotene, lutein, and the glucosinolates.28 This is reported to have 
anti-oxidant, anti-microbial, gastroprotective, anti-cancer, anti-diabetic,  
cardioprotective and hepatoprotective effects.29-35

Broccoli (Brassica oleracea) contains phenolic compounds and has 
marked antioxidant activity has been selected and evaluated for its  
anxiolytic potential. This plant has never been evaluated for their anti-
anxiety potential, therefore it was investigated for its anxiolytic potential. 
So the aim of the present investigation was to study pharmacognostic 
parameters and to evaluate the antianxiety activity of petroleum ether 
and hydroalcoholic extract of Brassica oleracea using Elevated Plus Maze 
(EPM), hole board and mirror chamber tests of anxiety. 

MATERIALS AND METHODS
Collection and authentication of plant material  
Flower heads of Brassica oleracea were procured from Punjab Agricultural  
University, Ludhiana, India in the month of January 2015. Identity of the 
plant was confirmed by Head, Raw Materials, Herbarium & Museum 
at National Institute of Science Communication and Information 
Resources (NISCAIR), New Delhi, India, vide letter number/ NISCAIR/
RHMD/Consult/2014/2577-156 dated 13.02.2015

Drugs and chemicals 
Diazepam was obtained from GlaxoSmithKline and petroleum ether, 
methanol (LR grade) were procured from S.D. Fine-Chem Ltd, Mumbai.

Physicochemical evaluation
The determination of physicochemical parameter is important in deter-
mination of adulterants and improper handling of drugs. Various physi-
cochemical parameters were studied following standard procedures.36 
All parameters such as moisture content (LOD method), ash values, 
extractive values were determined in triplicate.

Preparation of extract
The plant was dried in shade and powdered. Powdered drug (750 g) 
was subjected to successive exhaustive extraction with petroleum ether 
and methanol:water (70:30) in the Soxhlet apparatus. Petroleum ether  
(PE) and hydroalcoholic (HA) extracts were dried using rotary evaporator  
and yield calculated on dry weight basis. Dried extracts were preserved in 
vacuum desiccator. These solvents selected for extraction were selected 
broadly to get a non polar and a polar extract.

Phytochemical screening
A phytochemical examination was carried out for both the extracts as 
per standard methods.37

Animals
Swiss albino mice (weighing 15-30g) were taken from Chandigarh  
College of Pharmacy, Landran (Regd. No. 1201/a/08/CPCSEA) and kept 
in polypropylene cages of 5 mice at 22 ± 1 º C on a 12-h light/dark cycle.  
Water and food were available ad libitum. Groups of six mice were  
randomly assigned to different treatment groups. Control group received 
vehicle, one group was given standard drug Diazepam (2mg/kg p.o.) 
while test groups received PE and HA extract (50, 100 and 200 mg/kg p.o.).

Different treatments
Three sets of test doses (50, 100 and 200 mg/kg of body weight) were  
prepared by suspending dried extracts in vehicle. Diazepam 2mg/kg  
suspended in vehicle was used as a standard anxiolytic drug. Vehicle  
(1% CMC) was used as control.  The effects of the various treatments 



Kaur et al.: Anti-Anxiety Effect of Brassica oleracea L. Extracts

640 Pharmacognosy Journal, Vol 9, Issue 5, Sep-Oct, 2017

Table 1: Phytochemical analysis of extracts of Brassica oleracea L.

Tests Petroleum ether 
extract

Hydroalcoholic 
extract

1. Alkaloids

(a) Mayer’s Test - +

(b) Wagner’s Test - +

(c) Hager’s Test - +

(d) Dragendroff Test - +

2. Carbohydrates

(a) Molisch’s Test - +

(b) Benedict’s Test - +

(c) Fehling’s Test - + 

3. Glycosides 

(Anthraquinone glycosides)

(a) Borntrager’s Test - -

(b) Modified Borntrager’s Test - -

(Cardiac glycosides

(c) Killer Killiani’s test - -

(d) Legal’s Test - -

4. Saponins

(a) Froth test - -

5. Phytosterols

(a) Salkowski’s Test - +

(b) LibermannBurchard’s test - +

6. Phenols 

(a) Ferric Chloride Test - +

7. Tannins

(a) Gelatin Test - +

8. Flavonoids 

(a) Alkaline Reagent Test - +

(b) Lead acetate Test - +

(c) Shinoda Test - +

9. Proteins and aminoacids

(a) Xanthoproteic Test + +

(b) Ninhydrin Test + +

10. Diterpenes

(a) Copper acetate Test + +

Table 2: Results of pharmacognostic parameters 

Pharmacognostic parameters Mean±SEM (n=3)

1. Loss on Drying 0.33±0.165   %w/w 

2. Ash value

a) Total ash 1.82±1.82   %w/w

b) Acid insoluble ash 0.146±0.122   %w/w

c) Water soluble ash 2.42±1.22   %w/w

3. Extractive value

a)Water soluble extract 2.5±1.52   %w/w 

b)  Alcohol soluble extract 2.0±1.9   % w/w

Figure 1: Effect of different extracts of Brassica oleracea on the time 
spent by mice in the open arms of the EPM CNTRL=control (2% CMC 
p.o.), STD=Diazepam (2 mg/kg p.o.), Br PE=petroleum ether extract 
(50, 100 and 200 mg/kg p.o.), Br HA=hydroalcoholic extract (50, 100 
and 200 mg/kg p.o). Results are expressed as mean±SEM (n=6); *** 
P<0.001 and ** P<0.01 as compared to control.

Figure 2: Effect of different extracts of Brassica oleracea on number  
of entries (frequency) by mice in the open arms of the EPM 
CNTRL=control (2% CMC p.o.), STD=Diazepam (2 mg/kg p.o.), 
Br PE=petroleum ether extract (50, 100 and 200 mg/kg p.o.), Br 
HA=hydroalcoholic extract (50, 100 and 200 mg/kg p.o). Results are  
expressed as mean±SEM (n=6); *** P<0.001 and ** P<0.01 as compared 
to control.

Figure 3: Effect of different extracts of Brassica oleracea on the 
latency to enter mirror chamber by mice in the mirror chamber test 
CNTRL=control (2% CMC p.o.), STD=Diazepam (2 mg/kg p.o.), Br 
PE=petroleum ether extract (50, 100 and 200 mg/kg p.o.), BR  
HA=hydroalcoholic extract (50, 100 and 200 mg/kg p.o). Results are  
expressed as mean±SEM (n=6); *** P<0.001 and ** P<0.01 as compared 
to control.
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Mirror chamber Test: The groups of mice treated with HA (200 mg/kg) 
and HA (100mg/kg) have shown decrease in latency, increase in time  
spent and frequency in the mirror chamber significant (***P < 0.001,  
**P < 0.01) in comparison to control as shown in Figure 3, 4 and 5.
Hole board Test: With the dose of 50 mg/kg, HA extract of broccoli, 
there was no significant increase in number of head dips as compared to 
control. HA extract at 200 and 100 mg/kg increased the number of head 
dips significantly (***P < 0.001, **P < 0.01). The standard group showed 
significant increase in number of head dips (***P < 0.001) as shown in 6. 

DISCUSSION
The brain is highly vulnerable to oxidative stress. Oxidative stress can 
alter neurotransmission, neuronal function and overall brain activity. 
Oxidative stress has been implicated in neurodegenerative diseases and 
neuropsychiatric diseases including stress and anxiety.6 Antioxidant  
therapy has been reported to have a protective effect in anxiety disorders. 
Polyphenols, flavonoids, specific foods and diets rich in antioxidants have 
been shown to improve antioxidant status and have anxiolytic effects.7,9 
Plant extracts, which contain phenolic constituents mainly flavonoids,  
have shown beneficial effects on mental health. Extracts of plants like 
Pulsatilla nigricans,40  Tephrosia purpuria,41  Coriandrum sativum,42  
Gastrodia elata,43  Citrus paradisi 44  contain flavonoids and possess anti-
anxiety activity. Flavonoids have been reported to possess antianxiety 
potential.12 Flavonoids and Diazepam are structurally similar.45-12 Searching  
for safer BDZ-receptor (BDZ-R) ligands has demonstrated the existence 
of a new family of ligands which have a flavonoid structure. Brassica 
oleracea contains large amounts of polyphenols specially flavonoids.46  

Thus, for the present investigation, Broccoli (Brassica oleracea) that  
contains phenolic compounds and has marked antioxidant activity has 
been selected and evaluated for its anxiolytic potential. Thus, the antianx-
iety effect of B. oleracea extracts was evaluated on experimental animals  
using various models. Various physicochemical parameters of the plant 
were also evaluated which have not been determined so far.
The Elevated Plus Maze is considered to be a valid animal model of  
anxiety because it uses natural stimulus that is the fear of a new, brightly 
light open space and the fear of balancing on a relatively narrow raised  
platform.47 Moreover, it is known that anxiolytic agents increase the 
frequency of entries and the time spent in open arms of the Elevated  
Plus Maze.48 In the present study, HA extract markedly increased the  
frequency of entries and the time spent by the animals in the open arms.
The Hole-Board test provides a simple method for measuring the 
response of an animal to an unfamiliar environment. It has been showed 
that head-dipping behaviour was sensitive to changes in the emotional 
state of the animal, and suggested that the expression of an anxiolytic  
state in animals may be reflected by an increase in head-dipping behaviour.  
In the present study, HA extract at 200 and 100 mg/kg increased the 
number of head dips significantly.
Animal species exhibit approach avoidance conflict upon placement of 
a mirror. The extended latency to enter mirror chamber is a parameter of  
anxiety analogy. In the present study, HA extract has shown decrease in  
latency, increase in time spent and frequency of entries in the mirror 
chamber.
The results of the behavioural tests clearly demonstrate that the HA 
extract shows distinct potential for being developed as an anti-anxiety  
drug. The phytochemical study showed the presence of phenols and  
flavonoids in the bioactive extract. 

CONCLUSION
From our research study, it is concluded that hydroalcoholic extract of 
Brassica oleracea after acute dosing possess significant anxiolytic activity  

Figure 4: Effect of different extracts of Brassica oleracea on the time 
spent by mice in the mirror chamber in the mirror chamber test 
CNTRL=control (2% CMC p.o.), STD=Diazepam (2 mg/kg p.o.), Br 
PE=petroleum ether extract (50, 100 and 200 mg/kg p.o.), BR  
HA=hydroalcoholic extract (50, 100 and 200 mg/kg p.o). Results are  
expressed as mean±SEM (n=6); *** P<0.001 and ** P<0.01 as compared 
to control.

Figure 5: Effect of different extracts of Brassica oleracea on the number  
of entries (frequency) by mice in the mirror chamber in the mirror 
chamber test CNTRL=control (2% CMC p.o.), STD=Diazepam (2 mg/kg 
p.o.), Br PE=petroleum ether extract (50, 100 and 200 mg/kg p.o.), BR  
HA=hydroalcoholic extract (50, 100 and 200 mg/kg p.o). Results are  
expressed as mean±SEM (n=6); *** P<0.001 and ** P<0.01 as compared 
to control.

Figure 6: Effect of different extracts of Brassica oleracea on the number  
of head dippings by mice in the the hole board test CNTRL=control 
(2% CMC p.o.), STD=Diazepam (2 mg/kg p.o.), Br PE=petroleum ether 
extract (50, 100 and 200 mg/kg p.o.), BR HA=hydroalcoholic extract 
(50, 100 and 200 mg/kg p.o). Results are expressed as mean±SEM 
(n=6); *** P<0.001 and ** P<0.01 as compared to control.
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at dose of 200 mg/kg. The petroleum ether extract was devoid of anti-
anxiety effect. Further studies are being conducted to ascertain the  
bioactive constituent responsible for the activity.
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GRAPHICAL ABSTRACT HIGHLIGHTS OF PAPER

• Various pharmacognostic parameters of the plant material were studied fol-
lowing standard procedures.

• Powdered drug was subjected to successive exhaustive extraction with petro-
leum ether and methanol:water (70:30) in the soxhlet apparatus and PE and 
HA extracts were prepared.

• The anxiolytic effects were evaluated by Elevated Plus Maze (EPM), hole board 
and mirror chamber tests and stastical analysis was done by using one way 
analysis of variance (ANOVA) followed by Tukey’s, post-hoc test.  

• Results showed that hydroalcoholic extract of Brassica oleracea after possess 
significant anxiolytic activity at dose of 200 mg/kg. The petroleum ether extract 
was devoid of anti-anxiety effect.

• The phytochemical study showed the presence of phenols and flavonoids in 
the bioactive extract.
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