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Abstract

lethality bioassay.

Background: Brassica nigra is a plant of Brassicaceae family, which possesses numerous medicinal values. Our
present study is intended to assess the potential in vitro thrombolytic, anthelminthic, cytotoxic and in vivo
anxiolytic properties of MCE of B. nigra flowers. MCE was fractioned for separating the compound on the basis of
polarity by using chloroform, n-hexane and ethyl acetate solvent. Thrombolytic and anthelminthic activities were
explained by collecting human erythrocytes and earthworms as test models, respectively. Anxiolytic activity was
evaluated by elevated plus maze and hole board models while cytotoxic test was conducted through brine shrimp

Results: MCE revealed the presence of alkaloids, flavonoids, tannin, diterpenes, glycosides, carbohydrates, phenals,
fixed oils and fat. In case of thrombolytic test, the MCE, CSF, ASF and n-HSF had produced maximum clot lysis
activity at 5 and 10 mg/ml dose conditions. Two different concentrations (10 and 20 mg/ml) of MCE and its
fractions showed significant (p < 0.05) anthelminthic activities in a dose-dependent manner. Significant anxiolytic
activity was observed for all fractions which was comparable to the standard drug diazepam (p < 0.05). Again, the
cytotoxic screening also presented good potentials for all fractions.

Conclusion: From the findings of present study, we can conclude that MCE of B. nigra flowers and its fraction
possess significant anxiolytic, anthelmintic, anticancer and thrombolytic properties which may be a good candidate
for treating these diseases through the determination of bio-active lead compounds.
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Background

Various types of plants have been used in conventional
medicine throughout the world for thousands of years,
and they are providing new medications for today [1]. It
has been stated that about 64% of world population is
using conventional medicine to meet their healthcare
needs [2]. A number of current medications used in the
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treatment of various chronic and severe conditions have
been originated from plants which were discovered by
the human being in the course of time [3]. Such type of
conventional medicines is used in both developed and
developing countries for primary healthcare due to their
wide biological and medicinal activities, higher safety
and low prices [3]. By this way, allopathic medicine has
replaced by medicines from natural sources for the treat-
ment of many diseases in recent times that show consid-
erable therapeutic activity [4]. Plants are also providing
the raw materials for the treatment of various life-
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threatening disorders [5]. This information encouraged
us to search for new plants in order to disclosing differ-
ent pharmacological activities.

Human beings are suffering from various diseases.
Among these diseases, thromboembolic disorders such
as pulmonary emboli, deep vein thrombosis, strokes and
heart attacks are the main causes of morbidity and mor-
tality in both developing and developed countries [6].
Various thrombolytic agents such as alteplase, strepto-
kinase, urokinase and tissue plasminogen activator
(TPA) are widely used to dissolve clots [6]. These drugs
have some limitations which cause severe and some-
times fatal disorders including haemorrhage, severe ana-
phylactic reaction and lacked specificity [2]. That is why
efforts have been focused towards the findings of natural
products from various plant sources which belong to an-
tiplatelet, anticoagulant, antithrombotic and thrombo-
lytic activities. Again, anxiety disorders are the most
prominent problems among many psychiatric disorders
and approximately 10-30% of the general population are
suffering from this globally [7]. It is a psychiatric dis-
order that causes significant impairment of personal
functioning [7]. Benzodiazepines are the mostly pre-
scribed synthetic drugs for anxiolytic, muscle relaxant,
sedative-hypnotic and anticonvulsant actions [8]. These
drugs cause impairment in cognitive functions, physical
dependence and harmful effects on respiratory, digestive
and immune systems of the body [9]. For this reason,
the search of new anxiolytic and antidepressant agents
with less adverse effects is still an area of great interest
to the researchers [7].

Helminth infection, a parasitic disease, is thought to be
caused by various parasitic worms such as flukes (Trema-
todes), roundworms (Nematodes) and tapeworms (Ces-
todes) [10]. It is highly seen in developing countries
including Bangladesh owing to the lack of management
and insufficient control measures [11, 12]. Again, cancer is
another leading disease in which abnormal cellular
growth, lack of control of the cell proliferation, differenti-
ation and death usually occur [13]. There are various ways
to address cancer such as surgery, radiation therapy and
chemotherapy which aim to eradicate all cancerous cells
from the body, but each of the treatment strategy has sev-
eral limitations like drug resistance, toxicity and low speci-
ficity [14]. The synthetic chemotherapeutics which have
currently been used possess several limitations, and thus,
the initiation of novel chemotherapeutic agents from plant
origin is increasing in recent years [15].

Human beings are greatly depending on nature from
the very ancient times for their any primary health com-
plaints, and nature is a good source of medicine which
can be obtained from various types of plants [2]. Bras-
sica nigra is such type of plant with a great medicinal
value. Brassicaceae family plants are thought to be native
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to the eastern Mediterranean or the surrounding area,
but nowadays, it has been grown all over Europe [16]. It
is also grown in Bangladesh. It has been cultivated for
millennia for fulfilling the demand of spice and is also
considered as one of the most important ingredients in
mustard industries [16]. B. nigra is non-mycorrhizal, and
the presence of it decreases the soil biodiversity [17].
Brassica vegetables are greatly enriched with several nu-
tritional values such as vitamin C and nutrients with an-
ticancer properties including 3-3-diindolylmethane,
sulforaphane and selenium [18]. According to Kiasalari
et al, the seeds of Brassica nigra posseses essential oils
(omega-3 fatty acids), the minerals (selenium, phos-
phorus, magnesium,manganese, iron, zinc and calcium),
vitamins (A, C and B-complex), protein (dietry fibre)
and phytonutrients [19]. The phytochemical screening of
seeds of Brassica nigra showed the presence of alkaloid,
flavonoid, carbohydrate, fixed oil and glycosides [20]. It
also showed the significant growth inhibitory activities
against HeLa, HepG2, HCT, HEp2 and MCF-7 tumour
cells [21]. Brassica vegetables contain indole-3-carbinol
which inhibits the growth of cancer cell [22]. The seeds of
Brassica are traditionally used in the treatment of cardio-
vascular diseases, neurotic pain, rheumatoid arthritis,
brain and lung edema, paralysis, migraine, diabetes and its
complications [19, 23]. It also belongs to antiepileptic and
anxiolytic activity [20]. Furthermore, the leaves of B. nigra
contain 3-3-diindolylmethane that is a potent modulator
of the innate immune response system with potent anti-
bacterial, antiviral and anticancer activity [24].

Considering the biomedical importance of B. nigra, we
became interested to learn about the thrombolytic, an-
thelmintic, cytotoxic and anxiolytic activities of the
flowers of B. nigra which is not still investigated. For this
purpose, the study has been conducted.

Methods

Collection of plant materials

The flower of B. nigra (Brassicaceae) has been selected
for the present study. For this investigation, B. nigra was
collected from the local area of Noakhali, Bangladesh, in
the month of March 2019 and was identified in
Bangladesh  National Herbarium (BNH), Dhaka,
Bangladesh. A voucher specimen (DACB Accession No
45837) of the plant has been deposited in the herbarium.

Preparation of plant extract

The dried and powdered flowers (500 g) were soaked in
1500 ml of 99% methanol for about 21 days at room
temperature with occasional stirring. After 21 days, the
solution was filtered using filter cloth and Whatman fil-
ter paper. A rotary evaporator was used under reduced
pressure at 40 °C to obtain the concentrated methanol
extract.
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Solvent-solvent partitioning

The residue (40 g) derived from methanol extract was
subjected to vacuum liquid chromatography using n-
hexane, chloroform, ethyl acetate and water in order to
increase polarity. The solvent-solvent partition of crude
extract was performed according to Hossain et al. [14].

Experimental animal

For continuing the present experimentation, Swiss al-
bino mice (both male and female) weighed between 20
and 25g were used. These mice were collected from
Jahangirnagar University, Dhaka, Bangladesh. Before the
current research work, these animals were adjusted to
standard animal house condition for 4 days [25]. Feeding
of the animal was performed using standard laboratory
pellet and water ad libitum, subjecting them to an alter-
nate cycle of 12 h dark and light at relative humidity 55
+ 10% and temperature 25 + 2 [25]. ‘Principles of La-
boratory Animal Care’ (NIH publication no. 85-23, re-
vised 1985) as well as specific national laws was followed
by all authors.

Drugs and chemicals

Standard diazepam, dimethyl sulfoxide, vincristine
sulphate (VS), albendazole and streptokinase were pur-
chased from Square Pharmaceutical Ltd., Bangladesh.
Other reagents of analytical grade for conducting this re-
search work were supplied by the ethno pharmacology
laboratory of the Pharmacy Department of NSTU.

Phytochemical evaluation
In order to determine the chemical groups present in
the MCE, the preliminary phytochemical studies were
conducted [26-28]. In each test, 10% (w/v) solution of
extract in methanol was taken for the detection of pres-
ence of chemical groups.

Cytotoxicity by brine shrimp lethality bioassay

In brine shrimp lethality bioassay, dimethyl sulfoxide
(DMSO) was used as both solvent and negative control
whereas vincristine sulphate (VS) was applied as the
positive control [14]. DMSO solutions of the test sam-
ples were subjected to Artemia salina for a day in order
to determine in vivo cytotoxic screening. Four milli-
grams of the each sample was dissolved in DMSO, and
solutions of different concentrations (400, 200, 100, 50,
25, 12.50, 6.25, 3.125, 1.563, 0.781 pg/ml) were attained
by serial dilution technique. Then, mature shrimps (10
pieces) were kept in each of the experimental vials. The
vials were observed after 24 h using a magnifying glass,
and the number of subsisting nauplii in each vial was de-
termined. Using these data, the percentage (%) of lethal-
ity of brine shrimp nauplii was calculated for each
concentration by applying the following formula:
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Nt
f tality = — x 100
% of mortality o

Here, N; = the number of dead nauplii after 24 h of in-
cubation and N, = the number of total nauplii trans-
ferred (10)

Then, the median lethal concentration (LCsg) was cal-
culated from the log concentration versus percentage of
mortality curve.

Anthelmintic assay

To study the anthelmintic activity, adult earthworms
were used [10, 29]. The earthworms (Pheretima post-
huma) were collected from moist soil of NSTU campus
and washed with normal saline to eradicate all the soil.
The earthworms 4—6cm in length and 0.1-0.3cm in
width weighing 0.8—4.04 g were used for all experiment
protocols. Both anatomically and physiologically, the
earthworms were assimilated with the intestinal worm
parasites of human beings, and for this reason, it was
used to study the anthelmintic activity. Albendazole was
treated as the reference standard.

Thrombolytic activity

The thrombolytic activity of B. nigra was conducted ac-
cording to the method described by Prasad et al. and
Islam et al. [10, 30]. Five milliliters of venous blood was
taken from healthy volunteers (n = 5) and transferred to
different pre-weighed sterilised micro-centrifuge tube (1
ml/tube). The micro-centrifuge tubes were subjected to
incubation at 37 °C. After 45 min, the formation of clot
occurred and serum was completely separated from the
tubes (carried out without disturbing the clot formed)
and the remaining clot of each tube was again weighed
to calculate the weight of the clot [clot weight(W3) =
weight of clot containing tube (W2) — weight of tube
alone (W1)]. Each micro-centrifuge tube was labelled ap-
propriately, and MCE and fractions with concentrations
of 5 and 10 mg/ml were added to the tubes accordingly.
One hundred microliters of streptokinase was used as a
positive control whereas 100 pl of sterilised distilled
water was distinctly added to the control tubes num-
bered as a negative non-thrombolytic control. After that,
the tubes were incubated again at 37 °C for 90 min for
observing clot lysis. Then, following the incubation, the
obtained fluid was removed from the tubes and these
fluids were again weighed to observe the difference in
weight after clot disruption. Finally, difference obtained
in weight was determined and the result was expressed
as the percentage of clot lysis using the following
equation:
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% of clot lysi W3-Wa 100
of clot lysis = ——————
0 ¥ weight of clot

Here, W3 = to weight (g) of clot after 45 min incuba-
tion and W4 = the weight (g) of lysis clot after 90 min
incubation.

Evaluation of anxiolytic activity

Elevated plus maze test

To evaluate the anxiolytic activity, the elevated plus
maze was constructed according to the description given
by the researchers [10, 31]. The EPM apparatus consists
of two open arms (35 x 5cm?) elapsed by two closed
arms (35 x 5 x 15 cm®). The two arms were attached at
one place with a central square of 5 x 5cm? The appar-
atus was placed in a dimly enlightened room. The Swiss
albino mice (20-25 g) were kept fast for overnight and
split into seven groups; each group consists of 5 animals.
Distilled water 10 ml/kg, i.p (negative control group); di-
azepam 1 mg/kg, i.p (positive control group); and plant
extracts 200 and 400 mg/kg, i.p were administered to the
individual groups of mice before the 60 min of test. The
time spent and the number of entry in both open and
close arms were recorded for 5 min [31].

Hole board test

The hole board apparatus used for anxiolytic test con-
sists of 16 holes with a wooden chamber (40 x 40 x 25
cm?®), and the diameter of each hole is 3 cm. The appar-
atus was raised to the height of 25 cm from the floor so
that the mice could peep through the holes. The Swiss
albino mice (20-25 g) were divided into the control,
standard and test groups. The control group received
distilled water 10 ml/kg, i.p and the standard group re-
ceived diazepam 1 mg/kg, ip while the test group re-
ceived extract 200 and 400 mg/kg, i.p before the 60 min
of test. Each mouse was kept at one corner of the board
where the mouse could move freely and dip its head into
the holes. The number of head dipping was recorded for
5 min [10, 32].

Acute toxicity test

Acute toxicity test was conducted according to Gand-
hare et al. [33]. The MCE of flowers of Brassica nigra
was applied separately in various doses (50, 500, 1000,
2000 mg/kg) in four groups of animals by oral route.
The animals were observed continuously for the first 2 h
and 24 h to identify the behavioural changes. However,
there are no noticeable behavioural changes and mortal-
ity occurred. Therefore, we considered the extract be
safe at a dose level 2000 mg/kg and LDso be > 2000 mg/

kg.

(2020) 6:73

Page 4 of 9

Statistical analysis

The data obtained in the studies were subjected to one-
way analysis of variance (ANOVA) for determining the
significant differences. The intergroup significance was
analysed by using Dunnett’s ¢ test. *p < 0.05, **p < 0.01
and ***p < 0.001 indicate weak, moderate and high sig-
nificance, respectively. All the values were expressed as
mean + SEM (n = 5).

Results

Phytochemical screening

The phytochemical screening of MCE of B. nigra
showed the presence of alkaloids, flavonoids, saponin,
tannin, diterpenes, glycosides, carbohydrates, phenols
fixed oils and fat which is exhibited in Table 1. Based on
these results, the MCE of B. migra was subjected to
pharmacological investigations such as cytotoxic activity,
anthelmintic activity, anxiolytic activity and thrombolytic
activity. The study showed that the plant can be used for
various purposes.

Cytotoxic investigation

The results of the toxicity of the MCE, CSF, ASF, EASF
and n-HSF against brine shrimp (LCs values) are shown
in Table 2. By using the process developed by Meyer, we
determined LCso (lethal concentration, 50%) of MCE
and its four fractions. From the results of the brine
shrimp lethality bioassay, it is observed that the CSF
demonstrated greater toxicity (1.563 pg/ml) compared
with others and ASF exerted the lowest percentage of
mortality. So it can nicely be predicted that the MCE
and its fractions possess cytotoxic properties compared
with positive control VS. However, no mortality was ob-
served for the negative control group.

Table 1 Preliminary phytochemical analysis of B. nigra flowers

Phytochemicals Comment
Alkaloid ++
Saponin +
Tannin ++
Flavanoids ++
Carbohydrate ++
Diterpenes +
Protein -
Phytosterols +
Glycosides +
Phenol ++
Fixed oils and fat ++

Here, '+ means present, ‘++' means strongly present and ‘=’ means absent
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Table 2 Cytotoxic activity of vincristine sulphate (VS), MCE and
its fractions on brine shrimp nauplii

Sample LCso (ng/ml) Regression equation R?

VS 0.709 y = 39.765x + 55.949 0.96
MCE 5.586 y =30.709x + 27.058 0.8848
n-HSF 3.019 y =25912x + 37516 0.8028
CSF 1.563 y=22029% + 45.724 0.9454
EASF 3.730 y=17.37x + 40.069 0.9291
ASF 10.168 y = 21.394x + 28451 0.9739

VS vincristine sulphate, MCE methanol crude extract, EASF ethyl acetate soluble
fraction, n-HSF n-hexane soluble fraction, CSF chloroform soluble fraction, ASF
aqueous soluble fraction

Anthelmintic activity

The result of anthelmintic activity is shown in Table 3.
From the result, it was seen that all fractions cause the
death and paralysis of Phertima posthuma in a dose-
dependent manner which is significant (p < 0.05) when
compared with standard drug albendazole. Here, n-HSF
at the concentration 10 mg/ml showed paralysis and
death at 13.20 + .58 min and 22.40 + 1.36 min, respect-
ively. Again, time taken for paralysis and death was 8.80
+ .97 min and 15.60 + 1.08 min, respectively, at a con-
centration of 20 mg/ml for n-HSF. Moreover, in case of
albendazole (20 mg/ml), the paralysis time was 20.80 +
1.28 min whereas death time was 54.00 + 1.45min.
Thus, other fractions also exhibited significant anthel-
mintic activity in a dose-dependent fashion. Here, n-HSF
demonstrated higher anthelmintic activity against the
earthworm.

Anxiolytic activity
In the EPM test, the MCE and its fractions at dose 200
and 400 mg/kg showed (Table 4) an increase of time
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spending in open arm in a dose-dependent manner
which indicates the anxiolytic activity of the plant [10].
All the fractions exhibited good anxiolytic activity but n-
HSF showed relatively good activity as compared to
standard. Times spent by mice in open and closed arm
for n-HSF at dose 200 mg/kg were 72.20 + 2.71s and
192.80 + 2.35s while it was 80.80 + 1.46s and 183.00 +
2.43s at dose 400 mg/kg, respectively. On the other
hand, time spent by mice in open and close arm for
standard was 102.20 + 3.71s and 170.00 + 3.49s, re-
spectively. Again the number of entries in open arm was
also increased with the increase of dose whereas it was
decreased in case of close arm. In the hole board model,
the number of head dipping was measured (Table 5).
The result showed significant increase in head dipping
counts with the increase of dose which is significant
when compared with standard and indicates the pres-
ence of anxiolytic activity.

Thrombolytic activity

The MCE of B. nigra flowers was assessed for
thrombolytic activity, and the results are presented in
Table 6. The addition of 100 pl streptokinase as a
positive control showed 46.39% clot lysis. On the
other hand, distilled water was treated as a negative
control which exhibited a negligible percentage of
lysis of clot (6%). Among the different fractions, the
highest percentage of clot lysis activity was 30.77 +
4.09% and 36.89 = 1.94% at the concentration of 5
and 10 mg/ml, respectively, for CSF. Other fractions
also exhibited potentiality of clot lysis at a dose-
dependent manner which was significant when com-
pared with the negative control (p < 0.05).

Table 3 Time recorded for paralysis and death of earthworms for flowered extract of B. nigra and standard drug

Sample Concentration Time (min)

(mg/ml) Paralysis time Death time
Standard (albendazaole) 10 35.40 + 0.51 7340 £ 1.21

20 2080 +1.28 5400 + 145
CSF 10 17.80 + 58*** 30.80 + 1.11%%*

20 11.80 + 1.02** 22.00 + 1.00%**
ASF 10 87.60 + 0.51%** 9940 + 0.81***

20 5440 + 1.29%% 67.60 £ 2.42**
MCE 10 5360 + 0.81%** 62.20 £ 0.97**

20 33.80 + 1.24** 4740 £ 1.57**
n-HSF 10 1320 + 0.58*** 2240 + 1.36*%*

20 8.80 + 0.97** 15.60 £ 1.08***

Control (1% CMC in normal saline) -

Each value represents the mean + SEM (n = 5)

MCE methanol crude extract, EASF ethyl acetate soluble fraction, n-HSF n-hexane soluble fraction, CSF chloroform soluble fraction, SEM standard error mean
The inter group significance was analysed by one-way ANOVA using Dunnet'’s t-test. P < 0.05%, P < 0.01** and P < 0.001*** indicates weak, moderate and high

significance respectively
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Table 4 Effects of MCE and its fractions of B. nigra flowers on mice in the open and closed arm of the EPM
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Sample Doses Time spent in seconds (mean + SEM) Number of entries (mean + SEM)
Ln;)g/ Open arm Closed arm Open arm Closed arm
Control 10 1940 + 2.64 254.00 + 2.07 700 £ 0.71 2833 =203
Standard 1 102.20 + 3.71 170.00 + 349 1860 + 0.51 733+ 145
n-HSF 200 7220 £ 2.71%* 192.80 + 2.35** 1360 £ 0.81** 640 £ 0.51%**
400 80.80 + 1.46* 183.00 + 243 14.80 + 0.80 868 + 2.11%**
CSF 200 59.80 + 4.53** 205.00 + 1.87** 1140 + 0.68** 7.60 £ 0.51%%*
400 7260 + 2.01** 19540 + 1.75** 13.00 £ 0.71** 9.62 £ 0.61%**
EASF 200 4320 £ 1.43** 23060 + 1.75%** 7.60 £ 0.51%%* 10.60 + 0.51%**
400 4880 + 1.46*** 22420 + 1.88*** 9.60 + 0.60*** 1243 + 0.60***
MCE 200 59.20 + 0.97** 210.20 + 1.85** 1060 + 0.51** 1140 + 0.68***
400 66.80 + 1.50%* 199.60 + 2.50%** 1240 + 0.60** 13.12 £ 0.71%*
ASF 200 38,60 + 0.93%** 234.80 + 2.42%** 640 + 0.51%** 13.60 + 0.81%*
400 44.00 + 2.10%** 22640 + 0.67%** 860 £ 2.10%** 14.80 + 0.80*

Each value represents the mean + SEM (n = 5)
MCE methanol crude extract, EASF ethyl acetate soluble fraction, n-HSF n-hexane soluble fraction, CSF chloroform soluble fraction, ASF aqueous soluble fraction,

SEM standard error mean

The inter group significance was analysed by one-way ANOVA using Dunnet'’s t-test. P < 0.05%, P < 0.01** and P < 0.001*** indicates weak, moderate and high

significance respectively

Discussion
Human beings are relying on plants for the treatment of
many diseases from the very beginning of civilization
[34]. At present, phyto-pharmacological study has
opened a new area to discover plant derivative drugs
which are effective for the treatment of certain diseases
and draw the attention in herbal medicines [34]. About
30% of pharmaceuticals are thought to be prepared from
plant derivatives [35].

A number of studies have been conducted to explore
the safe and effective drugs in order to address the

treatment of cancer or tumour. Here, we tried to find
out any ingredient that may lie in MCE and may be ef-
fective in cancer or tumour through cytotoxic investiga-
tion. In this investigation, varying degree of lethality was
found with exposure to different dose levels of the test
samples. The degree of lethality was found, which is dir-
ectly proportional to the concentration gradient which
indicates that mortality increases gradually with the in-
crease of concentration of the test samples. The MCE
and its fractions exhibited (Table 1) significant toxicity
to brine shrimp as the LCs, values were less than

Table 5 Effects of MCE and its fractions of B. nigra flowers on mice in hole board test

Sample Doses (mg/kg) Number of head dipping (300 s test) in hole board (mean + SEM)
Control 10 3640 £ 326
Standard 1 3980 £ 2.22
n-HSF 200 3640 £ 3.26
400 64.20 £ 1.77***
CSF 200 7220 + 2.71%%*
400 71.60 + 2.20%**
EASF 200 81.20 + 2.60***
400 46.00 £ 141
MCE 200 5700 + 1.22%*
400 63.60 £ 1.72%**
ASF 200 7520 £ 1.71%*
400 45.00 £ 3.21

Each value represents the mean + SEM (n = 5)

MCE methanol crude extract, EASF ethyl acetate soluble fraction, n-HSF n-hexane soluble fraction, CSF chloroform soluble fraction, ASF aqueous soluble fraction,

SEM standard error mean

The inter group significance was analysed by one-way ANOVA using Dunnet'’s t-test. P < 0.05%, P < 0.01** and P < 0.001*** indicates weak, moderate and high

significance respectively
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Table 6 Effects of different fractions of MCE of B. nigra flowers
on in vitro clot lysis

Sample Dose (mg/ml) Percentage of clot lysis (mean + SEM)
Blank 6+ 1.09
Streptokinase 46.39 + 292
n-HSF 5 1892 + 2.94%*
10 22.78 £ 2.05%**
CSF 5 30.77 £ 4.09
10 36.89 + 1.94%*
ASF 5 1092 + 2.32**
10 17.32 £ 248*
MCE 5 9.59 £ 1.82%**
10 2159 + 1.52%%*

Each value represents the mean + SEM (n = 5)

MCE methanol crude extract, EASF ethyl acetate soluble fraction, n-HSF n-
hexane soluble fraction, CSF chloroform soluble fraction, SEM standard

error mean

The inter group significance was analysed by one-way ANOVA using Dunnet’s
t-test. P < 0.05% P < 0.01** and P < 0.001*** indicates weak, moderate and
high significance respectively

100 pg/ml [14]. From the LCs, values, we conclude that
the CSF (1.563 pg/ml) contains more potent cytotoxic
compounds compared to the other fractions. On the
other hand, the ASF (10 pg/ml) showed relatively less
toxicity. There was no mortality in the negative control
groups indicating the test was a valid one. Various stud-
ies revealed that plant extract shows cytotoxicity due to
the presence of phytochemical compounds like flava-
noids, glycosides, tannins, saponins and alkaloids which
have been observed in this study [36, 37]. Saponins exert
their cytotoxic activity through the apoptosis pathway
which is a process of programme cell death [38]. An-
other study reported that saponins work by stopping cel-
lular mutation that leads to cancer [30]. It is believed
that tannins exert cytotoxicity by blocking induction of
enzyme needed for cancer cell line growth [36]. Again,
flavonoids exhibit cytotoxicity through increasing the
production of intracellular ROS level [39] whereas alka-
loids act by inhibiting the proliferation of a number of
tumour cells [40]. These phytochemicals have been no-
ticed in our study. Therefore, we can claim that the posi-
tive response obtained in our investigation suggests that
the plants may contain cytotoxic agents which could be
developed for medicinal use.

In anthelminthic activity test, all the fraction of extract
provoke not only paralysis but also death of the earth-
worms in dose-dependent manner. From the study, we
observed that the paralysis and death time of earthworm
were inversely proportional to the extract concentra-
tions. Among the fractions, n-HSF showed less paralysis
(13.20 + .58) and death (22.40 + 1.36) time which was
potential when compared with standard (35.40 + .51 and
73.40 t 1.21, respectively). Several studies claimed that
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tannins, flavonoids, alkaloids and phenolic compounds
are accountable for anthelmintic activity [41, 42]. Tannins
can bind to free proteins in the gastrointestinal tract of
host animal or glycoprotein on the cuticle of the parasite
and thereby cause deaths [41, 42]. Tannins may exhibit
their activity by intervening with energy production of
worms through uncoupling oxidative phosphorylation that
leads to death [42]. On the other hand, alkaloids induce
paralysis of worms by acting on its central nervous system
[42]. Our phytochemical screening exhibited the presence
of alkaloids, flavonoids, tannins and phenolic compounds.
Hence, we can consider the flower of B. nigra as an alter-
native source of anthelmintic drugs.

In case of thrombolytic test, it can be demonstrated
that our findings may have significant implications in
cardiovascular health. A widely used thrombolytic agent
streptokinase acts by converting additional plasminogen
to plasmin. But this agent has several adverse effects
which encouraged the researcher to discover alternative
agent [43]. Therefore, we tried to find out whether the
plant possesses clot lysis property or not. The compara-
tive study between positive and negative control clearly
showed that clot lysis did not occur when water was
added to the clot. On the other hand, addition of differ-
ent fractions of extract revealed a significant clot lysis.
Among the different fractions, CSF showed highest clot
lysis (30.77 + 4.09). Several studies reveal that tannins,
alkaloids and saponins are responsible for clot lysis ac-
tivity [44, 45]. It is assumed that these phytochemicals
exert their activity by disrupting the fibrinogen and fi-
brin in a clot that ultimately leads to fibrinolysis [44, 45].
As phytochemical analysis revealed that the crude ex-
tract contains tannins, alkaloids and saponins, it may
predict that these phytochemicals may be responsible for
its clot lysis activity.

Elevated plus maze and hole board were used to esti-
mate the psychomotor performance and emotional as-
pects of mice. Moreover, we know that anxiolytic agents
raise the time spent and a number of entries in open arms
of the EPM [10, 46]. The result of the study showed that
different fractions of plant extract at both dose 200 mg/kg
and 400 mg/kg treated into mice showed significant in-
creases in time spent and the number of entries in open
arms in comparison to the control group. On the other
hand, both the time spent and number of entry decreased
in close arms in comparison to the control group. Again,
in case of hole board test, the head dipping of animals is
inversely proportional to their anxiety state in the moder-
ately aversive environment [10, 47]. Therefore, an increas-
ing number of head dipping of mice into the holes of
board indicate declined anxiety state. Previous investiga-
tions suggested that alkaloids, flavonoids and terpenoids
are accountable for anxiolytic activity which was observed
in our study [10]. Flavonoids induce anxiolytic effect by
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opening activated chloride channel to increase permeabil-
ity of neuronal membrane chloride ions that results in
GABA’s inhibitory effect [10]. Again, alkaloids such as
montanine initiate anxiolytic activity by reducing the loco-
motor activity [48]. Thus, we may conclude that the
methanol extract of B. nigra flowers and its fractions have
satisfactory anxiolytic potential.

From the light of above study, it can easily be men-
tioned that the methanol extract and its different frac-
tions of B. nigra flowers are a vital source of therapeutic
agents having the thrombolytic, anthelmintic, anxiolytic
and cytotoxic potentiality.

Conclusion

On the basis of the findings of the present study, it can
be determined that methanol extract of Brassica nigra
flowers possesses different types of pharmacological ac-
tivities in varying concentration and fractions. At the
end, it can be concluded that the experimental evidence
obtained in the laboratory test model could provide a ra-
tionale for the traditional use of this plant as an anthel-
mintic, thrombolytic, anti-tumour and anxiolytic agent.
Future scope involves the isolation of phyto-constituents
that are responsible for anthelmintic, thrombolytic, cyto-
toxic and anxiolytic activity and the study of its pharma-
cological actions.
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