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ABSTRACT
Background: Natural products found from plants have been conveying a vital role among human being since ancient times. An
enormous number of scientific reports evidenced of using the medicinal plants as natural remedies. Nowadays, the medicinal
plant is using as an alternative medicine to synthetic drugs. The use of medicinal plants singly or in combination in treating
different ailments has been practiced by traditional medical healers for a very long time. People of Mesoamerica have utilized
plants and products from plants in curing and relieving ailments for centuries.
Aim: The present aim of the study is to assess the anti-inflammatory and analgesic activity of Ethanolic Extract of leaves of
Raphanus sativus (EERS) on animal models and therefore to determine the scientific basis for its use in traditional medicine in
the management of anti-inflammatory condition.
Methods: Anti-inflammatory activity was evaluated using carrageenan and histamine-induced paw edema methods. Analgesic
activity of Ethanolic Extract of leaves of Raphanus sativus (EERS) was estimated against a hot plate, acetic acid induced
writhing and formalin tests.
Results: The extracts showed significant anti-inflammatory and analgesic activities with a dose-dependent manner. Antiinflammatory activity of olive tree extract at 250 and 500mg/kg doses was more important compared to the used standard
drugs (p<0.05), in both carrageenan and histamine-induced paw edema tests. In analgesic assays, results showed that
500mg/kg dose of olive tree extract has a significant analgesic effect through both peripheral and central mechanisms.
Conclusion: This study provided evidence on the traditionally claimed uses of the plant in pain and inflammatory diseases,
and Raphanus sativus could be potential source for development of new analgesic and anti-inflammatory drugs.
Key words: Raphanus sativus, anti-inflammatory activity, Carrageenan-induced rat paw oedema, Hot plate test, writhing test.
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INTRODUCTION

P

lants are one of the important sources of medicine.
The application of plants as medicine dates back to
prehistoric period. Several indigenous drugs used in
modern medicine have figured in ancient manuscripts such
as Rigveda, The Bible, and Quran. Over six thousand years
ago, the ancient Chinese were the first to use the natural
vegetation as medicine1. In India, the Ayurvedic system of
medicine has been in use for over three thousand years.
ISSN: 2320-4850

Hippocrates, the 'Father of Medicine' was the first to give a
scientific explanation of diseases. Indian system‟s of
medicine includes Ayurveda, Siddha, Unani, Tibetan and
Naturopathy. Herbal therapy provides rational means for
the treatment of many internal diseases which are
considered to be obstinate and incurable in other systems of
medicine. It aims at both the prevention and cure of
diseases2.
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Man has been using herbs and plant products for combating
diseases since times immemorial. The Indian subcontinent
is enriched by a variety of flora-both aromatic and
medicinal plants. This is used in a wide diversity of
climatic conditions in India ranging from deserts to swamp
lands. Numerous types of herbs have been well recognized
and catalogued by botanists from the high ranges of the
Himalayan tract up to the sea shore Kanyakumari. This
extensive flora has been greatly utilized as a source of
many drugs in the Indian traditional system of medicine 3. In
India, the earliest mention of the use of medicinal plants
was found in the Rigveda which was written between 45001600 BCE. A detailed account of the world's first
symposium on medicinal plants is given the first chapter of
Brihat Samhita and since 1600 BCE the amount of
literature on the subject is boundless. The traditional system
of medicine is so engrained in our culture that, even now,
75% of the Indian population depend on this indigenous
system for relief. With such a huge section of an everincreasing population relying on herbal remedies, it is
imperative that the plant products which have been in use
for such a long time be scientifically supported for their
efficacy4,5.

indigestion, and other gastric pains. In general, radish
contains carbohydrates, sugars, dietary fibers, protein, and
even some fat and fluoride7,8.
Radish (Raphanus sativus L.) is the one of the most
important root crops belonging to the family Cruciferae. It
is grown both in tropical and temperate regions of the world
and is probably a native of Europe and Asia. Radish is
grown for its edible young, tender and fusiform roots which
are eaten raw as salad or cooked as vegetable along with
leaves and also stuffed in paranthas. Besides this, its
immature pods usually called „mougree‟ are either eaten
raw or cooked as vegetable, alone or mixed with other
vegetables. It is a good source of vitamin-C (ascorbic acid)
containing 34-40mg per 100g of edible portion and supplies
a variety of minerals. Trace elements in radish include
aluminium, barium, lithium, manganese, silicon, titanium,
fluorine and iodine (up to 18μg/100g). Roots are also rich
in carbohydrate and protein. Radish is useful in the
treatment of liver, gall bladder troubles, urinary complaints
and piles etc. In Homeopathy, it is used for neurological
disorders, headache, sleeplessness and chronic diarrhoea911
.

Raphanus sativus L. belongs to the family Brassicaceae
(Cruciferae, an older name). It is known as Radish in
English, Daikon in Japanese, and “Laifu” or “Luobo” in
Chinese. With its high adaptive ability, high yield, and
abundant nutritional value, Raphanus sativus L. has long
been grown as a food crop worldwide, especially in China,
Japan, Korea, and Southeast Asia. The leaf, seed, and root
of Raphanus sativus L. are claimed to have various
medicinal uses6. The major active compounds in Raphani
Semen are alkaloids, glucosinolates, brassinosteroids, and
flavonoids. Fatty acids are its main nutritional contents.
Raphani Semen has been demonstrated to have beneficial
effects on hypertension, obesity, diabetes mellitus,
constipation, and cough. So far, there is no report about the
adverse/toxic effects of this herb on humans. In Unani,
Greeko-Arab, and Indian folk medicine, radish is used as a
household remedy for the treatment of many diseases such
as jaundice, gallstone, liver diseases, rectal prolapse,

Based upon the climatic conditions, radish has been divided
into two groups - „Asiatic‟ or „Tropical‟ and „European‟ or
„Temperate‟ types. The Asiatic type produce roots and
seeds both under tropical and temperate climate. European
types produce roots under both the climatic conditions but
its seed can only be produced in hills or temperate climate.
In India, radish is grown in one and other parts of the
country throughout year, occupying an area of 1,77,000
hectares and producing 25,40,000 MT roots. Keeping in
view the increasing Indian population and decreasing
cultivated crop area, there is a need to enhance the
production as well as productivity to meet out the vegetable
requirement of the country. Production of any crop can be
increased by supplying quality inputs and seed is the most
important input in any crop production programme.
Without healthy and good quality seed, all expenditure
incurred on other inputs go waste. Good quality seed is also
one of the most important criteria to increase productivity1214
.

Figure: 1 Raphanus sativus

Figure: 2 Raphanus sativus leaves

Broadly speaking, radishes can be categorized into four
main types according to the seasons they are grown in and a
variety of shapes lengths, colours, and sizes, such as red,
pink, white, gray-black or yellow radishes, with round or

elongated roots that can grow longer than a parsnip15.
Algesia (pain) is an ill-defined, unpleasant sensory and
emotional experience associated with actual or potential
tissue damage, which varies from person to person and in
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the same person, from time to time. Unrelieved acute pain
can cause chronic pain and long standing pain can cause
anatomical and even genetic changes in the nervous system.
Pain is warning signal, primarily protective in nature, but
causes discomfort and suffering. Excessive pain may
produce other effects such as sinking sensation,
apprehension, sweating, nausea, palpitation, and rise or fall
in BP, tachypnoea16,17.
The present aim of the study is to screen the antiinflammatory and analgesic activity of Ethanolic Extract of
leaves of Raphanus sativus (EERS) in Wistar rats.
MATERIALS AND METHODS
Ethical approval
This experiment was approved by the Institutional Animal
Ethical Committee (IAEC) (I/IAEC/AGI/008/2019 WR ♂),
School of Pharmacy, Anurag University, Venkatapur,
Ghatkesar, Telangana.
Study area
The investigation was conducted at Pharmacology
Laboratory, Department of Pharmacology, School of
Pharmacy, Anurag University, Venkatapur, Ghatkesar,
Telangana.

Experimental Design:
In-vivo anti-inflammatory activity
Carrageenan-induced rat paw oedema19:
Ethanolic extract of leaves of Raphanus sativus (EERS)
anti-inflammatory
activity
was
evaluated
using
carrageenan-induced paw oedema in rats. Male Wistar rats
were divided into 8 groups of five animals each. (1) Control
group (10ml/kg of 0.9% NaCl solution); (2) and (3) groups
received reference drugs (10mg/kg of indomethacin and
diclofenac sodium); (4), (5), (6), (7) and groups (8) were
orally administered EERS in 50, 100, 250, 500 and
1000mg/kg doses, respectively. Animals were pre-treated
with drug and EERS 60 min before injection of
carrageenan. Inflammation of the hind paw was induced by
injecting 0.1ml of 0.5% carrageenan suspension into the
sub-plantar surface of the right hind paw. Measures of the
paw circumference were determined at 3, 4, 5 and 6 h (after
edematogenic agent injection) intervals later (St) using the
method of Bamgbose and Noamesi. The difference between
St (3, 4, 5 and 6 h) and S0 was taken as the oedema size.
The inhibition percentage of the inflammatory reaction was
determined for each animal by comparison with controls
and calculated by the following equation:
% Inhibition =

Plant material
The freshly Raphanus sativus (radish) leaves were collected
from local vegetable market, Koti, Hyderabad, Telangana.
Animals
For studying the in-vivo activities, male adult Wistar rats
(120-180g) and Swiss albino mice (20-25g) of both sexes
were obtained from the animal house. They were housed in
polypropylene cages with free access to food and water.
The animals were maintained under controlled conditions
of temperature (22 ± 2 0C) with a 12 h light-dark cycle. The
animals were used after an acclimatization period of 7 d in
the laboratory environment. Housing conditions and in-vivo
experiments were approved according to the guidelines.
The experiment protocol was approved by an Institutional
Animal Ethical Committee (IAEC) and care of the animals
was taken as per guidance of the Committee for the Process
of Control and Supervision of Experiments on Animals
(CPCSEA).

Histamine-induced rat paw oedema20:
Eight groups of rats (five rats each) were used for this test.
Group (1) served as a control group (10 ml/kg of 0.9%
NaCl solution), animals in groups (2) and (3) were orally
treated with indomethacin and diclofenac sodium
(10mg/kg), while rats in groups (4), (5), (6), (7) and (8)
received the EERS at doses of 50, 100, 250, 500 and
1000mg/kg, respectively. Animals were treated by drug
controls and EERS 1h before histamine injection (0.1 ml of
a 1% solution in 0.9% NaCl solution) into the plantar
region of the right-hand paw. Paw size was measured
before injection of histamine and at 3, 4, 5 and 6 h, after
injection. The average increase in paw size of each group
was determined. The percentage inhibition was obtained
using this formula:
% Inhibition

=

Chemicals

Where,

Carrageenan; histamine; indomethacin; diclofenac sodium
(DFS); acetylsalicylic acid (ASA); tramadol hydrochloride
(Tramadol Hcl); formalin; acetic acid were purchased from
Sigma-Aldrich.

St = the paw size for each group after histamine treatment
and

Processing and extraction18

In vivo analgesic activity

Leaves of Raphanus sativus was under the shade air dried
for 4 weeks and mechanically pounded into fine particles
using electronic grinder. About 500g of the pounded plant
materials were weighed and extracted by soxhlation for 72
h in absolute ethanol. The extract was then filtered,
evaporated to dryness, and stored in capped bottles inside
the refrigerator at 4 0C until required.
ISSN: 2320-4850

S0 = paw size for each group before histamine injection.
Hot plate test21,22:
Twenty-five Swiss albino mice (20-25g) were divided into
5 groups of five mice per group. Group (1) received control
solution (0.9% NaCl solution), group (2) received tramadol
hydrochloride (10mg/kg), while groups (3), (4) and (5)
received 100, 250 and 500mg/kg of EERS, respectively. 1h
after the orally administration, mice were placed onto a hot
plate (55 ± 2 0C), and the reaction time for licking of paw
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or jumping for the control and treated mice was recorded
(in seconds). A cut-off time of 15 s was used to avoid
damage to the paw. The percentage increase in reaction
time was determined thus:
% Increase in reaction time

=

%Inhibition=

Statistical analysis

Writhing test23,24:
Overnight fasted mice were divided into five groups of five
each. Groups (1) and (2) received control solution (0.9%
NaCl solution) and acetylsalicylic acid (10mg/kg), while
groups (3), (4) and (5) received 100, 250 and 500mg/kg of
EERS, respectively. 1h after, the animals were
intraperitoneally injected with acetic acid (0.6%, v/v in
0.9% NaCl solution) [30], the analgesic activity was
quantified by counting the total number of writhes over a
period of 25 min after a latency period of 5 min. The
percentage of analgesic activity was calculated as follows:
% Inhibition

The percentage of inhibition was obtained by the following
formula:

=

Formalin licking test25-27:
Formalin licking test was carried out using male mice under
same experimental conditions of acetate writhing test. 1 h
after orally EERS administration, 20μl of 1 % formalin
solution (in 0.9% NaCl solution) was injected
subcutaneously into the plantar surface of the right hind
paw of each mouse. Licking the injected paw time was
measured over 30 min divided into two phases. The early
phase was observed during the first 5 min and the late
phase was recorded in 15-30 min. These phases represented
neurogenic and inflammatory pain responses, respectively.

Statistical analyzes were performed using GraphPad Prism
software version 6.00 (GraphPad Inc., San Diego,
California). Data were analyzed by analysis of variance
(ANOVA Analysis of Variance) followed by posthoc
Dunnet test if the sample distribution follows a normal
distribution or by the Kruskal-Wallis if the sample
distribution does not follow the normal law. Values
between groups were considered statistically significant for
at P<0.05.
RESULTS
Anti-inflammatory activity
Results plotted in Tables 1 and 2 illustrate the dosedependent EERS‟s effect on paw oedema formation after
induction by carrageenan (Table 1) and histamine (Table
2). The subplantar injection of carrageenan-induced a
progressive local oedema reaching its peak at the 3rd h
(Table 1). The orally administration of the EERS showed a
dose-dependent reduction in carrageenan-induced paw
oedema from the 3rd to the 6th h. The highest EERS‟s
inhibition activity (80 %) was recorded after 4 th h at
500mg/kg dose, compared to reference drugs indomethacin
(53.24%) and diclofenac (69.34%) (p<0.05). Besides, no
significant difference (p<0.05) was observed when the
treatment dose, rise to 1g/kg (compared to 500mg/kg dose).

Table 1: Effect of EERS on carrageenan-induced rat paw oedema in rats
Inhibition (%)
Dose (mg/kg)

3h

4h
a

5h

a

100

b

b

b

64.24±2.22

b

250

b

50.27±3.61

b

75.00±2.76

c

73.40±1.56

c

500

c

66.76±3.69

c

80.00±2.11

c

d

1000

c

c

c

d

Indomethacin*

d

b

d

Diclofenac sodium*

b

b

d

0.27±0.13
44.45±3.45

67.81±5.06
19.05±2.20

47.11±2.22

a

6h

50

10.00±2.20
60.00±2.33

a

20.21±2.21

16.67±1.00

37.50±1.11

78.73±1.72

81.97±2.63

50.00±4.27

78.79±1.18

53.24±2.54
69.34±3.25

50.00±3.00

e

60.99±2.33

8.34±1.22

e

63.12±1.65

a-e

0.45±0.05

3.34±0.18

*

Values in the same column with different superscripts are significantly different (p<0.05) [mean ± SD, n= 6]. Reference drugs (indomethacin 10mg/kg
and diclofenac sodium 10mg/kg).
Table 2: Effect of EERS on histamine-induced rat paw oedema in rats
Inhibition (%)
Dose (mg/kg)

3h

4h

100

b

25.00±2.43

b

52.00±1.54

b

60.50±1.35

b

250

c

51.00±2.39

c

70.90±1.67

c

69.00±2.22

c

500

d

d

d

d

1000

d

63.98±0.57

d

d

d

Indomethacin*

e

15.50±0.50

b

51.00±0.59

b

a

3.21±0.79

Diclofenac sodium*

f

43.90±1.01

e

64.96±1.66

b

a

2.60±0.10

62.70±0.84

a

6h

a

0.13±0.03

a

5h

50

8.90±0.55

76.00±2.03
78.22±1.18

18.96±0.59

76.30±0.70
77.10±0.86

56.80±1.04
58.60±1.09

a

0.26±0.04
12.00±1.67

34.00±1.50
45.50±1.34
47.00±2.37

a-f

Values in the same column with different superscripts are significantly different (p<0.05) [mean ± SD, n= 6]. *Reference drugs (indomethacin 10mg/kg
and diclofenac sodium 10mg/kg).
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Similarly, the paw oedema induced by histamine was
reduced after EERS administration (Table 2). High
inhibition activity was observed for the 500 and 1000mg/kg
doses (76.00 and 78.22%), but with no significant
difference (p<0.05). Thus, EERS‟s administration has a
significant anti-inflammatory effect compared to the used
reference drugs, even at low doses like 250mg/kg.
Analgesic activity
Graphs of Figures 3, 4 and 5 show results related to the
EERS‟s analgesic activity assessed by means of the hot
plate, acetic acid-induced abdominal writhing and formalin
in-vivo tests.

250 and 500mg/kg). EERS administration has increased the
insensibility to pain without loss of consciousness
(analgesic activity) in mice placed onto the hot plate (55 ± 2
0
C). The observed EERS‟s analgesic effect was dosedependent, reaching its maximum (36.77%) at 500mg/kg
dose (Figure 3). This effect was, however, compared to that
observed (35.84%) for tramadol hydrochloride (no
significant difference at p<0.05).
On the writhing response in mice, EERS induced a potent
dose-dependent anti-nociceptive activity at all used doses
(Figure 4). This activity was up to 68% for 500mg/kg dose,
which was similar to that shown by the reference drug
significantly (no differences at p<0.05).

Considering the results of anti-inflammatory tests,
analgesic tests were performed at three EERS‟s doses (100,

Figure 3: Effect of EERS on hot plate-induced pain in mice. Data is expressed as mean ± SD [n= 5]. Different letters indicate significant
differences (p<0.05).

Figure 4: EERS‟s analgesic activity in mice treated with acetic acid. Data are expressed as mean ± SD [n= 5]. Different letters (a-c) indicate
significant differences (p<0.05).

Two phases showed in Figure 5 represented neurogenic and
inflammatory
pain
responses,
respectively.
The
ISSN: 2320-4850

subcutaneous injection of formalin solution into the plantar
surface of the right hind paw of mice produced an analgesic
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response of licking of the treated paw. EERS showed dosedependent effect in both early and late phases. The EERS‟s
analgesic activity was incomparable to that of reference
drug (diclofenac sodium) during the early phase
(corresponding to the neurologic pain) (Figure 5).
.

However, this effect was significantly higher in mice
treated with 500mg/kg dose (84.70%) compared to
diclofenac sodium (75.20 %) (p<0.05) in the late phase
(corresponding to the inflammatory pain).

Figure 5: Effects of EERS on the formalin-induced licking response in mice. Data is expressed as mean ± SD [n= 5]. Different letters (a-c)
indicate significant differences (p<0.05).

DISCUSSION
Leaves of medicinal plants are common ingredients of
many folk and herbal medicines, and leaf extracts of a
number of medicinal plants have been reported to possess
pharmacological activity, including anti-inflammatory
activity. The present study reveals that the dried leaf extract
of Raphanus sativus possesses significant antiinflammatory and analgesic activities in experimental
animals. The carrageenan-induced paw oedema is
frequently used as an experimental model for acute
inflammation studying. The inflammatory reaction
carrageenan-induced (in rats) is a biphasic response, (i)
oedema formation involving the production of
inflammatory mediators such as histamine, serotonin, and
kinins; (ii) the biosynthesis of prostaglandin and other
autacoids release and attributed to the induction of
cyclooxygenase (COX-2) in the tissue. Actually, the results
of this study suggest that the EERS could antagonize the
action and/or inhibit the production of the circulating
inflammation mediators. On injection, histamine acts as an
inflammatory mediator, which increases vascular
permeability28-30.
Results herein presented show the anti-edematogenic effect
of orally administered EERS in rats injected by histamine.
This could be, in fact, attributed to the anti-inflammatory
activity of studying extract through an anti-histamine
mechanism. The rich phenolic Raphanus sativus tree
extracted may act by inhibiting the release and/or histamine
action, which can explain its inhibitory activity on oedema
development. Thus, observed EERS‟s anti-inflammatory
effects could be related to its phenolic composition.
ISSN: 2320-4850

Actually, EERS is a rich phenolic extract. In general,
Raphanus sativus phenolic compounds have been known to
inhibit both COX-1/2 inflammatory enzymes (in a dosedependent manner) more efficiently than ibuprofen
drug31,32.
Results from the current study reveal the effectiveness of
natural EERS as oedema inhibitor compared to reference
drugs (indomethacin and diclofenac sodium). These
classical non-steroidal anti-inflammatory drugs (NSAIDs)
mainly inhibit COXs. However, they have side effects such
as irritation of the gastric mucosa, caused by the inhibition
of prostaglandin biosynthesis, which has a protective role in
the gastrointestinal tract. Many NSAIDs are also acids that
may cause additional harm in the gastrointestinal tract.
Thus, the use of natural anti-inflammatory agents is one of
the proposed solutions to overcome problems caused by
side effects of NSAIDs.
Hot plate test was selected to investigate the central
analgesic effect of EERS, which is known to elevate the
pain threshold of mice towards heat. It also indicates
narcotic involvement with opioid receptor and measures the
complex response to a non-inflammatory acute nociceptive
input. The high percentage inhibition (36.77%) shown by
EERS in this test suggests that EERS is a centrally acting
analgesic. Acetic acid-induced writhing response is useful
for the evaluation of peripherally acting analgesics. Acetic
acid stimulates the tissue to produce several inflammatory
mediators such as histamine, serotonin, cytokines, and
eicosanoids with an increase in peritoneal fluid levels of
these mediators. In this sense, EERS inhibited mice
abdominal writhes, suggesting that EERS‟s anti-nociceptive

[42]
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activity could be related to the reduction of inflammatory
mediator‟s liberation and/or to direct blockage of receptors
resulting in peripheral analgesic response.

the beneficial health effects, radish plant can be beneficially
used as a natural food supplement to contend inflammation
and pain in the case of inflammatory diseases.

The formalin test is a valid model of pain and analgesic
research for clinical pain compared to tests using phasic
thermal or mechanical stimulation. It has two distinctive
phases, reflecting different types of pain. The early phase (0
to 5 min) reflects centrally mediated pain, which was a
result of direct stimulation of nociceptors and believed to
be a non-inflammatory pain. The late phase (15 to 30 min)
persistent period caused by local tissue inflammation.
Experimental results demonstrated that substance P and
bradykinin participate in the early phase, while histamine,
serotonin, prostaglandins, nitric oxide, and bradykinin are
believed to be involved in the late phase of the formalin test
response.

The result of the present study indicates that ethanolic
extract of Raphanus sativus leaves possess significant
analgesic and anti-inflammatory activity on both acute and
chronic inflammation. Further detailed investigation is
underway to determine the exact phytoconstituents, which
are responsible for the anti-inflammatory and analgesic
activity. Further studies involving the purification of the
chemical constituents of the plant and the investigations in
the biochemical pathways may result in the development of
a potent anti-inflammatory agent with low toxicity and
better therapeutic index. This knowledge about the
medicinal plants usage can also be extended to other fields
like field of pharmacology. A large scale isolation and
further spectral techniques are required to isolate and
identify a particular compound responsible for antiinflammatory and analgesic activity.

Our results show that EERS has an inhibitory effect on the
analgesic response of both early and late phases of the
formalin test. Moreover, significant pain relief activity
observed in the late phase (compared to the early phase)
indicates the peripherally acting protective effect of EERS,
which was correlated with anti-inflammatory tests results.
In that way, EERS attenuate pain response better than
diclofenac sodium (NSAID), commonly used as a reference
due to its anti-inflammatory and analgesic effects.
This drug has the ability to reduce inflammation, swelling
and pain by inhibiting either the release of arachidonic acid
or the prostaglandin synthesis. This fact corroborates with
published data about, in-vivo, phenolic compounds antinociceptive effects, mainly attributed to flavonoids.
CONCLUSION
In most of the developing nation‟s natural sources in
particular the phytomedicine is the sole source within the
financial and physical reach of the needy people.
Furthermore, people had gained faith felt satisfied and
happy that most of the therapeutically effective chemical
molecules have come from plants. Natural medicine
flourished by sharing knowledge both locally as well as
across nations. Hence the natural products must continue to
hold their quality and significant efforts have to be made to
trap the real potential of natural source of medicine.
Results of pharmacological tests performed in the present
study suggest that EERS with high polyphenols content is
safe and presented potential anti-inflammatory and
analgesic activities, which are comparable with the
reference drugs. Considering high consumer demand due to
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