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ABSTRACT

Objective: This particular study was aimed to evaluate the anti-oxidant effect of Pleurotus ostreatus using the in vitro method and also against
inflammation.

Methods: A methanolic extract of P ostreatus (MEPO) was prepared by the cold maceration technique. Different tests. In vitro anti-oxidant
activity was investigated using the 1,1-diphenyl-1-picryl hydrazyl (DPPH) method. Wistar rats were chosen for the study; animals weighing
150-200 g were divided into six groups of six each (n=6). Control animals were grouped as I, group Il was administered with approximately 100 uL
of 1% suspension of carrageenan in saline and injected into the plantar surface of the right hind paw, group III, IV, V, and VI were given with
carrageenan, followed by diclofenac sodium (150 mg/kg body weight, p.o.) and MEPO at the dose of 200, 400, and 800 mg/kg orally for 21
days. The paw volume and percentage of inhibition of the paw were measured in all animals.

Results: The IC, values of the test extract in the DPPH free radical scavenging assay were found to be 44.02+0.09 as compared with the standard drug
35.01+0.12, which was considered significant (***p<0.001). The test extract at the dose of 400 and 800 mg/kg significantly decreased (**p<0.001)
the paw volume thereby, the inflammation, the % percentage of inhibition in paw volume was compared to the positive control in the carrageenan-
induced paw edema.

Conclusion: The study explored a potential source for anti-oxidants in the MEPO, which also seems to be effective in chemical-induced inflammation.
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INTRODUCTION To conquer the oxidative stress, the use of anti-oxidants

A contemplated system which acts as a defense system of our body
is named as inflammation, stands against harmful stimulants that
cause injury to the tissues/cells, and subsides once healing begins;
on the contrary, unrestricted inflammation is the root cause for
several diseases such as allergic reactions, cardiovascular dysfunction,
cancers, and autoimmune-related diseases. These have massive impact
on individuals and also subsequently on the society [1]. A normal
metabolism in the cells generates free radicals. A free radical has an
unpaired or single electron in the valence shell and always has an
odd number of electrons, which makes them unstable, fleeting, and
extremely reactive. In many human diseases, the role of free radicals
is highlighted as they cause damage to the cells and depend on the
various inflammatory processes and mechanisms in the cells. With
the impact of various physical and chemical conditions or pathological
conditions, distinctive endogenous systems generate free radicals such
as reactive oxygen species (ROS) and reactive nitrogen species [2]. Free
radical production during chronic inflammation leads to an increase in
the inflammation itself. The human body’s numerous systems can be
harmed by this ongoing vicious cycle. During the inflammation process,
mast cell release proteases, release of ROS, and free radicals induce a
cascade of redox events, which stand beneficial for signal transduction
in cells and they also protect against pathogenic organisms but when
uncontrolled becomes deleterious [3]. As a part of the innate immune
system, the unregulated progression of proinflammatory activities
is correlated to oxidative stress and other diseases such as cancer,
diabetes, hypertension, and certain CNS disorders. Keeping in view
the above considerations, control on the proinflammatory and chronic
inflammation remained a cornerstone due to opportunities for lowering
or eradicating severe neurodegenerative diseases [4].

becomes mandate as it is associated with a reduction in the
genesis of ROS and lipid peroxides, a decrease in oxidative stress,
post-translational modification of proteins, and damage to the DNA [5].
There exist several medications for regulating and repressing
inflammation,suchassteroids, non-steroidal anti-inflammatory drugs,
and immunosuppressants. In this context, depending on synthetic
antioxidants used for regulating unwanted redox processes is
dubious; imply to be expensive and frequently plagued by
unavailability and negative effects. Alternatively, the majority of these
protective antioxidants can be found in foods and plants. In clinical
practice, a goal must be set for the minimum effective dose with more
efficacy and fewest side effects.
Mushrooms have been prized for their distinctive flavor and delicate
aroma in gourmet cuisine all over the world since ancient times [6].
Many species of mushrooms possessed and generated numerous of
inexplicable biological properties [7]. The nutritive value of mushrooms
was based on the presence of bioactive compounds. They stood as a
remedy for plenty of diseases and also for nourishment [8]. Although
ancient history narrated the mushrooms use in medicine, in the present
time, few contemporary studies have promoted them in the maintenance
of good health and vivacity. There are over 270,000 plants on the planet,
out of which a tiny part has been explored phytochemically. Among the
medicinal plants, mushrooms were found to possess approximately
high amounts of carbohydrates, proteins, fiber, and low levels of fat;
they are also rich in vitamins. They also contain bioactive phenolic
compounds, carotenoids, and unsaturated fatty acids, all of which
might help to combat medical conditions through a few properties
such as anti-oxidant, anti-inflammatory, anti-fungal, anti-bacterial,
anti-hypertensive, hepatoprotective, anti-allergic, anti-diabetic, and
anti-cancer. The fungal species Pleurotus ostreatus, known as the oyster
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mushroom, was noted for being an edible variant. During World War I,
it was initially grown as a survival strategy in Germany [9]. Although it
may be grown on straw and other materials, one of the more popular
wild mushrooms is the oyster mushroom. It smells like benzaldehyde,
just the same as bitter almonds [10].

Pleurotus species grow on sawdust, wood, and wet areas and require a
temperature of 10-32°C for their growth, with medicinal benefits in
the traditional system of medicine. Among the different varieties of
mushrooms available, considering the medicinal potential of P. ostreatus,
researchers focused and began to investigate the therapeutic efficacy [10].
Globally, P ostreatus is the most grown and edible species among the
mushrooms. In the present investigation, in vitro method was used to
evaluate the anti-oxidant effect of the test drug. Ascorbic acid was used as
astandard anti-oxidant agent, acts by participating in oxidation. Ascorbate
gets oxidized into monodehydroascorbate and then dehydroascorbate
in the presence of ROS; thereby, ROS gets reduced to water, while the
oxidized form remains stable without causing damage to cells.

There is a release of many inflammatory and proinflammatory mediators
during acute inflammation with an overabundance of free radicals,
triggering complex enzymes. Novel anti-inflammatory compounds can
be screened by a conventional model named the carrageenan-induced
paw edema method. Carrageenan acts by release of amine autocoids
and bradykinin, with a meager production of prostaglandins produced
by cyclooxygenase enzymes (COX) followed by the infiltration of
neutrophils [11]. Hence, it is always suggested that drugs targeting the
COX enzyme, free radical generation, and proinflammation-related
proteins might exhibit a greater control over the inflammation as
compared to the other therapeutic agents [12]. The present study
investigated the effect of the methanolic extract of P, ostreatus (MEPO) on
oxidative stress and carrageenan-induced inflammation in Wistar rats.

METHODS

Plant collection and authentication

P ostreatus was obtained from the local places of Tirupati, AP. P
ostreatus was authenticated by Dr. K. Madhava Chetty, M.Sc.,, M.Ed,,
M.Phil, Ph.D., PG DPD., Assistant Professor, Department of Botany, Sri
Venkateswara University, Tirupati, Andhra Pradesh.

Samples preparation and extraction

The P, ostreatus fungus was thoroughly cleaned with water, evacuated,
and then thinly sliced. Then dried at room temperature and strained
through sieve mesh 60, again dried in the oven at 450°C. A cold
maceration technique was used to extract 150 g with 500 ml of methanol
for 72 h, along with agitation. The solution was filtered by means of a
muslin cloth followed by Whatman No. 1 filter paper to obtain the test
extract. Then, the extract was made concentrated in a rotary evaporator
at a temperature of no more than 600°C. About 20 mL of the extract was
collected and dried in an oven at 450°C, leaving behind a semi-liquid. The
extract thus obtained was utilized for further testing and analysis [13].

Phytochemical screening
TheMEPOwassubjectedtotheidentificationofvariousphytoconstituents
such as flavonoids, phenolic compounds, triterpenoids, tannins,
saponins, amino acids, proteins, and carbohydrates [13,14].

Evaluation of oxidative stress by in vitro method

2,2-Diphenyl 1-picryl Hydrazyl) assay (DPPH) [15]:

This assay was used to evaluate the anti-oxidant effect of MEPO. It is
a violet-colored free radical with a spare electron. A decrease in the
absorbance at 517 nm was noted with the addition of the antioxidants
to the DPPH solution in methanol. When a substance was mixed with
DPPH, a yellow-colored compound was formed.

(DPPH)+(H-A)———DPPH-H+(A)

(Purple) (Antioxidant) (Yellow)
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Anti-oxidant agents reduce DPPH to DPPH-H. The free radical
scavenging activity of the extract was determined by decreased
absorbance in this reaction. The percentage inhibition was calculated
by the following formula:

_ 0DControl-0D Sample N

Radical scavenging activity (%) = ODCortrol 100
ontro

ODControl-0DSample
ODControl

x100

IC,, is the concentration of sample required to scavenge 50% of the free
radicals. IC,, was calculated from the equation obtained by plotting a
graph of concentration versus % inhibition.

Added 1.9 mg of DPPH to methanol to obtain a concentration of 0.1 mm
and volume was made up to 100 mL with methanol. The reaction was
completed when the solution was kept in darkness for 30 min. A stock
solution of 1000 pug/mL concentration was prepared by dissolving
a quantity of 25 mg of the test extract and ascorbic acid separately
in methanol, and the final volume was made up to 25 mL. Different
concentrations of 50, 100, 200, 300,400, and 500 ug/mL were prepared
from the stock solution by diluting it with methanol. 1 ml was taken in
each test tube, and 3 mL of a methanolic solution of DPPH was added
to these. They were incubated for 20 min at 37°C. The absorbance was
recorded at 517 nm, and the radical scavenging property in the form
of % was calculated. Ascorbic acid was used as a standard agent. The
concentrations of the test extract were recorded in triplicate, and the
average result was noted; the IC_  was calculated [16].

Acute toxicity tests

According to OECD Guidelines No. 423, toxicity studies were carried
out. Animals were grouped into eight groups, each group with six
rats (n=6), administered with an initial dose of 50-2000 mg/kg body
weight. Observations for toxicity were noted after 48 h for behavioral
changes, nervous problems, and any lethality [17].

Experimental animals

Wistar rats weighing 150-200 g were brought from the lab bearing a
valid registration number to Hyderabad, India. With the maintenance
of room temperature, animals were housed in cages with water and
food ad libitum, and the animals were kept at a constant temperature
of 20+1°C on a 12-h light/dark cycle. The protocol was approved in
the Institutional Animal Ethics Committee as per CCSEA, and it was
accepted with no. 1447 /PO/Re/S/11/CCSEA-65/A.

Experimental design

The animals were divided into six groups of six rats each (n=6)
Group I: Control

Group II: Carrageenan-induced (CI, 1% p.o.)

Group III: CI+Diclofenac sodium (150 mg/kg body weight)
Group IV: CI+MEPO (200 mg/kg, p.o.)

Group V: CI+MEPO (400 mg/kg, p.o.)

Group VI: CI+MEPO (800 mg/kg, p.o.)

Anti-inflammatory activity by the carrageenan-induced rat paw
edema method

In the present study, approximately 100 uL of a 1% suspension of
carrageenan in saline was prepared 1 h before the experiment and was
injected into the plantar surface of the right hind paw of animals from
groups II to VI. Animals of groups from III to VI were administered with
a single dose of the standard and test drugs at their respective doses
for 21 days, 30 min before the carrageenan injection. Immediately
after carrageenan injection at 0, 1, 2, 3, and 4 h, the paw volume was
measured using a plethysmometer. The percentage inhibition in paw
volume was calculated using the formula [18]:

% Inhibition in paw volume

Paw volume (Control) — Paw volume (Test 100
= X
Paw volume (Control)
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Table 1: Percentage inhibition of MEPO in DPPH free radical
scavenging assay with IC_, values

Groups Concentration % inhibition  IC_ values
(ng/mL)
Ascorbicacid 50 6.00+1.15 38.76+0.52
100 13.9+1.2
200 29.05+0.91
300 49.01+1.73
400 57.35+1.34
500 82.9+1.73
MEPO 50 10.09+0.57 44.02+0.09**
100 18.80+0.52
200 34.12+0.58
300 50.05+1.15
400 78.68+0.57
500 82.66+0.58

**p<0.001 considered as significant; compared with corresponding standard

Statistical analysis

The data values were compiled and represented in mean*SEM,
analyzed by one-way ANOVA followed by Dunnett’s test in Graph Pad
Prism 5. The groups were compared to that of control. Values were
considered significant at p values: ***p<0.001, **p<0.01, *p<0.05, NS-
Non-significance.

RESULTS AND DISCUSSION

Preliminary screening of phytochemical constituents

The presence of various phytoconstituents such as flavonoids, phenolic
compounds, triterpenoids, tannins, saponins, amino acids, proteins,
and carbohydrates was observed in MEPO.

Acute toxicity studies

No toxicity signs were observed in acute toxicity tests, and the MEPO
was found to be safe for the current investigation. The maximum
tolerated dose of MEPO was 2000 mg/kg; the test doses were selected
in a geometric pattern. Hence, three doses of MEPO (200, 400, and
800 mg/kg body weight, p.o.) were chosen for the study.

In the DPPH assay, the % inhibition of the test extract at different
concentrations was dose-dependent. The test extract showed
50% inhibition (IC ) at 44.02+0.09 as compared to ascorbic acid
(35.01£0.12).

In carrageenan-induced paw edema in rats, the effect of a methanolic
extract of Postreatus was evaluated. The anti-inflammatory activity was
investigated by paw volume. The test extract and standard (150 mg/kg)
were administered at their respective doses. When carrageenan was
injected in rats and the reading was taken, there was an increase in
volume at different time intervals, which represented an inflammatory
reaction. The test extract at the dose of 400 mg/kg showed a significant
reduction in the volume (**p<0.001) with 1.61, 1.65, 1.99, and 1.73 mL
at1, 2, 3, and 4 h, respectively. Furthermore, the test extract at the dose
of 800 mg/kg showed a significant reduction in the volume (**p<0.001)
with 1.48, 1.42, 1.40, and 1.35 ml at 1, 2, 3, and 4 h. The % inhibition
recorded at 4 h produced by diclofenac sodium was found to be 24.27%.
After the treatment for 21 days, the test extract at the dose of 400 and
800 mg/kg produced about 22 % of inhibition in paw volume.

Free radicals are produced continuously in living systems and
can significantly harm tissues and biomolecules, resulting in a
variety of diseases, including degenerative disorders, and causing
significant lysis [19]. About the different treatment options, there
are several synthetic drugs available to combat oxidative damage
but present adverse effects [20]. Hence, to resolve this problem, it is
always better to consume anti-oxidants naturally from the regular
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Fig. 3: Effect of methanolic extract of P. ostreatus on carrageenan-
induced paw edema in rats

diet and might act as medicine obtained from a plant source. Many
natural antioxidants have recently been recognized from various
herbs. In this context, the oyster mushroom (P. ostreatus) is a culinary
mushroom with a potential source of a plethora of essential nutrients
and also the presence of bioactive compounds with their therapeutic
effects. The bioactive compounds include peptides, polysaccharides,
liposaccharides, glycoproteins, lectins, triterpenoids, fatty acids,
essential amino acids, and nucleosides. Globally, as mushrooms can be
cultivated commercially, it is quite easy for mankind to include them in
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Table 2: Effect of methanolic extract of P. ostreatus on carrageenan-induced paw edema in rats

Treatment Paw volume (ml) at different hours

Oh 1h 2h 3h 4h
Control 1.19+0.16 1.26+0.23 1.13+0.01 1.29+0.7 1.21+0.5
Carrageenan-induced (CI) (1%) 1.22+0.02 1.61+£0.9%* 1.65+0.14** 1.99+0.8** 1.73+£0.8**
Cl+Diclofenac sodium (150 mg/kg) 1.26+0.20 1.45+0.12%* 1.40+0.22*%* 1.36£0.14** 1.31£0.6** (24.27%)
CI+MEPO (200 mg/kg) 1.23+0.02 1.59+0.01 1.63+£0.04 1.85+0.01 1.71+£0.21** (11.49%)
CI+MEPO (400 mg/kg) 1.21+0.01 1.48+0.12** 1.45+0.1** 1.39£0.17** 1.34+0.15%* (22.54%)
CI+MEPO (800 mg/kg) 1.24+0.01 1.49+0.012** 1.42+0.1%* 1.41+£0.21** 1.35+0.15** (22%)

Results were expressed in Mean+SEM, (n=6), was found to be significant as compared with positive control (**p<0.001)

their regular diet, thus can be preferred as food and medicine. It also
contains proteins, carbohydrates, vitamins, amino acids, lipids, and
fibers. P. ostreatus is produced commercially for its culinary, nutritive,
and therapeutic benefits. Its ethnobotanical uses emphasize the
presence of nutrients such as vitamins B1 (thiamin), B2 (riboflavin), B3
(niacin), B9 (folic acid), and ascorbic acid, also it contains that internal
polysaccharides and exopolysaccharides were found to possess anti-
oxidant properties. P. ostreatus has a huge potential to generate unique,
value-added products that promote health. In the current investigation,
the preliminary phytochemical screening of P. ostreatus revealed the
presence of various phytoconstituents such as flavonoids, phenolic
compounds, triterpenoids, tannins, saponins, amino acids, proteins,
and carbohydrates in MEPO. The test extract expressed an in vitro
anti-oxidant effect, which plays a crucial role in radical scavenging
activity, thus counteracting with cancer. A recognized method for
evaluation of the anti-oxidant activity of plant extracts was the DPPH
free radical scavenging method. In the present study, the anti-oxidant
effect was investigated using the DPPH method. The decolorization
of the methanol solution of DPPH was used for the determination of
the hydrogen atom-donating ability of the plant extract [21]. This
method involved molecules that act as anti-oxidants if they were able to
reduce and scavenge DPPH free radicals were detected by a distinctive
color shift from blue to yellow, measured at 517 nm. In addition, the
test drug was a robust anti-oxidant agent, as the IC,  value was less
than 50% and % inhibition was concentration-dependent [22]. The
anti-oxidant property was attributed to the presence of phenolic
substances. Phenolic compounds are metabolites of plants responsible
for color, nutritional benefits, and anti-oxidant properties [23]. It has
been reported that there is a strong relationship between phenolic
content and the anti-oxidant effect. Some therapeutic plants and herbs’
anti-inflammatory effects have been shown effective, while others are
ineffective. Alternative therapeutic modalities are required because the
use of current anti-inflammatory drugs is frequently associated with
severe side effects. For the past few decades, globally population has
relied on herbal medicines for primary healthcare due to acceptance
with the human system and possesses minor side effects [24]. To
validate the efficacy and clarify the safety profile of such traditional
or herbal therapies for their anti-inflammatory potential, additional
scientific study as well as traditional knowledge must be combined.
Hence, the present study was selected for investigation of the anti-
inflammatory activity of the methanolic extract of P ostreatus in
carrageenan-induced paw edema in experimental rats. Carrageenan was
used for the induction of acute inflammation in experimental animals
for the determination of anti-inflammatory activity. According to past
studies, it is a challenge to cause inflammation in experimental animal
models. The majority of research found that a wide range of factors
contribute to the variable ways in which inflammation is induced [25].
In the present study, carrageenan injection induced the inflammation
process which was evident from the increased paw volume at 1, 2,
3, and 4 h, respectively. With the treatment of the test drug, the paw
volume was reduced at the dose of 400 and 800 mg/kg, and the %
inhibition was about 22%, which indicated an anti-inflammatory effect.
This particular effect was attributed to the presence of flavonoids in
the test extract, which is one of the phenolic compounds found in the
plants. These flavonoids possess anti-inflammatory properties and act
by inhibiting enzymes that take part in the inflammation process [26].

Correspondingly, flavonoids serve as potent anti-oxidants to reduce
the generation and scavenge the free radicals. Hence, they manifest an
important role in the immune mechanisms to combat inflammation and
related ailments. In this context, phenolic substances were also found
to be critical in oxidative stress and were found to be with reductive
and oxidative capacities that conquer the effects of free radicals. The
test extracts anti-oxidant and anti-inflammatory activities due to
the presence of constituents responsible for the same [27]. These
molecules illustrated a potential effect on the scavenging system to
destroy radicals or neutralize them. Herbal medicine is considered
predominant as a complementary medicine, also prescribed by
practitioners as a traditional medicine for various illnesses. Herbal
treatments were used to treat mild to moderate illnesses or as a first
line of therapy before the start of conventional medicines [28]. Hence,
treatments with traditional medicines were found to be trustworthy,
with fewer side effects, cost-effective, and explicit patient compliance.
In addition, consuming herbs in daily regular food or as a supplement
fetches a great use in conquering many ailments, such as diabetes,
cancer, and diseases related to inflammation.

CONCLUSION

Numerous studies have demonstrated that medicinal plants possess
active constituents that are in charge of their anti-oxidant action. Many
chronic diseases can be treated with phytochemical constituents, which
are contained in medicinal plants. Several healing plants have sprouted
up in recent years with many potent biomolecules. The present study
explored the effectiveness of P. ostreatus as an anti-oxidant and anti-
inflammatory agent. After the treatment with P, ostreatus in chemically
induced inflammation, the results showed a tremendous and significant
effect against inflammation, hence suggesting effective herbal medicine
and functional foods against inflammation.
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