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Introduction
Mushrooms are fleshy, spore bearing macro-fungi with 
distinctive visible fruiting body (which can be hypogeous or 
epigeous) that does not undergo photosynthesis. The genus 
Pleurotus widely known as Oyster mushroom is preferred by 
many people for its delicate taste, mild yet chewy texture and 
unique aroma. Nutritionally, the mushroom (Oyster) has been 
found to contain great arrays of vitamins and other nutrients. [1,2] 
Medically, the species Pleurotus ostreatus have been reported 
to decrease cholesterol levels. [3] Another research observed 
that the carpophore of the mushroom is also a potential source 
of lignin and phenol degrading enzymes and may be applied 
in mycoremediation, being able to remediate several kinds of 
pollutants. [4-6] Some secondary metabolites have been found 

in the oyster mushroom such as the phenolic compounds, [7] 
flavonoids, terpenoids, sterols, ascorbic acid, ergothioneine and 
carotenoids. [6] Like other edible mushrooms, Pleurotus exhibits 
high antioxidant properties which ward off cancers, HIV-1 AIDS 
and other viral ailments. Oxidative stress caused by the presence 
of free radicals in the body cause cell damage; generation of 
cancer cells and brain cell aging. [7] However, antioxidants which 
are abundant in some macro-fungi, including Pleurotus, have 
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Abstract
Introduction: Edible mushrooms have played prominent roles in improving the health of 
people for centuries. Pleurotus ostreatus is an edible mushroom with history of medicinal 
uses. This study was designed to examine, in vitro and in vivo, the possibility of methanolic 
and hot aqueous extracts of the mushroom modulating Streptococcus pneumoniae 
infection. Methods: Bioactive constituents of the methanolic and hot aqueous extracts 
were determined quantitatively and qualitatively using standard methods. Isolation, 
identification and confirmation of Streptococcus pneumoniae in infected blood were done 
using standard protocols. The effect of the extract on cellular immune responses was 
assessed by phagocytosis evaluation and quantitative Nitroblue Tetrazolium Test. In 
vivo immunological response against Streptococcal infection was evaluated using the 
neutrophil adhesion test and Hemagglutinating antibody (HA) titre post infection in 
mice. Results: Methanol and aqueous extracts revealed the presence of flavonoids (6.41%; 
3.01%), alkaloids (10.01%; 11.01%), saponins (2.02%; 2.02%), phenols (1.55%; 0.01%), 
tannins (0.02%; 0.03%), carbohydrate (14.05%; 11.09%), and proteins (45.09%; 41.00%). 
Percentage stimulation of the polymorphonuclear neutrophils (PMNs) was 48% and 53% 
for the highest concentration (500 mg/mL) of the extracts used, while the quantitative 
Nitroblue Tetrazolium test score ranged from 58.00 ± 9.64 and 57.33 ± 2.91 for 400 mg/
ml to 27.33 ± 4.84 and 25.67 ± 1.40 for 50 mg/ml. Oral administration of the extract in 
mice significantly increased neutrophil adhesion to nylon fiber when compared to control 
group and significant increased circulating antibody titer and phagocytic index in a 
concentration dependent manner. Conclusions: Pleurotus ostreatus has high carbohydrate 
and protein content and may help the immune system in defense against infections 
caused by Streptococcus pneumoniae.
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number PLG/474/A/038) was deposited in the herbarium of 
the department. The mushroom was air-dried for 2 weeks, 
pulverized and stored till ready for use.

Methanolic extraction of Stock A

In methanolic isolation for the in vitro and in vivo investigations 
of Pleurotus ostreatus, 500 g of dried powder of the mushroom 
samples were macerated in 2.5 litres of methanol and were 
intermittently shaken for 24 hours. The mixtures were sieved 
using muslin cloth. They were further filtered with whatman 
filter paper No. 4 in a separator funnel. The filtrates were 
concentrated using rotary evaporator and then water bath to 
50%. The crude extracts were stored in refrigerator for further 
analysis.

Hot aqueous extraction of Stock B

Previously boiled hot water was poured into a beaker containing 
500 g of air-dried Pleurotus ostreatus powder such that the 
powder was fully covered by the water and stirred. The beaker 
was then placed on a hot plate (maintained at 70 ± 4°C) and 
allowed to stand for 4 hours with intermittent stirring. After 
4 hours, the boiled sample was allowed to cool to 45°C after 
which it was filtered using sieve cloth. The extract was stored 
inside a refrigerator at the temperature 4°C for future use.

Preliminary phytochemical screening

The hot aqueous extract of Pleurotus ostreatus was subjected 
to qualitative preliminary phytochemical screening using 
the methods described by Sofowora; [22] Trease and Evans [23] 
and Harborne. [24] Also, quantitative determinations of the 
phytochemical constituents were carried out.

Test for flavonoids

Qualitative determination: A 0.1 g quantity of the extract 
was mixed with 2 ml of distilled water and 15 drops of dilute 
of sodium hydroxide were added in a drop wise manner. An 
intense yellow colour was produced in the mushroom extract, 
which became colorless on addition of a few drops of dilute 
acid; indicating the presence of flavonoids. [25]

Quantitative determination: This was done using modified 
methods reported previously. [26,27] Briefly; in a 250 ml beaker, 
50 ml of 80% aqueous methanol was mixed with 2.50 g of the 
extract, covered and stored at 25-27°C for 24 h. The sediment 
was recovered by decanting and re-extraction carried out thrice 
using 50 ml ethanol. Instead of decanting, Whatman filter paper 
number 42 (125 mm) was used to filter whole solution of each 
ethanol extract. The final filtrate was evaporated to dryness 
in a crucible and over a water bath until constant weight was 
obtained. The flavonoids content was calculated as

(Initial Wt of Crucible - Final Wt of Crucible) 100% Flavonoid = 
Wt of Crude extract used

Test for alkaloids

Qualitative determination: Qualitative determination was 
carried out by adding 0.5 g extracts in 5 ml 1% HCL, boiled, 

the ability to scavenge these free radicals and so play important 
roles in maintaining human health. In addition to the antioxidant 
properties of oyster, reports from many scientists showed that it 
exhibits significant antibacterial effects against Gram-negative 
and Gram-positive bacteria. [8-10]

The specific effects of the mushroom on the immune system 
include: better-functioning γδ T-cells and reductions in 
inflammatory proteins, [11,12] modification of cytokines within 
specific cancer cells for better cancer resolution, [13] improvement 
in cognitive abilities of the aged, [14] stimulation of the innate 
and adaptive immunological responses, activation of the 
complement system and synthesis of pro- and anti-inflammatory 
cytokines and also helping in the passage of blood cells through 
the intact walls of the capillaries during inflammation. [15,16]

Neutrophils, the most abundant type of granulocytes as 
well as the most abundant type of white blood cells in most 
mammals, constitute an essential part of the innate immune 
system and provide the first line of defense against infections 
by phagocytosing, killing, and digesting infecting pathogens. 

[17,18] The susceptibility of the newborns to bacterial infections 
is attributable to immaturity of innate immunity mainly due to 
the impaired phagocytic function of neutrophils and monocytes. 

[19] It has been reported that phagocytosis by neutrophils and 
monocytes is the main defense mechanism against bacterial 
challenges. [20]

Streptococcus pneumoniae is a Gram-positive, facultative, 
catalase-negative anaerobic bacteria belonging to the genus 
Streptococcus. Under aerobic conditions, the bacteria partially 
break down the red blood cells (is alpha-hemolytic) but 
under anaerobic conditions, the bacteria completely lyse the 
blood cells (is beta-hemolytic). The organism is also called 
pneumococcus and is a common bacterial pathogen of the 
human respiratory system causing pneumonia and meningitis. 
Children, immunocompromised individuals and the elderly are 
most vulnerable to infections caused by the bacteria because they 
have weaker immune systems. [21] Streptococcus pneumoniae 
infections are known causes of morbidity and mortality in these 
populations. There is therefore every need to protect these 
population groups, especially the children.

It is not yet known the effect of Pleurotus ostreatus consumption 
in Streptococcus pneumoniae infection prevention. This study 
is aimed at demonstrating the ability of Pleurotus ostreatus 
to stimulate the phagocytic actions of the neutrophils against 
Streptococcus pneumoniae infected cells using a mice model.

Materials and Methods
Mushroom material source

The oyster mushroom, Pleurotus ostreatus was purchased 
from Dilomat farm, Phalga town, Port Harcourt, River State 
of Nigeria and authenticated by Mrs. Anthonia Emezie of the 
Department of Pharmacognosy and Traditional Medicine, 
Faculty of Pharmaceutical Sciences Agulu, Nnamdi Azikiwe 
University, Awka, Nigeria. A voucher specimen (voucher 
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filtered and Mayer’s reagent was added. The absence of an 
orange or red precipitate immediately indicated the absence of 
alkaloids.

Quantitative determination: Quantitative determination of 
alkaloid was done as described by previous researchers [28,29] 
with some modifications. Briefly; in a 250 ml beaker, 200 ml 
of 10% acetic acid in ethanol was mixed with 2.5 g of extract, 
covered and stored at 27 ± 2°C for 4 h. After heating on a water 
bath to one-quarter of the original volume, conc. NH4OH (15 
drops) was added in a drop wise manner until precipitation was 
completed. The precipitate was recovered by decanting after 
allowing it to settle for 3 h, washed with 20 ml of 0.1 M NH4OH 
and then filtered using Gem filter paper (12.5 cm). The residue 
was oven-dried until constant weight was obtained. The alkaloid 
content was computed as

(Initial Wt of Gem filter paper - Final Wt) 100% Alkaloid = 
Wt of Crude extract used

Test for saponins

Qualitative determination: The extract was subjected to 
frothing test for the identification of saponins. The 0.5 g of 
extract was diluted with 20 ml of distilled water and agitated in 
a graduated cylinder for 15 minutes. The formation of 1cm layer 
of foam showed the presence of saponins.

Quantitative determination: The methods as described in 
earlier studies [29,30] were used with some modifications. A 5 g 
quantity of the extract was mixed with 100 ml of 20% aqueous 
ethanol in a 250 ml conical flask and heated at 55°C over a hot 
water bath for 4 h with continuous stirring. After allowing it 
to stand for another 4h, the mixture was filtered and the whole 
processes repeated. The final extract was heated to 40 ml 
over water bath at 90°C. Using a 250 ml separator funnel, the 
concentrate was partitioned between 20 ml diethyl ether layer and 
the aqueous layer after vigorous shaking. The aqueous layer was 
recovered and the process repeated. The purification process of 
the aqueous layer was continued by further partitioning between 
60 ml of n-butanol. The butanol extract was washed twice with 
10 ml 5% NaCl. After decanting off the sodium chloride layer, 
the remaining solution was heated in a water bath for 30 minutes 
and transferred to a crucible for drying in an oven to a constant 
weight. The Saponin content was calculated as

(Initial Wt of Crucible - Final Wt of Crucible) 100% Saponin = 
Wt of Crude extract used

Phenols/tannins

Qualitative determination: The test for tannins was carried 
out by adding 3 g of mushroom extract to 6 ml of distilled 
water, filtered and ferric chloride reagents added. Blue black 
precipitate indicates the presence of tannins and phenols.

Quantitative determination: The determination of total 
phenolic contents of the mushroom extract was done using a 
method previously reported. [30,31]

Briefly, 0.2 g of crude extract was dissolved in 3 mL of distilled 
water and carefully mixed with 500 µL of Folin–Ciocalteu 

reagent (a mixture of phosphotungstic and phosphomolybdic 
acids) for 3-5 min, and then added 2 mL of 20% (w/v) sodium 
carbonate. The mixture was stored in the dark at 25-27°C for 
1-2 h for colour development. The absorbance was measured, 
using APEL: PD-303 spectrophotometer, made in Japan, at 650 
nm against a blank having all the reagents excluding the sample. 
The total phenolic content was calculated from the calibration 
curve of gallic acid, and the results expressed as mg of gallic acid 
equivalent per g dry extract. Folin-Ciocalteu reagent is reduced 
to blue coloured tungsten oxide and molybdenum oxide during 
phenol oxidation in the presence of sodium carbonate. The 
intensity of blue color is proportional to the phenolic content of 
the extract and can be measured using spectrophotometer.

The determination of tannins: This was done using modified 
methods in earlier reports. [32-26] Folin-Denis reagent was 
prepared by dissolving 50 g of sodium tungstate (Na2WO4) in 37 
ml of distilled water and then adding 10 g of phosphomolybdic 
acid (H3PMo12O40) and 25 ml of orthophosphoric acid (H3PO4). 
The mixture was refluxed for 2 h, cooled and diluted to 500 ml 
with distilled water. Then 1 g of the mushroom was mixed with 
100 ml of distilled water in a 250 ml conical flask and gently 
boiled for an hour on an electric hot plate. Using Whatman filter 
paper No 42 (125 mm) the cooled mixture was filtered into a 100 
ml volumetric flask. A 10 ml volume of the filtrate was mixed 
with 50 ml of distilled water followed by the addition of 5 ml 
Folin-Denis reagent and 10 ml of saturated Na2CO3 solution. 
After a careful and thorough mixing, the solution was stored in 
the dark on a water bath at 25°C for 1 hr. The absorbance was 
measured at 500 nm using APEL: PD-303 spectrophotometer, 
made in Japan and compared on a standard tannic acid curve. 
The amount of total condensed tannins was expressed in mg/100 
g dry weight of extract used.

The tannin content was calculated as

C(Volume of extract) 100% Tannic acid = 
(Aliquot Vol used) (Wt of Sample used)

C = concentration of tannic acid read from the standard tannic 
acid curve.

Carbohydrates (Reducing sugar): Molisch’s test

Qualitative determination: A 0.2 g of the extract was mixed 
with 3 ml of distilled water and then added 2 ml of Molisch’s 
reagent. The resulting mixture was shaken properly and then 
2 ml of conc H2SO4 was poured carefully down the side of the 
test tube. A violet ring at the interface indicates the presence of 
carbohydrate.

Quantitative determination: The method described by DuBois 
et al. [32] and modified by Fasidi [33] was used. Briefly, ethanol-
soluble sugar was extracted by boiling in 80% ethanol for 5 h 
and quantified using APEL: PD-303 spectrophotometer at 500 
nm wavelength.

Test for soluble protein

Quantitative determination: The soluble protein contents were 
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determined according to the colorimetric methods described by 
Jose et al. [34] and the authors. Briefly, 10 g of the dried extract 
was placed in a conical flask (125 mL) containing 25 mL sodium 
citrate buffer (0.05 mol/L and pH 4.8) and kept in a shaker for 
30 min at 150 rpm. Thereafter, the extract was filtered using 
millipore membranes and the filtrate heated in a water bath for 
30 minutes and transferred to a crucible for drying in an oven to 
a constant weight. The protein content was calculated as

(Initial Wt of Crucible - Final Wt of Crucible) 100% dried protein = 
Wt of dry crude extract used

Test for cardiac glycosides

Qualitative determination: Killer-Kiliani test was adopted. A 
2 ml aliquot of the extract was dissolved in 2 ml of glacial acetic 
acid containing one drop of FeCl3 solution. The mixture was then 
poured into a test tube containing 1 ml of conc. H2SO4. A brown 
ring at the inter-phase indicates the presence of glycosides.

Quantitative determination: The method reported by 
Muhammad and Abubakar [35] was used with some modifications. 
Briefly, 2 g of crude extract was dissolved in 8 ml of distilled 
water and transferred to a 100 ml volumetric flask. Volumes of 
60 ml of H2O and 8 ml of 12.5% lead acetate were added, mixed 
and filtered. A volume of 50 ml of the filtrate was transferred 
into another 100 ml flask and 8 ml of 47% Na2HPO4 were added 
to precipitate out excess Pb2+ ion. After filtration, the process of 
precipitating out Pb2+ ion was repeated twice and then, 10 ml 
of purified filtrate was transferred into clean conical flask and 
treated with 10 ml Baljet reagent. A blank titration was carried 
out using 10 ml distilled water and 10 ml Baljet reagent. The two 
reaction mixtures were allowed to stand in the dark for 1 h for 
complete colour development. The intensity (absorbance) of the 
color developed is proportional to the Cardiac glycosides content 
of the extract and can be measured using spectrophotometer 
at 495 nm and compared on a standard curve. The amount of 
cardiac glycoside was expressed in mg/100 g dry weight of 
extract used.

C(Volume of extract) 100% Total glycoside = 
(Aliquot Vol used) (Wt of Sample used)

C = concentration of glycoside corresponding to the absorbance 
measured.
Test organism

The isolate (Streptococcus pneumoniae) used in this study 
was isolates stored at the post-graduate lab of Department of 
Pharmaceutical Microbiology and Biotechnology, Faculty of 
Pharmaceutical Sciences, Agulu, Nnamdi Azikiwe University, 
Awka. Identification and confirmation were done using standard 
protocols.

Preparation of stock and graded concentrations of 
plant extract

800 mg of the crude extract was dissolved in 2 mL of Dimethyl 
sulfoxide (DMSO) to get a stock concentration of 400 mg/mL. 
Then, two-fold serial-dilution was made to get 200, 100, 50, 25, 
12.5, 6.25, 3.125, 1.56 and 0.78 mg/mL concentrations.

Animal model

A total of twenty naive laboratory mice, gender matched, aged 
between 6-8 weeks, and within the weight ranges of 15.1-18.8 g 
were used. They were sourced from the Department of Zoology, 
University of Nigeria Nsukka. The mice were fed for 1 week 
under a pathogen free condition and environment and infected 
with a sample of Streptococcus pneumoniae after being. Used 
for acute toxicity test Isolation, identification and confirmation 
of Streptococcus pneumoniae (post-infection) in infected blood 
were done using standard protocols. Seventeen out of the twenty 
animals were used for acute toxicity test prior to infection.

Phagocytosis evaluation

This was carried out as previously reported by Surana et al. [36] 
with some modifications. A volume of 0.2 ml of the infected 
serum from the lab animals’ blood was dropped on a sterile 
microscopic slide and mixed gently with 0.1 ml predetermined 
concentration of the test sample (400 mg/ml, 200 mg/ml, 100 
mg/ml and 50 mg/ml). The slide was then incubated at 37°C 
for 30 minutes. After draining and fixing with methanol, the 
slide was stained with Giemsa stain. A standard was tested 
by preparing the slide in the same way with uninfected mice 
serum. Positive and negative controls were tested by preparing 
other slides in the same way using endotoxin activated and 
phosphate buffer activated mice serum respectively. The mean 
number of Streptococcus pneumoniae cells phagocytosed 
by the polymorphonuclear neutrophils (PMNS) on the 
slide was determined microscopically for 100 granulocytes 
using morphological criteria. This number was taken as the 
phagocytosis index (PI) and was compared with the basal PI 
of the standard not containing test extract. This procedure was 
reported for the different concentrations of the test sample used.

The immune-stimulation in percentage (%) was calculated as 
below, [37]

(PI(test) - PI(Standard)) ×100Stimulation (%) = 
PI(Standard)

Quantitative determination of the Nitroblue 
Tetrazolium (NBT) Test Score

This was determined using a method previously reported by 
Surana et al. [36] with some modifications. A 0.2 ml uninfected 
mice serum suspension in 0.5 ml of phosphate buffer solution 
(PBS) was prepared in six different test tubes (A-F) as shown 
in Table 1. Without the addition of the extracts to the test tubes 
C-F, all the test tubes were first incubated in a water bath at 
37°C for 10 minutes. The extracts were then added and all the 
tubes further incubated in a water bath at 37°C for 20 minutes, 
centrifuged at 4000 rpm for 3-4 minutes and the supernatant 
discarded. The PMNs-rich deposits were re-suspended in a 
little quantity of PBS. From each test tube, a thin film/smear 
was made with a drop on 4 slides, dried and fixed by heating. 
A counter stain was made (for each slide) with dilute carbol 
fuchsin for 15 s followed by washing the slide with tap water, 
drying and then observed under 100xoil immersion objective 
lens. A total of 100 neutrophils were examined per smear/slide. 
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The neutrophils that phagocytosed the bacterial cell (blue-black 
granules/lumps) were counted (classified as “NBT positive”) 
and the percentage of positives or the “score” is recorded as the 
NBT Test score. This is a measure of the number of bacterial 
cells engulfed by the neutrophils.

Immunological Evaluation
Experimental Design for Acute Toxicity Study

This was estimated using Lorke’s method [37] with some 
modification. [38] The method involved two phases consisting 
of seventeen animals. The first phase consisted of nine animals 
divided into three groups of three animals each. Each group of 
animals was administered different doses (10, 100 and 1000 
mg/kg) of test substance. The animals were then placed under 
observation for 24 hours to monitor their behavior as well as 
mortality. The second phase involved the use of eight animals, 
which were distributed into four groups of two animals each. 
The animals were also administered higher doses (2000, 3000, 
4000 and 5000 mg/kg) of test substance and then observed for 
24 hours for behavioral changes as well as mortality.

Then the LD50 was calculated using the formula: LD50 = √ (D0 
× D100)

D0 = Highest dose that gave no mortality, D100 = Lowest dose 
that produced mortality.

Neutrophil Adhesion Test

Neutrophil adhesion test used the method of Mallurwar et al. 

[39] The mice were divided into eight groups of five animals in 
each group. The negative control group I received 10 ml of 5% 
DMSO, while group II was administered 250 mg/kg of Noni 
which served as the positive control. The mice in groups 3-5 
received aqueous Pleurotus ostreatus extract at doses of 125, 250 
and 500 mg/kg/day, while groups 6-8 received the methanolic 
extract of the mushroom in the concentration as aqueous per 
body weight daily for 14 days. On the 14th day of treatment, 
blood samples from all the groups were collected by puncturing 
the retro-orbital plexus under mild ether anesthesia. Blood was 
collected in pre-treated disodium EDTA vials and analyzed for 
total leukocyte count (TLC) and differential leukocyte count 
(DLC). To carry out the total leukocyte count, blood sample 

drawn was diluted with Turk’s fluid in WBC pipette, in which 
red cells were lysed without affecting the leukocyte population. 
Leukocytes were counted by using an improved Neubauer’s 
counting chamber.

In differential leukocyte count (DLC), blood smear was 
prepared on a clean glass slide and stained with Leishman’s 
and Field 1 stains. The different population of leukocytes was 
differentiated and identified based on the cell size, presence of 
granules, colour and shape of nucleus under the microscope 
using immersion oil. After initial counts, blood samples were 
inoculated with 80 mg/ml of nylon fibres for 15 min at 37°C. 
The incubated blood samples were again analyzed for TLC and 
DLC. The product of TLC and% neutrophil gives neutrophil 
index (NI) of blood sample. Percent of neutrophil adhesion was 
calculated as follows:

(NLu - NLt)100Neutrophil Adhesion (%) = 
NLu

Where NLu is the neutrophil index of untreated blood samples 
and NLt is the neutrophil index of treated blood samples.

Hemagglutinating antibody (HA) titre

Hemagglutinating antibody titre was according to Puri et 
al. [40] The animals were challenged by injecting 0.1 ml of 
Streptococcus pneumoniae suspension containing 0.5 × 109 
cells intraperitoneally on day zero. The test samples of extracts 
were separately administered to all the animals continuously for 
7 days. Blood samples were collected in micro-centrifuge tubes 
from individual animal by retro-orbital puncture on 7th day. 
The blood samples were centrifuged at 2500 rpm for 10 minutes 
and serum obtained. [41] Antibody levels were determined by 
the hemagglutination technique. Equal volumes of individual 
serum samples of each group were pooled and two fold serial 
dilutions of samples made in 25 μl volume of normal saline in 
micro-titration plates were added to 25 μl of 1% suspension 
of Streptococcus pneumoniae in saline. After mixing, the 
plates were then incubated at 37ºC for 1hour and examined for 
hemagglutination. The reciprocal of the highest dilution of the 
test serum agglutination was taken as the antibody titre.

Statistical analysis

Statistical analysis was performed using Graph pad Prism 
Software Version 3.10. All the results were expressed as Mean ± 
Standard Error Mean (SEM). Data were analyzed using one-way 
Analysis of Variance (ANOVA) followed by Dunnett Multiple 
comparison test. P-values ˂ 0.05 were considered statistically 
significant.

Results and Discussion
The phytochemical analysis of the hot aqueous extract of 
Pleurotus ostreatus was carried out and the result obtained is 
shown in Table 2. The study showed that 100 g dry weight of the 
hot aqueous extract of Pleurotus ostreatus studied is almost one-
half carbohydrate, one quarter soluble proteins and moderate 
quantities of saponins, phenols and tannins [Tables 3-5].

Table 1: Nitroblue Tetrazolium (NBT) Test Score table of 
constituents.
Test tube Contents

A Suspension (0.2 ml) of uninfected mice serum in 0.5 ml 
PBS + 0.2 ml of 0.15% NBT + 0.1 ml PBS

B
Suspension (0.2 ml) of uninfected mice serum in 0.5 ml 
PBS + 0.2 ml of 0.15% NBT + 0.1 ml S. pneumoniae 
infected mice blood sample

C
Suspension (0.2 ml) of uninfected mice serum in 0.5 ml 
PBS + 0.2 ml of 0.15% NBT + 0.1 ml S. pneumoniae 
infected mice blood sample + 0.1 ml of 100 mg/ml Extract

D
Suspension (0.2 ml) of uninfected mice serum in 0.5 ml 
PBS + 0.2 ml of 0.15% NBT + 0.1 ml S. pneumoniae 
infected mice blood sample + 0.1 ml of 200 mg/ml Extract

E
Suspension (0.2 ml) of uninfected mice serum in 0.5 ml 
PBS + 0.2 ml of 0.15% NBT + 0.1 ml S. pneumoniae 
infected mice blood sample + 0.1 ml of 400 mg/ml Extract
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Phagocytosis, a type of endocytosis, refers to the engulfing 
of solid particles such as bacterial cells. The neutrophils (a 
constituent of the white blood cell) normally engulf a bacterium 
and subsequently destroy it. In investigating cell-mediated 
immune response, the phagocytic ability of polymorphonuclear 
neutrophils (PMNs) may be evaluated in vitro. PMNs are part of 
the reticuloendothelial system which is formed by phagocytes 
(macrophages and neutrophils). These cells are large granular 
leucocytes that are cytotoxic. Their function is to engulf foreign 
particles and microorganisms, as well as act as scavengers that 
rid the body of worn out tissues and cell debris. They do this 
through the process of phagocytosis and production of an array 
of chemical substances. [42] Phagocytes may opsonise foreign 
particulate matter, including pathogens, with antibodies and 
complement C3b thereby rapidly clearing them from the blood. [43]

Plants have, since antiquity, been useful to man in many ways 
ranging from food products to countless medicines for the 
treatment and prevention of diseases. Man has always relied on 
them for the provision of substances that make him healthier 
and fitter. This study shows that Pleurotus Ostreatus is rich in 
carbohydrate and proteins signifying a high nutritional value. 
Similar reports had been published. [44,45] Edible mushrooms 
generally contain diverse health promoting constituents. 
Deepak and Deepika [46] confirmed the high protein (32%) and 
carbohydrate (55%) contents of mushroom and also reported the 
nutraceutical values of same plant.

These constituents can possible promote human health in a 
number of ways including enhancement of phagocytic activity.

Plants have been reported as sources of antimicrobial agents. 

[47-49] Every plant, in fact, has antimicrobial activity depending 
on the concentration involved. However, useful and acceptable 
activity is taken at concentrations well below the toxicity range 
of the plant material. The anti-pneumococcal activity may be 
useful in promoting the phagocytic stimulatory property of 
the mushroom against the organism and may be attributed to the 
tannins/phenolic compounds and/or glycoprotein constituents. [50,51]

Cells in the immune system act as phagocytes to identify and 
destroy invaders that would otherwise make us sick. Immune 
cells also act as clean-up crews. They engulf dead cells and 
cellular debris. [42] The white blood cells (specifically, the 
phagocytes) attach their membranes to the membranes of the 

Table 2: Preliminary phytochemical screening.

S/N Bioactive compounds Qualitative Estimation/100g weight of dry 
extract

Quantitative Estimation/100g weight of dry 
extract

1 Flavonoids ++ 6.41
2 Alkaloids ++ 10.01
3 Saponins + 2.02
4 Phenols + 1.55
5 Tannins - 0.02
6 Carbohydrate ++ 14.08
7 Proteins/Amino Acids +++ 45.09

*Gallic acid equivalent per 100 g dry weight of sample. Key: - = absent or undetectable, + = trace, ++ = moderate, +++ = excess

Table 3: Neutrophil adhesion result of the methanolic extract of Pleurotus ostreatus.
Treatment Doses (mg/kg) TLC (103/mm3) TLC (103/mm3) N (%) N (%) N.I N.I N.A (%)

UB FTB UB FTB UB FTB
Negative Control 10 (H2O) 60.33 ± 2.18 57.33 ± 2.96 51.33 ± 0.88 44.00 ± 5.03 3100.33 ± 158.62 2495.33 ± 191.50 19.51
Positive Control 250 (noni) 63.67 ± 5.84 45.33 ± 6.18 54.00 ± 1.53 43.00 ± 6.56 3455.66 ± 403.45 1922 ± 365.33 44.38

MET A 250 56.66 ± 1.76 54.67 ± 1.67 50.00 ± 0.58 49.33 ± 0.88 2835.33 ± 120.81 2699.66 ± 130.07 4.79**
MET B 500 60.33 ± 6.12 58.33 ± 4.09 51.66 ± 1.76 38.66 ± 7.69 3137.66 ± 418.47 2316 ± 628.64 26.19

The values are expressed as Mean ± SEM. The significance on comparison with the positive control group is indicated by ** mark. ** p˂0.01. TLC- 
Total Leukocyte Count, N- Neutrophils, N.I- Neutrophil Index, N.A- Neutrophil Adhesion, UB- Untreated Blood, FTB- Fibre Treated Blood

Table 4: Neutrophil adhesion result of the aqueous extract of Pleurotus ostreatus.
Treatment Doses (mg/kg) TLC (103/mm3) TLC (103/mm3) N (%) N (%) N.I N.I N.A (%)

UB FTB UB FTB UB FTB
Negative Control 10 (H2O) 60.33 ± 2.18 57.33 ± 2.96 51.33 ± 0.88 44.00 ± 5.03 3100.33 ± 158.62 2495.33 ± 191.50 19.51
Positive Control 250 (noni) 63.67 ± 5.84 45.33 ± 6.18 54.00 ± 1.53 43.00 ± 6.56 3455.66 ± 403.45 1922 ± 365.33 44.38

Aqueous A 250 64.00 ± 3.05 56.33 ± 5.89 53.00 ± 1.53 51.33 ± 2.33 3396.66 ± 229.14 2919 ± 446.52 14.06*
Aqueous B 500 63.00 ± 5.51 63.00 ± 2.08 52.00 ± 2.52 52.00 ± 0.59 3299.33 ± 437.00 3278.33 ± 144.32 0.62**

The values are expressed as Mean ± SEM. The significance on comparison with the positive control group is indicated by **mark. **p˂0.01. TLC- 
Total Leukocyte Count, N- Neutrophils, N.I- Neutrophil Index, N.A- Neutrophil Adhesion, UB- Untreated Blood, FTB-Fibre Treated Blood

Table 5: Hemagglutination (HA) Titre of the methanol and 
aqueous extract of Pleurotus ostreatus.

Treatment Doses HA Titre
Negative Control 10 mg/kg (H2O) 26.043 ± 13.540
Positive Control 250 mg/kg (Noni) 29.500 ± 1.500

Met A 125 mg/kg 18.753 ± 15.623
Met B 250 mg/kg 21.817 ± 14.319
Met C 500 mg/kg 50.000 ± 0.000*

Aqueous A 125 mg/kg 5.270 ± 1.040**
Aq B 250 mg/kg 26.043 ± 13.540
Aq C 500 mg/kg 27.100 ± 12.659

The values are expressed as Mean ± SEM. The significance on 
comparison with the positive control group is indicated by * mark. * 
p˂0.05
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Figure 1: Potentiation action of the extract on Polymorphonuclear 
neutrophils phagocytic action. The neutrophils (PMNs) are seen mobilized 
for phagocytosis. The phagocytic action of neutrophils enhanced by the 
extracts of Pleurotus ostreatus against Streptococcus pneumoniae. The 
enhancement was concentration dependent.

infecting pathogen using surface receptors specially designed 
to detect and attach to the pathogens membrane molecules. Up 
on attachment, the cell membrane of the white blood cell swells 
outward around the pathogen to engulf it, and then pinches off 
to form a little pouch, called a phagosome. The white blood cell 
secretes digestive enzymes into the phagosome to destroy the 
pathogen. The resulting harmless particles can either be used by 
the cell or released out of the cell.

Several different cells in the immune system act as phagocytes 
and play different roles. The neutrophils, for instance, normally 
aggregate quickly to a site of injury to gobble up any infecting 
bacteria. The incorporation of the extracts [Figure 1] showed 
graded levels of stimulation of the polymorphonuclear 
neutrophils (PMNs) in phagocytosing the bacteria. First, the 
white blood cell (PMNs) has to recognize the invader and 
realize that it needs to be destroyed. The results are in allegiance 
to the mechanism related to phagocytosis by macrophages and 
by clinical antibody samples. [51,53] These reports from previous 
works supports the result obtained in this study where the 
extracts of Pleurotus ostreatus showed significant increase in 
the phagocytic activity of neutrophils during Streptococcus 
pneumoniae infection, in vitro. There was increase in the 
percentage stimulation as the concentration of the test sample 
increases. Studies carried out on two different polysaccharides 
(PSP and PSK) extracted from Trametes versicolor (an edible 
mushroom) produced significant increase in the stimulation of 
neutrophils. [53,54] An insight into receptor-binding in immune 
cells by β-glucans from fungi was provided by other researchers. 

[55,56] These authors showed that β-glucans from yeast bind to 
ic3b- receptors (CR3, CD11b/CD18) of phagocytic cells and 
natural killer cells, stimulating phagocytosis and/or cytotoxic 
degranulation. All these reports are in line with the result 
obtained in our study [Figure 2].

Stimulation or enhancement of phagocytic action can be 
demonstrated in a number of ways. Phagocytic index is a 
measure of phagocytic activity. It is measured by counting the 

number of bacteria ingested per phagocyte during a determined 
incubation period of a suspension of bacteria and phagocytes 
in a serum/blood sample. [52,57] Nitroblue Tetrazolium Test score 
can be used to determine phagocytic index. Also, nitroblue-
tetrazolium (NBT) test is the laboratory diagnostic test for 
chronic granulomatous disorder or chronic granulomatous 
disease (CGD). [58] The test is negative in CGD because 
the defective phagocyte NADPH (nicotinamide adenine 
dinucleotide phosphate) oxidase does not reduce the NBT to 
the insoluble blue formazan compound. The major mechanism 
by which phagocytes (i.e., neutrophils and macrophages) 
kill ingested (phagocytosed) bacteria is via the production of 
reactive oxygen species (ROS) in the presence of the enzyme 
NADPH oxidase, the other mechanisms, being via nitric oxide 
and proteases. [59] NADPH oxidase is, therefore, critical for 
phagocyte killing of bacteria through reactive oxygen species. 

[42] In-born error in any one of the five genes that encode for the 
subunits of phagocyte NADPH oxidase may precipitate CGD of 
varying severity. [60] A genetic analysis is needed to determine 
the exact mutation underlying the cause of the CGD. [61] Our 
study showed that, increasing concentrations of the aqueous 
extract Pleurotus ostreatus led to proportionate increase in 
the NBT score indicating that the ability of the neutrophils in 
killing off the phagocytosed cells of Streptococcus pneumoniae 
was enhanced. A study carried out on the methanolic extract of 
Ocimum gratissimum produced significant increase in the NBT 
score against Candida albicans. [36] This report is in line with 
the result obtained in our study. Potentiating the host defense 
system may result in the activation of many kinds of immune cells 
that are vital for the maintenance of homeostatisis. Polysaccharides 

Figure 2: Stimulation (in percentage) of phagocytic action of neutrophils 
by the methanol (A) and aqueous (B) extract of Pleurotus ostreatus 
(phagocytosis evaluation).



506Annals of Medical and Health Sciences Research | Volume 9 | Issue 2 | March-April 2019

Oli AN, et al.: Pleurotus ostreatus and Streptococcus pneumoniae

However, the authors wish to acknowledge the person that 
authenticated the plant material used in the research.

Authors’ Contributions
All authors participated equally in manuscript development but 
OLI Angus conceptualized the study and EMERUWA Akunna 
also assisted in the laboratory work

Conflict of Interest
The authors disclose that they have no conflicts of interest.

References
1.	 Khan M, Mijanur Rahman M, Tania M, Uddin M, Ahmed 

S. Pleurotus sajor-caju and Pleurotus florida mushrooms 
improve some extent of the antioxidant systems in the liver of 
hypercholesterolemic rats. The Open Nutraceuticals Journal. 
2011;4. 

2.	 Alam N, Amin R, Khan A, Ara I, Shim MJ, Lee MW, et al. 
Nutritional analysis of cultivated mushrooms in Bangladesh–
Pleurotus ostreatus, Pleurotus sajor-caju, Pleurotus florida and 
Calocybe indica. Mycobiology. 2008;36:228-232. 

3.	 Abrams DI, Couey P, Shade SB, Kelly ME, Kamanu-Elias N, 
Stamets P. Anti-hyperlipidemic effects of Pleurotus ostreatus 
(oyster mushrooms) in HIV-infected individuals taking 
antiretroviral therapy. BMC complementary and alternative 
medicine. 2011;11:60. 

4.	 Kulshreshtha S, Mathur N, Bhatnagar P. Mushroom as a product 
and their role in mycoremediation. AMB Express. 2014;4:29.

5.	 Vaz JA, Barros L, Martins A, Santos-Buelga C, Vasconcelos MH, 
Ferreira IC. Chemical composition of wild edible mushrooms and 
antioxidant properties of their water soluble polysaccharidic and 
ethanolic fractions. Food Chemistry. 2011;126:610-616.

6.	 Garcia-Lafuentea A, Moro C, Villares A, Guillamon E, A 
Rostagno M, D’Arrigo M, et al. Mushrooms as a source of anti-
inflammatory agents. Anti-inflammatory & anti-allergy agents in 
Medicinal Chemistry (Formerly Current Medicinal Chemistry-
Anti-Inflammatory and Anti-Allergy Agents). 2010;9:125-141.

7.	 Wei YH, Lee HC. Oxidative stress, mitochondrial DNA mutation, 
and impairment of antioxidant enzymes in aging. Experimental 
Biology and Medicine. 2002;227:671-682.

8.	 Vamanu EM, Ene M, Vamanu AD, Smarandache DI, Sârbu IO, 
Popa OV, et al. Antioxidant and antibacterial properties of the 
extracts from Pleurotus ostreatus EVFB1 and EVFB4. Romanian 
Biotechnological Letters. 2011;16:41.

9.	 Pauliuc I, Dorica B. Antibacterial activity of Pleurotus ostreatus 
gemmotherapic extract. J Hortic Forest Biotech. 2013;17:242-245.

10.	 Bawadekji A, Oueslati MH, Al Ali M, Jamith BW. Biosynthesis 
of Gold Nanoparticles using Pleurotus ostreatus Extract and their 
Antibacterial and Antifungal Activities. J. Appl. Environ. Biol. 
Sci. 2017;8:142-147.

11.	 Oyetayo OV. Medicinal uses of mushrooms in Nigeria: towards 
full and sustainable exploitation. African Journal of Traditional, 
Complementary and Alternative Medicines. 2011;8.

12.	 Dai X, Stanilka JM, Rowe CA, Esteves EA, Nieves Jr C, Spaiser 
SJ, et al. Consuming Lentinula edodes (Shiitake) mushrooms daily 
improves human immunity: A randomized dietary intervention 
in healthy young adults. Journal of the American College of 
Nutrition. 2015;34:478-487.

and glycoproteins are multi-cytokine inducers. They can induce 
gene expression of various immunomodulatory cytokines and 
receptor cytokines largely due to their structural diversity and 
variability. [62] S. pneumoniae can invade and utilize erythrocytes 
to circumvent killing by neutrophils. [63] Our study proved that even 
in the presence of the red blood cells, the extracts caused increased 
opsonophagocytosis of the bacteria by the neutrophils [Figure 3].

Streptococcus pneumoniae is an important pathogen implicated 
in disease conditions such as pneumonia, otitis media, sinusitis 
and septicemia. The World Health Organization estimates that 
over 1 million children especially in developing countries die 
every year of invasive pneumococcal disease. [64] Our study 
shows that methanol and aqueous extract of Pleurotus ostreatus 
when compared to the standard (noni) demonstrated excellent 
activity in stimulating immune response against S. pneumoniae. 
This is similar to a previous work. [65] which demonstrated 
that Agaricus blazei Murill elicited protection in mice against 
systemic S. pneumonia infection and provides control to other 
diseases.

Conclusion
Pleurotus ostreatus has high carbohydrate and protein content 
and may help the immune system in defense against infections 
caused by Streptococcus pneumoniae.

Acknowledgments
This work was not funded by any organization/funding agency. 

A

B

Figure 3: Quantitative Nitroblue Tetrazolium Test score of methanol (A) 
and aqueous (B) extract of Pleurotus ostreatus.



507Annals of Medical and Health Sciences Research | Volume 9 | Issue 2 | March-April 2019

Oli AN, et al.: Pleurotus ostreatus and Streptococcus pneumoniae

13.	 Guggenheim AG, Wright KM, Zwickey HL. Immune modulation 
from five major mushrooms: application to integrative oncology. 
Integrative Medicine: A Clinician’s Journal. 2014;13:32.

14.	 Sabaratnam V, Kah-Hui W, Naidu M, David PR. Neuronal 
health–can culinary and medicinal mushrooms help?. Journal of 
traditional and complementary medicine. 2013;3:62-68.

15.	 Oliveira Lima CU, de Almeida Cordova CO, de Tolêdo Nóbrega 
O, Funghetto SS, de Oliveira Karnikowski MG. Does the 
Agaricus blazei Murill mushroom have properties that affect the 
immune system? An integrative review. Journal of medicinal 
food. 2011;14:2-8.

16.	 Phan CW, David P, Naidu M, Wong KH, Sabaratnam V. 
Therapeutic potential of culinary-medicinal mushrooms for the 
management of neurodegenerative diseases: diversity, metabolite, 
and mechanism. Crit Rev Biotechnol. 2015;35:355-368. 

17.	 Segal AW. How Neutrophils Kill Microbes. Annual Review of 
Immunology, 2005;23:197-223. 

18.	 Ear T, McDonald PP. Cytokine generation, promoter activation, 
and oxidant-independent NF-kappaB activation in a transfectable 
human neutrophilic cellular model. BMC Immunol. 2008;9:14.

19.	 Filias A, Theodorou GL, Mouzopoulou S, Varvarigou AA, 
Mantagos S, Karakantza M. Phagocytic ability of neutrophils and 
monocytes in neonates. BMC pediatrics. 2011;11:29.

20.	 Carneiro VM, Bezerra AC, Guimarães MD, Muniz-Junqueira 
MI. Decreased phagocytic function in neutrophils and monocytes 
from peripheral blood in periodontal disease. Journal of Applied 
Oral Science. 2012;20:503-509.

21.	 French N. Pneumococcal Disease: In Manson’s Tropical Infectious 
Diseases. 23rd ed, Elsevier. 2014;349-360.e1. 

22.	 Sofowora A. Medicinal Plants and Traditional Medicine in Africa. 
Spectrum Books Ltd., Ibadan, Nigeria, 1993;191-289

23.	 Trease GE and Evans WC. Pharmacognosy, 11th edn., Bailliere 
Tindall, London 1989;45-50. 

24.	 Harborne JB. Phytochemical Methods: A Guide to Modern 
Techniques of Plant Analysis, Chapman and Hall, London, UK. 1973. 

25.	 Kumaran A. Antioxidant and free radical scavenging activity 
of an aqueous extract of Coleus aromaticus. Food chemistry. 
2006;97:109-114. 

26.	 Ejikeme CM, Ezeonu CS, Eboatu AN. Determination of physical 
and phytochemical constituents of some tropical timbers 
indigenous to Niger Delta area of Nigeria. European Scientific 
Journal, ESJ. 2014;10.

27.	 Boham BA, Kocipai-Abyazan R. Flavonoids and condensed 
tannins from leaves of Hawaiian Vaccinium vaticulatum and V. 
calycinium. Pacific Sci. 1974;48:458-463.

28.	 Obadoni BO, Ochuko PO. Phytochemical studies and comparative 
efficacy of the crude extracts of some haemostatic plants in Edo 
and Delta States of Nigeria. Global Journal of pure and applied 
sciences. 2002;8:203-208.

29.	 Ezeonu CS, Ejikeme CM. Qualitative and quantitative 
determination of phytochemical contents of indigenous Nigerian 
softwoods. New Journal of Science. 2016;2016.

30.	 Sanjay P, Kartik DV, Pithawala EA, Shukla MD, Lahiri SK, Jain 
NK, et al. Phytochemical screening, Total Phenolic Content, 
Antibacterial and antioxidant activity of wild edible Mushroom 
Pleurotus ostreatus. Int. Res. J. Pharm. 2015;6:65-69. 

31.	 Sun B, Ricardo-da-Silva JM, Spranger I. Critical factors of 

vanillin assay for catechins and proanthocyanidins. Journal of 
Agricultural and Food Chemistry. 1998;46:4267-4274.

32.	 Dubois M, Gilles KA, Hamilton JK, Rebers PT, Smith F. 
Colorimetric method for determination of sugars and related 
substances. Analytical chemistry. 1956;28:350-356.

33.	 Fasidi IO. Studies on Volvariella esculenta (Mass) Singer: 
cultivation on agricultural wastes and proximate composition of 
stored mushrooms. Food Chemistry. 1996;55:161-163.

34.	 da Luz JM, Paes SA, Torres DP, Nunes MD, da Silva JS, 
Mantovani HC, Kasuya MC. Production of edible mushroom 
and degradation of antinutritional factors in jatropha biodiesel 
residues. LWT-Food Science and Technology. 2013;50:575-580.

35.	 Muhammad SA, Abubakar SM. Qualitative and Quantitative 
Determination of Phytochemicals in Aqueous Extract of 
Chrysophyllumalbidum Seed Kernel. Biosciences Biotechnology 
Research Asia. 2016;13:1201-1206. 

36.	 Vilas S, Bhavik S, Shailesh S, Dinesh SR. Effect of Methanolic 
extract of Ocimum Gratissimum linn. leaf on Phagocytosis by 
Human Neutrophils. Am. J. PharmTech Res. 2014; 4.

37.	 Lorke D. A new approach to practical acute toxicity testing. Arch 
Toxicol. 1983;54:275-287

38.	 Chinedu E, Arome D, Ameh FS. A new method for determining 
acute toxicity in animal models. Toxicology international. 
2013;20:224.

39.	 Mallurwar VR, Johrapurkar AJ, Durgakar NJ Studies on 
immunomodulatory activity of Mucuna pruriens. Indian J Pharma 
Educ Re 2006;40:205-207.

40.	 Puri A, Saxena R, Saxena RP, Saxena KC. Immunomodulant agents 
from Andrographis paniculata. J Nat Prod 1993;56: 995-999.

41.	 Kumar SVS, Mishra SH. Hepatoprotective activity of extracts 
from Pergularia daemia Forsk against carbon tetrachlorideinduced 
toxicity in rats. Phcog Mag 2007;3:187-191.

42.	 Teng TS, Ji AL, Ji XY, Li YZ. Neutrophils and immunity: from 
bactericidal action to being conquered. Journal of immunology 
research. 2017;2017. 

43.	 Singh S, Yadav CP, Noolvi MN. Immunomodulatory activity of 
butanol fraction of Gentiana olivieri Griseb. on Balb/C mice. 
Asian Pacific journal of tropical biomedicine. 2012;2:433-437.

44.	 Crisan EV, Sands A, “Nutritional value,” in: The Biology and 
Cultivation of Edible Mushrooms, Chang ST and Hayes WA, 
Eds., p. 137, Academic Press, New York, NY, USA, 1978.

45.	 Molz P, Ellwanger JH, Prá D, Franke SIR. “Mushrooms: 
cultivation, antioxidant properties and health benefits”, In: Food 
science and technology/ editor, Pesti Grégoire / p 59. Nova 
Science Publishers, Inc. New York, USA, 2014

46.	 Rahi DK, Malik D. Diversity of mushrooms and their metabolites 
of nutraceutical and therapeutic significance. Journal of Mycology. 
2016;2016.

47.	 Okoye EL, Uba BO, Uhobo PC, Oli AN, Ikegbunam MN. 
Evaluation of the antibacterial activity of methanol and chloroform 
extracts of Alchornea cordifolia Leaves. Journal of Scientific 
Research & Reports. 2014;3:255-262.

48.	 Ujam NT, Oli AN, Ikegbunam MN, Adikwu MU, Esimone CO. 
Antimicrobial resistance evaluation of organisms isolated from 
liquid herbal products manufactured and marketed in South 
Eastern Nigeria. British Journal of Pharmaceutical Research. 
2013;3:548. 



508Annals of Medical and Health Sciences Research | Volume 9 | Issue 2 | March-April 2019

Oli AN, et al.: Pleurotus ostreatus and Streptococcus pneumoniae

49.	 Chimezie CC, Eze PM, Oli AN, Abba CC, Onyegbule FA, 
Esimone CO. The Synergistic Potentials of Platostoma africanum 
and Psidium guajava against Some Multi-drug Resistant Bacteria. 
European Journal of Medicinal Plants. 2017;3:1-2.

50.	 Ramesh CH, Pattar MG. Antimicrobial properties, antioxidant 
activity and bioactive compounds from six wild edible mushrooms 
of western ghats of Karnataka, India. Pharmacognosy research. 
2010;2:107.

51.	 Tehrani MH, Fakhrehoseini E, Nejad MK, Mehregan H, Hakemi-
Vala M. Search for proteins in the liquid extract of edible 
mushroom, agaricusbisporus, and studying their antibacterial 
effects. Iranian journal of pharmaceutical research: IJPR. 
2012;11:145.

52.	 McAndrew EG, Dugast AS, Licht AF, Eusebio JR, Alter G, 
Ackerman ME. Determining the phagocytic activity of clinical 
antibody samples. Journal of visualized experiments: JoVE. 2011.

53.	 Lemieszek M, Rzeski W. Anticancer properties of polysaccharides 
isolated from fungi of the Basidiomycetes class. Contemporary 
oncology. 2012;16:285.

54.	 Standish LJ, Wenner CA, Sweet ES, Bridge C, Nelson A, Martzen 
M, et al. Trametes versicolor mushroom immune therapy in 
breast cancer. Journal of the Society for Integrative Oncology. 
2008;6:122-128.

55.	 Kim HS, Hong JT, Kim Y, Han SB. Stimulatory effect of β-glucans 
on immune cells. Immune network. 2011;11:191-195.

56.	 Bose N, Chan AS, Guerrero F, Maristany CM, Walsh RM, 
Ertelt KE, et al. Binding of soluble yeast β-glucan to human 
neutrophils and monocytes is complement-dependent. Frontiers 
in immunology. 2013;4:230.

57.	 Salaberria C, Muriel J, de Luna M, Gil D, Puerta M. The PHA test 

as an indicator of phagocytic activity in a passerine bird. PloS one. 
2013;8:e84108. 

58.	 Drevets DA, Canono BP, Campbell PA. Measurement of bacterial 
ingestion and killing by macrophages. Current protocols in 
immunology. 2015;109:14-16.

59.	 Rada BK, Geiszt M, Káldi K, Timár C, Ligeti E. Dual role 
of phagocytic NADPH oxidase in bacterial killing. Blood. 
2004;104:2947-2953.

60.	 de Oliveira‐Junior EB, Bustamante J, Newburger PE, Condino‐
Neto A. The human NADPH oxidase: primary and secondary 
defects impairing the respiratory burst function and the 
microbicidal ability of phagocytes. Scandinavian journal of 
immunology. 2011;73:420-427.

61.	 Roos D, de Boer M. Molecular diagnosis of chronic granulomatous 
disease. Clinical & Experimental Immunology. 2014;175:139-149.

62.	 Liu C, Chen J, Chen L, Huang X, Cheung PC. Immunomodulatory 
activity of polysaccharide–protein complex from the mushroom 
sclerotia of Polyporus rhinocerus in murine macrophages. Journal 
of agricultural and food chemistry. 2016;64:3206-3214. 

63.	 Yamaguchi M, Terao Y, Mori-Yamaguchi Y, Domon H, Sakaue 
Y, Yagi T, et al. Streptococcus pneumoniae invades erythrocytes 
and utilizes them to evade human innate immunity. PloS one. 
2013;8:e77282.

64.	 WHO. Pneumococcal conjugate vaccine for childhood 
immunization —WHO position paper. Wkly Epidemiol Rec 
2007;82:93-104.

65.	 Hetland G, Johnson E, Lyberg T, Kvalheim G. The mushroom 
Agaricus blazei Murill elicits medicinal effects on tumor, 
infection, allergy, and inflammation through its modulation of 
innate immunity and amelioration of Th1/Th2 imbalance and 
inflammation. Advances in pharmacological sciences. 2011;2011.


