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Abstract

Mushrooms including Pleurotus ostreatus (PO) and Pleurotus sajor-caju (PSC) were processed to isolate the polysaccharides
through ion exchange (DEAE Cellulose) and size exclusion (Sephadex G-100) chromatography. Monosaccharides including
maltose, glucose, mannose and fructose were identified through HPLC. Polysaccharides of PO and PSC were administered in
chickens. Lymphoproliferative response to phytohaemagglutinin-P (PHA-P) and antibody response to sheep RBCs were used
to demonstrate the cell mediated immunity and humoral immunity in chicken. Polysaccharides purified from PO and PSC
showed significantly higher (P<0.05) cellular immune response at 48 and 72 h post administration of PHA-P relative to
control. Significantly higher antibody titers (total Ig, IgM and IgG) were recorded in polysaccharide extract of PO and PSC at
day 7" and 14" post-primary and post-secondary injections of sheep RBCs. Challenged infection of mixed species of genus
Eimeria revealed significantly higher (P<0.05) oocyst count in control group relative to groups administered with
polysaccharide extracts of PO and PSC. Moreover, significantly higher (P<0.05) per cent protection and protection against
coccidial lesions were observed in chickens administered with polysaccharide extracts of PO and PSC. From the results, it was
concluded that polysaccharides purified from PO and PSC had the immunotherapeutic potential and could be used in poultry

to boost up the immune response in chickens. © 2014 Friends Science Publishers
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Introduction

Mushrooms belonging to different genera have been
recognized well for centuries due to their excellent
therapeutic effects against different ailments (Chihara et al.,
1969). However, modern world is heading towards structural
elucidation to isolate the compounds, which are responsible
for these therapeutic activities. Metabolites from various
species of medicinal mushrooms are used for the treatment
of various human diseases including allergic asthma (Li et
al., 2000; Liu et al., 2003), food allergy (Li et al., 2001;
Hsieh et al., 2003), atopic dermatitis (Kuo et al., 2002; Babar
et al., 2012), inflammation (Jose et al., 2004; Kim et al.,
2004), autoimmune joint inflammation such as rheumatoid
arthritis (Kim et al., 2003a; Kim et al., 2012), atherosclerosis
(Bobek and Galbavy, 1999; Yamada et al., 2002),
hyperglycemia (Gray and Flatt, 1998), thrombosis (Yoon et
al., 2003), human immunodeficiency virus (HIV) infection
(Nanba et al., 2000; Ngai and Ng, 2003), listeriosis (Kodama
et al., 2001), tuberculosis (Markova et al., 2003), septic
shock (Kim et al., 2003b) and cancer (Kodama et al., 2003;
Ho et al., 2004; Nakamura et al., 2004; Lee et al., 2006).
Among the mushroom species genus Pleurotus is
worldwide in distribution. These are commonly known as

‘OYSTER’ mushroom. Most of the species belonging to
genus Pleurotus are edible and many are produced
commercially these days (Santos-Neves et al., 2008). They
are famous due to increased nutritional properties including
high contents of dietary fibers, superior quality of proteins
with essential amino acids, minerals and vitamins (Gunde-
Cimerman, 1999). Pleurotus spp. had been investigated in
several studies with noticeable antioxidant, anti-
inflammatory and analgesic properties (Bobek and Galbavy,
1999; Smiderle et al., 2008). Annually, 900,000 tons of
different species of Pleurotus have been produced in
different parts of the world (Synytsya et al., 2009) that
showed diverse pharmacological activities (Ragunathan et
al., 1996). Sulfated B-glucans isolalted from derivatives of
Pleurotus species showed tremendous activities against
herpes simplex virus (Zhang et al., 2004) and different
tumors (Tao et al., 2006). Similarly, a- glucans isolated
from Pleurotus florida and Pleurotus ostreatus showed
remarkable macrophage activation and anti-proliferative
activity against colonic cancer cells, respectively (Lavi et
al., 2006).

Immunomodulatory and therapeutic efficacy of
mushroom polysaccharides have been extensively studied in
various experimental models including rats (Lu et al., 2003;
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Li et al., 2008), mice (Takimoto et al., 2004; Yuminamochi
et al., 2007) and rabbits (lkuzawa et al., 1988) with
promising results; although a very limited studies in this
regard has been conducted in avian birds (Guo et al., 2004).

Keeping in view, the present study reports the
immunomodulatory activity of Pleurotus ostreatus and
Pleurotus sajor-caju derived polysaccharides and its
subsequent therapeutic efficacy against Eimeria infection in
chicken.

Materials and Methods

Mushroom species, Pleurotus ostreatus (PO) and P. sajor-
caju (PSC), used in the present study were procured from
local growers and authenticated from a botanist. Voucher
specimens (174 and 175) were kept for future reference in
Ethno Veterinary Research and Development Center,
Department of Parasitology University of Agriculture
Faisalabad, Pakistan. Dried mushrooms at 50°C were cut
into small pieces and subjected to electrical grinder to obtain
powder which was then passed through sieve (2mm). The
powder thus obtained was used for extraction of
polysaccharides.

Polysaccharide Extraction

Polysaccharides were extracted from mushroom powder of
PO and PSC following the method of Zhao et al. (2010)
with minor modifications. Briefly, mushroom powder (200
gm) was immersed in 95% ethanol (500 mL; Riedel-de
Haen, Germany) in a covered beaker for 24 h to remove
impurities. After filtration, degreased powder obtained was
suspended in double distilled water (500 mL). The
suspension was subjected to ultra-sonication for (60 x 30)
seconds followed by centrifugation at 1600xg for 20
minutes. The supernatant thus collected was precipitated
with anhydrous ethanol (4-fold, v/v) and then incubated at
4°C for 24 h. After centrifugation, the precipitate obtained
was washed with anhydrous ethanol followed by acetone
(MERCK, Germany) and ether (ACI LABSCAN, Poland).
Sediment thus obtained was dried at room temperature
(26°C) to yield crude polysaccharides.

The crude polysaccharides were further purified by
dissolving in distilled water (20 mL) followed by filtration
(0.45 ym and 0.22 pm). Filtrate (5 mL) obtained was passed
through DEAE column (2.6 x 30 cm) eluted with distilled
water and different concentrations of NaCl (0.01M, 0.03M,
0.05 M, 0.07 M, 0.09 M). Elutions (120x1 mL) were taken
and subjected to phenol-sulphuric acid method to identify
polysaccharide fractions (Dubois et al., 1956). Neutral and
acidic polysaccharide fractions identified by ELISA reader
(Bio Tek, USA) at 490 nm were pooled separately and
subjected to size exclusion chromatography by Sephadex G-
100 (MP Biomedicals, USA) column (2.6 x 60 cm) eluted
with 0.05 M NaCl solution. Sixty elutions (1 mL each) were
taken and subjected to phenol sulphuric acid method and
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absorbance was observed at 490 nm through ELISA reader
to identify purified polysaccharide fractions. Fractions
identified were pooled, concentrated and dialyzed against
several changes of PBS. The dialysate thus obtained was
Iyophilized and used in further study.

HPLC Analysis

Lyophilized purified polysaccharides were hydrolyzed
following the method of Chen et al. (2005) with minor
modifications. Briefly, purified polysaccharides (1 mg) of
each species were added to 1 mL of 4.95 N Trifluoroacetic
acid (TFA) at 80°C for 4 h. The mixture was cooled,
evaporated and suspended in water for 30 min and then
analyzed through HPLC (Shimadzu, Japan Model: LC-
10AT) for qualitative and quantitative analysis to
demonstrate the monosaccharide in the purified
polysaccharides. Mobile phase was distilled deionized water
and the flow rate was set to 0.6 mL/min. Refractive index
detector and Rezex RCM-Monosaccharide Cat2,
Phenomenex column having 25 cm length, 7.8 mm diameter
were attached with HPLC.

Infective Material Preparation

Chicken guts suspected to be naturally infected with
coccidiosis were collected from local poultry sale points and
outbreak cases in and around Faisalabad, Pakistan. Briefly,
contents from the positive guts were subjected to
sporulation at 37°C and 60-70% relative humidity (Reid and
Long, 1979). Sporulation was confirmed with direct
microscopic examination. Sporulated oocysts were washed
thrice with phosphate buffered saline and were subjected to
morphometric analysis to identify the species of genus
Eimeria (Ryley et al., 1976). Morphometric analysis of
sporulated oocysts revealed the presence of Eimeria tenella,
E. acervulina, E. maxima and E. necatrix, which were used
in the challenge experiment by adjusting the dose at
6.5x10" 7.0x10* with PBS.

Experimental Design

A total of 150 days old industrial broiler chicks (Hubbard)
procured from the local hatchery were reared under standard
management conditions at Experiment Station, Institute of
Microbiology  University of Agriculture Faisalabad,
Pakistan. All the chicks were provided with withdrawal feed
and water ad-libitum. Chicks were divided into 3 groups viz
A, B and C (n=50) at 5" day of age, and were administered
the polysaccharide extract according to the following
schedule to the experimental and control groups for three
consecutive days at days (7", 8" and 9" of age).

Group A: Polysaccharides of PO @ 25 mg per Kg
body weight.

Group B: Polysaccharides of PSC @ 25 mg per Kg
body weight.

Group C: Kept as control.
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At day 15" post administration of polysaccharide
extracts, chickens in all the groups (A, B and C) were
further subdivided into Ay, A,. By, B, Cy, C,, respectively.
Subgroups A; B; and C; were used for immunological
evaluation and A, B,and C, for therapeutic evaluation.

Immunological Evaluation

Lymphoproliferative response to phytohaemagglutinin-P
(PHA-P) was used to evaluate in vivo cellular immune
response (Corrier, 1990). Thickness of the inter-digital
space was measured at 24, 48 and 72 h post administration
of (PHA-P) with pressure sensitive screw gauge.
Lymphoproliferative response was calculated by using the
formula:

Lymphoproliferative response = (PHA-P response,
right foot) — (PBS response, left foot)

Sheep RBCs were used as T-dependent antigen to
demonstrate the antibody response (total Ig, IgM and 1gG
titers) in the experimental chicken in comparison to control
(Qureshi and Havenstein, 1994). Washed RBCs (5%); (v/v)
was administered in chickens followed by booster injection
of sheep RBCs at an interval of 14 days. Sera samples were
collected at day 7" and 14" post administration of first and
second injection of sheep RBCs. Anti-sheep RBCs antibody
titers (total 1g, IgM and 1gG) were detected following the
procedure of Yamamoto and Glick (1982) and results were
expressed in terms of geomean titers (GMT; Burgh, 1978).

Therapeutic Evaluation

Therapeutic efficacy of polysaccharides extracts was
detected in Eimeria induced infected chickens. At day 14"
post administration of polysaccharide extracts, half of the
chickens were challenged with mixed specie of Eimeria at
dose of 7.0x10* per bird and per cent protection, oocyst
count and lesion scorings were assessed from day 4™ to day
12" post infection to demonstrate the therapeutic efficacy
(Ryley et al., 1976; Johnson and Reid, 1970).

Statistical Analysis

One way analysis of variance (ANOVA) and tuckeys range
test were used for the determination of statistical
significance using statistical software (SPSS®, Ver.16).
Data in antibody response to sheep RBCs was analyzed by
geometric mean titer (GMT). Data in per cent protection and
protection against lesions were analyzed by using the Chi
square test. Value of (p<0.05) was considered to be
statistically significant.

Results

In the present study, size exclusion chromatography was
used to purify the polysaccharides from mushroom species.
Two fractions (27-50, 76-87 and 27-41, 86-95) came off
after running the samples of PO and PSC through DEAE
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cellulose column, respectively (Fig. 1a and 2a). These two
fractions pooled separately were run through Sephadex G-
100 column and fractions came off from PO were (17-27;
10-17) and from PSC were (15-27; 09-17), respectively
(Fig. 1b, 1c; 2b, 2¢).

These fractions were then subjected to HPLC analysis.
Maltose, glucose, mannose and fructose were identified in
the extracted polysaccharides of PO and PSC. The relative
molar percentage of maltose, glucose, mannose and fructose
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Fig. 1b: Elution profile of F1 obtained from DEAE
cellulose column of Pleurotus ostreatus through Sephadex
G100 column
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Fig. 1c: Elution profile of F2 obtained from DEAE
cellulose column of Pleurotus ostreatus through Sephadex
G100 column
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Fig. 2a: Elution profile of Pleurotus sajor-caju through
DEAE cellulose column
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Fig. 2b: Elution profile of F1 obtained from DEAE
cellulose column of Pleurotus sajor-caju through
Sephadex G100 column
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Fig. 2c: Elution profile of F2 obtained from DEAE
cellulose column of Pleurotus sajor-caju through
Sephadex G100 column

identified from PO were (0.342%, 0.378%, 0.379%,
0.045%) and those of PSC were (0.556%, 0.562%, 0.947%,
0.279%), respectively (Fig. 3a, 3b; Table 1).
Lymphoproliferative response recorded in
polysaccharide extracts of PO and PSC in comparison to
control were non-significant (P>0.05) at 24 h post PHA-P
injection; however at 48 and 72 h post PHA-P injection
significant (P<0.05) enhancement in lymphoproliferative
response was observed in chickens administered with
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Table 1: Relative ratios of different analytes calculated
after HPLC analysis of mushroom samples

Mushroom  Analytes  RT(min) Area Height Amount
(mVs) (mv) (%)
Maltose 9.003 85.48 2.258 0.342
Pleurotus Glucose 11.06 119.087 2.924 0.378
ostreatus Mannose 12.423 57.117 1419 0.379
Fructose 13547  10.160 577 0.045
Maltose 8.990 138.840 0.642 0.556
Pleurotus Glucose 11.013 176.910 3.336 0.562
sajor-caju Mannose 12443  142.788 2.180 0.947
Fructose 13.940  62.753 1.626 0.279

RT: retention times, m.V.s(mili volts per second), mV (mili volt)

Table 2: Antibody (total 1g, IgM, IgG titers) response to
sheep RBCs in experimental and control chickens at day
7" and 14™ post-primary and post-secondary injections of
sheep RBCs

Total Immunoglobulins Ig (GMT)

Groups DAY 7PPI DAY 14PPI DAY 7PSI DAY 14 PSI
A 35.91° 28,50 40.30° 35.01°

Bip 40.93° 28.50° 42.91° 39.91°

Cw 25.39° 20.15° 28.91° 28.50°

IgM (GMT)

Groups DAY 7PPI DAY 14PPI DAY 7PSI DAY 14 PSI
A 21.66° 15.80° 22.35° 10.50°

B 23.21° 17.19° 15.75° 7.40°

Cw 16.41° 12.15° 13.15° 5.84°

19G (GMT)

Groups DAY 7PPI DAY 14PPI DAY 7PSI DAY 14 PSI
A 14.25° 12.7° 18° 25.4°

Bip 17.72° 11.31° 212 325

Cu 8.98° 8 15.8° 22.7°

Means sharing similar letters in a row are statistically non-significant
(P>0.05). Ay, polysaccharide extract of Pleurotus ostreatus, By
polysaccharide extract of Pleurotus sajor-caju, Cy. control, PPI- post
primary injection, PSI-post secondary injection, GMT (geometric mean
titer)

polysaccharide extracts of PSC and PO, respectively in
comparison to control. Results indicated that polysaccharide
extracts of PO and PSC showed higher cell mediated
immune response at 48 and 72 h in comparison to control
(Fig. 4).

In the current study, in vivo antibody titers (total Ig,
IgG and IgM) at days 7" and 14" post-primary and post-
secondary injection of sheep RBCs in groups administered
with polysaccharide extract of PO and PSC were
significantly higher (p<0.05) as compared to control.
However, at day 7" post-primary injection of sheep RBCs,
polysaccharide extract of PSC showed significantly higher
(P<0.05) antibody titers (total Ig, IgM, 1gG) as compared to
polysaccharide extract of PO. At day 14" post- primary
injection of sheep RBCs differences in antibody titers (total
Ig, IgM, 1gG titers) of PO and PSC were non-significant
(P>0.05). At day 7" post-secondary injection of sheep
RBCs significantly higher (P<0.05) IgM titers were noticed
in polysaccharide extract of PO and significantly higher
(P<0.05) total 1g and IgG titers were noticed in PSC extract.
At day 14™ post-secondary injections of sheep RBCs
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Table 3: Per cent protection, lesion scoring, mean lesion scoring and protection against lesions post Eimeria infection

Groups (n) Protection (%) Lesion scoring of the birds Mean Lesion score Protection against lesions (%)
0 1 2 3 4

Ax(25) 60° 4 5 4 5 7 2.24 44,00

B,(25) 45? 3 6 4 4 8 2.32 42.00°

C,(25) 20° - 2 4 5 14 3.24 19.00°

Values sharing similar letter in a column are statistically non-significant (P>0.05). A2- Polysaccharide extract of Pleurotus ostreatus, B2-Polysaccharide

extract of Pleurotus sajor-caju, C- control, n-no of birds per group
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Fig. 3a: HPLC analysis of mushroom Pleurotus ostreatus
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Fig. 4: Lymphoproliferative response to

Phytohaemagglutinin-P (PHAP) in experimental and control
groups. Ala: polysaccharides of Pleurotus ostreatus. Bla:
polysaccharide of Pleurotus sajor-caju, C2a: control.
*statistical significance (P<0.05)

polysaccharide extract of PSC showed significantly higher
(P<0.05) antibody titers (total Ig, 1gG) as compared to PO
extract (Table 2). These results indicated that polysaccharide
extract of PO and PSC showed profound humoral immune
response in comparison to control.

Oocyst count, lesion scorings and percent protection
after mixed species infection of the Eimeria were the
parameters to  evaluate therapeutic efficacy of
polysaccharides. Significantly higher (P<0.05) oocyst count
was recorded in the control group as compared to
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Fig. 5: Post infection oocyst per gram (OPG) of droppings

in experiment and control groups

A2- Polysaccharide extract of Pleurotus ostreatus, B2-Polysaccharide
extract of Pleurotus sajor-caju, C- control, * statistical significance
(P<0.05)

polysaccharide extracts of PO and PSC (Fig. 5). Caeca and
intestines of the control groups showed extensive
hemorrhagic lesions of dead and survived birds. Protection
against lesions was statistically significant (P<0.05) in
polysaccharide extract of PO (44%) and PSC (42%) in
comparison to control (19%). However, differences observed
between PO and PSC were statistically non-significant
(P>0.05). In the current study, highest protection (60%)
was recorded in polysaccharide extract of PO followed by
PSC (45%) and control (20%) (Table 3).
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Discussion

Mushrooms have been used since centuries for the treatment
of different ailments and efforts were made to isolate
different compounds from the mushrooms responsible for
medicinal activities (Wasser, 2002). In this regard, several
compounds had been isolated from different mushroom
species with immunorestorative activities and their
subsequent effects against wide variety of bacterial and
parasitic diseases in different animal models and human
beings (Lee et al., 2006; Antonyuk et al., 2010; Liu et al.,
2012). There are several bioactive compounds present in
mushrooms including homo- or hetero- saccharides (Mono,
Di and Poly), glycosides (anthraquinones, cardiac
glycosides, coumarin, cyanogenic glycosides, flavonoid
glycosides, phenolic glycosides and saponins), volatile
oils, lactones, alkaloids, resin, tannin, proteins,
phytochrome, lactones and aminoacid (Yang and Feng,
1998). Among these, polysaccharides are of paramount
importance and their biological activities had been
documented in human and animal models against viral,
bacterial and parasitic diseases (Yuan et al., 1993; Hu et al.,
1998; Pang et al., 2000; Yu and Zhu, 2000).

Though, relationship of bioactive functions with
respect to molecular structure of the polysaccharides is not
well understood, however, polysaccharide bioactivity can be
characterized by monosaccharide composition, three-
dimensional complex structure and molecular weight
ranging from 10* to 10" KDa (Xue and Meng, 1996).
Therefore, in the current study, purified polysaccharides
from PO and PSC were analyzed with high performance
liguid  chromatography  (HPLC) to detect the
monosaccharaides. In this regard, different Pleurotus spp.
had been investigated and reported to contain mannose
(2%), galactose (5%), 3-O methayl-galactose (3%) and
glucose (90%) (Carbonero et al., 2006). Guo et al. (2003)
isolated fructose, galactose, glucose, mannose, xylose and
glucuronic acid from Lentinus edodes with molar ratios 0.1,
0.2, 9.1, 0.1, 0.5, 0.1; and fructose, galactose, glucose,
mannose, xylose and glucuronic acid from Tremella
fuciformis with molar ratios 0.9, 0.1, 3.5, 1.5, 4.1 and 0.5,
respectively. In another study, xylose, maltose, fructose,
glucose and sucrose had been identified from
polysaccharide extract of Ganoderma lucidum with
relative molar percentage 0.4, 50.9, 14.4, 12.8 and 0.7,
respectively (Yang et al., 2010). Similarly, in another study,
HPLC analysis of polysaccharide extracts revealed the
presence of L-arabinose, D-mannose, D-glucose and D-
galactose, with the molar ratio of 0.7, 2.8, 24.8 and 1.0 per
cent, respectively (Cui et al., 2011). The variation in the
molar percentage among various studies including the
current study may be due to difference in physicochemical
properties of mushroom species, purity of polysaccharides
and the methods used (Guo et al., 2003; 2005).

The higher lymphoproliferative response post PHAP
administration may be due to the activation of natural killer
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(NK) cells, higher production of interferons and cytokines
(IL-1 and 1I-8), enhanced complement activation and by
potentiating the activities of phagocytes or by prevention of
leukocyte reduction (Wargovich et al., 2001; Shamtsyan et
al., 2004). Similar results with polysaccharides extracted
from Lentinus edodes had been reported by Chen et al.
(2003) in which enhanced cell-mediated immune response
through delayed type of hypersensitivity reaction was
shown through enhancement in proliferation of splenocytes
and increased production of TNF-a and IFN-y.

Higher humoral immune response in Fomitella
fraxinea administered chickens had also been reported in the
literature (Dalloul and Lillehoj, 2005). Immune potentiating
effects of mushrooms may be due to regulated through
cyclic adenosine monophosphate (cCAMP) and cyclic
guanosine monophosphate (cGMP) involved in immune
cells proliferation, differentiation and secretions (Wu and
Wang, 1999; Lee et al., 2002).

Various mushrooms had been reported to cause
significant reduction in mortality during viral (Liu et al.,
1999; Yu and Zhu, 2000), bacterial (Yuan et al., 1993)
and parasitic (Hu et al., 1998; Pang et al., 2000) diseases in
chicken. Protection in control group (20%) observed in the
study may be due to self-limiting mechanisms occurred
during avian coccidiosis (Sharma, 1991).

From the present study, it was concluded that
polysaccharides extracted from P. ostreatus and P. sajor-
caju had immunotherapeutic potential and could be used in
poultry to boost up the immune response in diseased
conditions like coccidiosis in poultry.
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