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ABSTRACT 
 

Aim: This study aimed to assess the effect of polysaccharides from fruit body of Microporous 
vernicipes (Polyporales) on immunological activities of macrophages and neutrophils.  
Methodology: Polysaccharides were extracted using hot water (PHW) and cool water (PCW) and 
tested on the activities of peritoneal macrophage and neutrophil in response of lipopolysaccharides. 
The effect of the polysaccharides was examined In vitro to assess the phagocytic activities by 
evaluating the vacuole formation, nitroblue tetrazolium dye reduction, lysosomal enzyme activity, 
nitric oxide, myeloperoxidase in neutrophil and on neutrophil adherence assay.  
Results: The cool and hot water polysaccharides of Microporus vernicipes significantly improved 
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the activities of macrophages and neutrophils as demonstrated by an elevated the formation of 
vacuole following by a high production of nitric oxide, lysosomal enzyme and superoxide. Those 
polysaccharides extracts of Microporous vernicipes also caused an increase in release of 
myeloperoxidase by neutrophils. Results also showed that neutrophils treated with polysaccharides 
extracts of Microporous vernicipes adhered more on a plastic surface than those untreated. It has 
been also found that polysaccharides of Microporous vernicipes may have cytotoxic effect at high 
concentration with IC50 of 2.28 and 8.15 mg/mL for PHW and PCW respectively. 
Conclusion: The result of this study indicates the immunostimulatory activity of polysaccharides of 
Microporus vernicipes by stimulating activities of macrophages and neutrophils. 
 

 
Keywords: Neutrophils; macrophages; immunomodulation; polysaccharides; Microporus vernicipes. 
 

1. INTRODUCTION 
 
Mushrooms have been used for hundreds of 
years as medicinal resources in African 
countries. Recently, numerous researches on 
immunotherapy focused on the naturally 
occurring substances which exhibit beneficial 
therapeutic properties through stimulating the 
immune response mechanism of the host [1-3]. 
Amongst the bioactive substances targeted in 
various studies, polysaccharides and 
polysaccharide-protein complex derived from 
fungi/mushrooms have attracted the most 
attention as immunomodulators. 
Immunomodulating activities of mushroom 
polysaccharides or polysaccharide-protein 
complex have been associated with their effects 
on both the innate and adaptive immunity [4,5]. 
 
In practice, there are numerous data showing the 
investigation of physiological and ecological 
importance of fungal polysaccharides. 
Furthermore, polysaccharides may have 
potential industrial applications. The examples 
are polysaccharides produced by mushrooms 
such as Ganoderma lucidum [6] Lentinula 
edodes [7], Agaricus blazei [8], Antrodia 
camphorate [9] and Grifola frondosaI [10] that 
have been presented to stimulate immune 
activity. Polysaccharides of a medicinal 
mushroom, Microporus vernicipes have therefore 
paid our attention. 

 

Microporus vernicipes belongs to the Polyporales 
family and distributes in the tropical and 
subtropical zone including Cameroon [11]. It has 
previously demonstrated that the water extract of 
Microporus vernicipes can have multiple 
activities such as antibacterial [12] and 
antioxidant [13] effects. It is traditionally used in 
treatment of opportunistic infections, whose 
normally absents in immunocompetent individual. 
Since polysaccharides may be the major 
components in the water extract, we 

hypothesized that the polysaccharides of 
Microporus vernicipes may have immune 
regulatory activity. This study was designed to 
explore the potential effects of the 
polysaccharides isolated from Microporus 
vernicipes on phagocytic activities of 
macrophages and neutrophils. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection of Mushroom Specimen 
 

The specimens of Microporus vernicipes were 
harvested from the forest surroundings Bambili in 
Tubah subdivision, North West Region areas of 
Cameroon. They were transported within 24 
hours to the laboratory. The identity of the 
specimen was achieved by a mycologist, in the 
Department of Biological Sciences. 
 

2.2 Preparation of Crude Polysaccharides 
 

Extraction of crude polysaccharides was 
achieved as described by Honghui et al. [14] with 
some modifications. Collected fresh Microporus 
vernicipes fruit bodies were clearly washed with 
distilled water. Later, fruit bodies (200 g) were 
firstly extracted with sterile distilled water (750 
ml) for 72 hours at laboratory temperature. The 
cool water extract was filtered through wattmann 
N

o
 1 paper and the filtrate was kept at 4°C. The 

residue was extracted with boiling water for 2 
hours for 3 times and the hot water extract was 
obtained by centrifugation (4000 x g for 10 min). 
Cool water extract and hot water extract were 
subjected to ethanol precipitation by adding of 4 
volumes of 96 % ethanol. The precipitate was 
isolated and ovum-dried to give the cool water-
soluble polysaccharide (PCW) and the hot water 
polysaccharide (PHW). The obtained yield of 
crude polysaccharides PCW and PHW were 
0.16% and 2.66% of the fresh weight 
respectively. PCW and PHW were dissolved in 
sterile distilled water and subjected to membrane 
ultrafiltration with a molecular weight cut-off of 
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1000 Da to remove impurity with low molecular 
weight before use.  
 

2.3 Animals for Peritoneal Cells Isolation 
 

Wistar rats (5-weeks old) were raised in the 
animal house of the Biochemistry Department, 
University of Bamenda (North West Region, 
Cameroon). The animals were housed in a 
rodent facility at normal temperature with a 12 h 
light-dark cycle. They were provided with water 
and mouse chow ad libitum.  
 

2.4 Isolation of Peritoneal Macrophages 
and Culture Conditions 

 

Peritoneal macrophages and neutrophils were 
obtained using peritoneal lavage method [15]. 
Prior to isolation (12 hours for neutrophils and 92 
hours for macrophages), 2 ml of 3% albumin 
(Sigma, Germany) had been injected 
intraperitoneally. Peritoneal exudates were 
collected in CRPMI-1640 medium 3 days later to 
obtain macrophages and 15 hours to obtain 
neutrophils from 3 rat each. Briefly, animals were 
sacrificed by dislocating cervical vertebrae and 
marinated in 75% ethanol for three min. Serum 
free RPMI-1640 medium was injected into the 
peritoneal cavity and withdrawn to collect the 
ascites. After centrifugation (1000 rpm, 5 min) 
using Model Z206-A centrifuge (Hermle 
Labortechnik GmbH), cells in the pellets were 
suspended in CRPMI-1640 and erythrocytes 
were lysed by hypotonic lysis. The cell numbers 
were determined by a Malassez hemocytometer 
and cell viability was tested by Trypan blue dye 
exclusion technique [16].  
 

2.5 Cells Culture 
 

Cells (5×106 cells/ml) were seeded on 96-well 
tissue culture plates (NUNC) in CRPMI-1640 
(RPMI-1640 supplemented with 10% heat-
inactivated (56°C, 30 min) FBS (fetal bovine 
serum), penicillin (100 units/ml) and streptomycin 
(100 units/mL)). All activity assays were 
performed in triplicates on 96 well microtiter 
(NUNC) and incubated at 37°C in a humidified 
incubator with 5% CO2 atmosphere. For the 
toxicity assay, PCW and PHW were used at 0.34 
to 11.1 mg/ml concentrations, while to evaluate 
their effect, PCW and PHW were used at 0.08 to 
55.5 mg/ml concentrations. 
 

2.6 Measurement of Cytotoxic Effects 
 

The plates were incubated at 37°C for 2 h. 
Samples and LPS (1 µg/ml) as control were 

added to the cultures at the concentrations 
indicated in each figure. The cultures were then 
incubated at 37°C for 20 h. Viability of cells was 
measured based on the mitochondria-dependent 
reduction of MTT [17]. The reduction of MTT was 
quantitated by measurement of the absorbance 
at 490 nm on the microplate spectrophotometer. 
The percentage (%) of cell viability was 
calculated by the following formula:  
 

% ������ ����� = 100 � 
� sample 

� �������
                 (F1) 

 
The inhibitory effect of the polysaccharides was 
expressed as percentage of inhibition (F2) and 
the IC50 was determined using SPSS software.  

 

% ��ℎ������� = 100 � 
� ������� � � ������

� �������
     (F2),  

 
Where A control indicates the optical density of cell 
cultured in medium only, A sample indicates the 
optical density of cell treated with 
polysaccharides. 
 

2.7 Vacuole Formation Assay 
 
Vacuole Formation was assessed using neutral 
red [18]. In the 96-well plates (NUNC), cells were 
seeded in the RMPI-1640 containing the PCW 
and PHW. They were stimulated by addition of 
LPS (1 µg/ml) and incubated at 37°C, 5% CO2 
for 24 h. At end incubation time, 100 μl of neutral 
red in physiological saline solution (0.1%) were 
added to each well. The plates were incubated at 
37°C for 30 min. After discarded the supernatant, 
each well was washed with 200 μl PBS twice, 
followed by addition of 100 μl cytolysate (acetic 
acid:anhydrous alcohol = 50:50). The color 
intensity of the neutral solution, which reflects the 
phagocytic activity, was measured at 570 nm 
using a microplate spectrophotometer 
(VersaMax). From the absorbance of the sample 
and that of Medium control, the effect of PCW, 
PHW and LPS was expressed as percentage of 
stimulation as follows: 
 

% ����������� =
� �������� �������

� �������
 � 100  (F3), 

 
Where A control is the absorbance obtained for 
cells cultured in medium only.   
 
2.8 Measurement of Concentrations of 

NO 
 
Nitric oxide (NO) production was determined by 
assaying culture supernatants for nitrite using 
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Griess reagent [19]. Cells were seeded in a 96-
well tissue culture plate for 24 h. After stimulated 
with PCW and PHW followed by stimulation with 
LPS for 24 h, the cell culture medium 
supernatants were collected. The supernatants 
(50 µl) were mixed with equal volume of Griess 
reagent (1% Sulfanilamide in phosphoric acid 
5%, and 0.1%, N-1-naphthylethylenediamine 
dihydrochloride in PBS) and incubated at room 
temperature for 10 min. The absorbance at 520 
nm was measured using a microplate 
spectrophotometer (VersaMax). The effect of 
PCW and PHW expressed as percentage of 
stimulation was assessed by using the 
absorbance of the sample and that of Medium 
control. (F3). 
 

2.9 Measurement of Production of ROS 
 
ROS production was quantified using the NBT 
[20]. Cells were seeded on 96-well tissue culture 
plates in RPMI-1640 containing the PCW and 
PHW and LPS (1 µg/ml) as stimulant. They were 
incubated for 24 h followed the NBT assay. A 
hundred of the culture medium was incubated 
with 50 μl NBT (0.33 mg/ml, diluted in PBS) in a 
96-well format. The plate was incubated at room 
temperature, in the dark for 5 min, followed by 
addition of 50 μl DMSO in each well to dissolve 
the purple-colored formazan crystals. The 
absorbance was recorded at 630 nm using the 
microplate reader. Cells stimulated with LPS and 
medium were also incubated as controls. The 
effect of PCW and PHW was expressed as 
percentage of stimulation. (F3).  
 
2.10 Determination of Acid Phosphatase 

Production 
 
Neutrophils were incubated with PCW and PHW 
in the presence of LPS (1 µg/ml). At the end of 
the desired length of time (24 h), and the culture 
media were removed. Plates were washed twice 
with phosphate buffer solution (PBS). The 
adherent monolayer was then disrupted by 0.1 
ml of triton 100 (l% in PBS). Cells extracts 
obtained were used to assess the lysosomal acid 
phosphatase [18. Cell extracts (0.1 ml) were 
mixed with an assay mixture containing 9.2 
mmol/l para-nitrophenylphosphate (P-NPP, 
Sigma) and 0.1 mol/l acetate buffer (pH 6) in a 
final volume of 0.60 ml. The reaction was 
stopped by the addition of 0.15 ml 0.05 mol/l 
NaOH. The color was measured at 410 nm in a 
spectrophotometer. The effect of PCW and PHW 
on the amount of hydrolyzed P-NPP was then 
determined by using the absorbance of the 

sample and that of Medium control. The enzyme 
activity is defined as percentage of stimulation 
(F3). 
 

2.11 Myeloperoxidase Activity Assays 
 
Peroxidase activity was measured using 3,3′,5,5′-
Tetramethylbenzidine (TMB, Sigma) [20]. Briefly, 
10 µl sample were combined with 80 µl 0.75 mM 
H2O2 (Sigma) and 110 µl TMB solution (2.9 mM 
TMB in 14.5% DMSO (Sigma) and 150 mM 
sodium phosphate buffer at pH 5.4), and the 
plate was incubated at 37°C for 5 min. The 
reaction was stopped by adding 50 µl 2 M H2SO4 
(Sigma), and absorption was measured at 450 
nm to estimate myeloperoxidase (MPO) activity. 
The effect of PCW and PHW expressed as 
percentage of stimulation was assessed. (F3). 
 
2.12 Neutrophil Adherence Assays 
 
Aliquots of 100 µl of PCW and PHW were added 
to wells of the 96-well flat-bottom culture plate, 
followed by the addition of an equal volume of 
neutrophil suspension. After agitation for 2 min, 
the reaction mixtures were incubated at 37 

o
C in 

a CO2 incubator for 6 h. After incubation, the 
reaction mixtures in the culture plates were 
vortexed 40 times on a vortex mixer to remove 
non-adherent cells. The supernatants were 
immediately discarded. Thereafter, fixation and 
staining were performed for 30 min at room 
temperature by the addition to each well of 200 
µl of 0.5% crystal violet in distilled water 
containing 12% neutral formaldehyde solution 
and 10% ethanol. After being fixed and stained, 
the samples were thoroughly washed with tap 
water and the plate tapped against the sink to 
remove excess water. The wells were air-dried 
for more than 20 min. Crystal violet was 
extracted by addition of 100 µl of 1% SDS 
(sodium dodecyl sulfate) to each well from the 
neutrophils that had adhered and been stained. 
The quantitative evaluation of neutrophil 
adherence to the plastic plate was performed by 
measuring the absorbance at 570 nm (OD value) 
with a microplate reader [21]. 
 
2.13 Statistical Analysis 
 
All tests were carried out in triplicate and the 
results were represented as mean ± SEM. 
Difference between samples and controls was 
analyzed by ANOVA followed by two-tailed 
Student’s t test. Difference with P<0.05 (*) or 
P<0.01 (**) or P<0.001 (***) was considered 
statistically significant. 
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3. RESULTS 
 

3.1 Effects of Polysaccharides of M. 
vermicipes on Macrophages and 
Neutrophils Activities 

 

To evaluate the activities of macrophages and 
neutrophils, the cells were obtained by peritoneal 
lavage, cultivated and treated in vitro with 
different concentrations of polysaccharides, and 
LPS (1 µg/ml). The effects of PHW and PCW on 
macrophages and neutrophils were achieved by 
assessing percentage of vacuoles formation, NO 
production, ROI production and lysosomal acid 
phosphatase activity. The vacuoles formation 
was quantified after a period of 48 hours, using 
the neutral red assay. The vacuolating 
percentage in macrophages treated with 0.69 
mg/mL of PHW and 0.08, 0.17 and 0.34 mg/mL 

of PCW was significantly higher (�<0.05)            
when compared with LPS-treated or control     
(Fig. 1). 
 
In neutrophils treated, the vacuolating 
percentage was significantly higher (�<0.05) with 
0.17 to 5.55 mg/mL of PHW and 0.08 to 5.55 
mg/mL of PCW when compared with the results 
obtained in control (Fig. 1). Treatment with the 
PMs significantly increased (�<0.05) the nitrites’ 
production by macrophages in a concentration-
dependent manner with 0.69, 1.38, 2.77 and 
5.55 mg/mL of PHW and 0.08, 0.17, 0.34 and 
0.68 mg/mL of PCW compared to control (Fig. 2). 
NO production in neutrophils was significantly 
higher (�<0.05) when they were treated with 
0.69, 1.38 and 2.77 mg/mL of PHW and 0.69, 
1.38, 2.77 and 5.55 mg/mL of PCW compared to 
control treated with LPS only (Fig. 2).  

 

 
 
Fig. 1. Effect of the cool water (PCW) and hot water (PHW) polysaccharides of M. vernicipes on 

the macrophages and neutrophils’ vacuolating formation 
The results represent the mean ± SEM (n = 3) and were analysed using the ANOVA test followed by Turkey’s 

post hoc test. Asterisks indicate significant differences in comparison to control or (LPS-treated cells), with *p < 
0.05, **p < 0.01 and ***p < 0.001. Letters indicate concentration dependent significant differences, with p < 0.05 

 

 
 

Fig. 2. Effect of the cool water (PCW) and hot water (PHW) polysaccharides of M. vernicipes on 
the macrophages and neutrophils’ NO production 

The results represent the mean ± SEM (n = 3) and were analysed using the ANOVA test followed by Turkey’s 
post hoc test. Asterisks indicate significant differences in comparison to control or (LPS-treated cells), with *p < 
0.05, **p < 0.01 and ***p < 0.001. Letters indicate concentration dependent significant differences, with p < 0.05 
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The ROI released by macrophages cultured with 
1.38, 2.77 and 5.55 mg/mL of PHW and 5.55 
mg/mL of PCW from M. vernicipes significantly 
increased (�<0.05) compared to control. The 
level of ROI released by neutrophils was 
significantly augmented (�<0.05) by 5.55 mg/mL 
of PHW and PCW compared to control (Fig. 3). 
 
Results show that PCW as well as PHW 
significantly (�<0.05) increased the lysosomal 
acid phosphatase activity in macrophages at 
0.69, 1.38, 2.77 and 5.55 mg/mL, when 
compared to control (Fig. 4). Also, the lysosomal 
acid phosphatase activity in macrophages were 
significantly (�<0.05) increased in neutrophils 
treated with 0.08, 0.17, 0.34 and 0.68 mg/mL of 
PHW and 0.17, 0.34, 0.69, 1.38, 2.77 and 5.55 

mg/mL of PCW compared to control only treated 
with LPS. 
 

3.2 Effects of Polysaccharides of M. 
vernicipes on MPO Activity and 
Adherence of Activated Neutrophils to 
Plastic Plates 

 

MPO activity and adherence of activated 
neutrophils cultivated and treated in vitro with 
different concentrations of polysaccharides was 
evaluated after 24 hours and 6 hours 
respectively. The MPO activity in neutrophils 
were significantly (�<0.05) increased compared 
to the control, when treated with 2.77 and 5.55 
mg/mL of PHW and 0.69, 1.38, 2.77 and 5.55 
mg/mL of PCW (Fig. 5).  

 

 
 

Fig. 3. Effect of the cool water (PCW) and hot water (PHW) polysaccharides of M. vernicipes on 
the macrophages and neutrophils’ ROI released 

The results represent the mean ± SEM (n = 3) and were analysed using the ANOVA test followed by Turkey’s 
post hoc test. Asterisks indicate significant differences in comparison to control or (LPS-treated cells), with *p < 
0.05, **p < 0.01 and ***p < 0.001. Letters indicate concentration dependent significant differences, with p < 0.05 

 

 
 

Fig. 4. Effect of the cool water (PCW) and hot water (PHW) polysaccharides of M. vernicipes on 
the macrophages and neutrophils’ lysosomal acid phosphatase activity 

The results represent the mean ± SEM (n = 3) and were analysed using the ANOVA test followed by Turkey’s 
post hoc test. Asterisks indicate significant differences in comparison to control or (LPS-treated cells), with *p < 
0.05, **p < 0.01 and ***p < 0.001. Letters indicate concentration dependent significant differences, with p < 0.05 
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Fig. 5. Effect of the cool water (PCW) and hot water (PHW) polysaccharides of M. vernicipes on 

the macrophages and neutrophils’ MPO activity 
 The results represent the mean ± SEM (n = 3) and were analysed using the ANOVA test followed by Turkey’s 
post hoc test. Asterisks indicate significant differences in comparison to control or (LPS-treated cells), with *p < 
0.05, **p < 0.01 and ***p < 0.001. Letters indicate concentration dependent significant differences, with p < 0.05 

 
Results of this study demonstrate that the 
polysaccharides of M. vernicipes affect the 
neutrophils adherence (Table 1). The OD value 
of each well, which is proportional to the number 
of neutrophils per well, was proportional to the 
increasing concentration of PHW and PCW. 

Compared to control (untreated neutrophils), a 
significant increase in OD value was detected in 
the neutrophil treated with PHW as well as PCW 
at 0.08, 0.17, 0.34, 0.69, 1.38, 2.77 and 5.55 
mg/mL. 

 
Table 1. Adherence of neutrophils stimulated with LPS and polysaccharides of M. vernicipes at 

various cell concentrations 
 

Treatment OD 492 nm 
Cell concentrations (per well) 

5x 105 2.5x105 
PHW PCW PHW PCW 

Untreated cells  0.46±0.09 0.46±0.09 0.27±0.01 0.27±0.01 
LPS 1 µg/ml 0.66±0.05* 0.66±0.05* 0.46±0.06* 0.46±0.06* 
Polysaccharides (mg/ml)   
5.55 1.19±0.04*** 1.70±0.13*** 0.68±0.02*** 0.97±0.09*** 
2.77 0.91±0.12* 1.40±0.06*** 0.67±0.01*** 0.62±0.03*** 
1.38 0.71±0.15 0.85±0.04** 0.58±0.04*** 0.59±0.04*** 
0.69 0.70±0.03 0.84±0.02** 0.58±0.01*** 0.58±0.01*** 
0.34 0.65±0.04 0.76±0.07* 0.54±0.02** 0.52±0.03** 
0.17 0.59±0.03 0.64±0.07 0.49±0.01* 0.49±0.01* 
0.08 0.62±0.16 0.52±0.02 0.48±0.01* 0.46±0.01* 
The results represent the mean ± SEM (n = 3) and were analysed using the ANOVA test followed by Turkey’s 

post hoc test. Asterisks indicate significant differences in comparison to untreated cells, with *p < 0.05, **p < 0.01 
and ***p < 0.001 
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3.3 Effects of Polysaccharides of M. 
vernicipes on Macrophages Viability 

 

To evaluate the cytotoxic effect of 
polysaccharides of M. vernicipes, MTT assay 
was realized on peritoneal macrophages. The 
assay revealed that the extracts had inhibitory 
effect on the viability of peritoneal cells (Table 2). 
PHW as well as PCW of M. vernicipes exhibited 
a significant inhibitory effect on the macrophages 
viability. The IC50 of PHW and PCW was 2.28 
and 8.15 mg/mL respectively. 
 

4. DISCUSSION 
 

M. vernicipes is recommended by traditional 
healers to treat opportunistic infections, in 
immunocompetent individual such HIV positive 
patients. Previously, some studies have reported 
the antibacterial [12] and antioxidant [13] effects 
of this plant, but have not been evaluated its 
effect over the immune system. This work aimed 
to evaluate the immunomodulatory effect of the 
crude polysaccharides (PHW and PCW) from M. 
vernicipes over peritoneal neutrophil and 
macrophage functions. Macrophages and 
neutrophils play an important role in recognition 
of foreign antigens, homeostasis, tissue repair 
and immunity. Phagocytosis process represent 
the major function of macrophages and 
neutrophils as they are able to destroy 
pathogens in part through ROS as O2

- or reactive 
nitrogen species (RNS) as NO [22,23] and 
lysosomal  enzymes as acid phosphatase [24]. 
These free radical species, including ROS and 
reactive nitrogen species (RNS), are 
continuously generated during aerobic 
metabolism [25]. Estimation of ROS levels in the 
culture media, in addition of the assessment of 
phagocytic index, is therefore an important step 

in understanding the phagocytes mechanisms 
contributing to fight invading microorganisms or 
to clear the body from abnormal cells.  
 
In this study, the PHW and PCW of M. vernicipes 
upgraded the vacuolating activity in 
macrophages and neutrophils stimulated by LPS. 
The production of NO and O2

-
 as well as the 

lysosomal acid phosphatase of LPS-stimulated 
macrophages and neutrophils also significantly 
increased by PHW and PCW of M. vernicipes. In 
addition, the PHW as well as PCW of M. 
vernicipes enhanced the MPO activity of the 
neutrophils stimulated by LPS and adherence of 
neutrophils in a significant concentration-
dependent manner. In the scientific literature no 
studies have evaluated the polysaccharides of 
fruit bodies or some metabolites isolated from M 
vernicipes. But, some reports have shown the 
immunostimulatory effect of mushroom. For 
example, our previous study on the aqueous 
extract T. letestui and T. clepeatus showed a 
good dose–response effect in antibody 
production and hypersensitivity test in vivo in 
mice [26,27]. Study carried out on various 
mushroom ‘species such as Amauroderma rude, 
showed that mushrooms ‘species can increase 
the immunological capacities of spleen 
lymphocytes, macrophages and natural killer 
cells  as well as macrophage metabolism and 
antibody production [14]. Other studies on 
Ganoderma lucidum [6] Lentinula edodes [7], 
Agaricus blazei [8], Antrodia camphorate [9] and 
Grifola frondosaI [10] reported that 
polysaccharides were one of the important 
bioactives responsible of immunomodulatory 
activities of mushroom. These findings indicate 
that polysaccharides of M. vernicipes are 
potential immuno-stimulator. 

 

Table 2. Cell viability and inhibitory effect of cool water polysaccharides (PCW) and hot water 
polysaccharides (PHW) of M. vernicipes 

 

Treatment PHW PCW 
% Viable cells % Inhibition % Viable cells % Inhibition 

Medium 100 - 100 - 
LPS -1µg/ml 129.44±5.42*** 0 129.44±5.42*** 0 
Polysaccharides (mg/ml) 
11.1 39.93±2.76

***
 60.06 47.17±3.14

***
 52.82 

5.55 45.94±3.03
***

 54.05 50.07±2.02
***

 49.92 
2.77 45.42±7.40*** 54.57 51.73±8.58*** 48.26 
1.38 51.31±10.14

***
 48.68 56.16±5.78

**
 43.83 

0.69 63.43±19.30*** 36.56 64.88±26.93* 35.11 
0.34 66.00±1.70

**
 33.99 66.81±12.13

*
 33.18 

IC50 2.28 8.15 
The results represent the mean ± SEM (n = 3) and were analysed using the ANOVA test followed by Turkey’s 

post hoc test. Asterisks indicate significant differences in comparison to untreated cells, with *p < 0.05, **p < 0.01 
and ***p < 0.001 
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In the immune response, secretion of NO and is 
mainly controlled by iNOS [28]. This enzyme, 
iNOS and other secretion by macrophages and 
neutrophils are mainly regulated by NF-κB, 
MAPKs and AKT [29]. The resulted signaling 
mechanism would finally decide the secretion 
profile of macrophages [30]. In the present study, 
this signaling mechanism was not studied to 
elucidate the signal transduction, however 
macrophages and neutrophils were activated by 
LPS and this response was stimulated by 
polysaccharides of M. vernicipes. As LPS is 
known to activate macrophages essentially 
through NF-κB [31], the activity of 
polysaccharides of M. vernicipes may result from 
effect on NF-κB signaling pathway. 
 
In our study, the PHW and PCW of M. vernicipes 
did not showed a significant cytotoxic effect               
in macrophages. Also, the PHW and PCW of               
M. vernicipes showed a low but significant 
increase in the proliferation of the         
macrophages in a concentration-dependent 
manner.  
 

4. CONCLUSION 
 
Polysaccharides of M. vernicipes showed to       
have strong functions in immunopotentiation in 
vitro. We found that the PHW and PCW were 
able to up-regulate in macrophages and 
neutrophils the phagocytic index, production of 
ROS and RNS, lysosomal acid phosphatase 
production, neutrophils’ MPO activity and 
adherence.  
 
CONSENT 
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
All procedures involving animals and their care 
were approved by the Ethics Committee of the 
Biochemistry Laboratory. 
 
ACKNOWLEDGEMENTS 
 
All are grateful to the Institute of Agricultural 
Research for Development (IRAD) Bambui, 
Cameroon. The authors are grateful to the 
Director of IRAD and its collaborators. The 
authors are grateful to Njuonkou L-A of the 
Department of biological Sciences, University of 
Bamenda, for the identification of the mushroom 
specie. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Chan GC, Chan WK, Sze DM. The effects 

of beta-glucan on human immune and 
cancer cells. J. Hematol. Oncol. 2009;2:25. 
DOI: 10.1186/1756-8722-2-25  

2. Wong KH, Lai CKM, Cheung PCK. 
Immunomodulatory activities of mushroom 
sclerotial polysaccharides. Food Hydrocoll. 
2011;25:150-158. 

3. Gathings R, Lewallen, R, Yosipovitch G. 
Immunotherapy-induced leukoderma from 
treatment of melanoma with IL-2: a case 
report and a review of the literature. Acta 
Derm.-Venereol. 2015;95:197-200. 

4. Honghui P., Yuanyuan H, Jiguo H, 
Xiongtao Y, Chunwei J, Xiaobing Y, Preet 
D, Yizhen X, Burton B. Y. Purification and 
identification of a polysaccharide from 
medicinal mushroom Amauroderma rude 
with immunomodulatory activity and 
inhibitory effect on tumor growth. 
Oncotarget, 2015;6(19):17777- 17791. 

5. Persson A, Skagerberg G, Salford LG, 
Englund E. Brain  Immuno-Gene Tumour  
Therapy,  G.,  Immunotreatment  in  
patients  with  glioblastoma  multiforme—a 
histopathological evaluation of reactive and 
inflammatory changes. Clin Neuropathol. 
2005;24:201-208. 

6. Huang SQ, Ning ZX. Extraction of 
polysaccharide from Ganoderma lucidum 
and its immune enhancement activity. Int J 
Biol Macromol. 2010;47:336–341. 

7. Jung BG, Lee JA, Lee BJ. 
Immunoprophylactic effects of shiitake 
mushroom (Lentinula edodes) against 
Bordetella bronchiseptica in mice. J 
Microbiol. 2012;50:1003–1008. 

8. Forland DT, Johnson E, Tryggestad AM, 
Lyberg T, Hetland G. An extract based on 
the medicinal mushroom Agaricus blazei 
Murill stimulates monocyte-derived 
dendritic cells to cytokine and chemokine 
production in vitro. Cytokine. 2010; 
49:245–250. 

9. Chen CJ, Vijaya Krishna R, Tsai CC, Wu 
WH, Chao LK, Hwang KH, Chien CM, 
Chang HY, Chen ST. Structure and 
functions of gamma-dodecalactone 
isolated from Antrodia camphorata for NK 



 
 
 
 

Mahamat et al.; JPRI, 32(36): 1-11, 2020; Article no.JPRI.63601 
 
 

 
10 

 

cell activation. Bioorg Med Chem. 
2010;18:6896–6904. 

10. Adachi Y, Okazaki M, Ohno N, Yadomae 
T. Enhancement of cytokine  production  
by  macrophages stimulated with (1—>3)-
beta-D-glucan, grifolan (GRN), isolated 
from Grifola frondosa. Biol Pharm Bull. 
1994;17:1554–1560. 

11. Tonjock RK, Azinue CL, Seino RA. 
Molecular phylogeny of polyporales from 
bafut Forest, Cameroon and Their 
Importance to Rural Communities.   
Journal of Biology and Life Science. 
2019;10(2). 
DOI:10.5296/jbls.v10i2.14339. 

12. Gebreselema G,
 
Andrew N,

 
Christine B, 

Desta BS. Determination of Antimicrobial 
Activity of Extracts of Indigenous Wild 
Mushrooms against Pathogenic 
Organisms. Evidence-Based 
Complementary and Alternative Medicine. 
2019;7. Article ID 6212673. 
DOI: 10.1155/2019/6212673 

13. Dilusha F, Ravi W, Preethi S, Dilip de S, 
Chandrika N. Strong radical scavenging 
macrofungi from the dry zone forest 
reserves in Sri Lanka. Frontiers in 
Environmental Microbiology. 2015;1(2):32-
38.  
DOI: 10.11648/j.fem.20150102.15 

14. Honghui P, Yuanyuan H, Jiguo H, 
Xiongtao Y, Chunwei J, Xiaobing Y, Preet 
D, Yizhen X, Burton BY. Purification and 
identification of a polysaccharide from 
medicinal mushroom Amauroderma rude 
with immunomodulatory activity and 
inhibitory effect on tumor growth. 
Oncotarget. 2015;6(19):17777-17791 

15. Ray A, Dittel BN. Isolation of mouse 
peritoneal cavity cells. J. Vis. Exp. 
2010;35:e1488. 
DOI: 10.3791/1488 

16. Strober W. Trypan blue exclusion test of 
cell viability. Curr. Protoc. Immunol. 
2015;111:A3.B.1-A3.B.3.  
DOI: 10.1002/0471142735.ima03bs111 

17. Kumar P, Nagarajan A, Uchil PD. Analysis 
of Cell Viability by the MTT Assay. Cold 
Spring Harbor Protocols. 
2018;6:pdb.prot095505.  
DOI: 10.1101/pdb.prot095505 

18. Abhishek S. S & Archana R. J. In vitro and 
in vivo immunostimulatory activity of 
Woodfordia fruticosa flowers on non-
specific immunity. Pharmaceutical Biology. 
2010;48(9):1066-1072.  
DOI: 10.3109/13880200903490497 

19. Ivan C-Z, Jaqueline C-C, Karla F-M, 
Zhelmy M-Q, Julio Cesar T-R Julio C L-R, 
Mario A R-C & Víctor E A-A 
Immunomodulatory effects of the 
methanolic extract from 
Pouteriacampechiana leaves in 
macrophage functions. Food and 
Agricultural Immunology. 2018;29(1):386-
399. 
DOI: 10.1080/09540105.2017.1386163 

20. Oumar M, Hakoueu F, Christopher T, 
Albert K. Immunomodulatory Activity of 
Momordica charantia L. (Cucurbitaceae) 
Leaf Diethyl Ether and Methanol Extracts 
on Salmonella typhi-Infected Mice and 
LPS-Induced Phagocytic Activities of 
Macrophages and Neutrophils. Evidence-
Based Complementary and Alternative 
Medicine; 2020. Article ID 5248346, 11 
pages.  
DOI.org/10.1155/2020/5248346 

21. Naoshi Y, Tomio I, Tadashi W, Keiji T, 
Fujiro S. A novel neutrophil adherence test   
effectively reflects the activated state of 
neutrophils. Microbiol. Immunol. 
1989;33(10):843-852. 

22. Zhu SJ, Pan J, Yang JJ, Zhou A. Immune 
activation and toxicity evaluation of fresh 
Cordyceps militaris extracts by high-
pressure processing. Food and Agricultural 
Immunology. 2015;26 (5):645–658.  
DOI:10.1080/09540105.2015.1007445 

23. Abhishek S. Shah, Archana R. Juvekar. In 
vitro and in vivo immunostimulatory activity 
of Woodfordia fruticosa flowers on non-
specific immunity. Pharmaceutical Biology.  
2010;48(9):1066–1072.  

24. Flannagan RS, Heit B, Heinrichs DE. 
Antimicrobial mechanisms of macrophages 
and the immune evasion strategies of 
Staphylococcus aureus. Pathogens (basel, 
Switzerland), 2015;4(4):826–868.  
DOI:10.3390/pathogens4040826 

25. Broeg K. Acid phosphatase activity in liver 
macrophage aggregates as a marker for 
pollution-induced immunomodulation of the 
non-specific immune response in fish. 
Helgol Mar Res. 2003;57:166–175.  
DOI.org/10.1007/s10152-003-0154-2 

26. Oumar M, Tume C, Njouonkou A-L, 
Amadoh J, Nfor N, Kamanyi A.Screening 
of the immunomodulatory and antibacterial 
activity of Termitomyces letestui (Pat.) 
Heim (Lyophyllaceae), an edible 
mushroom from Cameroon. J Basic Clin 
Physiol Pharmacol. 2018;29(6):645-650.  
DOI: 10.1515/jbcpp-2017-0189 



 
 
 
 

Mahamat et al.; JPRI, 32(36): 1-11, 2020; Article no.JPRI.63601 
 
 

 
11 

 

27. Oumar M., Njouonkou A-L, Tume C, 
Abamukong AM and Kamanyi A. 
Assessment of antimicrobial and 
immunomodulatory activities of termite 
associated fungi, Termitomyces    
clypeatus R. Heim (Lyophyllaceae, 
Basidiomycota). Clinical Phytoscience. 
2018;4:28. 
DOI: 10.1186/s40816-018-0089-4 

28. Wang B. Chemical characterization and 
ameliorating effect of polysaccharide from 
Chinese jujube on intestine oxidative injury 
by ischemia and reperfusion. Int. J. Biol. 
Macromol. 2011;48:386-391. 

29. Zhou JX, Fan LX, Li X, Calvet, JP, Li X. 
TNF-alpha signaling regulates cystic 

epithelial cell proliferation through 
Akt/mTOR and ERK/MAPK/Cdk2 mediated 
Id2 signaling. PloS one. 2015;10: 
e0131043. 

30. Blase B. Macrophage activation: Role of 
toll-like receptors, nitric oxide, and nuclear 
factor kappa B. American Journal of 
Pharmaceutical Education. 2006;70(5). 
Article 102. 

31. Xu X, Pan C, Zhang L, Ashida H. 
Immunomodulatory beta-glucan from 
Lentinus edodes activates mitogen 
activated protein kinases and nuclear 
factor-kappaB in murine RAW 264.7 
macrophages. J. Biol. Chem. 2011;286: 
31194-31198. 

 

© 2020 Mahamat et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/63601 


