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ABSTRACT 

Background: High-molecular β-D-glucans of basidiomycetes modify the immune response and indirectly affect antitumor 

mechanisms by stimulating the activity of various immune cells and signaling pathways. However, the severity of the 

immune activity of β-D-glucans depends on many factors, which indicates the need to study them to obtain standardized 

agents of various pathogenetic directions. 

Objective: Evaluation of the antitumor activity of the chitin-glucan complex in the form of aqueous suspensions obtained 

from the fungi Ganoderma lucidum, Grifola frondosa, and Phallus impudicus using the Ehrlich adenocarcinoma (ACE) 

model. 

Methods: The work was carried out on male F1(C57Bl×CBA) hybrid mice. Animals were transplanted subcutaneously 

with ACE at a dose of 106 cells in 0.5 ml of Hank's solution. Animals were given prophylactic oral administration of 

suspensions of fungi for 10 days before inoculation with ACE. After inoculation with ACE, suspensions of fungi were orally 

administered to animals of these groups for 28 days for therapeutic purposes. From the 6th day after transplantation of 

the tumor, its volume was recorded in mm3 according to three linear dimensions. 

Results: Survival in all groups of animals within 28 days after inoculation with ACE was 100%. Administration of aqueous 

suspensions of Phallus impudicus, Ganoderma lucidum, and Grifola frondosa fungi to animals with ACE compensated for 

metabolic disturbances in the body, which increased the dynamics of their weight gain. However, the weight of these 

animals on the 28th day of the experiment did not reach the weight of animals that were not transplanted with ACE. 

Against the background of the introduction of suspensions of these fungi to animals from 6 to 11 days, a statistically 
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significant (p<0.05) effect of inhibition of the development of the ECA volume was obtained, which did not depend on 

the type of fungi studied. 

Conclusion: Aqueous suspensions of these fungi have a similar effect of inhibiting the development of ACE. This allows 

us to consider the chitin-glucan components of the studied mushrooms as substances with indirect antitumor activity 

for their standardization and optimization of their use for prophylactic or therapeutic purposes. 

Keywords: β-D-glucans, chitin-glucan complex, basidiomycetes, Ehrlich's adenocarcinoma. 
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INTRODUCTION 

The immunomodulatory and antitumor activity of 

basidiomycetes is associated with the polysaccharide 

components of their cell wall containing high molecular 

weight β-D-glucans. These biopolymers consist of D-

glucose residues linked by 1→3 β-glycosidic bonds; the 

core of the glycosidic chain has 1→6 side branches 

specific for fungal glucans [1-2]. Mushroom β-D-glucans 

are studied and considered biological response modifiers 

since their interaction with immune cell receptors causes 

an effective immune response not only against antigens 

of pathogenic microorganisms, but also against tumor 

cells [3]. 

There are three main mechanisms of action of β-D-

glucans that enhance antitumor immunity based on 

immunomodulatory, antiangiogenic, and cytotoxic 

effects [4-6]. The biological activity of β-D-glucans 

depends both on the structure, size of the 

polysaccharide chain, the presence and number of 

branches from the main chain, molecular weight, and 

charge [7-9], but also on their activation of innate 

immunity receptors [10-11]. There have been multiple 

studies on receptors that recognize β-D-glucans. 

http://www.ffhdj.com/
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The first receptor is dectin-1, which belongs to the 

signal type of pattern-recognition receptors, or PRR 

receptors. This receptor is expressed on dendritic cells 

(DC), monocytes, macrophages, and, to a lesser extent, 

on neutrophils [12-13]. Biological effects caused by β-D-

glucans through the dectin-1 receptor are associated 

with maturation of dendritic cells (DC), activation of 

phagocytosis and endocytosis, respiratory burst, 

formation of nitric oxide, synthesis of various cytokines 

and chemokines, and enhanced adaptive immune 

responses that inhibit growth tumor cells and metastasis 

[14-15]. These effects are realized in various ways: via the 

classical NF-κB pathway involving Src- and Syk-kinases 

and signal adapter protein CARD9 involving Bcl-10 and 

MALT1 [16] or signal transmission occurs with the 

involvement of ERK and MAPK proteins instead of CARD9 

[17]. 

The second receptor, through which the 

immunomodulatory effect of β-D-glucan is realized, is the 

complementary receptor 3 (CR3), known as Mac-1 or 

CD11b/CD18 integrin [18-19]. This receptor is localized 

predominantly on neutrophils, EK, and to a lesser extent 

on monocytes, B cells (CD5 subpopulation), and T cells 

(CD8 subpopulation). Mature macrophages lack CR3. The 

ligands for this receptor are ICAM-1 adhesion molecules, 

fibrinogen, and β-D-glucans. Through CR3, such 

important functions as cell migration through the 

endothelium of the vascular wall to the site of 

inflammation, phagocytosis by neutrophils, oxygen burst, 

degranulation, as well as cytotoxicity of natural killers 

(NK), which ensure the recognition and destruction of 

tumor cells, are carried out. 

The third group of receptors interacting with β-D-

glucans includes scavenger receptors (SR) or scavenger 

receptors [20]. These receptors are divided into 12 

classes (A, B, C, D et al) and are expressed on myeloid 

cells, phagocytic cells, macrophages, DCs, neutrophils, 

monocytes, T and B lymphocytes, and on some tumor 

cells [21]. In addition, they perform various functions in 

cancer: they inhibit the production of NO, IFN-β and IFN-

γ TAMs necessary for tumor cell invasion, DC activation, 

and antigen cross-presentation, induction of tolerogenic 

DCs, regulation of tumor angiogenesis, suppression of 

leukemic stem cells [2-24].  

Stimulation of these receptors by fungal β-D-

glucans leads to various antitumor defense reactions. 

Several studies have shown that polysaccharides isolated 

from the higher fungi Agaricusblazei, Agaricusbisporus, 

Grifola frondosa, Ganoderma lucidum, and Tricholoma 

matsutake increase cytotoxicity and EK population size 

[25-27]. The polysaccharide lentinan, isolated from the 

fruiting body of the fungus Lentinus edodes, has been 

approved in Japan as an adjuvant in the treatment of 

gastric cancer [28]. The paper [29] reports on 

polysaccharide products isolated from Poriacocos, 

Ganoderma lucidum, and Grifola frondosa, which are 

used in China for radiation and chemotherapy of various 

types of cancer. Thus, the antitumor activity of fungal 

polysaccharides is confirmed by experimental and clinical 

studies. 

Additionally, these substances can inhibit the 

growth and development of tumor cells by stopping the 

cell cycle, inducing apoptosis, antiangiogenesis, and 

regulating the tumor microenvironment. Furthermore, 

they are able to modify the body's immune response and 

indirectly affect its antitumor mechanisms, while 

simultaneously stimulating various immune cells and 

signaling pathways. However, fungal β-D-glucans have 

different immune activity. The activity depends on many 

factors, which indicates the need for their detailed study, 

including for obtaining standardized agents and their 

further use.  

The study aims to evaluate the antitumor activity of 

the chitin-glucan complex in the form of aqueous 

suspensions containing β-D-glucans obtained from 

Phallus impudicus, Ganoderma lucidum and Grifola 

frondosa on an experimental model of Ehrlich's 

adenocarcinoma (ACE). 
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METHODS 

The study was carried out on 75 male F1(C57BlxCBA) 

hybrid mice aged 6 weeks, weighing 18.0–20.0 g. The 

animals were obtained from the Stolbovaya specialized 

nursery (Moscow region). The animals were kept in a 

well-ventilated room under standard vivarium 

conditions. There were 4-6 individuals each at 22-24°C 

humidity between 45% and 65%, with a 12/12-hour light 

regimen on a standard laboratory diet of 26% protein, 

63% carbohydrate, and 11% fat, and free access to water 

and food. For their feeding, complete granular feed and 

drinking water were used, and the animals were cared for 

in the first half of the day. Before the start of the study, 

the animals were quarantined for 14 days. Animals with 

signs of disease or visible damage were excluded from 

the experiment. All necessary manipulations were 

performed in compliance with the rules of humane 

treatment of laboratory animals used for scientific 

purposes. 

After quarantine, the mice were divided into 

groups: the animals of group 1 (n=15) were not 

transplanted subcutaneously with ACE and were not 

administered orally with aqueous suspensions of fungi - 

intact group; animals of groups 2 (n=15), 3 (n=15), 4 

(n=15), and 5 (n=15) were subcutaneously transplanted 

with ACE at a dose of 106 cells in 0.5 ml of Hank's solution. 

Oral administration of aqueous suspensions of 

fungi: animals of group 2 were not injected with fungal 

preparations - the group for the control of the 

development of ACE; animals of groups 3, 4, and 5 were 

given prophylactic administration of suspensions of fungi 

for 10 days before inoculation with ACE, and after 

inoculation with ACE, animals of these groups received 

therapeutic administration of suspensions of fungi for 28 

days. Group 3 animals received an aqueous suspension of 

Phallus impudicus. Group 4 animals received an aqueous 

suspension of Ganoderma lucidum. Group 5 animals 

received an aqueous suspension of Grifolafrondosa. The 

oral dose of Ganoderma lucidum and Phallus impudicus 

was 1.2 mg/mouse, and the oral dose of Grifolafrondosa 

was 1.8 mg/mouse. From the 6th day after 

transplantation of the tumor, its volume was recorded in 

mm3 according to three linear dimensions. 

Measurements of tumor volumes and control of the 

weight of the animals were performed every 3 days. The 

weight of the animals was recorded in grams (g). 

To obtain aqueous suspensions of Ganoderma 

lucidum and Grifolafrondosa, dry fruiting bodies were 

used, which were crushed to particles <100 µm in size 

and then placed in distilled water. Before the 

introduction, aqueous suspensions were kept in a water 

bath at a temperature of +90.00C for 15 minutes. Then, 

aqueous suspensions of these fungi were cooled to a 

temperature of +21.00C and injected into the animals. For 

an aqueous suspension of Phallus impudicus, mycelium 

was used, which was obtained by deep cultivation. Next, 

the mycelium was freeze-dried, crushed to particles <100 

μm in size, and placed in distilled water. Before 

administration, the suspension of this fungus was kept in 

a water bath at a temperature of +90.00C for 15 minutes, 

cooled to a temperature of +21.00C, and administered to 

the animals. Aqueous suspensions of these fungi differed 

in the method of preparation but had a similar active 

component: a chitin-glucan complex containing β-D-

glucan. Using the method of enzyme analysis [36], the 

amount of β-D-glucan in the chitin-glucan complex of 

Ganoderma lucidum was 26.8 wt%, in the chitin-glucan 

complex of Grifola frondosa - 32.5 wt%, in the chitin-

glucan complex of Phallus impudicus - 28.0 wt%. 

For statistical processing of the study results, the 

SPSS 13.0 for Windows and Microsoft Excel software 

packages were used. The software contains descriptive 

statistics methods, as well as analysis of variance and the 

nonparametric Mann-Whitney test to compare the 

significance of differences in parameters in independent 

groups [30, 31]. The probability p<0.05 was assessed as 

sufficient to conclude that there were statistically 

significant differences in the results of the study. 
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Bioactive Compounds in Health and Disease 2023; 6(11): 292-302       BCHD Page 296 of 302

RESULTS 

Table 1 presents the results of changes in the weight of 

mice in groups 1 and 2, as well as the significance of 

differences in the average values of the weight of animals 

between these groups. The results in Table 1 show that 

in the animals of control group 1 (animals without ECE 

transplantation), there is a fairly rapid dynamics of 

weight gain, which indicates their normal physiological 

development. During the experiment, the weight of the 

animals increased from 18.12±0.002 g to 29.11±0.331 g. 

d, which is associated with the development of a tumor 

process that changes the normal metabolic activity of the 

body. Differences in mean animal weights between 

groups 1 and 2 are statistically significant (p<0.01), which 

allows these values to be used as control parameters. 

Table 2 shows the changes in the weight of animals 

between group 2 and group 3. Animals of group 3, who 

received an oral aqueous suspension of the fungus 

Phallus impudicus against the background of the 

development of ACE, showed a statistically significant 

(p<0.01) increase in weight from 19.19±0.002 g to 25.89 

± 0.048 g relative to the weight of animals in group 2. 

The results demonstrate that the administration of 

an aqueous suspension of Phallus impudicus to 

animals activates antitumor defense 

mechanisms that compensate for metabolic 

disorders in the body. However, the weight gain of 

animals in this group does not reach the weight of 

animals in group 1 (control).  

Tables 3 and 4 show the changes in animal weight 

between groups 2 and groups 4 and 5, respectively. The 

results show a similar direction of changes in the weight 

of animals between group 2 and groups 4 and 5. Against 

the background of the development of ACE and oral 

administration of aqueous suspensions of fungi from 

Ganoderma lucidum (Table 4) and Grifola frondosa 

(Table 5) to these animals, similar values of weight gain 

are also noted. These changes in weight are relative to 

the weight of mice of group 2. The obtained changes in 

the values of the weight of animals are statistically 

significant (p<0.01). This means that the introduction of 

aqueous suspensions 

of these types of basidiomycetes to animals against the 

background of the development of ACE increases their 

weight, which is associated with compensation for the 

toxic manifestations of the tumor process.  

Figure 1 shows the results of changes in the size of 

the ECE (V, mm3) in groups of animals 2, 3, 4 and 5. The 

results in Figure 1 demonstrate a slowdown in the 

dynamics of growth in the volume of ECE from days 6 to 

11 in groups of animals 3, 4 and 5, treated with water 

suspensions from fungi Phallus impudicus, Ganoderma 

lucidum, Grifola frondosa, respectively. In the group of 

animals 2, which were not injected with suspensions of 

fungi, there was a pronounced increase in the volume of 

ACE from 6 to 11 days and, further, the dynamics of this 

process persisted until the 28th day of the experiment. 

The survival rate of animals in all groups from 6 to 28 days 

of observation was 100%. 

Table 5 shows the significance of differences in the 

median values of the volumes of ACE in mice between 

groups 2–3, 2–4, and 2–5. The results in Table 5 show that 

in these groups of animals from 6 to 11 days of the 

experiment, a statistically significant (p<0.01) decrease in 

the values of ACE volumes relative to the volumes of ACE 

in animals of group 2 is noted. This indicates the presence 

of an effect of delaying the development of ACE when 

administered to animals with suspensions of 

basidiomycetes. However, from the 14th to the 28th day 

of the experiment in these groups, a statistically 

significant effect of the delay in the volume of ACE 

relative to the volume of ACE in animals of group 2 was 

not detected (p>0.05). This means that the effect of 

inhibition of the development of ACE is noted only in the 

early stages of the tumor process, i.e. within 11-12 days 

after its inoculation with animals. The slowdown in the 

dynamics of ACE development in animals may be 

associated with the prophylactic administration of 

aqueous suspensions of the studied fungi. The treatment 

regimen for their oral administration needs further 

detailing. 
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Table 1. Statistical significance of differences in mean animal weights between groups 1 and 2. 

Study time, 

days 

Average weight of animals, 

dispersion (A ± D) 

F-criterion F-critical

meaning 

Level 

significance, р 

Group 1 Group 2 

6 18.12 ± 0.002 18.58 ± 0.004 542.20 4.19 <0.01 

8 21.11 ± 0.005 19.12 ± 0.004 6429.40 4.19 <0.01 

11 22.16 ± 0.008 19.65 ± 0.016 4029.34 4.19 <0.01 

14 24.16 ± 0.004 20.15 ± 0.008 19441.27 4.19 <0.01 

18 25.15 ± 0.011 20.46 ± 0.007 17805.67 4.19 <0.01 

21 26.25 ± 0.008 20.58 ± 0.013 2200.47 4.19 <0.01 

25 27.59 ± 0.104 21.68 ± 0.237 1536.42 4.19 <0.01 

28 29.11 ± 0.331 21.77 ± 0.334 1213.89 4.19 <0.01 

Table 2. Statistical significance of differences in mean animal weights between groups 2 and 3. 

Study time, 

days 

Average weight of animals, 

dispersion (A ± D) 

F-criterion F-critical

meaning 

Level 

significance, р 

Group 2 Group 3 

6 18.58 ± 0.004 19.19 ± 0.002 854.00 4.19 <0.01 

8 19.12 ± 0.004 20.13 ± 0.004 1818.17 4.19 <0.01 

11 19.65 ± 0.016 20.67 ± 0.011 572.61 4.19 <0.01 

14 20.15 ± 0.008 21.12 ± 0.006 1015.23 4.19 <0.01 

18 20.46 ± 0.007 22.15 ± 0.006 3224.20 4.19 <0.01 

21 20.58 ± 0.013 23.17 ± 0.013 3704.12 4.19 <0.01 

25 21.68 ± 0.237 24.48 ± 0.110 332.55 4.19 <0.01 

28 21.77 ± 0.334 25.89 ± 0.048 315.69 4.19 <0.01 

Table 3. Statistical significance of differences in mean animal weights between groups 2 and 4. 

Study time, 

days 

Average weight of animals, 

dispersion (A ± D) 

F-criterion F-critical

meaning 

Level 

significance, р 

Group 2 Group 4 

6 18.58 ± 0.003 18.81 ± 0.002 122.14 4.19 <0.01 

8 19.12 ± 0.004 19.61 ± 0.003 485.75 4.19 <0.01 

11 19.65 ± 0.016 20.23 ± 0.009 250.37 4.19 <0.01 

14 20.14 ± 0.008 21.00 ± 0.009 624.10 4.19 <0.01 

18 20.46 ± 0.007 21.67 ± 0.012 1120.99 4.19 <0.01 

21 20.58 ± 0.014 23.19 ± 0.008 4680.45 4.19 <0.01 

25 21.68 ± 0.237 23.27± 0.174 92.79 4.19 <0.01 

28 21.77 ± 0.334 24.97± 0.655 155.95 4.19 <0.01 
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    Table 4. Statistical significance of differences in mean animal weights between groups 2 and 5. 

Study time, 

days 

Average weight of animals, 

dispersion (A ± D) 

F-criterion F-critical

meaning 

Level 

significance, р 

Group 2 Group 5 

6 18.58 ± 0.003 18.10 ± 0.003  579.44 4.19 <0.01 

8 19.12 ± 0.004 19.49 ± 0.003 279.05 4.19 <0.01 

11 19.65 ± 0.016 20.02 ± 0.009 81.22 4.19 <0.01 

14 20.14 ± 0.008 20.64 ± 0.004 278.89 4.19 <0.01 

18 20.46 ± 0.007 21.30 ± 0.019 410.65 4.19 <0.01 

21 20.58 ± 0.014 22.47 ± 0.008 2526.21 4.19 <0.01 

25 21.68 ± 0.237 23.60 ± 0.142 146.29 4.19 <0.01 

28 21.77 ± 0.334 24.43 ± 0.479 130.07 4.19 <0.01 

Fig.1. Mean values and standard deviations of ACE volumes in groups of mice 2, 3, 4, 5. The ordinates axis is the average 

ACE volume, V, mm3. The abscissa axis is the study time, in days. The animal group numbers are gr2, gr 3, gr 4, gr 5. 

Table 5. Statistical significance of differences in median values of ACE volumes of mice between groups 2-3, 2-4 and 2-5 

from days 6 to 28 of the experiment. 

Observation 

time, days 

Animal Group 

Numbers 

Median ACE 

values, V, mm3 

Average Rank 

Values 

U values 

(MU) Z values 

Level 

significance, р 

6 

6 

6 

2-3 152; 47 22.77;8.23 3.50 -4.52 <0.01 

2-4 152; 51 21.03; 9.97 29.50 -3.44 <0.01 

2-5 152; 81 22.83; 8.17 2.50 -4.56 <0.01 

8 

8 

8 

2-3 207; 76 22.87; 8.13 2.00 -4.58 <0.01 

2-4 207; 94 22.33; 8.67 10.00 -4.25 <0.01 

2-5 207; 103 22.53; 8.47 7.00 -4.38 <0.01 

11 2-3 475; 255 21.10; 9.90 28.50 -3.48 <0.01 
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11 

11 

2-4 475; 272 21.57; 9.43 21.50 -3.78 <0.01 

2-5 475; 245 21.93; 9.07 16.00 -4.00 <0.01 

14 

14 

14 

2-3 742; 582 18.40; 12.60 69.00 -1.80 >0.05

2-4 742; 588 18.47; 12.53 68.00 -1.85 >0.05

2-5 742; 599 17.93; 13.07 76.00 -1.51 >0.05

18 

18 

18 

2-3 1543; 1343 17.53; 13.47 82.00 -1.27 >0.05

2-4 1543; 1389 19.13; 11.87 58.00 -2.26 <0.05 

2-5 1543; 1269 17.77; 13.23 78.50 -1.41 >0.05

21 

21 

21 

2-3 2134; 1938 16.80; 14.20 93.00 -0.82 >0.05

2-4 2134; 1938 18.73; 12.27 64.00 -2.01 <0.05 

2-5 2134; 1269 18.53; 12.47 67.00 -1.89 >0.05

25 

25 

25 

2-3 2797; 2836 15.33; 15.67 110.00 -0.10 >0.05

2-4 2797; 2725 18.73; 12.27 64.00 -2.01 <0.05 

2-5 2797; 2333 15.83; 15.17 107.50 -0.21 >0.05

28 

28 

28 

2-3 3671; 3357 17.10; 13.90 88.50 -0.99 >0.05

2-4 3671; 3356 18.03; 12.97 74.50 -1.58 >0.05

2-5 3671; 3087 17.40; 13.60 84.00 -1.18 >0.05

Note: MU is the Mann-Whitney test. 

DISCUSSION 

The results of the experiment showed that, on the one 

hand, aqueous suspensions of the fungi Ganoderma 

lucidum, Grifola frondosa and Phallus impudicus, when 

administered orally, delay the development of ACE in 

animals after inoculation at the early stages (first 6-11 

days) of the tumor process. The presence of this effect 

confirms the antitumor activity of β-D-glucans of 

basidiomycetes, the mechanisms of which have been 

intensively studied over the past decades [32, 33]. 

Moreover, in Japan, the polysaccharide lentinan from 

Lentinula edodes has been approved as a biological 

response modifier in the treatment of gastric cancer [34]. 

On the other hand, the results of our study showed that 

the effect of inhibiting the development of ACE does not 

depend on the type of these fungi and the method of 

obtaining the chitin-glucan complex. This means that 

both the fruiting bodies of Ganoderma lucidum and 

Grifola frondosa and the mycelium of Phallus impudicus 

can be used to obtain aqueous suspensions of these 

fungi; their common active ingredient is β-D-glucans. 

Notably, basidiomycetes from different 

geographical regions may differ, both in component 

composition and in the quality and quantity of β-D-

glucans [35]. This makes it difficult to standardize such 

biological substances and limits their use in the form of 

drugs. 

In our study, we used the fruiting bodies of 

Ganoderma lucidum and Grifola frondosa growing under 

natural conditions in the Altai Territory, and the 

mycelium of Phallus impudicus was obtained from the 

collection of mushrooms of the Komarov Botanical 

Institute (St. Petersburg, Russia). Using the method of 

enzyme analysis [36], we determined that the amount of 

β-D-glucan in the chitin-glucan complex of Ganoderma 

lucidum was 26.8 wt%, in the chitin-glucan complex of 

Grifola frondosa - 32.5 wt%, in the chitin-glucan complex 

Phallus impudicus - 28.0 mass%. These differences in the 

content of β-D-glucan in these complexes are minimal (4-

6 wt%), and the obtained effect of inhibition of the 

development of ACE in animals has a similar direction and 
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severity. β-D-glucans of these fungi have a common 

structure and physicochemical properties, which showed 

comparable biological effectiveness associated with the 

indirect antitumor activity of aqueous suspensions of the 

studied fungi. 

Bioactive compounds have gained popularity in the 

fight against cancer in recent years [37]. Therefore, the 

creation of functional food products containing 

mushroom beta-glucans for patients suffering from 

cancer is a relevant direction. For example, it is necessary 

to conduct additional studies determining the 

mechanisms of anticancer activity of these biopolymers. 

The structure and functional activity of β-D-glucans of 

these and other species of basidial fungi also require 

detailed study, which will allow identification of 

promising biopolymers for further clinical trials and their 

subsequent application. A possible technological solution 

to this problem is the application of the method of deep 

cultivation of mushroom mycelium to obtain a 

standardized form of the substance with known 

physicochemical and functional characteristics. 

CONCLUSIONS 

1. Oral administration of aqueous suspensions of

fungi from Ganoderma lucidum, Grifola frondosa

and Phallus impudicus to animals causes a delay in

the development of the volume of ACE at 6-11

days after inoculation.

2. Aqueous suspensions of the fungi Ganoderma

lucidum, Grifola frondosa and Phallus impudicus

have a similar effect of inhibiting the development

of ACE in the early stages of the development of

the tumor process - 6-11 days.

3. Chitin-glucan components of the studied

mushrooms can be considered substances with

indirect antitumor activity for their further

standardization and optimization of use for

preventive or therapeutic purposes.

List of Abbreviations: ACE – Ehrlich adenocarcinoma, MU 

– Mann-Whitney test, DC – dendritic cells, PRR – pattern-

recognition receptors. 
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