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Introduction
β1,3-D-glucan (hereafter referred to as “glucan”) is a member of a group of natural materials 

generally called biological response modifiers. Glucan is conserved carbohydrate forming structural 
components of cell walls of yeast, fungi, grains, and seaweed. Glucan consists of various numbers of 
glucose molecules bound together in various types of linkages. 

Glucan was found to have pleiotropic effects on various biological processes, most of all on several 
aspects of immunity. Among these well-established effects are stimulation of anti-infectious immunity, 
inhibition of cancer growth, reduction of stress, reduction of cholesterol level or improvements of 
vaccination (for review, see [1,2]). So far, glucan’s effects include both branches of immune reactions 
and was found effective against every type of infectious agent tested. However, the effects against viral 
infections have been studied only recently. In a chicken model, glucan supplementation stimulated 
bone marrow-derived dendritic cells and CD4+ T cell response to bronchitis virus [3]. Glucan 
treatment has been found to be beneficial in Herpes Simplex Virus infection, where the positive effects 
were found particularly on respiratory tract [4].

Vitamin D is a member of the steroid superfamily of hormones. The targets of this vitamin include 
dendritic cells, macrophages and T lymphocytes. Its beneficiary effects include promoting health of 
bones, regulation of insulin levels, support of lung function, regulation of gut microbiome [5] and 
reduction of colitis-associated colorectal cancer [6]. Recently, some studies suggested potential role 
of vitamin D in infections resulting from its effects on the innate and adaptive immune responses. 
A significant effect is also the suppression of inflammatory processes. Recent review of the possible 
effects of vitamin D on influenza described some positive effects, but concluded that more randomized 
controlled trials with effective, large populations are needed to explore the preventive effect of vitamin 
D supplementation on viral influenza infections [7].

Present study was based on two preliminary results. First, we found in clinical settings that a 
combination of glucan and vitamin D supplementation improved NK cell activity in patients with 
diabetic retinopathy [8] and that the same combination changed levels of CRP and leptin [9]. Second, 
glucan supplementation was found to enhance immune response against influenza [10], which was 
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further improved by a glucan-sulforaphane combination [11].

Material and Methods

Animals

Female, 8-week old BALB/c mice were purchased from the 
Jackson Laboratory (Bar Harbor, ME). The protocol for the research 
project has been approved by the University of Louisville IACUC 
Committee and it conforms to the provisions of the Declaration of 
Helsinki (as revised in Edinburgh 2000). Animals were sacrificed by 
CO2 asphyxiation followed by cervical dislocation.

Material

Yeast-derived insoluble Glucan #300 was purchased from 
Transfer Point (Columbia, SC). The purity is over 85%. An oral 
dose of 100 µg/mouse was used. Vitamin D (cholecalciferol, D3) 
was manufactured by Merck (Darmstadt, Germany). One ml of 
solution contains 20,000 IU of vitamin D3, one drop contains 500 
IU. In our experiments we used a 0.25 IU/mouse dose, vitamin D 
was dissolved in olive oil.

Cells

Human cell line K562 (ATCC, Manassas, VA), was used in NK 
cell activity experiments. Cells maintained in culture at 37°C in a 
humidified atmosphere supplemented with 5% CO2 in RPMI 1640 
medium supplemented with 10% FCS.

Phagocytosis

Plaque assay	
Plaque assay for monitoring virus titers of lung homogenates was 

performed as described previously [12]. Briefly, 10% suspensions of 
the lung homogenates were examined. Serial dilutions of the samples 
were inoculated on Madin-Darby canine kidney cells, overlaid with 
RPMI 1640 medium containing 1% Bacto Agar, incubated for 48 
hrs and enumerated.

Antibody titer

Anti-influenza hemagglutination-specific antibodies in serum 
were measured by ELISA following a previously described protocol 
[13]. A purified hemagglutination protein was used for plate coating 
at 2 mg/L concentration. 

The virus challenge to mice 

Mice were orally treated with the glucan mixture or PBS 
once a day for 14 days by gavage. At day 14, the same mice were 
intranasally challenged with the H5N1 A/HK/483 influenza 
virus (1,000 50% mouse infectious dose diluted in PBS to a 50µl 
volume) as described previously [14]. Mice were monitored daily for 
morbidity and measured for survival and body weight changes. The 
samples were immediately frozen and stored at -80°C for subsequent 
determination.

Quantification of cytokines

Tissue homogenates were analyzed for the levels of IL-1β, TNF-α 
and IFN-γ by use of ELISA kits (R&D Systems, Minneapolis, MN) 
according to the manufacturer’s instructions.

In vitro cytotoxicity assay

Assay used to evaluate the NK cell activity was described earlier [15].

Results

By day 12 post-infection, all PBS-treated mice had succumbed, 
while 50% of glucan-treated mice, 30% of vitamin D-treated and 
70% of glucan+vitamin D-treated animals survived (Figure 1). 
Furthermore, control mice started to regain weight by day 7, but 
at day 12 (when all died) they still did not reach the weight of the 
treated groups, which achieved normal weight around day 14 (Figure 
2). These differences were, however, not significant.

Glucan is known to improve immune reactions, most of all cellular 
immunity. We started with evaluation of the effects on phagocytosis. 
We used a well-established model of 2-hydroxyethylmethacrylate 
microparticles known for minimal nonspecific adherence to the cell 
membrane and found that influenza challenge significantly lowered 
phagocytic activity of peripheral blood neutrophils (Figure 3). All 
three supplemented groups showed significant improvements of 
phagocytosis, with the supplementation with glucan+vitamin D 
combination has the strongest effects.

When we tested the activity of NK cells, we found that both 
glucan and glucan+vitamin D combination returned the NK cell 
activity to normal levels, vitamin D alone had no significant activity 
(Figure 4). Data are from an effector/target ratio of 1:50, but it 
is important to note that two additional ratios (1:10 and 1:100) 
offered similar results (data not shown), proving that these effects are 
not based on a specific effector/target ratio.

In next part of the study we focused on proinflammatory 
cytokines. We collected lungs following influenza infection and 
measured IL-1β, TNF-α and IFN-γ levels by ELISA in homogenates 
on days 1, 3 and 5. We found that in all cases the infection caused 
an increase in levels of tested cytokines, which reflects the immune 
reaction to infection. In case of IL-1β, glucan supplementation 
significantly increased the cytokine reaction in all three tested 
intervals. The effects of the glucan-vitamin D combo were even 
stronger, but the differences between glucan and glucan-vitamin 
D supplemented groups were not statistically significant (Figure 
5). Vitamin D alone had no effects. In case of TNF-α, only the 
glucan-vitamin D combination significantly increased the levels of 
this cytokines (Figure 6). When we measured the levels of IFN-γ, 
both glucan and glucan-vitamin D supplementation significantly 
improved the secretion, and on day 3 and ay 5 the glucan-vitamin 
D combination was even significantly higher than in glucan-
supplemented group (Figure 7).

Not surprisingly, we found robust levels of specific antibodies 
in the influenza-challenged group. Both glucan and glucan+vitamin 
D supplementation significantly improved the antibody response 
(Figure 8). These findings were further supported by evaluation 
of the dietary supplementation on the viral replication. When we 
measured the virus titers in the lung, we found significant reduction 
of virus titers in glucan and glucan-vitamin D supplemented groups 
starting at day 3. Supplementation vitamin D showed only small 
nonsignificant improvements (Figure 9).

Data shown in Figure 8 revealed that addition of glucan or 
glucan-vitamin D combination significantly lowered the virus titer 
in the thymus. Different situation was found in the heart, where all 
three supplementation resulted in significant improvements. In the 
spleen, however, no differences have been found (Figure 10).
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Figure 1: The oral supplementation of tested samples protects mice from lethal infection. All mice were infected with influenza, influenza group 
was fed with PBS. Ten mice/group.
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Figure 2: Effects of oral supplementation of tested samples on body weight. All mice were infected with influenza. Ten mice/group.
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Figure 3: Effects of oral supplementation of tested samples on phagocytosis of synthetic particles by mouse peripheral blood neutrophils. Influenza-
treated (Influenza), Influenza + glucan (Glucan), Glucan (Control). Data represents mean ± SD. *Significant differences between control group and 
experimental groups at P<0.05 level.
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Figure 4: Effects of the glucan treatment on NK cell activity of mouse splenocytes. Influenza-treated (Influenza), Influenza + glucan (Glucan), 
Influenza + vitamin D (Vitamin D), Influenza + glucan + vitamin D (Glucan+vitamin D) or PBS (Control). Data represents mean ± SD. *Significant 
differences between Influenza and experimental groups at P<0.05 level.
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Figure 5: Evaluation of IL-1β levels in lungs. Influenza-treated (Influenza), Influenza + glucan (Glucan), Influenza + vitamin D (Vitamin D), Influenza 
+ glucan + vitamin D (Glucan+vitamin D) or PBS (Control). Data represents mean ± SD. *Significant differences between individual supplemented 
groups and Influenza group at P<0.05 level.

Figure 6: Evaluation of TNF-α levels in lungs. Influenza-treated (Influenza), Influenza + glucan (Glucan), Influenza + vitamin D (Vitamin D), Influenza 
+ glucan + vitamin D (Glucan+vitamin D) or PBS (Control). Data represents mean ± SD. *Significant differences between individual supplemented 
groups and Influenza group at P<0.05 level. 
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Figure 7: Evaluation of IFN-γ levels in lungs. Influenza-treated (Influenza), Influenza + glucan (Glucan), Influenza + vitamin D (Vitamin D), Influenza 
+ glucan + vitamin D (Glucan+vitamin D) or PBS (Control). Data represents mean ± SD. *Significant differences between individual supplemented 
groups and Influenza group at P<0.05 level.
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Figure 8: Dietary glucan (14 days) potentiated the antibody response induced by influenza infection. Influenza group was fed with PBS. Ten mice/
group. Data represents mean ± SD. *Significant differences between individual supplemented groups and Influenza group at P<0.05 level.
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Figure 9: Effects of glucan on virus titers in lung. Ten mice/group. Data represents mean ± SD. *Significant differences between individual 
supplemented groups and Influenza group at P<0.05 level.
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Discussion

Influenza epidemics occur every year in the United States and 
worldwide with app. 500,000 people dying every year [16]. In 
addition, the current coronavirus infection focused out attention 
on possible ways how to improve the immune system even more 
than before. Various immunomodulators have been studies, partly 
alone, partly in combination with vaccines. Results often shown 
improvements of the antiviral response [17,18].

Biological effects of glucan are well established. Immune system 
is one of the biological systems which benefits most from glucan 
actions. The antiviral activity of glucan is much less studied and 
our knowledge is limited. However, some studies exist. One study 
suggested that glucan treatment might be effective for the prevention 
of influenza in animals [19]. Strong antiviral effects of glucan on same 
type of infection were confirmed on swine model [20]. Our own 
studies found similar effects, both when the mice were supplemented 
by glucan alone or in combination with sulforaphane [10,11]. 

Vitamin D has been implicated in the pathophysiology of 
numerous inflammatory diseases such as rheumatoid arthritis of 
Crohn disease. Supplementation with vitamin D lowers the risk 
of development of diabetes mellitus [21]. In addition, vitamin D 
mitigates dangerous effects of bacterial infection on the mucosa [22]. 
Deficiency in vitamin D results in impaired colonic antibacterial 
activity [23].

As we previously observed the synergistic effects of glucan and 
vitamin D supplementation on various aspects of immune reactions 
[8,9], we decided to evaluate the effects of glucan and vitamin D 
combination on stimulation of immune responses to influenza 
challenge.

Influenza infections triggers a whole cascade of immune 
reactions, including changes in phagocytosis, antibody formation 
and secretion of various cytokines, both with immunomodulatory 
effects and closely associated with pathology of infection. The 
increased production of cytokines occurs in the spleen, lymph nodes, 
heart, and lungs [24,25].

Our finding showing that supplementation with glucan and/
or glucan and vitamin D returned the virus-mediated depression of 
phagocytic activity to normal levels supported the older data showing 

glucan improving innate immune reactions depressed by various 
toxins [2]. Similar changes were found in case of NK cell activation 
and production of specific antibodies. The increased antibody levels 
are consistent with the smaller weight loss and lower morbidity in 
animals supplemented with glucan and particularly with glucan and 
vitamin D combo.

Changes in cytokine production are more difficult to interpret, 
as the full contribution of individual cytokines produces as a result 
of viral infection is unknown. However, IFN-γ has protective effects 
against infections; some others (such as IL-1, IL-6, and TNF-α) are 
more involved in inflammatory phase of infection. Our data showed 
significant improvements by glucan and vitamin D combinations of 
the already elevated levels of IL-1β, IFN-γ and TNF-α. The kinetics 
of time changes corresponds to the older data [14].

Our results confirmed our previous studies on glucan and 
influenza infection. As the previous experiments used different types 
of glucan, we can conclude that these glucan effects are general and 
not dependent on a special type of glucan. On the other hand, it 
is still true that individual glucans differ in the strength of their 
activities. Based on our data we can conclude that the positive effects 
of the glucan-vitamin D combination are based on stimulation of 
both humoral and cellular immune reaction and result in significant 
lowering of the viral load.
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