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Dietary β-glucan Leads to Increased TNF-α Production in the Lung
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Abstract: Problem statement: Beta (β)-glucan is notable for its ability to stimulate the immune
system and as such β-glucan and products containing β-glucan are used as dietary supplements for
livestock and companion animals. β-glucan has been shown to activate macrophages and neutrophils
and modulate the production of certain cytokines, including the pro-inflammatory cytokine, Tumor
Necrosis Factor Alpha (TNF-α). Because TNF-α is a contributing factor in a number of chronic
inflammatory diseases and is present at higher concentrations in bronchoalveolar fluid from patients
with asthma a preliminary experiment was designed to determine if a diet supplemented with β-glucan
leads to increased TNF-α production in response to chitin, an ubiquitous environmental antigen that is
associated with airway inflammation. Approach: Mice were divided into two groups. One group was
given normal rodent chow and water while the other group was given normal rodent chow and water
containing β-glucan (1 mg mL−1) for 14 days. After 14 days, two experimental protocols were
conducted to evaluate TNF-α production. In experimental protocol 1, mice were injected
intraperitoneally with 4% thioglycollate broth and TNF-α production from the immune cells elicited
into the peritoneal cavity was evaluated. In experimental protocol 2, mice were exposed to either chitin
or PBS (as a control) via intranasal administration for two consecutive days. Six hours post secondary
exposure, Bronchoalveolar Lavage Fluid (BALF) was collected and ELISA for TNF-α performed.
Results: TNF-α expression by thioglycollate-elicited cells isolated from animals that consumed βglucan was greater (27 fold) than controls. Similarly, dietary β-glucan was also associated with
increased TNF-α expression (four fold) in the lung, after chitin exposure in vivo. Conclusion: These
preliminary results suggest that dietary β-glucan may promote inflammatory responses after exposure
to chitin and therefore could be contributing factor to lung inflammation particularly in animals prone
to airway inflammatory diseases.
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INTRODUCTION

In vertebrates, the recognition of and response to
β-glucan is mediated primarily by cell surface
receptors that have been found on a number of cell
types including innate inflammatory cells like
macrophages and neutrophils (Tsoni and Brown,
2008). Expression of TNF-α occurs predominantly in
response to activation of membrane bound pattern
recognition molecules (Nathan, 1987) but activation
through β-glucan receptors has also been shown to
induce its expression (Tsoni and Brown, 2008; Sonck
et al., 2010).

Beta-glucans
are
naturally
occurring
polysaccharides that have been scientifically shown to
modify biological defenses by nutritionally potentiating
immune responses (Volman et al., 2008). Found in
mushrooms, yeast and grains, β-glucans promote
resistance to diseases caused by microorganisms through
enhancement of both innate and adaptive immune
responses (Vetvicka et al., 2008; Vetvicka and
Vetvickova, 2012) and therefore are used as a dietary feed
supplement to promote the health of humans and animals.
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β-Glucan administration and measurement of water
consumption: 1-3, 1-6 β-glucan tablets [200 mg] (The
Vitamin Shoppe (Greensboro, NC) were crushed with a
sterile mortar and pestle. The β-glucan powder was
added to drinking water at 1mg mL−1 and mice were
allowed to drink ad libitum for 14 days. Water with and
without β-glucan was replenished every two days. At
each replenishment period, total water consumption
was determined by measuring the volume of water that
remained and subtracting it from the initial volume that
was placed in each cage’s water bottle. The average
daily water consumption per mouse in ml was
calculated by dividing the total water consumption in
ml by the number of mice in the cage. All mice were
given normal rodent chow ad libitum for the duration of
the 14-day study.

TNF-α is a contributing factor in a number of
chronic inflammatory diseases and has been found to be
present in higher concentrations in bronchoalveolar
fluid from patients with asthma (Mukhopadhyay et al.,
2006). Moreover, inhalation of TNF-alpha triggers
bronchial hyperresponsiveness and promotes airway
neutrophilia (Kips et al., 1992; Thomas, 2001; Thomas
and Heywood, 2002). Furthermore, mouse models of
asthma that lack or block the expression TNF-alpha or
TNF-alpha receptors show attenuation in airway
inflammation after antigenic stimulation (Kips et al.,
1992; Zuany-Amorim et al., 2004).
Allergic-like lung inflammation can affect many
domestic animals (pets as well as food and fiber
animals). Farm animals such as cattle, equine and
companion animals, particularly cats can develop
respiratory problems brought on by exposure to
common allergens such as pollen, animal dander and
chitin containing insect fragments, fungal molds and
bacteria. Heaves, for example is a condition suffered by
horses that shares many similarities with human
asthma, including lower airway inflammation,
reversible airway obstruction and bronchial hyperresponsiveness (Leclere et al., 2011). In a study
examining the Porcine Reproductive and Respiratory
Syndrome Virus (PRRSV), Gucht et al. (2003) reported
that TNF-α can cause bronchial hyperreactivity and
bronchoconstriction leading to asthma-like symptoms
in pigs (Gucht et al., 2003).
Because β-glucan is known to induce TNF-α
production by innate immune cells we sought to
investigate the effect of dietary β-glucan on the
inflammatory response in the lung to inhaled allergens.
In this preliminary study, mice were given β-glucan in
their water for 14 days and innate TNF-α production
after antigen exposure was measured. Chitin, a
ubiquitous substance that has been shown to promote
allergic inflammation and has been associated with
asthma (Reese et al., 2007; Burton and Zaccone, 2007),
was used as the antigen. We find that consumption of βglucan caused increases in TNF-α expression by cells
stimulated with chitin ex vivo and in vivo.

Thioglycollate induced peritonitis, cell culture and
differential cell analysis. Two ml of sterile 4%
thioglycollate broth dissolved in PBS was injected into
the peritoneal cavity (i.p.) of mice that had been
consuming water or β-glucan for 14 days. After four
days, mice were sacrificed and the peritoneal cavity was
flushed with 5 mL of cold sterile PBS. The peritoneal
washings were centrifuged at 1200 rpm for 5 min,
resuspended in complete Roswell Park Memorial
Institute (RPMI)-1640 supplemented with 10% fetal
bovine serum, 2 mM L-glutamine and 0.1% penicillinStreptomycin). Equal numbers of viable cells as
determined by trypan blue exclusion were seeded into 48
well tissue culture plates for 24 h. Cell supernatants were
collected after 24 h and assayed by ELISA for TNF-α. In
addition cells from the peritoneal washings were affixed
to glass slides using a Shandon cytospin 4 (Thermo
Fisher Scientific Waltham, Massachusetts) at 700 rpm
for 5 min. Slides were dried, fixed and then stained using
HEMA-3
stain
(Fisher
Scientific,
Pittsburg,
Pennsylvania). Using a compound light microscope with
a 100x oil immersion lens 100 cells per slide were
identified and counted based on color and morphology.
Chitin Preparation and Intranasal Aspiration:
Chitin (Sigma Aldrich, St. Louis, Missouri) was
prepared as follows: chitin was suspended in sterile
Phosphate Buffered Saline (PBS) [10 mg mL−1] rocked
for 1 h at room temperature, sonicated 6×for 5 min and
centrifuged at 100g for 1min. The supernatant, free of
large particles was removed and aliquoted into
microcentrifuge tubes at 1.0 mL per tube. The chitin
aliquots were autoclaved and stored at 4°C. For
intranasal aspiration, a total of 0.5 mg of chitin in a 50
µL volume (or 50 µL of sterile PBS was administered
to the nose of anaesthetized mice (on day 14 after the
start of β-glucan treatment) to allow for aspiration
during normal respiration. Mice were exposed to chitin
once a day for two consecutive days.

MATERIALS AND METHODS
Animals: Female wild-type Balb/c mice, purchased
from Harlan Laboratory, Indianapolis Indiana, between
5-8 weeks of were used in this study. Mice were
randomly assigned to one of two treatment groups;
water and water with β-glucan. All mice were
maintained in the Laboratory Animal Resource Unit of
North Carolina A&T State University and all
experiments were approval by the Institutional Animal
Care and Use Committee.
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Collection of bronchioalveolar lavage fluid: Bronchio
Alveolar Lavage Fluid (BALF) was collected 6 h post
second intranasal exposure of chitin. Generally, the
procedure was as follows. Mice were euthanized with
CO2 and the bronchioaveolar lavage fluid was collected
by instilling and gently retrieving 1ml of sterile
Phosphate Buffered Saline (PBS) supplemented with
5% fetal calf serum into the lung via the trachea using a
sterile syringe and canulla. The cell free supernatant
was removed and stored at-20°C until analyzed by
ELISA.

recruitment of macrophages as well as other types of white
blood cells and that similar cell types were recruited and
collected from both the control and β-glucan groups (Fig.
2B). Taken together these data suggest that the difference
in TNF-α production was due to the stimulatory affects of
β-glucan and not differences in the number of TNF-α
producing cells in culture (Fig. 2B).
Because we observed increased expression of the
pro-inflammatory cytokine TNF-α from immune cells
isolated from animals that consumed β-glucan, we
sought to determine if there was a physiological
consequence, focusing on TNF-α production in the
lung, after exposure to the ubiquitous allergen chitin.
To that end, mice were allowed to consume regular
water or water supplemented with β-glucan. After 14
days, mice were exposed to chitin intranasally for two
consecutive days. Bronchoalveolar lavage fluid was
collected 6 h post the second chitin exposure and
assayed for levels of TNF-α. Whereas chitin induced
TNF-α production from both the water and β-glucan
groups, the TNF-α level was significantly greater (p
value<0.05) in the mice fed β-glucan (Fig. 3).

Measurement of TNF-α: To determine the levels
TNF-α within the BALF and culture supernatants
Enzyme-Linked Immuno Sorbent Assay (ELISA)
(Biolegend, San Diego, California) was performed per
manufacturer’s instructions. Plates were read at 405nm
using a VersaMax microplate reader (Molecular
Devices, Sunnyvale, CA).
Statistical analysis: GraphPad Prism (La Jolla, CA)
was used to create graphs and conduct all statistical
analysis. The statistical analysis applied to data was
the student t-test. P values less than 0.05 were
considered significant.
RESULTS
β-glucan consumption: To be assured that mice would
consume β-glucan added to their water we performed
an experiment whereby consumption of water with and
without β-glucan was monitored during a 14-day time
period. We found no significant differences in water
intake (Fig. 1A) nor were there differences in feed
intake (data not shown) or weight gain (Fig. 1B).

(A)

β-glucan consumption leads to increased TNF-α
expression: β-glucans are able to activate leukocytes
directly, stimulating phagocytic, cytotoxic and antimicrobial activities that include the production of
proinflammatory mediators such as TNF-α (Vetvicka et
al., 2008). We report that the expression of TNF-α by
leukocytes isolated from the peritoneal cavity was greater
(27 fold) in mice that consumed β-glucan as compared to
mice that consumed water only (Fig. 2A). Interperitoneal
injection with thioglycollate broth results in recruitment
of high numbers of macrophages and has been shown to
cause influx of other white blood cells (Konat, 2008).
Furthermore, β-glucan has been shown to activate and
mobilize neutrophils into tissues (LeBlanc et al., 2006).
Therefore to be assured that the difference in TNF-α was
not due to differences in the cell types that are capable of
producing TNF-α within the cell culture a differential
analysis on the cells collected from the peritoneum was
performed. Figure 2B demonstrates that in our
experiment i.p. injection of thioglycollate resulted in

(B)

Fig. 1: Analysis of Weight and Water Consumption.
(A) Water consumption was measured every
other day utilizing a graduated cylinder. The
amount left was subtracted to obtain the amount
consumed. Total consumption was calculated to
find average daily consumption per mouse. (B)
For determination of weight, mice were weighed
on the days indicted using an Arbor 1605
electronic balance
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(A)

(B)

Fig. 2: The effect of β-glucan on TNF-α expression after thioglycollate induced peritonitis. Mice were given water
(n = 4) or β-glucan (n = 4) for 14 days. On day14 mice were injected i.p. with 4% thioglycollate broth. After
5 days, influxed cells were collected from the peritoneal cavity. (A) Equal numbers of viable cells were
plated for 24 h. TNF-α was measured in the culture supernatants by ELISA. (B) Differential cell counts of
cells collected from the peritoneal washings of mice injected i.p. with 4% thioglycollate broth. Cells were
affixed to slides, stained and differential cell counts were performed. Data are expressed as means ± SD and
were compared using a two-tailed unpaired Student t test with a 95% confidence level.
deleterious effects of the inflammatory immune
response (Minor et al., 2010; Schett et al., 2011). In
asthma, TNF-α contributes to increases in vascular
permeability, acts is a chemoattractant for neutrophils
and eosinophils and is involved in the activation of
cytokine release by T-cells (Berry et al., 2007).
The goal of this preliminary study was to investigate
the effect of dietary β-glucan on TNF-α production.
Utilizing a mouse model, we evaluated TNF-α
production of mice given β-glucan for 14 days. We
report that leukocytes from mice that consumed β-glucan
expressed higher levels of TNF-α. This is consistent with
the fact that interperitoneal injection with thioglycollate
broth has been shown to induce an inflammatory response
that includes not only recruitment of inflammatory cells
but also increases in the level of inflammatory cytokines
such as TNF-α (Wan et al., 2009).

DISCUSSION
β-glucan is one of the most studied immune
enhancing substances in existence. In mice and humans,
beta-glucans have been shown to activate macrophages
and neutrophils affect the action of T and Blymphocytes and modulate the production of certain
cytokines including IFN-γ and TNF-α.
Inflammation is the body's first line of defense
occurring commonly in tissues and organs that have
been injured or exposed to microbial pathogens.
However, inflammation can also cause damage to host
tissues and in severe cases lead to sepsis, organ failure
and death (Barton, 2008). TNF-α is a pro-inflammatory
cytokine that is important to innate immune responses.
It is a key cytokine with a role in many inflammatory
conditions and is commonly associated with the
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first data presented to suggest that consumption of βglucan may also lead to hightened airway inflammation.
Furthermore, dietary β-glucan has been associated with
the development of Th1 responses (Baran et al., 2007)
and thought to be protective against allergy and asthma
(Wichers, 2009). These preliminary findings suggest
however, that that usage of dietary supplements
containing β-glucan may lead to increased TNF-α
production and may cause inflammation or exacerbate
existing inflammatory conditions and it use is
potentially problematic in animals that are prone to or
have airway inflammatory conditions.
Fig. 3: The effect of β-glucan on TNF-α expression in
the lungs after chitin exposure. Mice were given
water or β-glucan for 14 days. After 14 days
mice were exposed to chitin (n=6) or PBS (n=6)
intranasally for twoconsecutive days. BAL fluid
was collected 6 hours post the second chitin
exposure and assayed for levels of TNF-α by
ELISA. Data are expressed as means ± SD and
were compared using a two-tailed unpaired
Student t test with a 95% confidence level
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As β-glucan consumption leads to increased TNF-α
production we sought to evaluate the consequences of
this on the lung after antigen exposure. While there are
many inhaled allergens that can lead to or exacerbate
the immune response and lead to allergic asthma; one
of the most prevalent in nature is chitin. Chitin is a
ubiquitous naturally occurring polysaccharide that is
found in the cell walls of fungi, exoskeleton of
crustaceans and insects and the micro-filarial sheath of
parasitic nematodes. Chitin has been shown to promote
allergic inflammation and has been associated with
asthma (Reese et al., 2007; Burton and Zaccone, 2007).
We report that TNF-α production was significantly
higher in the lungs of mice that consumed β-glucan and
were exposed to chitin intranasally. However, our
experiments do not address whether the increase in
TNF-α is specific to chitin inhalation or if it is true for
other environmental inhaled antigens or respiratory
infections. Further experiments evaluating the role of
dietary β-glucan on inflammation in other organs and
tissues as well as future investigations assessing the
affect of β-glucan consumption on the expression of
other pro-inflammatory cytokines and inflammatory
cell recruitment are necessary.

REFERENCES
Baran, J., D.J. Allendorf, F. Hong and G.D. Ross, 2007.
Oral beta-glucan adjuvant therapy converts
nonprotective Th2 response to protective Th1 cellmediated immune response in mammary tumorbearing mice. Folia Histochem. Cytobiol., 45: 107114. PMID: 17597024
Barton, G.M., 2008. A calculated response: Control of
inflammation by the innate immune system. J.
Clin.
Invest.,
118:
413-420.
DOI:
10.1172/JCI34431
Berry, M., C. Brightling, I. Pavord and A.J. Wardlaw,
2007. TNF-α in asthma. Curr. Opin. Pharmacol., 7:
279-282. DOI: 10.1016/j.coph.2007.03.001
Burton, O.T. and P. Zaccone, 2007. The potential role
of chitin in allergic reactions. Trends Immunol.,
28: 419-422. DOI: 10.1016/j.it.2007.08.005

CONCLUSION
Whereas inhalation of beta-glucan has been shown
to trigger or act as an adjuvant in the development of
airway inflammation to inhaled antigens (Inoue et al.,
2009; Neveu et al., 2011), to our knowledge this is the
59

American J. Animal & Vet. Sci., 7 (2): 55-60, 2012
Schett, G., L.C. Coates, Z.R. Ash, S. Finzel and P.G
Conaghan, 2011. Structural damage in rheumatoid
arthritis, psoriatic arthritis and ankylosing
spondylitis: traditional views, novel insights gained
from TNF blockade and concepts for the future.
Arthritis Res. Ther., 13: S4. DOI: 10.1186/14786354-13-S1-S4
Sonck, E., E. Stuyven, B. Goddeeris and E. Cox, 2010.
The effect of β-glucans on porcine leukocytes. Vet.
Immunol. Immunopathol., 135: 199-207. DOI
10.1016/j.vetimm.2009.11.014
Thomas, P.S. and G. Heywood, 2002. Effects of inhaled
tumour necrosis factor alpha in subjects with mild
asthma.
Thorax,
57:
774-778.
DOI:
10.1136/thorax.57.9.774
Thomas, P.S., 2001. Tumour necrosis factor-alpha: The
role of this multifunctional cytokine in asthma.
Immunol. Cell Biol., 79: 132-140. PMID:
11264706
Tsoni, S.V. and G.D. Brown., 2008. β-Glucans and
Dectin-1. Ann. New York Acad. Sci., 1143: 45-60.
DOI: 10.1196/annals.1443.019
Vetvicka, V. and J. Vetvickova, 2012. β 1, 3-Glucan in
Cancer Treatment. Am. J. Immunol., 8: 38-43.
DOI: 10.3844/ajisp.2012.38.43
Vetvicka, V., A. Vashishta, S. Saraswat-Ohri and J.
Vetvickova, 2008. Immunological effects of yeastand mushroom-derived beta-glucans. J. Med.,
Food, 11: 615-622. PMID: 19053851
Volman, J.J., J.D. Ramakers and J. Plat, 2008. Dietary
modulation of immune function by β-glucans.
Physiol.
Behav.,
94:
276-284.
DOI:
10.1016/j.physbeh.2007.11.045
Wan, H., J.M. Coppens, C.G.V. Helden-Meeuwsen,
P.J.M. Leenen and N.V. Rooijen et al., 2009.
Chorionic gonadotropin alleviates thioglycollateinduced peritonitis by affecting macrophage
function. J. Leukoc. Biol., 86: 361-70. DOI:
10.1189/jlb.0208126
Wichers, H., 2009. Immunomodulation by food:
Promising concept for mitigating allergic disease?
Anal. Bioanal. Chem., 395: 37-45. DOI:
10.1007/s00216-009-2838-1
Zuany-Amorim, C., C. Manlius, I. Dalum, M.R. Jensen
and A. Gautam et al., 2004. Induction of TNF-α
autoantibody production by autovac TNF106: A
novel therapeutic approach for the treatment of
allergic diseases. Int. Arch. Allergy Immunol., 33:
154-163. DOI: 10.1159/00007644

Gucht, S.V., K.V. Reeth and M. Pensaert, 2003.
Interaction
between
porcine
reproductiverespiratory syndrome virus and bacterial endotoxin
in the lungs of pigs: Potentiation of cytokine
production and respiratory disease. J. Clin.
Microbiol.,
41:
960-966.
DOI:
10.1128/JCM.41.3.960-966.2003
Inoue, K.I., H. Takano, E. Koike, R. Yanagisawa and T.
Oda et al., 2009. Candida soluble cell wall βglucan facilitates ovalbumin-induced allergic
airway inflammation in mice: Possible role of
antigen-presenting cells. Respiratory Res., 10: 6868. DOI: 10.1186/1465-9921-10-68
Kips, J.C., J. Tavernier and R.A. Pauwels, 1992. Tumor
necrosis
factor
causes
bronchial
hyperresponsiveness in rats. Am. Rev. Respir. Dis.,
45: 332-336. PMID: 1736737
Konat, G.W., 2008. Signaling by Toll-Like Receptors.
1st Edn., CRC Press, ISBN-10: 1420043188, pp: 195.

LeBlanc, B.W., J.E. Albina and J.S. Reichner, 2006.
The effect of PGG-β-glucan on neutrophil
chemotaxis in vivo. J. Leukoc. Biol., 79: 667-675.
DOI: 10.1189/jlb.0305150
Leclere, M., A. Lavoie-Lamoureux and J.P. Lavoie.
2011. Heaves, an asthma-like disease of horses.
Respirology, 16: 1027-1046. DOI: 10.1111/j.14401843.2011.02033.x
Minor, R.A.C., G.V., Limmon, L. Miller-DeGraff, D.
Dixon and D.M.K. Andrews et al., 2010. Doublestranded RNA-activated protein kinase regulates
early innate immune responses during respiratory
syncytial virus infection. J. Interferon Cytokine
Res., 30: 263-272. DOI: 10.1089/jir.2009.0051
Mukhopadhyay, S., J.R. Hoidal and T. K. Mukherjee,
2006.
Role
of
TNFα
in
pulmonary
pathophysiology. Respiratory Res., 7:
125125. DOI: 10.1186/1465-9921-7-125
Nathan, C.F., 1987. Secretory products of macrophages.
J.
Clin.
Invest.,
79:
319-326.
DOI:
10.1172/JCI112815
Neveu, W.A., E. Bernardo, J.L. Allard, V. Nagaleekar
and M.J. Wargo et al., 2011. Fungal allergen βglucans trigger p38 mitogen-activated protein
kinase–mediated IL-6 translation in lung epithelial
cells. Am. J. Respir. Cell Mol. Biol., 45: 11331141. DOI: 10.1165/rcmb.2011-0054OC
Reese, T.A., H.E. Liang, A.M. Tager, A.D. Luster and
N.V. Rooijen et al., 2007. Chitin induces
accumulation in tissue of innate immune cells
associated with allergy. Nature, 447: 92-96. DOI:
10.1038/nature05746
60

