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Protective Effect of Beta Glucan
on Pulmonary Aspergillosis Model
in Neutropenic Rats

Beta-Glukanin Noétropenik Sicanlardaki
Pulmoner Aspergilloz Modeli Uzerindeki
Koruyucu Etkisi

ABSTRACT Objective: Pulmonary aspergillosis is a serious opportunistic infection which might be
fatal in immunocompromised patients. Immunity against aspergillosis requires the coordinated ac-
tion of components of the innate and adaptive immune systems. Beta-glucan is one of the immu-
nomodulatory agents which got much attention in recent years. It was used as a preventive agent
for the development of infections. However, information about its the possible protective effect on
fungal infections are limited. The aim of this study aimed to investigate the possible protective ef-
fects of beta-glucan against Aspergillus fumigatus infection. Material and Methods: We evaluated
oral beta glucan administration for its ability to enhance resistance of the rats to experimentally in-
duced pulmonary aspergillosis. Fifty-eight rats were divided into three groups: Thirty five rats we-
re immunosuppressed and infected with Aspergillus fumigatus (infected group); 15 were
immunosuppressed, infected and treated with oral beta-glucan (beta-glucan group); and eight we-
re healthy controls. Rats were sacrificed on the tenth day of the experiment and tissue specimens
were cultured. Chitin, galactomannan antigen and glucan levels were detected. Results: Beta-glu-
can enhanced the resistance against Aspergillus infection. The survival rates were 62.9 % and 93.4%
in the infected and beta-glucan groups, respectively (p< 0.05). Beta glucan also limited the fungal
burden. Conclusion: Our results suggested that Aspergillus invasion did not develop in beta-glucan
group in spite of the occurence of fungal colonization in neutropenic rats. Beta-glucan was able to
improve the resistance against A. fumigatus infection.

Key Words: Aspergillosis; beta-glucans; cytoprotection; immunosuppression

OZET Amag: Pulmoner aspergilloz immiin yetmezlikli hastalarda liimciil olabilen ciddi bir firsat-
¢1 enfeksiyondur. Asperjillozise kars: bagisiklik dogustan gelen ve adaptif immiin sistemlerin bile-
senlerinin birlikte hareket etmesini gerektirir. Beta-glukan son yillarda ¢ok dikkat ¢eken
immiinomodiilator ajanlardan biridir. Enfeksiyon gelisiminde koruyucu ajan olarak kullanilmugtir.
Fakat mantar enfeksiyonlarindaki olas1 koruyucu etkisi hakkindaki bilgi sinirhidir. Bu ¢aligmanin
amaci beta-glukanin Aspergillus fumigatus enfeksiyonuna karg1 olas1 koruyucu etkilerini aragtir-
makt1. Gereg ve Yontemler: Oral beta-glukan verilmesinin farelerin deneysel olarak olugturulmus
pulmoner aspergilloza kars: direncini artirma yetenegini degerlendirdik. Toplam 58 si¢an {i¢ gru-
ba ayrildi: Otuzbes sicanin bagisikligi baskilandi ve Aspergillus fumigatus ile enfekte edildi (enfek-
te grup); 15’inin bagisiklig1 baskilanmigsti, enfekteydi ve oral beta-glukan ile tedavi edildi
(beta-glukan grup); sekizi ise saglikli kontroldu. Sicanlar deneyin onuncu giiniinde kesildi ve doku
ornekleri kiiltiire edildi. Kitin, galaktomannan antijeni ve glukan diizeyleri saptandi. Bulgular: Be-
ta-glukan Asperjillus enfeksiyonuna kars: direnci artirdi. Sagkalim oranlar1 enfekte grupta ve be-
ta-glukan grubunda sirasiyla %62.9 ve %93.4 idi (p< 0.05). Beta-glukan ayni zamanda mantar
yiikiinii sinirladi. Sonug: Bulgularimiz nétropenik sicanlarda mantar kolonizasyonu olugmasina rag-
men beta-glukan grubunda Aspergillus invazyonunun gelismedigini ortaya koydu. Beta-glukan A.
fumigatus enfeksiyonuna karg1 direnci artirabildi.

Anahtar Kelimeler: Asperjilozis; beta-glukanlar; hiicre koruma; immiinosupresyon
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spergillus species are widely distributed in

nature and survive well in the environ-

ment. Inhalation of conidia is the mode of
infection. Pulmonary aspergillosis is a serious op-
portunistic infection which might be fatal in immu-
nocompromised patients. Host defects such as
neutropenia, defective neutrophil function, corti-
costeroid therapy, use of immunosuppressive agents
and late-stage of human immunodeficiency virus
infection cause a predisposition to invasive asper-
gillosis. Factors that aid the fungus in the initial sta-
ges are not known, but the ability of proteins on the
surface of conidia to bind fibrinogen and laminin
probably contributes to adherence. First host defen-
ce mechanisms against Aspergillus conidia are mac-
rophages which phagocytose and kill them by
nonoxidative mechanisms. Neutrophils inhibit sur-
vived conidia via generating an oxidative burst and
secreting reactive oxygen intermediates. Immunity
against aspergillosis requires the coordinated acti-
on of components of the innate and adaptive immu-
ne systems. Although little is known about adaptive
immunity in humans, it was shown that Th1 lym-
phocyte reactivity was associated with resistance
whereas secretion of Th2 cytokines was correlated
with the development of invasive disease."*

Immunomodulatory agents may be clinically
significant in immunocompromised patients.>* Be-
ta-glucan is one of these agents which got much at-
tention in recent years. It constitutes 65 to 90% of
the structural polysaccharide of the fungal cell
wall. Beta-glucan is not biosynthesized by mam-
mals, however it modulates a number of immune
activities in humans.”” Several studies conducted
in the past decade showed that beta-glucan inhibi-
ted tumor development, activated macrophages, in-
duced production of cytokines, increased
hematopoiesis, exerted radioprotective effects, im-
proved wound healing by inducing the macropha-
ges’ release of wound growth factors, increased
salivary IgA concentration, and enhanced defence
against infections.!®!* Previous researches indica-
ted that beta glucan was used as a preventive agent
in the treatment of bacterial infections."> ' Studies,
however, about the possible protective effect on

fungal infections are limited.'®%
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We designed this study to investigate the pos-
sible protective effects of beta-glucan against As-
pergillus fumigatus infection using conventional
and serological approaches in an immunosuppres-
sed rat model.

I MATERIAL AND METHODS
ANIMALS

Fifty-eight female Wistar albino rats, weighing ini-
tially 200 + 0.15 g and 4 weeks of age, were obtai-
ned from Gazi University School of Medicine
Experimental Animal Research Center. They were
housed 4-5 per cage in a room with a 12/12-hour
light/dark cycle and ambient temperature of 20 to
25°C. The rats had free access to food and water.
The animal experiments were conducted according
to the ‘Guide for the Care and Use of Laboratory
Animals’ of the Ethical Committee of Gazi Univer-
sity School of Medicine. Effort was made to mini-
mize animal suffering and to reduce the number of
animals used.

STUDY GROUPS

The rats were divided into three groups:

1) Healthy control group (n= 8): No immuno-
suppression or infection; not received beta-glucan.

2) Infected group (n=35): Ten mg of 5-fluoro-
uracil was used for immunosuppression of the rats.
Following the development of neutropenia, the rats
were infected with Aspergillus conidia by the inha-
lation model on fifth day and monitored until tenth
day of the experiment.” For the inhalation model,
a total of 10 ml of the 108 conidia per ml suspensi-
on was inhalated in a nebulizer for 10 minutes.

3) Beta-glucan group (n=15): Ten mg of 5-flu-
orouracil was used for immunosuppression of the
rats. On the third day, daily 35 mg oral beta-1-3-D-
glucan derived from Saccharomyces cerevisiae (Im-
munex®) was started for each rat intragastrically.
Similar to the infected group, the rats were infec-
ted with Aspergillus conidia by the inhalation mo-
del within five days, and monitored until tenth
day.

Granulocyte counts in blood samples were ob-
tained using a hemacytometer to determine whet-
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her the animals were immunosuppressed. The rats
were accepted as immunosuppressed if their neut-
rophil counts were below 500. To prevent bacteri-
al superinfection, animals were given teicoplanin
intramuscularly and ciprofloxacin was added to
their drinking water throughout the experiment.
On the tenth day of the experiment, the rats in
each group were sacrified by exsanguination under
general anesthesia, achieved by intramuscular ke-
tamine (100 mg/kg). Blood, bronchoalveolar lavage
and lung samples were collected and then stored at
-80°C until assessment of fungal burden.

DETERMINATION OF 4. FUMIGATUS IN LUNG TISSUE

Both lungs were removed aseptically and ho-
mogenized in 10 ml of sterile saline with a tissue
homogenizer (Dremel, Racine, Wis.). Fifty micro-
liters of each lung homogenate was placed on Sabo-
uraud’s dextrose agar and incubated for one week
at 24°C.

HISTOLOGY

Tissue specimens were fixed in 10% formol-saline
and stained with Gomori methenamine silver sta-
in for microscopic examination.

CHITIN DETERMINATION IN LUNGS

Chitin levels were measured as described befo-
re.”?? Lung homogenates were centrifuged. The
pellets were resuspended in sodium lauryl sulfate
(3% [wt/vol]) and heated at 100°C for 15 min. Af-
ter centrifugation, pellets were washed with distil-
led water, resuspended in KOH (120% [wt/vol]),
and then heated at 130°C for 60 min. After cooling,
ice-cold ethanol (75%]vol/vol]) was added. Tubes
were kept on ice for 15 min and Celite545 was ad-
ded. After centrifugation, pellets were washed and
suspended in a solution containing NaNO, (5%
[wt/vol]) and KHSO, (5% [wt/vol]). Samples were
mixed gently for 15 min and then centrifuged. The
supernatant was mixed with ammonium sulfate
(12.5% [wt/vol]) and 3-methyl-2-thiazolone hydra-
zone HCl monohydrate. The mixture was heated
at 100°C for 3 min. After cooling, FeCl3. 6H,0
(0.83%][wt/vol]) was added to the mixture, and the
optical density at 650 nm was measured after 25
min. Glucosamine (10 g/ml) was used as a standard.
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The chitin level was expressed as an arbitrary unit
(g) based on the glucosamine equivalent.

DETECTION OF THE GALACTOMANNAN ANTIGEN OF
A. FUMIGATUS

Galactomannan detection was performed using a
commercially available ELISA kit (Platelia Asper-
gillus, BioRad, France) according to the manufac-
turer’s instructions. Samples with a positivity index
of 0.7 were considered positive according to the
consensus report mentioned in the literature.?

GLUCAN ASSAY

The glucan assay was performed according to the
protocol supplied by the manufacturer (Fungitell,
CAPE COD, USA). We measured glucan levels in
the sera of the animals after 24 hours of the last ad-
ministration of oral beta glucan. Samples which
had glucan values over 80 pg/ml was considered as
positive, values between 60 and 79 pg/mL were
considered equivocal and values below 60 pg/ml
considered as negative.”

STATISTICAL ANALYSIS

All statistical analyses were performed using SPSS.
v10 programme. The valuability of the diagnostic
methods in the diagnosis of invasive aspergillosis
were analyzed using chi-square and Yates correc-
ted chi-square tests. Mc Nemar test and Mann
Whitney U were used for the comparison of infec-
ted and beta-glucan groups. A survival plot was
drawn by Kaplan-Meier analysis. P value <0.05 was
considered as statistically significant.

I RESULTS

All rats that received 5-fluorouracil were immuno-
suppressed. Invasive aspergillosis was confirmed by
the presence of fungal hyphae and the growth of
Aspergillus colonies in the lung tissue samples of
the rats. By these methods, fungal invasion was de-
monstrated in the infected group, but not in the he-
althy control and beta glucan groups. The other
infection parameters such as glucan, galactoman-
nan, chitin were also studied to evaluate the the-
rapeutic effect of beta-glucan. Our results are
summarized below:
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FIGURE 1: Survival of the rats during the study period. First rat death was ob-
served on the seventh day. Rats in the beta-glucan group survived longer
than the rats in the infected group (p< 0.05)

Beta-glucan enhanced the resistance against
Aspergillus infection: The survival rates were de-
termined for each group (Figure 1). Twenty two of
35 (62.9%) rats in the infected group, and 14 of 15
(93.4%) rats in the beta-glucan group had survived
until tenth day of the study (p< 0.05, 95% CI, 9.79-
10.06).

Beta-glucan limited the fungal burden in the
lungs: Fungal cultures yielded A. fumigatus colo-
nies in 100% of the lung samples in 22 rats survived
in the infected group, and in none of the lung sam-
ples in the beta-glucan group (p< 0.05). Mean chi-
tin levels were 58.52 + 10.52, and 29.46 + 10.06 g
glucosamine in the infected, and beta-glucan gro-
ups, respectively (p< 0.001).

Beta-glucan reduced the positivity rates of glu-
can and galactomannan of Aspergillus: Aspergillus
galactomannan antigen positivity was found hig-
her in the serum samples of the infected group
when compared to those of the beta-glucan group
(Table 1) (p< 0.01). We could not determine galac-

tomannan antigen activity in the bronchoalveolar
lavage specimens because of insufficient material.
Glucan positivity was determined in 15 of 22
(68.1%) rats in infected group, while only in three
of 14 (21.4%) rats in beta-glucan group (p< 0.05)
had positivity. Glucan and galactomannan activiti-
es were not detected in healthy controls.

I DISCUSSION

Mortality due to invasive aspergillosis is still high
in immunocompromised patients despite approp-
riate antimicrobial therapy. These hosts exhibit a
complex change in immunity characterized by de-
activation of macrophages and an altered cellular
immune response. Thus, modulation of immuno-
suppression has to be taken into account for the
treatment in addition to preventive measures such
as chemoprophylaxis and reducing environmental
exposure. It was reported that immunomodulators
like GM-CSF, IFN-gamma and TNF-alpha enhan-
ced the host defence against pulmonary aspergillo-

sis in some studies.?¢?

Beta-glucan is known to exert immunomodu-
latory effects when administered to animals and
humans. Our study was conducted to demonstrate
the possible protective effect of beta-glucan against
lung aspergillosis in the neutropenic rat model. Be-
ta-glucan was observed to prevent invasive pulmo-
nary aspergillosis. We found that the survival rate
of the rats in the beta-glucan group was higher
than that in the infected group (93.4% vs 62.9% re-
spectively, p< 0.01). We did not determine the sur-
vival benefit of beta-glucan after a period of five
days followed by a period when beta glucan was
not administered. Although it could be regarded as
a limitation, the main goal of our study was to eval-
uate the beneficial effects of beta glucan on fungal

TABLE 1: Results in groups.

Method
Infected group
22/22 (100 %)
22/22 (100 %)
7/22 (31.8 %)

15/22 (68.1 %)

Histopathology of lung tissue
Culture of lung tissue
Galactomannan (Sera)
Glucan (Sera)

Number of positive patients (%)

p value
Beta-glucan group
0 <0.01
0 <0.01
114(7 %) <0.01
3/14 (21.4 %) <0.05
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burden, we did not aim to evaluate the effect of be-
ta glucan on survival. Since survival rate cannot be
used as a reliable parameter solely, other therape-
utic endpoints, such as histopathology, culture of
the samples, detection of fungal antigens and chi-
tin activity were also performed. These tests were
also demonstrated the protective effect of beta-glu-
can in pulmonary aspergillosis.

Several in vivo studies demonstrated that beta-
glucan enhanced resistance against various infecti-
ons.®? Pelizon et al. reported that beta-glucan
administration enhanced fungicidal activity on Pa-
racoccidioides brasiliensis in the mice model by
priming spleen cells for high production of IL-12
and TNF-alpha as well as increasing NK cell acti-
vity." In a rat model of sepsis, the protective effect
of beta-glucan against oxidative organ injury by de-
pressing lipid peroxidation was demonstrated.” Si-
milar effects were also reported in burn-induced
oxidative organ damage in rats.*® In a study by Li et
al., beta-glucan was found to augment protective
immunity against Listeria monocytogenes in mice.
They found that Acetobacter-derived soluble
branched (1,4)-beta-D-glucan enhanced antibacte-
rial activity via inceasing IL-12 levels through Toll-
like receptor 4, and augmenting Thl/Tcl
responses.’! In two double-blind placebo-control-
led randomised phase II trials by Babineau et al.,
the protective effect of beta-D glucans against post-
operative infections was also observed in high risk
surgical patients.?** They indicated that patients
who received poly-(1-6)-beta-D-glucopyranosyl-
(1-3)-beta-D glucopyranose glucan had signifi-
cantly fewer infectious complications, decreased
intravenous antibiotic requirement and shorter in-
tensive care unit length of stay. All of these studi-
es showed that beta-glucan nonspecifically
modulated immune responses by various mecha-
nisms such as activating leukocyte functions and
enhancing cytokine secretions.

Histopathological examination is the gold
standard method in the diagnosis of invasive asper-
gillosis since it demonstrates hyphal elements in
tissues.?** In our study, histopathological exami-
nation revealed an invasion to the lung tissues in
the infected group, but not in the beta-glucan and

Turkiye Klinikleri ] Med Sci 2010;30(5)

control groups. Similarly, we obtained positive cul-
ture results in all of the rats in the infected group.
Since the samples were taken under surgical condi-
tions by direct macroscopic observation, the per-
centage of positive culture results were high in
experimental animals. Histopathological study, ho-
wever, could not be easily performed and culturing
usually gives negative results in human subjects.
Moreover, invasive aspergillosis is not sufficiently
diagnosed only by culturing which cannot distin-
guish colonization from infection.?

Galactomannan and glucan assays are usually
regarded as sensitive tests in the diagnosis of inva-
sive aspergillosis.?**38 We found that galactoman-
nan levels were lower in the serum samples of the
beta-glucan group than those in the infected group.
We also found that glucan levels were lower in the
beta-glucan group. We suppose that the low posi-
tivity (21.4%) is due to the protective effect of the
beta-glucan against aspergillosis in beta-glucan gro-
up. Since orally administered beta-glucan was rap-
idly cleared from the blood circulation,* and we
measured glucan levels after 24 hours of the last do-
se, glucan levels that we measured in our study co-
uld be accepted as an indicator of infection. We
also found low chitin levels in beta- glucan group
when compared to the infected group. Our results
revealed that oral beta-glucan treatment depressed
the levels of the fungal antigens which were the in-
dicators of fungal burden.

In conclusion, our results indicated that As-
pergillus invasion did not develop in beta-glucan
group in spite of the occurence of fungal coloniza-
tion in neutropenic rats. This might be due to the
protective effect of oral administration of beta-glu-
can. Additionally, our results suggested that beta-
glucan derived from S.cerevisiae was able to
improve immune functions which contributed to
A.fumigatus elimination. These observations need
to be supported with well-planned clinical studies
in humans.
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