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Abstract

The objective of this study Is to Investigate the effects of two different yeast-derived B-glucans on macro-
phage functionality and blood cholesterol levels In mice. After establishing thelr ability to act as a strong
stimulator of macrophages, we measured the capacities of the glucans to lower blood cholesterol. Our
results showed that consumption of diets contalning yeast-derived B-glucan indicated a dose-depend-
ent decrease in plasma cholesterol levels, with Betamune having a significantly stronger effect than WGP
(Whote Glucan Particles). In hypercholesterolemic subjects, the cholesterol- and triglycerides-lowering
effects of Betamune were agaln significantly stronger. The results of this investigation demonstrated that
highly purified yeast-derived B-glucans modify plasma cholesterol levels and other indicators associated
with artherogenic progression In mice. The fact that these glucans also strongly stimulated both mono-
cytes and macrophages supports the hypothesis that there could be a macrophage-cholesterol (metabo-

lism) axIs involvement In these outcomes.
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Introduction

B1,3-Glucan’s role as a biologically-active immunomodu-
lator has been well documented for over 40 years. Interest
in the immunomodulatory properties of polysaccha-
rides was Initially raised after experiments showing that
a crude yeast cell preparation stimulated macrophages
via activation of the complement system (Benacerraf
and Sebestyen, 1957). Further work identifled the immu-
nomodulatory active component as glucan (Rigi and Di
Luzio, 1961). Numerous studies (currently more than
9,600 publications) have subsequently shown that glu-
cans, either particulate or soluble, exhibit Immunostimu-
lating properties, including antibacterial and anti-tumor
activities (Di Luzio et al,, 1979; Mimura et al., 1985),

The National Center for Healtls Statistics reports
that, in the United States alone, over 650,000 people die
of heart diseasc each ycar. The link between elevated
cholesterol levels and the risk of coronary diseéases has
been clearly defined (Schaefet et al., 1997). Since none
of the current cholesterol-lowering drugs are without
side-effects, the search for a natural modulator of cho-
lesterol concentrations is an important task. The possible

effects of dletary fiber were first suggested by Keys et al.
{1960). These effects were later found to be associated
with glucans (Tietyen et al,, 1990). Glucans belong to
a group of physiologically active compounds, collec-
tively termed biological response modifiers. In general,
B-glucan is the chemical name of a polymer of B-glucose.

- Homopolymers of glucose having a linear molecule with

(1-3)-B-p-glycosidic linkages or a branched one with
slde chalns bound by (1-6)-B-D-glycosidic linkages, are
usually commonly termed “B-glucans” in spite of being
chemically heterogeneous.

There are various natural sources of p-glucans; how-
ever, they are most frequently prepared from fungal cell
walls. In addidon to the fungal cell walls, B-giucan is
also isolated from seaweed laminaran from Laminaria
hyperborea, linear B(1-3)-p-glucan (Black et al,, 1951)
and commercially sold as Phycarine (Vetvicka and Yvin,
2004). It is also produced by bacteria (curdlan from
Alcaligenes faecalis) (Harada et al,, 1968) and is an ingre-
dient of cereal. The composition of the cereal B-glucan
is somewhat different (it contains, in addition, B(1->4)
bound glucose),
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The cholesterol-lowering effects of fibers are rou-
tinely assoclated with B-glucans, Due to the high con-
sumption of oats or oat bran, attention has focused
mainly on the relationship between oat-derived glucan
and cholesterol levels. These glucans were shown to
reduce serum cholesterol in both hypercholesterolemic
animals (Fadel et al., 1987; Kahlon et al., 1993; Delaney
et al, 2003) and humans (Queenan et al., 2007).
However, some studles found no such effects (Keogh
et al., 2003). These studies held the problem of routinely
using poorly defined glucans thus making interpreta-
tion of the results extremely difficult, In addition, grain
glucans are 1,4 glucan, whereas yeast glucans are 1,3 or
1,3-1,6 glucans.

With regard to yeast-derived glucans, iess informa-
tion is available and the results are often conflicting
(Nicolosi et al., 1999; Babicek et al., 2007). To overcome
the deficiencies of older studies, we decided to use two
highly-characterized yeast-derived glucans (Hong et al,,
2004; Vetvicka and Vetvickova, 2007; Vetvicka et al., 2008)
on normal and hypercholesterolemic mice. Unlike the
older investigation, this report is the first to use two dif-
ferent, highly-purified glucans rather than crude cereal
extracts.

The mechanisms of the cholesterol-lowering activity
of glucans is still unclear. Some studies suggest the role of
macrophages in cholesterol metaboiism (Schmitz et al,,
1986; Frey and De Maio, 2007). Since macrophages are
strongly influenced by glucan (Vetvicka and Yvin, 2004),
we first evaluated if the studied glucans are stimulating
celis of the macrophage lineage.

Material and methods
Animals

Female 8-wk-old BALB/c mice were purchased from
Jackson Laboratory (Bar Harbor, ME). Average weight
of these animals was 22.3g. All animal work was done
according to the Unlversity of Louisville IACUC protocol.
Animals were sacrificed by CO, asphyxiation.

Dlet

All diets were formulated and prepared by Purina
(Richmond, IN). Laboratory Rodent Diet 5001 consists
of 23.9% protein, 4.6% fat, 65.5% fiber, with 75.5% total
digestible nutrients. ‘This diel was supplemented with
either glucan or cholesterol corresponding to the final
daily doses of 100 or 400 mg of glucan or 16 mg of choles-
terol, respectively. Cholesterol was obtained from Sigma
Chemical Co. (St. Louis, MO), Dlet ingredients for all
groups were identical except for the proportion of glucan
and/or cholesterol, The glucan-enhanced diet contained
varjous doses of individual glucan, cholesterol-enhanced
diet contained cholesterol. The B-glucans were quanti-

fied by using a Megazyme kit
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B-1,3 glucans

Yeast-derived insoluble whole glucan particle (WGP)
glucan was purchased from Biothera (Eagan, MN), and
insoluble yeast-derived Betamune glucan was purchased
from Blorigin, Sao Paulo, Brazil,

Phagocytosis

The technique employing phagocytosis of synthetic poly-
meric microspheres was previously described (Vetvicka
et al., 1988). In brief, peripheral blood or peritoneal cells
obtalned from mice fed with glucans for 72 hr, were incu-
bated with 0.05 m! of 2-hydroxyethyl methacrylate part-
cles (HEMA; 5 x 10*/ml). The test tubes were incubated at
37°C for 60 min., with intermittent shaking, Smears were

- stalned with Wright's stain. The cells with three or more

HEMA particles were considered positive.

Blochemical analysis

Mice were deprived of food [or 12 hr and then sacrificed.
Serum was collected via the retro-orbital sinus and stored
at -80°C for less than a week. Biochemical analyses were
performed by Antech Diagnostics (Indianapolis, IN)
using Hitachi 747 chemistry analyzers.

Statistical analysis

The data from each experimental group was pooled from
three separate trials for statistical analysis. Statistical dif-
ferences between treatment groups were determined by
ANOVA (p<0.05),

Results

Glucansare generally considered to be potent stimulators
of cellular immunity, with macrophages and neutrophils
being the most important targets. Not surprisingly, we
started our evaluation of glucan activities by phagocy-
tosis. We used the synthetic polymeric microspheres,
HEMA, since their use, dose and timing are already well
established In glucan studies (Vetvicka and Vetvickova,
2007). Results summarized {n Table 1 show the sig-
nificant effects of glucan samples on encapsulation of
synthetic particles by both petipheral blood monocytes
and peritoneal macrophages. In every case, Betamune
glucan showed stronger and longer-lasting stimulation
of the cells of the macrophage lineage.

Alter establishing that both glucans stimulate mono-
cytes and macrophages, we studied the sffect of long-
term feeding with glucan-added diet, The mice adapted
well to all diets and all survived the dletary treatment.
Body weights and individual organ weights did not diffex
among the groups at each timepoint (Table 2).

In each subsequent experiment, we used three inde-
pendent groups of mice totaling at least 10 animals per
experimental point. To address the possibility that the
tested glucans were damaged during the preparation of
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Table 1. Effect of glucans on phagocytic activity.

Control Betamune 100 Betamune 400 WGP100 WGP 400
Monocytes* 23.7t2.1 43,1 t45* 47.2¢3.1° 352144 44.4:4.2°
Mncmphlgu" 21,9143 61.118,1* 61.615.7° 42.414,8° 66.7 £5.1°*
*Peripheral blood monocytes 72 hr after application of glucan.
*Peritoneal macrophages 72 hr after application of glucan,
*Represents significant differences between control (PBS) and glucan samples.
**Represents differences between Individual doses of glucan,
Table 2, Effect of glucans on host body and organ weights (all values in grams),

Control Betamune 100 Betamune 400 WGP100 WGP 400
Body welght 24,22%1.16 25431 1.47 25.9412.48 255613.11 26,11+2,92
Liver 1,3410.40 1.32£0.11 1.42+0.23 1.4410,18 1.411:0.26
Spleen 0.1220.11 0.15+£0.05 0.13%0.07 0.14+0.07 0.15+0.02
Thymus 0.04£0.01 0.05::0.01 0.0410.01 0.0410,01 0.06+0.11
Heart 0.1410.05 0.15£0.09 0.16+0.09 0.14£0.02 0.15:0.04
Kldneys 0.36+0,11 0.38+0.09 0.3710.11 0.4110.09 0.37+0.12
Lung 0.15+0.01 0.16+£0,02 0.15£0.03 0.1720.02 0.184:0.02

M Control Betamune 100 [JBetamune 400

MweP 100 WGP 400

150 1

10 20
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Figure 1, Effect of long-term feeding with glucan (see Matorials and Mnthodl) on blood cholesterol levels, Each value ropresents the mean of
three Independont experiments £ SD. *Represents significant differences between control (PBS) and glucan samples. *Represents differences
between individual doses of glucan. Mice obtained either 100 or 400 g of glucan.

commerclal diet, we also measured the effects of these
glucans when added to drinking water or in forced
feeding. All obtalned results were identical with the use
of glucan-enriched diets (data not shown), Our data
showed the strong time-dependent effects of glucan on
lowering cholcsterol. The fastest and most pronounced
eflects were achieved with a higher dose of insoluble
Betamune (Figure 1). When total triglycerides were
measured, Betamune lowered the triglyceride levels in
all tested intervals (400 mg/mouse), whereas WGP glu-
can showed no significant activity (Figure 2),

The mice were then given a diet with added cholesterol
(0.15g/100g) for a period of 2 weeks (Delaneyet al., 2003).

‘The blood cholesterol and triglyceride Jevels obtained on
Day 14 (last day of the cholesterol diet} were used as a
positive control, The cholesterol-rich diet was followed
by 40 days of feeding with a glucan-rich diet. Individual
groups of mice were sacrificed at 10-day Intervals and
cholesterol and triglyceride levels were evaluated. The
results summarized In Figure 3 showed that higher doses
of glucan significantly lowered the cholesterol levels
from Day 10, In the case of Betamune, the lower levels
of cholesterol were observed In all tested time intervals
(10-40 days), but the effects of WGP were significant only
at Day 20. A different result was observed in the case of
tryglycerides, The effects of Betamune were once again -
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Plgure 2. Effect of long-term feading with glucan (see Materials and Methods) on blood triglyceride levels, Bach value represents the mean of
three Independant experiments + SD, *Represents significant differences between control (PBS) and glucan samples, **Represents dlﬁmnces
between individual doses of glucan, Mice obtained efther 100 or 400 pg of glucan.
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Figure3. Effect of long-term feeding with glucan on blood cholesierol levels In experimentally-induced hypercholestesolemia. ‘The feeding with
glucan started after two weeks of cholesterol-high diet (see Materlals and Methods). Each value rapresents the mean of three Independent experl-
ments +5D, *Represents significant differences between control (PBS) and glucan samples. **Represents differences beiwsen individual doses of

glucan, Mice obtained either 100 or 400 ug of glucan.

faster; however but 20 days after glucan-feeding both
glucans (and both doses) were able to significantly lower
the levels of tryglycerides in blood (Figure 4).

Discussion

High numbers of individual glucans have been described

in the literature. Due to the huge differences in actlvities

among varlous glucans isolated from numerous sources,

itls Imperative to evaluate its biological properties before
any suggestions for use of a particular glucan in clinical
practice. This investigation focused on the biological
activities of two different types of glucans Isolated from
the same source - yeasts.

Most experimental studies dealing with cholesteml-
lowering effects of glucans used oats- or barley-derived
glucans (Padel et al., 1987; Kahlon et al., 1993), without
finding significant differences between them (Delaney
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Figure 4, Effect of long-term feeding with glucan on blood triglyceride levels In experimentally-induced hypercholesterolemia, The feeding with
glucan started after 2 weeks of cholesterol-high diet (see Materials and Methods). Each value reprasents the mean of three independent experi-
ments +SD, *Represents significant differences between contro! (PBS) and glucan sampies, **Represents differences between individual doses of

glucan. Mice ohtained either 100 or 400 pg of glucan,

etal,, 2003). The composition of these cereal (1,4) B-glucans
1s, however, significantly different from other commerctal
and sclentific glucans that are used more frequently. High
numbers of individual glucans have been described in the
literature, Due to the significant differences in activities
among various glucans isolated from numerous sources, it
is necessary to evaluate their biological properties before
any suggestion is made for the use of a particular glucan in
clinical practice. This investigation focused on the choles-
terol-lowering activities of two different types of glucan. We
evaluated two yeast-derived glucans - insoluble WGP and
insoluble Betamune, Both these glucans and their activi-
ties are well documnented (Yan et al,, 2003, 2005), Including
full toxicological assessment (Babicek et al., 2007), and
are considered to be highly active glucans (Vetvicka et al,,
2008), As the effectiveness of orally-administered glucans
was fully established (Hong et al. 2004; Li et al., 2008), glu-

" cans are currently nearing use In clinical practce. In addi-

tion, orally effective lentinan is already being used in Japan
(Hamuro, 2005). Therefore, it was important to learn if
these glucans also possess a cholesterol-lowering activity.

The cholesterol-lowering effects of glucans are well-
established in numerous models, including humans
(Fadel et al., 1987; Queenan et al., 2007; Reyna-Villasmil
et al., 2007). These effects are usually described as the
result of fiber intake and subsequent decreased absorp-
tion of blle acids (Malkki, 2001), albeit without any
substantiating prool. Most of these studies suffer from

the fact that they did not evaluate the effects of Isolated

glucans, and the fact that only crude extracts were
used (Wang et al,, 1997), This is compounded by the

lack of any knowledge as to whether these glucans are

even digested, Various glucan modifications and sub-
stances with different concentrations of poorly defined
B-glucans are routinely tested (Davidson et al,, 1991;
Kahlon et al., 1993). This is addition (o the fact that some
of these glucans (Keogh et al,, 2003) had previously been
found to be inactive (Vetvicka and Vetvickova 2007).
Despite significant research on the role of glucan in
lowering cholesterol levels, the exact mechanisms are still
illusive. Among the posstbilities, the macrophage-choles-
terol metabolism was suggested (Schmitz et al, 1986), In
addition, substances activating macrophages were also
found to lower cholesterol levels (Pandey et al., 2005),
Therefore, we first established that glucans used in this
paper affect cells of the monocyte-macrophagg lineage,
Several papers dealing with yeast-derived glucans
showed the superiority of this type of glucan. However,
information regarding the molecular structure and source
ofthese glucansis, once again, lacking (Nicolosi etal., 1999),
‘Thecurrent study Is not only the first to directly compare the
cholesterol-lowering activity of two different yeast-derived
B-giucans but also the first to compare normal animals and
micewith experimentally-induced cholesterolemia,
Consumption of diets containing yeast-derived
B-glucan indicated a dose-dependent decrease In plasma
cholesterol levels with insoluble Betamune having a
much stronger effect, In the case of triglycerides, insoluble .
WGP showed only slight and sometimes non-significant
effects. The effects were not only dose-dependent, butalso
showed a major difference when based on the type of glu-
can. Despite the fact that Betamune has a stronger effect
on immune reactions (Vetvicka et al,, 2008), the fact that
both glucans are insoluble suggests that the answer to the
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question as to whether the cholesterol-lowering effects
are due to the differences in solubility Is not relevant. The
question of whether these effects are affected by solubil-
ity of glucans is pertinent however, since both soluble and
insoluble glucans are processed by macrophages to an
approximately 25-kDa active molety that subsequently
primes cells for biological activity (Hong et al.,, 2004; Li
ct al., 2006). The studies showing the results of in vivo
glucan processing also invalidate the hypothesis of the
Importance of molecular weight of glucan (Bengtsson
et al,, 1989; Newman et al., 1992).

In conclusion, the results of our investigation
demonstrated that highly-purified, yeast-derived
B-glucans modify plasma cholesterol levels as well as
other indicators associated with artherogenic progres-
sion In mice, The fact that these glucans also strongly
stimulate monocytes and macrophages supports the
hypothesis of the macrophage-cholesterol axis.
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