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Background: The most important quality of f-glucans and the reason why so much attention has been devoted to
them are their physiological effects. They are typical biological response modifiers with pronounced immunomodulat-
ing activity. However, some questions about possible side effects remain.

Aim: Several papers reported the lethal side effects of non-steroidal anti-inflammatory drugs in glucan-treated mice,
probably due to the peritonitis by enteric bacteria. However, these results were never independently confirmed. The
purpose of this study is to evaluate these claims using several different types of glucans.

Methods: Effects of combined treatment with four different types of glucans and indomethacin were measured by
evaluation of phagocytosis of HEMA particles by peripheral blood leukocytes and production of IL-6 in mouse serum.
In addition, the level of blood glucose, colon length and survival after 30 days of treatment was measured.

Results: Our finding showed that simultaneous treatment with glucan and indomethacin caused a small decrease of
phagocytic activity and IL-2 production. Two other tested parameters—blood glucose levels and colon length—that had
been found to be significantly affected by this treatment, were virtually unchanged. In the final, yet most important part
of the study, we found absolutely no mortality, regardless of the type of glucan or the routes of glucan administration.

Conclusion: No adverse negative effects due to simultaneous treatment with glucan and non-steroidal anti-inflam-
matory drug dose was found, despite testing two different routes of glucan administration and four different types of

glucan.

INTRODUCTION

Indomethacin is a non-steroidal anti-inflammatory
drug suppressing prostaglandin synthesis via inhibition
of cyclooxygenase. Despite well known positive effects,
adverse side effects including mucosal damage on the
gastrointestinal tract exist!2.

B-Glucans are natural immunomodulators gaining
significant interest from both the scientific community
and the general public. These polysaccharides are non-
cellulosic polymers of B-glucose, with glycosidic bonds
in position B(1—3) and with certain portion of f(1-6)
branched glucose molecules. They are isolated mainly
from various fungi, but they are also present in other
sources, such as cereals, bacteria or seaweed. These com-
pounds, isolated from different sources that otherwise
caused similar or nearly identical immune reactions in
macroorganisms, can differ in their primary, secondary
or tertiary structures or their solubility in water or alkalies
(for review see?).

The most important quality of B-glucans and the rea-
son why so much attention has been devoted to them
are physiological effects that they reveal. They are typical
biological response modifiers with pronounced immu-
nomodulating activity. In addition, over 6,000 scientific
papers have been devoted to biological actions of glucans.

Thus far, the strong immunostimulating properties of
glucan are the best studied effects. The best known effects
of B-glucans consist of the augmentation of phagocytosis
of professional phagocytes - granulocytes, monocytes,

macrophages and dendritic cells. In this regard, macro-
phages, considered to be the basic effector cells in host
defense against bacteria, viruses, parasites and tumor
cells, play the most important role*.

Decade of studies of the Ross group help to elucidate
the mechanisms of the glucan action. Our research has
shown that CR3 serves as a major receptor for p-glucans
with human® or mouse* leukocytes and is probably re-
sponsible for reported functions of f-glucans. B-Glucan
specifically targets macrophages, neutrophils, and NK
cells to tumors that are opsonized with antibodies and
complement. Thus, f-glucan has the same specificity as
the tumor-opsonizing antibodies. Studies in mice have
shown the therapeutic value of small soluble f-glucans
(5-20 kD) that can bind to CR3 monogamously and prime
the receptor for subsequent cytotoxic activation only if
membrane CR3 are subsequently clustered by contact
with the clustered iC3b coating a tumor cell. High m.w.
soluble B-glucans such as lentinan (> 500 kD) that have
been used for patient therapy are large enough to cross-
link and cluster membrane CR3, triggering respiratory
bursts, degranulation, and cytokine release in the absence
of tumor target cells®’. Several studies have shown the
safety of soluble pB-glucans and the absence of side effects.
It should further be noted that small soluble polysaccha-
rides are rarely antigenic unless coupled to proteins.

Our knowledge of possible negative effects of various
B-glucans is limited. Particulate f-glucan applied parenter-
ally was reported to cause granuloma formation, micro-
embolization, local inflammation and pain®®. Inhalation
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of intact cells or cellular detritus of fungi or yeasts—in-
gredients of home dust'® or different agricultural and in-
dustrial dusts''—induces the so called syndrome of toxic
organic dust which is characterized by lung reactions that
include pneumonia, cough, chronic bronchitis'?, rhinitis,
headache and irritation of eyes and throat. f-Glucans were
reported as important causal factors of these complaints'®
which, through activation of macrophages, monocytes
and leukocytes, causes increased secretion of inflam-
matory components (e.g., TNF-a and interleukin-8 (IL-
8)). B-Glucans have also been suggested to be important
agents in the inflammatory reactions seen in the so called
Sick Building Syndrome!.

A major problem was evidenced when glucan was
applied simultaneously with indomethacin. Several pa-
pers reported the lethal side effects of indomethacin in
glucan-treated mice'>'®, These authors found that in glu-
can-treated mice, non-steroidal anti-inflammatory drug
caused a gastrointestinal damage resulting in peritonitis
by enteric bacteria and subsequent death. The findings
that lincomycin protected the animals from septic shock
in these glucan-indomethacin model further supported
the theory of bacterial infection. However, these results
were never independently confirmed. The purpose of this
study is to evaluate these claims using several different
types of glucans.

MATERIALS AND METHODS

Animals

Female, 6 to 10 week old BALB/c mice were pur-
chased from the Jackson Laboratory (Bar Harbor, ME).
All animal work was done according to the University of
Louisville IACUC protocol. Animals were sacrificed by
CO, asphyxiation.

Material

RPMI 1640 medium, sodium citrate, Wright stain,
and indomethacin were obtained from Sigma Chemical
Co. (St. Louis, MO), fetal calf serum (FCS) was from
Hyclone Laboratories (Logan, UT).

b -1,3 glucans

The glucans used in this study were purchased from
the following companies: NOW BETA glucan from NOW
FOODS (Bloomingdale, IL), Epicor from from Embria
Health Sciences (Ankeny, IA), Glucan #300 from Transfer
Point (Columbia, SC), and Glucagel T from GraceLinc
(Christchurch, New Zealand).

Glucan treatment

Individual glucans were applied either intraperito-
neally or orally. The samples were collected at different
intervals after either ip. injections (100 pg of glucan/
mouse) or after feeding with glucan-containing diet. All
diets (Laboratory Rodent Diet 5001 enhanced with vari-
ous doses of glucan) were formulated and prepared by
Purina (Richmond, IN). Diet ingredients for all groups
were identical except for the proportion of glucan.
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Phagocytosis

The technique employing phagocytosis of synthetic
polymeric microspheres was described earlier'®. Briefly:
peritoneal cells were incubated with 0.05 ml of 2-hydrox-
yethyl methacrylate particles (HEMA; 5x10%/ml). The test
tubes were incubated at 37° C for 60 min., with intermit-
tent shaking. Smears were stained with Wright stain. The
cells with three or more HEMA particles were considered
positive. The same smears were also used for evaluation
of cell types.

Cytokine assay

BALB/c mice were intraperitoneally injected with
100 pg of glucan and fed with indomethacin. Control
mice obtained PBS only. After 24 hrs, the mice were
sacrificed and blood was collected in Eppendorf tubes.
Subsequently, the serum was prepared, collected and
stored at -80 °C for no more than 1 week. Alternatively,
glucans (100 pg/mouse in PBS) were administered ip.
3 times on days -5, -3, and -1. Indomethacin (5 mg/kg)
was administered p.o. from day O to 5.

The levels of IL-6 in serum samples were evalu-
ated using a commercial kit OptEIA Mouse IL-6 set
(Pharmingen, San Diego, CA, USA) according to the
manufacturer’s instructions. The optical density was
determined using a STL ELISA reader (Tecan U.S.,
Research Triangle Park, NC) at 450 nm with a correc-
tion at 570 nm. Data shown were calculated from the
standard curve prepared by the automated data reduction
using linear regression analysis. A standard curve was run
with each assay.

Gastrointestinal length

The entire colon, from the coecum to the bottom of
the rectum, was removed and colon length was measured
as an indirect marker of inflammation's.

Glucose

Mice were deprived of food for 24 hr and sacrificed.
Serum was collected via the retro-orbital sinus and stored
at -80 °C for less ten a week. Biochemical analyses were
performed by Antech Diagnostics (Indianapolis, IN).

Survival experiments

In Group A, glucan was injected at days -5, -3 and -1,
indomethacin in delivered water from day 1 to day 30.
In Group B, same doses of glucan and or indomethacine
were delivered orally from day 1 to day 30. The mice were
observed daily and survival was counted. The experiment
was stopped after 30 days.

RESULTS

The number of individual glucans is almost as great as
the number of sources used for their isolation. The ration-
ale for this combination of glucan samples was not only
their commercial availability and success but, most im-
portantly, we tried to include both soluble and insoluble
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glucans and also glucans from different sources, including
yeast, mushrooms and cereals.

Glucans are 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 activi-
ties by phagocytosis. We used the synthetic polymeric
microspheres, HEMA, since their use, dose, and timing
are already well established in glucan studies.?’ Results
summarized in Fig. 1 show significant effects of glucans
#300 and Now on encapsulation of synthetic particles
by peripheral blood neutrophils. At the same time, in-
domethacine significantly lowered the phagocytic activity.
However, three glucans— #300, Now and glucage— re-
turned this suppression to almost normal values.

Next, we measured the level of IL-6 in serum of mice
treated with glucan and indomethacin for 24 hr. Results
summarized in Fig. 2 show that all glucans stimulated the
IL-2 secretion. The simultaneous addition of indometh-
acin resulted in small and, in most cases, insignificant
suppression of IL-6 secretion. The suppression was sig-
nificant, only in thecase of Now glucan. Longer exposure
to glucans resulted in higher IL-6 secretion (Fig. 3) and
longer exposure to indomethacin resulted in lower IL-6
production. Glucans #300 and Epicor managed to buffer
the indomethacin-induced suppression.

Serum glucose concentrations of glucan-treated mice
was compared with those treated with glucan- and in-
domethacin. On day 5, mice were sacrificed and sera were
collected. As shown in Fig. 4, the serum glucose levels
were not significantly affected by either glucan alone or
by indomethacine alone.

Intestinal injury is common in indomethacin-treat-
ed subjects and colon shortening is considered to be a
characteristic sign of the inflammatory bowel disease.
Therefore, we measured effect of glucan and/or indometh-
acin on the colon length. Glucans (100 ug/mouse in
PBS) were administered ip. 3 times on days -5, -3, and
-1, indomethacin (5 mg/kg) was administered p.o. from
day 0-to-5. Colons were obtained from each group and
measured on day 5. Glucan alone had no effects on colon
length. Similarly, indomethacin alone caused no colon
shortening. When combined, no shortening of the colon
was observed. Conversely, simultaneous treatment with
Epicor and indomethacin resulted in significant increase
of colon length.

Finally, we addressed the most important question -
does the simultaneous treatment of mice with glucan and
indomethacin really affect the lethality? To examine the
effect of this combination, we measured the mortility of
animals after 30 days of treatment. Results given in Table
1 showed that, regardless of the administration of the glu-
can, absolutely no changes in mice survival were found.

DISCUSSION

B-Glucans belong to a group of natural, physiologically
active compounds, generally called biological response
modifiers.
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Table 1. Effect of combination treatment of glucan
and indomethacin on mouse survival.

No. of mice/No of surviving mice
after 30 days
Group A
#300 + IND 9/9
Epicor + IND 9/9
Glucagel + IND 8/8
Now + IND 9/9
Group B
#300 + IND 8/8
Epicor + IND 1]7
Glucagel + IND 9/9
Now + IND 9/9
Group A Glucan injected at days -5, -3
and -1, indomethacin in water
from day 1 to 30
Group B Glucan in food, indomethacin
in water from day 1 to 30

The best known effects of B-glucans consist of the aug-
mentation of phagocytosis of professional phagocytes,
granulocytes, monocytes, macrophages and dendritic
cells. Activation of macrophages and other professional
phagocytes represents an element of more complicated
processes, when mediator molecules secreted by them
(such as IL-1, IL-9, or TNF-a) initiate inflammation re-
actions. Additional studies established that glucans also
stimulate the humoral branch of immune reactions?. In
addition, glucans were repeatedly shown to overcome
the immunosuppression, caused by either irradiation or
chemotherapy?'22.

The rationale for the choice of glucans parallels what
was stated in our previous paper®. We chose four glucans
that are widely sold and available in the US, Europe and
the Far East, representing grain-, mushroom- and yeast-
derived glucans in partly soluble and insoluble form.
Briefly, #300 is insoluble yeast-derived glucan; Glucagel is
barley-derived glucan; NOW is a mixture of both insoluble
glucans from yeast and soluble glucans from mushrooms;
and Epicor is a partly soluble yeast-derived glucan.

Despite the fact that most reports found no significant
side effects connected with glucan treatment (for review
see’), including long-term use?. One potential question
remains - are there lethal side effects when glucan is com-
bined with indomethacin? Several reports described that
B-glucan-induced inflammatory processes could competi-
tively interact with simultaneously administered nonster-
oidal antiinflammatory drugs. The lethal toxicity due to
septic shock, elicited by a sequential administration of
B-glucan and a nonsteroidal anti-inflammatory drug in-
domethacin, was described in mice'>!. In addition, these
effects can be reversed by antibiotics!”®. Unfortunately,
all these reports are from one laboratory and despite the
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Role of glucans on phagocytic activity of blood
neutrophils. Glucan (100 pg/mouse in PBS) was
administered ip. 3 times on days -5, -3, and -1.
Indomethacin (5 mg/kg) was administered p.o.
from day 0 to 5. *Represents significant differ-
ences between control (indomethacin) and sam-
ples (indomethacin and glucan) at P < 0.05 level.
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Role of glucans and indomethacin on the level of
IL-6 in serum 5 days after application of tested
substaneces. Glucan (100 ug/mouse in PBS) was
administered ip. 3 times on days -5, -3, and -1.
Indomethacin (5 mg/kg) was administered p.o.
from day O to 5. *Represents significant differ-
ences between group without indomethacin and
and group with indomethacin at P < 0.05 level.
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Glucan (100 ug/mouse in PBS) was administered
ip. 3 times on days -5, -3, and -1. Indomethacin
(5 mg/kg) was administered p.o. from day O to
5. Colons were obtained from each group and
measured on day 5. Number of mice used in each
group was 3.
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Fig. 2. Role of glucans and indomethacin on the level
of IL-6 in serum 24 hrs after application (glucan
ip, indomethacin orally). *Represents significant
differences between group without indomethacin
and and group with indomethacin at P < 0.05

level.
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Fig. 4. Role of glucans and indomethacin on the level
of glucose in serum 5 days after application of
tested substaneces. Glucan (100 ug/mouse in
PBS) was administered ip. 3 times on days -5, -3,
and -1. Indomethacin (5 mg/kg) was administered
p.o. from day O to 5.

fact that these effects were repeatedly described for more
than 10 years, they were never independently confirmed.
The aim of this report was, therefore, to either confirm or
reject the current hypothesis about the negative associa-
tion of glucan and non-steroidal anti-inflammatory drugs.

We have used the same conditions as described in'3. In
order to be sure we evaluate all possibilities, we included
the experimental group where glucan was also adminis-
tered orally. In addition, as individual glucan often differ
in their biological properties, we wanted to establish that
our findings had general meaning. Therefore, we used four
different types of glucan, differing in source, solubility
and activity,

Our finding showed that simultaneous treatment
with glucan and indomethacin caused small decrease of
phagocytic activity and IL-2 production. Two other tested
parameters—blood glucose levels and colon length—both
found to be significantly affected by this treatment's, were
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virtually unchanged. The reason why Epicor increased the
colon length is unknown at this time.

In the final, yet most important part of the study, we
found absolutely no mortality, regardless the type of glu-
can or the route of glucan administration. One explana-
tion of the differences between our findings and Ohno’s
group might be that the original papers used the only type
of glucan with particularly peculiar biological properties
that cannot be found in any other glucan.

There is evidence that p-glucan plays a considerable
role in increased production of nitric oxide, one of the
most effective reactive nitrogen species, by inducible
nitric oxide synthase (iNOS) in macrophages’** from
L-arginine. Various types of nitric oxide synthase (NOS)
are known (besides iNOS also a neuronal and epithelial
ones). Function of formed nitric oxide is double-edged. It
induces a cytotoxic effect upon tumor cells?® and shows
distinct impact on many pathogens?. On the other hand,
it can damage tissues and DNA?® and its high concentra-
tions can play role in septic shock. The activator’s sus-
tained action induces expression of iNOS and increased
formation of nitric oxide (NO) results in vasodilatation of
veins. The vasodilatation brings about an intense drop of
venous resistance and blood pressure?. Other side effects
imputed to B-glucan-induced nitric oxide production are
bioaerosol-induced respiratory symptoms seen in both oc-
cupational and residential environments®’. Generally, the
dual role of NO as a protective or toxic molecule is due
to several factors such as the isoform of NOS involved,
concentration of NO and the type of cells in which it is
synthesized, the availability of L-arginine, formation of
c¢GMP by soluble guanylate cyclase, and the overall extra
and intracellular environment in which NO is produced?'.

It is important to note that there are some limitations
of this study, as some of the observed markers are not full
markers of sepsis (e.g. glycemia). Similarly, colon length
is not by some considered to be an adequate marker of
inflammation. However, the most important result of our
study was the finding of absolutely no lethal effects of the
glucan-indomethacin combination, making the relevance
of the supporting markers significantly less relevant.

There are two problems with natural B-glucans that
make them undesirable as drugs. First, there is consider-
able variation in the structure of p-glucans isolated from
the same strain of fungi. The second problem in the de-
velopment of a drug from a natural product is that it is
difficult to make it proprietary and protect the investment
required for development. However, based on results of
this study, the adverse negative effects of the simultaneous
treatment with glucan and non-steroidal anti-inflammato-
ry drugs does not seem to be another problem.
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