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Abstract

This study investigates the toxicity of WGP® 36, a yeast-derived B-glucan ingredient, during single-dose acute and sub-chronic
toxicity studies in rats. For the acute study, Fisher-344 rats were administered WGP® 3-6 via gavage at a dose of 2000 mg/kg body
weight, and any evidence of toxicity was monitored over a 14-day period. WGP® 3-6 was well tolerated, indicating that the LDsy value
is greater than 2000 mg/kg body weight. For the sub-chronic study, Fisher-344 rats (10/sex/group) were randomly allocated to receive
daily gavage treatment with WGP® 3—6 at doses of 0, 2, 33.3, or 100 mg/kg body weight. Control and high-dose satellite recovery groups
of each sex also were included. Full toxicological monitoring and endpoint investigations were performed throughout and upon com-
pletion of the study. No negative effects on animal weights or food consumption attributable to WGP® 3—6 were evident at any dose.
In addition, no mortality, clinical pathology, functional/behavioral, microscopic, or gross observations indicating toxicity were observed.
Sporadic changes in some biochemical and hematological parameters were observed; however, since the effects were within the physio-
logical ranges in historical controls, were not dose-responsive, or were not observed in both sexes, they were determined to be of no
toxicological significance. In conclusion, no adverse or toxic effects were observed after subchronic oral administration of 2, 33.3, or
100 mg/kg body weight/day of WGP® 3-6 in Fisher-344 rats, and therefore, a no observed adverse effect level (NOAEL) of 100 mg/
kg body weight/day, the highest dose tested, was determined.
© 2007 Elsevier Ltd. All rights reserved.
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soybean dry weight contains 1,3-B-p-glucan (Ko and Lin,
2004).

Due to their highly conserved nature and extracellular
location in yeast and bacteria, mammalian organisms have
developed immune recognition systems for a number of
extracellular B-glucan components. These microbial-
derived glucan polymers, termed pathogen-associated
molecular patterns (PAMP), are recognized by pattern rec-
ognition receptors (PRR) on immune cells. The specific
PRR that bind 1,3-B-p-glucans are the toll-like receptors
(TLR) and the non-opsonic receptor, Dectin-1 (Brown
et al., 2003; Gantner et al., 2003; Herre et al., 2004; Dillon
et al, 2006). In addition, 1,3-B-D-glucans also have been
shown to bind the complement component 3 receptor
(CR3) in neutrophils (Xia et al., 1999; Cramer et al., 2006).

The capacity of 1,3-B-p-glucans to interact with and
modulate the immune system has stimulated widespread
research into a variety of potential pharmaceutical and
nutraceutical uses for these compounds. For example,
1,3-B-p-glucans isolated from Saccharromyces cerevisiae
have been shown to inhibit cancer growth and enhance
the anti-tumor effects of monoclonal antibodies in mice
(Cheung et al., 2002; Vetvicka et al., 2002; Hong et al.,
2004), to enhance neutrophil recovery following sub-lethal
irradiation (Gu et al., 2005), to protect against anthrax
infection (Vetvicka et al., 2002), and to attenuate microbial
infections in mice, rats, and guinea pigs (Onderdonk et al.,
1992: Cisneros et al., 1996; Kernodle et al., 1998; Hong
et al., 2004; Breivik et al., 2005). Improved humoral and
cellular immunity also have been demonstrated in weanling
piglets consuming S. cerevisize-derived B-glucan (Li et al..
2005). In humans, yeast-derived 1,3-B-p-glucans have been
shown to protect against post-operative infection in high-
risk surgical patients (Babineau et al., 1994a,b: Dellinger
et al.. 1999), to improve macrophage function in trauma
patients (Browder et al.,, 1990), and to decrease plasma
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lipid levels following oral supplementation (INicolosi
et al., 1999).

Although the molecular structures of the various B-
glucan chains (1,3, 1,6) are highly conserved, the three-
dimensional structure of the molecule can vary dramatically
among organisms and depends on the chain length, branch
type, and branch frequency of the particular B-glucan. In
addition, variations in B-glucan structure and composition
are highly dependent on the particular method by which a
B-glucan preparation is processed or manufactured, and
these variations can have a significant impact on their
respective immune stimulatory activity (Seljelid et al.,
1981; Saitd et al., 1991; Bohn and BeMiller, 1995; Mueller
et al., 2000; Willment et al., 2001), an effect that also could
lead to significant toxicity when crude preparations are used
therapeutically (Riggi and Di Luzio, 1961; Di Luzio et al,,
1979: Bowers et al., 1986; Miura et al., 2003).

Using a proprietary technology, Biothera, Inc. (Eagan,
MN) has isolated a highly pure, insoluble particulate B-glu-
can fraction, WGP® 3-6, from the cell wall of S. cerevisiae,
which is more commonly known as bakers yeast. Some
ingredients derived from bakers yeast (i.e., bakers yeast
protein, glycan, and extract) are approved by the US Food
and Drug Administration (US FDA) for use in foods (US
FDA. 2006), and S. cerevisiae-derived glucans also are cur-
rently marketed in the US in a number of dietary supple-
ment products. WGP® 3-6 is produced using acid and
alkaline extraction techniques that result in the stripping
of the outer mannoprotein sheath and loss of the inner cel-
lular lipids and proteins, leaving a relatively intact B-p-glu-
can shell (Fig. 1). While WGP® 3-6 has been consumed by
humans as a dietary supplement without reports of adverse
effects, and also has been used in clinical trials with no
observed toxicity, the safety of long-term WGP® 3-6 expo-
sure has not been evaluated. Although a few pre-clinical
safety assessments have been performed on [-glucans
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Fig. 1. Structure of WGP® 3-6 f-p-glucan shell. f-glucan is extracted from Saccharromyces cerevisiae using a proprietary technology, producing a whole
glucan particle in which the outer surface of mannoprotein and inner cellular contents are removed to expose the B 1,3/1,6 glucan (WGP® 3-6). Also
depicted is the molecular structure of a B-1,3 glucan chain linked through a 1,6 branch point.
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derived from S. cerevisiae and Candida albicans (Williams
et al., 1988: Feletii et al., 1992), as mentioned, B-glucan
composition can vary significantly depending on the B-
glucan preparation method. Therefore, as part of extensive
safety investigations to support the use of WGP® 3—6 as a
food ingredient, we are reporting the results of acute and
sub-chronic toxicity studies in rats. The studies were per-
formed under Good Laboratory Practice (GLP) conditions
according to the Organization for Economic Co-operation
and Development (OECD) guidelines for the testing of
chemicals (OECD, 2001) and the ingredient was tested
using a range of oral doses for establishing a safe level
for use in food. :

2. Materials and methods

2.1. Test material

The test material used in the acute and subchronic toxicity studies was
WGP® 3-6 [Lot #20030731 (acute study) and Lot #1033-003 (subchronic
study); Biopolymer Engineering, Eagan MN]. WGP® 3-6 powder is a
highly purified extract of S. cerevisiae, manufactured to the specifications
shown in Table 1.

2.2. Acute toxicity study

2.2.1. Study design

A single-dose oral study in rats was conducted at the Japanese Food
Research Laboratory (TAMA Laboratory, Nagayama, Japan) to evaluate
the potential toxicity of high-dose WGP® 3-6. Ten (10) Brl-
Han:WIST@Jcl rats were obtained from Japan CLEA Inc. at 5 weeks of
age. Animals were acclimatized for 1 week to ensure that no abnormalities
in animal condition existed. The rats were housed five animals per cage
under standard laboratory conditions (temperature: 23 + 2°C; relative
humidity: 30-70% (target of 50-60%) light-dark cycle: 12/12 h) and
received a standard diet (Nihon Nosankogyo K.K) and tap water ad libi-
tum. Five male and five female rats were allocated to control and treat-
ment groups, and base-line weights were recorded following a 17-h fasting
period. WGP® 36 (Lot # 20030731) was formulated as a 100 mg/mL
suspension and administered to each animal at a dose of 2000 mg/kg body
weight (20 mL/kg body weight) by oral gavage. Control animals received
equal volumes of water via the same administration route, and both
groups were then observed for a period of 14 days. Clinical observations
were made frequently on the day of administration and once a day during
the 14-day observation period. The rats were weighed on days 7 and 14

Table 1

Product specification for WGP® 36

Attribute Specification
Origin Saccharromyces cerevisiae
B-Glucan 1,3/1,6 >75%
Carbohydrates >80%

Protein <3.5%

Fat <12%

Ash <3%

Moisture <8%

Lead <5 ppm
Aerobic Plate Count <20,000 CFU/g
Coliform <10 CFU/g
Salmonella sp. Negative
Escherichia coli Negative

£ 25 CFU /g combined
CFU = colony forming units; ppm = parts per million.

Yeast and mold

following oral gavage, and the mean body weight values of the experi-
mental and control groups were statistically analyzed using the #-test
(p = 0.05). Experimental design was performed in accordance with OECD
Guideline No. 420 (OECD, 2001).

2.3. Sub-chronic toxicity study

2.3.1. Study design

Groups of 10 male and 10 female specific pathogen free (SPF) Fisher-
344 rats were randomized to 1 of 4 groups receiving 0 (control), 2, 33.3, or
100 mg/kg body weight/day of WGP® 36 powder for 91 consecutive days
by oral gavage. Separate control and 100 mg/kg body weight/day recovery
groups for each sex also were included, and were maintained for an addi-
tional 14 days without treatment following the 91-day dosing period.
Clinical observations, body weights, and food consumption were moni-
tored throughout the treatment period, and at the selected termination
dates (92 or 106 days) the animals were euthanized and subjected to a full
post-mortem examination. The study was conducted at the Research
Institute of Biopharmacy and Veterinary Drugs (Pohori-Chotouti, Czech
Republic) in compliance with the OECD Principles of GLP and in accor-
dance with the OECD Guideline No. 408 for the Testing of Chemicals,
“Repeated Dose 90-day Oral Toxicity Study in Rodents” (OECD, 2001),

2.3.2. Experimental animals and housing

One-hundred and sixty (160; 80 males and 80 females) SPF Fisher
CDF (F-344)/CrIBR rats were obtained from Charles River Deutschland
(via AnLab Ltd, Prague, Czech Republic). The animals were acclimatized
for 13-16 days, and were 5-6 weeks of age and weighed between 80 and
100 g at the initiation of treatment. Sixty (60) males and 60 females were
randomly selected according to weight criteria and allocated to the control
and treatment groups. Rats were housed as groups of five animals per cage
in standard plastic cages. The temperature inside the experimental room
was kept at 22°C (+2°C) and the relative humidity was maintained at 30—
70% (with an aim of 50-60%). Additional environmental controls involved
the use of artificial lighting (12 h light/12 h dark), controlled air changes
(>15 per hour), and microbiological environmental monitoring. Sterilized
litter was inspected daily and changed 3 times a week. Animals received
sterilized standard diets [ST-1; Borland, Kocanda, Czech Republic) and
sterilized drinking water ad libitum.

2.3.3. Test item preparation

WGP® 3-6 was freshly suspended in sterile injection water everyday,
and a constant volume of 0.5 mL per 100 g body weight of the test item
suspension was orally administered by gavage on a daily basis. The con-
centration of the test item in the administration form was regularly ana-
lyzed for quality control purposes, the doses were set on the basis of the
most recently recorded body weight of each individual animal, and the
total amount of the test item administered was individually recorded.

2.3.4. Clinical examinations

Animals were observed twice daily for mortality and a general clinical
examination was performed once a day. Detailed clinical observations
were made in all animals prior to the first exposure to the test item and
once a week thereafter. All signs of toxicity or morbidity were recorded.

Ophthalmic examinations were made on all animals prior to the first
administration of control or WGP® 3-6 test article, at the end of the
administration period, and at the end of the recovery period. External
inspection of the eyes and peribulbar structures was performed macro-
scopically. Direct and indirect ophthalmic examinations were made using
an ophthalmoscope (Maifield, Gowllands, UK), and animals were sedated
using light halothane anesthesia. Short-acting mydriatic tropicamide
(0.5%) in Mydriacyl ophthalmic drops (Alcon-Couvreur) was topically
applied before performance of fundoscopy.

2.3.5. Functional and behavioral investigations
Towards the end of the administration period, a number of behavioral
tests were conducted. For assessment of neuromuscular function, a beam
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walking and bar grip test was performed; for determination of emotion-
ality, ambulatory activity, and inquisitiveness, the open field test was used;
and for assessment of visual function, the placing response test was per-
formed (OECD, 2001).

2.3.6. Clinical pathology

2.3.6.1. Hematological examinations. Standard hematological tests for
erythrocyte count (RBC) (10'%/L), hemoglobin (Hb) concentration (g/dL),
hematocrit (Hct) index (%), mean corpuscular volume (MCV) (fL), and
leukocyte count (WBC) (109/L) were conducted using an AL veterinary
analyzer (Cell Counter, Model 2000; AL systeme, Germany). Differential
Jeukocyte count (%) was conducted using panoptical staining of blood
smears and counting via a standard microscope (WL-89; Opton). Platelet
count (10°/L) and blood clotting time also were measured.

2.3.6.2. Biochemical examination of blood. Clinical biochemical analysis of
blood was conducted before dosing commencement, at the end of the
administration period, and at the end of the recovery period in all treated
animals. The plasma was separated via centrifugation and then frozen and
transferred to the Imumed laboratory for analysis. The following
parameters were measured using automatic biochemical analyzers
(OPTIMA and Konelabe 60i, KONE, FINLAND): sodium (Na), potas-
sium (K), albumin, cholesterol, creatinine, gamma-glutamyl transferase
(GGT), urea, L-alanine, 2-oxoglutarate aminotrasferase (ALT), L-aspar-
tate, 2-oxoglutarate aminotransferase (AST), glucose, total protein,
alkaline phosphatase (ALP), bilirubin, triglyceride, and low density lipo-
protein (LDL)-cholesterol. For LDL-cholesterol, initially LDL was
selectively blocked, while lipoproteins other than LDL were oxidized via
enzymatic route. The LDL was then released and selectively determined as
a color product on numerous enzymatic reactions at 600 nm. HDL-cho-
lesterol was not measured.

2.3.7. Pathology examinations

2.3.7.1. Gross pathology. Prior to post-mortem examination, all animals
were weighed and thereafter sacrificed via CO, inhalation, with sub-
sequent bleeding from the vena cava caudalis. All of the animals were
submitted to full necropsy procedures, including the examination of the
following organs and/or sites: external surface of body; all orifices; cranial
cavity; cervical tissues and organs; thoracic cavity and its contents, organs,
and tissues; and the abdominal cavity and its contents, organs, and tissues.

2.3.7.2. Organ weights. lmmediately after dissection, the harvested organs
were trimmed of any adherent tissues and weighed in closed Petri dishes in
order to avoid drying effects. Wet weight was determined for the following
organs: liver, brain, heart, kidneys, spleen, adrenals, testes, epididymides,
uterus, ovaries, and thymus. Paired organs (kidneys, adrenal, testes, epi-
didymides, ovaries) without visible pathological changes were weighed
together. Organ weights were expressed as absolute values (g) and as
relative (“organ to body weights”) values (g per 100 g of body weight).

2.3.7.3. Histopathology. Full histopathology was carried out on the organs
and tissues of all animals in the control and the highest dosage (i.e.,
100 mg WGP® 3-6/kg body weight/day) groups. Histological examina-
tions were extended to animals of lower dosage groups if compound-
related changes were observed in the high-dose group. Histopathology in
recovery animals was performed on tissues and organs identified as
showing effects in treated groups. With an aim of possible histological
examination, samples of the following organs and tissues were collected
from all experimental animals: brain, medulla and pons, cerebrum, cere-
bellum, spinal cord at three segments (cervical, mid-thoracic, and lumbar),
pituitary gland, thyroid, parathyroid, thymus, trachea, lungs, heart, aorta,
salivary gland, liver, spleen, kidneys, adrenals, pancreas, gonads, uterus,
accessory genital organs, skin, tongue, esophagus, stomach, small intestine
(duodenum, jejunum, and ileum, including Peyer’s patches), large intestine
(cecum, colon, and rectum), urinary bladder, mesenterial and popliteal

lymph nodes, female mammary gland, prostate, musculature, peripheral
nerve, sternum with bone marrow, femur and knee joint, eyes, and
Harderian gland.

2.3.7.4. Organltissue processing. All organs/tissues sampled were fixed in
10% neutral buffered formalin except the eyes and Harderian glands,
which were fixed in Davidson’s fluid, and the testes and epididymides,
which were fixed in Bouin’s solution. Standard dehydration procedures
and embedding in paraplast were performed. Tissues were cut to a
thickness of 4 pm. Slides were stained with hematoxylin and eosin. Bones
were decalcified with ethylenediaminetetraacetic acid (EDTA).

2.3.8. Statistical procedures

Means and standard deviations of means for groups, mean values of
body weights, food consumption, absolute organ weights, relative organ
weights, and hematological and biochemical parameters were calculated.
Standard analysis of variance (ANOVA) was used for statistical evalua-
tion of the data. When a significant dose-effect was found, further statis-
tical analysis using Tukey’s method and Dunnett’s multiple comparisons
were used for a detailed assessment of data obtained and for an assessment
of their mutual relationship.

3. Results
3.1. Acute toxicity study

No deaths or clinical abnormalities for either male or
female animals were observed during the experimental
period. As shown in Table 2, in comparison to the control
group, no significant differences in body weight gain
occurred as a result of WGP® 3—6 administration. In addi-
tion, the findings of gross necropsy performed at study
termination did not reveal any signs of toxicity. Under
the conditions of this acute oral test, the LDsq value for
WGP® 3-6 is greater than 2000 mg/kg body weight, the
only dose tested.

3.2. Sub-chronic toxicity study

3.2.1. Body weights and food consumption

Mean body weights of males and females were measured
weekly. As seen in Fig. 2, no significant differences in ani-
mal weights were observed between any of the treatment
groups and the control groups. As shown in Fig. 3, no
significant differences in mean weekly food consumption

were observed between any of the groups, nor was any

Table 2
Average body weights of rats administered a single oral gavage dose of
WGP® 3-6

Group Body weight (g) (SD)

Pre-administration 7 days 14 days
Males
Control (0 mg/kg bw)  145.5(3.1) 192.0 (3.3) 2357 (7.9)
2000 mg/kg bw 145.8 (2.1) 195.6 (4.3) 242.7 (4.2)
Females
Control (0 mg/kg bw)  121.1 (4.5) 1432 (7.5) 159.2 (12.5)
2000 mg/kg bw 121.3 (4.3) 1444 (5.3) 163.9(89)

bw = body weight; SD = standard deviation.
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Fig. 2. Body weights of male and female rats given daily doses of WGP® 36 at the indicated doses by oral gavage for 91 days (n = 10 per group), followed
by a 14-day recovery period in separate control and high-dose groups (n = 10 per group). The data represent the mean of each group.
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Fig. 3. Food consumption of male and female rats given daily doses of WGP® 3-6 at the indicated doses by oral gavage for 91 days (n = 10 per group),
followed by a l14-day recovery period in separate high-dose and control groups (n = 10 per group). The data represent the mean of each group.

correlation observed between food consumption and the
dose of WGP® 3-6.

3.2.2. In-life examination

The results of individual clinical examinations in male
and female groups indicate that WGP® 3-6 was well toler-
ated throughout the treatment period, with no mortality or
signs of morbidity observed. The only clinical change noted
was moderate diarrhea and transient weight loss in one

high-dose (100 mg/kg body weight/day) male during days
70-71. No evidence of diarrhea was observed in any other
treated males, nor was diarrhea observed in any treated
females; thus, the effect occurring in this single high-dose
male was believed to be of no toxicological significance.
There was no evidence of any compound-related effects
on the results of the ophthalmic examinations.

A number of functional and behavioral tests were per-
formed towards the end of the treatment period. Based

doi:10.1016/j.fct.2007.03.013
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on the results of beam walking and bar grip strength exper-
iments, no evidence of neuromuscular impairment was

Table 3

Summary of hematology values obtained in the subchronic oral gavage toxicity study of WGP® 3-6
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observed between control and WGP® 3—6-treated animals.
In addition, no differences between treated rats and

Analysis at Day 92 Group Dose group [dose (mg/kg body weight/day)]
Control [0] Low-dose [2] Mid-dose [33.3] High-dose {100]
Males
RBC (x 10'%/L) Mean 7.93 7.76 8.07 7.96°
SD 0.19 0.24 0.15 0.22
MCYV (fL) Mean 4.4 448 45.5 46.2°
SD 1.1 1.0 1.1 0.8
Hct (%) Mean 35 35 37 37
SD 1 1 1 1
WBC (x 10°/L) Mean 8.66 9.99 9.95 8.22
SD 1.32 1.70 2.84 1.12
Hb (g/dL) Mean 14.91 14.71 14.69 14.47
SD 0.35 0.19 0.39 0.39
Segment neutrophils (%) Mean 14.9 18.0 20.0 14.4
SD 7.0 8.0 8.7 3.9
Band neutrophils (%) Mean 0 0 0 0
SD 0 0 0 0
Eo (%) Mean 0.7 0.5 0.8 0.2
SD 0.7 0.7 0.9 0.6
Ba (%) Mean 0 0 0 0
SD 0 0 0 0
Ly (%) Mean 83.9 80.8 78.8 85.1
SD 6.9 8.5 9.0 43
Mo (%) Mean 0.5 0.7 04 0.3
SD 0.5 08 0.7 0.5
PLT (x 10%L) Mean 532.1 606.9 538.2 533.0
SD 23.5 93.1 859 313
Blood clotting (s) Mean 141.1 1004 93.9" 78.3"
SD 68.5 24.7 25.2 209
Females
RBC (x 10'%/L) Mean 7.52 7.67 745 7.47
SD 0.28 0.21 0.17 0.18
MCV (fL) Mean 4.6 48.7° 47.1° 47.6*
SD 1.2 0.8 1.4 0.7
Hect (%) Mean 34 37 35 36
SD 2 1 1 1
WBC (x 10°/L) Mean 793 7.76 8.52 7.69
SD 1.14 0.95 097 0.86
Hb (g/dL) Mean 14.79 14.89 14.67 14.46
SD 0.31 0.28 0.32 0.25
Segment neutrophils (%) Mean 18.5 19.1 20.0 18.0
SD 5.2 43 64 6.6
Band neutrophils (%) Mean 0 0 0 0
SD 0 0 0 0
Eo (%) Mean 0.7 0.6 0.5 1.1
SD 0.8 1.0 07 1.0
Ba (%) Mean 0 0 0 0
SD 0 0 0 0
Ly (%) Mean 80.6 79.8 79.3 80.7
SD 53 4.5 64 7.0
Mo (%) Mean 0.2 0.5 0.2 0.2
SD 0.4 0.5 04 0.4
PLT (x 10%/L) Mean 561.5 633.6 581.9 627.8
SD 4.9 64.5 52.5 56.4
Blood clotting (s) Mean 89.0 98.1 74.9 90.9
SD 36.9 293 25.9 433

Ba = basophil; Eo = eosinophil; fL = femtolitres; g/dL = grams/decilitre; Hb = hemoglobin; Hct = hematocrit; Ly = lymphocyte; MCV = mean cor-
puscular volume; Mo = monocyte; PLT = polymorphonuclear lymphocytes; RBC = erythrocyte count (red blood cells); SD = standard deviation;
WBC = leukocyte count (white blood cells).

? Significantly different from the control group at 0.01 using Dunnett’s test.
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Summary of serum chemistry values obtained in the subchronic oral gavage toxicity study of WGP® 3-6
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Analysis day 92 Group Dose group [dose (mg/kg body weight/day)]
Countrol [0] Low-dose [2] Mid-dose [33.3] High-dose [100]
Males
Creatinine (umol/L) Mean 34.90 32.50 27.60 32.80
SD 3.11 3.34 291 3.29
Urea (mmol/L) Mean 8.66 8.07 8.15 8.38
SD 1.00 0.74 [.21 045
ALT (ukat/L) Mean 1.576 1.552 1.504 1.623
SD 0.566 0.482 0.247 0.311
AST (ukat/L) Mean 1.483 1416 1.706 1.556
SD 0.259 0.271 0485 0.285
Glucose (mmol/L) Mean 8.05 7.50 8.36 7.59*
SD 047 0.52 0.96 0.51
TP (g/L) Mean 70.39 70.34 68.33 68.89
SD 1.72 2.77 10.10 1.84
Bilirubin (pmol/L) Mean 29.35 26.09 33.80 34.26
SD 547 781 17.96 8.36
Na (mmol/L) Mean 141.3 140.7 140.2 140.7*
SD 0.8 0.5 0.9 0.8
K (mmol/L) Mean 3.90 3.95 3.92 3.88°
SD 0.15 0.17 0.18 0.21
GGT (ukat/L) Mean 0.035 0.042 0.040 0.022
SD 0.035 0.031 0.024 0.026
Albumin (g/L) Mean 39.50 31.52 36.07 37.68
SD 0.65 4.11 541 1.66
Cholesterol (mmol/L) Mean 1.59 1.75 1.92 1.50
SD 0.13 0.36 1.28 0.15
LDL-Cholesterol (mmol/L) Mean 0.298 0.340 0421 0.318
SD 0.034 0.084 0.206 0.042
TG (mmol/L) Mean 1.960 2.070 3.020 2.100
SD 0313 0.658 2923 0.356
ALP (ukat/L) Mean 2.78 2.38 2.59 2.73
SD 0.21 0.24 0.77 0.20
Females
Creatinine (pmol/L) Mean 35.30 32.90 31.60 36.40
SD 3.77 2.88 5.27 334
Urea (mmol/L) Mean 9.06 7.67' 9.46 9.11
SD 1.05 1.35 1.07 0.73
ALT (pkat/L) Mean 1.224 1.022 0.929 1.100
SD 0.256 0.232 0.129 0.261
AST (ukat/L) Mean 1.486 1.300 1.494 1.301
SD 0.206 0.228 0.168 0.102
Glucose (mmol/L) Mean 7.87 6.28" 7.82 771
SD 0.62 1.44 0.66 0.42
TP (g/L) Mean 66.53 62.13" 66.29 65.21
SD 1.85 6.20 247 239
Bilirubin (umol/L) Mean 24.35 22.24 38.00° 22.12
SD 445 17.95 10.35 9.40
Na (mmol/L) Mean 145.7 143.0° 139.2¢ 139.7°
SD 2.8 0.8 0.8 0.9
K (mmol/L) Mean 3.77 3.70 3.79 3.62
SD 0.22 0.22 0.14 0.18
GGT (pkat/L) Mean 0.090 0.110 0.109 0.056
SD 0.064 0.101 0.035 0.032
Albumin (g/L) Mean 37.52 36.18 38.45 37.88
SD 295 3.19 1.31 2.26
Cholesterol (mmol/L) Mean 226 2.02¢ 2.39 2.25
SD 0.15 0.22 0.21 0.17
LDL-Cholesterol (mmol/L) Mean 0.531 0.465" 0.476 0457
SD 0.083 0.153 0.043 0.052
TG (mmol/L) Mean 1.190 1.180 1.480 0.960
SD 0.351 1.181 0371 0.479
ALP (ukat/L) Mean 4.06 1.91 2.25 2.34
SD 6.13 0.42 0.26 0.35

ALP = alkaline phosphatase, ALT = L-alanine:2-oxoglutarate aminotransferase, AST = L-aspartate:2-oxoglutarate aminotransferase, GGT = y-glutamyl trans-

peptidase; K = potassium, LDL = low-density lipoprotein, Na = sodium, TG = triglycerides, TP = total protein.
“ Significantly different from the control group at 0.01 using Dunnett’s test.
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controls in emotionality, ambulatory activity, or inquisi-
tiveness were observed in the placing response and open-
field behavior tests.

3.2.3. Hematological and clinical chemistry examination
Data for the hematology and clinical chemistry are pre-
sented in Tables 3 and 4. Although sporadic, statistically
significant, increases in RBC, MCV, and Het occurred in
males at the highest dose (100 mg/kg body weight/day),
the differences were less than 10% and did not exceed the
maximums of physiological and historical control data
ranges. Also, samples from the corresponding recovery
groups displayed a tendency for normalization of all of
the above-mentioned parameters. Of particular interest, a
dose-dependent and significant decrease in clotting times

Table 5

was observed in male animals, which decreased by 44%
at the highest dose; however, since the decline was within
the historical control range, was not present in both sexes,
and returned to baseline levels following withdrawal of
dosing, the effect was considered to be of no clinical signif-
icance. A statistically significant increase in MCV also was
observed in females, although, the changes in RBC, Het,
and blood clotting times seen in males were not observed
in the female test groups.

Similar to the hematological evaluation, isolated statisti-
cally significant changes were observed for some clinical
chemistry parameters (bilirubin, glucose, Na, K, choles-
terol, LDL-cholesterol, urea, total protein); however, since
the changes were within historical control values, were not
dose-responsive, and did not occur in both sexes, the

Summary of absolute and relative organ weight values (g/100 g) obtained in the subchronic oral gavage toxicity study of WGP® 3-6

Day 92 Group Dose group [dose (mg/kg body weight/day)T*
Control [0] Low-dose (2] Mid-dose [33.3] High-dose [100]
Males
Final body weight ~ Absolute  309.5 (12.3) 307.5 (21.0) 323.9 (15.2) 326.0 (12.3)
Liver Absolute  10.179 (0.607) 9.611 (0.917) 11.304 (0.918)" 10.670 (0.685)
Relative 3.288 (0.117) 3.123 (0.167) 3.492 (0.262) 3.274 (0.182)
Spleen Absolute  0.580 (0.039) 0.631 (0.078) 0.612 (0.026) 0.612 (0.029)
Relative 0.188 (0.012) 0.205 (0.023)" 0.189 (0.013) 0.188 (0.010)
Kidneys Absolute  2.078 (0.169) 2.127 (0.147) 2.261 (0.158)" 2.230 (0.150)
Relative 0.671 (0.036) 0.692 (0.018) 0.698 (0.023) 0.684 (0.029)
Adrenal Glands Absolute  0.047 (0.006) 0.048 (0.005) 0.050 (0.007) 0.056 (0.006)"
Relative 0.015 (0.002) 0.016 (0.002) 0.015 (0.003) 0.017 (0.002)
Heart Absolute  0.898 (0.064) 0.915 (0.068) 0.970 (0.043)° 0.950 (0.046)
Relative 0.290 (0.017) 0.298 (0.013) 0.300 (0.014) 0.291 (0.013)
Thymus Absolute  0.251 (0.018) 0.253 (0.044) 0.276 (0.041) 0.264 {0.035)
Relative  0.081 (0.005) 0.082 (0.013) 0.085 (0.012) 0.081 (0.011)
Brain Absolute  1.804 (0.054) 1.819 (0.047) 1.811 (0.077) 1.814 (0.045)
Relative 0.584 (0.030) 0.593 (0.033) 0.560 (0.023) 0.557 (0.015)
Testes Absolute  2.854 (0.140) 2.996 (0.136) 2.984 (0.141) 2.988 (0.106)
Relative 0.923 (0.045) 0.977 (0.062) 0.922 (0.039) 0.917 (0.032)
Epididymides Absolute  0.905 (0.065) 0.916 (0.060) 0.926 (0.044) 0.900 (0.049)
Relative 0.292 (0.017) 0.298 (0.017) 0.286 (0.013) 0.276 (0.017)
Females
Final body weight  Absolute  182.2 (9.4) 180.6 (7.2) 187.8 (7.5) 1894 (9.2)
Liver Absolute 5.579 (0.419) 5.555 (0.521) 6.012 (0.341) 5.947 (0.736)
Relative 3.064 (0.216) 3.079 (0.315) 3.201 (0.124) 3.142 (0.383)
Spleen Absolute  0.412 (0.033) 0.409 (0.027) 0.425 (0.029) 0.436 (0.047)
Relative 0.226 (0.016) 0.226 (0.014) 0.226 (0.015) 0.231 (0.026)
Kidneys Absolute  1.340 (0.048) 1.358 (0.047) 1.368 (0.074) 1.436 (0.056)"
Relative 0.736 (0.029) 0.753 (0.028) 0.728 (0.020) 0.759 (0.036)
Adrenal glands Absolute  0.051 (0.005) 0.053 (0.006) 0.051 (0.004) 0.054 (0.005)
Relative 0.028 (0.002) 0.029 (0.004) 0.027 (0.002) 0.028 (0.003)
Heart Absolute  0.603 (0.036) 0.604 (0.023) 0.626 (0.032) 0.622 (0.032)
Relative 0.331 (0.016) 0.334 (0.014) 0.333 (0.015) 0.329 (0.016)
Thymus Absolute  0.241 (0.026) 0.199 (0.025)' 0.209 (0.028)" 0.221 (0.019)
Relative 0.132 (0.014) 0.110 (0.011)° 0.111 (0.013)" 0.117 (0.007)"
Brain Absolute  1.683 (0.023) 1.680 (0.046) 1.687 (0.041) 1.694 (0.035)
Relative 0.926 (0.044) 0.931 (0.042) 0.899 (0.029) 0.896 (0.041)
Uterus Absolute 0.454 (0.087) 0.426 (0.071) 0.512 (0.112) 0.477 (0.096)
Relative 0.248 (0.039) 0.236 (0.039) 0.272 (0.056) 0.252 (0.052)
Ovaries Absolute  0.104 (0.014) 0.097 (0.017) 0.106 (0.015) 0.106 (0.012)
Relative 0.057 (0.008) 0.054 (0.009) 0.056 (0.007) 0.056 (0.007)

* = Significantly different from the control group at 0.01 using Dunnett’s test.
® Where the presented values represent the mean and the values within parentheses represent the standard deviation.
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effects were considered to be of no toxicological
significance.

3.2.4. Gross necropsy

No pathological findings were present in any animals
subject to necropsy after termination of the recovery per-
iod. Infrequent findings of very fine nodular adhesions
(approximately 1 mm in diameter) were detected on the
spleen capsule of four treated animals: one male in the
low-dose (2 mg/kg body weight/day) group; one male
and one female in the mid-dose (33.3 mg/kg body weight/
day) group, and one male in the-high dose group. Overall,
gross necropsy examination of animal organs and tissues
revealed no pathological alterations attributable to
WGP® 3-6.

3.2.5. Organ weights

Absolute and relative organ weights are shown in Table
5. There were some slight (<10%) but statistically signifi-
cant changes in the absolute and relative organ weights
in treatment versus control groups. In males, a significant
increase in the absolute weights of the liver, kidneys, and
heart was recorded in the 33.3 mg/kg body weight/day
group, and in the adrenal glands of the high-dose group.
In females, an elevation of absolute weights of the kidneys
in high-dose animals and a non-dose-dependent decrease of
the absolute weight of the thymus in the low- and mid-dose
groups was observed. These sporadic differences in organ
weights were not connected with any pathologic processes,
and no connection with potential effects of WGP® 3-6 was
observed. All mean values of absolute weights were within
the limits of historical variability.

A significant increase in relative weights of the spleen
and testicles in comparison to the control group was
observed in the group of males treated with WGP® 3-6
at a dose of 2mg/kg body weight/day. A significant,
non-dose-dependent decrease in the relative weights of
the thymus was observed in all treated females in compar-
ison to the control group, although this effect was not
observed in males. No alterations in any of the organs indi-
cating a relationship with effects of WGP® 3-6 were
revealed by gross necropsy.

3.2.6. Histopathology

No increases in the incidence of histopathological find-
ings were observed in the group treated with the highest
dose of WGP® 3-6 compared to the controls. Marked
nodular histopathological alterations on the spleen were
identified in one control animal and were attributed to a
sporadic incidence of malignant lymphoma in this animal.
Histopathological lesions present in organs and tissues of
other animals were prevailingly of a sporadic character,
and no relationship between their incidence and effects of
the test item or the level of the dose were observed. The
findings occurring more frequently (calcifications in the
female renal tubules, small hyaline casts in the male renal
tubules, small foci of fibrous adhesions on the spleen cap-

sule) were present randomly at similar frequencies in ani-
mals of both the control and treated groups.

4. Discussion

Overall, oral administration of WGP® 3-6 was well
tolerated. An acute study in BrlHan:WIST@Jcl rats
showed no evidence of toxicity over a 14-day observation
period following single oral gavage administration of
WGP® 3-6 at a dose of 2000 mg/kg body weight. Repeated
oral dosing of WGP® 36 at doses of 2, 33.3, or 100 mg/kg
body weight/day in Fisher CDF (F-344)/CrIBR rats for a
period of 91 days resulted in no increase in mortality,
morbidity, alterations of health status, or reductions in diet
consumption, body weights, or weight gain. No pathologi-
cal changes were detected by ophthalmic examination, nor
were any toxicologically significant changes observed in
biochemical or hematological parameters. Post-mortem
examination did not reveal pathologic changes in organs
and tissues that were related to administration of the test
compound, and no correlation between the dose level of
WGP® 3-6 and alterations in absolute and relative organ
weights were observed.

The only clinical observation worth noting was the dose-
dependent and significant decrease in blood clotting times
noted in male animals (up to 44% at the highest dose).
The statistical significance of this finding was likely a result
of the fact that the clotting times were unexpectedly ele-
vated in the control group. Additionally, all group means
were within historical control values and there were no sig-
nificant differences observed for this parameter at the end
of the 14-day recovery period. Furthermore, similar
changes in clotting times were not reported in females,
and no significant differences or trends in platelet count
were observed for any treatment group. In vitro observa-
tions of enhanced clot formation of human plasma were
reported by Ohno et al. (1990) for yeast-derived B-(1,3)-
glucans; however, the reference is an isolated report and
no mechanistic evidence could be identified to explain the
apparent pro-coagulant effect.

Moreover, the use of whole blood clotting times also is
considered to be an insensitive measure of hemostasis
(Brown, 1992), and in the absence of additional mechanistic
measures of blood clotting such as prothrombin times (PT),
partial thromboplastin times (PTT) or activated partial
thromboplastin times (aPTT), a conclusion regarding the
effects of WGP® 3—6 on hemostasis for male animals during
this experiment is difficult to make. Decreased clotting times
or other pro-coagulant effects have not been reported in
other B-glucan toxicity studies (Williams et al., 1988; Feletti
et al,, 1992). In addition, in human clinical trials using both
orally administered WGP® 3—6 and Biothera, Inc.’s soluble
pharmaceutical grade glucan (PGG-glucan), decreased
clotting times were not reported to occur (Babincau et al.,
1994a,b; Dellinger et al., 1999; Nicolosi et al., 1999).
Therefore, in the absence of decreased clotting times in
female animals, and given no reports of yeast glucan effects
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on clotting times in the literature and no indication of
decreased clotting times in humans consuming large
quantities of WGP® 36 in clinical trials (Nicolosi et al.,
1999), the observation of decreased clotting times in male
rats should be interpreted as a spurious finding of no
toxicological significance.

Two other pre-clinical toxicity studies have been
published regarding B-glucans extracted from yeast (Wil-
liams et al., 1988; Feletti et al., 1992). The study by Feletti
et al. (1992) investigated the chronic toxicity of an insoluble
B-glucan preparation derived from C. albicans in Sprague—
Dawley male and female rats. The B-glucan composition
was not well characterized in the published article; how-
ever, it was reported to be prepared using an acid-alkali-
detergent treatment and contained less than 0.5% protein.
The B-glucan preparation was prepared as a liquid suspen-
sion and administered by oral gavage at doses of 0 (con-
trol), 50, 100, or 200 mg/kg body weight/day for a period
of 52 weeks. At the end of the study period, the authors
reported that no test item-related morbidity or mortality
was observed, and no differences between control or treat-
ment groups were reported with regard to body weight
gain, food consumption, water intake, opthalmic evalua-
tions, hematology, blood biochemistry, urinalysis, or organ
weight. The only significant effect observed was caecal
enlargement with variable hyperplasia of the colon mucosa
in high-dose (200 mg/kg body weight/day) animals, an
effect that was reversible upon cessation of treatment.
The authors reported a no observed effect level (NOEL)
of 100 mg/kg body weight/day. As stated by Felletti et al.
(1992), caecal enlargement is typical of exposure to sugar
alcohols (sorbitol, mannitol, xylitol), lactose, caramel,
and some chemically-modified food starches, such as syn-
thetic polydextrose, and is a physiological change that is
considered by the World Health Organization (WHO) to
be of no toxicological concern with respect to extrapolation
of animal data to humans (WHO, 1987). Therefore, it is
reasonable to state that, in addition to the NOEL of
100 mg/kg body weight/day derived by the authors, a no
observed adverse effect level (NOAEL) of 200 mg/kg body
weight/day can be assumed.

In a pre-clinical safety evaluation by Williams et al
(1988), the authors investigated the effects of a soluble
B-glucan preparation isolated from S. cerevisiae. Unfortu-
nately, no information was available regarding the com-
position/purity of the B-glucan preparation other than
that it was analyzed to ensure the absence of endotoxin.
The authors reported that acute single administration of
the soluble B-glucan preparation at intravenous doses of
up to 1000 mg/kg body weight in male ICR/HSD mice
had no effect on mortality, and no effect on Harlan
Sprague-Dawley rats at a dose of 500 mg/kg body weight.
Differential species-specific effects were observed during
repeat intraperitoneal dosing, where soluble B-glucan
administration (250 mg/kg body weight/day) over 7 days
resulted in no effect on weight gain in male ICR/HSD
mice, yet produced a significant 10% decrease in weight

gain in Sprague-Dawley guinea pigs (Williams et al.,
1988).

During chronic studies in male ICH/HSD mice, Wil-
liams et al. (1988) administered B-glucan intravenously at
doses of 40, 200, or 1000 mg/kg body weight twice weekly
in two separate experiments spanning 30 and 60-day
periods. Significant toxicity leading to hepatosplenomegaly
was observed in the 40 and 1000 mg/kg body weight dose
groups during the 30-day study. A dose-dependent increase
in the incidence of hepatosplenomegaly also was observed
in the 60-day study, a finding attaining statistical signifi-
cance at the 1000 mg/kg body weight dose. Reticuloendo-
thelial toxicity and lung granuloma have been reported in
other studies; however, these effects are generally confined
to the use of insoluble B-glucans administered via intraperi-
toneal or intravenous routes (Riggi and Di Luzio, 1961; Di
Luzio et al., 1979; Johnson et al., 1984; Bowers et al., 1986;
Patchen and MacVittie, 1986). The reason why hepato-
splenomegaly occurred in the study by Williams et al.
(1988), with a soluble form of B-glucan, is unclear; how-
ever, production details of the fB-glucan preparation were
not reported. Given the highly insoluble nature of yeast
B-glucan, it is possible that small amounts of B-glucan pre-
cipitates were present in the preparation. In addition, in the
absence of proper quality control procedures, contamina-
tion with fatty acids, proteins, or nucleic acids also may
have been a factor.

Based on observations of splenotoxicity in other studies,
the observation of small focal nodular lesions on the spleen
capsule randomly distributed among four animals in the
treatment groups of some animals treated with WGP® 3—
6, in some cases associated with the presence of macro-
phages and lymphocytes is of interest; however, the effect
was not dose-responsive, and was not associated with
dose-responsive increases in relative spleen weights or
microscopic evidence of splenotoxicity. Furthermore, only
one group of animals (males of the 33.0 mg/kg body
weight/day group) had an increased relative spleen weight
in comparison to controls, and the magnitude of the effect
was modest at 8.0%, and the spleen weights of the individ-
ual animals with spleen adhesis also did not reveal any cor-
relation to potential toxicologic effects. More importantly,
histopathology revealed spleen adhesis in three males of the
recovery control group and one male in the recovery treat-
ment group, which strongly suggests that the presence of
sporadic spleen adhesis is due to random biological varia-
tion and is of no toxicological significance. Moreover, these
findings are consistent with the results of the study by
Feletti et al. (1992), who did not observe any evidence of
increases in spleen weights or histopathological effects at
similar doses of yeast B-glucan administered by gavage
over a period of 52 weeks.

An additional observation made during the current sub-
chronic toxicology study was a significant non-dose-related
decrease in the absolute thymus weights in females admin-
istered WGP® 3-6 at doses of 2 and 33.3 mg/kg body
weight (~15%; p < 0.01), and in the relative thymus weights
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in females of all groups (~15%; p <0.01). For immune
related endpoints, the absence of a dose-response relation-
ship does not necessarily support the conclusion of a spo-
radic finding (Descotes, 2004); however, a number of
factors suggest that the observed decreases in thymus
weights are indeed spurious findings. Firstly, the overall
magnitude of the effect was modest (~15%). There also
was a lack of similar findings in male animals. No signifi-
cant alterations in white blood cell or lymphocyte counts
were observed, nor were any alterations in thymus histopa-
thology for either sex identified. Moreover, no significant
differences in thymus weights were observed in the female
recovery groups. No effects on thymus weight were
observed in the chronic study by Feletti et al. (1992), where
yeast B-glucan was administered to rats via oral gavage
over a period of 52 weeks. An abundance of animal and
human data provide evidence that B-glucans possess poten-
tial immune-enhancing activity, and not immune-suppress-
ing activity, which is typically observed with decreases in
thymus weights. Therefore, the study results and the data
of previous studies available in the published literature fur-
ther support the conclusion that the observed decreases in
thymus weights in the females of the treatment groups are
of no toxicological concern.

The safe toxicologic profile of orally administered yeast
B-glucans observed during the subchronic toxicity study is
consistent with the fact that WGP® 3-6 is indigestible and
not absorbed to a significant degree. Systemic exposure to
WGP® 3-6 may occur through macrophage uptake in the
Peyer’s patches of the small intestine. B-Glucan particles
are then degraded within the macrophage, and soluble
fragments are released at various systemic sites (i.e., bone
marrow, lymph nodes) where neutrophil priming can occur
(Hong et al., 2004; Li et al., 2006). Since evidence of retic-
uloendothelial toxicity is primarily confined to animals
receiving significant systemic exposure to insoluble B-glu-
cans, or to high-dose intravenous infusion of soluble forms,
overloading of the immune system would not be expected
with oral consumption of insoluble WGP® 3-6, although
it is possible that systemic exposure to WGP® 3-6 may
have occurred in a few animals as a result of physical dam-
age to the gastric mucosa from repetitive gavaging.

WGP® 3-6 is a highly pure, insoluble particulate B-glu-
can fraction from the cell wall of S. cerevisiae, otherwise
known as bakers yeast. The consumption of S. cerevisiae-
derived B-glucan has a long indirect history of safe use
through the consumption of bakers yeast, and various
purified forms of yeast-derived B-glucans are routinely
consumed as dietary supplements with no evidence of
adverse effects. This report is the first publication where a
biologically active insoluble yeast-derived B-glucan has
been extensively studied under GLP conditions and to
OECD specifications. The safe use and absence of toxicity
observed for oral WGP® 3-6 administration in this study is
consistent with observations in previous acute pre-clinical
efficacy studies using WGP® 3-6 in rodents (Vetvicka
et al., 2002), and repeat administration of WGP® 3-6 in

quantities as high 15 g per day have been used safely in
humans (Nicolosi et al., 1999). In conclusion, based on
clinical, pathological, and statistical evaluations, no toxic-
ity was observed over the 13-week repeat administration
period when WGP® 3-6 was administered at up to a max-
imum deliverable oral dose of 100 mg/kg body weight/day
to rats. Therefore, the NOAEL for this study was deter-
mined to be 100 mg/kg body weight/day, the highest dose
tested.
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