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SENT VIA FEDEX 

January 11,2008 

Robert L. Martin, Ph.D. 
Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food And Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740-3835 

Re: GRAS Notice for Yeast Beta-Glucan 

Dear Dr. Martin: 

In accordance with proposed 21 CFR 5170.36 [Notice of a claim for exemption based on 
a Generally Recognized As Safe (GRAS) determination] published in the Federal 
Register[62 FR 18938 (17 April 1997)], I am submitting in triplicate, as the notifier 
[Biothera, Inc., 3388 Mike Collins Drive, Eagan, MN, 551211, a Notice of the 
determination, on the basis of scientific procedures, that yeast beta-glucan, as defined in 
the enclosed documents, is GRAS under specific conditions of use as a food ingredient, 
and therefore, is exempt from the premarket approval requirements of the Federal, 
Food, Drug and Cosmetic Act. Information setting forth the basis for the GRAS 
determination, which includes a comprehensive summary of the data available and 
reviewed by an independent panel of experts (the Expert Panel) in support of the safety 
of yeast beta-glucan under the intended conditions of use, as well as curricula vitae 
evidencing the qualifications of the members of the Expert Panel for evaluating the 
safety of food ingredients, also is enclosed for review by the agency. 

I trust that the enclosed Notice is acceptable. Should you have any questions or 
concerns regarding this GRAS Notice, please do not hesitate to contact me at any point 
during the review process so that we may provide a response in a timely manner. 

% .  

Sincerely, 

Dr. Donald J. Cox 
Vice President of R&D and Business Development 
Healthcare Group 
Biothera, Inc. 

Enclosures -. 3388 Mike Coffins Drive 

Eogon -Minnesota 55121 
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YEAST BETA-GLUCAN GRAS NOTICE 

I GRAS Exemption Claim 

A. Claim of Exemption From the Requirement for Premarket Approval Pursuant to 
Proposed 21 CFR §170.36(c)(I) [62 FR 18938 (17 April 1997)] 

Yeast beta-glucan, as defined in the report in Appendix I entitled, "EXPERT PANEL 
CONSENSUS STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS SAFE 
(GRAS) STATUS OF YEAST BETA-GLUCAN FOR USE AS A FOOD INGREDIENT", dated 
August 29, 2007, has been determined by Biothera, Inc (Biothera) to be Generally Recognized 
As Safe (GRAS), consistent with Section 201 (s) of the Federal Food, Drug, and Cosmetic Act 
This determination is based on scientific procedures, as described in the following sections, and 
on the consensus opinion of an independent panel of experts qualified by scientific training and 
expertise to evaluate the safety of yeast beta-glucan under the intended conditions of use. 
Therefore, the use of yeast beta-glucan as a food ingredient, as described below is exempt from 
the requirement of premarket approval 

Signed, 

/ / 3 9 R / S B  
Dr                         Date 
Vice President of R&D and Business Development 
Healthcare Group 
Biothera, Inc 

B. 

Donald J Cox, Ph.D 
Vice President of R&D and Business Development 
Healthcare Group 
Biothera, Inc 
3388 Mike Collins Drive 
Eagan, MN 55121 

Name and Address of Notifier 

C. 

Yeast beta-glucan 

D. 

Common Name of the Notified Substance 

Conditions of Intended Use in Food 

Biothera intends to market yeast beta-glucan, derived from food-grade bakers yeast 
(Saccharomyces cerevisiae), as a food ingredient in the United States in a variety of food 
products including baked goods and baking mixes, beverages and beverage bases, cereal and 

Biothera. Inc 
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YEAST BETA-GLUCAN GRAS NOTICE 

cereal products, dairy product analogs, milk and milk products, plant protein products, 
processed fruits and fruit juices. soft candy, and soup and soup mixes at a level of up to 
200 mg/serving (see Table 2 of Appendix I) Yeast beta-glucan is not intended for use in meat 
or meat-containing products. 

The consumption of yeast beta-glucan from all proposed food uses was estimated using the 
United States Department of Agriculture 1994-1996 Continuing Survey of Food Intakes by 
Individuals (USDA CSFll 1994-1996) survey (USDA, 2000). Under the intended conditions of 
use, the total population all-user mean intake of yeast beta-glucan was estimated to be 
413.02 mglpersonlday (8.90 mg/kg body weightlday), with an estimated heavy consumer 
percentile) all-user intake of 827.32 mglpersonlday (20 66 mg/kg body weightlday). On an 
absolute basis, the greatest mean and 90" percentile all-user intakes of yeast beta-glucan were 
estimated to occur in male teenagers, at 580 95 and 1,186.49 mgl personlday, respectively (see 
Table 3 of Appendix I) On a body weight basis, the greatest mean and 90" percentile ail-user 
intakes of yeast beta-glucan were highest in infants, with intakes of 27.88 and 53.96 mg/kg body 
weightlday, respectively (see Table 4 of Appendix I ) ;  however, it should be noted that the 
intended food uses will not be marketed directly for use in infant products ( i  e , yeast beta- 
glucan is not intended to be incorporated in infant formula/foods or toddler foods), and hence 
the actual infant and toddler consumption of yeast beta-glucan is expected to be limited 

E. 

Pursuant to 21 CFR 5170.30, yeast beta-glucan has been determined by Biothera to be GRAS 
on the basis of scientific procedures (U S FDA, 2007a). This determination is based on the 
views of experts who are qualified by scientific training and experience to evaluate the safety of 
yeast beta-glucan as a component of food The safety of yeast beta-glucan is based on data 
generally available in the public domain on the ingredient itself and other yeast-derived beta- 
glucan ingredients, as discussed herein and in the accompanying documents [see Appendix I ,  
EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY 

FOOD INGREDIENT]. 

F. Availability of Information 

The data and information that serve as the basis for this GRAS Notice will be sent to the US.  
Food and Drug Administration (FDA) upon request, or will be available for review and copying at 
reasonable times at the offices of: 

Basis for the GRAS Determination 

RECOGNIZED AS SAFE (GRAS) STATUS OF YEAST BETA-GLUCAN FOR USE AS A 

Biothera, Inc. 
3388 Mike Collins Drive 
Eagan, MN 
55121 
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YEAST BETA-GLUCAN GRAS NOTICE 

Should the FDA have any questions or additional information requests regarding this Notice, 
Biothera also will supply these data and information. 

II. 

A. Identity 

The common or usual name of this product is yeast beta-glucan. Biothera's yeast beta-glucan 
is a dried spray-dried yeast extract powder with fine beige to tan coloration. The ingredient 
contains at least 70% insoluble beta-l,3/1,6-glucan, and comprises a physical make-up that is 
essentially represented as a mixture of hollow spheres or "ghost" cells as depicted in Figure 1 
In addition to trace amounts of protein and lipids, small amounts of beta-l,6-glucan and chitin 
also are expected to be present in the final product 

Figure 1 

Detailed Information About the Identity of the Substance 

Pictorial Representation of Yeast Beta-Glucan 
- 

Beta-l,3/1,6-Glucan 

Main constituent of 
Yeart Beta-Glucan 
as shown below 

Mariiiopiotein 

Ia-glucan 

Trace Lipids, 
Protein 

Beta-Glacaii 

Beta-Glucaii + Chit in 

lipids. Pioleins. 
Nucleic Acids and Processing 
Cellular Coiiteim 

- - - - - - - - - 
~- 

Baker's Yeast 
Yeast Beta-Glucan 

A typical preparation of Biothera's yeast betaglucan consists of "hollow" yeast cell wall spheres approximately 2 to 4 
microns in diameter 

Common or Usual Name: 
Chemical Name: (1 -3),(1-6)-P-D-glucan, Poly-(l-6)-P-D-glucopyranosyl-(l,3)-p-D- 

Yeast beta-glucan 

glucopyranose 

Chemical Abstracts Service (CAS) Number: 
Empirical Formula and Formula Weight: 

Structural Formula: See Figure 1. 

Not available 
Not available 
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YEAST BETA-GLUCAN GRAS NOTICE 

B. Manufacturing 

Yeast beta-glucan is manufactured according to current Good Manufacturing Practices (cGMP) 
using appropriate food grade reagents and ingredients The S.  cerevisiae used in the 
production of yeast beta-glucan is standard food-grade Baker's yeast, which is grown at 
Biothera's production plant under controlled conditions in stainless steel fermentation vessels 
The yeast cells are lysed to extract the beta-glucan component of the cell wall, which is purified 
to produce the final ingredient. Autolysis of the fermentation mixture occurs in the fermentation 
vessel where the cells are lysed using a thermal process that takes place over several days. 
The yeast extract is then separated from the cell wall using centrifugal separation Following 
centrifugation, the total solids content of the cell wall is 10 to 12% of the original mass. The cell 
wall isolate then undergoes a caustic treatment to strip the mannosylated cell wall proteins, 
which are linked to the cell wall by alkali sensitive bonds. This step also removes any residual 
cellular lipids trapped within the cell wall that become soluble under alkaline pH Subsequently, 
the ingredient undergoes an acid treatment, which results in the depolymerization and 
deacetylation of chitin to form free glucosamine hydrochloride, and essentially results in the 
removal of most of the chitin. Next, the yeast wall slurry undergoes subsequent flash 
sterilization and pH adjustment steps resulting in a sterile solution with an approximate pH 
range 5-6. The resulting mixture contains between 6 to 12% of the original solids and is 
essentially pure beta-l,3/1,6-glucan. The mixture is then spray-dried, and once dry, the powder 
is sieved through a mesh sifter. The final beta-1,3/1,6-glucan product is then packaged into 
cardboard boxes with 10 kg double inner bags made out of polyethylene 

C. 

In order to ensure consistent product, Biothera has established specifications for the final 
ingredient (see Table I), which are similar to those described for bakers yeast glycan (US. 
FDA, 2007b). Representative lots are routinely assayed to ensure compliance with final product 
chemical, physical, and microbiological specifications. The ingredient comprises mainly 
carbohydrates (at least 80%), with minor amounts of protein and fat, all of which already are 
present in the human diet via the consumption of bakers yeast and ingredients derived thereof. 
Biothera's yeast beta-glucan meets appropriate food-grade specifications and all processing 
aids used in the manufacture of the ingredient ( i  e., pH-adjusting agents) are appropriate for 
food use. The results of studies of the stability of yeast beta-glucan indicated that the ingredient 
is very stable under normal storage conditions (/ .e. ,  up to 5 years). 

Specifications for Food Grade Material 

Biothera. Inc 
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YEAST BETA-GLUCAN GRAS NOTICE 

Specification Parameter Specification Method of Analysis 

Taste 

Odor 

Chemical Specifications 

Total Carbohydrate (%) 

Beta-glucan (1,311.6) ( O h )  

Protein (YO) 

Bland Taste 

Faintfmild Olfactory 

At least 80 By difference 

At least 708,b Internal Method 

e10 AOAC Method 990 03 

Fat (YO) 
Ash (Yo) 
Moisture (Yo) 

e20 AOAC Method 989 05 
<5 AOAC Method 942 05 

e8 AOAC Method 930.15 

Microbiological Specifications 

Aerobic Plate Count (CFU/o) I eo.000 I AOAC Method 966 23 

I Sa/rnone//a sp I Negative I AOAC Method 966 24 

AOAC =Association of Analytical Communities: CFU = colony-forming units: U S  FDA BAM = US. Food and Drug 
Administration standard bactenal analytical manual methodologies (US. FDA, 1998) 
a For commercial purposes, the product will be designated WGP"3-6 if it contains a beta-glucan content of at least 
75%. and otherwise will be designated BetaRighta3-6. 

Small amounts of beta-l,6-glucan and chitin also are expected to be present in the final product 

I 

The final yeast beta-glucan ingredient is a fine beige to tan powder containing at least 70% 
insoluble beta-I ,3/1,6-glucan and is sold as BetaRight@ 3-6 (at least 70% beta-glucan) or WGP@ 
3-6 (at least 75% beta-glucan). Although BetaRight@ 3-6 and WGP@ 3-6 exist as separate 
commercial products, it should be noted that only one cGMP manufacturing process is used in 
the manufacture of Biothera's yeast beta-glucan ingredient(?,), and the final ingredient is 
designated as either BetaRight@ 3-6 or WGP@ 3-6 based on the beta-glucan content of the final 
product. 

Volatile organic compounds (VOCs) were identified as a by-product of the production process 
used to make the yeast beta-glucan ingredient (/.e., small amounts of methanol, ethanol, 
isopropanol, acetone, and hexane can be detected in the final product), even though no organic 
solvents are used at any stage of the manufacturing process. Biothera determined that the 
VOCs are produced during the manufacturing process via fatty acid decomposition reactions as 
a result of removal of the lipids using an alkali wash procedure, and that the presence of trace 
VOCs are common to many yeast food ingredients and beta-glucan dietary supplements. The 

Coliforms (CFU/g) 
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YEAST BETA-GLUCAN GRAS NOTICE 

levels of these compounds are present in a highly consistent manner from batch-to-batch, and 
the maximum level of VOC production will be restricted by quality control procedures that limit 
the levels of primary reactant (the lipid content) required for VOC formation in the final product 
to no more than 7%, which is well below the specification for this parameter Based on the 
levels of VOCs in the final product and the fact that the estimated intakes of these compounds 
will be below upper limits established by the US. Environmental Protection Agency and relevant 
pre-clinical toxicological information, the exposure to VOCs from the consumption of yeast 
beta-glucan from the estimated intake is not expected to produce adverse effects on human 
health. 

- .  c-? 

111. Self-Limiting Levels of Use 

The levels of use of yeast beta-glucan will be limited due to food formulation issues, as the 
ingredient will impart undesirable characteristics to the food regarding taste, flavor, and 
viscosity Specific thresholds for these effects have not been determined. 

IV. Basis for GRAS Determination 

Pursuant to 21 CFR 5170 30, yeast beta-glucan, under the intended conditions of use specified 
herein and defined in Appendix I [EXPERT PANEL CONSENSUS STATEMENT 
CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF YEAST 
BETA-GLUCAN FOR USE AS A FOOD INGREDIENT] has been determined by Biothera to be 
GRAS on the basis of scientific procedures (U.S FDA, 2007a) This determination is based on 
the views of experts who are qualified by scientific training and experience to evaluate the 
safety of yeast glucan as a component of food. 

The safety of yeast beta-glucan is based on data generally available in the public domain on the 
ingredient itself and other yeast-derived beta-glucan ingredients. These data include a 
published subchronic oral toxicity study of WGP@ 3-6 in rats in which no compound-related 
toxicity was observed at the highest permissible dose (Babiliek et a / ,  2007) and pre-clinical 
studies of other beta-I ,3-glucan test articles, as well as other scientific data pertaining to the 
safety of yeast beta-glucan, and in particular, published clinical trials of beta-glucan ingredients. 
The safety of yeast beta-glucan is supported by the compositional similarity of the ingredient to 
bakers yeast glycan, which is approved by the FDA for direct addition as a multi-purpose food 
additive to various food products including salad dressing, frozen desserts, sour cream and 
cheese spread analogs, and flavored snack dips (21 CFR 5172.898) (US. FDA, 2007b), as well 
as the background consumption of bakers yeast and ingredients derived thereof Additionally, 
the safety of Biothera’s yeast beta-glucan is supported by unpublished human trials of the 
ingredient. Moreover, bakers yeast, has been used for over a thousand years as a food 
ingredient, and its most common present day and historical uses are in the production of bread 
and in the fermentation process of wine and beer (Mortimer, 2000), and significant levels of 
beta-I ,3-glucans also occur naturally in a number of foods, such as edible mushrooms, celery, 

A * =  

=a 
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YEAST BETA-GLUCAN GRAS NOTlCE 

A chi-chian leaves, carrot, radish, and soybeans (KO and Lin, 2004) Therefore, the consumption 
of Biothera's yeast beta-glucan will not result in exposure to any substance that is not already 
present in the human diet as a result of the inherent composition and use of bakers yeast glycan 
and its source, S. cerevisiae, as well as other natural foods In addition, all of the components 
of yeast beta-glucan (i.e., carbohydrates, proteins, and fats) are expected to be Subject to 
known metabolic processes. Using these data to support the safety of the ingredient, yeast 
beta-glucan is GRAS based on scientific procedures. A summary of this information is provided 
in Appendix I [EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE 

USE AS A FOOD INGREDIENTJ. 
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YEAST BETA-GLUCAN GRAS NOTICE 

APPENDIX I 

EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY 
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EXPERT PANEL CONSENSUS STATEMENT CONCERNING 
THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS 

OF YEAST BETA-GLUCAN FOR USE AS A FOOD 
INGREDIENT 

INTRODUCTION 

At the request of Biothera Inc. (Biothera), an Expert Panel (the "Panel") of independent 
scientists, qualified by their relevant national and international experience and scientific training 
to evaluate the safety of food ingredients, was specially convened to conduct a critical and 
comprehensive evaluation of the available pertinent data and information on yeast beta-glucan, 
and determine whether, under the conditions of intended use as a food ingredient, yeast beta- 
glucan, derived from bakers yeast, Saccharomyces cerevisiae, would be safe and Generally 
Recognized as Safe (GRAS) based on scientific procedures. In the United States, bakers yeast 
extract is affirmed as GRAS for direct addition to food, and bakers yeast protein and glycan are 
permitted direct food additives. The Panel consisted of the below-signed qualified scientific 
experts. Prof Joseph F. Borzelleca, Ph.D. (Virginia Commonwealth University, Medical College 
of Virginia), Prof. Robert J. Nicolosi, Ph.D (University of Massachusetts Lowell), and Prof Gary 
M Williams, M.D (New York Medical College) Curricula vitae evidencing the Panel members' 
qualifications for evaluating the safety of food ingredients are provided in Attachment 1 

The Panel. independently and collectively, critically examined a comprehensive package of data 
provided by Biothera and compiled by Cantox Health Sciences International (Cantox). In 
addition, the Panel evaluated other information deemed appropriate or necessary, including 
scientific data obtained from the literature and other published sources through September 2006 
by Cantox. The infomation evaluated by the Panel included data pertaining to the method of 
manufacture and product specifications of the yeast beta-glucan ingredient, supporting 
analytical data, information establishing the compositional similarity of Biothera's yeast beta- 
glucan to bakers yeast glycan, the intended use levels of yeast beta-glucan in specified food 
products, consumption estimates for all intended uses, background dietary consumption of 
bakers yeast and ingredients derived thereof, and a comprehensive assessment of the available 
scientific literature pertaining to the safety of yeast and other beta-glucan ingredients. 

Following independent critical evaluation of such data and information, the Panel convened on 
27 November 2006 and unanimously concluded that the proposed uses in traditional foods 
described herein for yeast beta-glucan derived from S. cerevisiae, meeting appropriate food- 
grade specdications and manufactured according to current Good Manufacturing Practice 
(cGMP), are safe. The Panel further concluded that these uses are GRAS based on scientific 
procedures. A summary of the basis for the Panel's conclusion is provided below 

Biothera. Inc 
August 29,2007 
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MANUFACTURING AND COMPOSITION 

Specification Parameter 

The S. cerewsiae used in the production of yeast beta-glucan is standard food-grade bakers 
yeast, which is grown at Biothera's production plant under controlled conditions in stainless 
steel fermentation vessels. The yeast cells are lysed to extract the beta-glucan component of 
the cell wall, which is purified to produce the final ingredient Yeast beta-glucan is 
manufactured according to cGMP and comprises mainly carbohydrates (at least 80%), with 
minor amounts of protein and fat, all of which already are present in the human diet via the 
consumption of bakers yeast and ingredients derived thereof The final yeast beta-glucan 
ingredient is a fine beige to tan powder containing at least 70% insoluble beta-I ,3/1,6-glucan 
and is sold as BetaRight' 3-6 (at least 70% beta-glucan) or WGP' 3-6 (at least 75% 
beta-glucan). Although BetaRight@ 3-6 and WGP@ 3-6 exist as separate trade products, it 
should be noted that only one cGMP manufacturing process is used in the manufacture of 
Biothera's yeast beta-glucan ingredient(s), and the final ingredient is designated as either 
BetaRight' 3-6 or WGP@ 3-6 based on the beta-glucan content of the final product 

In order to ensure consistent product(s), Biothera has established specifications for the final 
ingredient(s) (see Table I ) ,  which are similar to those described for bakers yeast glycan (U S 
FDA, 2007a). Cantox reviewed batch analysis data submitted by Biothera and concluded that a 
consistent product can be produced. Representative lots are routinely assayed to ensure 
compliance with final product chemical, physical, and microbiological specifications Biothera's 
yeast beta-glucan meets appropriate food-grade specifications and all processing aids used in 
the manufacture of the ingredient (/.e, pH-adjusting agents) are appropriate for food use. The 
results of studies of the stability of yeast beta-glucan indicated that the ingredient is very stable 
under normal storage conditions (\.e, up to 5 years) 

Specification Method of Analysis 

Description I Fine beige/tan powder Visual inspection 

Odor I Faint/mild I olfactory 

Chemical Specifications 

Total Carbohvdrate (YO) I At least 80 I Bv difference 

Protein ( O h )  1 < l o  AOAC Method 990 03 

. .  
Ash (%) 

Moisture (Yo) 
Lead (mm) 

<5 AOAC Method 942 05 

4 AOAC Method 930 15 

<o 5 AOAC Method 984 27 
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Table 1 Product Specifications for Biothera's Yeast Beta-Glucan 

Aerobic Plate Count (CFU/g) I c20.000 AOAC Method 966 23 

Yeast and Mold (CFU/g) 525 I U S FDA BAM, 7th ed 

Volatile organic compounds (VOCs) were identified as a by-product of the production process 
used to make the yeast beta-glucan ingredient, and small amounts of methanol, ethanol, 
isopropanol, acetone, and hexane can be detected in the final product ( ~ 7 4 4  f 70 ppm, on 
average), even though no organic solvents are used at any stage of the manufacturing process 
Biothera determined that the VOCs are produced during the manufacture of the yeast beta- 
glucan ingredient via fatty acid decomposition reactions as a result of removal of the lipids using 
an alkali wash procedure. Biothera also determined that the presence of trace VOCs are 
common to many yeast food ingredients and beta-glucan dietary supplements. As the VOC are 
produced during a GMP production process, the levels of these compounds are therefore 
present in a highly consistent manner from batch-to-batch. In addition, the maximum level of 
VOC production will be restricted by quality control procedures that limit the levels of primary 
reactant (the lipid content) required for VOC formation in the final product to no more than 7%, 
which is well below the specification for this parameter Based on the level of VOCs in the final 
product and the fact that the estimated intakes of these compounds will be below upper limits 
established by the U S Environmental Protection Agency (EPA) and relevant pre-clinical 
toxicological information, the exposure to VOCs from the consumption of yeast beta-glucan from 
the estimated intake is not expected to produce adverse effects on human health. 

INTENDED USE AND ESTIMATED EXPOSURE OF YEAST BETA-GLUCAN 

Coliforms ICFUIa) I < l o  I AOAC Method 966 24 

Biothera intends to market yeast beta-glucan as a food ingredient in the United States in a 
variety of food products including baked goods and baking mixes, beverages and beverage 
bases, cereal and cereal products, dairy product analogs, milk and milk products, plant protein 
products, processed fruits and fruit juices, soft candy, and soup and soup mixes at a level of 
200 mglserving. The individual proposed food-uses and use-levels are summarized below in 
Table 2 The use of yeast beta-glucan in food and beverage products is self-limiting due to 
certain food formulation issues, such as taste, flavor, and viscosity. 

000014 
Biothera. Inc 
August 29,2007 

Page 3 of 25 

I 
Escherichia coli Negative AOAC Method 966 08 

Salmonella sp Negative AOAC Method 966 24 



Table 2 Proposed Food Uses and Use Levels for Yeast Beta-Glucan 

Food Category 

Baked Goods and Baking Mixes 

Beverages and Beverage Bases 

Proposed Food-Use RAcc= Yeast Beta-Glucan Levelb 

Cookies 30 to 40 200 0 5 to 0 667 

Meal Replacement 240 200 0 083 
Beveraaes (not Milk-Based) 

(g 01 mL) (rng/serving) (%) 

Cereal and Cereal Products 

Dairy Product Analogs 

Milk and Milk Products 

Nutritional Bars (Breakfast, 40 200 0 500 
Granola, Protein) 

Soy Milk 240 200 0 083 

Meal Replacement 240 200 0 083 
Beverages 

Probiotic Beverages 240 200 0 083 

Yogurt 225 200 0 089 

Yogurt Beverages 240 200 0 083 

Plant Protein Products 1 Soy Protein Bars 

11 Soup and Soup Mixes I soups I 245 1 200 1 0082 11 

40 200 

~ ~~ 

a RACC = Reference Amounts Customanly Consumed Per Eating Occasion [21 CFR 5101 12 (U S FDA, 2007b)l 
When a range of values is reported for a proposed food use, particular foods within that food use may differ with 
iespect to their RACC 

The intended use levels of up to 200 m$/serving comprise the maximum use level for each trade ingredient 
separately ( I  e , BetaRight'3-6 or WGP 3-6) or for both ingredients combined (I e , up to 200 mg BetaRightO 3-6 and 
WGP" 3-6 combined), therefore, for the purpose of this report, the intended uses of the ingredient(s) are stated 
simply as yeast beta-glucan 

~, I Juices, Smoothies) 

Using the United States Department of Agriculture (USDA) 1994-1996 Continuing Survey of 
Food Intakes by Individuals (USDA CSFll 1994-1996) survey (USDA, 2000), under the 
conditions of intended use, the total population all-user mean intake of yeast beta-glucan was 
estimated to be 413.02 mglpersonlday (8 90 mglkg body weighuday), with an estimated heavy 
consumer (goth percentile) all-user intake of 827 32 mglpersonlday (20 66 mg/kg body 
weighuday). On an absolute basis, the greatest mean and percentile all-user intakes of 
yeast beta-glucan were estimated to occur in male teenagers, at 580 95 and 1,186.49 mg/ 
persodday, respectively (see Table 3). On a body weight basis, the greatest mean and 90th 
percentile all-user intakes of yeast beta-glucan were highest in infants, with intakes of 27 88 and 
53 96 mg/kg body weighuday, respectively (see Table 4), however, it should be noted that the 
intended food uses will not be marketed directly for use in infant products ( I  e , yeast beta- 
glucan is not intended to be incorporated in infant formula/foods or toddler foods), and hence 
the actual infant and toddler consumption of yeast beta-glucan is expected to be limited. 

Soft Candv I Chocolate Confections 40 200 I 0 500 
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Population 
Group 

Infant 

Child 

Age % Actual # All-Person Consumption All-Users Consumption 

Percentile 

Group Users of Total 
(Years) Users Mean goth 

( m a  

Mean goth 

( m a  (mg) 
Percentile 

(mg) 

0 to 2 71 6 2,564 273 25 636 11 350 34 693 21 

3 t o l l  98 4 6.205 475 32 869 07 484 94 870 62 

Female Teenager 12 to 19 91 5 642 403 57 856 81 441 20 886 05 

S cerevisiae, more commonly referred to as bakers yeast, has been used for over a thousand 
years as a food ingredient, and its most common present day and historical uses are in the 
production of bread and in the fermentation process of wine and beer (Mortimer, 2000). As 
mentioned, bakers yeast and various ingredients derived from bakers yeast are permitted for 
use as direct ingredients in certain food products for sale in the U S (U S FDA, 2007a)’, and 
significant levels of beta-I ,3-glucans also occur naturally in a number of foods, such as edible 
mushrooms, specifically the Shiitake (Lenbnus edodes), Maitake (Grifola frondosa), Wood 

Female Adult 

According to a sulvey of industnal food additive use in the United States, the use of bakers yeast in foods was 1 

reported to be 58,900 poundslyear, which on a per capffa basis would correspond to 3.07 mg/person/day (0 04 mg/kg 
body weightlday) (Lucas et a / ,  1999) 

ooaoi6 
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Cauliflower (Sparassis crispa Fr ), and snow mushroom (Tremella fuciformis) varieties (KO and 
Lin, 2004) Several non-fungus-derived food sources, including celery, chi-chian leaves, carrot, 
and radish, contain nearly 20% beta-I ,3-D-glucan in their total carbohydrate fraction, and 
soybeans contain up to 0.8% beta-I ,3-D-glucan (dry weight) (KO and Lin, 2004). Moreover, 
Biothera markets their WGP 3-6@ ingredient (as lmucell WGP@ 3-6) as a dietary ingredient for 
use in dietary supplement products, and various other yeast beta-glucan supplements are 
marketed in the U.S. Therefore, all of the components present in Biothera's yeast beta-glucan 
are already present in the diet 

BASIS FOR GRAS STATUS OF YEAST BETA-GLUCAN 

The safety of yeast beta-glucan is based on data generally available in the public domain on the 
ingredient itself and other yeast-derived beta-glucan ingredients The safety of yeast beta- 
glucan is supported by the compositional similarity of the ingredient to bakers yeast glycan, 
which is approved by the U.S. Food and Drug Administration (FDA) for direct addition as a 
multi-purpose food additive (21 CFR 5172 898) to various food products including salad 
dressing, frozen desserts, sour cream and cheese spread analogs, and flavored snack dips 
(U.S. FDA, 2007a), the background consumption of bakers yeast and ingredients derived 
thereof; and other scientific data pertaining to the safety of yeast beta-glucan, including 
unpublished human trials of the ingredient, Moreover, the consumption of Biothera's yeast 
beta-glucan will not result in exposure to any substance that is not present in bakers yeast 
glycan or its source, S.  cerevisiae, which are already present in the human diet, and all of the 
components of yeast beta-glucan (/.e., carbohydrates, proteins, and fats) are expected to be 
Subject to known metabolic processes Using these data to support the safety of the ingredient, 
yeast beta-glucan is GRAS based on scientific procedures. A summary of this information is 
provided below. 

Compositional Similarity of Yeast Beta-Glucan to Bakers Yeast Glycan 

As stated in the Code of Federal Regulations (CFR), "the FDA believes that in certain instances 
the concept of equivalence may have applicability to the technical element of a GRAS 
determination" (U S. FDA, 1997). Substantial equivalence is referred to in the joint Food and 
Agriculture Organization (FAO) and World Health Organization (WHO) report as embodying "the 
concept that if a new food or food component is found to be substantially equivalent to an 
existing food or food component, it can be treated in the same manner with respect to safety 
(/.e, the food or food component can be concluded to be as safe as the conventional food or 
food component" (FAONVHO, 1996; U.S. FDA, 1997). 

In establishing the equivalence of a product to an existing food product it is important to 
determine that any differences in the new food product do not outweigh the similarities between 
the two products. Thus, the FDA has stated that a critical factor that must be determined when 
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applying the concept of equivalence is any difference in composition between the substances 
being compared (U.S. FDA, 1997) 

Biothera's yeast beta-glucan and bakers yeast glycan can both be defined as the dried cell wall 
of the yeast, S cerevisiae The cell wall of S cerevrsiae is predominantly composed of linear 
helical chains of beta-D glucose molecules bonded through 1,3 linkages, and characteristic of 
S cerevisiae, these glucan chains also contain a number of 1,6 branch points. Both food 
ingredients are composed almost entirely of carbohydrates, as both products are approximately 
80% pure carbohydrate on a dry weight basis, and the ingredients' product specifications 
include similar limits for chemical and microbiological parameters. A comparison of the 
specifications for yeast beta-glucan and bakers yeast glycan is presented in Table 5. 

Table 5 Comparison of Biothera's Yeast Beta-Glucan with Bakers Yeast Glycan 

Specification 

Description 

Organism 

Yeast Beta-Glucan Bakers Yeast Glycan' 

Fine beige/tan powder Comminuted, washed, pasteunzed, 
and dned cell walls of the yeast, 

Saccharomyces cerevisiae 

S cerevisiae S cerevisiae 

Total Carbohydrate ( O h )  

Beta-glucan ( O h )  

Protein 1 % )  

I I na II 

At least 85 

At least 57 a 

At least 80 

At least 70 

<10 "a 

Arsenic (Darn) I <o 1Q I 
Selenium loom) I NIA I <n ns II 

Aerobic Plate Count (CFUIg) 

Yeast and Mold (CFU/g) 

Coliforms (CFU/a) 

<20,000 <10.000 

9 5  <10 

< I O  na 
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Escherichia coli 

Salmonella sp 

Coagulase positive Staphylococci, 
Clostridium perfringens. Clostridium 
botulinum. or any other recognized 
pathogen or harmful microbial toxin 

ooaois 
Page 7 of 25 

Negative Negative 

Negative Negative 

N/A Negative 



The primary difference between the two products pertains to the carbohydrate composition 
Bakers yeast glycan contains mannose at a ratio of 1:2 to beta-glucan, whereas mannose is not 
expected to be present in Biothera's yeast beta-glucan. Given that the total carbohydrate level 
present in bakers yeast glycan is at least 85%, and using a ratio of 1.2 of mannose to beta- 
glucan, the level of beta-glucan present in bakers yeast glycan is expected to be at least 56%, 
which IS only slightly less than the beta-glucan level of Biothera's yeast beta-glucan ingredient 
(i.e., at least 70%) 

Pursuant to the CFR, bakers yeast glycan is permitted for use in salad dressing at a level not to 
exceed 5% of the finished product and also is permitted for use in frozen desserts, sour cream 
analogs, cheese spread analogs, and cheese flavored and sour cream flavored snack dips at 
levels that are not to exceed good manufacturing practice. These levels are at least 10-fold 
higher than the proposed levels of use of yeast beta-glucan in any one food category, and thus 
the intended conditions of use of yeast-beta glucan are not anticipated to represent an exposure 
that would be substantially different than exposure from the permitted uses of bakers yeast 
glycan. 

In conclusion, based on the fact that both ingredients are derived from the cell wall of 
S. cerevisiae and analytically are similar in composition, and that the consumption of Biothera's 
yeast beta-glucan would result in comparable exposure to beta glucan and other constituents 
present in bakers yeast glycan (minus mannose), the compositional similarity of Biothera's yeast 
beta-glucan to bakers yeast glycan as permitted for use by the FDA and regulated under 21 
CFR s172.898 (U S FDA, 2007a) supports the safe use of the ingredient in food. 

Absorption, Distribution, Metabolism, and Excretion of Yeast Beta-Glucan 

Biothera's ingredient is an insoluble yeast beta-glucan cell wall particulate carbohydrate. 
Humans are unable to digest carbohydrate polymers with beta-glucosidic linkages (Wisker et 
a/., 1985), and therefore absorption by the intestinal epithelium and significant systemic 
exposure to particulate yeast glucans will not occur (Lehne et a / ,  2005, Rice et a / ,  2005) 
Some systemic exposure following oral administration does occur, however, and is likely a rate- 
limited process' that is regulated by processing within the Peyer's patches of the small intestine 
and transport to the reticuloendothelial system via macrophages (Beier and Gebert, 1998; Hong 
et a/., 2004). Oxidative degradation of the glucan particle then occurs over several days (Hong 
et a / ,  2004). This is in contrast to exposure to yeast beta-glucans via intraperitoneal or 
intravenous routes, which results in significant accumulation of the carbohydrate within the 
organs of the reticuloendothelial system, however, due to minimal (if any) bioavailability of 

Although there is no direct empincal evidence to substanbate this, there is no reason to believe these compounds 2 

would be handled any differently than the consumption of Bakers yeast In addition, it should also be emphasized 
that the Peyer's patches are sensory organs and do not display dietary uptake functlons 
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orally-administered yeast beta-glucan, parenteral routes of exposure are inappropriate for the 
safety evaluation of food ingredients that are ingested and not absorbed. 

Toxicological Studies 

A critical evaluation of the available acute, sub-chronic, and chronic oral toxicity data on yeast 
beta-glucans indicated that insoluble particulate yeast beta-I ,3-glucans are of low toxicity. In 
addition, available information on S cerevisiae-derived particulate beta-I ,3-glucans was 
evaluated for the purpose of supporting the safety of Biothera's yeast beta-glucan These 
studies are summarized below. Yeast beta-glucan cannot be detected in the plasma following 
oral administration (Lehne et a / ,  2005, Rice et a/., 2005) due to minimal or no absorption from 
the gastrointestinal tract. Studies involving parenteral exposure to yeast beta-glucans were 
identified and reviewed for the purpose of this report, but were not considered in the safety 
assessment of yeast beta-glucan under the conditions of use in food 

Acute Toxicity Studies 

The administration of a single oral dose of 2,000 mg yeast beta-glucan (as WGP@ 3-6)lkg body 
weight was well tolerated in BrlHan WIST@Jcl rats, and no clinical or histopathological evidence 
of toxicity was observed (OECD, 2001; BabiEek et a / ,  2007), which is consistent with the fact 
that orally administered yeast beta-glucans are not digested or absorbed to any significant 
degree 

Studies of acute parenteral exposure to soluble beta-glucan also indicated that yeast-derived 
beta-glucan3 was well tolerated in mice and rats following single intravenous doses of up to 
1,000 and 500 mg/kg body, respectively, and following intraperitoneal administration of 250 mg 
yeast beta-glucan/kg body weight for a period of 7 days in mice, although significantly reduced 
weight gain was observed in guinea pigs under the same study conditions (Williams et a / ,  
1988). 

Sub-ChronidChronic Toxicity Studies 

A sub-chronic oral toxicity study of yeast beta-glucan (as WGP@ 3-6) administered by gavage 
was conducted in Fisher CDF(F-344)/CrlBR rats The animals (lO/sex/group) were 
administered 0, 2, 33 3, or 100 mg/kg body weighffday of WGP@ 3-6 for 91 consecutive days 
(OECD, 1998, BabiEek et a/., 2007). Separate control and treatment (100 mglkg body 
weightfday) recovery groups for each sex also were included, and were maintained for an 
additional 14 days without dosing following the treatment period This study was conducted 
consistent with Organisation for Economic Co-operation and Development (OECD) Guideline 
408, which states that the maximum volume to be administered by gavage is not to exceed 10 

Based on references in the document, it appears that the glucan used in the expenment was a soluble beta-glucan 
preparation denved from S cerevwae, however, detailed descriptions of the test article were not reported 
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mL/kg body weight Based on maximum flowable concentration , the authors stated that 100 
mg/kg body weight was the highest permissible dose that could be administered by gavage 
Although no information was presented by the authors regarding the use of gavage versus 
inclusion of yeast beta-glucan in the food, it is known that yeast beta-glucan is bitter tasting at 
high doses and thus palatability issues may have prevented administration of the test article in 
the diet. 

WGP@ 3-6 was well tolerated throughout the treatment period, and no mortality, signs of 
morbidity, or significant differences in weight gain or food consumption were observed. A few 
sporadic, statistically significant, increases in red blood cell (RBC) count, mean corpuscular 
volume (MCV), and hematocrit (Hct) occurred in males in the highest dose group (100 mg/kg 
body weighvday) compared to controls; however, the differences were less than 10% and did 
not exceed the maximums of physiological and historical control data ranges, and the same 
effect was not observed in the corresponding recovery group Similarly, a dose-dependent 
difference in clotting times observed in male animals compared to controls that was significant 
at the 2 highest doses (33 3 and 100 mglkg body weightlday; decreased by 33 and 44%, 
respectively) was within the historical control range, was not present in both sexes, and returned 
to baseline levels following withdrawal of dosing. Moreover, the authors reported that the 
clotting times were unexpectedly elevated in the control group; therefore, the effect was 
considered to be clinically non-significant. Similar to the males, a statistically significant 
increase in MCV was observed in females, however, the effect was modest (6%) and occurred 
equally in all dose groups. Isolated statistically significant changes were observed for some 
clinical chemistry parameters (bilirubin, glucose, sodium, potassium, cholesterol, low-density 
lipoprotein cholesterol, urea, and total protein); however, since the changes were within 
historical control values, were not dose responsive, and did not occur in both sexes, the effects 
were considered to be of no toxicological significance. Infrequent non-dose-related findings of 
very fine nodular adhesions were detected on the spleen capsule of 4 treatment animals, and 
1 male in the control group developed a malignant lymphoma. No pathological findings were 
present in any animals subjected to necropsy after termination of the recovery period. There 
were some slight (510%) but statistically significant changes in the absolute weights and relative 
organ weights in treatment versus control groups; however, these effects were sporadic, the 
differences in organ weights were not connected with any pathologic processes ( I  e., the 
incidence of histopathological findings for controls and high-dose animals were similar), and no 
connection with potential effects of WGP@ 3-6 was observed. Moreover, all mean values of 
absolute weights were within the limits of historical variability The findings occurring more 
frequently ( I  e , calcifications in the female renal tubules, small hyaline casts in the male renal 
tubules, small foci of fibrous adhesions on the spleen capsule) were observed randomly at 
similar frequencies in animals of the control groups and animals treated with the test item. The 
authors also stated that neither proliferative, hyperplastic, nor hypertrophic alterations were 
observed in lymphoid organs. Based on clinical, pathological, and statistical evaluations, the 
authors concluded that no compound-related toxicity was observed over the 91 -day 
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administration period, and the no observed adverse effect level (NOAEL) of WGP@ 3-6 was 
reported to be 100 mg/kg body weighffday, the highest permissible dose tested 

Feletti et a/. (1992) investigated the effects of chronic (52 weeks) oral administration of an 
insoluble yeast beta-glucan granulate (99 4% purity) derived from Candlda albicans in Sprague- 
Dawley rats. Animals (20/sex/group) were administered the test material by gavage over a 
period of 52 weeks at doses of 0, 50, 100, or 200 mg total beta-glucanlkg body weighffday. 
Separate recovery control groups also were included in the study No compound-related 
abnormalities in the clinical measures or deaths were observed over the experimental period, 
nor were significant differences in body weight, food consumption, or water intake observed 
between the control and treatment groups. There also were no significant differences in the 
hematology, blood chemistry, urinalysis, or organ weight measurements. The only finding 
attributed to beta-glucan administration was soft stools or diarrhea and cecal enlargement with 
variable hyperplasia of the colon mucosa in the high-dose group (200 mg/kg body weighffday), 
an effect that returned to normal after the cessation of treatment Based on observations of 
cecal enlargement at the highest dose, the authors determined the no observed effect level 
(NOEL) to be 100 mglkg body weighffday. However, cecal enlargement is a well established 
response in rodents consuming large quantities of polyols (Newberne et a/., 1988), and is not 
considered toxicologically significant and not relevant to humans (WHO, 1987). A no observed 
adverse effect level (NOAEL) of 200 mg/kg body weighffday, the highest dose tested, is more 
appropriate 

Williams et a/. (1988) reported on a series of sub-chronic parenteral toxicity studies of soluble 
beta-glucan in ICWHSD mice Bi-weekly intravenous administration of yeast-derived beta- 
glucan at doses of 0, 40, 200, or 1,000 mglkg body weight to males (Ygroup) in 2 separate 30- 
and 60-day experiments did not significantly alter body weights or liver, lung, or kidney weights 
in mice, although, following 30 days of treatment, a non-dose-related significant increase in 
spleen weight was reported in mice receiving 40 or 1,000 mg/kg body weightlday compared to 
the control group A similar effect was observed during the 60-day study, with spleen weights 
increasing in a dose-dependent manner and achieving statistical significance at the highest 
dose (1,000 mg/kg body weighffday). No deaths occurred and there were no behavioral or 
appearance changes observed in any group for either experiment. The 30- and 60-day 
1,000 mg/kg body weighffday dose groups showed significant histological changes in the liver, 
with an observation of granuloma formation and mononuclear infiltrate consisting of monocytes 
and an unidentified cell type the authors speculated might have been of lymphocyte origin, 
There were no significant histopathological changes in the lung, kidney, or spleen at any dose 
level for either the 30- or 60-day animals These studies are not relevant to the safety 
assessment of yeast beta-glucan under the intended conditions of use in food. 
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Mutagenicity/Genotoxicity Studies 

No mutagenicity or genotoxicity studies for yeast beta-glucan were identified in the literature, 
although two studies indicated that yeast-derived beta-glucans display anti-mutagenic 
properties in vitro (Zhang and Ohta, 1993; Miadokova et a/., 2005) In addition, numerous 
studies document the antioxidant, chemoprotectant, and anti-cancer properties of various yeast 
beta-glucans in vitro and in animal models (ChorvatoviCova and Navarova, 1992; Gomaa et a/., 
1992, Cheung et a/ ,  2002; Kriikova et a / ,  2003; Slameiiova et a/., 2003, Hong et a/, 2004; 
Allendorf etal., 2005, Gu etal., 2005), and the mushroom beta-glucan, lentinan, has been used 
in Japan for the treatment of cancer for a number of years (Matsuoka et a/., 1997; Nakano et a/, 
1999; Yoshino eta/., 2000). 

Reproductive and Developmental Toxicity Studies 

No reproductive or developmental toxicity studies of orally administered yeast beta glucans 
were identified in the literature Studies in CrL COBS CD (SD) BR rats investigating the 
potential reproductive and developmental toxicity of intravenous lentinan administration were 
reported by Cozens et a/. (198la,b,c,d). These studies were designed to assess the effects of 
lentinan administration in males and females prior to mating, and/or to assess the effects of 
lentinan in utero and post-natally by administration of lentinan to females during gestation and 
post-partum. Significant gonadal damage and impaired reproductive capacity was observed in 
male rats administered lentinan at doses equal to or greater than 0 10 mglkg body weightlday, 
while a dose of 0 01 mg/kg body weightlday in male rats resulted in some morphological 
evidence of gonadal damage without resulting reproductive capacity. No significant differences 
in reproductive capacity of the females or in parameters of fetal development were observed. In 
rabbits, intravenous administration of up to 1 0 mg lentinadkg body weightlday to dams during 
gestation did not result in any significant compound-related effects on developmental 
parameters (Cozens et a/., 1981d). Similar to observations in sub-chronic dog and monkey 
studies (Chesterman et a/., 1981, Sortwell et a/., 1981), significant dose-dependent increases in 
spleen weights were reported in both males and females receiving lentinan at intravenous 
doses of 0 10 mglkg body weighffday and higher (Cozens et a/., 1981a,b,c), and lentinan at 
doses above 0 5 mglkg body weighffday resulted in reticuloendothelial toxicity. Similarly, 
significantly increased spleen weights were reported in rabbits receiving 30 mg/kg body 
weightlday of lentinan (Cozens et a/., 1981d) Although lentinan is a 1,3/1,6-beta glucan, the 
compound is not yeast-derived and is at least an order of magnitude higher in molecular weight 
than S cerevisiae-derived beta-glucans, and the product used in the identified systemic 
reproductive studies was partially soluble, compared to the insoluble yeast beta-glucan 
particulate produced by Biothera Therefore, although some toxic effects were observed in 
association with systemic lentinan exposure, the studies are not considered in the safety 
assessment of yeast beta-glucans under the intended conditions of use in foods because the 
test compounds are different and the route of exposure for lentinan is inappropriate 
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Studies in Humans 

In a double blind, placebo-controlled clinical trial with 20 healthy volunteers, treatment Subjects 
consumed a single capsule providing 250 mg WGP@ 3-6/day for 10 days (BEl. 2005a). Blood 
collection was performed on Day 0 prior to treatment and on Day 10, and the subjects were 
monitored for 30 days for clinical observations In addition to standard clinical chemistry and 
hematology, a number of immunological parameters also were determined. No significant 
differences in white blood cell differential count, whole blood phenotyping, or natural killer (NK) 
cell activity were observed Assessed by flow cytometry, the phagocytosis of Staphylococcus 
aureus beads was significantly increased by WGP" 3-6 treatment. Serum tumor necrosis factor 
(TNF)-alpha levels were increased 6-fold relative to baseline levels, but no effects on interleukin 
(IL)-I or interferon (INF)-gamma were reported. The blood chemistry profiles were within 
normal ranges for most subjects with the following exceptions: 6 of 10 subjects had increased 
potassium levels; glucose increased in one Subject and decreased in another, and calcium 
levels were increased in 1 patient. Overall, WGP" 3-6 at a dose of 250 mglpersonlday for 10 
days was safe and well tolerated and blood biochemistry parameters were essentially 
unaffected by beta-glucan treatment 

A second placebo-controlled double blind study was performed with 62 subjects to assess the 
safety and impact of WGP" 3-6 on immune biomarkers in subjects exposed to rhinovirus 
(common cold) (BEL 2005b). All volunteers were pre-screened to exclude Subjects that 
exhibited levels of rhinovirus antibodies, and each participant consumed 2 daily doses of 
250 mg of WGP" 3-6 per day for 10 days. Standard safety endpoints and a number of immune- 
related hematological biomarkers were measured. WGP" 3-6 supplementation insignificantly 
increased the NK cell number relative to the placebo, while no significant effects on T cells or 
cytokine levels were observed. Overall, WGP@ 3-6 was well tolerated and no adverse effects 
attributable to the test article were reported 

Nicolosi et a/ (1999) reported on a clinical study that investigated the safety and potential 
cholesterol-lowering effect of an oral insoluble particulate yeast beta-glucan at a dose of 
15 g/person/day (approximately 150 mg/kg body weighffday) in 15 free-living, obese, 
hypercholesterolemic men over a period of 8 weeks The beta-glucan test article was not well 
characterized in the published study article, however, the authors indicated that the product was 
85 to 90% pure beta-glucan, consisting of beta-1,3 linkages and forming distinct hollow 
microsphere structures that were readily miscible in water and communication with Biothera 
confirmed that the yeast beta-glucan preparation used in the study was identical to WGP" 3-6. 
Compared to average baseline values, the consumption of yeast beta-glucan decreased plasma 
total cholesterol levels by 8% at Week 7 and by 6% at Week 8. Following discontinuation of 
beta-glucan treatment, total cholesterol levels returned to baseline values, however, a 
significant increase (16%) in high-density lipoprotein (HDL)-cholesterol was reported at week 
12. No significant change in low-density lipoprotein cholesterol was observed throughout any of 
the time-points. The mean ratio of total cholesterol to HDL cholesterol declined significantly 
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from baseline on Weeks 7 and 8, but returned to baseline levels by Week 12. Side effects 
typically reported with fiber consumption, such as diarrhea, nausea, abdominal discomfort, 
abdominal distension, and flatulence, were minimal The results of this study indicate that high 
doses of yeast beta-glucan (15 glpersonlday) were well tolerated in adults. 

The safety of oral supplementation with a "soluble" branched beta-l,3-glucan (SBG)4 derived 
from S. cerevisiae was investigated by Lehne et a/. (2005) in an open dose-escalation study in 
18 healthy volunteers Subjects (6Igroup) were randomized to receive 100, 200, or 400 mg 
SBG/person for a period of 4 consecutive days. Data collected included routine hematological 
data, clinical chemistry data, urinalysis, blood and saliva levels of total immunoglobulin (lg) A, 
IgG, IL-6 and TNF-alpha, saliva levels of IL-lp, vital signs, and oral cavity observations. On 
Days 1 (before and 1 hour after administration), 2, 5, and 8, plasma concentrations of beta 
1,3-D-glucan were measured Plasma concentrations of beta-I ,bD-glucan did not differ 
between the pre-study values and the values recorded on Days 5 and 8, demonstrating that 
there was no systemic absorption of beta-I ,3-D-glucan following oral supplementation with 
SBG. No abnormalities in vital signs were observed and no adverse event was considered 
related to SBG administration. Minor mucosal lesions of the oral cavity were observed in 7 
subjects but were considered normal physiological variations. Increased C-reactive protein, 
fibrinogen. and abnormal differential counts of leucocytes were observed in 5 subjects with 
pre-existing respiratory infections, including 1 with herpes labialis. All other hematological and 
biochemical parameters were within normal physiological ranges throughout the study There 
was a significant increase in the saliva IgA value on Day 5 compared to Day 1 in the 400 mg 
SBGlday dose group, but no other significant differences in serum or saliva IgA or IgG values 
were reported. There were no significant changes in IL-lp, IL-6, or TNF-a between treatment 
groups. 

Other Considerations 

Potential Hypersensitiv/ty/A//ergenicity of Yeast Beta-Glucan 

In a study conducted by lnstanes et a/. (2004), injection (into the fat pad of the hind foot) of a 
beta-I ,3-glucan extract derived from S. cerevisiae was reported to increase the allergic 
response to ovalbumin (OVA) immunization in female balblc mice, although no IgE or lgGl 
anti-OVA antibodies were observed for animals receiving beta-glucan in the absence of OVA. 
Similar yet more modest delayed hypersensitivity reactions were reported by Tokunaka et a/. 
(2000), where a significant increase in IgG production was observed in ICR mice following the 
intraperitoneal administration of a soluble beta-D glucan (from Candida and Sclerotina yeasts) 

The SBG was formulated as a water suspension that subjects were instructed to use as a mouthwash for 2 minutes 
before swallowing Although the beta-glucan was stated to be soluble, the mouthwash solution was charactenzed as 
"hazy" by the authors and suggests that the glucan test material was actually poorly soluble in water, and a significant 
percentage of the glucan would therefore have been in a particulate form 

4 
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used as an adjuvant with bovine serum albumin antigen. Delayed hypersensitivity reactions 
also were observed by Perez et a/ (1984) in C3HlHe mice administered insoluble beta-glucan 
(derived from S cerevisiae) via intraperitoneal or subcutaneous routes before and in 
conjunction with immunizing doses of sheep RBC. 

The effect of S. cerevisiaderived beta-glucan on the immune response to OVA also was 
assessed by Li et a/. (2005) in piglets. Upon weaning, 24 pigs were randomized to receive 1 of 
2 diets supplemented with beta-glucan at 0 or 50 mglkg feed (providing approximately 60 mg/kg 
body weightlday) for a period of 31 days. On Day 14, animals were injected with OVA and the 
antibody response was determined on Days 21 and 28. An increase in OVA response (20%) 
was observed on Day 21 for beta-glucan-treated animals, although the effect was transient and 
OVA antibody levels returned to baseline by Day 28. In a second study by Li et a/. (2006), yeast 
beta-glucan (S cerevisiae-derived) was administered once again to weaned pigs at 
concentrations up to 200 ppm in the diet for a period of 35 days. The glucan diet was well 
tolerated at all feed supplementation levels, as evidenced by no compound-related changes in 
body weight, and had no effect on ex vivo lymphocyte proliferation relative to controls. In 
weanling crossbred male pigs receiving S. cerevisiae beta-glucan (312 mg/kg body weightlday) 
in the diet, improved growth and decreased stress response to endotoxin challenge was 
observed relative to control animals not receiving beta-glucan supplementation (Eicher et a/ , 
2006) 

In humans, positive skin prick tests to S. cerevisiae have been reported in as high a proportion 
as 70 to 94% of patients with atopic dermatitis Moreover, delayed hypersensitivity to 
intravenous beta glucan was observed in surgical trauma patients, however, the increased 
sensitivization effect resulted in a beneficial effect in trauma patients, as a significant decrease 
in mortality and overall septic morbidity was observed (Browder et a / ,  1990) 

Although direct allergy to S. cerevisiae occurring from food consumption is rare, confirmed 
cases of food allergy to bakers yeast have been reported in the literature (Pajno et a/., 2005) 
The effects were not life threatening, however, and mechanistically, yeast allergy is typically a 
function of hypersensitivity to the enolase andlor mannan in the yeast, not the beta-glucan 
fraction (Kortekangas-Savolainen et a/ , 1993; Nittner-Marszalska et a/., 2001 ), and therefore, 
allergenicity and/or hypersensitivity to yeast beta-glucan is not anticipated to occur. Since the 
ingredient will be labeled as yeast beta-glucan, it is anticipated that individuals with yeast or 
beta-glucan allergy or sensitivity will avoid ingestion of this product 

Mineral Binding 

Although the consumption of dietary fiber has been reported to reduce the bioavailability of 
various minerals, the effect is predominantly a function of the phytate content of the food, and 
mechanistic evidence to support a direct role of indigestible fiber in the sequestering of minerals 
is conflicting at best (Greger, 1999). In fact, most studies suggest that various pectins, gums, 
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and indigestible sugars improve mineral bioavailability (Greger, 1999). For example, in a study 
by Mal et a/ (2002) designed to investigate the potential effects of brewer's yeast and 2 of its 
components (glucan and mannan) on the absorption of radiolabeled iron in anemic rats, 5 
groups of anemic male 4-week-old Sprague-Dawley rats (5 to 6 animalslgroup) were provided 
single gavage doses of a control mixture, a glucan mixture (14 mglrat), a yeast cell wall mixture 
(50 mglrat), a mixture of glucan and mannan (14 and 7 mglrat), or a yeast cytoplasm mixture 
(50 mglrat). Glucan treatment significantly Increased the blood iron levels relative to controls 
and also significantly increased kidney and small intestine levels of radiolabeled iron. The 
authors reported that the glucan and yeast cell wall treatments stimulated the incorporation of 
dietary iron into iron stores, and that beta-glucan was responsible for this effect. Increased 
bioavailability similar to the effects reported by Mal et a/. (2002) has been reported by others 
(e g , Greger, 1999) It IS unlikely that the consumption of yeast beta-glucans would impair 
mineral bioavailability under their intended conditions of use in food 

Plasma Cholesterol, Bile Acid Secretion and Short Chain Fatty Acid Production 

A study designed to investigate the effect of various crude and refined soluble and insoluble 
yeast (K/uyveromyces marxianus) cell wall preparations on plasma cholesterol, fecal sterol 
excretion, and short chain fatty acid production was performed by Yoshida et a/. (2005) in which 
5-week-old male Wistar (8lgroup) rats fed a high-cholesterol diet supplemented with 50 glkg 
feed [approximately 5,000 mglkg body weightlday (U S. FDA, 1993)l of the various test articles 
over a period of 14 days were reported not to exhibit any significant differences in weight gain, 
however, total cholesterol was significantly decreased with both insoluble yeast cell wall 
preparations, without any significant differences in HDL-cholesterol, triglyceride, or phospholipid 
levels Fecal sterol excretion was increased by the insoluble yeast cell wall supplementation, as 
were total neutral sterols, bile acids, and total sterols relative to controls. Total fecal short chain 
fatty acid (SCFA) excretion also was increased from insoluble yeast cell wall supplementation. 
No adverse effects on gastrointestinal function were observed, and the changes observed were 
overall of a beneficial nature. 

In an experiment by Nakamura et a/. (2001a), brewer's yeast cell wall beta-glucan derived from 
S cerevisiae provided via the diet at levels of 0, 2. 3, or 5% [0, 2,000, 3,000 and 5,000 mglkg 
body weight/day, respectively (U S FDA, 1993)] was reported to positively affect 
experimentally-induced constipated rats, as significant increases in number of feces, fecal dry 
weight, and fecal water content were observed relative to a no-fiber diet, and in most cases, 
relative to cellulose positive controls Similar to the experiment by Yoshida et a/. (2005), 
generalized increases of volatile fatty acids were observed, an effect characterized by 
significant increases in butyrate, propionate, and acetate production relative to both positive and 
normal controls 

In a similar study, Nakamura et a/. (2001 b) assessed the effect of yogurt supplemented with 0, 
1, 3, or 5% brewer's yeast cell wall [approximately 0, 1,000, 3,000 or 5,000 mglkg body 
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weightlday (U.S. FDA, 1993)] on experimentally-induced constipation and intestinal microflora in 
rats (8 to 10 animalslgroup). The yeast cell wall administration increased fecal frequency in 
non-constipated rats and resulted in a dose-responsive increase in fecal frequency and fecal 
volume in constipated rats at the highest dose without effects on fecal water content, and 
increased fecal SCFA (/.e., acetic, proprionic, and butyric acids) production was observed in a 
dose-dependent manner. In addition, treatment significantly increased the number of 
Lactobacilli, fubacterra, and total anaerobes in the gastrointestinal tract relative to cellulose 
controls without effects on the microbial populations of Bifidobactenum or Bactenordeceae. The 
authors concluded that the yeast cell wall was fermented by intestinal bacteria, and that the 
effect resulted in the alleviation of loperimide-induced constipation and an improved bowel 
environment. Similar results were reported by McBurney (1991) in an /n vitro experiment in 
which various fiber sources were fermented with human fecal microbiota, and the highest level 
of SCFA was observed in the beta-glucan group (compared to a mixed fiber and psyllium 
group) In contrast, yeast glucan was the least effective fiber in terms of water holding capacity. 

The results from these studies demonstrate that yeast beta-glucans were substrates of bacterial 
metabolism. The metabolic products were characterized primarily as acetate, propionate, and 
butyrate, with lesser amounts of other endogenous SCFA. These metabolic compounds are not 
toxic, and humans are routinely exposed to these SCFA through the routine consumption of 
food products containing indigestible fibers such as cellulose An additional gastrointestinal 
effect reported was increased laxation, which was probably mediated by osmotic effects 
resulting in fecal overloading. This effect is not considered adverse. 

SUMMARY 

Yeast beta-glucan is isolated from the cell wall of bakers yeast ( S  cerevisiae) and is composed 
primarily of beta-I ,3-glucan (at least 70%). The ingredient, which will be marketed as 
BetaRight@ 3-6 (containing at least 70% beta-glucan) or WGP@ 3-6 (containing at least 75% 
beta-glucan), IS intended for use in a number of food products, including cookies, meal 
replacement beverages, breakfast, granola and protein nutritional bars, soy milk, probiotic 
beverages, yogurt, and yogurt beverages, fruit beverages, drinks, juices, and smoothies, soft 
candy, and soups at a level of 200 mg per serving. Under the conditions of intended use, total 
population all-user mean and 90th percentile daily intakes of yeast beta-glucan are estimated to 
be 413 02 and 827 32 mglpersonlday, respectively (corresponding to 8.90 and 20.66 mglkg 
body weightlday). Yeast beta-glucan is produced in accordance with cGMP, is highly stable 
under appropriate storage conditions, and the final product meets appropriate food-grade 
specifications Small amounts of VOC are produced during the manufacturing process of 
Biothera's yeast-derived beta-glucans via the degradation of fatty acids, despite the fact that no 
VOC are used in the production of the ingredient. However, this is not uncommon in yeast beta- 
glucan products and Biothera demonstrated that a number of currently-marketed yeast glucan 
food and dietary ingredients contain VOC at levels that are comparable to Biothera's yeast beta- 
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glucan. Based on established limits and available safety data for each VOC, the levels present 
in yeast beta-glucan are not expected to be of concern under the intended conditions of use of 
the ingredient in food. 

The proposed uses of yeast beta-glucan are safe and also are GRAS based on scientific 
procedures The safety of yeast beta-glucan is based on pre-clinical and clinical safety data. 
Yeast beta-glucan, like many other dietary fibers, is not absorbed following consumption (Hong 
et a/., 2004; Lehne et a/ ,  2005), and there is little risk of systemic toxicity. Any effects would be 
generally limited to those on the structure and function of the gastrointestinal tract, which would 
be effects that are typical of indigestible fiber Degradation of yeast beta-glucan occurs 
primarily in the large intestine where microflora fermentation occurs, resulting in the generation 
of short-chain fatty acids, which are subsequently absorbed and utilized in well-characterized 
biochemical pathways Small amounts of yeast beta-glucan may enter the systemic circulation 
vla transport by macrophage cells to the bone marrow, spleen, and lymph nodes, where the 
beta-glucan is completely degraded. 

A single oral dose of 2,000 mg WGP' 3-6/kg body weight to rats was well tolerated, and daily 
oral gavage dosing of WGP@ 3-6 for 91 days in rats was without evidence of systemic or local 
(gastrointestinal) toxicity at the highest possible dose of 100 mg/kg body weightlday, which was 
determined by the authors to be the NOAEL under the conditions of this study (BabiEek et a/., 
2007) Feletti et a/. (1992) reported on a 52-week study in rats using an oral particulate glucan 
(derived from C albicans) and no systemic toxicity was observed at the highest oral dose 
tested, 200 mglkg body weightlday, which is the NOAEL 

No adverse clinical effects or changes in biochemistry or hematology parameters were reported 
following WGP@ 3-6 supplementation at quantities up to 500 mg/person/day for a period of 10 
days to healthy human volunteers (BEL 2005a,b) Higher doses of WGP' 3-6 were well 
tolerated in humans in a study by Nicolosi et a/. (1999) in which daily oral supplementation with 
15 g of WGP@ 3-6 over a period of 8 weeks in 15 free-living obese hypercholesterolemic men 
was without any adverse effects typical of fiber consumption (e.g , diarrhea, nausea, abdominal 
discomfort and or distension, and flatulence) 

Although WGP 3-6 has been shown to be taken up by immune cells, and to display immune 
modulation effects in rodents, the observations are difficult to extrapolate to humans, and 
overall, there is no evidence to suggest that Biothera's yeast glucans would adversely affect the 
immune system in humans The administration of WGP@ 3-6 (250 mg/person) in healthy 
volunteers had no effect on total and differential white blood cell count, and no effects on whole 
blood phenotyping or NK cell activity The only effect observed during this study was an 
enhanced phagocytic capacity, suggesting enhanced macrophage activity and/or function. In 
healthy subjects exposed to rhinovirus, WGP' 3-6 at a level of 500 mg/person had no effects on 
NK cell numbers relative to placebo, and no significant effects on T cell number or cytokine 
levels were observed. Increased hypersensitivity effects have been reported in both humans 
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and animals (Perez et a/., 1984, Browder et a/., 1990; lnstanes et a/., 2004), however, the 
effects are limited to the use of soluble yeast glucans and administration via parenteral routes. 
Allergenicity to bakers yeast has been reported in the literature (Pajno et a/., 2005), although its 
occurrence appears to be rare, and mechanistically is related to IgE reactivity to the mannan or 
enolase content of the cell rather than beta-glucan (Kortekangas-Savolainen et a/., 1993; 
Nittner-Marszalska et a/ ,  2001) 

In general, systemic toxicity is limited to parenteral administration as, with the exception of small 
amounts of gut-associated-lymphoid-tissue-mediated uptake, beta-glucans are not absorbed 
from the gastrointestinal tract and thus, systemic exposure to yeast beta-glucan following oral 
administration will not occur to any significant degree Therefore, the observations associated 
with the administration of various beta-glucans via parenteral routes would not be expected 
under the proposed conditions of use of yeast beta-glucan in foods 

The safety of the yeast beta-glucan is supported by its essentially equivalent composition to 
bakers yeast glycan, which is the comminuted, washed, pasteurized, and dried cell walls of S 
cerevisiae and is approved for use by the FDA for direct addition to food as a multi-purpose food 
additive Both ingredients are derived from the cell walls of S.  cerevisrae, contain at least 80% 
carbohydrate (dry weight basis), and are produced consistent with cGMP, and with similar 
product specifications, both ingredients meet food-grade specifications This essential 
equivalency between yeast betaglucan and bakers yeast glycan supports the GRAS status of 
the proposed uses of Biothera’s yeast beta-glucan 
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CONCLUSION 

We, the Expert Panel, have independently and collectively critically evaluated the data and 
information summarized above and conclude that the proposed uses of Biothera’s yeast 
beta-glucan derived from bakers yeast, Saccharomyces cerevrsrae, meeting appropriate food- 
grade specifications and manufactured in accordance with cGMP, are safe and suitable. We 
further conclude that these proposed uses of Biothera’s yeast beta-glucan are Generally 
Recognized as Safe (GRAS) based on scientific procedures It is our opinion that other 
qualified experts would concur with these conclusions 

University of Massachusetts Lowell 

JL; 5 3c.. 7 __- 
Gary M. Williams, M.D. Date 
New Yorlc Medical College 

Biothera. Inc 
August 29.2007 

OO(3031 
Page 20 of 25 



REFERENCES 

Allendorf, D.J., 'fan, J ; Ross, G.D ; Hansen, R.D , Baran, J.T., Subbarao, K., Wang, L ; 
Haribabu, B. 2005. C5a-mediated leukotriene B4-amplified neutrophil chemotaxis is 
essential in tumor immunotherapy facilitated by anti- tumor monoclonal antibody and 
p-glucan J lmmunol 174(11)~7050-7056. 

BabiEek, K ; Cechova, I., Simon, R.R ; Harwood, M , COX, D.J. 2007 Toxicological 
assessment of a particulate yeast (1,3)-P-D glucan in rats Food Chem Toxicol [In 
Press]. 

BEL 2005a Effect of ImmunoceIP WPGB 3-6 Beta-Glucan Given per os (PO) on the Immune 
System of Healthy Human Volunteers: Confidential Biopolymer Engineering, Inc , 
Eagan, Minn 

BE1 2005b Final Report on the Evaluation of the Efficacy of p-1,3@1,6 Glucan for Prevention 
of Experimental Rhinovirus Infection (Common Cold) in Human Volunteers Confidential. 
Biopolymer Engineering, Inc., Eagan, Minn 

Physiol275(1, Part 1).G130-G137 

Beneficial effect of enhanced macrophage function in the trauma patient. Ann Surg 
21 1(5).605-612 & Discussion pp 612-613. 

The intravenous toxicity of lentinan to the beagle dog Toxicol Lett 9(1):87-90. 

Cheung, N.-K V , Modak, S , Vickers, A , Knuckles, B 2002 Orally administered p-glucans 
enhance anti-tumor effects of monoclonal antibodies Cancer lmmunol lmmunother 

Beier, R., Gebert, A. 1998. Kinetics of particle uptake in the domes of Peyer's patches. Am J 

Browder, W.; Williams, D., Preus, H ; Oltvero, G., Enrichens, F., Mao, P.; Franchello, A. 1990 

Chesterman, H ; Heywood, R , Allen, T.R., Street, A E : Edmondson, N.A., Prentice. D.E. 1981. 

51 (1 0).557-564 

ChorvatoviEova, D ; Navarova, J. 1992 Suppressing effects of glucan on micronuclei induced 
by cyclophosphamide in mice. Mutat Res 282(3).147-150 

Cozens, D D.; Masters, R.E., Clark, R., Offer, J.M. 1981a. The effect of lentinan on fertility and 
general reproductive performance of the rat Toxicol Lett 9(1):55- 64 

Cozens, D D., Hughes, E W ; Clark, R.; Offer, J.M 1981 b. The effect of lentinan on the in utero 
foetal development of the rat and on postnatal development of the F1 offspring. Toxicol 
Lett 9( 1):77-80 

embryonic and foetal development of the rat and on postnatal development of the F1 
offspring. Toxicol Lett 9(1) 71-76 

Cozens, D.D., Hughes, E W : Clark, R., Offer, J.M. 1981c The effect of lentinan on the in utero 

Cozens, D.D., Masters, R.E ; Clark, R 1981d. The effect of lentinan on pregnancy of the New 
Zealand white rabbit Toxicol Lett 9(1) 65-69. 

Biothera, Inc. 
August 29.2007 

Page 21 of 25 



Eicher, S.D., McKee, C A , Carroll, J.A , Pajor, E A. 2006. Supplemental vitamin C and yeast 
cell wall p-glucan as growth enhancers in newborn pigs and as immunomodulators after 
an endotoxin challenge after weaning J Anim Sci 84(9) 2352-2360. 

FAOMIHO 1996 Biotechnology and Food Safety. Report of a Joint FAOMlHO Consultation, 
Sep. 30-Oct. 4, 1996, Rome, Food and Agriculture Organization of the United Nations 
(FA0)Mlorld Health Organization (WHO), Geneva, Switz , FA0 Food and Nutrition 
Paper No. 61 

Feletti, F , De Bernardi di Valserra, M., Contos, S., Mattaboni, P ; Germogli, R. 1992 Chronic 
toxicity study on a new glucan extracted from Candida albicans in rats 
Arzneimittelforschung 42(11):1363-1367. 

Gomaa. K , Kraus, J., Rosskopf, F , Roper, H.; Franz, G. 1992. Antitumour and immunological 
activity of a p1-3/1+6 glucan from Glomerella cingulata. J Cancer Res Clin Oncol 
11 8(2):136-140. 

Greger, J L. 1999 Nondigestible carbohydrates and mineral bioavailability. J Nutr 
129(7S)'1434S-I435S. 

Gu, Y -H., Takagi, Y., Nakamura, T., Hasegawa, T.; Suzuki, I., Oshima, M., Tawaraya, H ; 
Niwano, Y 2005 Enhancement of radioprotection and anti-tumor immunity by yeast- 
derived p-glucan in mice. J Med Food 8(2) 154-158 

Hong, F., Yan, J., Baran, J.T., Allendorf, D J.; Hansen, R.D., Ostroff, G.R; Xing, P X ;  Cheung, 
N.-K V , Ross G D 2004 Mechanism by which orally administered p-1 ,3-glucans 
enhance the tumoricidal activity of antitumor monoclonal antibodies in murine tumor 
models. J lmmunol 173(2):797-806. 

Instanes, C., Ormstad, H.; Rydjord, B., Wiker, H.G., Hetland, G 2004. Mould extracts increase 
the allergic response to ovalbumin in mice. Clin Exp Allergy 34(10).1634-1641. 

analysis of its distribution in foods J Agric Food Chem 52(11) 3313-3318 
KO, Y.-T ; Lin, Y -L 2004 1,3-p-glucan quantification by a fluorescence microassay and 

Kortekangas-Savolainen, 0 ; Kalimo, K ; Lammintausta, K ; Savolainen, J. 1993. IgE-binding 
components of baker's yeast (Saccharomyces cerevrsrae) recognized by immunoblotting 
analysis Simultaneous IgE binding to mannan and 46-48 kD allergens of 
Saccharomyces cerevisrae and Candida albicans Clin Exp Allergy 23(3).179-I84 
[Abstract Only]. 

Kriikova, L , DuraEkova, Z , Sandula, J.; Slamenova, D.; Sasinkova, V ; Sivofiova, M., 
KrajEoviE, J 2003 Fungal p-(1-3)-D-glucan derivatives exhibit high antioxidative and 
antimutagenic activity in vitro. Anticancer Res 23(38):2751-2756 

Oral administration of a new soluble branched p-1,3-D-glucan is well tolerated and can 
lead to increased salivary concentrations of immunoglobulin A in healthy volunteers 
Clin Exp lmmunol 143(1):65-69 

Lehne, G ; Haneberg, B., Gaustad, P I  Johansen, P.W., Preus, H., Abrahamsen, T.G. 2005. 

Biothera, Inc 
August 29,2007 

000033 
Page 22 of 25 



Li, J , Xing, J., Li, D , Wang, X , Zhao, L , Lv, S , Huang, D 2005 Effects of P-glucan extracted 
from Saccharomyces cerevisiae on humoral and cellular immunity in weaned piglets. 
Arch Anim Nutr 59(5) 303-312. 

Li, J., Li, D F ; Xing, J.J.; Cheng, Z B ; Lai, C H 2006 Effects of P-glucan extracted from 
Saccharomyces cerevmae on growth performance, and immunological and 
somatotropic responses of pigs challenged with Escherichia coli lipopolysaccharide J 
Anim Sci 84(9) 2374-2381. 

Lucas, C D ; Putnam, J M , Hallagan, J B 1999. Flavor and Extract Manufacturers' Association 
of the United States 1995 Poundage and Technical Effects Update Survey. Flavor and 
Extract Manufacturers' Association (FEMA); Washington, DC 

Mal, T.T.T , Igarashi, K., Hirunuma, R ; Takasaki, S., Yasue, M., Enomoto, S ; Kimura, S., 
Nguyen, C V. 2002 Iron absorption in rats increased by yeast glucan Biosci 
Biotechnol Biochem 66(8):1744-I 747 

Matsuoka. H., Seo, Y., Wakasugi, H.; Saito, T., Tomoda, H. 1997 Lentinan potentiates 
immunity and prolongs the survival time of some patients. Anticancer Res 17(4A).2751- 
2755 

McBurney, M.I. 1991 Potential water-holding capacity and short-chain fatty acid production 
from purified fiber sources in a fecal incubation system. Nutrition 7(6) 421-424 

Miadokova, E.; Svidova, S., VIEkova, V , Duhova, V ; Praimariova, E , Tothova, K , Nad'ova, S , 
Kogan, G ; Rauko, P. 2005. The role of natural biopolymers in genotoxicity of 
mutagens/carcinogens elimination. Biomed Pap Med Fac Univ Palacky Olomouc Czech 
Repub 149(2) 493-496 

Mortimer. R.K. 2000. Evolution and variation of the yeast (Saccharomyces) genome. Genome 
Res 10(4):403-409 8 [Erratum, 10(6)891]. 

constipation and defecation in experimentally constipated rats Biosci Biotechnol 
Biochem 65(4),774-780. 

brewer's yeast cell wall on constipation and intestinal microflora in rats. J Nutr Sci 
Vitaminol (Tokyo) 47(6),367-372 

Nakamura, T , Agata, K., Mizutani, M ; Iino. H. 2001a. Effects of brewer's yeast cell wall on 

Nakamura, T : Nishida, S., Mizutani, M ; lino, H. 2001b. Effects of yogurt supplemented with 

Nakano, H., Namatame, K., Nemoto, H., Motohashi, H ; Nishiyama, K , Kumada, K. 1999. A 
multi-institutional prospective study of lentinan in advanced gastric cancer patients with 
unresectable and recurrent diseases. effect on prolongation of survival and improvement 
of quality of life Kanagawa Lentinan Research Group. Hepatogastroenterology 
46(28)'2662-2668. 

Newberne, P M., Conner, M.W., Estes, P. 1988 The influence of food additives and related 
materials on lower bowel structure and function. Toxic01 Pathol 16(2) 184-197 

Biothera, Inc 
August 29,2007 

000034 
Page 23 of 25 



Nicolosi, R ; Bell, S J., Bistrian, B R., Greenberg, I ; Forse, R.A., Blackburn. G L 1999 Plasma 
lipid changes after supplementation with P-glucan fiber from yeast Am J Clin Nutr 
70(2).208-212 

Nittner-Marszalska, M., Wojcicka-Kustrzeba, I.; Bogacka, E., Patkowski, J., Dobek, R. 2001 
Skin prick test response to enzyme enolase of the baker's yeast (Saccharomyces 
cerevisiae) in diagnosis of respiratory allergy. Med Sci Monit 7(1) 121-124 

OECD 1998 Repeated dose 90-day oral toxicity study in rodents In' OECD Guidelines for 
the Testing of Chemicals Organization for Economic Co-operation and Development 
(OECD); Paris, France, OECD Guideline No 408 [Adopted: 21st September 19981. 

OECD. 2001 Acute oral toxicity - Fixed dose procedure. In: OECD Guidelines for the Testing 
of Chemicals. Organisation for Economic Co-Operation and Development (OECD), 
Paris, France, Guideline Test No. 420 [Adopted 17'h December 20011. 

Ono, Y ; Takeuchi. Y ; Hisanaga, N 1981. A comparative study on the toxicity of n-hexane and 
its isomers on the peripheral nerve. Int Arch Occup Environ Health 48(3) 289-294 

Pajno, G B ; Passalacqua, G ; Salpietro, C ; Vita, D ; Caminiti, L., Barberio, G. 2005. Looking 
for immunotolerance. a case of allergy to baker's yeast (Saccharomyces cerewsiae) 
Allerg lmmunol (Paris) 37(7) 271-272 [Abstract Only] 

delayed hypersensitivity. J lmmunopharmacol 6(4) 305-321 
Perez, H A ; Bolivar, J ; San Blas, G 1984. The immunomodulatory effect of yeast glucan on 

Rice, P J ; Adams, E L ; Ozment-Skelton, T ; Gonzalez, A.J., Goldman, M.P., Lockhart, B E , 
Barker, L A ,  Breuel, K.F., DePonti, W K.; Kalbfleisch, J H.; Ensley, H.E., Brown, G.D., 
Gordon, S ; Williams, D L 2005 Oral delivery and gastrointestinal absorption of soluble 
glucans stimulate increased resistance to infectious challenge. J Pharmacol Exp Ther 
314(3).1079-1086. 

Slamehova, D , Labaj, J ; Kriikova, L ; Kogan, G , Sandula, J., Bresgen, N , Eckl, P 2003 
Protective effects of fungal (1 -.3)-P-D-glucan derivatives against oxidative DNA lesions 
in V79 hamster lung cells Cancer Lett 198(2):153-160. 

Soitwell, R J ; Dawe, S.; Allen, D G.; Street, A.E ; Heywood, R., Edmondson, N.A , Gopinath, C 
1981. Chronic intravenous administration of lentinan to the rhesus monkey. Toxic01 Lett 
9( 1).81-85 

Tokunaka, K., Ohno, N.; Adachi, Y., Tanaka, S., Tamura, H , Yadomae, T 2000 
lmmunopharmacological and immunotoxicological activities of a water-soluble (1 -3)-p- 
D-glucan. SCBG from Candlda spp. Int J lmmunopharmacol 22(5):383-394. 

U S. FDA. 1993. Appendix I. Table 14. Conversion table for test chemical treatment doses 
used in PAFA. In: Priority Based Assessment of Food Additives (PAFA) Database U S 
Food and Drug Administration (FDA), Center for Food Safety and Applied Nutrition 
(CFSAN); Washington, DC, p 58 

184, 1986, and 570). Fed Regist (US) 62(74).18937-18964 
U S. FDA 1997. Substances generally recognized as safe; Proposed rule (21 CFR Parts 170, 

ooas35' 
Biothera, Inc 
August 29,2007 

Page 24 of 25 



U S FDA. 1998 Bacteriological Analytical Manual [BAM] (81n Ed ). US. Food and Drug 
Administration (U.S FDA), Center for Food Safety and Applied Nutrition (CFSAN); 
College Park, Maryland. Available from http llwww cfsan.fda aovl-ebamlbam-toc html. 

U S. FDA. 2007a. Part 172-Food additives permitted for direct addition to food for human 
consumption SI72 898-Bakers yeast glycan. In: U S Code of Federal Regulations 
(CFR) Title 21-Food and Drugs (U.S. Food and Drug Administration), U S 
Government Printing Office (GPO): Washington, DC, p. 120 

U S FDA 2007b. Part 101-Food labeling. § 101.12-Reference amounts customarily 
consumed per eating occasion In. U.S. Code of Federal Regulations (CFR) Title 21- 
Food and Drugs (U.S. Food and Drug Administration), US. Government Printing Office 
(GPO), Washington, DC, pp 46-56 

USDA. 2000. 1994-1996, 1998 Continuing Survey of Food Intakes by Individuals (CSFII) and 
Diet and Health Knowledge Survey (DHKS) (On CD-ROM). U.S. Department of 
Agriculture (USDA); Riverdale, Maryland. [PB2000-5000271 

WHO 1987. Toxicological versus physiological responses. In: Principles for the Safety 
Assessment of Food Additives and Contaminants in Food. World Health Organization 
(WHO), International Programme on Chemical Safety (IPCS); Geneva. Environmental 
Health Criteria, No. 70, p. 82. 

Williams, D L., Sherwood, E.R., Browder, I W , McNamee, R.B., Jones, E L , Di Luzio, N.R. 
1988. Pre-clinical safety evaluation of soluble glucan. Int J lmmunopharmacol 
lO(4) 405-414. 

Wisker, E , Feldheim, W ; Pomeranz, Y., Meuser, F. 1985. Dietary fiber in cereals. In' 
Pomeranz, Y (Ed ) Advances in Cereal Science and Technology American 
Association of Cereal Chemists, St Paul, Minn., Vol VII, pp. 169-238. 

Yoshida, Y : Yokoi, W , Ohishi, K., Ito, M , Naito, E.; Sawada, H. 2005 Effects of the cell wall 
of Kluyveromyces marxianus YIT 8292 on the plasma cholesterol and fecal sterol 
excretion in rats fed on a high-cholesterol diet. Biosci Biotechnol Biochem 69(4):714- 
723 

Yoshino, S.; Tabata, T ; Hazama, S., lizuka, N., Yamamoto, K ; Hirayama. M ; Tangoku, A,, 
Oka, M 2000 lmmunoregulatory effects of the antitumor polysaccharide lentinan on 
Thl/Th2 balance in patients with digestive cancers. Anticancer Res 20(6C)~4707-4711. 

Zhang, X.B., Ohta, Y. 1993 Antimutagenicity of cell fractions of microorganisms on potent 
mutagenic pyrolysates. Mutat Res 298(4).247-253 

Biothera. Inc 
August 29.2007 

OOC036 
Page 25 of 25 





ATTACHMENT 1 

CURRICULUM VITAE OF EXPERT PANEL MEMBERS 

000038 



Joseph Francis Borzelleca 

Educational Background, 

Academic Appointments 

Professional Certification 

Fellow, Academy of Toxicological Sciences 

Professional Affiliations 

Societies 

Academy of Toxicological Sciences* ** 

American Association for the Advancement of Science 

American Chemical Society 

American College of Toxicology* 

American Society of Pharmacology and Experimental Therapeutics** ooao39 
(Environmental Pharmacology Committee, Liaison Committee, SOT, Toxicology 
Committee) 

. 1, ,., 



International mety of Regulatory Toxicology and Pharmacology* 

(Men ?r of Council) 

Sigma XI 

Society o xpenmental Biology and Medicine* 

(Cour lor, Program Chairman of Southeastern Section) 

Society for P Analysis 

Society of Tc :ology* ** 
(Mer 
Nom 
FOOC !fety Specialty Section) 

r and/or Chairman Awards, Education, Legislative Affairs, Membership, 
ing Committees, Secretary of the Society, Councilor, and President, President, 

Virginia Aca i y  of Science' 

(Cha an, Medical Sciences Division) 

* Held elect€ 'ice 
Held appo 1 office or position 

Board of Dit tors 

ILSl 

Board of Sci itific and Policy Advisors 

Arnericar Souncil on Science and Health 

Journals 

Editor, Food 1. emical Toxicology,

Editorial Boa d 

Environmc ita1 Carcinogenesis Reviews,

Journal of Cnvironrnental Pathology, Toxicology and Oncology

Journal or lnvironmental Science and Health,

Journal 0: l e  American College of Toxicology,

Journal of -oxicology Cutaneous and Ocular Toxicology,

Journal ot ipplied Toxicology

Pharrnac >gy,

- - -, Pharmac 3gy and Drug Development,

Toxicolof and Applied Pharmacology



Consultantships (Past, Present) 

Governmental 

Food and Drug Administration 

National Institute of Mental Health 

National Cancer Institute 

Environmental Protection Agency 

Department of Labor - OSHA (Chairman, Carcinogens Standards Committee) 

U S Army - Research and Development Command 

Non-Governmental 

National Academy of Sciences - NRC 

Committee on Toxicology (Member, Chairman)/Board on Toxicology and Enwonmental 

Health Hazards 

Safe Drinking Water Committee 

Evaluation of Household Substances Committee (1 138 committee) 

Food Protection Committee 

Food Additives Survey Committee 

Committee on Risk-Based Criteria for Non-RCRA Hazardous Wastes 

committee on Risk Assessment of Flame-Retardant Chemicals 

Federation of American Societies of Experimental Biology 

Select Committee on GRAS Substances 

Flavors and Extracts 

Biotechnology Product Safety 

Caprenin GRAS Committee 

World Health Organization 

Joint Meeting on Pesticide Residues (JMPR) (Member, Chairman) 

NATOlCCMS Drinking Water Committee 

Industrial 

Chemical Companies, Trade Associations 

a .  *a. I. J . .  
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University Activities 

Related to Instruction 

Prepared a laboratory manual in pharmacology (animal and human studies) (1960) 
Introduced the use of closed circuit TV and N tapes in pharmacology (1 1960) 
Introduced clinical pharmacological experiments into the medical and dental programs 
(1 960) 

Planning and participation in continuing education program 
(Schools of Dentistry, Medicine and Pharmacy) 

Planning and administering each of the three major efforts in pharmacology 

(dental, medical, pharmacy) since

Graduate Program - assisted in developing graduate training program in toxicology 

Current Teaching Activities 

Presents lectures on Toxicological Issues, Food Intake and Control 

Not Directly Related to Instruction 

Elected senator from the graduate school, then vice-president of the University Senate 
Served on various committees (e g Curriculum, Search, Animal Care) in each of the four 
major schools (Dentistry, Graduate, Medical, Pharmacy) 

Research 

Research was continuously funded from Sources of support included governmental 
(U S P H S , N I H, E P A , N I D A ) and non-governmental (industrial) A list of 
publications is attached) 

Awards 

DOD - US Army - Chemical Research Development and Engineering Center 

Distinguished Service Award,

National Italian - American Foundation Award 

Excellence in Medicine and Community Service,

Thomas Jefferson University 

Distinguished Alumnus Award,

Virginia Commonwealth University - School of Basic Health Sciences 

Outstanding Faculty Award,

Virginia Commonwealth University - School of Basic Health Sciences, Dept of 
00a042 Pharmacology and Toxicology 

A '  .. . I  



Professor of the Year- 1

American College of Toxicology 

Distinguished Service Award- 

Virginia's Life Achievement in Science Award- 

001 Bernard L Oser Food Ingredient Safety Award by the Institute of Food Technologists 

PUBLICATIONS 

Borzelleca, J F and Manthei, R W Factors influencing pentobarbital sleeping time in mice 
Arch Int Pharmacodyn. 111.296, 1957 

Borzelleca, J F Studies of the contribution of bladder absorption to the physiological changes 
induced by pentobarbital J Pharm Exp Ther 129 305, 1960 

Borzelleca, J F The absorption of nicotine from the urinary bladder of the dog Arch Int 
Pharmacodyn 133 444, 1961 

Borzelleca, J F , Bowman, E R and McKennis, H , Jr The cardiovascular and respiratory 
effects of (-)-cotinine J Pharmacol Exp Ther 137 313,1962 

Borzelleca, J F. Drug absorption from the urinary tract of the rat Nicotine Arch Int 
Pharmacodyn 143.5951 963 

Borzelleca, J F Influence of saline and glucose infusions on the course of barbiturate 
intoxication Arch Int Pharmacodyn 146 163, 1963 

Larson, P S , Borzelleca, J F , Bowman, E R , Crawford, E M , Smith, R B , Jr and Henningar, 
G R Toxicologic studies on a preparation of p-tertiary octylphenoxy-polyethoxy ethanols 
(Trition X-405) Toxicol Appl Pharmacol 5 782, 1963 

Borzelleca, J F , Larson. P S , Henningar, G R , Hug, E G , Crawford, E M and Smith, R B , Jr 
Studies on the chronic oral toxicity of monomeric ethyl acrylate and methyl methacrylate 
Toxicol Appl Pharmacol 6 29,1964 

Borzellwa, J F and Cherrick, H The excretion of drugs in saliva Antibiotics J Oral Therap 
Pharmacd.2 180,1965. 

Borzelleca, J F and Lester, D Acute toxicity of some perhalogenated acetones Toxicol Appl 
PharmacolI592,1965 

Borzelleca, J F Drug movement from the isolated urinary bladder of the rabbit Arch Int 
Pharmacodyn 154 40,1965 

Borzelleca, J F Rabbit urinary bladder potentials Invest Urol 3 77, 1965 

Borzelleca, J F Studies on the mechanisms of drug movement from the isolated urinary 
bladder J Pharmacol Exp Ther 1 4 8 1  11, 1965 

Lowenthal, W and Borzelleca, J F Drug absorption from the rectum. I. J Pharm Sci 54.1790, 
1965 
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Ambrose, A.M , BorzelleGa, J F , Larson, P S , Smith, R B , Jr and Hennigar, G R Toxicologic 
studies on rnonochloroacetaldehyde 2,4-dinitrophenylhydrazone, a foliar fungicide Toxicol 
Appl Pharmacol. g 472, 1966 

Borzelleca, J F and Doyle, C H Excretion of drugs in saliva Salicylate, barbiturate, 
sulfanilamide J Oral Therap Pharmacol 3 104, 1966 

Borzelleca, J F and Lowenthal, W Drug absorption from the rectum II J Pharm Sci 55 151, 
1966 

Wooles, W R and Borzelleca, J F Prolongation of barbiturate sleeping time in mice by 
stimulation of the reticuloendothelial system J Reticuloendo SOC 3 41, 1966 

Wooles, W R , Borzelleca, J F and Branham, G W The effects of acute and prolonged 
salicylate administration on liver and plasma triglyceride levels and dietary-induced 
hypercholesterolernia Toxicol Appl Pharmacol 10 1 1967 

Borzelleca, J F , Harris, T and Bernstein, S The effect of DlVlSO on drug movement through 
the wall of the urinary bladder of the rabbit J. Invest Urol 6 43, 1968 

Borzelleca, J F . The excretion of glucose in saliva Dog J Oral Therap Pharmacol 4 338, 
1968 

Kim, K S , Borzelleca, J F , McKennis, H and Bowman, E R Pharmacological effects of some 
nicotine metabolites and related compounds J Pharmacol Exp Ther 161 59, 1968 

Marcus, S and Borzelleca, J F Observations of reserpine-induced bradycardia. Arch Int 
Pharamacodyn 174 12,1968 
Schwartz, S L and Borzelleca, J F Adrenergic blood pressure response in the shark Science 
- 163 395, 1969 

Ambrose, A M., Borzelleca, J F , Larson, P S and Hennigar, G R The toxicology of a foliar 
fungicide, GC4072. Toxicol Appl. Pharmacol 

BorzelleGa, J F and Putney, J W , Jr A model for the movement of salicylate across the 
parotid epithelium J Pharmacol Exp Ther 174 527, 1970 
Borzelleca, J F and Putney, J W , Jr Studies on the biotransformation of salicylic acid by the 
salivary gland Arch Int Pharmacodyn 188 127, 1970 

Lowenthal, W , BorzelleGa, J F and Corder, C D , Jr Drug absorption from the rectum 1 1  1 
Aspirin and some aspirin derivatives J Pharm Sci 3 1353, 1970 

Putney, J W , Jr and Borzelleca, J F A method for the determination of small quantities of 
salicylate metabolites in the presence of a great excess of salicylic acid Arch Int 
Pharmacodyn 188 1 19, 1970 

Wynn, J E , van't Riet, B and Borzelleca, J F Excretion and toxicity of EGTA and EDTA after 
oral administration to rats Toxicol Appl Pharrnacol 16 807, 1970 

Ambrose, A M , Larson, P S.,  Borzelleca, JR, Smith, R B , Jr and Hennigar, G R Toxicologic 
studies on 2,4-dichlorophenyi-p-nitrophenyl ether Toxicol Appl Pharmacol. 19 263, 1971 

323, 1970 

.,. , .  ~ , * 
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Borzelleca, J F , Larson, P S , Crawford, E M , Hennigar, G R , Jr , Kuchar, E J and Klein, H.H 
Toxicologic and metabolism studies on pentachloronitrobenzene Toxicol Appl Pharmacol 
- 18 522, 1971 

Putney, J W , Jr and Borzelleca, J F On the mechanisms of 14C- salicylic acid distribution in 
rat submaxillary gland in vitro J Pharmacol Exp Ther 117 263, 1971 

Putney, J W , Jr and Borzelleca, J F On the mechanisms of 14C-nicotine distribution in rat 
submaxillary gland in vitro J Pharmacol Exp Ther 178 180, 1971 

Ambrose, A M , Larson, P S , Borzelleca, J F and Hennigar, G R Toxicologic studies on 3',4- 
dichloropropionanilide Toxicol. Appl. Pharmacol a 650, 1972 

Egle, J L., Jr., Putney, J W ,  Jr and Borzelleca, J F Cardiac rate and rhythm in mice affected 
by haloalkane propellants J A M A 222 786, 1972 

Putney, J W , Jr and Borzelleca, J F On the mechanisms of 14C-salicylic acid excretion by the 
rat submaxillary gland. J Phamacol Exp Ther 182 515, 1972. 

Putney, J W ,  Jr and Borzelleca, J F Active accumulation of 14C-salicylic acid by rat kidney 
cortex in vitro. J Pharmacol Exp Ther 186 600, 1973 

Borzelleca, JR Safety evaluation and toxicological tests and procedures J A 0 A C 3 692, 
1975 

Adams, M D , Wedig, J H , Jordan, R L , Smith, L W ,  Henderson, R and Borzelleca, J F 
Urinary excretion and metabolism of salts of 2-pyridinethiol-l -oxide following intravenous 
administration to female Yorkshire pigs Toxicol Appl Pharmacol 36 523,1976 

Allen, M A ,  Wrenn, J M., Putney, J W , Jr and Borzelleca, J F A study of the mechanism of 
transport of diphenyl hydantoin in the rat submaxillary gland in vitro J Pharmacol Exp Ther 
- 197 408, 1976 

Ambrose, A.M , Larson, P S , Borzelleca, J F and Hennigar, G R Long-term toxicologic 
assessment of nickel in rats and dogs J Food Science and Technology 13 181, 1976 

Egle, J L , Jc; Long, J E , Simon, G S and Borzelleca, J F An evaluation of the cardiac 
sensitizing potential of a fabric protector in aerosol form, containing 1, l  ,I-trichloroethane 
Toxicol Appl Pfiarmacol 38 369,1976 

EGLE. J L , Jr , Fernandez, S B , Guzelian, P S and Borzelleca, J F Distribution and excretion 
of chlordecone (Kepone) in the rat Drug Metab Dispos 5 91, 1976 

Munson, A E , Barrett, B A and Borzelleca, J. F In vitro experimental approaches to detection 
of sensitive agents In Cutaneous Toxicity, (V Drill, ed ), Academic Press, Inc , San Francisco, 
p 175, 1977 

Weinberg, A.D , Dimen, E.M , Borzelleca, J F and Harris, L.S Weight and activity in male mice 
after daily inhalation of cannabis smoke in an automated smoke exposure chamber J Pharm & 
Pharmac 2 477, 1977 

Weinberg, A D , Dimen, E M , Simon, G S , Harris, L S and Borzelleca, J.F Measurements of 
weiaht and activitv in male mice following inhalation of cannabis smoke in a controlled s;&k& . 
expkure chamber Toxicol Appl Pharmacol 42 301, 1977 
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Allen, M A ,  Wrenn, J M , Putney, J W , Jr and BorzelleGa, J F A study of the mechanisms of 

1978 

Bowman, F J , Borzelleca, J F and Munson, A E The toxicity of some halomethanes in mice 
Toxicol Appl Pharmacol 44 213,1978 

Egle. J L , Jr , Fernandez, S B , Guzelian, P S and Borzelleca, J F Distribution and excretion 
of chlordecone (Kepone) in the rat Drug Metab Dispos 6 91, 1978 

McConnell, W R and Borzelleca, J F A study of the mechanism of transport of 
AS-tetrahydrocannabinol in the rat submaxillary gland in VIVO Arch Int Pharmacodyn 235 180, 
1978 

McConnell, W R , Dewey, W L , Harris, L S and Borzelleca, J F A study of the effect of delta- 
9-tetrahydrocannabinol (delta-9-THC) on mammalian salivary flow J Pharmacol Exp Ther 
- 206 567, 1978 

Schumann, A M and Borzelleca, J F An assessment of the methemoglobin and Heinz body 
inducing capacity of pentachloronitrobenzene in the cat Toxicol Appl. Pharmacol 44 523, 
1978 

Simon, G S , Tardiff, R G and Borzelleca, J F Potential mutagenic and adverse male 
reproductive effects of 1,2,3,4-tetrabromobutane A dominant lethal study in the rat Toxicol 
Appl Pharmacol 44 661, 1978 

Carmines, E L , Carchman, R A and Borzelleca, J F Kepone Cellular sites of action Toxicol 
Appl Pharmacol 49 543, 1979 

Egle, J L , Jr , Guzelian, P S and Borzelleca. J F Time course of the acute toxic effects of 
sublethal doses of chlordecone (Kepone) Toxicol Appl Pharrnacol 48 533, 1979 

Larson, P S , Egle, J L , Jr , Hennigar, G R and Borzelleca, J F Acute and subchronic toxicity 
of mirex in the rat, dog, and rabbit Toxicol Appl Pharmacol 49 271, 1979 

Larson, P S , Egle, J L , Jr , Hennigar, G R , Lane, R W and Borzelleca, J F Acute, subchronic 
and chronic toxicity of chlordecone Toxicol Appl Pharmacol 48 29, 1979 

Simon, G S , Kuchar, E J , Klein, H H and Borzelleca, J F Distribution and clearance of 
pentachloronitrobenzene in chickens Toxicol Appl Pharmacol 3 401 , I  979 

Simon, G S , Tardiff, R G and Borzelleca, J F Failure of hexachlorobenzene to induce 
dominant lethal mutations in the rat Toxicol Appl Pharmacol 47 415, 1979 

Borzelleca, J F and Skalsky, H L The excretion of pesticides in saliva and its value in 
assessing exposure J Environ Sci Health, B15(6), 843, 1980 

Borzelleca, J F , Egle, J L , Jr , Hennigar, G R , Klein, H H , Kuchar, E J , Lane, R W and 
Larson, P S A toxicologic evaluation of 5-ethoxy-3- trichloromethyl-I ,2,4-triadiazole (ETMT) 
Toxicol Appl Pharmacol 56 164,1980 

transport of benzylpenicillin in the rat submaxillary gland Arch Int Pharmacodyn 233 180, ‘“4 

0043046 Carmines, E L , Carchman, R A and Borzelleca, J F A method for the evaluation of dose-effect 
data utilizing a programmable calculator J Environ Path and Tox 3 23, 1980 



Kessler, F K , Laskin, D L , Borzelleca, J F and Carchman, R A Assessment of 
somatogenotoxicity of povidone-iodine using two in vitro assays J Environ Path and Tox 3 
327, 1980 

Skalsky, H L , Wrenn, J M and Borzelleca, J F In vitro and fn vivo evaluation of the movement 
of Kepone in the rat submaxillary gland J Environ Path and Tox 3 529, 1980 

Smith, L W and Borzelleca, J F Excretion of cadmium and mercury in rat saliva Toxicol Appl 
Pharamacol 54 134, 1980 

Smith, L W and Borzelleca, J F In vitro stimulation of oxygen consumption in rat submaxillary 
gland by pilocarpine. J. Dent Res 

Smith, L W and Borzelleca, J F Movement of cadmium in rat submaxillary slices Toxicol 
Appl Pharmacol 3 403, 1980 

Smith, L W and Borzelleca, J F Movement of mercury in rat submaxillary slices Toxicology 
- 18 169, 1980 

Borzelleca. J F Report of the NATOlCCMS drinking water pilot study on health aspects of 
drinking water contaminants Sci of the Total Environ 18 205, 1981 
Carmines, E L , Carchman, R A and BorzelleGa, J F Investigations into the mechanism of 
paraquat toxicity utilizing a cell culture system Toxicol Appl Pharmacol 3 353, 1981 

Simon, G S , Borzelleca, J F and Dewey, W L Narcotics and diabetes 1 1  Streptozotocin- 
induced diabetes selectively alters the potency of certain narcotic analgesics Mechanism of 
diabetes morphine interaction J Pharmacol Exp Ther 218 324, 1981 

Balster, R L and Borzelleca, J F The behavioral toxicity of trihalomethane contaminants of 
drinking water in mice Environ Health Perspec. 46 127, 1982 

Kauffmann, B M , White, K L , Jr , Sanders, V M , Douglas, K A , Sain, L E , Borzelleca, J F and 
Munson A E Humoral and cell-mediated immune status in mice exposed to chloral hydrate 
Environ Health Perspec 44 147, 1982 

Lane, R W , Riddle, B L and Borzelleca, J F Effects of 1,2-dichloroethane and 1 ,I ,I- 
trichloroethane in drinking water on reproduction and development in mice Toxicol Appl 
Pharmacol 63 409, 1982 -. 
Munson, A.E , Sain, L E , Sanders, V M , Kauffmann, B M , White, K L , Jr , Page, D G , Barnes, 
D W , and Borzelleca, J F Toxicology of organic drinking water contaminants 
trichloromethane, bromodichloromethane, dibromochloromethane and tribromomethane 
Environ Health Perspec 46 117, 1982 

Sanders, V M , Kauffmann, B M , White, K.L , Douglas, K A ,  Barnes, D W ,  Sain, L.E, 
Bradshaw, T J , Borzelleca, J F and Munson, A E Toxicology of chloral hydrate in the mouse 
Environ Health Perspec 44 137, 1982 

Sanders, V M , Tucker, A N , White, K L , Jr , Kauffmann, B M , Hallett, P , Carchman, R A ,  
Borzelleca, J F and Munson, A E Humoral and cell-mediated immune status in mice exposed 
to trichloroethylene in the drinking water Toxicol Appl Pharmacol E. 358, 1982 

Borzelleca, J F A review of volatile organic contaminant data Proc. AWWA Water Quality 
Tech Conf 225, 1983 

1539, 1980 

.. 
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Charles, J L , Kram, D , Borzelleca, J F and Carchman, R A The kinetics of in vivo sister 
chromatid exchange induction in mouse bone marrow cells by alkylating agents. I 
Cyclophosphamide Environ Mut 5 825, 1983 

Borzelleca, J F , Condie, L W and Hayes, J R. Toxicological evaluation of selected chlorinated 
phenols Proceedings of the 5th International Water Disinfection Conference, Williamsburg, VA, 
1984 

Borzelleca, J F Food safety regulations, research, and results Va Med 111390, 1984 

Seyler, D E , East, J M , Condie, L W and Borzelleca, J F The use of in vitro methods for 
assessing reproductive toxicity of dichlorophenols Tox Letters 3 309, 1984 

Shopp, G M , White, K L , Jr , Holsapple, M P I  Barnes, D W ,  Duke, S S , Anderson, A.C , 
Condie, L W , Jr , Hayes, J R and Borzelleca, J F Naphthalene toxicity in CDA mice general 
toxicology and immunotoxicology Fund Appl Toxicol 4 406, 1984 

Borzelleca, J F and Hogan, G K Chronic toxicitykarcinogencity study of FD&C Blue No 2 in 
mice Food Chem Tox 23 719, 1985 

Borzelleca, J F , Hayes, J R , Condie, L W. and Egle, J L , Jr Acute toxicity of 
monochlorophenols, dichlorophenols and pentachlorophenol in the mouse Toxicol Letters 
- 29 39,1985 

Borzelleca, J F , Hayes, J R , Condie, L W and Egle, J L Acute and subchronic toxicity of 2.4- 
dichlorophenol in CD-1 mice Fund Appl Toxicol 5 478, 1985 

Borzelleca, J F , Hogan, G.K and Koestner A Chronic toxicitykarcinogencity study of FD&C 
Blue No 2 in rats Food Chem Tox 23 551, 1985 

Hayes, J R and Borzelleca, J F Nutrient interaction with drugs and other xenobiotics, J Am 
Dietetic Assoc 3 335, 1985 

Lane, R W ,  Simon, Glen, S S , Dougherty, R W ,  Egle, J L and Borzelleca, J F Reproductive 
toxicity and lack of dominant lethal effects of 2,4-dinitrotolune in the male rat Drug and Chem. 
Tox 4 265,1985 

Borzelleca, J F , Goldenthal, E I and Wazeter, FX A multigeneration study of FD&C Blue No 2 
in rats Food Chem Tox 2 159, 1986 

Charles, J L , Jacobson-Kram, D , Condie, L W ,  Jr , Borzelleca, J.F and Carchman, R A The 
kinetics of /n v/tm sister chromatid exchange induction in mouse bone marrow cells by 
ethylnitrosourea and methylnitosourea Toxicol Appl Pharmacol & 56, 1986 

Hayes, J R , Condie, L W , Jr and Borzelleca J F The subchronic toxicity of tetrachorethylene 
(perchloroethylene) administered in the drinking water of rats Fund Appl Toxicol I 119, 1986 

Hayes, J R , Condie, L W ,  Jr and Borzelleca, J F Acute, 14-day repeated dosing and 90-day 
subchronic toxicity studies of carbon tetrachloride in CD-I mice Fund Appl Toxicol z 454, 
1986 

Hayes, J R., Condie, L.W, Jr and Borzelleca, J F . Acute, 14-day repeated dosing, and 90-day 
subchronic toxicity studies of potassium picloram Fund Appl Toxicol 7 464, 1986 
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Hayes, J R , Condie, L W ,  Jr and Borzelleca, J F Toxicology of haloacetonitriles Environ 
Health Perspec 69 183, 1986 

Lane, R W , Sturm. R J , Borzelleca, J F and Carchman, R A Effect of fn vitro differentiation on 
phorbol diester receptor number in human promyelocytic leukemia (HL-60) cells Cancer 
Res 46 3782,1986 

Simon, G S , Egle, J L , Jr , Dougherty, R W and Borzelleca, J F Dominant lethal assay of 
chlordecone and its distribution in the male reproductive tissues of the rat Tox Letters 2 237, 
1986 

Tarka, S M , Jr , Applebaum, R S and Borzelleca, J F Evaluation of the perinatal, postnatal 
and teratogenic effects of coca powder and theobromine in Sprague-DawleylCD rats Food 
Chem Tox 3 375, 1986 

Tarka, S M , Jr , Applebaum, R S and Borzelleca, J F Evaluation of the teratogenic potential of 
cocoa powder and theobromine in New Zealand white rabbits Food Chem Tox 3 363, 1986 

Borzelleca, J F , Capen, C C and Hallagan, J B Lifetime toxicitylcarcinogenicity study of FD&C 
Red no 3 (erythrosine) in rats. Fd Chem. Toxic 2 723, 1987 

Borzelleca, J F , Capen, C C , and Hallagan, J B Lifetime toxicitylcarcinogenicity study of 
FDBC Red No 3 (erythrosine) in mice Fd Chem. Toxic 2 735, 1987 

Hayes, J R , Condie, L W , Jr , Egle, J L , Jr and Borzelleca, J F The acute and subchronic 
toxicity in rats of trans-I ,2 dichloroethylene in drinking water J Am Coll Toxicol 6 471, 1987 

Borzelleca, J F and Hallagan, J B Chronic toxicitylcarcinogenicity studies of FD8C Yellow No 
5 (tartrazine) in rats Fd Chem Toxic 2 179, 1988 

Borzelleca, J F , Condie, L W , Jr and Egle, J L Short-term toxicity (one- and ten-day gavage) 
of barium chloride in male and female rats J Am Coll Toxicol 675-685, 1988 

Condie, k.W , Jr , Hill, J R and Borzelleca, J F Oral toxicology studies with xylene isomers and 
mixed xylenes Drug and Chem Tox 11 329, 1988 

Borzelleca, J F and Hallagan, J B A chronic toxicitylcarcinogenicity study of FD&C yellow no 
5 (tartrazine) in mice Fd Chem TOXIC 2 189, 1988 

Borzelleca, J F , Clark, E C and Condie, L W , Jr. Short-term toxicity (1 and 10 days) of 
cadmium chloride in male and female rats gavage and drinking water J Am Coll Toxicol 
- 8 377,1989 

Borzelleca, J F , Condie, L W ,  Jr , Clarke, E C and Egle, J L Short-term toxicity (one and ten 
day gavage) of potassium dichromate in male and female rats J Am Coll Toxicol 
- 8 1197,1989 

Borzelleca, J F , Olson, J W A. and Reno, F A Lifetime toxicitylcarcinogenicity study of FD8C 
red No 40 (allura red) in Sprague-Dawley rats Fd Chem Tox 27 701, 1989 

Borzelleca, J F Status of colors and flavors used in the confectionery industry Proc 106lh 
Annual Convention of the National Confectioners Association of the United States 33, 1989 
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Lamb, R G , Borzelleca, J F , Condie, L W and Gennings, C Toxic interactions between 
carbon tetrachloride and chloroform in cultured rat hepatocytes Toxicol Appl Pharmacol. 
- 101 106, 1989 

O'Hara. T M , Borzelleca, J F , Clark, E C , Sheppard, M A and Condie, L W ,  Jr.: A CC14/CHC13 
interaction study in isolated hepatocytes selection of a vehicle Fund Appl Toxicol 13 605, 
1989 

Borzelleca, J F and Hallagan, J B Multigeneration study of FD&C red no 3 (erythrosine) in 
Sprague-Dawley rats Fd Chem Tox 3 813, 1990 

Borzelleca, J F , Depukat, K and Hallagan, J B Lifetime toxicitylcarcinogenicity studies of 
FD&C blue no 1 (brilliant blue FCF) in rats and mice Fd Chem Toxic 28 221,1990 

Borzelleca, J F , OHara, T M , Gennings, C , Granger, R H , Sheppard, M A  and Condie, L W 
Jr Interactions of water contaminants I Plasma enzyme activity and response surface 
methodology following gavage administration of CCI, and CHCl3 or TCE singly and in 
combination in the rat Fund Appl Toxicol 14 477, 1990 

Borzelleca, J F , Olson, J W A and Reno, F A Lifetime toxicitylcarcinogenicity study of FD&C 
red no 40 (allura red) in mice Fd Chem Tox 3 313, 1991 

OHara, T M , Sheppard, M A , Clarke, E C , Borzelleca J F , Gennings, C and Condie, L W ,  
Jr A CCI4/CHCl3 interaction study in isolated hepatocytes non-induced, and phenobarbital 
pretreated cells J Appl Toxicol 11 147, 1991 

Borzelleca, J F Assessment of SafetylRisk of Chemicals- Inception and Evolution of the AD1 
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