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Re: 	GRAS Exemption Claim for Rooster Combs Extract (RCE) 

Dear Dr. Gaynor: 

In accordance with proposed 21 CFR §170.36 [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 one hard copy and one electronic copy (on CD), as the notifier [Bioiberica S.A., 
Plaça Francesc Macia, 7, 08029 Barcelona, Spain], a Notice of the determination, on the basis of 
scientific procedures corroborated by a history of safe consumption, that rooster combs extract (RCE), 
produced by Bioiberica, 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 detailed information on 
the notified substance and a summary of the basis for the GRAS determination, as well as a 
consensus opinion of an independent panel of experts in support of the safety of RCE under the 
intended conditions of use, also are enclosed for review by the agency. 

I hereby certify that the enclosed electronic files for the Notification entitled, "Generally Recognized as 
Safe (GRAS) Notice for Rooster Combs Extract (RCE) For Use in Conventional Foods and Medical 
Foods" were scanned for viruses prior to submission and are thus certified as being virus-free using 
McAfee VirusScan 8.8. 

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, 

aura icente 

Nutritional Affairs Manager 

Regulatory Affairs 

Ivicente(bioiberica.com  

Tel: +34 93 765 03 90 / + 34 607 980 528 

Oficina Comercial: Plaza Francesc Mad& 7. 08029 Barcelona - Espana. Tel. (34) 93 490 49 08. Fax (34) 93 490 97 11 

Complejo Industrial Bioibérica: Ctra. Nacional II, Km. 680,6. 08389 Palafolls. Barcelona - Espana. Tel. (34) 93 765 03 90. Fax (34) 93 765 01 02 

http://www.bioiberica.com  

(b) (6)



 

Oficina Comercial: Plaza Francesc Macià, 7. 08029 Barcelona - España. Tel. (34)  93 490 49 08. Fax (34)  93 490 97 11 

Complejo Industrial Bioibérica: Ctra. Nacional II, Km. 680,6. 08389 Palafolls. Barcelona - España. Tel. (34)  93  765 03 90. Fax (34)  93  765 01 02 

http://www.bioiberica.com 

B
i
o
i
b
é
r
i
c
a
,
 
s
.
a
.
 
R
.
 
M
.
 
B
a
r
c
e
l
o
n
a
,
 
H
o
j
a
 
B
-
9
9
7
7
3
,
 
S
e
c
c
.
 
2
ª
.
 

–
 
C
.
I
.
F
.
 
A
-
0
8
-
3
8
4
1
9
0
 

 

 

 
 
Dr. Paulette Gaynor  

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  

December 3, 2013 

 

Re: GRAS Exemption Claim for Rooster Combs Extract (RCE) 

 

Dear Dr. Gaynor: 
 

In accordance with proposed 21 CFR §170.36 [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 one hard copy and one electronic copy (on CD), as the notifier [Bioiberica S.A., 
Plaça Francesc Macià, 7, 08029 Barcelona, Spain], a Notice of the determination, on the basis of 
scientific procedures corroborated by a history of safe consumption, that rooster combs extract (RCE), 
produced by Bioiberica, 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 detailed information on 
the notified substance and a summary of the basis for the GRAS determination, as well as a 
consensus opinion of an independent panel of experts in support of the safety of RCE under the 
intended conditions of use, also are enclosed for review by the agency.   

I hereby certify that the enclosed electronic files for the Notification entitled, “Generally Recognized as 
Safe (GRAS) Notice for Rooster Combs Extract (RCE) For Use in Conventional Foods and Medical 
Foods” were scanned for viruses prior to submission and are thus certified as being virus-free using 
McAfee VirusScan 8.8. 

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, 

Laura Vicente 

Nutritional Affairs Manager 

Regulatory Affairs  

lvicente@bioiberica.com  

Tel: +34 93 765 03 90 / + 34 607 980 528 
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GRAS Exemption Claim 

LA Claim of Exemption From the Requirement for Premarket Approval 
Pursuant to Proposed 21 CFR §170.36(c)(1) [62 FR 18938 (17 April 1997)] 

Bioiberica S.A. (Bioiberica) hereby claims that the use of Rooster Combs Extract (RCE) in 
foods, as described in Section I.D below, is exempt from the requirement of premarket approval 
of the Federal Food, Drug, and Cosmetic Act because we have determined that such uses are 
Generally Recognized as Safe (GRAS). 

Signed in Palafolls (Barcelona, Spain), December 2nd  2013, 

Laura Vicente 
Nutritional Affairs Manager 

I.B Name and Address of Notifier 

Laura Vicente 
Bioiberica S.A. 
Plaça Francesc Macia, 7 
08029 Barcelona 
Spain 

I.0 Common Name of the Notified Substance 

Rooster Combs Extract 

I.D 	Conditions of Intended Use in Food 

LD.1 Foods in which the Substance is to be used 

The intended proposed food-uses and use-levels for Rooster Combs Extract (RCE) are 
summarized in Table I.D.1-1. 
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Table LD.1-1 	Summary of the Individual Proposed Food-Uses and Use-Levels for 
Rooster Combs Extract (RCE) in the United States 

Food Category Proposed Food-Uses RACC* 
Maximum 
Use-Level 

(mg/RACC) 

Maximum 
Use-Level (%) 

Baked Goods and 
Baking Mixes 

Bread and Rolls 50 g 80 0.16 

Beverages and 
Beverage Bases 

Sports and Isotonic Drinks 240 mt.. 80 0.033 

Breakfast Cereals Ready-to-Eat Breakfast Cereals 15 g (Puffed) 
30 g (Regular) 
55 g (Biscuit) 

80 
80 
80 

0.53 
0.27 
0.15 

Cheeses Cottage Cheese 110 g 80 0.073 
Dairy Product 
Analogs 

Soy Drinks 240 mL 80 0.033 

Grain Products and 
Pastas 

Cereal, Energy, and Nutrition Bars 40 g 80 0.20 

Milk, Whole and Skim Milk 240 mL 80 0.033 
Milk Products Flavored Milk and Milk Drinks 240 mL 80 0.033 

Yogurt 225 g 80 0.036 
Yogurt Drinks 240 mL 80 0.033 

Processed Fruits and 
Fruit Juices 

Fruit Juices 120 mL 80 0.067 

* RACC = Reference Amounts Customarily Consumed per Eating Occasion (21 CFR §101.12 —U.S. FDA, 2013). 

RCE also is proposed for use in medical foods at use-levels providing up to 80 mg RCE/serving. 
Medical foods are defined in section 5(b) of the Orphan Drug Act (21 U.S.C. 360ee (b) (3)) as "a 
food which is formulated to be consumed or administered enterally under the supervision of a 
physician and which is intended for the specific dietary management of a disease or condition 
for which distinctive nutritional requirements, based on recognized scientific principles, are 
established by medical evaluation" (U.S. FDA, 2012). 

LD.2 Purpose for Which Substance is Used 

Bioiberica's RCE is intended for addition to food and beverage products as a source of dietary 
hyaluronic acid. 

I.D.3 Description of the Population Expected to Consume the Substance 

RCE is expected to be consumed by individuals wishing to increase their intake of hyaluronic 
acid. 

Bioiberica S.A. 	 6 
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I.E 	Basis for the GRAS Determination 

Pursuant to Title 21, Section 170.30 of the Code of Federal Regulations (CFR) (U.S. FDA, 
2013), RCE has been determined by Bioiberica to be GRAS on the basis of scientific 

procedures corroborated by a history of safe consumption. This GRAS determination is based 
on data generally available in the public domain pertaining to the safety of RCE, and on 
consensus among a panel of experts (the Expert Panel) who are qualified by scientific training 
and experience to evaluate the safety of RCE as a component of food [see Appendix A, entitled, 
"Expert Panel Consensus Statement Concerning the Generally Recognized as Safe 
(GRAS) Status of RCE]. This GRAS determination is corroborated by data pertaining to the 
safety of hyaluronic acid, the main constituent of RCE, that are generally available in the public 
domain and by the fact that rooster combs from which RCE is produced have an established 
history of human consumption in Europe and the United States. 

The Expert Panel consisted of the following qualified scientific experts: Professor Joseph F. 
Borzelleca, PhD. (Virginia Commonwealth University School of Medicine), Professor Robert J. 
Nicolosi, Ph.D. (University of Massachusetts Lowell), and Professor John A. Thomas, Ph.D. 
(Indiana University School of Medicine). 

The Expert Panel, convened by Bioiberica, independently and critically evaluated all data and 
information presented herein, and concluded that RCE was GRAS for use as an ingredient in 
food and beverage products as described in Table I.D.1-1 and in medical foods. 

I.F 	Availability of Information 

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

Bioiberica S.A. 
Placa Francesc Macia, 7 
08029 Barcelona 
Spain 

Attn: 
Laura Vicente 
Nutritional Affairs Manager 
Regulatory Affairs 
Ivicentebioiberica.com   
Tel: +34 93 765 03 90 / + 34 607 980 528 

Should the FDA have any questions or additional information requests regarding this 
notification, Bioiberica S.A. will supply these data and information. 

Bioiberica S.A. 	 7 
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II 	Detailed Information About the Identity of the Substance 

li.A 	Identity 

Rooster Combs Extract (RCE) is a white hygroscopic powder that consists primarily of sodium 
hyaluronate, with lesser amounts of glycosaminoglycans 	chondroitin sulfate and dermatan 
sulfate), free amino acids, proteins, and trace levels of fiber. Sodium hyaluronate, the primary 
component of RCE, is a high-molecular-weight polymer (i.e., approximately 800,000 Da), with 
the following chemical formula: [C 14H20NNaO 11 ]n . It is a linear polysaccharide with a basic 
disaccharide unit consisting of D-glucuronic acid and N-acetyl-D-glucosamine linked by a 
glucuronidic (1-3) bond. The disaccharide units are linearly polymerized by hexosaminidic (1-4) 
linkages. 

Common or Usual Name: 
	

Rooster Combs Extract (RCE) 

II.B Method of Manufacture 

ll.B.1 Manufacturing Process 

Rooster combs obtained from poultry that have been deemed fit for human consumption are 

digested using the enzyme preparation Alcalase (Novozym 37071), which is a protease enzyme 
preparation produced by a non-genetically modified selected strain of Bacillus licheniformis. 
The main enzyme component in Novozym 37071 is Subtilisin A, an endoproteinase. Novozym 
37071 is food-grade and complies with the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) and Food Chemical Codex (FCC) recommended purity requirements for 
enzyme preparations (JECFA, 2006; FCC, 2012). Novozym 37071 also meets the definition of 
a mixed carbohydrase and protease enzyme product under 21 CFR 184.1027, and thus, is a 
direct food substance affirmed as GRAS (21 CFR 184.1027) (U.S. FDA, 2013). Throughout the 
digestion process, the temperature is controlled and the pH is maintained within predetermined 
limits. Following the digestion process, Novozym 37071 is inactivated by heat treatment (82 to 
88°C) for at least 30 minutes, and the results of an Alcalase-specific ELISA demonstrate that 
the step is effective in denaturing and inactivating the enzyme. The digested liquid is then 

filtered, concentrated, cooled, and precipitated. The supernatant is removed and the precipitate 
is cleaned, anhydrificated, filtered, dried, and milled to produce the final RCE product. 

A manufacturing flow chart is presented in Figure II.B.1-1. 

Bioiberica S.A. 	 8 
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Figure II.B.1-1 Schematic Overview of the Manufacturing Process for Rooster Combs 
Extract 

Heat treatment (82 to 88°C; 30 min) 

Filtration 

Concentration and Filtration 

Precipitation 

Cleaning and Anhydrification 

Drying and Milling 

Packaging 

Rooster Comb Extract 

II.B.2 Quality Control 

The manufacture of RCE is conducted consistent with the principles of current Good 
Manufacturing Practices (cGMP) and in accordance with the International Conference on 
Harmonisation Guideline Q7 (ICH, 2000) and following Bioiberica's quality management system, 
which is based on ISO 9001 standards and includes a hazard analysis and critical control points 
(HACCP) system. The Quality Management System includes written procedures describing the 
receipt, identification, quarantine, storage, handling, sampling, testing, and approval or rejection 
of materials. Written procedures are established to monitor the progress and control the 
performance of processing steps that may result in variability in the quality of the product. In-
process controls and their acceptance criteria are defined based on the information gained 
during the development stage or historical data. Batch production and laboratory control 
records are reviewed and approved by the quality unit before the product is released. 

Bioiberica S.A. 	 9 
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ll.0 Specifications and Product Analysis 

ll.C.1 Product Specifications 

The physical, chemical, and microbiological specifications for RCE and the methods of analyses 
are summarized in Table II.C.1-1. The limit for the residual solvent acetone was based on that 
established by the ICH in their guideline Impurities: Guideline for Residual Solvents Q3C(R5) 
(ICH, 2011) and in accordance with Directive 2009/32/EC of the European Parliament and of 
the Council of 23 April 2009 on the approximation of the laws of the Member States on 
extraction solvents used in the production of foodstuffs and food ingredients (EC, 2009). 

Table ll.C.1-1 	Product Specifications for Rooster Combs Extract 

Specification Parameter I 	Specification I 	 Method 

Physico-Chemical 

Appearance White or almost white hygroscopic 
powder 

Visual 

pH 5.0 to 8.5 Eur. Ph. 2.2.3 
Sodium hyaluronate (w/w) 60 to 80% Eur. Ph. Monograph 1472 
Chondroitin Sulfate (w/w) 55% HPLC 
Dermatan Sulfate (w/w) 525% Capillary Electrophoresis and HPLC 
Chlorides (w/w) 51% Mohr method 
Nitrogen (w/w) 1  58% Eur. Ph. 2.5.9 
Protein (by Lowry Method) (w/w) 525 % Eur. Ph. 2.5.33 
Loss on drying 510% Eur. Ph. 2.2.32 
Lead 50.5 ppm Eur. Ph. 2.2.58 

, Acetone 53,000 ppm Eur. Ph. 2.4.24 
Microbiological 

Total viable aerobic count _102 CFU/g Eur. Ph. 2.6.12 
Escherichia coli Absent/g Eur. Ph. 2.6.13 
Salmonella sp. Absent/g Eur. Ph. 2.6.13 
Staphylococcus aureus Absent/g Eur. Ph. 2.6.13 
Pseudomonas aeruginosa Absent/g Eur. Ph. 2.6.13 

CFU = colony-forming units; EPA = Environmental Protection Agency; Eur. Ph. = European Pharmacopoeia; HPLC = 
high performance liquid chromatography; PCB = polychlorinated biphenyl; ppm = parts per million; w/w = wet weight 
basis. 
1  Nitrogen content = the sum of nitrogen from sodium hyaluronate, chondroitin sulfate, dermatan sulfate, and amino 
acids 

ll.C.2 Product Analysis 

The results of the analysis of three non-consecutive lots indicate that the manufacturing 
processes produces a consistent product meeting established physical, chemical, and 
microbiological specifications (Table II.C.2-1). 

Bioiberica S.A. 	 10 
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Table ll.C.2-1 	Summary of the Product Analysis for 3 Non-Consecutive Lots of 
Rooster Combs Extract 

Specification Parameter Limit 
Manufacturing Lot 

   

Appearance White or almost 
white hygroscopic 

powder 

Complies Complies Complies 

pH 5.0 to 8.5 6.8 6.6 6.9 
Sodium hyaluronate (%) 60 to 80% 67 69 66 
Chondroitin Sulfate (w/w) 55% 2.13 2.21 2.23 
Dermatan Sulfate (w/w) 525% 11.27 12.23 17.12 
Chlorides (%) 51 Complies Complies Complies 
Nitrogen'(%) 58 7.0 7.0 6.0 
Protein by Lowry Method 
(%) 

525 21.41 18.47 15.49 

Loss on drying (%) 510 6.0 7.0 6.0 
Lead (ppm) 50.5 Complies Complies Complies 
Acetone (ppm) 53,000 Not Detected Not Detected Not Detected 
Microbiological 

Total viable aerobic count 
(CFU/g) 

5102  CFU/g Complies Complies Complies 

Escherichia colt Absent/g Absent Absent Absent 
Salmonella sp. Absent/g Absent Absent Absent 
Staphylococcus aureus Absent/g Absent Absent Absent 
Pseudomonas aeruginosa Absent/g Absent Absent Absent 

CFU = colony forming units' ppm = parts per million. 1  Nitrogen content = the sum of nitrogen from sodium hyaluronate, chondroitin sulfate, dermatan sulfate, and amino 
acids 

Although in accordance with the limit established by ICH in their guideline Impurities: Guideline 
for Residual Solvents Q3C(R5) (ICH, 2011), the limit for acetone may be considered somewhat 
high; however, the level is not of toxicological concern. Under the intended conditions of use of 
RCE, the highest 90 th  percentile estimated intake was approximately 700 mg in male teenagers 
(see Section IV.A.2), which corresponds to a theoretical maximum exposure to acetone of 
2.1 mg/day. The JECFA has reviewed the safety of acetone and concluded that when used in 
accordance with cGMP, the levels of residues "are unlikely to have any significant toxicological 
effect" (JECFA, 1970). 
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ILC.3 Additional Chemical Characterization 

II.C.3.1 	Contaminant Analysis 

Bioiberica also has set limits for potential contaminants, including mercury, arsenic, cadmium, 
chromium, dioxins and furans, polychlorinated biphenyls (PCBs), and solvents. The limits for 
heavy metals, dioxins and furans, and PCBs were based on those established in Commission 
Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain 
contaminants in foodstuffs (EC, 2006), and the limits for residual solvents were based on those 
established by the ICH in their guideline Impurities: Guideline for Residual Solvents Q3C(R5) 
(ICH, 2011) and in accordance with Directive 2009/32/EC of the European Parliament and of 
the Council of 23 April 2009 on the approximation of the laws of the Member States on 
extraction solvents used in the production of foodstuffs and food ingredients (EC, 2009). The 
results of the analysis of 3 non-consecutive lots are presented in Table II.C.3.1-1. The data 
indicate that the levels of all potential contaminants are below the limits established by 
Bioiberica and in are accordance with EU regulations. 

Table ILC.3.1-1 	Summary of the Contaminants Analysis for 3 Lots of Rooster Combs 
Extract 

Parameter 
Limit Manufacturing Lot 

   

Mercury (ppm) 50.1 <0.10 <0.10 <0.10 
Arsenic (ppm) 51 <1 <1 <1 
Cadmium (ppm) 51 <1 <1 <1 
Chromium (ppm) 510 <10 <10 <10 
Dioxins and Furans (pg/g) 52.0 0.024 0.04 0.07 
PCBs (pg/g) 54.0 0.004 0.006 0.01 

12/0023 12/0024 12/0028 

Ethanol (ppm) 55,000 360 1,579 885 
Methanol (ppm) 5100 <10 <10 10 
PCBs = polychlorinated biphenyls; ppm = parts per million. 

IL C.3.2 	Viral Inactivation through Manufacturing Process 

A viral clearance study was conducted to demonstrate that the manufacturing process for RCE 
is capable of removing or inactivating viruses that may potentially contaminate the starting 
material or RCE during the production process. Four viruses, including Xenotropic Murine 
Leukaemia Virus (MLV), Influenza (FLU), Reovirus III (RE03), and Porcine Parvovirus (PPV), 
were selected for use in the study as they were considered to be relevant adventitious or 

potential endogenous viral contaminants of the starting material. MLV is a non-defective C type 
retrovirus, FLU represents a model for avian viruses, REO3 infects human and animal cells, and 

Bioiberica S.A. 	 12 
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PPV is a model for Human parvovirus B19. The four viruses were added prior to several steps 
in the production process, including enzyme digestion, solvent precipitation, and/or H202 
treatment and solvent precipitation, and samples were taken after completion of the respective 
step and analyzed for viral clearance to determine whether the manufacturing step was effective 
in the inactivation/removal of each virus. The study was designed to comply with the Committee 
for Proprietary Medicinal Products (CPMP) Note for Guidance on Virus Validation Studies: The 
Design, Contribution, and Interpretation of Studies Validating the Inactivation and Removal of 

Viruses CPMP/BWP/268/95; the U.S. FDA Points to Consider in the Characterization of Cell 
Lines used to Produce Biologicals (U.S. FDA, 1993); The U.S. FDA Points to Consider in the 
Manufacturing and Testing of Monoclonal Antibody Products for Human Use, 28 February 1997; 
the Japanese Ministry of Health and Welfare Guidelines on the Establishment of Viral Safety for 
Plasma Fraction Products; the ICH Document: Quality of Biotechnological Products: Viral Safety 
Evaluation of Biotechnology Products Derived From Cell Lines of Human or Animal Origin 
CPMP/ICH/295/95; and, where appropriate, The CPMP Note for Guidance on Plasma Derived 
Medicinal Products CPMP/BWP/269/95. 

A summary of the results of the viral inactivation analyses is presented in Table II.C.3.2-1 and 
demonstrates that the manufacturing process is effective at inactivating or removing MLV, FLU, 
REO3, and PPV viruses. 

Table II.C.3.2-1 	Summary of the Viral Inactivation Analyses Conducted at Steps in the 
Manufacturing Process 

Step 
Virus Reduction Factor (LOGI()) 

Run 1 I 	Run 2 

MLV 

Enzymatic Digestion 4.79±0.25 	J 	  
.?.5.97±0.40 

.5.06±0.29 

I 	~5.66±0.36 Solvent Precipitation 

FLU 

Enzymatic Digestion ~4.10±0.38 ~4.01±0.28 
Solvent Precipitation N1.63±0.25 I 	~4.77±0.29 
RE03 

Enzymatic Digestion ~6.19±0.32 ~5.93±0.25 
H202 Treatment and Solvent Precipitation ~6.83±0.33 7.42±0.36 
PPV 

Enzymatic Digestion 5.27±0.39 ?..4.46±0.34 
H202 Treatment and Solvent Precipitation ~1.34±0.43 .1.61±0.36 

FLU = Influenza; MLV = Xenotropic Murine Leukaemia Virus; PPV = Porcine Parvovirus; RE03 = Reovirus Ill 
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ll.C.3.3 	Residual Enzyme 

As previously described, at the end of the hydrolysis of the raw rooster combs the solution is 
heated to 85°C for 30 minutes, a step that is intended to inactivate the enzyme responsible for 
the hydrolysis (i.e., Alcalase). To confirm that the heat-treatment step was effective at 
inactivating the enzyme, Bioiberica conducted an Alcalase-specific enzyme-linked 
immunosorbent assay (ELISA) to measure protein concentration before and after heat 
treatment. Three samples were taken at each time-point and were analyzed in duplicate. 

Enzyme activity was calculated using the enzyme concentration obtained from the ELISA. 
Alcalase was detected before heat treatment in all samples and was not detected (limit of 
detection: 102 ng/g) after heat treatment in any of the samples assayed. Three lots of the final 

RCE product also were tested for residual enzyme protein concentration and residual enzyme 
activity was calculated. Alcalase was not detected (limit of detection: 102 ng/g) in any of the 
3 lots. A summary of the results of the ELISA for residual enzyme protein and of the calculated 
residual enzyme activity for 3 lots of RCE in-process and 3 lots of the RCE final product is 
presented in Table II.C.3.3-1. 

Table II.C.3.3-1 	Summary of the Residual Enzyme Product Analysis for 3 Lots of 
Rooster Combs Extract In-Process and 3 Lots of the Rooster Combs 
Extract Final Product 

Specification 
Parameter Lim it 

Manufacturing Lot 
   

Before Heat Treatmen 

Enzyme Protein 
(ng/g) 

N/A 8.24 x105  8.16 x105  7.63 x105  

Enzyme Activity 
(AU/g) 

N/A 4.70 x10-2  4.65 x10-2  4.35 x10-2  

After Heat Treatment 

Residual Enzyme 
Protein (ng/g) 

Not detected Not detected Not detected Not detected 

Residual Enzyme 
Activity (AU/g) 

Not detected Not detected Not detected Not detected 

Manufacturing Lot 
   

Final Product 

Residual Enzyme 
Protein (ng/g) 

Not detected Not detected Not detected Not detected 

Residual Enzyme 
Activity (AU/g) 

Not detected Not detected Not detected Not detected 

Abbreviations: AU = activity units; N/A = not applicable 

The molecular weight of the protein in the final RCE product also was determined using gel 
permeation chromatography (GPC) to confirm that the enzyme was hydrolyzed during the 
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manufacturing process. The molecular weight of Alcalase is 29 to 31 KDa, and the molecular 

weight of the protein in the final product was determined to be greater than 10-fold lower; thus, 
these results demonstrate that the enzyme was hydrolyzed. A summary of the results of the 

molecular weight determination of the protein in 3 non-consecutive lots of RCE is presented in 
Table ll.C.3.3-2. 

Table II.C.3.3-2 	Summary of the Molecular Weight of the Protein in the Final Product for 
3 Lots of Rooster Combs Extract 

Specification Parameter 
Manufacturing Lot 

   

Molecular Weight (Da) 1,221 1,154 1,289 

II.C.4 Composition of RCE 

Analyses of the chondroitin and dermatan sulfate, fiber, and free amino acid content were 
conducted on 5 non-consecutive batches of RCE in order to define the full composition of RCE. 
The results of these analyses are summarized below in Table ll.C.4-1 and demonstrate that the 
composition of RCE is fully defined. 

Table ILC.4-1 	Full Composition of Rooster Combs Extract 

Constituent Method Concentration (%) 

 
 

 
 

 
 

 
 

 
  

Hyaluronic acid (w/w) Capillary electrophoresis & 
HPLC 

61.7 63.5 65.6 69.1 62.1 

Chondroitin Sulfate (w/w) HPLC 2.13 2.21 2.23 2.43 0.45 
Dermatan Sulfate (w/w) Capillary electrophoresis & 

HPLC 
11.27 12.23 17.12 8.85 11.48 

Fiber (w/w) Weende method 0.4 <0.1 <0.1 <0.1 0.2 
Free Amino Acids (w/w) HPLC 1.7 1.3 1.4 1.4 0.3 
Proteins (w/w) Lowry method 21.4 18.5 15.5 18.1 12.6 
Loss on drying Eur. Ph. 2.2.32 6.0 7.0 6.0 8.0 8.0 
Total 104.6 104.84 107.95 107.98 95.13 
HPLC = high performance liquid chromatography; w/w = wet weight basis 
a   was the code for the batch used in the preclinical toxicology tests (see Section IV.C). 

ILD 	Stability 

ll.D.1 Stability of Rooster Combs Extract Alone 

The stability of RCE, stored in a triple low-density polyethylene bag closed by cable ties and 
kept in a metal drum, was investigated under accelerated storage conditions (i.e., 40 ± 2°C; 75 

± 5% relative humidity) and under long-term storage conditions (i.e., 25 ± 2°C; 60 ± 5% relative 
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humidity). Three batches of RCE were tested under each storage condition, and specification 
parameters considered susceptible to change over time were measured after 0, 3, and 6 
months of accelerated storage, or after 0, 6, 12, 18, 22 or 24, 30, and 40 or 43 months of 

storage under long-term storage conditions. Results of accelerated and long-term stability tests 
(presented in Table ll.D.1-1) indicate that all measured parameters remained within Bioiberica's 
specification limits for RCE over the duration of the storage period. Based on the results of the 
stability testing, the shelf-life for RCE has been set at 3 years. 
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ll.D.2 Stability of Rooster Combs Extract in Yogurt 

The stability of varying concentrations of RCE in 18 different yogurts (i.e., 3 replicates of 6 
concentrations), stored under standard refrigeration conditions, was assessed after 0, 1, and 
1.5 months of storage (i.e., a storage period consistent with the typical shelf-life of yogurt). To 
assess stability, the concentration of RCE was assessed, and microbial analyses were 
conducted (the latter presented as pooled data from all yogurt samples after 1.5 months of 

storage). Results of these analyses (presented in Tables ll.D.2-1 and ll.D.2-2) indicate that the 
concentration of RCE remained stable (with minor variations within approximately 30% of the 
initial value, which was deemed to be acceptable by Bioiberica), and no microbial growth was 
detected. 

Table ll.D.2-1 	Stability of Rooster Combs Extract in Yogurt with Respect to Rooster 
Combs Extract Concentration 

Yogurt Sample Number' Concentration of RCE (mg/g)[% change from baseline') 

0 months 1 month 1.5 months 

1 to 3 1.28 1.25 [-2.3] 1.11 [-13.3] 
4 to 6 0.96 0.76 [-20.8] 0.83 [-13.5] 
7 to 9 0.64 0.58 [-9.4] 0.56 [-12.5] 
10 to 12 0.48 0.43 [-10.4] 0.43 [-10.4] 
13 to 15 0.30 0.28 (-6.7) 0.21 [-30.0] 
16 to 18 0.16 0.15 [-6.3] 0.11 [-31.3] 
19 to 20 0 <0.05 [NA] 0.09 [NA] 

NA = not applicable; RCE = Rooster Combs Extract 
1 Three replicates of 6 concentrations were tested. 
2  percent change from baseline = [(concentration at time point - baseline concentration) / baseline concentration] 

x 100. 
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Table II.D.2-2 	Stability of Rooster Combs Extract in Yogurt with Respect to 
Microbiological Analysis 

Parameter Specification Presence of Microbes After 1.5 Months of 
Storage' 

Molds 510 CFU/g Complies 
Conforms (n=5 c=2 m=10 M=100) Complies/g Complies 
Enterobacteriaceae (n=5 c=2 m=10 M=100) Complies/g Complies 
Escherichia coil (n=5 c=2 m=1 M=100) Complies/g Complies 
Salmonella (n=5 c=5 m=0) Complies/25 g Complies 
Staphylococcus aureus 510 CFU/g Complies 
Anaerobic sulphite-reducers 51 CFU/g Complies 
Listeria monocytogenes Absent/25 g Complies 

CFU = colony-forming units; n = number of samples to be tested; m = threshold value for the number of bacteria the 
result is considered satisfactory if the number of bacteria in all samples does not exceed m; M = maximum value for 
the number of bacteria; the result is considered unsatisfactory if the number of bacteria in one or more samples is M 
or more; c = number of samples the bacterial count of which may be between m and M, the samples still being 
considered acceptable if the bacterial count of the other samples is m or less. 
1  Results presented as pooled data from all yogurt samples after 1.5 months of storage. 

HI 	Self-L miting Levels of Use 

The use of RCE will be self-limiting in beverage products due to its viscosity. Other self-limiting 
levels of use are not known. 

IV Detailed Summary of the Basis for GRAS Determination 

Bioiberica's determination that the intended food uses of RCE as described in Table I.D-1 and 
the intended use of RCE in medical foods are GRAS is based on scientific procedures, 

corroborated by a history of safe consumption. The assessment of the safety of Bioiberica's 
RCE is based on the results of a published 90-day toxicity study, an acute oral toxicity study, 
and a bacterial reverse mutation study conducted with RCE itself. Additional toxicology tests 
conducted with RCE indicate that the material is innocuous, and include 14-day and 4-week oral 

toxicity studies. Results from studies conducted in horses and humans to examine potential 
beneficial effects of RCE also support the safety of the oral consumption of the ingredient. In 
addition, the safety of RCE is corroborated by safety data on hyaluronic acid, the main 
constituent of RCE, which include acute, subchronic, reproductive and developmental, and 

mutagenicity, genotoxicity, and human studies. Furthermore, the raw material from which RCE 
is produced, rooster combs, has an established history of human consumption in Europe, dating 
as early as the 15th  century, and also has been consumed in the United States. The safety of 
RCE is corroborated by the conclusion of the European Food Safety Authority (EFSA) that RCE 

is safe for use as a novel food ingredient in Europe under the proposed uses and use levels. 
Finally, the totality of data and information presented herein were reviewed by a Panel of 
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Experts, qualified by scientific training and experience to evaluate the safety of ingredients as 
components of food, who similarly concluded that the intended uses of RCE are GRAS based 
on scientific procedures, corroborated by a history of safe consumption [see Appendix A]. 

A summary of the data related to the safety of RCE is presented below in Sections IV.A through 
IV.G. 

IV.A Consumption Estimates 

IV.A.1 Background Exposure to RCE and its Components 

Currently, there is no regulatory status for RCE for use in foods in the U.S., and thus, there is no 
background dietary intake of RCE itself. The primary component of RCE, sodium hyaluronate is 
endogenous to all living organisms and is widely distributed in tissues and intracellular fluids 
(Lebel, 1991; Necas et al., 2008). Skin, umbilical cord, synovial fluid, and vitreous humor have 
been reported to contain the highest concentrations of sodium hyaluronate, with lower 
concentrations in lung, kidney, brain, and muscle tissues (Necas et al., 2008). Due to its 
endogenous presence in living organisms, sodium hyaluronate has a history of consumption as 
part of the normal human diet. Although numerical estimates of background dietary intake of 

sodium hyaluronate or hyaluronic acid were not identified, data on blood and tissue 
concentrations in various animals were identified. Serum or plasma concentrations in sheep 
and pigs are reported to range from 100 to 260 ng/mL (Lebel, 1991), and the concentration of 
hyaluronic acid in skeletal muscle of rabbits is reported to be 26 to 28 pg/g (Necas et al., 2008). 
In contrast, the concentration of hyaluronic acid in the skin of rabbits is much higher, at 
840 pg/g. 

As sodium hyaluronate is produced endogenously, humans also are exposed to endogenous 
background levels. Sodium hyaluronate is synthesized intracellularly in the golgi networks by 
hyaluronan synthases, which are a class of integral membrane proteins. The total amount of 
hyaluronic acid in the body is reported to be approximately 14 to 16 g, with half of that located in 
the skin (Becker et al., 2009). The dermis is reported to contain 0.5 mg/g and the epidermis to 
contain 0.1 mg/g wet tissue of hyaluronic acid. In contrast, normal concentrations in the plasma 
of healthy human volunteers are much lower and reported to range between 10 to 100 ng/mL, 
with a mean value of 30 to 40 ng/mL (reviewed in Lebel, 1991). The normal daily turnover of 
hyaluronic acid in humans is 34 mg/day. 

IV.A.2 Estimated Consumption of RCE Based on Proposed Food Uses 

Estimates for the intake of RCE were based on the proposed food-uses and use-levels in 

conjunction with food consumption data included in the U.S. National Center for Health 
Statistics' (NCHS) National Health and Nutrition Examination Surveys (NHANES) (CDC, 2006, 
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2009; USDA, 2009). The data from the 2005-2006 and 2007-2008 cycles of the NHANES 
survey were combined to provide a larger population from which to estimate RCE consumption. 

Calculations for the mean and 90 th  percentile all-person and all-user intakes were performed for 
each of the individual proposed food-uses of RCE and the percentage of consumers were 
determined. Similar calculations were used to estimate the total intake of RCE resulting from all 
proposed food-uses of RCE combined. In both cases, the per person and per kilogram body 
weight intakes were reported for the following population groups: 

infants, ages 0 to 2; 
children, ages 3 to 11; 
female teenagers, ages 12 to 19; 
male teenagers, ages 12 to 19; 
female adults, ages 20 and up; 

male adults, ages 20 and up; and 
total population (all age and gender groups combined). 

The estimated total intake of RCE from all proposed food-uses in the U.S. by population group 
is summarized in Table IV.A.2 -1. Table IV.A.2 -2 presents these data on a per kilogram body 
weight basis. 

The percentage of users identified was high among all age groups evaluated in the current 
intake assessment; greater than 78.3% of each population group consisted of users of those 
food products in which RCE is currently proposed for use. Children had the greatest 
percentage of users at 99.7%. Large user percentages within a population group typically lead 
to similar results for the all-person and all-user consumption estimates. Consequently, only the 
all-user intake results will be discussed in detail so as to provide a conservative estimate of the 
estimated intakes of RCE under the conditions of intended use. 

Consumption of food products in which RCE is currently proposed for use by the total U.S. 
population resulted in an estimated mean all-user intake of RCE of 256.4 mg/person/day 
(5.2 mg/kg body weight/day). The 90 th  percentile all-user intake of RCE from all proposed food-
uses by the total population was 494.2 mg/person/day (11.3 mg/kg body weight/day). Of the 
individual population groups, male teenagers (aged 12 to 19 years) were determined to have 
the greatest mean and 90 th  percentile all-user intakes of RCE on an absolute basis at 339.7 and 
692.1 mg/person/day, respectively, while female adults (aged 20 years and over) had the lowest 
mean and 90th  percentile all-user intakes of 208.2 and 403.5 mg/person/day, respectively (see 
Table IV.A.2-1). 
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Table IV.A.2-1 	Summary of the Estimated Daily Intake of Rooster Combs Extract from 
Proposed Food Uses in the U.S. by Population Group (2005-2006, 2007- 
2008 NHANES Data) 

Population Group Age Group 
(Years) 

All-Person Consumption 
(mg/day) All-Users Consumption (mg/day) 

Mean 90m  
Percentile % n Mean 

90th  
Percentile 

Infants 0 to 2 229.0 477.3 78.3 1,304 292.5 501.4 
Children 3 to 11 308.8 520.5 99.7 2,778 309.7 520.7 
Female Teenagers 12 to 19 242.5 476.2 96.7 1,423 250.7 479.7 
Male Teenagers 12 to 19 332.4 691.0 97.9 1,404 339.7 692.1 

Female Adults 20 and up 202.3 399.0 97.2 4,453 208.2 403.5 
Male Adults 20 and up 266.9 542.3 97.0 4,025 275.1 547.4 

Total Population All Ages 247.7 488.9 96.6 15,387 256.4 494.2 

NHANES = National Health and Nutrition Examination Surveys 

On a body weight basis, infants (aged 0 to 2 years) were identified as having the highest mean 
and 90th  percentile all-user intakes of any population group, of 24.2 and 42.9 mg/kg body 
weight/day, respectively (see Table IV.A.2-2). Female adults (aged 20 years and over) had the 
lowest mean and 90th  percentile all-user intakes of 2.9 and 5.8 mg/kg body weight/day, 
respectively. 

Table IV.A.2-2 	Summary of the Estimated Daily Per Kilogram Body Weight Intake of 
Rooster Combs Extract from Proposed Food-Uses in the U.S. by 
Population Group (2005-2006, 2007-2008 NHANES Data) 

Population Group Age Group 
(Years) 

All-Person Consumption 
(mg/kg bw/day) All-Users Consumption (mg/kg bw/day) 

Mean 90m  
Percentile 

% n Mean 
90th  

Percentile 

Infants 0 to 2 19.0 40.3 78.3 1,304 24.2 42.9 
Children 3 to 11 12.5 23.5 99.7 2,778 12.6 23.5 
Female Teenagers 12 to 19 4.2 8.6 96.7 1,423 4.3 8.7 
Male Teenagers 12 to 19 5.1 10.4 97.9 1,404 5.3 10.4 
Female Adults 20 and up 2.9 5.8 97.2 4,453 2.9 5.8 
Male Adults 20 and up 3.2 6.5 97.0 4,025 3.3 6.5 
Total Population All Ages 5.0 11.0 96.6 15,387 5.2 11.3 

bw = body weight; NHANES = National Health and Nutrition Examination Surveys 

Consumption data and information pertaining to the individual proposed food-uses of RCE were 
used to estimate the all-person and all-user intakes of RCE for specific demographic groups and 
for the total U.S. population. This type of intake methodology is generally considered to be a 
'worst case' scenario as a result of several conservative assumptions made in the consumption 
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estimates. For example, it is often assumed that all food products within a food category 
contain the ingredient at the maximum specified level of use. In addition, it is well-established 

that the length of a dietary survey affects the estimated consumption of individual users. Short-
term surveys, such as the typical 2- or 3-day dietary surveys, may overestimate the 
consumption of food products that are consumed relatively infrequently. 

IV.A.3 Estimated Consumption of RCE Based on Medical Food Use 

RCE also is proposed for use in medical foods. Medical foods are defined in section 5(b) of the 
Orphan Drug Act (21 U.S.C. 360ee (b) (3)) as "a food which is formulated to be consumed or 
administered enterally under the supervision of a physician and which is intended for the 
specific dietary management of a disease or condition for which distinctive nutritional 

requirements, based on recognized scientific principles, are established by medical evaluation". 

RCE is proposed for use in medical foods at use-levels providing up to 80 mg RCE/serving. 
The maximum number of recommended servings per day will be 2, providing a maximum intake 
of 160 mg/day. This exposure level is within the estimated intakes based on conventional food 
uses, and thus the safety of RCE for use in medical foods is supported by the same data as that 
for conventional foods. 

IV.B Absorption, Distribution, Metabolism, and Elimination 

IV.B.1 Rooster Combs Extract 

The in vitro intestinal absorption of RCE (identified in the study as Hyal-Joint, containing 

approximately 60 to 70% hyaluronic acid), was evaluated using an everted gut sac model in rats 
by Torrent et al. (2010). Male OFA-strain rats (number not reported) were sacrificed by cervical 
dislocation and 4-cm segments of the jejunum, duodenum, and ileum were removed, rinsed with 
Krebs-Henseleit solution, everted, filled with Krebs-Henseleit solution, and tied at both ends 

producing a sac. The sacs were placed in oxygenated Krebs-Henseleit solution, Hyal-Joint was 
added to the solution at a final concentration of 200 pg/mL, the sacs were incubated at 37°C, 
and samples of the internal medium were taken at 5, 10, 20, and 30 minutes. The amount of 
Hyal-Joint that was absorbed through the intestinal wall was determined by measuring the 
concentration of the compound inside the everted sacs via the technique described by Farndale 
et al. (1982) for the determination of glycosaminoglycan. The authors reported that 38, 22, and 
9% of Hyal-Joint was absorbed through the intestinal mucous membrane of the duodenum, 
jejunum, and ileum, respectively. The authors concluded that Hyal-Joint was well-absorbed 
through the intestine. 

While the everted gut sac model is a recognized tool used to study the mechanisms of drug 
absorption through the intestinal wall and is useful for preliminary screening (Le Ferrec et al., 
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2001), several limitations of the model hinder the extrapolation of data gained from this study to 
an in vivo system. Most notably, the length of compound exposure, the concentration of the 
compound, and the absence of physiological factors such as gastric emptying, gut motility, and 
variations in pH along the gastrointestinal tract are not representative of an in vivo environment 
(Ballent et al., 2006; Lassoued et al., 2011). In addition, correlation with an in vivo model has 
not been established and the ability to infer quantitative results to the in vivo situation may be 
limited (Ballent et al., 2006; Alam et al., 2012). Therefore, no conclusions regarding the 
quantitative absorption of RCE can be made based on the results of this in vitro model of 
intestinal absorption, without corroborating in vivo data. 

IV.B.2 Sodium Hyaluronate and/or Hyaluronic Acid 

IV.B.2.1 	Oral Absorption 

Balogh et al. (2008) investigated the in vivo absorption into the bloodstream and uptake by 
tissues of radioactively labeled, high molecular weight hyaluronic acid (1 MDa) following a single 
oral administration via feeding tube to Wistar rats (5 rats; sex and age not reported; body weight 
between 150 to 200 g) and Beagle dogs (2 dogs; sex and age not reported; body weight 
between 10 to 15 kg). Urine and blood samples were collected for up to 72 hours after 
administration. In another experiment designed to evaluate tissue distribution, a single dose of 
radiolabeled hyaluronic acid was administered via feeding tube to Wistar rats (3 animals per 
time point; age and sex not reported; body weight between 150 to 200 g) and rats were 
sacrificed and tissue samples (including the blood, bone, heart, large intestine, liver, lungs, 
kidneys, muscle (not further specified), small intestines, spleen, stomach, and urinary bladder) 

were collected at 11 time points from 5 minutes to 72 hours after dose administration. The 
results of urinary and fecal excretions, tissue distribution studies, scintigraphic examinations, 
and single photon emission computed tomography/computed tomography (SPECT/CT) scans 

demonstrated that the majority of orally administered hyaluronic acid remained in the 
gastrointestinal tract and was excreted in the feces. A small percentage, ranging from 0.1 to 
approximately 10% of the administered dose, accumulated in the blood; bone; vertebrae; 
shoulder, sternocostal, and knee joints; muscle; salivary glands; and skin. 

In another study, Huang et al. (2007) examined the oral absorption of hyaluronic acid and a 
preparation consisting of hyaluronic acid complexed with phospholipids named Haplex. Healthy 
female Wistar rats (8/group; age not reported; 260 to 300 g in weight) were assigned to receive 
a single dose of saline (control), 60 mg/kg body weight hyaluronic acid, Haplex (concentration of 
hyaluronic acid not reported; dose of Haplex not reported), or a mixture of hyaluronic acid and 
Haplex (doses not reported) via an intragastric injector. The baseline concentrations of 
hyaluronic acid in rats were reported to range from 46 to 260 mg/L in the plasma, and less than 
180 mg/L in the serum. Blood samples were drawn from the subclavian vein at 0, 1, 2, 4, 7, 10, 
and 12 hours after administration and the concentration of hyaluronic acid was determined 
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using a hyaluronic acid binding protein (HABP)-based detection kit. A peak in hyaluronic acid 
concentration was apparent 4 to 12 hours following administration of hyaluronic acid, Haplex, or 
the mixture. The area under the curve (AUC) 12 hours after oral administration of hyaluronic 
acid was reported to be 381.8 ng.h/mL. The authors concluded that exogenous hyaluronic acid 
was absorbed into blood after oral administration. 

Recently, the distribution of radiolabeled hyaluronic acid was investigated in male Wistar rats 
(numbers and age not reported; body weight between 210 to 290 g) administered hyaluronic 
acid of different molecular weights (100 kDa, 0.5 MDa, or 1 MDa) (Laznicek et al., 2012). The 
radiolabeled test articles were administered orally to fasted rats, and rats were sacrificed and 
organs collected at 60 minutes, 120 minutes, and 24 hours after administration (tissues sampled 
included the pancreas, liver, adrenals, kidney, lung, heart, spleen, stomach, duodenum, 
jejunum, ileum, colon, testes, skin, muscle, thyroid, brain, fat, femur, pelvic joint, shoulder joint, 
blood, and plasma). Following oral administration of the different hyaluronic acid preparations, 
only traces of radioactivity or negligible levels were detected in the blood stream, organs, and 

tissues (other than the gastrointestinal tract). The authors concluded that only negligible 
absorption of hyaluronic acid was observed following oral administration. 

IV.B.2.2 	Metabolism and Excretion 

The normal kinetics of hyaluronic acid turnover from the systemic circulation is well-
characterized for a number of species (reviewed in Lebel, 1991). In humans, the half-life for 
systemic elimination at normal serum concentrations was reported to range from 3 to 9 minutes, 
while the plasma half-life in sheep and rabbits was reported to range from 2 to 7 and 5 minutes, 
respectively, and in rats was reported to be 1.4 minutes. Metabolism is saturable, and the 
maximum metabolic capacity for rabbits, sheep, and humans was estimated to be 100, 127, and 
350 mg/day, respectively. The normal daily turnover of hyaluronic acid is one-third of the 
maximum metabolic capacity in rabbits and sheep (i.e., 20 to 50 and 37 mg/day, respectively), 
and one-tenth the maximum metabolic capacity in humans (i.e., 34 mg/day). The majority of 
hyaluronic acid is eliminated from the blood circulation via receptor-mediated endocytosis in the 
sinusoidal liver endothelial cells. Hyaluronic acid is first broken down to the monosaccharides 
glucuronic acid and N-acetylglucosamine by hyaluronidase, beta-D-glucuronidase, and beta-N-
acetyl-D-hexosaminidase. The monosaccharides are further metabolized and end products 
may include lactate, acetate, water, and CO 2. In rats, total excretion of an oral dose of 
radioactively-labeled hyaluronic acid over 72 hours was 84.6 to 92.3% in feces and 2.0 to 3.2% 
in urine (Balogh et al., 2008). Approximately 1 to 20% of the daily turnover of hyaluronic acid in 
humans is filtered by the kidneys and end products may be present in the urine in the form of 
H20 or monosaccharide metabolites (D-glucosamine and N-acetylglucosamine). It should be 
noted, however, that in a recent study examining the distribution profiles and elimination 

pathways of orally administered radiolabeled hyaluronic acid in male Wistar rats (numbers and 
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age not reported; body weight between 210 to 290 g), only negligible levels of radioactivity were 
absorbed from the gastrointestinal tract (Laznicek et al., 2012). 

IV.0 Toxicological Studies 

IV.C.1 Acute Studies 

IV.C.1.1 	Rooster Combs Extract 

The acute oral toxicity of RCE was examined in Sprague-Dawley rats (Canut et al., 2012). Rats 
(5/sex; 5 weeks old at time of experiment) were administered 2,000 mg RCE/kg body weight 

dissolved in sterile, endotoxin free distilled water by gavage and monitored twice per day for 14 
days. Animals were assessed for changes in skin, hair, eyes, mucous membranes, and 
observed for effects in the respiratory, circulatory, autonomic nervous system, central nervous 
system, somatomotor activity, and behavioral patterns. At sacrifice, macroscopic and 
histopathological examinations of major organs [including the adrenals, brain, epididymides, 

heart, kidneys, liver, lungs, ovaries, pituitary, prostate and seminal vesicles, salivary glands 
(mandibular), spleen, testes, thymus, thyroid and parathyroids, uterus, and oviducts] were 
conducted. No mortality was reported, and no effects on clinical signs or body weight were 
noted. At necropsy, a dark area in the stomach wall was noted in 1 male and 1 female rat, 
which was of unknown relationship to treatment; however, the authors noted that it may be 
attributed to minor injury to the stomach wall associated with the gavage dosing method. No 
other macroscopic effects were noted. It was concluded that the minimum lethal dose of RCE 
was greater than 2,000 mg/kg body weight when administered orally to Sprague-Dawley rats. 

IV.C.1.2 	Sodium Hyaluronate and/or Hyaluronic Acid 

Three published studies examining the acute oral toxicity of sodium hyaluronate or hyaluronic 
acid in Sprague-Dawley rats were identified (Nakajima et al., 1994; Toyoshi et al., 1995; 
Schauss et al., 2007). Briefly, no compound-related effects were reported on clinical condition 
or body weights, or following gross and histopathological examinations in any of the studies 
upon administration of up to 600 mg sodium hyaluronate/kg body weight. 

In an additional study, no mortalities were reported following the administration of >1,200 mg 
hyaluronic acid (produced by fermentation using Streptococcus zooepidemicus)/kg body weight 
(exact dose not reported) to ICR mice (Akasaka et al., 1988). 
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IV.C.2 Short Term and Subchronic Studies 

IV.C.2.1 Rooster Combs Extract 

Several short term and subchronic repeated-dose toxicity studies have been conducted using 
RCE. In a 14-day dose-range finding study, RCE was administered to Wistar Hannover 

HsdBrlHan:WIST rats (5/sex/group; 7 to 8 weeks old on Day 0) at doses of 0 (vehicle control), 
200, 400, or 600 mg/kg body weight/day by gastric gavage (Bioiberica S.A., CIDASAL, Study 
No. CD04/9438T, 2005: Traval and Zapatero, 2005 [unpublished]). The highest dose, 
600 mg/kg body weight, was established based on the maximum solubility of the test article in 
distilled water for administration by gastric gavage. Animals were assessed for mortality, clinical 
signs, body weight, and food intake. At sacrifice, a full autopsy was conducted and organ 
weights were recorded. No clinical signs attributable to the test article were observed, and no 
differences in body weight were noted between groups. Significantly higher food intake was 
noted in animals in the low-dose group, although this was determined to be incidental. Reddish 

coloring of the thymus was noted in 1 male receiving the mid dose, and 1 male and 1 female 
receiving the high dose. Reddish coloring of the mandibular lymph nodes was observed in 
1 male receiving the mid dose, and 1 male receiving the high dose. However, these 
observations were not accompanied by any gross lesions and the authors considered the 
coloration to be within the range of normal background variation. No other macroscopic 
alterations were observed at necropsy. The authors concluded that administration of the test 
article did not result in mortality, or adverse effects on clinical signs, organ weights, or body 
weight, and proposed a high dose of 600 mg/kg body weight/day for the subsequent 4-week 
study. 

A 4-week repeated dose toxicity study was conducted in Wistar Hannover HsdBrlHan:WIST rats 
(10/sex/group; 7 weeks old on Day 0) administered RCE at doses of 0 (vehicle control), 5, 55, or 
600 mg/kg body weight/day by gastric gavage (Bioiberica S.A., CIDASAL, Study No. 

CD04/9491T, 2006: Traval and Zapatero, 2006 [unpublished]). Animals were sacrificed after 
28 days, and an additional set of animals (5/sex/group) receiving the control and high dose were 
selected for sacrifice following a 2-week recovery period. Rats were assessed for mortality, 

body weight, and food and water intake. Ophthalmoscopic observations, hematology (including 
erythrocyte count, hemoglobin, hematocrit, platelet count, differential leukocyte counts, mean 
corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin 

concentration, leucocytes, platelet count, prothrombin time, and activated partial thromboplastin 
time), blood biochemistry (including glucose, urea, creatinine, bilirubin, aspartate 

aminotransferase, alanine aminotransferase, alkaline phosphatase, cholesterol, triglycerides, 
inorganic phosphates, total protein, calcium, albumin, sodium, potassium, and chlorine), and 
urinalysis (including color, volume, pH, specific gravity, protein, glucose, bilirubin, urobilinogen, 

ketones , albumin, globulin, and albumin/globulin ratio) were conducted during the last week of 
treatment, and the last week of the recovery period. Organ weights were determined, and gross 
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and histopathological examinations of organs (including the adrenal glands, aorta, brain, eyes 

and optic nerves, femur, heart, intestines, kidneys and ureters, larynx, liver, lungs, lymph nodes, 
mammary area, esophagus, ovaries, pancreas, Peyer's patches, pituitary, prostate, salivary 
glands, sciatic nerve, seminal vesicles, skeletal muscle, skin, spinal cord, spleen, sternum, 

stomach, testes and epididymides, thymus, thyroid and parathyroid, tissue masses or tumors, 
tongue, trachea, urinary bladder, uterus, and vagina) were conducted upon sacrifice. One 
female receiving the mid dose, and 2 males and 1 female receiving the high dose died during 
the study. The cause of death in 2 males from the high-dose group was attributed to 
misgavage; however, the cause of death in the females could not be established. The males 
that died during the study due to misgavage exhibited a foamy red content in the trachea, 
enlarged reddish-colored lungs, and red colored mandibular lymph nodes, whereas the females 
that died exhibited a reddish liquid content in the jejunum and blackish mesenteric lymph nodes. 
None of the deaths were attributed to RCE. No clinical signs were attributed to the test article, 
and no differences in body weight, food intake, ophthalmoscopic observations, urinalysis, or 
gross or histopathological examinations were noted between groups receiving RCE and the 

control group. A significant non-dose dependent reduction in calcium levels was observed in all 
groups receiving RCE at Week 4 compared to the control group; however, the calcium levels 
observed were within the normal range. In addition, calcium levels were not significantly 
different between animals administered 600 mg RCE/kg body weight/day and controls after the 
14-day recovery period. Sporadic, non-dose dependent significant differences were observed 
between controls and animals receiving RCE for some hematological parameters [i.e., 
decreased hemoglobin in mid-dose females, increased mean corpuscular hemoglobin 
concentration (MCHC) and activated partial thromboplastin time in high-dose females, 
decreased MCHC in mid-dose males, and decreased segmented neutrophils in low- and mid-
dose males]; however, there were no significant differences between animals administered RCE 
and controls in hematological parameters following the 14-day recovery period. Significantly 
lower relative thymus weight was reported in high-dose females sacrificed after the 4-week 

exposure period compared to controls, although this was not accompanied by histopathological 
changes and was not observed in females sacrificed after the 14-day recovery period. 
Therefore, this was considered not to be of toxicological relevance. Animals that received the 
high dose and were sacrificed after the recovery period were reported to have statistically 
significant differences in certain absolute organ weights (including decreased weights of the 
thymus, spleen, and liver in males; and increased weights of the uterus and 

thyroids/parathyroids in females) compared to controls; however, the authors did not attribute 
these variations to the test compound due to the absence of differences from controls in animals 
sacrificed immediately after the treatment period. The authors concluded that under the 

conditions of this study, the no-observed-adverse-effect level (NOAEL) was 600 mg/kg body 
weight/day, the highest dose tested. 
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In a 13-week oral toxicity study, Wistar Hannover HsdBrlHan:WIST rats (10/sex/group; 9 to 11 

weeks old on Day 0) were administered RCE at doses of 0 (vehicle control), 5, 55, or 600 mg/kg 
body weight/day by gastric gavage (Canut et al., 2012). Two additional satellite groups of 
5 rats/sex/group administered 0 (vehicle control) or 600 mg/kg body weight/day were included to 
be sacrificed following a 4-week recovery period. The highest dose of 600 mg/kg body 
weight/day was selected due to the limited solubility of the test compound in water. Animals 
were assessed regularly for mortality, clinical signs, body weight, and food consumption, and 
ophthalmoscopic examinations were performed at Weeks 0 and 13 and at the end of the 4-week 
recovery period. Blood and urine samples were collected for hematological (including 
erythrocyte, hemoglobin, hematocrit, hemoglobin concentration distribution width, mean 
corpuscular volume, red cell volume distribution width, mean corpuscular hemoglobin, mean 
corpuscular hemoglobin concentration, platelet count, reticulocyte count, reticulocyte maturity 
index, total leukocyte count, differential leukocyte count, prothrombin time, and activated partial 
thromboplastin time) and biochemical (including glucose, urea, creatinine, total bilirubin, total 

cholesterol, triglycerides, aspartate aminotransferase, alanine aminotransferase, alkaline 
phosphatase, creatinine kinase, y-glutamyl transferase, calcium, inorganic phosphorus, sodium, 
potassium, chloride, total protein, albumin, globulin, and albumin/globulin ratio) analyses and 
urinalysis (including specific gravity, volume, color, appearance, pH, nitrite, protein, glucose, 
ketones, urobilinogen, bilirubin, erythrocytes, leukocytes, and sediment) at Week 13 of the 
study. At terminal sacrifice, organ weights were determined and tissue samples of the adrenal 
glands, aorta, bone marrow, brain, epididymides, esophagus, eyes with optic nerve, femur, 
heart, intestines, kidneys, larynx, liver, lungs, lymph nodes, mammary gland area, ovaries, 
pancreas, pituitary gland, prostate and seminal vesicles, salivary glands, sciatic nerve, skin, 
spinal cord, spleen, sternum, stomach, testes, thymus, thyroid, trachea, urinary bladder, uterus, 
vagina, and all gross lesions were collected for gross and histopathological examination. No 
compound-related mortality, and no significant differences in food consumption, 
ophthalmoscopic parameters, blood biochemistry values, urinalysis, or gross and 
histopathological observations were reported compared to controls. In males, body weight and 
body weight gain was not significantly different from controls during the treatment and recovery 
period. Body weight gain in mid-dose females was statistically higher on Days 22, 64, 71, 75, 

and 82 of the study; however, body weight and body weight gain were not different in the high-
dose group during the treatment period or in any animals included in the recovery group 
compared to controls. Thus, the authors considered the differences in body weight to be of no 
toxicological relevance as they were transient, minor in magnitude, and not dose-dependent. 
Statistically significant increases were reported in mean corpuscular hemoglobin index and 
reticulocyte count in males of the low-dose group, mean corpuscular volume in males of the 
mid-dose group, and platelet values in females in the high-dose group; however, these effects 

were determined to be of no toxicological significance due to the lack of a dose-response 
relationship and the absence of findings in the opposite sex. Furthermore, no differences were 

observed in any hematological parameter in high dose animals sacrificed after the 4-week 
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recovery period compared to controls. Relative liver (to body) weight was significantly higher in 

low and high-dose females compared to controls, although this effect was not observed in male 
animals. Thus, the authors considered the increases in relative liver to body weights to be of no 

biological significance due to the lack of effects in males, the absence of histopathological 
correlates, and the lack of effects on biochemical markers of liver function. No other differences 
in organ weights were reported. Under the conditions of this study, the authors determined the 
NOAEL to be 600 mg/kg body weight/day, the highest dose tested. 

IV.C.2.2 	Sodium Hyaluronate and/or Hyaluronic Acid 

Two published 90-day oral toxicity studies conducted with sodium hyaluronate or hyaluronic 
acid were identified (Ishihara et al., 1996; Schauss et al., 2007). In the study by Ishihara et al. 
(1996), sodium hyaluronate was administered by oral gavage at doses of 0 (vehicle control), 3, 
12, or 48 mg/kg body weight/day to SD (Crj:CD SPF) rats (10/sex/group; 5 weeks old on Day 0). 
Additional satellite recovery groups (5 rats/sex/group) receiving the control or the high dose 
were observed for a 28-day period following the discontinuation of sodium hyaluronate 
administration. Animals were assessed regularly for general signs (not further specified), body 
weight, food consumption, and water consumption, and ophthalmoscopic examinations were 
conducted at Week 13 and at the end of the recovery period. Fecal samples were collected at 
Weeks 0 and 7 and prior to necropsy to determine the viable count of bacteria in feces 
(including Bacteroides culture), and urine samples were collected at Week 13 and at the end of 
the recovery period for urinalysis (including pH, protein, glucose, ketone body, urobilinogen, 
bilirubin, occult blood, sediments, color, and volume). At sacrifice, blood samples were 

collected for hematological (including erythrocyte count, leukocyte count, hematocrit, 
hemoglobin, platelet count, mean cell hemoglobin, mean cell volume, mean cell hemoglobin 
concentration, reticulocyte count, and prothrombin time) and blood biochemistry [including 
aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, lactic 
dehydrogenase, creatinine phosphokinase, glucose, total cholesterol, triglyceride, phospholipid, 
total protein, albumin, blood urea nitrogen, creatinine, total bilirubin, inorganic phosphate, 
calcium, sodium, potassium, chloride, albumin globulin ratio, testosterone (males), progesterone 
(females), corticosterone, aldosterone, follicle-stimulating hormone, luteinizing hormone, and 
adrenocorticotrophic hormone] analyses, and organs [including the brain, hypophysis, 
submaxillary gland, thyroid and parathyroids, heart, thymus, spleen, lungs, liver, kidneys, 

adrenals, cecum, small intestine, testes, epididymides, prostate, seminal vesicle, ovaries, 
uterus, and fat around the epididymides (males) and uterus (females)] were collected for 
weighing. Histological examination of these organs, as well as the trachea, pancreas, tongue, 

esophagus, stomach, duodenum, jejunum, ileum, colon, rectum, mesenteric lymph node, 
urinary bladder, vagina, mammary gland (female), spinal cord, thigh muscle, and sternum was 
conducted. No significant differences in body weight, general signs, ophthalmology, 
histopathology, or hematological parameters were observed between groups. Although 
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sporadic, non dose-dependent, statistically significant differences were reported in food 
efficiency (increased in low-dose females, and mid- and high-dose males), water consumption 
(increased in high-dose females), the viable count of Bacteroides in the feces (increased in 
high-dose males and females), blood biochemistry (decrease in total protein in low- and mid-
dose males, a decrease in calcium in mid- and high-dose males, and an increase in blood urea 
nitrogen in high-dose males), urinalysis (increase in urine volume and decrease in specific 
gravity in high-dose males after the recovery period; decreases in sodium, potassium, and 
chloride in low- and mid-dose males after the treatment period and high-dose males at the end 

of the recovery period; and an increase in potassium in low-dose females after the treatment 
period), and absolute and relative organ weights (including a decrease in hypophysis weight in 
low- and high-dose males; increase in heart weight of mid- and high-dose males; increase in 

liver weight of mid-dose males; decrease in liver weight of low-dose females; increase in cecum 
weight in low- and high-dose males; and a tendency toward an increase in cecum weight in mid 
dose males; observations were not accompanied by histopathological changes) in the various 
dose-groups compared to controls, due to the absence of findings in both sexes and/or the lack 
of a dose-response relationship, and the absence of histological alterations in the liver and 
kidneys, the observed differences were deemed not to be toxicologically relevant. Under the 
conditions of the study, the authors reported a NOAEL of 48 mg/kg body weight/day, the highest 
dose tested. 

In the study by Schauss et al. (2007), BioCell Collagen II (containing 10% hyaluronic acid, 60% 
collagen type II, and 20% chondroitin sulfate) was administered dissolved in distilled water by 

oral gavage to Sprague-Dawley rats (10/sex/group; 9 weeks old on Day 0) at doses that 
provided 0 (vehicle control), 3, 30, or 100 mg hyaluronic acid/kg body weight/day for 13 weeks. 
Animals were regularly assessed for body weight, food and water consumption, and clinical 
signs (including changes in skin, fur, eyes and mucous membranes, occurrence of secretions 
and excretions, autonomic activity, changes in gait, posture, response to handling, presence of 
clonic or tonic movements, sterotypes, or bizarre behavior). At baseline and on Day 79, animals 
underwent ophthalmoscopic examination. Blood samples were collected on Day 86 and 
assessed for hematological parameters (including hematocrit, hemoglobin concentration, 

erythrocyte count, total white blood cell count, differential leukocyte count, platelet count, 
absolute reticulocyte count, mean corpuscular hemoglobin, red cell distribution width, mean 
corpuscular volume, prothrombin time, and activated partial thromboplastin time); blood 
biochemistry (including albumin, alkaline phosphatase, blood creatinine, calcium, chloride, 
globulin, glucose, inorganic phosphorus, potassium, alanine aminotransferase, aspartate 
aminotransferase, sodium, sorbitol dehydrogenase, total bilirubin, total cholesterol, total protein, 

triglycerides, and blood urea nitrogen); and serology (including sendai virus, sialodacryloadenitis 
virus, Toolan's H-1, Pasteurella multocida, Parvovirus non-structural 1, Pneumonia virus of 
mice, Kilham's rat virus, Reovirus Type 3, and Rat Parvovirus). At sacrifice, organs were 
examined for macroscopic observations (including external surfaces and orifices, and cranial, 
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thoracic, and abdominal cavities and their contents), and histopathology [including all gross 
lesions, lungs, trachea, brain (including sections of the medulla/pons, cerebellar cortex and 
cerebral cortex), spinal cord (three levels: cervical, mid-thoracic, and lumbar), eyes, pituitary, 

thyroid/parathyroid, thymus, heart, aorta, sternum with bone marrow, liver, spleen, kidneys, 
pancreas, adrenals, ovaries, testes, uterus, vagina, accessory genital organs (epididymides, 
prostate, and seminal vesicles), female mammary gland, esophagus, stomach, duodenum, 
jejunum, ileum, cecum, colon, rectum, urinary bladder, representative lymph node (mesenteric 
and mandibular), salivary glands, peripheral nerve (sciatic), and skin]. Organ weights were 
determined for the liver, kidneys, adrenals, brain, heart, thymus, spleen, uterus, ovaries, testes, 
and epididymides. 

No adverse effects or clinical signs of toxicity attributed to the test compound were reported. No 
differences in food consumption, ophthalmoscopic examinations, or hematology were observed 
in treated rats compared to controls. Serology results were not reported. Sporadic, non dose-
dependent statistically significant differences from control animals were reported for body weight 
gain (both increased and decreased in certain treatment groups at various timepoints compared 

to controls) and some blood biochemical parameters (including a decrease in alkaline 
phosphatase activity in high dose males, an increase in albumin in mid-dose males, and an 
increase in globulin in high dose females); however, the authors deemed these to be non-

adverse and unrelated to treatment due to the lack of a dose-response relationship. A 
statistically significant increase in absolute brain weights in low-dose females and a decrease in 
relative (to brain) spleen weights in mid-dose males compared to controls were reported; 
however, these effects were not reported in high-dose animals and were not accompanied by 
histopathological changes. Therefore, the authors determined these findings to be non-adverse 
and unrelated to treatment. The authors reported no compound-related changes following 
gross or histopathological examinations. Based on the results of the study, a NOAEL of 
1,000 mg BioCell Collagen ll (providing 100 mg hyaluronic acid)/kg body weight/day, the highest 
dose tested, can be reasonably determined. 

IV.C.3 Carcinogenicity 

IV.C.3.1 	Rooster Combs Extract 

Studies examining the carcinogenicity of RCE were not identified. 

IV.C.3.2 	Sodium Hyaluronate and/or Hyaluronic Acid 

Hyaluronic acid has been suggested to play a role in various tumors, including carcinomas, 
lymphomas, and melanocytic and neuronal tumors, as well as metastatic cancers (Becker et al., 
2009; Sironen et al., 2011). Tumor cells produce higher levels of hyaluronic acid than normal 
cells (Becker et al., 2009), and studies conducted using over expression or knock outs of 
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hyaluronic acid have demonstrated that proliferation, invasion, cell motility, multidrug resistance, 
and epithelial-mesenchymal transition are positively regulated by hyaluronic acid (Sironen et al., 
2011). Despite the known associations of endogenously produced hyaluronic acid and cancer 
endpoints, the roles of increased levels of systemic hyaluronic acid or exogenously 
administered hyaluronic acid are not well established. The causal role of hyaluronic acid in 
tumor formation, progression, and metastasis was reviewed and discussed by the Cosmetic 
Ingredient Review (CIR) Expert Panel (Becker et al., 2009), and others (Necas et al., 2008; 
Seton-Rogers, 2012), and investigated by Hirose et al. (2012). 

The subcutaneous administration of 0.5 pg/0.05 pL/hour hyaluronic acid to Balb/c nu/nu male 
mice or NJax mice for 7 or 14 days resulted in the inhibition of LX-1 tumor growth by 50 to 80% 
from LX-1 tumor cells and TA3/St tumor growth by 60 to 65% from TA3/St tumor cells that had 
been injected in front of the hyaluronic acid administration site (Ghatak et al., 2002). Ghatak et 
al. (2002) conducted additional experiments wherein administration of hyaluronic acid was 
delayed by 7 days or discontinued for 7 days following 14 days of administration following the 
injection of LX-1 cells. In all experiments, tumor growth was inhibited by administration of 
hyaluronic acid. In contrast, larger tumors and increased tumor weights were reported in mice 
(strain not reported) injected in the back with 0.2 mL of 5% hyaluronic acid and adenocarcinoma 
cell line colon 26 in 0.1 mL hyaluronic acid compared to those in control mice injected with 
0.2 mL saline and adenocarcinoma cell line colon 26 in phosphate buffered saline (PBS) 
(Matsui et al., 2004). Expression of CD44, the receptor for hyaluronic acid, on the surface of the 
cancer cells also was increased in the hyaluronic acid group compared to the control group. In 
comparison to controls administered saline, the administration of 30 mg/kg hyaluronic acid 
intraperitoneally had no effect on the lifespan of female mice (strain no. 615) inoculated 
intraperitoneally with U14 cervial tumor cells (Yin et al., 2006). Yin et al. (2006) also reported 
that tumor metastasis was reduced in female C57BL/6 mice implanted with Lewis cell 
carcinoma cells in the footpad that had been treated with 30 mg/kg hyaluronic acid 
intraperitoneally for 5 days compared to those treated with saline. 

Stabilin-2 (Stab2) is a receptor that binds and clears hyaluronic acid from the circulation (Zhou 
et al., 2000; Adachi and Tsujimoto, 2002; Harris et al., 2008). Hirose et al. (2012) created Stab2 
knock-out (KO) mice arid demonstrated that serum hyaluronic acid levels were significantly 
increased in these mice compared to wild-type controls. They then examined whether 
increased levels of hyaluronic acid in the serum affected tumorigenisis and demonstrated that 
the metastasis of B16F10 melanoma cells that had been administered intravenously was 
significantly reduced in Stab2 KO mice compared to wild-type mice (Hirose et al., 2012). To 
confirm their findings, Hirose et al. (2012) generated a monoclonal antibody to Stab2 and 
administered it to wild-type mice. Their results demonstrated that serum hyaluronic acid was 

significantly increased in the mice administered the anti-Stab2 mAb compared to wild-type mice 
administered IgG. Further experiments demonstrated that metastasis of B16F10 cells injected 
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intravenously was significantly inhibited in the mice administered the anti-Stab2 mAb compared 
to wild-type mice administered IgG. Hirose et al. (2012) concluded that "serum hyaluronic acid 
levels are inversely correlated with tumor metastasis". 

The results of 2 studies were considered to be pivotal by the CIR Expert Panel in forming their 
conclusion regarding the role of hyaluronic acid on cancer metastasis. In the first study, 
conducted by Auvinen et al. (2000), it was reported that a reduced level of hyaluronic acid was 

associated with an unfavorable prognosis of clinical stage 1 cutaneous melanoma. In the 
second study, by Karvinen et al. (2003), the expression of CD44 and levels of hyaluronic acid 
were examined in paraffin-embedded samples of basal cell carcinomas, in situ carcinomas, 
squamous cell carcinomas, and normal epidermis. CD44 is a known hyaluronic acid receptor 

and has previously been positively associated with cellular concentrations of hyaluronic acid. In 
the tissue samples, increased expression of hyaluronic acid was observed in well-differentiated 
squamous cell carcinomas and in situ carcinomas compared to normal epidermis. CD44 
expression resembled normal skin in these samples. In basal cell carcinomas samples, CD44 
expression was low and hyaluronic acid was detected in cell nuclei. In less-differentiated 
squamous cell carcinomas, the expression of CD44 and hyaluronic acid was reduced and 
variable. Thus, as the less differentiated samples, which would be expected to have an 
increased risk of metastasis, expressed decreased levels of hyaluronic acid, the CIR Expert 
Panel concluded that the findings "suggest that hyaluronic acid likely does not play a causal role 
in metastasis and that increased expression of hyaluronic acid genes may be a consequence of 

metastatic growth not the converse" (Becker et al., 2009). 

IV.C.4 Developmental and Reproductive Toxicity Studies 

IV.C.4.1 	Rooster Combs Extract 

No reproductive or developmental toxicity studies conducted with RCE were identified. 

IV.C.4.2 	Sodium Hyaluronate and/or Hyaluronic Acid 

No reproductive or developmental studies were identified in which sodium hyaluronate or 
hyaluronic acid were administered orally; however, several studies in which hyaluronic acid that 

was derived from rooster combs was administered by subcutaneous injection were summarized 
in a review conducted by the CIR (Becker et al., 2009). While subcutaneous studies may have 
some limitations with regard to materials that are to be orally administered, such studies are 
included here for the sake of completeness. Given the low oral bioavailability of hyaluronic acid 
(-10%), subcutaneous administration of hyaluronic acid is expected to provide fetal exposure to 
a higher dose than possible via oral administration, and therefore, a lack of effects following 

subcutaneous administration supports the safety of oral administration. Although full study 
details were not available (studies were published in Japanese), the results indicated that the 
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administration of hyaluronic acid by subcutaneous injection to rats (strain not reported) at doses 
of up to 60 mg/kg body weight/day or 50 mL/kg body weight/day (concentration not reported) 

from Day 7 of pregnancy to Day 21 after parturition did not result in neonatal abnormalities, and 
no effects on neonatal development, body weight, food or water consumption, or fertility, or 

following necroscopic examinations were reported (Furuhashi et aL, 1985; Ota et al., 1991; Ono 
et al., 1992a,b). In addition, no neonatal abnormalities were reported following the provision of 
hyaluronic acid to female rats at doses of up to 50 mL/kg body weight/day (concentration not 

reported) from 9 weeks prior to copulation throughout the first week of primary copulation (Ono 
et al., 1992c). In all of the studies, unabsorbed residue was observed at the sodium 
hyaluronate injection site. 

Three other reproductive and developmental subcutaneous toxicity studies that were conducted 
in rabbits were summarized in the CIR report (Wada et al., 1991; Tateda et al., 1992; Matsuura 
et al., 1994). 

In the study conducted by Wada et al. (1991) timed pregnant KBL:Japanese White rabbits (13 
to 14 females per group; 4 months old) were randomized to receive subcutaneous injections of 
solutions containing sodium hyaluronic acid at concentrations providing 0 (vehicle control), 0.5, 
15, or 50 mg/kg body weight/day from Days 6 to 18 of gestation. The dams were monitored for 
general condition and health, and body weight and food consumption were measured regularly 
from Days 0 to 28 of gestation. Dams were sacrificed on Day 28 of gestation and the number of 
corpora lutea, implantations, dead embryos and fetuses, and viable fetuses were recorded. 
Fetal body weight, placental weight, and fetal sex also were recorded. Fetuses were examined 
for external abnormalities and intrathoracic and interperitoneal abnormalities. Intrathoracic and 
interperitoneal organs of the fetuses were fixed, stained, and microscopically examined, and 
fetal skeletons were stained and examined for skeletal anomalies or variations. 

No changes in health or general condition of the dams were noted during the observation 
period. No miscarriages were observed. Dams receiving 15 and 50 mg/kg body weight/day 
exhibited transient, statistically significant increases in body weight compared to controls on 

certain days of gestation; however, these were not accompanied by changes in food 

consumption and differences did not persist over the remainder of the pregnancy period. The 
authors attributed the increase in body weight to unabsorbed sodium hyaluronate accumulating 
in the dams at the injection sites. No differences in any of the reproductive or developmental 
parameters were observed compared to controls. 

In another study, New Zealand White rabbits (13 to 15 females/group; age and body weight not 

provided) were subcutaneously administered sodium hyaluronate at doses of 0 (control), 8, 20, 
or 50 mg/kg body weight/day from Day 6 to 18 of gestation (Tateda et al., 1992). Body weights 
and food intake were monitored during the gestation period, and dams were sacrificed on 

Day 29 of gestation. The number of corpora lutea, implantation, and live and dead fetuses were 
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recorded, as well as sexes of the live fetuses. External and visceral abnormalities were 
recorded, and fetal skeletons were stained and examined for skeletal anomalies or variations. 

No mortalities were observed in the dams and no changes in the general condition of the 

animals were noted. It was noted by the authors that dams receiving 20 or 50 mg/kg body 
weight/day exhibited a protrusion around the periphery of the injection site containing a 
gelatinous, foamy material, which was considered to be unabsorbed sodium hyaluronate 

solution. Transient, but statistically significant increases in body weight were observed in dams 
receiving 8 and 50 mg/kg body weight/day. The increases did not persist and were attributed to 
unabsorbed sodium hyaluronate by the authors. A significant increase in placental weight was 
observed in dams receiving 50 mg/kg body weight/day compared to controls. No test article-
related differences in the remaining developmental parameters were observed. The authors 
concluded that the NOAEL was 50 mg/kg body weight/day, the highest dose tested. 

Lastly, timed pregnant Japanese SPF white rabbits (17 females/group; 25 to 26 weeks old, and 
56 to 57 weeks old) were subcutaneously administered 0 (control), 10, 20, or 40 mg/kg body 
weight/day of high molecular weight sodium hyaluronate (molecular weight of 1.9 x 10 6  Da) on 
Days 6 to 18 of gestation (Matsuura et al., 1994). Dams were observed for general conditions 
and body weights were recorded from Days 6 to 28 of gestation. Food consumption was 
recorded on Day 2 and from Days 6 to 28 of gestation. Dams were sacrificed (day not reported) 
and organs were weighed (including the brain, pituitary, thymus gland, lungs, heart, liver, 
spleen, adrenal gland, kidneys, uterus, and ovaries). The number of corpora lutea, absorbed 

embryos, dead fetuses, and surviving fetuses were recorded, and live fetuses were examined 
for external and visceral abnormalities. Fetal body weights and placenta weights were 

recorded. Fetal skeletons were stained and examined for skeletal anomalies or variations. 

No signs of maternal toxicity were observed and no test article-related or adverse changes in 

body weight, food consumption, or histopathology were observed. No adverse effects on any 
developmental parameters were observed. 

IV.C.5 Short-Term Tests for Genotoxicity 

IV.C.5.1 	Rooster Combs Extract 

A bacterial reverse mutation study was conducted using Salmonella typhimurium strains TA 98, 
TA 100, TA 1535, and TA 1537, and Escherichia coli strains WP2uvrA pkM101 (Canut et al., 
2012). Strains were exposed to RCE at concentrations of 61.7, 185.2, 555.6, 1,666.7, or 
5,000 rig/plate (dissolved in dimethylformamide) in the presence or absence of metabolic 
activation (S9 fraction). No evidence of mutagenicity or cytotoxicity was observed under the 
conditions of the study. 

Bioiberica S.A. 	 36 
December 2, 2013 



ROOSTER COMBS EXTRACT (RCE) NOTIFICATION 

IV.C.5.2 	Sodium Hyaluronate and/or Hyaluronic Acid 

Several in vitro and in vivo mutagenicity and genotoxicity studies on sodium hyaluronate were 
summarized by Becker et al. (2009). Sodium hyaluronate at concentrations up to 1,000 pg/plate 

did not induce mutations in S. typhimurium strains TA98, TA100, TA1535, or TA1537 or E. coli 
WP2uvrA pkM101, with or without metabolic activation (Onishi et al., 1992). Sodium 
hyaluronate also did not induce mutations in Staphylococcus aureus strains TA98, TA100, 
TA1535, or TA1537 or E. coli, in the presence or absence of metabolic activation, at 
concentrations up to 5,000 pg/plate (Aruga et aL, 1994). Negative results also were reported in 
in vitro chromosomal aberration tests using Chinese hamster fibroblasts at concentrations of up 
to 1,000 pg sodium hyaluronate/mL (Onishi et al., 1992; Aruga et al., 1994). Furthermore, 
sodium hyaluronate did not produce an increase in the number of polychromatic erythrocytes 
following intraperitoneal injection of up to 360 mg/kg body weight/day to ICR mice for 2 or 4 
days (Aruga et al., 1992, 1994). 

IV.C.6 Other Pre-Clinical Studies 

Hematological and blood biochemical parameters were investigated in Andalusian horses (5 to 
6/group) with osteochondrosis following oral (not further specified) administration of 0 
(microcrystalline cellulose only) or 250 mg RCE (identified as Hyal-Joint) mixed with 
microcrystalline cellulose/day for a period of 60 days (Carmona et al., 2009). Plasma and 
synovial fluid were sampled at baseline, Day 60, and Day 90 (30 days after the cessation of 
treatment). A complete blood count and blood biochemistry (including total protein, albumin, 
aspartate aminotransferase, alanine phosphatase, y-glutamyl transpeptidase, creatinine, and 
glucose) were conducted on blood samples, and adverse effects (such as diarrhea or anorexia) 
were obtained from owners. Horses receiving RCE did not present with any adverse effects, 
and no differences in hematological or biochemical parameters were observed compared to 
controls. 

IV.D Human Studies 

IV.D.1 Rooster Combs Extract 

Four studies were identified in which RCE or chicken comb extract were consumed by humans 
(Hatayama et al., 2008; Kalman et al., 2008; Martinez-Puig et al., 2009 [unpublished]; Nagaoka 
et al., 2010). Kalman et al. (2008) conducted a randomized, double-blind, placebo-controlled 
study to assess the effects of RCE on endpoints related to pain and quality of life in 20 healthy 

subjects (9 men, 11 women; 42 to 73 years of age, mean age of 56.3 years) with osteoarthritis 
of the knee. Subjects were randomized to receive 80 mg/day of RCE (identified in the study as 

Hyal-Jointe; containing 60 to 70% hyaluronic acid) or matched placebo capsules for 8 weeks. 
Safety and tolerability were assessed by the incidence and severity of adverse events, and 
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changes in body weight, blood pressure, heart rate, complete blood cell counts, and 
biochemical profiles (not further defined). Over the duration of the study, no serious adverse 

events or significant changes in vital signs, body weight, or laboratory results were reported by 
Kalman et al. (2008). 

In the second study, 40 healthy subjects (gender not reported) with joint discomfort aged 50 to 
75 years (mean age of 59.6 years) were randomized to receive a yogurt supplemented with 
80 mg RCE (identified in the study as Mobilee; containing 70% hyaluronic acid)/day or a 
placebo yogurt without RCE for 90 days (Martinez-Puig et al., 2009 [unpublished]). Although no 
toxicological parameters were reported, there were no significant changes in body weight, pulse 
rate, or blood pressure and no adverse effects were reported following consumption of the RCE-
supplemented yogurt. 

The effects of chicken comb extract (containing approximately 10% hyaluronic acid) on 
symptoms of knee osteoarthritis and cartilage metabolism were examined in a randomized, 
double-blind, placebo-controlled, parallel study conducted in subjects with osteoarthritis of the 
knee (Nagaoka et al., 2010). In the study, 43 subjects (8 men and 35 women; aged 40 to 85 
years) were randomized to receive placebo, or capsules containing a total of 630 mg chicken 
comb extract (of which -60 mg was hyaluronic acid) per day for 16 weeks. Safety and 
tolerability were assessed by adverse event reporting, hematological examination (parameters 
not reported), blood biochemical profile (parameters not reported), urinalysis (parameters not 

reported), blood pressure changes, and pulse rate. No serious adverse events were reported, 
and no adverse effects were attributed to the test article. No changes in body weight, vital 
signs, or laboratory parameters were observed compared to baseline. 

In a randomized, double-blind, placebo-controlled study, 29 subjects (12 men, 17 women; mean 
age of 47.6 years in control group and 51.7 years in chicken comb extract group) with chronic 
knee pain were provided chicken comb extract or a placebo for 2 weeks (Hatayama et al., 
2008). Adverse events were not reported to occur in the study. 

IV.D.2 Sodium Hyaluronate and/or Hyaluronic Acid 

A placebo-controlled, double-blind study was conducted by Hayashi et a/. (2009) to assess the 
safety of orally consumed hyaluronic acid. Forty-four healthy subjects (22 men and 22 women) 
with a mean age of 37 years were randomized to consume 8 or 24 hyaluronic acid tablets (dose 
of hyaluronic acid not provided) or placebo (not further described) for 4 weeks. End points used 

to assess safety included blood pressure, physical examination, hematology (parameters not 
specified), biochemical examinations (parameters not specified), and urinalysis (parameters not 
specified). Minor variations were noted in blood pressure, body composition, hematology, and 
biochemistry results (parameters not available); however, the authors concluded that the results 
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demonstrated the safety of hyaluronic acid when consumed at levels that would exceed normal 
intake. 

IV.E Allergenicity 

Although no studies designed specifically to investigate the allergenicity of RCE or hyaluronic 
acid were identified, no allergic episodes have been described in human studies as a result of 
the consumption of RCE or chicken comb extract (Hatayama et al., 2008; Kalman et al., 2008; 
Hayashi et al., 2009; Martinez-Puig et al., 2009 [unpublished]; Nagaoka et al., 2010). As 
previously indicated, RCE is comprised of sodium hyaluronate (60 to 80%), glycosaminoglycans 
(approximately 20%) and partially hydrolyzed proteins, small peptides, and amino acids 
(approximately 20%). The proteins present in RCE are partially hydrolyzed, with a mean 
molecular weight of 1,234 ± 5.1 Da. As proteins with molecular weights less than 5,000 Da tend 
to be poorly allergenic (Kuby, 1997), the partially hydrolyzed proteins present in RCE are not 
expected to be allergenic. 

IV.F History of Safe Use of the Source Material 

Rooster combs have been consumed in Europe for many years, with the first evidence of their 
consumption dated as early as the 15 th century (Milham, 1998). Rooster combs are also 
consumed in the United States, where they may be referred to as chicken crests or cockscombs 
(Hodgman, 2013) 1 . 

IV.G Summary and Basis for GRAS 

RCE is intended to be added as an ingredient at a maximum use level of 80 mg/serving in a 
number of food categories including baked goods, beverages, breakfast cereals, cheeses, dairy 
product analogues, grains and pastas, milk and milk products, and fruit juices as outlined in 
Table I.D.1-1 as well as in medical foods. Based on the proposed food uses and use levels, 
and using NHANES data, the high consumer (90 1h  percentile) all user intake of RCE among the 
total U.S. population was estimated to be 494.2 mg/person/day (11.3 mg/kg body weight/day), 
with a maximum level occurring in male teenagers at 692.1 mg/person/day (10.4 mg/kg body 
weight/day). These conservative estimates of daily intake are supported by the results of 
product specific toxicity studies conducted with RCE as well as studies conducted with 
hyaluronic acid, the main constituent of RCE. Additionally, no adverse effects were observed 
when RCE or hyaluronic acid was administered to human subjects. Furthermore, neither test 
material was shown to be mutagenic or genotoxic. Rooster combs from which RCE is obtained 
also have an established history of human consumption in the U.S. and Europe and general 

1  Please refer to http://nymae.com/nwnetro/food/features/n  10380/index2.html 
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recognition of safety has been supported through the approval of RCE for use as a novel food 
ingredient in the EU by the EFSA. 

Based on the above data and information presented herein, Bioiberica has concluded that the 

intended food uses of RCE, as described in Table I.D.1-1 and in medical foods, are GRAS 

based on scientific procedures, corroborated by a history of safe use. General recognition of 
Bioiberica's GRAS determination is supported by the unanimous consensus rendered by an 
independent Panel of Experts, qualified by experience and scientific training, to evaluate the use 
of RCE in food, who similarly concluded that the intended uses of RCE described herein are 
GRAS. 

RCE therefore may be marketed and sold for its intended purpose in the U.S. without the 
promulgation of a food additive regulation under Title 21 of the CFR. 
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Expert Panel Consensus Statement Concerning the Generally 
Recognized as Safe (GRAS) Status of the Proposed Uses in 

Conventional Food and Beverage Products and in Medical Foods 
of Rooster Combs Extract 

September 12, 2013 

Introduction 

Bioiberica S.A. (Bioiberica) has determined that Rooster Combs Extract (RCE) is Generally 
Recognized as Safe (GRAS) for use as an ingredient in conventional food and beverage 
products as described in Table A-1 of Attachment A and as an ingredient in medical foods at a 
use level of up to 80 mg per serving. Bioiberica convened a panel of experts (the "Expert 
Panel"), qualified by their scientific training and relevant national and international experience, to 
evaluate the safety of food ingredients and food, to conduct a critical and comprehensive 

evaluation of Bioiberica's GRAS determination. The Expert Panel consisted of the following 
individuals: Professor Joseph F. Borzelleca, PhD. (Virginia Commonwealth University School of 
Medicine), Professor Robert J. Nicolosi, Ph.D. (University of Massachusetts Lowell), and 
Professor John A. Thomas, Ph.D. (Indiana University School of Medicine). 

The Expert Panel, independently and collectively, critically examined a comprehensive package 
of data and information provided by Bioiberica, which included a summary of all available 
scientific data and information, favorable and unfavorable, relevant to the safety of the intended 
food uses of Bioiberica's RCE ingredient. This information included available scientific 
information compiled from the literature and other published sources through June 2013, and 
also included information pertaining to the method of manufacture, the product specifications, 
supporting analytical data, intended use levels in specified food products, consumption 
estimates from background and intended food uses, and a comprehensive assessment of the 
available scientific literature pertaining to the safety of RCE and its components. Following 
independent critical evaluation of such data and information, the Expert Panel conferred via 
teleconference on 21 June 2013 and unanimously concluded that the intended uses in 
conventional and medical foods as described herein of Bioiberica's RCE ingredient, meeting 
appropriate food-grade specifications, and manufactured consistent with current Good 
Manufacturing Practice (cGMP), are GRAS based on scientific procedures. A summary of the 
basis for the Expert Panel's conclusion is provided below. 



Summary and Basis for GRAS 

Bioiberica intends to market RCE for use as a food ingredient in traditional food products at a 

level of up to 80 mg/RACC (Reference Amount Customarily Consumed per Eating Occasion; 
serving) as described in Table A-1 of Attachment A and as an ingredient in medical foods at a 
use level of up to 80 mg per serving in the United States (U.S.). RCE is derived from rooster 
combs using mild enzymatic hydrolysis and consists primarily of sodium hyaluronate, with lesser 
amounts of glycosaminoglycans 	chondroitin sulfate and dermatan sulfate), free amino 
acids, proteins, and trace levels of fiber. 

The manufacture of RCE is conducted consistent with the principles of cGMP and in 
accordance with the International Conference on Harmonisation Guideline Q7 (ICH, 2000) and 

following Bioiberica's quality management system, which is based on ISO 9001 standards and 
includes a hazard analysis and critical control points (HACCP) system. Rooster combs that 
have been deemed fit for human consumption are digested using the enzyme preparation 
Alcalase (Novozym 37071), which is a protease enzyme preparation produced by a non-
genetically modified selected strain of Bacillus licheniformis. Novozym 37071 is food-grade, 
complies with the Joint FAO/WHO Expert Committee on Food Additives (JECFA) and Food 
Chemical Codex (FCC) recommended purity requirements for enzyme preparations (JECFA, 
2006; FCC, 2012), and is a direct food substance affirmed as GRAS (21 CFR 184.1027) (U.S. 
FDA, 2012a). Following the digestion process, Novozym 37071 is inactivated by heat 
treatment, and the results of an Alcalase-specific ELISA demonstrate that the step is effective in 
denaturing and inactivating the enzyme. The digested liquid is then filtered, concentrated, 
cooled, and precipitated. The supernatant is removed and the precipitate is cleaned, 
anhydrificated, filtered, dried, and milled to produce the final RCE product. The processing aids 

used in the manufacture of RCE are approved food-grade and technical grade. 

The final RCE product is comprised of 60 to 80% sodium hyaluronate, NMT (not more than) 5% 

chondroitin sulfate, NMT 25% dermatan sulfate, NMT 1% chlorides, NMT 8% nitrogen, and 
NMT 25% protein by specification. Analysis of RCE by high performance liquid chromatography 
and the Weende method has demonstrated that free amino acids and trace amounts of fiber 
account for the remaining composition of RCE. The final product specifications for RCE include 
limits for lead, acetone, and microbial contaminants. Bioiberica also conduct periodic testing for 
heavy metals, dioxins and furans, PCBs, and the residual solvents ethanol and methanol and 
have established limits for these potential contaminants. The Expert Panel reviewed batch 
analytical data for three non-consecutive lots of RCE and concluded that the manufacturing 
process produces a consistent product that meets the product specifications and conforms to 
contaminant limits. The Expert Panel also reviewed additional analytical data and concluded 
that the manufacturing process is capable of removing or inactivating viruses that may 
potentially contaminate the starting material or the production process for RCE. The results of 
long-term stability testing demonstrate that RCE is stable and does not promote microbial 

Bioiberica S.A.. 	 Page 2 of 14 
September 12, 2013 



growth when stored at 25 ± 2°C and 60 ± 5% RH for up to 43 months. The shelf-life of RCE has 

been set at 3 years. When added to yogurt, a sample food use, the content of RCE declined 
within acceptable limits (i.e., within 30% of initial value) when stored for 1.5 months and no 
microbial growth was detected. 

Rooster combs have been safely consumed in Europe for many years, with the first evidence of 
their consumption dated as early as the 15th  century (Milham, 1998). Currently, rooster combs 
are frequently consumed in some European countries in home-made stews and industrially 
prepared soup concentrates (EFSA, 2013). Rooster combs are also consumed in the United 
States, where they may be referred to as chicken crests or cockscombs (Hodgman, 2013 1 ). 
RCE is intended to be used as a food ingredient in baked goods and baking mixes, beverages 
and beverage bases, breakfast cereals, cheeses, dairy product analogs, grain products and 

pastas, milk, milk products, and processed fruits and fruit juices at use-levels providing up to 80 
mg RCE/serving. RCE also is intended for use as an ingredient in medical foods at a use-level 
of up to 80 mg RCE/serving. Estimates for the intake of RCE were based on the proposed 
food-uses and use-levels in conjunction with food consumption data included in the US National 
Center for Health Statistics' (NCHS) National Health and Nutrition Examination Surveys 
(NHANES) (CDC, 2006, 2009; USDA, 2009), which provides the most appropriate data for 
evaluating food use and food consumption patterns in the U.S. Under the conditions of 
intended use and on an all-user basis, the mean intake of RCE by the total U.S. population from 
all proposed food-uses was estimated to be 256 mg/person/day or 5 mg/kg body weight/day. 
The heavy consumer (90th  percentile) all-user intake of RCE by the total U.S. population from all 
proposed food-uses was estimated to be 494 mg/person/day or 11 mg/kg body weight/day. 
Among the individual population groups, on an absolute basis the highest mean and 90 th  
percentile all-user intakes of RCE were observed among male teenagers, with values of 340 

and 692 mg/person/day, respectively. On a per kilogram body weight basis, the greatest mean 
and 90th  percentile all-user intakes of RCE were observed among infants, with values of 24 and 
43 mg/kg body weight/day, respectively. The intake methodology that was used is generally 

considered to be a 'worst case' scenario as a result of several conservative assumptions made 
in the consumption estimates. For example, it is often assumed that all food products within a 
food category contain the ingredient at the maximum specified level of use. In addition, it is 
well-established that the length of a dietary survey affects the estimated consumption of 
individual users. Short-term surveys, such as the typical 2- or 3-day dietary surveys, may 

overestimate the consumption of food products that are consumed relatively infrequently. 

Sodium hyaluronate, the primary component in RCE, is endogenous to all living organisms, 
including animals and humans where it is widely distributed in tissues and intracellular fluids 
(Necas et al., 2008). Skin, umbilical cord, synovial fluid, and vitreous humor have been reported 
to contain the highest concentrations of sodium hyaluronate, with lower concentrations in lung, 
kidney, brain, and muscle tissues (Necas et al., 2008). Due to its endogenous presence in 

1 http://nvmaq.com/nymetrolfood/features/n  10380/index2.html 
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living organisms, sodium hyaluronate has a history of consumption as part of the normal human 
diet. Sodium hyaluronate is synthesized intracellularly in the Golgi networks by hyaluronan 
synthases, which are a class of integral membrane proteins. When hyaluronic acid was 
administered orally to rats, the majority of the administered dose was reported to remain in the 
gastrointestinal tract and was excreted in the feces; however, a small percentage (ranging from 
0.1 to approximately 10% of the administered dose) accumulated in the blood; bone; vertebrae; 
shoulder, sternocostal and knee joints; muscle; salivary glands; and skin (Balogh et al., 2008). 
RCE also is expected to be absorbed to some extent through the intestine based on the results 
of an in vitro everted gut sac model in rats (Torrent et al., 2010). The half-life for systemic 
elimination of sodium hyaluronate at normal serum concentrations was reported to range from 
1.4 to 7 minutes in rats, rabbits, and sheep and from 3 to 9 minutes in humans (reviewed in 
Lebel, 1991). Metabolism is reported to be saturable, and the maximum metabolic capacity for 
rabbits, sheep, and humans was estimated to be 100, 127, and 350 mg/day, respectively. The 
normal daily turnover of hyaluronic acid is one-third of the maximum metabolic capacity in 
rabbits and sheep (i.e., 20 to 50 and 37 mg/day, respectively), and one-tenth the maximum 
metabolic capacity in humans (i.e., 34 mg/day). The majority of hyaluronic acid is eliminated 
from the blood circulation via receptor-mediated endocytosis in the sinusoidal liver endothelial 
cells. Hyaluronic acid is first broken down to the monosaccharides glucuronic acid and 
N-acetylglucosamine by hyaluronidase, beta-D-glucuronidase, and beta-N-acetyl-D-
hexosaminidase. The monosaccharides are further metabolized and end products may include 
lactate, acetate, water, and CO2. Renal elimination also is a significant metabolic pathway for 
hyaluronic acid. Results from various studies indicate that 1 to 20% of the daily turnover of 
hyaluronic acid in humans is filtered by the kidneys and end products may be present in the 
urine in the form of H 20 or monosaccharide metabolites (D-glucosamine and 
N-actylglucosamine) (reviewed in Lebel, 1991). Alterations in blood flow to the organ of 
elimination or saturation of metabolic pathways may account for the differences in reported 
renal elimination proportions. 

RCE was not acutely toxic by the oral route and no mortality or adverse effects on clinical signs 
or body weight were reported following a single administration of 2,000 mg RCE/kg body weight 
to Sprague-Dawley rats (5/sex) (Canut et al., 2012). The results of preliminary 14-day and 
4-week repeated dose unpublished studies further demonstrate the non-toxic nature of RCE. 
No adverse effects on clinical signs, food consumption, or body weight gain were reported 
following the administration of RCE by gavage to Wistar Hannover rats at doses up to 600 
mg/kg body weight/day compared to controls and no mortality was attributed to RCE in 14-day 
and 4-week studies (Study Nos. CD04/9438T, CD04/9491T: Traval and Zapatero, 2005 
[unpublished]; Traval and Zapatero, 2006 [unpublished]). In the 14-day dose-range finding 
study, reddish coloring of the thymus and mandibular lymph nodes was noted in 2 males in the 
mid-dose group and 2 males and 1 female in the high-dose treatment group (out of a total of 
5 animals/sex/group), although this was not accompanied by any gross lesions. The authors 
considered the coloration to be within the range of normal background variation. No other 
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macroscopic alterations were observed at necropsy. No compound-related adverse effects on 
ophthalmoscopic, hematological, blood biochemical, or urinalysis parameters, or gross or 
histopathology were reported in the 4-week study compared to controls. Significantly lower 
thymus weight was reported in high-dose females sacrificed after the 4-week exposure period 

compared to controls, although this was not accompanied by histopathological changes and 
was not observed in females sacrificed after a 14-day recovery period. Therefore, the 
decreased thymus weight was considered not to be toxicologically relevant. The authors 
concluded that under the conditions of the study, the no-observed-adverse-effect level (NOAEL) 
was 600 mg/kg body weight/day, the highest dose tested. No compound-related mortality, and 
no significant differences in food consumption, ophthalmoscopic parameters, blood biochemistry 
values, urinalysis, or gross and histopathological observations were reported compared to 
controls following the administration of RCE by gavage to Wistar Hannover rats at doses up to 
600 mg/kg body weight/day for 13 weeks (Canut et al., 2012). Transient increases in body 
weight gain in mid-dose females, sporadic alterations in mean corpuscular hemoglobin index, 
reticulocyte count, mean corpuscular volume, and platelet values, and sex-specific increases 
relative to body liver weight in low- and high-dose females compared to controls were not 
considered to be toxicologically relevant due to the lack of a dose-response relationship and the 
absence of findings in both sexes. Thus, Canut et al. (2012) determined the NOAEL to be 
600 mg/kg body weight/day, the highest dose tested. The results of the 13-week study by 
Canut et al. (2012) were considered by the Expert Panel to be pivotal to demonstrate the safety 
of RCE. 

No adverse events or effects on hematological or blood biochemical parameters were reported 
in Andalusian horses (5 to 6/group) following the oral administration of 250 mg RCE/day for 
60 days compared to controls (Carmona et al., 2009). 

RCE was not mutagenic when tested in an Ames assay at concentrations up to 5,000 pg/plate, 
and these results also were considered by the Expert Panel to be pivotal to support the safety of 
RCE (Canut et al., 2012). 

The results of studies conducted with sodium hyaluronate or hyaluronic acid corroborate the 
safety of RCE. Sodium hyaluronate or hyaluronic acid were not acutely toxic to Sprague-
Dawley rats or ICR mice, with no mortalities or compound-related effects on clinical condition, 

body weights, or gross and histopathological examinations following the administration of up to 
600 or 1,200 mg/kg body weight to rats and mice, respectively (Akasaka et al., 1988; Nakajima 
et al., 1994; Toyoshi et al., 1995; Schauss et al., 2007). No significant differences in body 
weight, general signs, ophthalmology, histopathology, or hematological parameters were 

observed compared to controls following the administration of sodium hyaluronate by gavage at 
doses up to 48 mg/kg body weight/day to SD (Crj:CD SPF) rats for 90 days (Ishihara et al., 

1996). Sporadic, non dose-dependent, statistically significant differences were reported in food 
efficiency, water consumption, the viable count of Bacteroides in the feces, blood biochemistry, 
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urinalysis, and absolute and relative organ weights in the various dose-groups compared to 
controls; however, due to the absence of findings in both sexes and/or the lack of a dose-
response relationship, and the absence of histological alterations in the liver and kidneys, the 
observed differences were deemed to be toxicologically irrelevant. Thus, the authors concluded 
that the highest dose tested, 48 mg/kg body weight/day, was the NOAEL. The results of a 
90-day study conducted with BioCell Collagen ll (containing 10% hyaluronic acid, 60% collagen 
type II, and 20% chondroitin sulfate) further corroborate the safety of RCE. No adverse effects 
or clinical signs of toxicity were attributed to BioCell Collagen II, and no differences in food 
consumption, ophthalmoscopic examinations, hematology, or gross or histopathological 
examinations were observed in Sprague-Dawley rats administered BioCell Collagen II by 
gavage at doses that provided up to 100 mg hyaluronic acid/kg body weight/day compared to 
controls (Schauss et al., 2007). Sporadic, non dose-dependent statistically significant 
differences from control animals were reported for body weight gain and some blood 
biochemical parameters; however, the authors deemed these differences to be non-adverse 
and unrelated to treatment due to the lack of a dose-response relationship. Sporadic significant 
alterations from controls in absolute brain weight and relative (to brain) spleen weight also were 
considered to be non-adverse and unrelated to treatment since they were not reported in high-
dose animals and were not accompanied by histopathological changes. Based on the results of 
the study, the NOAEL was 1,000 mg BioCell Collagen II (providing 100 mg hyaluronic acid)/kg 
body weight/day, the highest dose tested. The administration of hyaluronic acid by 
subcutaneous injection to rats (strain not reported) at doses up to 60 mg/kg body weight/day or 
50 mL/kg body weight/day (concentration not reported) from Day 7 of pregnancy to Day 21 after 
parturition did not result in neonatal abnormalities, and no effects on neonatal development, 
body weight, food or water consumption, fertility, or necroscopic examinations were reported 
(Furuhashi et al., 1985; Ota et al., 1991; Ono et aL, 1992a,b). The subcutaneous injection of up 
to 50 mg sodium hyaluronate/kg body weight/day to KBL:Japanese white rabbits, New Zealand 
White rabbits, or SPF Japanese White rabbits from Days 6 to 18 of pregnancy also did not 
result in reproductive or developmental toxicity (Wada et al., 1991; Tateda et al., 1992; 
Matsuura et aL, 1994). While subcutaneous studies may have some limitations with regard to 
materials that are to be orally administered, such studies are included here for the sake of 
completeness. Given the low oral bioavailability of hyaluronic acid (-10%), subcutaneous 
administration of hyaluronic acid is expected to provide fetal exposure to a higher dose than 
possible via oral administration, and therefore, a lack of effects following subcutaneous 
administration supports the safety of oral administration. Sodium hyaluronate was not 
mutagenic in the bacterial reverse mutation assay and in vitro chromosomal aberration tests 
using Chinese hamster fibroblasts, and did not produce an increase in the number of 
polychromatic erythrocytes following intraperitoneal injection of up to 360 mg/kg body 
weight/day to ICR mice for 2 or 4 days (Aruga et al., 1992, 1994; Onishi et al., 1992). 

RCE at a daily dose of 80 mg in capsules or incorporated into yogurt for up to 90 days was well-
tolerated and did not result in significant changes in body weight, blood pressure, heart rate, 
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complete blood counts, or biochemical profiles in healthy volunteers or those with osteoarthritis 
of the knee (Kalman et al., 2008; Martinez-Puig et al., 2009). Chicken comb extract (containing 
approximately 10% hyaluronic acid) also was well-tolerated and did not affect hematological, 
blood biochemical, or urinalysis parameters, body weight, blood pressure, or pulse rate when 
consumed by subjects with osteoarthritis of the knee at a dose providing approximately 60 mg 
hyaluronic acid/day for up to 16 weeks (Hatayama et al., 2008; Nagaoka et al., 2010). An 
additional human study conducted with hyaluronic acid at levels that would exceed normal 
intake (dose not reported) further supports the safety of RCE (Hayashi et al., 2009). 

Although no studies designed specifically to investigate the potential allergenicity of RCE or 
hyaluronic acid were identified, no allergic episodes have been described in human studies as a 
result of the consumption of RCE or chicken comb extract (Hatayama et al., 2008; Kalman et 
al., 2008; Hayashi et al., 2009; Martinez-Puig et al., 2009; Nagaoka et al., 2010). Due to the 
small molecular weight of the proteins present, RCE is not expected to be allergenic; however, 
potential cases of hypersensitivity to avian proteins may exist. Thus, as part of their due 
diligence, Bioiberica will advise final product manufacturers to include a statement on the label 
of final products containing RCE to indicate that RCE is derived from rooster combs to alert 
people allergic to avian proteins. 

The European Food Safety Authority (EFSA) has issued a positive opinion on the safety of RCE 
as a novel food ingredient for use in liquid milk, milk-based products, yogurts, and fromage frais 
at a use-level of 80 mg/serving (EFSA, 2013). Based on these uses and use-levels, mean and 
high intakes of approximately 450 and 790 mg/day for adults were estimated using the 
Comprehensive European Food Consumption Database. EFSA did not have safety concerns 
regarding the chemical and microbiological specifications, composition, or manufacturing 
process for RCE. EFSA considered the historical consumption of rooster combs, the source 
material for RCE, and the historical consumption of glycosaminoglycans, the primary 
constituents of RCE, as part of the safety evaluation process. Following review of the technical 
and toxicological data on RCE, the EFSA concluded the following: "Considering the nature, the 

natural occurrence and previous consumption of RCE constituents, the Panel is of the opinion 

that the margin between the intended as well as the estimated high percentile intake of RCE in 

relation to the highest cfose administered to rats without adverse effects in a subchronic oral 

toxicity study is sufficient. The Panel concludes that the novel food ingredient, Rooster Comb 

Extract, is safe under the proposed uses and use levels" (EFSA, 2013). The Expert Panel 
critically reviewed the opinion by EFSA and concurs with the EFSA conclusion which further 
supports the safety of RCE. 
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Date 

Conclusion 

We, the Expert Panel, have, independently and collectively, critically evaluated the data and 
information summarized above and unanimously conclude that the proposed uses as an 
ingredient in traditional foods and in medical foods at use levels providing up to 80 mg Rooster 
Combs Extract (RCE)/serving, manufactured consistent with current good manufacturing 
practice (cGMP) and meeting appropriate food grade specifications presented in the supporting 
dossier [Documentation Supporting the Evaluation of Rooster Combs Extract (RCE) as 
Generally Recognized as Safe (GRAS) for Use in Food], are safe. 

We, the Expert Panel, further conclude that the proposed uses as an ingredient in traditional 
foods and in medical foods at use levels providing up to 80 mg RCE/serving, manufactured 
consistent with cGMP and meeting appropriate food grade specifications presented in the 
supporting dossier [Documentation Supporting the Evaluation of Rooster Combs Extract (RCE) 
as Generally Recognized as Safe (GRAS) for Use in Food] are Generally Recognized as Safe 
(GRAS) based on scientific procedures corroborated by a history of safe consumption. 

It is our opinion that other qualified scientific experts critically evaluating the same information 
would concur with these conclusions. 

Jpi ph 	orzelle , Ph.D. rrdfessoimeritus, Virginia Commonwealth 
niversity School of Medicine 

Robe • . Nicolosi, Ph.D. 
Professor Emeritus, University of 
Massachusetts Lowell 

A. Thomas, Ph.D. 
essor, Indiana University School of Medicine 

Bioiberica S.A.. 
September 12, 2013 

Page 8 of 14 

(b) (6)

(b) (6)

(b) (6)



References 

Akasaka HSS, Setu M, Yanagi M, Fukushima S, Mitusui TJ (1988). [Industrial production of 
hyaluronic acid by Streptococcus zooepidemicus]. J Soc Cosmet Chem Jpn 22:35-42. 
Cited In: Becker et al., 2009 [Ref. #31]. 

Aruga F, Miwa Y, Fuzimura T, Ohata S (1992). [Micronucleus test of sodium hyaluronate (SH) 
using mice]. Yakuri To Chiryo [Basic Pharmacol Ther] 20:775-777. Cited In: Becker et 
al., 2009 [Ref. #171, as: Jpn Pharmacol Ther]. 

Aruga F, Nagasawa Y, Miwa Y, Tanaka R, Sugiyama H, Ota S (1994). Mutagenicity test of high 
molecular weight sodium hyaluronate (NRD101). Yakuri To Chiryo 22:S627-S636. Cited 
In: Becker et al., 2009 [Ref. #173]. 

Balogh L, Polyak A, Mathe D, Kiraly R, Thuroczy J, Terez M et al. (2008). Absorption, uptake 
and tissue affinity of high-molecular-weight hyaluronan after oral administration in rats 
and dogs. J Agric Food Chem 56(22):10582-10593. 

Becker LC, Bergfeld WF, Belsito DV, Klaassen CD, Marks JG Jr, Shank RC et al. (2009). Final 
report of the safety assessment of hyaluronic acid, potassium hyaluronate, and sodium 
hyaluronate. Int J Toxicol 28(4, Suppl.):5-67. 

Canut L, Zapatero J, LOpez S, Torrent A, Ruhi R, Vicente L (2012). Genotoxicity, acute and 
subchronic toxicity studies in rats of a rooster comb extract rich in sodium hyaluronate. 
Regul Toxicol Pharmacol 62(3):532-541. 

Carmona JU, ArgUelles D, Deulofeu R, Martinez-Puig D, Prades M (2009). Effect of the 
administration of an oral hyaluronan formulation on clinical and biochemical parameters 
in young horses with osteochondrosis. Vet Comp Orthop Traumatol 22(6):455-459. 

CDC (2006). Analytical and Reporting Guidelines: The National Health and Nutrition 
Examination Survey (NHANES). Hyattsville (MD): Centers for Disease Control and 
Prevention (CDC), National Center for Health Statistics (NCHS). Available at: 
http://www.cdc.dov/nchs/data/nhanes/nhanes  03 04/nhanes analytic guidelines dec  
2005.pdf. 

CDC (2009). National Health and Nutrition Examination Survey (NHANES): 2005-2006. 
Hyattsville (MD): Centers for Disease Control and Prevention (CDC), National Center for 
Health Statistics (NCHS). Available at: http://www.cdc.gov/nchs/nhanes/nhanes2005-
2006/nhanes05  06.htm. 

EFSA (2013). EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA); Scientific 
Opinion on Rooster Combs Extract (question no EFSA-Q-2012-00613, adopted on 31 
May 2012 by European Food Safety Authority). EFSA J 11(6):3260. 22 pp. 
doi:10.2903/j.efsa.2013.3260. Available at: 
http://www.efsa.europa.eu/en/efsaiournal/pub/3260.htm.  

FCC (2012). Enzyme preparations. In: Food Chemicals Codex, 81h  edition. Rockville (MD): 
United States Pharmacopeial Convention (USP), pp. 375-380. 

Bioiberica S.A.. 	 Page 9 of 14 
September 12, 2013 



Furuhashi T, Takei A, Nakayoshi H (1985). [Reproduction studies of sodium hyaluronate (SPH) 
(4) perinatal and postnatal test in rats]. NRI Life Sci 29:139-153. Cited In: Becker et al., 
2009 [Ref. #166]. 

Hatayama T, Nagano M, Yamaguchi N, Kumagai S, Ohnuki K (2008). The effect of a 
supplement on knee pain and discomfort evaluated by visual analog scale (VAS): a 
randomized, double-blind, placebo-controlled study. Kenko-shien 10:13-17 [Japanese]. 

Hayashi C, Hatayama T, Nagano M, Ohnuki K (2009). Safety of excess-intake of tablet 
containing hyaluronic acid in normal healthy adults. Yakuri To Chiryo 37(11):953-961 
[Japanese]. 

Hodgman J (2013). Extreme Eating. The city is awash in goats' heads, cockscombs, and corn 
smut. Yum. New York (NY): New York Magazine. Available at: 
http://nymaq.cominymetro/food/features/n  10380/  [click page 3 at bottom]. 

ICH (2000). Good Manufacturing Practice Guide for Active Pharmaceutical Ingredients: Q7: 
Current Step 4 Revision dated 10 November 2000. (ICH Harmonised Tripartite 
Guideline). Geneva, Switz.: International Conference on Harmonisation of Technical 
Requirements for Registration of Pharmaceuticals for Human Use (ICH). Available at: 
httb://www.ich.org/fileadmin/Public  Web Site/ICH Products/Guidelines/Quality/Q7/Step 
4/Q7 Guideline.2df. 

Ishihara M, Inouye T, lshiyama Y, Sakata T, Ichikawa A, Funahashi N et al. (1996). Toxicity 
study on sodium hyaluronate (Na-HA) in rats by repeated oral administration for 90 days 
followed by a 28-day recovery study. OA yakuri 51(2):97-113. 

JEFCA (2006). General specifications and considerations for enzyme preparation used in food 
processing [prepared by the Committee at its sixty-seventh meeting (2006)]. In: 
Combined Compendium of Food Additive Specifications [Online Edition]. General 
Specifications for Enzymes Analytical Methods, Volume 4: Analytical Methods, Test 
Procedures and Laboratory Solutions Used by and Referenced in the Food 
Specifications. 1 st  to 67th  JECFA Meetings, 1965-2006. (FAO JECFA Monographs 3). 
Rome, Italy: Food and Agriculture Organization of the United Nations (FAO), Joint 
FAO/WHO Expert Committee on Food Additives (JECFA). Available at: 
http://www.fao.orq/aq/aqn/iecfa-additives/docs/enzvmes  en.htm. 

Kalman DS, Heimer M, Valdeon A, Schwartz H, Sheldon E et al. (2008). Effect of a natural 
extract of chicken combs with a high content of hyaluronic acid (Hyal-Joint) on pain relief 
and quality of life in subjects with knee osteoarthritis: a pilot randomized double-blind 
placebo-controlled trial. Nutr J 7:3. 

Lebel L (1991). Clearance of hyaluronan from the circulation Adv Drug Deliv Rev 7(2):221-235. 

Martinez-Puig D, (Miler I, Fernández C, Chetrit C (2009) [unpublished]. Efficacy of oral 
administration of yoghurt supplemented with a natural extract containing hyaluronic acid 
(Mobilee TM) in adults with mild joint discomfort: a randomized, double-blind, placebo-
controlled study. 

Bioiberica S.A.. 	 Page 10 of 14 
September 12, 2013 



Matsuura T, Nakajima H, Maeda H et al. (1994). [Teratological study of high molecular weight 
sodium hyaluronate (NRD101) in rabbits]. Yakuri To Chiryo 22:205-213. Cited In: Becker 
et al., 2009 [Ref. #169]. 

Milham ME (1998). Platina, On Right Pleasure and Good Health: A Critical Edition and 
Translation of De honesta Voluptate et Valetudine. (Medieval & Renaissance texts & 
studies, vol 168; Renaissance texts series, vol 17). Tempe (AZ): Medieval & 
Renaissance Texts & Studies. Information available at: 
http://trove.nlaspv.au/work/3046932?selectedversion=NBD13367445   

Nagaoka I, Nabeshima K, Murakami S, Yamamoto T, Watanabe K, Tomonaga A et al. (2010). 
Evaluation of the effects of a supplementary diet containing chicken comb extract on 
symptoms and cartilage metabolism in patients with knee osteoarthritis. Exp Ther Med 
1(5):817-827. 

Nakajima H, Fujishima H, Kurio W, Maeda H, Ozaki K, Uechi S et al. (1994). Acute toxicity 
study of high molecular weight sodium hyaluronate (NRD101) in rats. Yakuri To Chiryo 
22(Suppl. 3):7-15 [abstract only]. 

Necas J, Bartosikova L, Brauner P, Kolar J (2008). Hyaluronic acid (hyaluronan): a review. Vet 
Med (Praha) 53(8):397-411. 

Onishi M, Nagata T, Saigou K, Sameshima H, Nagata R (1992). [Mutagenicity studies of sodium 
hyaluronate (SF1)]. Yakuri To Chiryo 20:767-774. Cited In: Becker et al., 2009 [Ref. 
#172]. 

Ono C, lwama A, Nakajima Y, Kitsuya A, Nakumura T (1992a). [Reproductive and 
developmental toxicity studies on sodium hyaluronate (SH) (I): study on subcutaneous 
administration to rats during the period of organogenesis]. Yakuri To Chiryo 20:11-26. 
Cited In: Becker et al., 2009 [Ref. #284]. 

Ono C, Ishitobi H, Kozuka K, Konagai S, Nakamura T (1992b). [Reproductive and 
developmental toxicity study (III): on sodium hyaluronate (SH)]. Yakuri To Chiryo 20:37- 
50. Cited In: Becker et al., 2009 [Ref. #286]. 

Ota R, Hashimoto Y, Matsumoto A, Mizutani M, Tanaka C (1991). [Reproductive and 
developmental toxicity studies of sodium hyaluronate (SL01010) (IV): perinatal and 
postnatal study in rats]. Yakuri To Chiryo 19:121-135. Cited In: Becker et al., 2009 [Ref. 
#281]. 

Schauss AG, Merkel DJ, Glaza SM, Sorenson SR (2007). Acute and subchronic oral toxicity 
studies in rats of a hydrolyzed chicken sternal cartilage preparation. Food Chem Toxicol 
45(2):315-321. 

Tateda C, Nagaoka S, Nagai T, Nakamura T (1992). [Reproductive and developmental toxicity 
study (IV) on sodium hyaluronate (SH) (4): study on subcutaneous administration to 
rabbits during organogenesis period]. Yakuri To Chiryo [Basic Pharmacol Ther] 20:51- 
58. Cited In: Becker et al., 2009 [Ref. #168, as: Jpn Pharmacol Ther]. 

Bioiberica S.A.. 	 Page 11 of 14 
September 12, 2013 



Torrent A, Ruhi R, Martinez C, CasteIls G, de Castellarnau-Castellà C (2010). Anti-inflammatory 
activity and absorption of a natural rooster comb extract (Hyal-Jointe). Osteoarthritis 
Cartilage 18(Suppl. 2):S246-S247 [abstract 550]. 

Toyoshi T, Isowa K, Nakajima T, Mitsuzono T, Takahashi T, Miyauchi S (1995). Single dose 
toxicity study of a 1 per cent solution of sodium hyaluronate (SI-4402) in rats. Oyo Yakuri 
50(1):41-45 [Japanese – English abstract only]. 

Traval E, Zapatero J (2005) [unpublished]. 2-Week Dose-Range Finding Study in Rats by Oral 
Administration: Test Item: 1130004 [Translation of Determinaci6n de la dosis maxima 
tolerada durante 2 sernanas en rata por via oral: Producto de ensays: 1E3000041 (Report 
CD04/9438T)]. [Prepared for] Barcelona, Spain: Bioibérica, S.A. [by] Barcelona, Spain: 
Centro De InvestigaciOn y Desarrollo Aplicado, S.A.L. (Cidasal). 

Traval E, Zapatero J (2006) [unpublished]. 4-Week Oral Toxicity in Rats With A 2-Week 
Recovery Period: Application for the Authorisation of a Rooster Combs Extract as a 
Novel Food Ingredient [Toxicidad por administraciOn repetida por via oral de 4 semanas 
de duraciOn en ratas, con un period de recuperaciOn de 2 semanas: Producto de 
ensayo: Hyal-Joint. (Informe CD04/9491T)]. [Prepared for] Barcelona, Spain: Bioibérica, 
S.A. [by] Barcelona, Spain: Centro De Investigacion y Desarrollo Aplicado, S.A.L. 
(Cidasal). 

U.S. FDA (2012a). U.S. Code of Federal Regulations (CFR). Title 21—Food and Drugs (Food 
and Drug Administration). Washington (DC): U.S. Government Printing Office (GPO). 
Available at: http://www.gpo.qovficisys/browse/collectionCfraction?collectionCode=CFR.  

CFR Sections Referenced (Title 21—Food and Drugs) 

Part Section § Section Title 

101—Food labeling 101.12 Reference amounts customarily consumed per 
eating occasion 

184—Direct food substances 
affirmed as generally recognized as 
safe 

184.1027 Mixed carbohydrase and protease enzyme 
product 

U.S. FDA (2012b). Federal Food, Drug, and Cosmetic Act (FD&C Act): Section 5 of Orphan 
Drug Act [21 USC §360ee] [Including amendments to Feb. 1, 20111 In: U.S. Code—Title 
21—Food and Drug, Chapter 9. Rockville (MD): U.S. Food and Drug Administration 
(U.S. FDA). Available at: 
http://www.fda.dov/RequlatoryInformation/Ledislation/FederalFoodDrudandCosmeticAct  
FDCAct/FDCActChapterVDruqsandDevices/default.htm  [Last updated: 06/08/2012]. 

USDA (2009). What We Eat in America: National Health and Nutrition Examination Survey 
(NHANES): 2003-2004, 2005-2006. Riverdale (MD): U.S. Department of Agriculture 
(USDA). Available at: http://www.ars.usda.00v/Services/docs.htm?docid=13793#release.  

Wada K, Hashimoto Y, Mizutani M, Tanaka C (1991). [Reproductive and developmental toxicity 
studies of sodium hyaluronate (SL-1010) (Ill)]. Yakuri To Chiryo [Basic Pharmacol Ther] 
19:111-119. Cited In: Becker et al., 2009 [Ref. #167, as: Jpn Pharmacol Ther]. 

Bioiberica S.A.. 	 Page 12 of 14 
September 12, 2013 



ATTACHMENT A 

Intended Food Uses of Rooster Combs Extract 
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Table A-1 	Summary of the Individual Proposed Food-Uses and Use-Levels for 
Rooster Combs Extract in the U.S. 

Food Category Proposed Food-Uses RACC* 

Rooster Comb 
Extracts 

Maximum Use- 
Level 

(mg/RACC) 

Use-Level (%) 

Baked Goods and 
Baking Mixes 

Bread and Rolls 50 g 80 0.16 

Beverages and 
Beverage Bases 

Sports and Isotonic Drinks 240 mL 80 0.033 

Breakfast Cereals Ready-to-Eat Breakfast Cereals 15 g (Puffed) 
30 g (Regular) 
55 g (Biscuit) 

80 
80 
80 

0.53 
0.27 
0.15 

Cheeses Cottage Cheese 110 g 80 0.073 

Dairy Product 
Analogs 

Soy Drinks 240 mL 80 0.033 

Grain Products and 
Pastas 

Cereal, Energy, and Nutrition Bars 40 g 80 0.20 

Milk, Whole and Skim Milk 240 mL 80 0.033 

Milk Products Flavored Milk and Milk Drinks 240 mL 80 0.033 

Yogurt 225 g 80 0.036 

Yogurt Drinks' 240 mL 80 0.033 

Processed Fruits and 
Fruit Juices 

Fruit Juices 120 mL 80 0.067 

*RACC = Reference Amounts Customarily Consumed per Ea ing Occasion (21 CFR §101.12 - U.S. FDA, 2012a). 
a  No food codes were identified for yogurt beverages in the NHANES 2005-2008 database; thus, surrogate codes for 
dairy-based fruit smoothie drinks were used to represent the food codes in this category (CDC, 2006, 2009; USDA, 
2009). 

RCE also is proposed for use as an ingredient in medical foods at use-levels providing up to 

80 mg RCE/serving. Medical foods are defined in section 5(b) of the Orphan Drug Act 
(21 U.S.C. 360ee (b) (3)) as "a food which is formulated to be consumed or administered 
enterally under the supervision of a physician and which is intended for the specific dietary 
management of a disease or condition for which distinctive nutritional requirements, based on 
recognized scientific principles, are established by medical evaluation" (U.S. FDA, 2012b). 

Bioiberica S.A.. 	 Page 14 of 14 
September 12, 2013 



                                                                                                   SUBMISSION END 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	RCE GRAS Notice cover letter_Bioiberica.pdf
	1.pdf
	Page 1





